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Abstract--Deep learning has been in the latest trends for several years now. With rapidly changing technology and the constant need
to update the data, large amounts of data gets accumulated which after some processing can be further used for various behavioral
predictions that can be helpful for generating income for many industries. For accurate predictions, various pre processing and
classification techniques must be applied over the data. Classification can be applied on various types of datasets such as image
datasets, textual, numerical. In this paper, different layers of Convolutional Neural Network(CNN) has been used for the
classification of the dataset in WEKA tool using the deep learning package namely DeepLearning4j and the best suited number of
layers for the particular dataset giving the most accurate result has been found and compared with the help of performance metrics
such as Accuracy, Precision, Recall, F-measure using three different datasets.
Keywords--Deep Learning, Convolutional Neural Networks, Accuracy, Precision, Recall, F-measure.

I.

INTRODUCTION

Image classification is the process of studying the image according to the available visual content of the image. An example of
this being classifying whether an image is of an animal or a human, another example is classifying what kind of animal is there
in the image a butterfly or an owl, a famous example of it being the classification of the MNIST dataset. Basically in image
classification we put input as an image and gets output of a class (image belonging to what particular class) or probability of
that the image is of what input class. Image classification is a classical problem of image pre-processing, human & computer
vision working in the fields of machine learning. It consists of a systematic arrangement of the image dataset according to the
various attributed and categories based on its features extracted from the image preprocessing done by the computer .it basically
trains the algorithm being used to categorize the image dataset according to what it sees into the already prescribed categories if
different images in the dataset. Here, we explore the classification of images with the help of deep learning approach. The
traditional approaches to this study all being part of the Artificial intelligence which is a superset of both machine learning and
deep learning. The former one mainly consisting of modules of feature extraction and classification based on the extracted
features[18]. The main drawback of which stays that it is only able to extract some of the minimal features/attributes of images
while being unable to extract them from the training set of data. This major limitation is what stops from using the approach of
machine learning while doing the image classification and selecting deep learning over machine learning during classification
of images. Deep learning is a subset field of the machine learning, It continuously breaks down various information, computing
it subsequently, learning through the computation in similar ways as to what a human mind would learn to make determinations
out of some information. Deep learning makes use of multi layered architecture of different algorithms in its Convolutional
Neural Network(CNN).The architecture of CNN is an imitation of the biological neural network system of the animal neuron
making the concept of deep learning as the most effective way as compared to other machine learning models.
While using Deep learning concept, we utilize the neural network that identifies the image based on its attributes and features
which is accomplished by constructing a complete feature extraction model which also improves over the drawbacks faced in
the traditional and previous models in differentiating the features to be extracted from the training set of images. The deep
learning subset of the machine learning is illustrated in Figure 1[14]
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Figure 1. Deep learning in machine learning.

A. Deep Learning
Artificial intelligence being a very broad term, the approach of which has been used in various algorithms such as Dijkstra’s
algorithm, Linear Regression, Naïve Bayes and many more. Although being used very frequently, but the most confused
concepts of Artificial Intelligence that have been used many times interchangeably and wrongly for quite some time are: deep
learning and machine learning. Figure.2 illustrates types of machine learning [15][17].both of these concepts works on datasets,
modeling them statistically and extracting useful features out of them for the considered work leading to different findings,
making predictions depending on the findings and so on. “Deep Learning” is a concept underlying artificial intelligence that
works on raw data extracting its attributes and features and using them statistically further to predict different behaviors of the
data mainly done by taking the help of various hidden layers of neural network and computational resources. In Deep Learning
and Machine Learning, different models that fall into mainly two categories, which are unsupervised and supervised. In
unsupervised learning, some of the algorithms such as Apriori algorithm for association rule learning problems, k-means, these
algorithms attempt to gain meaningful behaviors and structures from the data. On the other hand, Supervised learning involves an
output label which is either discrete or real valued and which is associated with each instance of data in the dataset. Some of the
known algorithms of supervised learning are Decision trees, Support Vector Machines, Random forest and Neural networks.
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Figure 2 Types of machine learning.

Deep learning mostly used and excels in object recognition in dataset images is implemented using three or more hidden layers of
neural networks in which each layer extracts some features from the images. The computer gets better in recognizing the images
as it recognizes more and more images which are also known as supervised learning. First the images are labeled as to which
class they belong, then the computer starts recognizes the patterns that are present in the images and selectively choosing the
features which are present in some and absent in others, building its own network of cognition. Deep Learning helps various
computational algorithms and models to learn data representation with multiple layers of abstraction. This abreaction building
and classification helps in face recognition, visual object recognition, speech learning and recognition, object detection and
many others in medical imaging. Deep Learning methods start with the raw data input and with each layer learning more and
more about the data with feature extraction takes it to more abstract level of learning. The main difference between deep
learning and traditional machine learning is how these both concepts work on the different scales of datasets. Larger the dataset,
more inclination is towards using deep learning techniques as it needs more data to learn efficiently from the data, its
performance increase with the increase in the scale of data. Whereas it would not be working so efficiently in case of smaller
datasets as would the machine learning. But side by side relying on larger data sets for better performance, deep learning also
needs or highly depends on high-end.

B. Deep Learning Techniques
Following are some of the techniques that deep learning uses to solve different varieties of problems:
1) Fully Connected Neural Networks: Fully Connected Feed forward Neural Networks are the standard network architecture
used in mainly all of the basic construction of neural network applications. Defined by the name itself, fully connected i.e. one
layer is completely connected to the previous as well as the forward layers, all the neurons are connected to every neuron in the
subsequent layer, completely connected hereby meaning that all the neurons of preceding layer connected to all of the neurons
of the subsequent layer only, not interconnected in the same layer. Each layer having its own activation function that changes
the output which is input of the next layer depending on the neuron to which it is connected.
2) Convolutional Neural Networks: Convolutional Neural Networks(CNN) has the type of deep neural network architecture
which has been designed specifically for classification of images. CNN consists of an input layer, convolutional layers,
subsampling layers, pooling layers, some hidden layers and an output layer each corresponding to the pixels of an image,
extracting features out of it such as brightness level, RGB or grayscale, as the basic image processing. Each layer consequently
reduces the number of neurons that need to be connected to the subsequent layers with the help of pooling layers all the while
extracting required information and features needed form the removed or decreased number of neurons.
3) Recurrent Neural Network: RNN or Recurrent Neural network is different than most feed-forward neural networks in a way
that it can effectively operate on data sequences with changing lengths of input data. In other words, it uses the information
gained from the previous layer and states of input data in the subsequent prediction for the upcoming data repeating the
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procedure for an arbitrary number of times to propagate and extract consequently more and more information from the data with
time which makes giving RNN a priority when working with sequence of data example being time-series data, such as changes
in stock prices and so on
4) Deep Reinforcement Learning: Deep reinforcement learning is the method of applying reinforcement learning to train deep
neural networks. Similar to that of previous neural networks, in deep reinforcement learning as well, we have input and output
layers in addition to multiple hidden layers. The difference is in the input which is the state of the environment being studied.
Example of which being a taxi driver trying to get its customer to the destination and the inputs being the direction of
movement, the coordinates, the position, speed and the output in this case being the subsequent action leading to the destination
such as turning in different directions such as left, right, north, south, increasing the speed or decreasing it. Working with all
this we are constantly feeling our signals of our actions to the networks to supervise learning of the actions in producing
positive results given the specific state of the input environment. This neural network then predicts which actions led to the
most accurate prediction and the most potential future reward.

II. RELATED WORK
Zanariah Zainudin et.al [1] this paper illustrating how deep learning can be affectively used for image classification using
MNIST dataset as the benchmark dataset and using deeplearnign4j package in WEKA tool. Convolutional neural networks been
used for extracting various features from the images using hidden layers.
Sandeep Pandeyand et.al [2] surveyed methods on image mining and picture mining that contains of large image handling.
datasets, databases, image handling, machine learning around extraction of samples from Brobdingnag Ian accumulation of
images.
P.Thamilselvan et.al [3] performed a comparative study of Data mining algorithms for image classification and information
mining. It is a computational research in a proper procedure in deciding extensive examples of information. It includes image
preprocessing, object categorization and a lot more strategies. For this survey, SVM, CART, KNN, Artificial Neural Network,
C4.5 calculations are done.
Deepika Jaswal et.al [4] performed Image Classification using Convolution Neural Network . The basic objective of this paper
being using deep learning techniques for the result to be more specific using Convolutional neural networks in image
arrangement.
Yancong et.al [5 ] Designed a Universal Remote Sensing Image Quality Improvement Method with Deep Learning. Proposed
method shows a deep learning concept of Convolutional neural network(CNN)used for improving the quality of remote sensing
images, in addition to haze removal. Using CNN, It gives much better quality images as illustrated in this paper, also removing
some major noises and some low quality observations better improvement is achieved. The hidden layers of CNN helps to train
the dataset in extracting major features from the images that were not possible from the traditional methods used in the remote
sensing images.
Adriana Romero et.al [6] Proposed Unsupervised Deep Feature Extraction method for Remote Sensing Image Classification. It
shows the usage of single-layer deep convolutional neural networks(CNN) in remote sensing of data analysis and consequently
classification of the latter. Due to the high data dimensionality of the input data and very less amount of labeled data available
with us, its direct applicability to the hyperspectral imaging of CNN becomes very challenging. That’s why,a novel method has
been proposed in this paper; i.e. using greedy way of unsupervised pre-training layer-wise in addition to an algorithm for
unsupervised learning of sparse features.

Mengyun Shi Mengyun, et.al [7] proposed a new cloud detection approach based framework of deep learning has been put
forward to eliminate the incorrect and error filled findings of the previous methods regarding the thin cloud or complex views.
This paper proposes the best result using four hidden layers in Convolutional Neural Networks (CNNs) of deep learning
concept and two fully-connected layers, which consequently extracts the cloud features whether thin cloud or any kind of
complex scene.
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Kaiqiang Chen et.al [8] In this paper deep learning is used for extraction building in a supervised way. 27
Convolution/Deconvolution weighted layering has been designed for extraction building at pixel levels for a Deep
Deconvolutional Network. Data augment method has been suggested for the Pixel wise prediction tasks.
Wei et.al [9] This paper illustrates a deep learning network of convolutional neural network multi-spectral images to overpower
the limitations of traditional and previous methods so as to improve the fusion accuracy. For improving the performance
limitation of the deep neural networks, the concept of residual learning to image fusion tasks is applied to enhance the
architecture the deep learning network.
M. Manoj Krishna, et.al [10] illustrates the use of deep learning being a subset of machine learning and artificial intelligence in
the classification of images using Artificial Neural Network(ANN). The latter being used with many principles like genetic
algorithms, Bayesian methods and fuzzy logic. Test images were selected from the AlexNet database for testing and validation
of classification of images by using the concepts of deep learning.

III. CONVOLUTIONAL NEURAL NETWORKS AND ITS WORKING
Convolutional Neural Network is a deep learning algorithm, mostly applied to classifying and processing of imagery data. Like
other neural networks, CNN consists of neurons with learnable biases and weights. Every neuron gets input from the previous
one, performs some function on the input and outputs the result to the next neuron in the next layer. Each layer of Neuron
performs some kind of function on the input data and produces output. CNN is most commonly used when the input consists of
image data, so the input given to the neurons consists of image dataset. The architecture of CNN consists of various layers such
as convolutional layer, subsampling layers, pooling layers, fully connected layers and output layer. The neurons in the CNN
architecture receives and image input and the hidden layers in the architecture performs some functions on the image extracting
attributes of the images that are differentiating one image from the dataset from that of the other image from the same dataset.
The attributes extracted may include data about the height, width, length, brightness, contrast of the image. The hidden layers
are fully connected to all the neurons from the previous layer of the neural network architecture. The last layer in the
architecture is the output layer. The number of layers can be varied according to the needs of the user. The pre-processing
required as compared to other algorithms of deep learning is many times lower in case of CNN. It also has the ability to learn
the filters and various characteristics with the subsequent data with the help of neural network architecture that it follows
capturing the spatial and temporal dependencies between the matrix of pixel values of an image through the application of
different filters. Figure 3 shows the working of Convolutional Neural Networks [16]. It is clearly evident from the picture how
the architecture of the neural network works with the help of various hidden layer, taking in the input and producing the output.

Figure 3 Working of Convolutional Neural Network
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IV. RESULTS AND ANALYSIS
The Methodology followed in this paper is illustrated in the form of a flow chart in Figure 4 and explained in the following
section.
Upload Dataset
in WEKA

Preprocess

Classify using
CNN

Customize layer Architecture
3-Layer

4-layer

5-layer

6-layer

7-layer

with one

with

with two

with

with

Convolution
layer

Dense layer

Dense layer

Activation layer

convolution
layers

Analysis & Comparison
of Performance metrics

Figure 4. Flow Chart for methodology followed in this paper.

In this paper, Three datasets all of which are image datasets has been taken for classification.
Figure 5 illustrates the first dataset of images containing two classes namely butterfly and owl for image classification. This
dataset namely Butterfly vs Owl has been taken from the data directory of image datasets of package imageFilters of WEKA
tool. Figure 6 illustrates the Second image dataset of vehicle images used for the classification. In this dataset, we have three
classes of images namely Car, Plane and Train. This dataset has been taken from the data directory of ImageFilters package in
WEKA tool.
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Figure 5. Butterfly vs Owl dataset

Figure 6. Image dataset of vehicle images.

Figure 7 shows the third dataset which consists of MNIST dataset. MNIST(Modified National Institute of Standards and
Technolgy database) dataset consists of handwritten sets of numerical digits ranging from 0 to 9.the number of distinct classes
in this dataset are ten starting form 0 upto 9.

Figure 7. MNIST dataset.
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After loading the input dataset in WEKA tool, the Deep Learning classifier namely Dl4jMlpClassifier has been used for the
classification of the dataset. After the WEKA gets started, WEKA Explorer out of WEKA Explorer, Experimenter,
KnowledgeFlow, WorkBench, Simple CLI, is selected on which the classification is done. In the WEKA Explorer, number of
tabs are shown, choosing the Preprocess tab, we upload the dataset on which the intended classification needs to be done. After
the dataset has been uploaded, the Classify tab is chosen in which the Dl4jMLpClassifier is selected out of all the given
classifiers. After the classifier has been selected, various customizations can be done depending on the need of the user and the
dataset. For the customization, the window named as weka.gui.GenericObjectEditor as shown in Figure 8 is opened. In this
paper, the number of CNN layers in the neural networks are varied from the layer specification option. The types of layers in a
neural network that can be varied are shown in Figure 8 and subsequently the number of layers used in a particular classification
can be seen in Figure 9. The variations in the CNN layers are done by changing the number of convolutional layers,
subsampling layers, dense layer and the placement of activation layer in the architecture of neural network. The variation in
CNN layers architecture considered in the classification of the above datasets are shown in Table I.

Figure 8 Types of layers in CNN
.
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Figure 9 Number of layers used in CNN.

TABLE I
VARIATION IN CNN LAYER ARCHITECTURE

Type of CNN layer

Details of layer

3-layer architecture

Convolutional layer
Subsampling layer
Output layer
Convolutional layer
Subsampling layer
Dense layer
Output layer
Convolutional layer
Subsampling layer
Convolutional layer
Subsampling layer
Output layer
Convolutional layer
Subsampling layer
Convolutional layer
Subsampling layer
Dense layer
Output layer
Convolutional architecture
Subsampling layer
Convolutional layer
Subsampling layer
Dense layer
Activation layer
Ouput layer

4-layer architecture

5-layer architecture

6-layer architecture

7-layer architecture
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After the classifier is selected, variations in the layers done as per need, the classification starts and the results of the classifier
are shown as in Figure 10.In this figure, the result of classification on Vehicle_images dataset with 6-layer CNN architecture are
shown. The correctly classified instances tell the Accuracy of the classifier with which it is classifying the data. Other
performance metrics such as Precision, Recall, F-measure are shown in the Detailed Accuracy section of the results. In the same
way, the results of other datasets with different layer architecture are calculated.

Figure 10. Result for 6-layer CNN architecture for Vehicle_images dataset.

The values of all the Performance metrics are calculated using the values from the Confusion matrix. For every architecture we
customize we get different confusion matrix with different value than the previous one. One of the matrix for image dataset of
Vehicle_images can be illustrated in the form of a table as below in Table II. The number of correctly classified instances can
be found in the diagonal of the matrix.
TABLE II
CONFUSION MATRIX

a

b

c

17

6

1

PLANE

3

19

1

TRAIN

1

1

21

CAR

Comparison between different layer architecture of CNN in the particular dataset classification is done and illustrated in the
form of bar graphs in Figures 11, 12, 13.
In Figure 11, it is clearly evident that the value of performance metrics: Accuracy, Precision, Recall and F-measure is the
highest in case of the CNN 5-layer architecture in the classification of Butterfly vs Owl dataset using the deep learning classifier
as compared to all the other layer architectures. The Accuracy of CNN 5-layer stands at 87% as compared with the accuracies
of 7-layer at 85 %, 6-layer at 86%, 4-layer architecture at 83% and 3-layer architecture at 84%. The difference between the
maximum and the minimum accuracy being at 4%. Also the other performance measures of the CNN 5-layer architecture
standing at the highest values at 87.7, 87, 86.9 in percentages for Precision, Recall and F-measure respectively as compared to
the values of 85, 85, 85 for CNN 7-layer architecture; 86.1, 86, 86 for CNN 6-layer; 83, 83, 83 for 4-layer and 84, 84, 84 for 3layer architecture for the measures of Precision, Recall and F-measure respectively in percentages.
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Figure 11. Bar Graph for Performance metrics of Butterfly vs Owl dataset
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Figure 12. Performance metrics for Vehicle images dataset.
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Figure 13. Performance metrics for MNIST dataset.

In Figure 12, it can be clearly seen from the bar graph comparing all the performance metrics from the results of the
classification that the CNN 6-layer architecture gave the best results in terms of Accuracy, Precision, Recall and F-measure as
compared to CNN 7-layer, CNN 5-layer, CNN 4-layer, CNN 3-layer architectures in the deep learning classifier. All the metrics
show the highest value in the 6-layer architecture in the classification of Vehicle_images dataset. The values of the accuracy for
CNN 6-layer standing at the highest value at 81.42% as compared to the accuracies of 72.85% for CNN 7-layer, 78.57% for
CNN 5-layer, 77.14% for CNN 4-layer and 75.71% for CNN 3-layer architecture with the difference between the highest value
of accuracy and the lowest value at 8.57%. Also the value of other performance metrics for the CNN 6-layer standing at 81.80,
81.4, 81.4 in percentages for Precision, Recall and F-measure respectively give the highest values for the metrics as compared
to the values of other layers: for CNN 7-layer at 72.5, 72.9, 72.6; for CNN 5-layer at 80, 78.60, 79, for CNN 4-layer at 77.6,
77.1, 77.3 and for CNN 3-layer at 76.1, 75.7,75.8 in percentages for Precision, Recall and F-measure respectively.
In Figure 13, it is clearly evident that the CNN architecture with 5-layer gives the best result in terms of Accuracy, Precision,
Recall and F-measure as compared to all the other layers in the CNN architecture. All the performance metrics in the CNN 5layer architecture gave the highest results for the MNIST dataset with the deep learning classifier. The highest value of accuracy
given by CNN 5-layer architecture standing at 93.09% as compared to the accuracies of CNN 7-layer at 90.95%, for CNN 6layer at 91.90%, for CNN 4-layer at 92.38% and for CNN 3-layer at 89.28%. The difference between the highest value of
accuracy and the lowest standing at 3.81%, the lowest for the CNN 3-layer. Also the values for other metrics for CNN 5-layer
architecture gives the highest result as compared to other layer architectures standing at 91, 91, 90.9 for CNN 7-layer; 92, 91.9,
91.9 for CNN 6-layer, 93.2, 93.1, 93.1 for CNN 5-layer, 92.4, 92.4, 92.4 for CNN 4-layer and 89.5, 89.3, 89.3 for CNN 3-layer
in percentages for Precision, Recall and F-measure respectively for all of the layer architectures.

V.

Result Analysis

Dense layer in the connected layers architecture of CNN provides us with the features learned from using every combination of
the extracted features of the previous layers present in the architecture.
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The pooling layers or the subsampling layers comes after every layer of convolution in the architecture is used to reduce the
progressively increasing spatial size of the representation to decrease the size of the parameters and subsequently reducing the
size of the computations in the architectural network.
Activation layer is a node that is generally put at the end and sometimes in between the architecture of the CNN which decides
whether a neuron would fire or not. It helps the network in performing and adding nonlinear property to the architecture which
subsequently helps in extracting more features out of the representation and learning complex patterns. Without the use of
Activation layer, the network is only capable of performing linear mappings, only able to extract linear features out of the
network.
A fully connected layer at the end of the CNN architecture holding the output serves the purpose of the actual classification
without which even a larger number of stacked convolutional layers would not be able to correctly classify the predicted
classes. The output of the fully connected layers is always independent o the size of the input.
Different layers used in the architecture have their own advantages and disadvantages on the different datasets used in this
paper. In case of Butterfly vs Owl dataset, addition of Dense layer in CNN 4-layer architecture further reduces the accuracy of
the classification from 84 to 83% whereas using stacked two layer convolution layer in place of just one stack of convolution
layer followed by one pooling/subsampling layer increases the accuracy to 87% of 5-layer architecture from 83%. While the
addition of the Activation layer in the 7-layer architecture adds to no advantage comparatively decreasing the accuracy from 86
to 85% as compared to CNN 6-layer architecture.
Considering the Vehicle images dataset, adding Dense layer in CNN 4-layer architecture increases the accuracy of classification
from 75.71% to 77.14% significantly as compared to the CNN 3-layer network. While the addition of Activation layer in CNN
7-layer adds to a significant decrease in the accuracy from 81.42% of CNN 6-layer to 72.85% of CNN 7-layer architecture.
In MNIST dataset, addition of Dense layer in the CNN 4-layer architecture of neural network significantly increases the
accuracy of classification from 89.28% of 3-layer to 92.38% of CNN 4-layer architecture. While the two times stacked
Convolution layers followed by a pooling layer each gives the highest result in this dataset giving the accuracy at 93.09%. But
the addition of Activation layer decreased the accuracy from 91.90% of CNN 6-layer to 90.95% of CNN 7-layer architecture.

VI. CONCLUSION
In this paper, Image classification is done on three different datasets sourced from the data directory of WEKA packages in the
WEKA tool using Deep Learning package named Dl4jMLpClassifier. Various customizations have been done in the
architecture of CNN with the addition and removal of suitable layers on all the datasets and results are recorded. Clearly,
according to the Bar Graphs in the Figures 11, 12 and 13, CNN 5-layer architecture for Butterfly vs owl dataset, CNN 6-layer
architecture for Vehicle images dataset and CNN 5-layer architecture for MNIST dataset gave the best result for all of the
performance metrics of the accuracy.
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