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Abstract

In the area of machine learning and pattern recognition, object classification is getting an
attraction due to its range of applications such as visual surveillance. In recent times, numerous
deep learning-based methods are presented for object classification but still, set of problems/
concerns exists which reduce the overall classification accuracy. Complex background, con-
gest situtaions, and similarity among different objects are few challenging issues. To tackle
such problems, we propose a technique by using deep convolutional neural network (DCNN)
and scale invariant features transform (SIFT). First, an improved saliency method is imple-
mented, and the point features are extracted. Then, DCNN features are extracted from two
deep CNN models like VGG and AlexNet. Thereafter, Reyni entropy-controlled method is
implemented on DCNN pooling and the SIFT point matrix to select the robust features.
Finally, the selected robust features are fused in a matrix by a serial approach, which is later
fed to ensemble classifier for recognition. The proposed method is evaluated on three
publically available datasets including Caltech101, Barkley 3D, and Pascal 3D and obtained
classification accuracy of 93.8%, 99%, and 88.6% - clearly showing the exceptional perfor-
mance compared to existing methods.
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1 Introduction

Object detection and classification are challenging tasks in the domain of computer vision
(CV), which are used to classify the objects according to their class labels. This domain gets
much attention due to its enormous applications including video surveillance, target recogni-
tion, face detection, optical character recognition, video stabilization, image watermarking,
plants diseases recognition, and automated pedestrian detection [24, 48, 51, 52]. Recently,
promising results are achieved in this area when dealing with simple images with transparent
background. But in few cases, where objects contain a complex background, multiple shapes,
and under congest situations [46], it require few enhancements.

Researchers work in this domain from last two decades and try to categorize the
challenging problem of object detection and classification including complex background,
features extraction, best features selection, execution time and accurate classification.
They introduce several features extractions-based methods to detect and classify complex
objects using classification methods. The famous features which are used for object
classification include color [39, 46], shape (Histogram Oriented Gradients (HOG) [49],
texture (Local Binary Pattern (LBP)) [59], local & global (SIFT, PCA), Bag of Features
(BoF) [40] and also cover deep features (convolutional neural network (CNN)) [3].
Lazebnik et al. [28] introduce a new technique to deal with this limitation by BoF and
made a Spatial Pyramid Matching (SPM) technique, which can divide the image into
spatial sub-regions, and computes the histogram of each sub-region, which is later used for
the creation of a spatial location sensitive vector. In addition to feature extraction, a fusion
strategy is also adopted by several researchers to take advantage of distinct patterns of
various descriptors which increases the classification accuracy [31, 34, 35]. The noticeable
fusion methods are serial and parallel that is used in several domains like medical imaging,
video surveillance, biometrics, and few more. Stochastic discriminate analysis (SDA) [22],
fusion of low level and mid-level features, and transfer based features fusion techniques
are the eminent algorithms in this domain that enhance the recognition accuracy [37].

To overcome the limits of conventional algorithms of features extraction like handcrafted
approaches, deep learning is a suitable candidate for this domain due to its legitimate ability.
CNN is a subtype of deep architecture [5]. It has shown improved performance for classifi-
cation and recognition with successful applications such as machine learning and pattern
recognition [41]. Several pre-trained deep CNN (DCNN) models are introduced by several
researchers such as VGG [55], AlexNet [27], ResNet [19], YOLO model, and GoogleNet [58].
These model are implemented in several directions such as image classification [47], action
recognition [36], medical imaging [10], agricultural plants, and a few more [25]. Jun et al. [38]
presented an image classification method based on Group Sparse Deep Stack Network (GS-
DSN). The method consists of two modules. In the first module, the interdependencies
amongst hidden units are acquired by splitting them into amalgamate groups whereas the
second module splits image description into sub-groups to design for clustering of each sample
and later gradient descent is used for estimation of weights. The pre-trained VGG CNN models
are used for features extraction and classified by group sparse network module (GSNM). Wei
et al. [60] presented an image classification method through intra-class CNN feature pyramid.
The advantage of lower level layers is to get the structural information and the higher-level
layers to acquire the semantic information. Later, AlexNet and VGG16 pre-trained CNN
models are utilized for features extraction and give an improved performance on the
Caltech-101 dataset.
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Recently, feature reduction and selection techniques have been gained much attention in the
domain ML because a high number of features reduces the classification accuracy and also
increases the computation time [26]. The major aim of feature reduction step is to solve the
issue of the curse of dimensionality. The most existing feature reduction methods are Entropy-
based feature reduction [16], Genetic Algorithm (GA) [8], Particle Swarm Optimization (PSO)
[2, 44], and Canonical Correlation Analysis (CCA) [42]. Jinjoo et al. [57] introduce a new
technique for the curse of dimensionality reduction using Structured Sparse Principle Com-
ponent Analysis (SSPCA). The features are extracted through SIFT points, and optimal
features are obtained through the SSPCA approach. Yongsheng et al. [45] describe a decom-
position technique, which is used for encryption of frequency and spatial information. Through
this approach, break down of the input image is performed into sub-regions using Spatial
Pyramid Matching (SPM). The SIFT features are extracted from smaller regions in the initial
stage and then by using codebook, the global features are extracted. Later, irrelevant features
are reduced using K-means clustering and obtained maximum classification accuracy of
85.78% on the Caltech-101 dataset. Shuangshuang et al. [6] suggested a new sampling-
based method for object classification. Three steps are performed in this method such as
random, saliency-based, and dense sampling. The objects are categorized into semantic groups
using these sampling methods. Thereafter, a supervised dimensionality reduction approach is
provided, which removes the irrelevant features and only selects the best features for classi-
fication. The introduced method is validated on the STL-10 dataset and achieved a classifica-
tion accuracy of 67%. In [29], a dynamic weighted discrimination power analysis method is
introduced for selects the best discriminant coefficients for achieving the best recognition
accuracy. The coefficients are selected according to their distinction strength. Lu et al. [30]
introduce a dynamic weighted discriminant power analysis (DWDPA) approach for selection
of best DCT features. The pre-masking transom is not required in DWDPA because this
approach selects features through high power discrimination. The experiments are performed
on three datasets which show significant recognition accuracy. Moreover, several other
techniques are also introduced in literature for features reduction such as random projection
(RP) [32], 2-dimensional RP [33], and few more [4, 53, 54]. The major advantage of features
reduction and optimal features selection is to achieve maximum recongition rate in minimum
computational time. The reduced features are finally classified by supervised and unsupervised
learning methods such as Linear Support Vector Machine (L-SVM) [15, 56], Cubic-SVM (C-
SVM), Quadratic-SVM (Q-SVM), Fine K-Nearest Neighbor (F-KNN), Cubic-KNN (C-
KNN), deep learning, Ensemble Subspace-KNN (EKNN) [23, 48], Bayesian model, and
Random forest and Naive based classifiers [17].

The above-discussed methods do not work well when dealing with larger datasets which
include hundreds of classes. The preprocessing step is very important which is never per-
formed in existing object classification studies to improves the classification accuracy. The
preprocessing is an important step due to background factors such as illumination. Moreover,
we notice that in [45, 57] SIFT features are extracted from input images but they achieved
maximum accuracy of 85.78% on the Caltech101 dataset. As before, no one fuses two pre-
trained DCNN models because each model has a different number of inputs, which makes the
problem for fusion. Moreover, patterns fusion of two DCNN models provides better classifi-
cation performance as compared to the individual model. To inspire this approach, in this
article, we propose a new DCNN based method for object classification from static images.
The proposed method is implemented in two parallel steps. An improved saliency-based
method is proposed in the first step and SIFT point features are extracted. Then, VGG and

@ Springer



15754 Multimedia Tools and Applications (2019) 78:15751-15777

AlexNet based pre-trained DCNN models are used to extract deep CNN features by employing
activation on a fully connected (FC) layer. Thereafter, Reyni entropy-controlled method is
proposed, which is employed on DCNN and SIFT Point feature matrices to selects the best
features. But the size of inputs for each model is different, which becomes a problem in the
fusion process. To resolve this problem, we perform the augmentation and make the both
matrices equal in size. Then both feature matrices are fused by using a serial-based method and
features are stored in a new matrix, which is later fed to ensemble classifier for classification.

2 Materials and methods

In this research, we used three famous datasets such as Caltech101, PASCAL 3D, and 3D
dataset to deal with complex object detection and classification. These datasets contain
hundreds of object classes and thousands of images. To overcome the challenges of these
datasets such as illumination, color, and similarity among various object classes, we propose a
new method for object classification based on DCNN features extraction along with SIFT
points. The proposed method consists of two major steps, which are executed in parallel. In the
first step, SIFT point features are extracted from mapped RGB segmented objects. In second
step, DCNN features are extracted through pre-trained CNN models such as AlexNet and
VGG. The both SIFT point and DCNN features are combined into one matrix by a parallel
fusion method and the best features are selected for final classification. The detailed descrip-
tion of each step is given below in section 3.2 to 3.4. The comprehensive flow diagram is
presented in Fig. 1.

2.1 Improved saliency method
An improved saliency method is employed by utilizing existing saliency approach name

HDCT, for single object detection. In this step, we extract a single object from an image by
an existing saliency method namely HDCT saliency estimation. The idea behind the
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Fig. 1 Flow diagram of the proposed object classification method

@ Springer



Multimedia Tools and Applications (2019) 78:15751-15777 15755

improvement of saliency method is to implement the color spaces before it gives the input
image to the saliency method. The LAB color transformation is utilized for this purpose, which
identifies color in 3 dimensions consisting of L* for lightness, a*, and b* are utilized for color
components green-red and blue-yellow respectively. The components L* is brighter white at
100 and darker black at 0, whereas ‘a’ and ‘b’ channels show the natural values for the RGB
image. This transformation is defined as follows:

Let U(,/) denotes an input RGB image having length N x M, then for RGB to LAB
conversion, first RGB to XYZ conversion is performed through Egs. 1-10:

p(X) ¢
e(Y) | =[M xNJ| ¢* (1)
o(Z) i

where ¢(X), p(Y), and p(Z) denote the X, Y, and Z channels, which are extracted from red (¢),
green (9), and blue channel (). The ¢, ¢8, and ¢’ channels are defined as:

o= k= Red @)

=1 2k

vk
¢ = ¥ ~— k= Green (3)

k=2 “k
o= Zf—k7k:Blue (4)

=3 “k

Then LAB conversion is defined as:

(¢4 =81 x (£,16) ).8 = 116 (5)
(" = B2(f:1) ). B2 = 500 (6)
(% =85 (£,772) ). 85 = 200 (7)

where, f,, f,, and f; are linear functions which are computed as:

kx, + 16 X
= v r I r th . M =
S {\/x | T >€lo erwzse} = (8)
ky, +16 Y
= 3 r 1 = —
Sy {\/yr| TR > € otherwzse},y,. 7 9)
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kz, + 16

Z
f.= {\S/Z_AT’_% > € otherwise},zr =7 (10)

Thereafter, we employ a saliency approach for salient object detection. Salient region
detection technique detects the salient region from an image by utilizing a high dimen-
sional color transform. In this work, the superpixel saliency features are used to detect the
initial salient regions of the dermoscopic images. The superpixels of the LAB image are
formulated by Eq. 11:

Y={p,,...on} (11)

For low computational cost and exceptional performance, we utilize the SLIC superpixel [1]
with a total number of N =400 superpixels. The color features are computed from LAB color
space. The parameters which are used for color features extraction from LAB color space are
mean, variance, standard deviation, and skewness. These color features are concatenated with
the histogram features because the histogram features are effective for saliency approach. The
euclidean distance is calculated between extracted color features by Eq. 12:

D =D(A) = |13 (12)

where /; and /; denote the ith and jth features in the given matrix A. In this work, the global
contrast/color statistics of objects are used to define the saliency values of the pixels by using a
histogram-based method. The saliency values of pixels are defined by Eq. 13:

S(¢y) = Sy D (A) (13)

where B(A) is the color distance between the features /; and the /; in the LAB color space. By
rearranging the above equation, we get the saliency value for each color by Eq. 14:

S(pp) = élf/D(Cle) (14)

where 7, ¢;, fidenote the total number of the different pixel color, the color value of the pixe 1
¢ and the frequency of the color pixel respectively. The HOG and the SFTA texture features,
are utilized for shape and texture features. After the calculation of the feature vector for each
superpixel, the random forest regression is used to estimate the salient degree of each region.
Further to identify the very salient pixels calculated from initial saliency map, the Trimap is
constructed by using adaptive thresholding. First, the input images divided into 2 x 2, 3 x 3,
and 4 x 4 patches and then the Otsu thresholding is apply on each patch individually. Finally,
the Trimap is obtained by using global thresholding which is formulated by Eq. 15:

1-T()>T
T(i) =< 0>T()<T (15)
unknown...else

Where 7 denotes the global threshold value. After getting the optimal coefficient « (estimate
for the saliency map) it constructs the saliency map as follow:
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/
Sis(X)) = ¥ Kjaj,i=1,2,..,N (16)
=1

J=

Where K denotes the high dimensional vector to present the color of the input image. The final
map is obtained by adding the spatial and color-based saliency map through Eq. 17:

Sﬁ,,a/(X,-) = SLs(X,') +Ss(X,'),i =1,2,...N (17)

The final spatial saliency map is defined by Eq. 18:

_ _ min(,»ef(d(Pi:P/’))
Ss(X;) = exp( Kminjeﬁ(d(Pi,P_j))) "

where the K = 0.5, and min; € 3(d(P;, P)) and min; € f(d(P;, P})) are the Euclidian distance from
the ith pixel to definite background pixel and to definite foreground pixel respectively. The
improved saliency method effects are shown in Fig. 2. In Fig. 2, the 1st row shows input
images, second rows present LAB transformation, third row defines improved saliency image
in a binary form, and the last row depicts the mapped RGB image.

2.2 SIFT features

Scale Invariant Feature Transform (SIFT) is originally designed in 2004 by [43] and have
appeared as a strength descriptors for object detection and recognition. The SIFT features are
computed in four steps. In the first step, local key points are determined that are important and
stable for given images. Then features are extracted from each key point that explains the local
image region samples, which are related to its scale space coordinate image. In the second step,
weak features are removed by a specific threshold value. In the third step, orientations are
assigned to each key point based on local image gradient directions. Finally, the 1 x 128
dimensional feature vector is extracted, and bi-linear interpolation is performed to improve the
robustness of features. The above theory is defined through Eqs. 19-21:

5(/117 v, U) :lpG(/jﬂ v, U)®Sﬁnal(Xi) (19)

Tnput

Lab

Binary

Segmented

Fig. 2 Proposed improved saliency method results

@ Springer



15758 Multimedia Tools and Applications (2019) 78:15751-15777

1 (2
wG(Ma v, U) = Tro? e 2( 202 ) (20)
D(N: v, U) = (¢G(M» v, ka‘)id)G(/M v, U))®Sﬁnal(Xi) = (21)

é(ﬂv v, kO')_f(M, v, U)

where &(u, v, 0) is scale space of an image, (i, v, ko) denotes the variable-scale Gaussian, &
is a multiplicative factor and D(u, v o) denotes the difference of Gaussian convolved with a
segmented image.

2.3 Deep CNN features

Recently, in the domain of computer vision, machine, and pattern recognition, deep learning
have shows improved performance for image classification on large datasets [20]. The deep
learning designs such as deep CNN and recurrent NN have been employed to human action
recognition, speech recognition, document classification, agricultural plants, medical imaging,
and many other areas and shows superior performance. In object classification, CNN shows
much attention due to their ability to automatically determine appropriate contextual features
in image categorization problems. A simple CNN model consists of four types of layers.
Initially, an input image is passed and computes its neurons by convolution layer, which are
connected to local regions of the input. Each neuron is computed by dot product between their
small regions and weights, which are connected to in the input volume. Thereafter, activation
is performed using ReLu layer. The ReLu layer never changes the size of an input image.
Then, pooling layer is performed to reduce the noise effects in the extracted features. Finally,
high-level features are calculated by a fully connected (FC) layer.

In this article, we employ two pre-trained deep CNN models such as VGG19 and AlexNet,
which are used for features extraction. These models incorporate convolution layer, pooling
layer, normalization layer, ReLu layer, and FC layer. As discussed above the convolution layer
extracts local features from an image, which is formulated by Eq. 22:

g™ =b" T  oxn Y (22)
where g;&) denotes the output layer L, b is base value, 1); ) denotes the filter connecting the
Jjth feature map, and /; denotes the L —1 output layer. Then, pooling layer is defined which
extract maximum responses from the lower convolutional layer with an objective of reducing
irrelevant features. The max pooling also resolves the problem of overfitting and mostly 2 x 2
polling is performed on the extracted matrix. Mathematically, max pooling is described
through Eqgs. 23-25:

m(lL) = m(lL_l) (23)

mP =22 T (24)
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(L-1)
—F(L
mp =" FO (25)
S
where S” denotes the stride,m; ), m,®), and m; ™ are defined filters for feature map such as 2 x
2, 3 x 3. The other layers such as ReLu and fully connected (FC) are defined as:

Re(! = max (i, i) (26)
W
l . I
Fcl(.> :f(z,m) with z,(l) = Zl 21 21 w,j”( cf[ 1)) (27)
Jj=1 r=1 s rs

where Re denotes the ReLu layer, Fc denotes the FC layer. The FC layer follows the
convolution and pooling layers. The FC layer is similar to convolution layer and most of the
researchers perform activation on the FC layer for deep feature extraction.

2.4 Pre-trained deep CNN networks

In this research, we use two pre-trained deep CNN models such as VGG and AlexNet for deep
features extraction. AlexNet deep CNN model is designed by Krizhevsky et al. [27] using
ImageNet dataset. This network contains five convolution layers, three pooling layers, and 3
FC layers along with softmax classification function. This network trained on input image size
227x227x3.

VGG-19 CNN network is proposed by Zisserman et al. [20] which contains 16 convolution
layers, 19 learnable weights layers, 3 FC layers along with softmax function. This network is
trained on ImageNet dataset and shows exceptional performance. This network also uses
dropout regularization in the FC layer and apply ReLu activation function on all the convo-
lution layers. The size of the training input images is selected as 224x224x3.

2.5 Features extraction and fusion

In this section, we present our proposed feature extraction and fusion strategy. The
features are extracted from pre-trained deep CNN models using the different number of
layers. In this work, two pre-trained models are used such as VGG19 and AlexNet for
features extraction. The major aim of deep CNN features extraction from two models is to
improve the classification accuracy. Because each model has distinct characteristics and
gives different features. Therefore, by using this advantage, we extract features by
performing activation on the FC7 layer and applying max pooling to remove the noise
factors. Thereafter, an entropy-controlled method is implemented for best feature reduc-
tion. The proposed feature extraction and reduction architecture are shown in Fig. 3. As
shown in Fig. 3, three types of features are extracted such as AlexNet deep CNN, VGG19
CNN, and SIFT. For AlexNet and VGG19, convolution layer is employed as an input
layer. Then activation is performed on FC7 layer for both networks to extract deep CNN
features. The size of deep CNN features for output layer FC7 is 1 x4096 for both
networks. The feature size of both output layer is higher. Therefore, we perform max-
pooling of filter size of 2 x 2, which removes the noise effects and selects the maximum
value feature of the given filter.
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Fig. 3 Proposed deep CNN and SIFT features fusion and reduction method for object classification

After max-pooling, the new feature vectors of size 1 x 2048 are obtained, which are further
improved by entropy-controlled feature reduction method. As extracted feature vectors can
produce better results, but they increase the execution time. Therefore, our focus is to improve
the classification accuracy and decrease the execution time. This problem is resolved by an
entropy controlled method. The entropy gives the knowledge about randomness in a signal by
showing the system disorder [50]. Due to its capacity to describe system behavior, entropy
gives the valuable information which can be employed in features design [7]. Amongst
several, we use the Renyi entropy method for feature reduction. In the circumstances of fractal
dimension estimation, the Reyni entropy method determines the basis of the theory of
generalized dimensions. The fractal dimension estimates the change patterns of the given
feature space. The Reyni entropy is defined as follows:

Let fi, f5, ..., f denote the A feature space after max-pooling, g1, g2, &3, ...g, denote the B
feature space aftermax-pooling, and £, &, ..., &, denote the £ feature space, where Ae AlexNet
DCNN features, Be VGG19 DCNN features, and £e SIFT point feature vector. The dimension
of each features space is 1 x 2048, 1 x 2048, and 1 x 128.The entropy is formulated by Eq. 28:

500 = og( 317 (28)
« i=1

where a>0& <1, Xe(f,, g, &), and p; denote the probability value of extracted feature
space A, B, and £ which is defined by p;=Pr(X=1i) and represents the length of all feature
spaces. The entropy function gives a new N x M feature vector, which controls the randomness
of each feature space. Then, each N x M feature vector is sorted into ascending order and the
top 1000 features are selected from A and B vectors and 100 features from the £ vector.
Mathematically, this process is described by Eq. 29:

E(A) = (f,,0),E(B) = ®(g,,0), E(&) = ®(&,, 0) (29)

where E(A) denotes the entropy information of feature space A, E(B) denotes the entropy
information of feature space B, E(§) denotes the entropy information of feature space &, ®
denotes sorting function, and o denotes the ascending order operation. Thereafter, both E(A)
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and E(B) entropy information features are fused in one matrix by the simple serial based
method, which returns a feature vector of size 1 x 2000, which is further fused with SIFT point
feature by the serial-based method as shown in the above Fig. 3 and below expression given in
Egs. 30-31:

[1(Fused) = (N x 1000) + (N x 1000) + (N x 100) (30)

[1(Fused) = N x f; (31)

The size of the final feature vector is 1 x 2100, which is fed to ensemble classifier for
classification. The ensemble classifier is a supervised learning method, which needs to training
data for prediction. Ensemble method combines several classifiers data to produce a better
system. The formulation of the ensemble method is given below.

Let we have extracted features and their corresponding labels ((f;, ¥1), (2, ¥2)s - -5 (fas Y1),
where f; denotes the extracted features which are typically vectors of form (f;, 1, fi 12, - fi+ 1)
then the unknown function is defined as y =f{x). An ensemble classifier is a set of classifiers
whose individual decisions are combined in on classifier by typical weights and voting. Hence
the ensemble classifier is formulated as:

¥ — Sign (é e (x)) (32)

where A,(x) = h(x), h(x), ..., hi(x) and Wi = Wy, Wy, ...W,. The proposed method is tested on
three datasets such as Caltech101, PASCAL 3D+ dataset, and 3D dataset. The sample labeled
results are shown in the Figs. 4 and 5.

3 Experimental results

The proposed method is endorsed on three available datasets such as Caltech 101, PASCAL
3D+, and Barkley3D dataset. The Caltech-101 [14] dataset consists of total 102 distinct object
classes of 9144 images. Each class consists of approximately 31~800 images. However, this
dataset consists of both RGB and gray images, which is a major issue of this dataset. It is
because if objects are recognized by their color, then color features are not performed well on

cellphone

3D Dataset Caltech-101

Fig. 4 Proposed labeled classification results for the 3D dataset and Caltech101 dataset
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aeroplane

Pascal 3D+
Fig. 5 Proposed labeled classification results for PASCAL 3D+ dataset

grayscale images. Pascal 3D+ dataset [11] is another challenging database which is used for
object classification. This dataset is the combination of Pascal VOC 2012 and ImageNet. It
contains a total of 22,394 images of 12 unique classes. The classes which are common
between PASCAL VOC 2012 and ImageNet are merged into a new database, called Pascal
3D+. Barkley3D object dataset [21] consists of total 6604 images of 10 object classes
including bicycle, car, cellphone, head, iron, monitor, mouse, shoe, stapler, and toaster. The
number of images in each class range of 474-721. A brief description of each dataset is given
in Table 1. For classification, we use Ensemble boosted tree (EBT) classifier and test its
performance with Linear SVM (LSVM), Quadratic SVM (QSVM), Cubic SVM (CSVM),
Fine KNN (FKNN), Cubic KNN (CKNN), decision tree (DT), and weighted KNN (WKNN).
The performance of each classifier is calculated by three measures including accuracy, false
negative rate (FNR), and execution time. All results are evaluated on 3.4 Gigahertz Corei7 7th
generation desktop computer with a RAM of 16 Gigabytes and a GPU of NVIDIA GeForce
1070 (8GB, 256 bit) having MATLAB 2017b.

3.1 Caltech101 dataset classification results

In this section, we discuss detailed results of our method on selected datasets. For classification
results on Caltech 101 dataset, we define three experiments on distinct classes such as 20, 34,
50, and 102. The experiments are a) classification of selected classes using AlexNet DCNN
features with entropy-based selection method; b) Classification of selected classes using a
VGG-19 DCNN model with entropy-based features selection; ¢) Fusion of deep CNN and
SIFT features along with entropy-controlled selection method. The classification is performed
on each class and finally compared the performance of all 102 classes in terms of accuracy and
execution time with 20, 32, and 50 numbers of classes. For classification results, 50:50
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Table 1 Description of selected datasets

Dataset Classes Total Images Range
Caltech-101 101 9144 31-800
Pascal3D+ 12 22,394 5366704
3D Dataset 10 6604 474-721

approach is opted, and 10-fold cross-validation is employed. The 50:50 approach explains that
50 images from each class are used for training the classifier and remaining 50 for testing. The
detailed results are explained in below sections.

3.1.1 AlexNet deep CNN with entropy-controlled selection

In the first step, we extract DCNN features of top 20 object classes by pre-trained AlexNet
model and select the best features using an entropy-based method. The selected features are
feed to classifiers and achieved the best classification accuracy of 86.5%, which is achieved on
ensemble boosted tree (EBT). The classification accuracy of EBT classifier is given in Table 2.
The testing time of EBT classifier is 105.00 s which is the best as compared to other
classification methods. The second-best execution time is 114.25 s for quadratic SVM, which
achieves classification accuracy 83.70% and FN rate is 16.30%. In the second step, classifi-
cation is performed on 34 classes and obtained maximum classification accuracy of 84.6% on
EBT classifier with an FN rate of 15.4%. Also, the classification is performed on some other
classification methods and the second highest accuracy of 78.2% is achieved for cubic SVM as
given in Table 2. The best execution time on the classification of 34 classes is 172.63 s which
shows that the execution time is increased with the addition of more number of classes. In the
third step, classification is performed on 50 number of classes and obtained maximum classifi-
cation accuracy of 83.5% for EBT classifier, which decreases 1% as compared to 20 and 34
number of classes. This problem is caused, when an increase in a number of more object classes.

Moreover, the best execution time for 50 object classes is 193.00 s which is better than
other classification methods as shown in Table 2 but it increases as compared to a classification
of 20 and 34 classes. Finally, classification is performed on 100 classes and obtained
maximum correct classification rate 71.7% on ensemble classifier. However, the FN rate is
increased up to 28.3%, which is higher than 20, 34, and 50 classes object classification.
Moreover, the execution time of ensemble classifier on 100 classes is 620.42 s, which is better
as compared to other classification methods as given in Table 2 but the overall execution time
for 20 object classes is better, which shows that the increase in the number of classes’ effects
on both classification accuracy and execution time.

3.1.2 VGG-19 deep CNN with entropy-controlled selection

In this experiment, the classification is performed on 20, 34, 50, and 100 object classes using
VGG-19 deep CNN along entropy-controlled best features selection approach. In the first step,
20 object classes are randomly selected and classification is performed. For 20 object classes,
the best classification accuracy of 92.0% with FN rate of 8.0% on EBT classifier. The
classification results of EBT classifier are also compared with other supervised learning
methods and obtained the second-best accuracy of 91.1% with FN rate is 8.9% on CSVM
as presented in Table 3. The execution time of ensemble classifier is also calculated and
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Table 2 Classification accuracy for Caltech101 dataset using AlexNet deep CNN along entropy-controlled
features selection

Method No of classes Performance measures

20 34 50 100 Accuracy (%) FNR (%) Time (seconds)

Ensemble boosted tree v 86.5 13.5 105.00
v 84.6 15.4 172.63
v 83.5 17.0 193.00
v 71.7 28.3 620.42
Linear SVM v 82.0 18.0 197.71
v 75.6 24.4 266.74
v 78.6 21.4 859.90

v 67.9 32.1 6270.00
QSVM v 83.7 16.3 114.25
v 76.3 23.7 332.70

v 81.7 28.3 1325.00
v 70.3 29.7 20,355
CSVM v 83.5 16.5 118.77
v 78.2 21.8 339.92

v 81.7 18.3 1879.00

v 70.4 29.6 12,105.00

FKNN v 79.8 20.2 144.54
v 68.7 31.3 327.07
v 77.2 32.8 270.76
v 65.2 34.8 714.21
CKNN v 82 18 138.16
v 70.8 29.2 251.37
v 78.3 21.7 379.01

v 65.7 343 2038.00
Decision tree v 78.5 21.5 136.35
v 67.3 32.7 267.00
v 74.3 25.7 434.82
v 58.9 41.1 949.13
WKNN v 79.8 20.2 232.06
v 69.9 30.1 264.89
v 76.4 23.6 378.13
v 65.3 34.7 845.73

The bold values shows the best results

obtained the best testing time of 88.129 s, which is efficiently well as compared to other
classification methods as LSVM, QSVM, and few more in Table 3. In the second step, 34
object classes are selected randomly and performed classification. The best classification
accuracy is achieved as 84.6% with FN rate 15.4% on EBT classifier as presented in Table 3.
The classification performance of EBT classifier is compared with seven other supervised
learning methods and achieved the second-best accuracy of 78.2% on CSVM.

Moreover, the best execution time for classification is achieved for 34 object classes is
172.63 s on EBT, which is significantly good as compared to other methods. However, the
worst execution time for classification of 34 object classes is 327 s on Fine KNN. Thereafter,
50 object classes are selected randomly for classification. The increase in the number of classes
effects on the classification accuracy and execution time. However, using VGG deep CNN
features with entropy-controlled method achieve the best classification accuracy of 86.0%,
which is increased up to 2.55% as compared to AlexNet deep features. Moreover, the
performance on VGG deep features is also improved and achieved the best computation time
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of 168.66 s which is better as compared to AlexNet deep features and other supervised learning
methods as given in Table 3. Finally, classification is performed on all 102 object classes and
achieved the best classification accuracy of 73.8% on EBT, which is executed in 454.270 s.
The classification accuracy of EBT is increased up to 1.8% as compared to performance on
AlexNetmodel but the execution time of EBT classifier is lower than the WKNN, which is
341.83 s as presented in Table 3. The above discussion, it is clear that entropy-controlled
selection method performs well along with VGG-19 deep CNN features. Moreover, the
execution time for object recognition on VGG features is improved as compared to AlexNet
features on 20, 50, and 101 object classes.

3.1.3 VGG-19 deep CNN and AlexNet CNN features fusion and selection

Features fusion is an important step in the domain of machine learning because each feature
extraction technique has unique characteristics. Therefore, in this study, we use two pre-trained

Table 3 Classification accuracy for Caltech101 dataset using VGG deep CNN features with the entropy-
controlled method

Method No of classes Performance measures

20 34 50 100 Accuracy (%) FNR (%) Time (seconds)

Ensemble boosted tree v 92.0 8.0 88.129
v 87.5 125 198.480
v 86.0 14.0 168.660
v 73.8 272 454.270
Linear SVM v 86.7 13.3 180.709
v 81.0 19.0 256.700
v 78.9 21.1 944.080
v 54.8 452 1122.200
QSVM v 90.6 9.4 147.250
v 83.0 17.0 299.100
v 80.5 19.5 1205.900
v 54.6 454 820.010
CSVM v 91.1 8.9 191.395
v 82.9 17.1 311.200
v 81.0 19.0 1624.00
v 52.5 475 795.360
FKNN v 843 15.7 114.719
v 78.0 22.0 23.620
v 75.3 24.7 127.55
v 594 40.6 1119.490
CKNN v 82.6 17.4 315.130
v 71.5 22.5 99.800
v 77.6 224 160.780
v 59.2 40.8 81.680
Decision tree v 85.5 14.5 351.162
v 78.9 21.1 65.790
v 717 223 106.90
v 73.3 26.7 431.22
WKNN v 833 16.7 215.49
v 78.7 213 72.39
v 75.8 242 201.6
v 65.6 24.4 341.83

The bold values shows the best results

@ Springer



15766 Multimedia Tools and Applications (2019) 78:15751-15777

deep CNN models for features extraction and select the best features from each model by an
entropy-controlled method. Thereafter, we extract SIFT features from RGB silhouette image
and fused along with deep CNN selected features by the parallel approach. Finally, the fused
features are feed to classifiers for recognition accuracy. The best-achieved classification
accuracy for 20, 34, 50, and 100 classes is 86.5%, 93.8%, 93.5%, and 89.7% on EBT classifier,
as presented in the Table 4. The classification accuracy of EBT classifier on 34, 50, and 100
classes is significantly improved as compared to individual AlexNet and VGG-19 deep CNN
features with an entropy-based selection approach. However, we notice the execution time of
the proposed method on EBT classifier is increased as compared to Tables 2 and 3. The
proposed classification performance is proved by their confusion matrices are given in Fig. 6.

Finally, we compare our proposed results with existing methods in Table 5. Jun et al. [38]
propose a deep stack network (DSN) for object classification and achieved a classification
accuracy of 89%. In. [57] sparse structure PCA method is presented for object classification,
which is based on SIFT features and SVM classifier. The presented method reports

Table 4 Classification accuracy for Caltech101 dataset using a fusion of CNN features and selection with the
entropy-controlled method

Method No of classes Performance measures

20 34 50 100 Accuracy (%) FNR (%) Time (seconds)

Ensemble boosted tree v 86.5 13.5 75.70
v 93.8 6.2 289.90
v 93.5 6.5 178.20
v 89.7 10.3 302.50
Linear SVM v 82.0 18.0 97.71
v 87.2 12.8 49522
v 87.8 12.2 1457.60
v 60.7 39.3 5613.70
QSVM v 83.7 16.3 114.25
v 88.2 11.8 654.53
v 88.9 11.1 1655.10
v 60.0 40 9846.00
CSVM v 83.5 16.5 118.77
v 88.8 11.2 1010.60
v 88.9 11.1 1754.10
v 55.0 45 10,322.00
FKNN v 79.8 20.2 14.540
v 82.2 17.8 71.486
v 82.6 17.4 71.950
v 713 28.7 66.749
CKNN v 82.0 18 38.160
v 82.9 17.1 110.560
v 81.0 19 327.660
v 70.7 29.3 595.820
Decision tree v 78.5 21.5 36.350
v 81.3 18.7 99.080
v 85.1 14.9 106.200
v 882 11.8 470.750
WKNN v 79.8 20.2 32.060
v 86.3 13.7 18.110
v 80.8 19.2 68.810
v 65.7 34.3 321.97

The bold values shows the best results
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Fig. 6 Confusion matrix for 20, 34, 50, and 100 object classes using Caltech101 dataset

classification accuracy 83.9% on a Caltech101 dataset. Qing et al. [38] used a combination of
YCbCr transformation and Extreme Learning (EL) for object classification and obtained an
accuracy of 78% on the Caltech101 dataset. Yongsheng et al. [45] use the K-means based reduction
on the STFT descriptors and achieved 85.78% accuracy. However, in this research, our proposed
method shows improved performance in both accuracy and execution time. The proposed method
achieves classification accuracy 86.5%, 93.8%, 93.5%, and 89.7% for 20, 34, 50, and 100 object
classes on Caltech101 dataset. The execution time of the proposed method is also plotted in Fig. 7.

3.2 Pascal3D + v1.1 dataset results

In this section, we present the proposed algorithm results on PASCAL 3D dataset. The
results are calculated in four different steps: a) AlexNet deep CNN features extraction
along with entropy-controlled feature selection, b) VGG features extraction and entropy-
controlled selection, ¢) fusion of VGG and AlexNet deep CNN features along with
selection method, and d) fusion of SIFT and deep CNN features along with entropy-
controlled method. Three parameters (i.e., accuracy, FNR, and time) are used to measure
the performance of each classifier. As discussed above, this dataset consists of total 22,394
images of 12 unique object classes. For validation of the proposed method on this dataset,
we opt an approach of 50:50 for training and testing. This approach is followed for each
step. The achieved best classification accuracy for AlexNet deep CNN features along with
entropy-controlled selection method is 76.8% on ensemble classifier. The FN rate on

@ Springer



15768 Multimedia Tools and Applications (2019) 78:15751-15777

Table 5 Comparison with existing methods

Paper Year  Features Technique Accuracy (%) Time (s)
Jun et al. [38] 2018 2000 after PCA Deep Stack Network 89
on 4096
Jinjoo et al. [57] 2018  SIFT->SVM SSPCA 83.9
Qing et al. [38] 2018  YCbCr-SIFT YCbCr-SIFT+LSC + ELM 78
Yongsheng et al. [45] 2018  SIFT Reduction using K Means 85.78
Xiaozhao et al. [13] 2018 Salient features PCA->1500 76
using unsupervised
Ridha et al. [9] 2017  Deep CNN Fast wavelet 75.6
Our 2018  Deep CNN and Fusion of Deep CNN and 20 Classes: 86.5 75.70
SIFT Features SIFT Features along with 34 Classes: 93.8 289.90
entropy-controlled 50 Classes: 93.5 178.20
selection method 100 Classes: 89.7  302.50

The bold values shows the best results

ensemble classifier is 23.2% and testing execution time is 154.5 s. The recognition results
of an ensemble classifier are also compared with other state-of-the-art classification
methods as presented in Table 6. In the second step, the classification is performed by
using VGG-19 deep CNN features and achieved maximum classification accuracy 81.8%,
which is improved as compared to AlexNet features. But the execution time on VGG-19
deep features along with the selection method is increased on ensemble classifier and best-
achieved execution time is 240.86 s on decision tree as given in Table 6. In the third step,
selected AlexNet DCNN and VGG DCNN features are fused by a serial-based method and
perform classification. The best-achieved classification accuracy is 87.4% on ensemble
classifier, which is significantly improved after fusion of DCNN features. The execution
time of ensemble classifier for step 3 is 230.2 s, which is higher than the FKNN as
presented in Table 6.

unigf\ 620.42

620 +

558 s
496 =
434 =

372 o 341.83
o— 289.9

198.48

156 7 _——

124 » Fre)
; ; : ; >

20 Classes 34 Classes 50 Classes 100 Classes

248 =

—— AlexNet == \/GG === Proposed

Fig. 7 Comparison of the execution time of all defined experiments on the Caltech101 dataset
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Table 6 Classification accuracy on PASCAL 3D dataset

Method No of classes Performance measures
AlexNet-  VGG-19- Fused DCNN-  Fused Accuracy FNR  Time
Entropy Entropy Entropy SIFT+DCNN+ (%) (%)  (seconds)
Entropy
Ensemble v 76.8 23.2 1545
boosted tree v 81.8 18.2 3048
v 874 12.6 2302
v 88.6 114 111.99
Linear SVM v 71.0 29.0 437.18
v 78.1 21.9 6263
v 56.6 434 8349
v 82.8 172 175.26
QSVM v 75.6 244 641.2
v 80.6 194  698.2
v 86.9 13.1  1821.7
v 81.3 18.7 210.39
CSVM v 73.6 26.4  600.57
v 79.1 20.9 765.77
v 86.6 134 12112
v 81.4 18.6 2175
FKNN v 64.0 36.0 195.068
v 70.8 29.2 22243
v 75.0 25.0 198.71
v 234 76.6 134.934
CKNN v 71.5 28.5 2149.1
v 78.9 21.1 52771
v 82.6 174  4133.5
v 26.5 83.5 659.35
Decision tree v 70.6 294  164.36
v 78.0 22.0 240.86
v 82.6 17.4  398.78
v 73.85 26.15 185.585
WKNN v 64.7 353 1087.5
v 71 29 2457.3
v 74.8 25.2 20202
v 78.2 21.8  409.78

The bold values shows the best results

Finally, SIFT point and DCNN features are fused by the parallel approach and perform
classification. For classification, the EBT method is used and obtained a maximum accuracy of
88.6% and FN rate is 11.4%, which is significantly improved as compared to step 1, 2, and 3.
Moreover, the best execution time is 111.99 s for EBT as given in Table 6. From Table 6, the
performance of EBT classifier is compared with several other supervised learning methods such as
LSVM, WKNN, FKNN, and few more. These supervised learning methods also perform well by
using proposed features fusion and selection method, which gives the authenticity of the proposed
method. Moreover, the classification performance of ensemble classifier is validated by Table 7.

Finally, the proposed method results on PASCAL 3D dataset are compared with
existing methods as presented in Table 8. In Table 8, Chi et al. [12] extract deep CNN
features for object classification and reported classification accuracy of 81.8%. In [18]
CNN based features are extracted for object classification and perform experiments on
PASCAL 3D dataset and achieved accuracy 83.92%. However, our proposed method
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Table 7 Confusion matrix for PASCAL 3D dataset using proposed features fusion and selection method

Class Classification Class
Airplane | Bicycle | Boat | Bottl | Bus | Car | Chai | Dining | Motor | Sofa | Train Tv
¢ r table bike Monitor
Airplane <1 1 1 <l 1 <l 2 <1
Bicycle <l 1 1 1 12 1 2
Boat 1 1 <1 1 3
Bottle 3 14 3 8 1
Bus 1 <l 1 5
Car 1 1 1 1 4 <l 1
Chair 1 2 2 2
Dining 1 4 1 1
table
Motorbike <1 7 <1 2 2
Sofa <1 3
Train 1 1 2
Tv <1 2
monitor

shows improved performance on PASCAL 3D dataset and achieved a classification
accuracy of 88.60%.

3.3 Barkley 3D dataset

The 3D dataset consists of total 6604 images of 10 object classes including bicycle, car,
cellphone, head, iron, monitor, mouse, shoe, stapler, and toaster. The number of images in each
class range of 474-721. For validation of the proposed method on a 3D dataset, 50:50
approach is opted for training and testing the classifier. To analyze the performance of a
proposed method, we employ four distinct experiments. In the first experiment, Alexnet deep
CNN features are extracted and select best features using the entropy method. The best-
achieved classification accuracy for the first experiment is 97.90% on EBT classifier with FN
rate is 2.1%. The execution time for experiment 1 is 978.00 s on EBT, which is higher than the
other classifiers whereas the best execution time for experiment 1 is 245.68 s as given in
Table 9. In the second experiment, the VGG deep CNN features are extracted and select the
best features by an entropy-controlled method. 10-fold cross validation is performed for testing
the classification performance and achieved the best accuracy 97.5% with FN rate is 2.5%. The
execution time of ensemble classifier for VGG features is 900.5 s as given in Table 9, which
shows that FKNN performs fast and execute in 113.5 s. In the third experiment, to improve the

Table 8 CA Comparison with state of the art techniques on the Pascal3D+ dataset

Author Year Features Technique Accuracy (%) Time (s)
Chi Li [12] 2018 CNN Deep supervision 81.8
Object reconstruction
Alexander [18] CNN CNN based multi-view learning 83.92
Our 2018 SIFT and Fusion of point and DCNN 88.6 111.9
deep features features along with selection method

The bold values shows the best results
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Table 9 Proposed classification results on the 3D dataset

Method No of classes Performance measures
AlexNet-  VGG-19-  Fused DCNN- Fused Accuracy FNR Time
Entropy Entropy Entropy SIFT+DCNN+ (%) (%)  (seconds)
Entropy
Ensemble v 97.9 2.1 978.00
boosted tree v 97.5 2.5 900.5
v 98.8 1.2 53422
v 99.7 0.3 177.49
Linear SVM v 96.1 39 220.29
v 96.2 3.8 132.01
v 98.7 1.3 453.66
v 99.5 0.5 94.242
QSVM v 97.5 2.5 231.44
v 97.3 2.7 338.24
v 929 1.0 566.5
v 99.7 0.3 120.52
CSVM v 97.5 2.5 245.68
v 97.3 2.7 363.6
v 99 1 651.6
v 99.7 0.3 124.92
FKNN v 96.9 3.1 55.29
v 97.3 2.7 113.15
v 97.9 2.1 141
v 62.6 374 19.102
CKNN v 95.4 4.6 1133.6
v 94.8 52 1167.8
v 97 3 2248.7
v 34 66 359.51
Decision tree v 92.3 7.7 101.08
v 92.8 7.2 128.71
v 94.5 5.5 151.44
v 85.8 142 153.816
WKNN v 97 3 596
v 97.2 2.8 1862.9
v 98 2 1163.1
v 98.6 14 215.24

The bold values shows the best results

classification accuracy and execution time, we fuse both VGG and AlexNet deep CNN
features and achieve classification accuracy 98.8% on ensemble classifier. The fused matrix
improves the classification accuracy as compared to an individual selected deep CNN features
as presented in Table 9. The execution time of fused approach is increased up to 5342 s on
ensemble classifier. To resolve this issue, in experiment 4 we fuse SIFT features along with
deep CNN features and achieved classification accuracy 99.7% with FN rate is 0.3%. The
execution time of the proposed method is also reduced on ensemble classifier and achieved
testing time is 177.49 s. Moreover, the classification accuracy of ensemble classifier for
experiment 4 is confirmed by a confusion matrix in Table 10.

3.4 Graphical discussion

In this section, the classification results are presented in the graphical format. In Fig. 8a,
the overall comparison of three experiments is plotted for the Caltech-101 dataset.
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Table 10 Confusion matrix of proposed method results on the 3D dataset

Class

Classification Class

Bicycle

Cellphone

Head

Iron Monitor

Mouse

Shoe

Stapler | Toaster

Bicycle
Car

Cellphone

Head

Iron

Monitor

Mouse

Shoe

Stapler

Toaster

Figure 8a explains that the minimum, average, and maximum accuracy which is achieved
through all conducted experiments in Section 3.1. The minimum achieved accuracy for all
classification methods is 52.5% on CSVM, average accuracy is above 60%, and maximum
accuracy of 89.7% for EBT classifier. The EBT classifier achieves the minimum accuracy
of 71.7% through AlexNet along entropy-controlled selection approach, whereas the
maximum accuracy of 89.7% through proposed fusion and selection approach. Similar
in Fig. 8b classification results for all datasets are computed on four different steps as
explains in Section 3.2. The results are presented in the form of minimum, average, and
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Fig. 8 Overall range of classification accuracy of all datasets. a Caltech 101 dataset, b PASCAL 3D Plus dataset,
and ¢ Barkley 3D dataset
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maximum. Finally, classification results are calculated using Barkley 3D Dataset through
four steps. All steps are explained in Section 3.3. The EBT classifier outperforms on all
datasets for proposed fusion and selection method.

4 Conclusion

A DCNN and SIFT point features fusion, and selection-based approach is proposed in this
article. The proposed method works in two parallel steps. In the first step, improved saliency
method is implemented, and SIFT point features are extracted from RGB mapped image.
Then, in the second step DCNN features are extracted using pre-trained CNN models. The
max-pooling is performed on extracted features matrices to remove the noisy information.
Thereafter, a Reyni entropy-controlled method is proposed which control the randomness of
extracted features and select the best features. The selected features are finally fed to ensemble
classifier for object classification. The proposed method automatically detects and labeled
object from a large number of sample images with minimum human intervention. The
proposed approach performs classification under the supervised method and achieves the
maximum classification accuracy 93.8%, 88.6%, and 99% on Caltech101, PASCAL 3D Plus,
and Barkley 3D dataset, which shows exceptional performance as compared to existing
methods. Moreover, the proposed method efficiently reduces the computation time, which
shows the importance of selection methods. In the future, we implement a new generic method
for multiple object detection and classification using deep learning. Moreover, we apply
method on real-time object classification.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.
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