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Introducing a method for extracting features from facial
images based on applying transformations to features
obtained from convolutional neural networks

Morteza ali ahmadi* & Rouhollah dianat
Department of IT Engineering, Faculty of Technical and Engineering,
The University of Qom Qom, Iran
Abstract
In pattern recognition, features are denoting some measurable characteristics of an observed phenomenon
and feature extraction is the procedure of measuring these characteristics. A set of features can be expressed
by a feature vector which is used as the input data of a system. An efficient feature extraction method can
improve the performance of a machine learning system such as face recognition in the image ficld.
Most of the feature extraction methods in facial images are categorized as geometric feature extractor
methods, linear transformation-based methods and neural network-based methods. Geometric features
include some characteristics of the face such as the distance between the eyes, the height of the nose and the
width of the mouth. In the second category, a linear transformation is applied to the original data and
displaces them to a new space called feature space. In the third category, the last layer in the network, which
is used for categorization, is removed, and the penultimate layer output is used as the extracted features.
Convolutional Neural Networks (CNNs) are one the most popular neural networks and are used in
recognizing and verifying the face images, and also, extracting features.
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The aim of this paper is to present a new feature cextraction method. The idea behind the method can be
applied to any feature extraction problem. In the proposed method, the test feature vector is accompanied
with the training feature vectors in each class. Afterward, a proper transform is applied on feature vectors
of each class (including the added test feature vector) and a specific part of the transformed data is
considered. Selection of the transform type and the other processing, such as considering the specific part of
the transformed data, is in such a way that the feature vectors in the actual class are encountered with less
disturbing than the other ones. To meet this goal, two transformations, Fourier and Wavelet, have been used
in the proposed method. In this regard, it is more appropriate to use transformations that concentrate the
energy at low frequencies. The proposed idea, intuitively, can lead to improve the true positive (TP) rate.

As a realization, we use the idea in CNN-based face recognition problems as a post-processing step and final
features are used in identification. The experimental results show up to 3.4% improvement over LFW
dataset.

Keywords: Feature extraction - Convolutional neural networks - Wavelet transform - Fourier transform.
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(Table-1): Some geometrical face featurce extraction methods
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(Figurc-1): Featurc vectors of 4 hypothctical class A, B,
C and D accompanying test feature vector T
I) beforce and II) after applying the proposed method can
be as showed in figure. This leads to increased accuracy of
identification. Since, T actually belongs to the class D, so the
feature vector of the class D is shown in a different color.
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(Table-3): Deep neural network-based feature
cxtraction methods
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(Table-2): Some linear transform-based feature
extraction methods
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° Convolutional ncural network (CNN).
19 Affinc transformation
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13 Fully connected

! Feature space

2 Observation matrix

3 Transformation matrix

4 Principal component analysis (PCA)

3 Fisher lincar discriminant analysis (FLDA)
6 Between-class scatter
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§ Sparse representation
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(Figure-2): Pseudo-code of the proposed algorithm
Algorithm 1:

Input:

tr: Training data (ll’,'l. : jth training data for class i (d-
dimensional vector))

td: Test data,

C: Number of classes

A, : Number of samples in Class i

Trans : A suilable transform (Fouricr, Wavclet)

InvTrans : Inverse transform
a. fori-1,2,...,C:

al: O (—[ﬂ;l;tl;z;...;tr ]
(v d)

a.2: O'Zm < [”‘;12”}2;---.5”}", ;td]
03: T,(2, j) « Trans{ 0", (2, j)} (forj=1,2, ..d)
a4 S (5, )) « Sort(?} (x./), descend ')
25: D, « [ S (Lend) S,(2,end) ... S,(d,end) |
a6: [, = Ianrans{ DI}
a7: C ",.M “«— De/eteRnw(()'{.("’ ,td)

Ied
a.8: O"%W “«— Appena'R()w(O"W ,Ii)

end

Output: 0"1

(n=1)d
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(Table-4): Datasets used in the paper
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(Table-5): Hardware and software used in the paper
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MATLARB 2017- CPU: Corci7 (7700k)- RAM: 16GB-
MatConvNet ([25]) Hard: (SSD-512GB)-Cache: 8MB-
GPU: 1070 (8 GB)
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(Figure-4): Some of the LFW database images
collected by authors)
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(Table -6): Effect of the features obtained from applying different transformations on the efficiency of the face recognition

algorithm based on the VGGFace network (R=1 and the cosine distance is considered by 7 = 0.3 . In the wavelet transform, the
DB11 has been used.)

Final score FPIR TPIR Jos 9
100 0 100 AT&T
99.74 2 99.97 MUCT
86.52 8 86.22 LFW
90.5 0 81 100LFW
Final score FPIR TPIR 208 o
100 0 100 AT&T
99.74 2 99.97 MUCT
86.57 8 86.27 LFW
90.5 0 81 100LFW
Final score FPIR TPIR e Jlos
100 0 100 AT&T
99.74 2 99.97 MUCT
90.33 18 89.655 LFW
91.1 0 82.2 100LFW

- VGGFace Suis ) o 0tz (o2 boliods ity ;g1 1,15 0 allitin Mo Jlael 31 ooel sy glo S39 sl (V- Jgu)
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(Table -7): Effect of the features obtained from applying different transformations on the efficiency of the face recognition algorithm
based on the VGGFace network (R=1 and the correlation distance is considered by 7 = (.5 .In the wavelet transform, the DB11 has

been used.)
b 3 P D
Final score FPIR TPIR s e
100 () 100 AT&T
99.62 3 99.97 MUCT
87.28 17 87.52 LFW
90.4 0 80.8 100LFW
Final scorc FPIR TPIR 0,88 Joas
100 0 100 AT&T
99.62 3 99.97 MUCT
87.28 17 87.52 LFW
90.4 0 80.8 100LFW
Final scorc FPIR TPIR Soge Joi
100 0 100 AT&T
99.51 4 99.97 MUCT
89.06 29 90.05 LFW
91 0 82 100LFW
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(Figure-6): FPIR and FNIR for 20 different threshold values
from zcro to 1.5 with step 0.05 assuming the use of
Euclidian distance (R=1 and 100LF'W is used.)
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(Figure-5): FPIR and FNIR for 20 different threshold values
from zcro to onc with step 0.05 assuming the usc of
correlation distance (R=1 and 100LFW is used.)
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{Table-11): Results of the proposed algorithm on features
obtained from non-neural networks-based methods with
different transformations. AT&T dataset has been considered.
(R=1, Euclidian distance and DB11 wavelet transform have
becn used)
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