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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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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

7 Within-class scatter

§ Sparse representation

O 2le Vol YAl JLe



http://dx.doi.org/10.29252/jsdp.17.3.141
http://jsdp.rcisp.ac.ir/article-1-837-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.29252/jsdp.17.3.141 ]

OM9dgilS ot (s aSuis 0w Temw 34y S 339 59 Jeawi Jlesl i (hiae o 4 29lai jl S5 5u9 Tl gy ashl

5

SRR 5o i Oliz) Ssbioe b ple
Ao (V-1 (goloidn o)Xl mrogs
2 lige 2924 202 (Lhjsel 4 sezme S,
3 I e e
ody Sheel wude (Bjgal sols b
Joc 5 om wam anaiws 4 |y yse;l soly 95T -0
o plosl ol 69, 1, (gamaiws
L oalold slojlae 5l cgamains lp a5 5 s0 s aiSS
plsl 55 Oisod O g o ole wed colatul 5llall
ey
@ s o oanled ools b1y ygesl ools alold-o
9k G
7S 85 S g Glaiwd 4 1) (geil eslo -
Al aily atws QT LI, dols
VN WIPCTIS 4| U POV A KA RS P P I
3l i |y o) ol Al

Slwdgi g eabdll ool oLy Y-

ol Jolm pdn pgas
5 358 Ol ol sl e ed (ol o

'53'“'[;" oals ul J}‘J.n L;a.u uaya.‘i).) ggvl?u..oy e

2 )95l oo ol =V -¥-)
ol 75 TR 539)5 wwd 93 SIS w55l 1639
S Blie oo 50 a5 (Djsel slaeols asgenee
S el dins oS 0 (B8 i aiws C
WSS Gl 0 gomr d dsed 0Bl diged
d &gei nyopll s 2 lilas i Finay S9b
Bl panleS (gon
Ll ol s codl and oo 0T Ll o5 gajl o0l
o2 o siulad T
oS Bl lbaiws 5SS o a |, geyl sl —lill
salgs som d aiges 7 +1 ol aws (ygS]
o el i g S50 oo 4 .l
ool @ bosly 5l mple S el wws
esls geales (m+1)xd
oy ol 1) 25 sla)l5 pll atws j2 (shilay (951 -0

FO 2l ¥ ol VAl Jle

SOUS P9y Tdd Y

ools gy golpring 0,509, ol dul (o wwed pl o
Saag 5 ole 5 I eyl sl s oel e
Skl o 0gd oo Gl a5l S ) (am ogas o
0 2lobd 3 )18 53 sl by 5w sl (A5 o
R

SOl (09 ol s gd - Y-
Glime dsgame g0 qoumaiuy Joloe oo, Sog, o
as S L o "M gesl sleeol" g " sysel slaesls”
Ssdind Sy higel slesls I eolanw) b Logd s
5051 slaosly saaiws (gl dbaiwd s g a3Lus
S g bl L (s bale a0 0ed oo ooliil
S¢>9 ‘5~J)9AT srosle dsgozme o uyc)] sl
b asls
asz 5l YLy el Al 4 lio ol e
[FRRCIFLIVASNE VIR VEL S e-Sv LI BPR WU IR SRS
g Al oad adle (Bigel ool (golaw 3l ooliiul
ails sl e gesl ssle Glgieds eols S i pmian
el
as ol Q—| el (S‘bl'eﬁ"‘“" U"S) LSL._..A as 6'0.&)‘
Bl 4t & gesl eols I caf g5 e 6050 ek
ol ALl el 1 &y Glate gejl sols &5 glaws Sxy
30 slhaiws 4 ool cpl ST Ll raddl od ol 5l
5 ol 0 atws o] g bl slo el b vl arass
(sl i o s el Q—l S S5 0gd ge aDAS
S is w09 o Lol ladiws ded a5 g0)] sols 31 e
5 03] edls S1xil pas ogaz o YU o sadols
loe Ghar 9504
25 S dele enl ol eSS des jolinea
250 g0 Slgiden
(i 9 S Lol laatws aes 4 1) yg03T ools —all
2ol eas g e plmil bl (g5, (s
@ oadolb idu ol ST as cul ] (5
o, pde d yxte el a8l leazws slaesls

! Training data
2 Test data


http://dx.doi.org/10.29252/jsdp.17.3.141
http://jsdp.rcisp.ac.ir/article-1-837-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.29252/jsdp.17.3.141 ]

soyy Liducald, wadplml slasiluesly b
ko Sl o ey oo Sl el
G Ll s ol 5 Jlou!l 50, iz o (mgSne
oo (S8 slad 4 1) ool (pl slad sloslal
dsle oz 48 b o (Jle slp oS e
ot cdle b pled slaglss Glos o esSae
cdle b olei slagly 5 o iy gl
) (Ngdon 00y JBar 4,8 o j0 &5) e
WLl atws 4 Gl Cond 0 a5 1) glools «yeiST -0
Cood 13 03l Camsndy B0ls ¢ 5 Bi> el oau
Obzen wwd et oS O il o
Dg dalys o paie d diges (1,+1) oIl
ol s o amle |) atws sladiges Sl -0
ol e S e wes opl el plrea
o gimled 7 L]y ek
Sygon (V) K& 5o oleriny oSl Jole

sl 00l o0l g)L“‘" s KNy s

SOl o295l 4 b gy po 0 a4l :(Y- JSCB)
(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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