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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
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4 Principal component analysis (PCA)

3 Fisher lincar discriminant analysis (FLDA)
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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

Dygots 03ls e le (gt p2) dn p2 59 -V-o
L 'DCT ;98 axle cwmlio Joas S e
3l ool (pgscalin 1 jekaie S Jleel Sog0
Ol Sl B o (6551 S e &8 el (Dl
S5Al S (s Suazpe gy wiil aib
Eooma,® o3l 2Bl ol sloddlie o (5 i
39,5 (Jl 2 3 an | e 4l Sl e
x5 s (mA)xd ol b oodls s e Jras
ol (n41)xd slal bssls il o hos
bod ey sladises dlaws omyaakaly cul o
oW

F) wox edls Gwple polie igw 2 0 Voo
05 e Jop e ) (sl

G % s gt e 0 |y b p B e Yoo
JSad polie cpl sl graie d jlop S )
D9 s

Coomd 53 ol ooy saxd oy as el maly -F-0
isel sloosls 055> L Dgline (glojs> yo Yoo
o5 S0 Syl sl 18 (e 0592)
bl S5 4 Gy ol clasols fuwleassd
oo g9, eodJlocl @HLas 51 (aneS) lads
3 o ool cul a5 clF e ol 1 i
@l 8 (488 Jle gl asl hows slas
> o opl o Canbioe o5 cul molg (b e
O 1) soelcwods jlop lad aS 04h Jlas! ko
2ol A bl s ooy T Sl gl
S el ol oa) el 2l
b e 5 Jee Grizen 5 it ol culyd
(o ,0 el a8 318 eolai) 8,50 (g5lwdeS
Pt I\ S-SR NI IRV JNET RSP IR
oadplnl slagiluesly [ oo a3 4 (S
8 ookl 5550 (weSas ol S al> e 0n) o
5 43,5kl s 1l plyieas ol 4035
Jos el o il wy hos Vo a e

5 sl Gl @LE siluesly @b (e 0

plxil b o ion o1 jo awl ooy las o ez ol o )8

! Discrete cosine transform (DCT)
Jlesl b ol o) e v o slal Lodls o 5le ST Jlie ylgecas ¥

i o (g3, pIS e a5 gl ans ay,s8 bos Voo
Yoo gy b il @ wgd o Jlesl b

O
3 Spatial

O 2l Vo)l ivad Jlo



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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 |

[ 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

&

ST it axlge Jho e olael L LT o 1,5
ke oUsS o 40 ogyho plai Jlo) (58
5 Suop oo b oaius glaosly asl) 4 azg L
Slaie 2 0ol Sy 0SSl il g0l bt

)é OM&'}‘ (Q-:-L)’f-" }‘ oo lawl -Y-y

o e o bl
bt g 0B AF e (B Zwend )5 oadal o ol o
(gdatns wuld b (S glial egs ogas o
o9y R Sy 5 009 S wmsl JA Ll sais alildE
ol e cwl Jlesl LB S Slulis L gosatus
RS SIS
oS o0 Ol ot 2l
@lod,Sagy b Ol Vi 0 oS afoles
S ol 4 bgpe sbaoje 0 ONN (i
Ol i Oled )8 iz )l Cgllas Ly slacds
ol ) Jgemaysbar oz ololid g o a5 Wb
s sooliil Sy eaniSzl il lsica beasis
sols dnatws S a4 olelis lp wanliwsa slo S
odaliassdy slo Shg cAlaios (6355 @omiipd Wod o
sl ONN 53 5]
25 S 4 LYY 5y 0 eadsl o )5
98 b oz olulid o )8l S (il )0 Wl o0
353 5 5l el gl g bl allis oo
cMasl o (pola acgese pl eyl LS o
D g0 0duals 5 5
5 O9zge Sl e pz ollid o)l G e
s S S e Ll 1) s 2B
Al & opr ololis wsl ,a n ol
Lol glaws 1 gosmaiws
2 e k) 3 asie 08 5l aS (25
@ e jebar polas cnl 51 Sy o anl L
of 4 bgspe (Sis 5oy g oas ools CNN S
meoell 08 ) S Gs s e e Ceon
My w0yl Gl Wil sl o g ea
o gl (Shs slajlon wle sy Shy
wojgel oold acgazma (5B 2l o) 3 gl

FO 2l ¥ ol VAl Jle

@

Sl S5 5 Ta a5 wlesls las sonie sla oo
4 Sbiws 4 e (golpidny 9,50, 5l eveliewods
RGN PR poen @\)S

)98l ol po (o gas o (Flonsgd —Y-V-¥
Jole pgar 3 o medss (il zas 4 axsi b
o)l...)‘ PR e 4 Lef.l EJ»A)L_;o.; )'E” L .9)5! Aui LS‘)}‘
Py e
\S}}AL}DCT 54.:)93)@ GLM—\—L_J 4.1}).&)\).
o)'l..le 5 o (&Y Ll oal Jlee!l cools $9,
Ui 0 il goaxe 9)lge Sl e o) g
Sli)l 050 ' Srge 5 458 I slwosly
]y sl edls 993 Lo 9 0,0 Jlasl (s
Slas eanplul sl yiole;] Lol wols alss! 1) alols
il wolezy Jloody b gl IS pl oS ols
A a8 s pebge ol e sl ddd
Goloin (e, ol s isu 0 a5 A les
ol oo e Jlye 51 S 0 ol (F)
ol B e i 5,5 8 5 o Jlacl
oy 1) Oogdeie I sl (wed ol o
W S 4 byge ool asS 58 o s
Al ke pa s %Sy aule LIS ol
Bgepo g8l e o303l 03l 9 (5,3 (izran
5 a3l anws glacols (gglus 3L g At pso A

35 a9 B s o 0 A pe
b g oos yho 2 had Cess adlge L oo
sraie d )y i ,d aies jhe ply laailie
e plad )05 et yslI Voo alo o o ool JoSis
adlge wils aiwd 1 g3 coyge;l eols 5T Ll sl
5 3580 yho yd lop (allie (niSesS) B
s o a8 el (BF ol e S adls e
s plad) gpzme dlwd 4 (el ool (3l
cdeay aS 0,5 o )8 gleidl Cov (1SSl (o p
e A (0 g Awd A diged S yabadlsl
el opt st Ll el n g eeed gle w
el o slaaiws I eS il (aBlg alws

! Wavelet


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 |

[ DOI: 10.29252/jsdp.17.3.141 ]

alold oyl a4y jocie a5 ((69,8) (slaiws ole) ki >g >
(sl 005 oo

Sialej] bl b Cieogi wunds s cpl dsbsl o
(@8, 54 38 o g 138l Comw w0ols acgamme Joli)
o 2h bl leslae sl o ogh e plx]
@l ol b desl o 5 00l Gle opr (plelid i 6Nl
555 0 e olis waxe glaiale]
ol S5a @ yie (S gl Gl 4 solin
A dwle o g oLl oL o

9 ,lplccw wolbdcgome oy —F-)

JUTIS
0dls bl woolaiwl 9450 Solvacgazme ¥ u(F) Jouz )0
@ by polal (Fs V) b Ko o iopiomen loads
ol o sols olis il -2y
ez g |8l Slatin G () Jsu o
03,51 daggiluwosly 5o eslitul 550 sl58le 5 ol

eolaiwl 3,50 lodld> acgozmo :(F- Jou=)
(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)

Sl a5 5148 ooliiw! 590 DBIT (S22 g0 Joud 50 .Cuwl oo aid )5 135 10 7=0.5 b  SKiueod alolé gR=1)
(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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