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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.

* Corresponding author Ll loosge Botus g

FO by ¥ 3,ld 144 Jlo ity aalllas £g3 ® VYAR/ AN L] )l VYRR SN 100 du b $VFAY/ VY sallis Lol b @

@


http://jsdp.rcisp.ac.ir/article-1-837-fa.html

Downloaded from jsdp.rcisp.ac.ir at 17:25 +0330 on Sunday December 27th 2020

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
extraction methods
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(Table-2): Some linear transform-based feature
extraction methods
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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{ O",(:, j)} (forj=1,2, .. d)
a4 S (5, )) « Sort(?} (z./),'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
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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)

b S b -F-Y

e 59 0y plebid o2 sl S LS e Sl
o “- é]_;u 5 (\FP]R) "alTLi‘JA.g u"f’"\:‘ e t)';"
[27] Sigi go a3 3 hasyo " (TPIR) " s yoas (5 0y
9don Ry 5 S0 FPIR jLas

FPIR(T):@ )

* Rank
4 False negalive identification rate (FNIR)

FO 2l ¥ ol VAl Jle

! Falsc positive identification ratc
2 True positive identification rate



http://jsdp.rcisp.ac.ir/article-1-837-fa.html

Downloaded from jsdp.rcisp.ac.ir at 17:25 +0330 on Sunday December 27th 2020

il b g (55 (82955 olad S oo 2,5 Face
o ools ez a gg, d 5 ALl YYERYYERY
AT&T ools cogdleas tcal ol plosl Fojlasl s
LS aw batis oS plal Ojson
LS o o s S s sloailhs
G wgaz ool ol g aisle wcwl Hlase s glyls
bagsluosly 5 o ialesl 5l g S b sl o
@Az b WpS e )18y g Jelod 000 9 0ud
B0 g @Yl dgiluosly aledl gl ool ke
] 00 48,5
By osesl Shs Jln amlie jslieae
o o gdizel ools 13 08 se 4 bge sla s
il alols o (Sian (quginS alols jLes
el @38 a0
O3 1wl ool 48,5 5 b gl Sl ane
«(CNN ol ewaay sl She) Jia ) eolasl
Sse a9 )58 oo 5l eolial b
ol oal a8)S Gl Dbl gly Jlee awe
ilisee aliw] polie L ERR ¢ FPIR TPIR
wWloods o0 a4 byl gl cslvacgere oz @
JOOLFW 4 LFW MUCT AT&T
Golweols (gl (6ol Hlaws IV Slaws Cuiip
ki gzge slacusgacs azgs b a5 2)lo ez
closislel B co waioly SV 5 s
wilaid ;S )18 (Dbl eyse )
Gilnom b ey p wBaa WSl 4 azg L
Ol o il eslanul Sl g0 (59, aslie coonl ouiasl )l
Jihizr o ol b 5 8,8 alol )] 51 solitsl e
ol 023 00 4]
Jleel 5l oasleamsas sla Sy 56 () Jyaz 0
ot ol ot eSS malsil o wilide oSl
G354 Cawl oals ools lis VGGFace aSiuls o cidome
GHIAIL 5 @l Lis e (Soge 5 )08 DS
(#) Jgaz aiile (V) Jsuz Cuwl ool o)l50 piamy o QT
ols oS Aol glr &y a5 Syl ) b e
ki Py cbo bl ol a8 5 Ly (o
amoplis bl Giomie slo)lae il gyl s,
5 005y oasail)l oyl 5 50 (o, gy 45 el ]
5l eolaiwl o 90 calils iomiws jlsw g9 b bS]

TPIR Jloy5s cnobos oadalal slagsilucsls o
e 10059 Sl (pl el 00l dile FPIR
e opls 9 JE B Sl 4 i polas sl
(FS) ol oyed plpis Coi g onds 48,8 Slaiys Lady
wsSll S L an T el ol el ond sslid
e o lad |

7wl gl caslie Jlade SO awle jglateds
30 ol ool oolazl (EER) Sl glaz 75 Jlas
sl &8 0iS e lon 1) 75l (g lud0 lazl (EER aculrs
S e coli ade o R) FNIR(R,7)=FPIR(7)
ol 71y alil e ol 51 (0sd e ais S
Slgge 7 s T EER=FNIR(R,)=FPIR(7)
03 gmme ilinl (sl calis jluis Sy Glyicay

Julo g (o 2 eg3lwodly s -
Al oyl @ls Jolod 5 oy Ol & R Gl o
Gl pga sy SIS mbpee VY A5 o end
il 53 LB g5lwesly
adsl sla Sy gliil Gl eoliiul 5,50 CNN e
oalail)l VGGFace aSi jlon cCaond (pl o
2 le AYPYY L asid Gl el (S Mg
gz ) Sl 0dl ool (higel pgai e i
0955 3 Y & Lo Sldjer (pgad YAVY -
il o 811 [20] 3 aSats L
Olsreds Y& 0¥ 29,3 wadpll siluesly joe
WSl a azrgi bl wd)F e Fhy sl p
ool das F0AF (She by ol Lelie ol
2 Sl oien il 0 A Shs br ol
Solaae Fea7 0,5 o )3 oolaiul oy90 gal
PPN PES
5 TPIR jlse 95 5 5l odlaial b 2l)5 2bjs)le
) 4355 ool FPIR
5 LFW MUCT AT&T ools acsame jloz o0
VGG- oty s S )15 ) 0,80 100LFW

4 Resizing

! Final score (FS)
2 Equal error rate (ERR)

Glore 90 opl e sl (Koo (g goosls gl (Jae o ¥
iyl 45 Gl &g cpl 4 Jlgy W a5gis (gglins o L LaS0
\5S o dsmslne |, FNIR 5 FPIR . 7 .cilices polio (sl
oy Jolis S o5 WS e saie bopln ) T s
5k 603 w50 FNIR 5 FPIR

O 2l Vo)l iTad Jlo



http://jsdp.rcisp.ac.ir/article-1-837-fa.html

Downloaded from jsdp.rcisp.ac.ir at 17:25 +0330 on Sunday December 27th 2020

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

Loagzlse o oyl oL poloplas slatea

ON) Jssr o omas sbbascd » (e e sbads,
"KFA § 'LDA S5 gl Scwl ooy, ) Jol> mbs
Ol o ATET oolvacgesme (392 ds>lye [29] 5 [28]
IS 5 Jsir @l ool ot b5 Ly bl
JisS slaosls s, (w Glagts, o5 sl <8 4
IR PL‘?U‘ AEPRIRS 4c g0z )::‘L..n &9y J"L‘)T u.:l R WA
Sl Ly Gogaz s (i il sl o

wbu ol é},\.u(sa ﬁ‘)‘ SJLMBJ ‘cou:mSl)‘ bs»l
el Sonsy 2l gley Slad Sl s o oS
Lol oosSiae b 9 b dmlos (Jlte plpieas ol
Sy aie boa cal Taln e e
N coaiosly abal, o .zl bl LB O(dN, logN,)
s b Fhe slass od g Jos 29,5 bla sl
Siboi e diile (60)l5e Jolis 5 ;55U sl i 4y
il plie Sloj sloasise 5 00y LS aley 5
2 & el bole ST & azrg b g laladls b Sl
Locel loazus olass b sl jbpw ol a5 003 o
Jstze 5Ums glylo cgolgioy sxsl ioaisyle o)lge 45 dzgs

&5 A =0
orz nabal sl Shy gl Sl 2B, Wi (a) 5o
syl al Wl oz glelis jo Ll 5l eolanul jglacea
B I R L L O
S ool b gamanws oiyssll 5o 5 (Shis gl
!

sledains asa 4 s3] sols woaialll o 53l 5o
2 ool (g, o 5 ool sl ( JE 0 d4>e0
oS oo Jlael il 35 yse3) ooty el 0ygiST aS A
el oyl 3l a sadplil slabjla g ple g bos anl)s
G o cwbel awd 4 ee;l sols 31 s Sg g0
ot Sl g adlol o o] 4 laie ools a5 glazws
e (gm) a3 Jlisl il Sem g S )

! Linear Discriminant Analysis (LDA)
2 Kernel Fisher Analysis (KFA)
3 Butterfly algorithm

FO 2l ¥ ol VAl Jle

&l g TPIR Cusdg dguge 4 yocin o0l o)
5559, FPIR (Jlie ,5 casl onis FNIR oo ;Lo
4 Coud (§Fowbol Cuxdg whlse car 0 calasl)]
sl GRS A c S 0l ke e
O3y pglal el oS cdl calie ey (solpiig
) 958 wlsd oo hadd o je5l 5 s 5 JB @ Bl
ke G JE 53l gl @ Blate gl a5
&34 FNIR g FPIR lsg0s «(F 5 8) slo S5 o
Ly /0 a8 b SO 6 Lho ) cilie abial jlude Y-
ol oy s ol (Kron gloalols jloslanal ()3
@ asg by a, S 18 eolitul 5,50 T00LFW ools e
sleloges ablas ) BER gal)l coadipuy (glaloga
(A 5 A) slaJga> 0 5 edal Zuwsas (FNIR 4 FPIR
(Y 5 %) Gladgar wlie (V) Jgax .ol oo 034
ralols slody cwadil aluls a5 Solis ol b cand

Sl 4 argl ool ond Sile K s

R 9 (oG
ok 5o ylake 1o Wl o (owoldl dols (5,955 Sl
2 s el 8 cailin] 18,3 Lo Sl sl [0,+00)
A5 A 5 08 @ seil oxz s DI (]
\.‘.....'Lv 0 g0 |) alols UAJ..AS as ‘59’“&5" ]
BB FPIR jol )by cailbiw] Joie o235 150 pae cleay
oo 03,51 TPIR Jlae 5yo . sz 10 1 5 0390 dslms
oaiadlid 58 pwdlil aol Jles! 5l ol mls !

el sasal | 5,0, e 2,

Giloosly @l a5 ol ol wry LB S
BJS B s, e stleita pmpsS
sesams 53, oo 3 MUCT 3 AT&T wiils (al8tyLejl)
s (99 5l i yslanz 5 eais ) (aBly slaesls
ol ol s ool 4zl olie mbs 100LFW 5 LFW
wrrard (awl ool onyl fogl 5 n gaEe e
0 Slailly sdbdssaze g5y kN @l S
Gl (585 ed s sl Ll (68wl Segy LFW
S SBRalejl glaoals (g3, solering 35y, a4
lie JalS jsbody ciylo oYL 8o 55 by, Jlesl 50
cBs ATET ools 15 el 03,5k by |y, LS 5 030
Jles! 5law a5 00gs Ve o7l hawd Jlesl oww (ololis
oale gl il alll sals me s ) (o
) il L s S5m le Gilidl 2> MUCT
O s


http://jsdp.rcisp.ac.ir/article-1-837-fa.html

Downloaded from jsdp.rcisp.ac.ir at 17:25 +0330 on Sunday December 27th 2020

oaiasl )| GLCNN ¢y 5558 5l S a5 VGGFace aSi oals (0938l (iman taiS o pS I (ales Sl
il oa ool i (ul oy42 polal (5300 059> o Blgyo ools a5 glatuws 4 S ccaslin dlwd 4 (305!
sloosly g9y waddl) 8, canle HL5 wdlews Jhsl 0 o)l oS oy w4 gl
wile) @lRalel slaosls g5, 5 LW wile) calle (Srge g 2)s8) Sypme b 59 99 solkiiy oyl
15 o9 LFW (55, 45 6 sbots cond il ATET by, ollgs ololes jshiteds s £ )5 oslitl s, 0

ROV ) ARYRCS 5 oozl Bl sl S5g dgu o oo 2Ll esdlo

.VGGFace 45025 p e @wa.w ‘-g-‘n'-.l');-” ‘g'l)lf 30 alidee O ad Jlesl ) ouTwaa.g 6‘“‘;}.’.5 ).ui.'f (5-Jguz)

Al 43855 41,8 oslisiuw! 3590 DBIL (S go Joud 3o .l ouid 48,8 s o 7=03 L wenS alolé gR=1)
(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 S5
100 0 100 AT&T
99.74 2 99.97 MUCT
90.33 18 89.655 LFW
91.1 0 82.2 100LFW

- VGGFace 4Sais ) giwn 0ty (o2 boliod ity ;g1 1,15 50 aliisin Mo Jlael 31 ooel sy o S39 sl (V- Jgu2)

Sl a5 5148 ooliiw! 5,90 DBIT (S22 g0 Joud 50 .Cuwl oo aid )5 135 10 7=0.5 b  Siueod alolé g R=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 (Figure-5): FPIR and FNIR for 20 different threshold values
d 5 from zcro to 1.5 with step 0.05 assuming the usc of from zcro to onc with step 0.05 assuming the usc of
JJ‘, Euclidian distance (R=1 and 100LF'W is used.) 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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