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Untact Face Recognition System Based on Super-resolution
in Low-Resolution Images

Hyeon Bin BaeT,

ABSTRACT

Oh Seol Kwon'"

This paper proposes a performance-improving face recognition system based on a super resolution
method for low-resolution images. The conventional face recognition algorithm has a rapidly decreased
accuracy rate due to small image resolution by a distance. To solve the previously mentioned problem,
this paper generates a super resolution images based o deep learning method. The proposed method
improved feature information from low-resolution images using a super resolution method and also applied

face recognition using a feature extraction and an classifier. In experiments, the proposed method improves

the face recognition rate when compared to conventional methods.

Key words: Super-resolution, Face Recognition, Feature Extraction

LM 2

AR EE o] §3 Q12| A2 e Bk A xH o
# RopzA Be A7 Ay m Atk olE Fol
A A FANY S A =Xkl

A5 B @ Aol watel A
3 AzlolAl Q2shs Py mer olye}
[e]

Huy Fig. 134 22
ol A Fhel 2o
e BA 2l

Mo
H
o[rﬁrﬁ
_\duﬁ
ol W
_\|L
niE
2
N
2
8 4
&

t}. o] 23k A3 =(Low Resolution, LR) &4
A3t 8t A E d7 IS =284

(Super Resolution, SR) 71¥ <& 01% ]'03] a
(High Resolution, HR) 97°o.& 5
a3t}

%
ox
2 7 O

_,d

r
oL
2
o

rl

[«

71E9 2345 712 Moond] =&[2]91A4

A}-8-% Bilinear 2.7HH (3134 Bicubic[4] 7P 53

2ol Zr 49 #HE AR e HAdPHOZ o=
HE o] &

3= v o] 9tk H o

of
i

= Y
'5‘]'93\ W Zhang et al[6]& ZE AYZEA =9
7)< 83l CNN(Convolutional Neural

ole rf

¥ Corresponding Author: Ohseol Kwon, Address:
(51140) 20 Changwondaehak-ro, Uichang—gu, Changwon,
Gyeongnam, Korea, TEL : +82-55-213-3669, FAX : +82-
55-262-5064, E-mail : oskl@cwnu.ac.kr

Receipt date : Nov. 25, 2019, Revision date : Feb. 7, 2020
Approval date: Feb. 19, 2020

" School of Electrical Electronics and Control Eng.,
Changwon National University
(E-mail : oskl@cwnu.ac.kr)

" School of Electrical Electronics and Control Eng.,
Changwon National University

% This research was supported by Changwon National

University in 2019~ 2020.



Networks)[7]7]5+2] _73:31;]1 AE =7

o}, Sun et all8]& x| 3|
& AHgste] VIESQ 2] 2717}
HeAE A& A2 2af Y= 713
A th Dong et all9] 37 && 53 4t
sla9] s A4S AT Mao et all10]& =
OAdEFA & FU1ete BddA B sE o]
25 AAFAT
0= Q12 A A EAH & #Hgo] o)
o £4 FEoe= FAFYU < PCA(Principal
Component Analysis)[11]¢} LDA(Linear Discri-
minant Analysis)[12]7} 1o vl F5 A H 0 W<l
HOG(Histogram of Oriented Gradients)[13]7} At}
PCA®} LDAE tiF-&S Uehd &+ e 2 79 b
olH & A3 “ﬂ—roﬂ F71E gEste HA4 ol
M E&HolA T FEsiA d=9 EAHES YE
A Z¥oh HOGe 334, 7842l A& 543
-‘:H °] QEQ o]-g-3}od W (orientation)S Al4Fshe]

72

o
-

_>|: tlo

T E

7 Ho}‘ﬂ EF71E shgdth ERVIEE
El(Support Vector)& Ar&-3te] F S22 Abol 9] n}
A& 2483ty ER/3t= H<A SVM(Support Vector
Machine)[14]¢] ow F#2=7te] AgE Huost
3t 2 Yol A E4S H 43} sk WH<d LDA
(Linear Discriminant Analysis)[15]7} 1t}

2 =89 74 o33 2o 244 BE

)

223 E 7Rl thste] Arsta, 37 = &
szl A Aldsts 2 FE 71k AeidE d
= 9 &agFol st A 47 AM = Al
dE daggor AP AAE F48aL 5lA
A< ¥

JIE HICHE MoHAIE Qalo] 2= 014 AIAE 413

N
N
I

10
o
o
oC
N
=
Pt

ol e 71

A= d= Ao dAl= d= AE, 229
e, B 2, 2F71E 79N 712 4= )
4 daglEa GEl AdE d= d4dAM= Al
AT e HYER BtEE 204 E 7Hel
dasitt 2 E 7HS g5 22 v 7HA

B. Residual Dense Network(RDN) %
B2E AHEE =29 AZH /S d8dgo=
CNN7IHte] 23845 mdo] A3 d= 449

O

o
)

< TEE HUE FEshA 3l B2 e Hol=
TAE Rt =dsA ddd AERA S5
okl A 5EAL FE37] Al Fo 24 EF
(Residual Dense Block, RDB)& AM&-g ¥ ot}
RDBO| A9 54 €92 A3, @4 A9 SHARG
L&A 715E Fete] shgdtal o We WES

2] S5 HAS} st AR

C. Distilling with Residual Networks(DRN) ¥

A E FAollA EAE FE35H7] Adl o F
Z(Residual Structure)9} W3+ FZ(Dense Str-
ucture) & AHE-3HH U ESL A7 RFo] Shgo] o
AR geps F N A E 23Ee 3o SR
£ = (Residual Distilling Block, RDB) AH-&-3}4 3}
uhe] 7hA7E o] Askg st thE s 7HA
7V AFAR BERE FE3T EE&AES TN
213 4 RDBE #3 shue] 71 skip 92S /*}“‘l
3to] RDG(Residual Distilling Group)& A
ol Q3] ERHo R AY EAS FE5H 7\‘_91
E33 FFAH.

5
2 g



414 ZEOICINESE ==X M23H X8=(2020. 3)

D. Super Resolution Convolutional Neural Net—

works(SRCNN) 9
AEZQ 34 B 2usfid= 7|He © AEF
A HEYIZ rFHEc) 28y SRCNNLS 2 74
2%

AbARoZ XeehA] &1 BE AZS

Y il

A

= B Eo2 42 7)Eolth SRONN
34 Ze] Aoz o FojAh A WA F&
A= JyoenE WA B 22HE A 2

H(Patch extraction and representation) T,
< Okl A2 HEE B8 oAk A
) g 3l= ¥ A vl (Non-linear mapping)
Al AR S Tk s A] HEo A H

G4e A4 B (Reconstruction) T

= W
)
ol

X,
o
=

FUHUH
Ioox o

ﬁﬁgomrgiﬁﬁnxtaﬁrlolow
o 4oy

_?L
£
i)
rt
I
Iy

3. Mloket Mol &t Falel H= 214 7™
NEel 92 A4 FLEL ANHE dFo] ¢
doz Sole A9 A4 gl Bojrh HA A3
AT dBol 2LIAYE FWS A Este] AT A
3] .

Training Step

7m, 9 mollA ZF F HolEulo] e A3 1
m AZlelA ZF7 3
B

e
off
%,
Lo
u
N

T s 9B J 15
7% 7|2 Atk g2 9HEL 24 E 719
< g3k VE T2 BYeit gy RE
A= FgdEe sty HOG 54 F&& o ¢
B el EA BdE A Aol fEEl= A
E Aslsled X q4RE B ERIY Y BF
E T ERVE g5 S5 AV SeET
H2E Tl g Aot AR o g 18y
A gk, AE gGido] A A= A Gl HAEH
Aol gAolgts A g5 dAA SgE B R
718 58 slE AES AAEY A2 Yehdts
ZFol 7F Atk

Adste R FS ANYE dF Y4 =1
Y= 71 S Mao et all10]19] HH-& H83t] 1
T Fgoz e F HOG E4 & 71HWES A
g3t EAS FET H g5d LDA /75 A+
B3t dlolEjMo]ze QE JAEE A& 3t A
ot}

A. HOGE °] &% EAF=

F4E 53 dF AL HojEu|o] o) e
E GolA 21 B IS B8l B2 42
o] A vl dg JAEYS A% a2
2 A4 oA EA S FE3he AL AT A=Y
S gAstr)d w9 F23 FAFo|th B =R oA

! Testing Step

I

‘ Capture and Savein Database ‘

‘ Cropped Input LR images ‘

l

‘ Super Resolution to Reference Size ‘

l

‘ Feature Extraction ‘

|

Calculate Euclidean distances between
Original HR and Restored HR

l

l

‘ Super Resolution to Reference Size ‘

|

‘ Feature Extraction ‘

]

Calculate Euclidean distances between
Restored Input HR and HR in Database

I

Learned Classifier

!

-

Classify they are same or not ‘

Result (True or False)

Fig. 2. Flowchart by proposed face recognition algorithm based on super—resolution,
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Fig. 3. Result of HOG feature extraction, (a) input and
(b) HOG feature image,
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Table 1, Rank 10 score by super—resolution method in
AR database
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