StEX|sAI2-SE =&X 2011, Vol. 21, No. 1, pp. 6-11
DOI: 10.5391/JKIIS.2011.21.1.6

L

IREN YTAE Y £5 J|HE 0|88 HSHO
Hio|2 HE 7[dt A SR ol 4] A AH
Gait—-based Human Identification System

using Eigenfeature Regularization and Extraction

ol - BMFT - 0l54 - e’

Ho

Byungyun Lee, Sungjun Hong, Heesung Lee and Euntai Kim

GAMCH ST M| MR 5

e o

B =R 1/4EH A3t @ F% 7|H(ERE: Eigenfeature Regularization and Extraction)& ©]&3F 227 o] n}o]
2 AR 7 ALER QA AlA"S Aekdth WA FhEgl Aol HES ZAS o] AFAREE A& 9148 93
54 AEE AEHo] A B (GEL Gait Energy Image)s At} g dAldA = Aelg] Z35Zo] oA 44
o] EREZ #&3slo] Aqrsld WaPAS A 53to] wf37Heigenspace)dl AN E EAARE P, HF dACdAME
Agdo] dyA FdS stsaAdA AT i3t A HEFH ol ERHIE ol&3te] AMEAE 1A g A
ergt Al~gle] f a4 ASTES Y3 CASIA A4do] tolgAl AE o] g3t AJdstda, 7[& ATFd vg 04 A=
WA 73 J5s& HoFt
FIA = @ blo]o 1A AgHdo] Q1A AFAdo] oux I, 1F5H A3t 2 FF

Abstract

In this paper, we propose a gait-based human identification system using eigenfeature regularization and extraction
(ERE). First, a gait feature for human identification which is called gait energy image (GEI) is generated from
walking sequences acquired from a camera sensor. In training phase, regularized transformation matrix is obtained by
applying ERE to the gallery GEI dataset, and the gallery GEI dataset is projected onto the eigenspace to obtain galley
features. In testing phase, the probe GEI dataset is projected onto the eigenspace created in training phase and
determine the identity by using a nearest neighbor classifier. Experiments are carried out on the CASIA gait dataset
A to evaluate the performance of the proposed system. Experimental results show that the proposed system is better
than previous works in terms of correct classification rate.

Key Words : Biometrics, gait recognition, gait energy image, eigenfeature regularization and extraction

.M B dEdo] whole A A= AA 2l 7 A

(model-based method)¥ & == <12 (model-free

g0l vlole Art MAYHel gAeelA 914 method) o2 TR S riz]. wEZI Q14 e 2
o] 7hest A= A s 45T 5 o], & Aol welvh &4 & BEIA RAGste, Foizl 94
Z AR BA SO U2 Hlolo ARE AT 5 gl & o mAgke] Ak Feol Al A 22 vpusE
Aol 4] o] Lo 7hEsle] L o] AR o] 4t AL} FAgsto] AHEAE AEAT 3] whel] & el QA2
o124 A28l Apatse] waAS Ty Q1] AHgAte] AEdol HHS widehs 2edol 54 4uE

Gyl AH FEetel AHEAS ANFTHAL & w9l
Aupe Al gAgozrE wald ug vuss

HaAt - 20104 10" 21 FASA &7] witol] AAA] FHAA Z&A ol
ek AX} 1 20104 128 10 Aol lom[5], 54 HRE oAEA xSttt e} A}
B ERo YRE BRIXSAAYSS 010HE T 84 4 dho] 2 RS wiT Fodols s
stetisloM HEESCN stEisldM FFEES E4 o 2= Han¥ Bhanu?} Al¢kst A-&40] dyA] <37
2 MY EAEH (GEIL: Gait Energy Image)[4], Lam3¥} Lee7} #¢F3F 22
2 s 20109 R (usney|sf)e Mz 9] AFal GAHMSIL: Motion Silhouette Image)[6], Lee
st ol AR chel XM AMCHEtm M olAlod T ME 2| 5ol Aers &Y olix JAMEL Motion Energy
A& dot o|Fo{M &Yt Grant Number: R11-2002 Image)[7] 5ol ATt

105 0900 2-0 (2010) b SrolA] At Agdo] B2 & Ao g
+ WA K}



RSy YR Y

7] gt o2 Y E&FQ 54 RS
A dagE A ALt A7t Ee
Wang 58]} Abdelkader<}t Culter[9]
Pnncmal Component AnalySIS) 71
&3]
m(LDA Linear Discriminant Analysm)a GEI°ﬂ g3}

g 3}H  Liang Sl10]2 SHAHAEEAS7]HAICA:
Independent Component Analysis) S ZA-&ZAo] ¢l4lq

o],/\ I:]— 3l EH =F oﬂ o]—/q A= o] /K]oﬂ/q OA%} A5
< B /54 A sl 2 FZ7IH(ERE: Eigenfeature
Regularization and Extraction)S Z&Zo] ¢1Ald] =83}
Al 2=8lE ARSI =E[11], & =i o]de AFEs
gAste] 1454 (eigenfeature) ol WE A&} QA&
o] Fo|& A E T v}t FhuEt Al A FHE3E HolE
o] 2o tis] Al2="le] A5 FIFsS

2 =i oe i 2ol FAE Uk 28404 = At

AlzEloll A ARERE dEdo] 54 AR ERE 59 AR

72 2/hee, 34614 ERES ol48 28Zo] ol
© 94 Alsgle Ak 43l CASIA Aol

ol Al Aol tig Al Bl ARE Ajet nF 5
3, 54N AEOR BL Wtk

)

21 #234dol 53 ¥EE

Ag7o] 54 A
o124 Ao ATFL F= o]
Aol dE AREA A -
ZAo] oA J4HGEI: Gait Energy
GEI&= /\1201] oﬂ/\]-/] =] H;G o] oﬂ 31
o] gJom F&AoZ AATH
AIZE el fdolxl o]zl

(=1, Wyy=1,... H) 7}

>
[
o
do rlz fo

>~
>
ofo
QL
AN
iz

I
=

mol
>
;0
= 0
R
ne o
v
mL S s

o
o
&
£

o] el ri4]

energy image

olg

o
N
mjo

ZOo| BlO|2 HE T ALEAL 24 AlAH

=

714
il te

ye {1,...,
g Aol A

Aol dol=
S dEhH, 211,
2219 03%0 i E vehdih 19
€ GEI9] <& HojEr)

SR
LW}t

o =
1=+ 5

2.2 Eigenfeature Regularization and Extraction
IHE5Y Aest 2 FF 7IH(ERE:  Eigenfeature
Regularization and Extraction)< Z] =3 3=

(within—class scatter matrix)®] I3 7Heigenspace)<
Al ANY FEteR BEsta, FEiE gAY af5F

(eigenfeature)S iLHF22HE H(eigenspectrum) Fo] 7]
z3l] AZ 924 Garslsoza 54 A F49 A
oﬂ o]—XJH J,]-X"B‘L om}§]_ 2 5 _,__Zﬂe A7rel= g
FoltH12]. 047]"1 IFFE 54 dslel & 54 o
7 5 dlolg e gy fgtstel 7% e 99
g 9oz &y
HA pHo] Al A 47t ¢ M) GEIE g 538t

B 35 do|HAlo A BE Algo] A}HE-F o] Brlal 71X
StH AMHEE ¢ & 1/pii yUehd 4 9la, sty dlolE

qe) Feheh Fry PA(S)S ohelst ol Tt

it
[
2
2

_|_4 O_u O_A.,

(2)

o714 )(UERn:W'XH}]_:_ nxt e R < go]EAl

WA Abgrel jwislel slReElE GEIOlM, X=(1/q)
=X oItk
Seom @A ANE S Fd Age) wiI
& GEI 949, 3¢ 99, 4 oo hrol, 2+ Jelo] o)
el AirshE L akeigenvalue) () oo} o] 7
A,
A k<m (GEI space)
;\?: ﬁ, m<k<r (noise space) (3)
: oy :
a
[ -<n | snac
T+1+B,T<kfn (null space)
A7) A= SYY kA Ifgkeld, GEI 999 &9
d& TSt wARF(m)E
m=arg,max{VAIA\'< (20%,—A)}-1 (@)

o A= medmn{V/\k Ik < r} ojth.

g gY9e sk A= 00l

no o7 o]o]i 7%24%1— :‘,:

of gk Aitstel e v
TR

APAY (m—1)
a= , B=

A wo__

mA, — A
®)
A w A w

m m

N Nne 747 sme) B aAlst mwH magtelt). o
W sve AFEE AERH@HE [lelwfer] o

e, o714 wie () 2 ew goan. bee
= s ol X, & shEslE wfEton oo} ol



SHRX| SA| ABISHSE| =2X 2011, Vol. 21, No. 1

Ad Al 7] AL
i};j:( nu)TXn (6)
AFgAIZL dlolEle] A &9 H(total mixture sca-
tter matrix)(S)E T3} o] F3r)
— p ci q; ~ _ ~
sfzg Y~ N(Y,~N" (7

/) X Ve, Ste] mgzro] 2 g

AN y=5_,
e J_%H-‘}Ei’ff Qd: [¢17¢27"'7¢d]i HERE 5 itk

© 2 ERE9 A} 3 & (projection matrix)(I)E o}
9} o] 3},

U: &:@fleRnXd (8)
GEI 97 dWE(XER")E oteet 2o Afsle 1fF¥
Z—]——g }\}- ]'O:] X]"LE :-'—Z,\__U}\:]—
F=UTxXe R(d < n) 9
3. A kst Al AH
o] FollA= ERES 43 A5Zo| nlo]e Q14 Alx
g5 Agstel a9 2+ B AFtoA Aoks ASAo]
A 22El e deﬂ EE tholoj1dS HolFErh WA A
g dAlAM = fdols AAE AAsta, 7t Yoz R
ArslE ol AF S AR F Tl Ay o
ol A WA AASH, 7] Wl mE IS st
7] 93t ATl e Ze AVIE A AT the
o2 Aitehd AgHo] NA~RFE Aol euA] o
JHGEDS F+&31al, EREEZ AAE & 299 AHirstd
AFFHORE AGAIZ F ol 2ol HITH ol R
71(NNC: Nearest Neighbor Classifier)E& ©]-83}e] A5
o] Z2H dole(F)9] AYS AAS
ID(F)= arg minE(F, F¢) for Vn=1,2,..,N, (10)

o714, E(«,«)= F HEREe F2Eret s A

ek ArbAela, FY Fels col Saks nwAl Aejel

dlolele] At S E o, Ni= Sl coll Hop= 2
2] dely & dekith
4. M H
2 {E—ﬂl*ib Akt dE4o] Hiole HRE o] &3t

2 op ¢
o2
>§0
:l>_1>

] A 2ele] %S Hykslaal CASIA 2SZo
2 A8 1:}[8] CASIA Z&4e] dolEAl A
°), AFE(45 ), (907 ) Al 7HA] FhelEr AlE

2
o

207e] AL§AZRE A5G e ARAR THY
Stk 7} ALEAEE 47)e] vlTe AAAE ASTow

7k AR 80719l Bl AlHaE FAEHe] 9o
2407H./] ]E]O }\]gq,ge 331-8}\:]_

o X Q20 = >
2y
e

CASIA dg4o] tlolgAl A olXgtd d7d 94
A3t7] wito] & Aol = wiAEe AASH] fd He
o] AAz g AldsA] eFa, vk ARl FAFS Eo

Hajz| A4S meo g
ZIPNETES Ho| A~
A A

1

ZEZZ0| ofHX| S (GED 49

\ y

Eigenfeature =3 K
regularization » TS =
and extraction |FHEtHE Te
EEE Z2-
S E EYHE
\ y
F2ECIQH Az G A
ID
a7 2. A Aol vhole. 914 Axde] BE
EEEER
Fig. 2. Block diagram of proposed gait recognition
system
7|0 R 60x752 ASAIA Sl migstrt. ghA A

oF3t Al=®le] AT
< 3T

WA GEZF A" af-37e] 27] S Aldd o
(eigenfeature) 9] (d)7} AF&AF Q12 A5l ]X]L
< 27] YEiA, THEAL] F(dD)E 1914 30714 §shA]
A7l A¥S wkESth a9 32 A/HE5H Fl W}~
1A ES HAFEH THFEAS 197 o) AMEE H$- 2

HA71E Y3l leave-one-out o} H=E

oR _llﬂ\
0% o,

rju

=

§710] AT A5 Ave Aol Aol A S
H5e melFaleh

go® ST Azl 459 AER CMS

(cumulative match scores)& AHE3FA =], CMS+ AR
ZF 12 Al=Fl A Yske AAES °é7] $s) AeiE] dl
ole] Aol dvl} w2 dlolg7t Ha kAo #As JHE
A& 13]. 28 4= @27} 1914 207F419] CMS =41
< HoFed, JIEEFLS FAE ARFS dIAA9
CMSE Yelg® A= 1049 CMSE U2le] H¥g=
(CCR: correct classification rate)E& 2u]3tc}, 13 ol A
“‘GEI’= GEI 925 540 2143 Axa, “GE+PCA”
i GEI PCAE 283 A3, “GEl+ ERE"+= & =%
oA Aret ol AxE HojFETh a7 49 F 1oA
B QRo] AlRkgh Ajawle Zp7be] FhulEd Aol A
1.0000, 1.0000, 0.86259] d%5& Hol, GEIE AF AME3H
A PCAE 483t 7|29 R £2 A5S HAF
o} & 22 CASIA Z349] tlolgAl AE 01%?‘5} 71E
Toke] 14 AT HuE BT ALs Al=de] 7t
T 5 Aes BT

N



Correct classification rate

Correct classification rate

Correct classification rate

3% 3 77he) e A AdelA 165y

o
3

o
=

{

o
o
T

o
=
T

o
©

02

0.1

@

10

15 20
Number of eigenfeatures

(a 0°

30

0.9

08

o
3

o
=)

o
@
T

o
=

o
w

02

0.1

1

0 15
Number of eigenfeatures

(b) 45°

30

o
3

o
=

o
o

o
=

o
©

02

0.1

[q_c—'_
h=

0 15
Number of eigenfeatures

20

(¢) 90°

Q8] sl

4ol

Fig. 3. Correct classification rates with respect to the
number of eigenfeatures for different viewing angles

Cumulative match score

Cumulative match score

Cumulative match score

ag 4,

1z

[“owarl

=== GE4PCA
—A— GEMERE

4 6 8
Rank

(a) 0°

10 12

=4
©
)

=4

©

G
T

o

©

£
T

LR R

o
@
=)

0.92

0.85

0.75

7} 7}

1

4 6 8 10

Rank

(¢) 90°

>
=4

Scores =

12

o] g2 Fhel A Ho A9l cumulative match

Fig. 4. Cumulative match scores curves for different
viewing angles



ol

TR SA2H

[=]

o

3| ==X 2011, Vol. 21, No. 1

J

¥ 1. GEI, GEI+PCA, GEI+ERE®9] <14 & QoF
Table 1. Summary of correct classification rates.

i 0° 45° 90°

GEI 0.9500 0.9250 0.7250
GEI+PCA 0.9500 0.9125 0.7000
GEI+ERE 1.000 1.000 0.8625

¥ 2. 7]1F A9

Table 2. Comparison with previous works.

o /ﬂ /HL‘ H]

i 0° 45° 90°
Cheng 2008 [14] 0.8600 - -
Lee 2009 [7] 0.8875 - -
Hong 2009 [15] 0.9125 0.9875 0.8500
Aket W 1.000 1.000 0.8625
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