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Abstract

In this paper, we propose a license plate detection method with improved Adaboost learning and
MCT (Modified Census Transform). The MCT represents the local structure patterns as integer
numbered feature values which has robustness to illumination change and memory efficiency.
However, since these integer values are discrete, a lookup table is needed to design a weak

classifier for Adaboost learning. Some previous research efforts have focused on minimization of
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exponential criterion for Adaboost optimization. In this paper, a method that uses MCT and
improved Adaboost learning based on Newton's optimization to exponential criterion is proposed for
license plate detection. Experimental results on license patch images and field images demonstrate
that the proposed method yields higher performance of detection rates with low false positives than

the conventional method using the original Adaboost learning.

» Keywords : License plate detection, Adaboost learning, Newton's optimization, MCT

#7718 B3 Wagk 99s 2 PH14-15)¢] ik 1 %
TR 7] Misw A& e el sk, AE &=
LM Zb s, = 2y W) 5 o] JFE I v 4
ol 7] Wil ol ik A7t ol Fs 1 girt.
= Tl Wet Bl 7% WAL BIR D ay el e Aol el AL85E Haarlike 5
AR AT PoEA A, el FESE I T 0 w5 qgel 216l W (intensity) AolE ol gele] 54
S8 AT HgSF S A 2 A2, COTVE 188 o gage wozd 97, B, 2709 Bt 40e 3
Al Bl AR (Surveillance & Security system) (1], B ekl 2 )] B ofthiaE i TS 4 A
2R uAS o8& Fi 2R s~ A (human Mo] Gad EAS Ausro 2 Wagt A5 S-8sh A}
robot interface system)(2), Hz 72} (depth g 2 Qrh(14). AT o] EHC W s Tz A
comera)& I8 AT AARDRE A leame g o) 2 visjst g9l dlel W el ok
entertainment, system)(3) & H¥ Lol HHFH ¥ olel] ¥kl MCT (Modified Census Transform) §%3-& <4
A 710l 28R vk 53 AA HE 71E (object g 2 A AELS Bshstel TAS PH o2 27
detection) & HHFH WA /1% § 71 SRS 82 F M g pegm dwe) mgo) we ol AH16). ol
2, G4l Bl Al AN E RE T1Eeld AR g o ARG ol 83le] (17)& Was AE duzEH
A ESE AN FEOLE A A2 R AEA A4S Z34%= B9 (Super resolution) €uElES Afst] ¥
A 42 A2, Fd 2% Aepllel= RN Sk g olAS 91ak AlAElS AokEE shith

25 99 A2 HE(6-T) 2 Al2A 1S 913 £ E(8) OPPEAE olnplZe Aol 23 nEd oo A o
A ARHAE AR T A2 A v RE g EH7] (weak classifier) & 2g319 %ol £& sy
(body part) 7‘%_%[9] © A4 42 7]%_% AR v 7e o] 7 8771 (strong classifier) & Tr=e &3 Whgeltt
o1 QS SR AT AR 7S S ek S, (18). A& oleass) 218 ol 2 71 dhe Hae)
o ARBjlA 2be] 7F STkPEA wE BA A" ChioE Wlo] AlohEglt] o] WSS A% )% 4
o v S0k Bob 2 3, o) F &R Aejsh] 4 23} (exponential criterion minimization)& &3l &

3 AFE v|A 7)|EL AL 253 A oyl et
H U‘IT1 ] ] = 1o ]oo =] Ho]'t\g% ﬂaﬂ‘s}t Hg't\go?}ﬂ E]OEJ o]-\:]‘:'/kE (Real

. . ) 0
(Intelligent Transporting System)7} =953 9. el Adaboost) (19), AL ot} AE (Gentle Adaboost) (20)
Al2Ele COTV 7H2HE B3l 2k Haaks 14]sto] Aek

5ol 2 coltt.
PO ofthroaE FAU HYE G BiIY 47

<3}

=

Aol wet FEE Tt Haar-liked H| %

o AL sfelgroeA T FFE Aol 1 3 AER

=
HoH AE 2 Asatd dg J1E BAster] 83 Hs
[e]

= =] vl EA3k
& Q14 71z " A r)zelt), 71Ee] Maw HE 7 o Exgt] 27] Wald] nle} cl&A0] B4 MBS Ho|
N — N L | R Aua] 1 L. =
== wod BH%‘% 274 AfelelA 14:15}% & A 7] W&ol F5x] A (thresholding boundary)S %al
(edge) 4L o143 WE(10-11), M3 APHYRE o 71918 RS 2@e 2= ok 2 MOT B4 57
_ N - - AR TS LN = il . hal RS |
oS WHl12), AT mFE RE T OUE CE g0 oaaq 548 im0l gl 2e4 AAE A
(Hough) ®1%HE B3t Wadte] AAE 2= WE13), ot g3 2 glon]. 2¢1H0]2 (lookup table)S AF&alo] &
2] Aul ok = To] 3y o =9 o]83l] B e
}\E, /\\_]ouo}' E—T,—‘j/]tl 09’] E‘j{i E—T-’-‘j/‘ne O]OOM U %_7]% éﬁ]éﬂﬂc ?‘)’_E]—_



1275

~ 141.67

5674948 | T T(x)=

BEU x (" 0 010110110,
SEMp =31 1] 0 B = 12843241 6+442
- HH A : 255 110 =182

J2l 1 . MCT &2 & o] o,
Fig. 1. Example of MCT feature extraction.

B R MCT 543 76 #4582 Fa AdE  29E et 9kl 244 MgS 10452 Wik o
ofthriE FAL o4 WEH A% PUS A F 2 B =Bl AHS MCT S 0914 5107442
B0l &S ALgele] MCT 549 e 25712 AAska, M98 7RItk 28 1€ MCT 543k F28h: 332 1
e HA5 WS B ofthriee] A% J1FS Haolst  ofF dolch. Waw 94 vlel ol Za 93] xlA 2]
R ol AE FA WME Aga AN FIF 2 o PAlo| B WS ek, 47t

B =R PAe e 2ok 24elE MCT 546 XM B Pwste] 2018 vngct JF Puud 2
dald st 3geE Hl AHsE Bal AdE okt e 1, a3 gom 0o Waskn, 234 dS 10
RaE T P SOl Aol BRI AAS A% waslel 4 93 x oMY EYRS Faa)
RS a7hE 4ol A BRI1E ol g8k 9
Y el MERS AESHe Pl el AR 54
qe A8 Fe Ade Pel Ae 19, oho Il. oletF2E 2R7| A
2 67404 dee etk

1. 78 512 S8 olclRAE 2
Il Hog o ST F& Waw Gt el BES 9% ERA AL of
THRAE U PES mE ohtiE FA wWe R

MCT SA4& (214 &2 428 A ALE 54 T o) wolde d el o $R/1ES 23300 2R
F oM 54 A9 B4 xoll disl 79 A FA% yio) 2o shte] 7o BEs|E wiot who|th(18). of
o WAS sdew HHsks Rleld. MCT 542 8% guoe 34 9] 71240 £4E o 2} wiA =
& AAE TR AR fm = BAske] A RAE = sy =m0 9o]E (weight) & 2L gho 27
dHom FHsP] vzl 27 Astel] Qg FHo] Tt g g gpo okl BEslo] BRIE 2o A HA o)
3x3 712 ARl MCT 54& 7ohs WHe Bl 4 g1 21 deain. o7l deigke o 27719 o
(1) et o AR RREE ABEY dolE Foi T 4 R

77 el i el BRole) o) A% R A4S

(%) = ®yer »¢ 1),1(y) £& 9olES Bolu, Az $RE AFEL doleg ¥
() FE R SeEal AR B8 del=E e A

5 el A2 2 JHE O BH21S dejsia

g5l AlolSg 2ol wet grlelsas A3E W

74 J T 15} ASY
04 ]1N ) 7% l}]«] ;l(ﬂ‘LﬂAEE‘g] {!%,I(X)‘— o] {%77@%%‘5 ] _/]7].]5,:13]—5'-0 ‘}—‘pﬁ—ﬂﬂ'}“j
x9 HE [(x)E Ad W g4 B =g Uehdich, Bl AL} Alelg okel B 1—:—& Z3slo] WHE 73 771
COemMageed [(y)7h 1(x) Boh 29 1, 284 % ) o] A48 ozigrr Rold 9. & 12 obd
oM 0% 2T} ®= 1035 M daxaA (e HAE FE e XAD QoY olpHiES o4y ¥



74 Journal of The Korea Society of Computer and Information December 2012

E 1. OfifAE =4 ojH
Table. Procedure of Adaboost Learning
1. (i)=1/ ,i=1,.s,N
2. T a2enx g2 28 (t=1,...,7)
o SfolEo chsl =& olHE Jix|= ofst
2827 h(z)E{1,—1} d=

=argmine; = w, (i) y, # h;(z,)]
i=1
1, y; = hyla;)
[[y, = h”( l)] 0, otherwise

(b) ME{=El kst 2/7|2 olzfg AlLt
N
& = Ewt (i)[[yi # h, (xq)}
i=1
(0) 7HE a, A
1—¢
a, =In

&

(d) MEZ <lIo|E HH0|E & =H2lo|=

w0y (1) = w, (i)exp —a,y;hy(z;)]

F71 AAE Fdo] st X £t whar] wiil A
FE vdz oE 9] Rolola] f@e] AlgEm Qtt
(14,16,17,21).

A o HRAE Wie] AVlE o] F Wi} /ldE el of
OH2E WSl A 53 AF I
(exponential function)E H]4 34 (cost function)Z
a1 o] & 43 A4 715 (exponential criterion) &
A3 2|9 olthR-~E (Real Adaboost) 9t AIE ofchi2
E (Gentle Adaboost) WHE -85 3th 7AE e
o] ot} RAEA AMEE = A4 ¥ 8 S5 4 (2)9) 2Tk
(20].

7M.z AEY B, ye AE x9 Hole
(label)elth. H(z)e ol i2E 4 348 Bd A9
. . .

A ER2A R
.

4714, h(z)e o £7715 ovle Te 23se
okt E/719] Jigroltt, ol2fdt 7PH RA o] Fe=
7] 234 73 BRI et o' 23 EE oFe E/7
=2 (2)9 AF ¥ & I
oF 3t} gentle AdaboostE ©] #PL w8 HZ3 Wy
(Newton's optimization)< %3l et B8 4
JH@)+h(z) g Axsele Aze 4¢ 277
H(z)E 7 73l g e B g AL ok 2@
o] Hr}.

~N

ol
4
B
b
o
ofr
F{F
oft
ogk
I
B
o
it
2

2 (4)9] 174 vl 2d-E sk 4] (5)9 2, 4 (5)9]

2345 olgelel 23 MIRRL 4 (6)% 2ol 78 % sk
o (Hw)+h(x)),
W) | @=0
_ o exp(—y(Hz) +hi@)le]
oh(x) hiz)=0

—— Elyexp(—yH(z))z]



0? (H(z)+h( ))|
h(l‘) hiz)=0
_ 9B yexp(—y(Hla) +h(z)z]
- oh(z) o) =
= El exp(—yH(xz))lz]
6)
2 (5)5F 4 (6)) ATE 4] ()] ek 4] (T)7h 2
o] fit},
- Elyexp(—yH(z))lz]
Ha)H@)IY " plowp(C yiz))

(7

e, 4 (8)F 2ol AZ9] ol (z,y)E Hlst
a1, 2] (9)9} 2ol 7154 7193k (weighted expectation)
< Aot}

(z,y) =exp(—y (z))
(8)
B [ (a:,y)|:c]£ E[w(wvy)g(%y)u] ) 9)

2 (®)3 4 (99 ABNE 4 (7)0] A83A HFHo=
4 (10& det.

H(z)—H(z)+E [ylz] (10)

7)2e) At ofriR e e} AAE ot iEsle] 2 Fo]
7120 gut ojehpaes ok #57] h(x) 7k 15T -
1 8& AT, 7 ol aeE h(x) 7} ylx]

<]
= 5
& 25719l e AE 2
Flo1EZ} ddlo|Ed
28eA gt

2. e 0l g

sl o], 99 03, Al ] 55 Qe
Shel Aol Bol AgElE &
AFEE FHIE 297} Bow] Sgel 27] e we)

=
=

ro
OLLT
??
o
-
T
N
v2,
>
1
S
i
2
fitl
i

°] S5 QA 2717} %} 35011, EA7kel

o] A7|7} At wgpA] o =

2] A (thlesholdlng boundaly)% }
718 74 4 o 224 MCT
FR= BAHY, 1 gEL o

2
lo

A
LU NS
M

%
N
p
ol
X
i r-{m _|V“
_llrn

o 4
oflt
=

r#
o
‘0,

L

8
7HA 2 9k
2] Y41
o wet H"
MCT 542
(lookup table)

to
oX,
2y
o,

lu
oX,
)
o
=3
el
ol
s
o,
¥
N o
)
il

Sol N oX

£ 1

iyl

=
¢
ol
 E
wt yo
o
=3
A

re

L b o N

i
0
o
X

Hﬂ B
22
)

U e
o
ol
o
¥

, T OER

A 5 1y
k)
x

mlo
>~
>
o
%
i
=il
N
i
il
X
:?l_',
[¢
o,
ol
)
A
2
)

509 | 510

J8 2. SHPIES oIt £F719 o
Fig. 2. Example of Classifier using Lookup Table

—> B8y

¢ i 1! 2| .. |509}{510

1 1% -1 -1 1 1

2 | 1ia1i1r L}

f@% e R E
MANTTTYRE] T T N I B
580 | 1 i -1 ! -1 | .. | -1} -1

T2 3. SYEl0IES of2Et 2fst ZFV19 of

Fig. 3. Example of Weak Classifier using Lookup Table
—_—> g
0 1 2

002 1-013 1 -008

508
018

510
006

T%| 4. 7KMEl =20l okt 27| off
Fig. 4. Example of Weak Classifier in Improved Method



76 Journal of The Korea Society of Computer and Information December 2012

o2& o) g3 BRI)E 17l 29 o] AAE 4 oI} 18
2¢] 3 WA W) Sk MOT 54gkeln, 5 Wl Aol &
Ae BR Aol 5, 74 BAgel Uigshe B5 Ane
Bgom B0 Be Sawt 19 3¢ A4 WE
A% AFeEhe FRIHCIEE o83 ok 1719 dolt),
Hole] 7 ge SAghe oJnlate, 7} e ok $R79)
FuTL oojgt) B =Rdde A A4S
Ul

_04

60x12 2 Si9lm, 1% sPue AgaA) e wEe
o o
E

5807kl 24 91717} okt $571e] Fuzol ®

MCT 54& o4

MOT 54 2ke] 517k 014 51074 291, 100042 W%
B Azl SAg g AZe] gkl el 191 54 9
A%H 580W A AR 247k 8lm
el ¥ (bin) & e MR ABe] ol $12E73 580
A, W7 el ol #lsETd 5807H, % 1160709] €1
EI9E 49T 5 Aok A8E dAETRe 5497
£ $R71E S Ao ta JuE ATt oA Sl
191 94 91xle] ME A B mT i S BaE

|, @sedel 511708 Wl el 2} 4l

o
o
oftt
_o?L
Ut
—
—

2 M
o
o Mo
E‘} T
i)
Lo
N
o,
rE
fol
el
=2
4
B
=
oX,
e
il
ofy
lu
I
9,

I 2. 7IM=El OlcIRAE JlHle| 77| &
Table 2. Classifier Learning based on Improved Adaboost

|
=

I
0l

AH
=

T

% Ny ohig 48 +

BG .
Fi -

P:
LP .

P

0l
H

E
=

02
Y

=

£, 4 S (e M

)
yE{+H1L,—1} ¢ aolg (+1:H=E, -1:8Z)

1. ¥E 2lolE =7|5

(i) =

1 1
2 p 2Ny

7'“77—7)

(b) oflei® Al
e(z) =Y min g (2,), g7 (@.7))
~

(c) & oz{ge =AM x| ME4
iflwl<n
argminzg H/st(x)v else

argminge, (z),
x pr—

(d) otst 2R7IE I8 SElols My

hy (y) = g7 (zy) — g7 (@y,y)

(e) MZ <l0|E HO|E & THEfo|=

w, ., ()= w,(i)exp —y;h, Ii(z))]

ghollEgte] "ot =, 54 24 913]9] ofel S4gkel thah
Hod HEe] s|~ETf gro] 0.030]x w7 AHEe] 8|~
ET5 gho] 0.01°]2pd, o] HA 1x]¢] o S ghell ek
F A= Wsge] Hv, 2 2/l thak o2zt 0.01°]
= Aotk & 29] 2.(b) sk o] 54 JA Ao tisf 2
W] d ke vetd 2 A Y]] g eS8
et o, BE A 9A] T 7P dlEgo] A =
A& Addste] 1 A Ao g £F71E ofHAE



ARet), ey wkek
7(}6‘} =i ]E Z387] Yt ot B-7719 /M8 noll olst
2 dFstar} gk, o|d gRsoA oln] nle] FA 91X
olu] A= nrhe FA o] thaiA
F718 At oA s
okl °P’4~‘?’—iﬂé YY) e £5 ITMIAR 2

o 19] 4= 2 2AAZ & 9)
(D)9 A (112 2 3

e
M

:im
N

=
=
R71E & 29 2

(M =g"C ) (11)

2 (11)< olalalr] sire WA 4
%l

_ng’(mt’,y)

1 (10)9] |22 ]

< BAglof gt} BRU)e] Bi A 1 BE - 19 o7
B8 232 77 g2 B, [ylz] & 4 (12)9 2] &

a9 5 9.
w[y"r]zpw( _1|.CC) w( :_1|£U)
(12)

A71A = MCT 543, P, (ylz)e z7t oL
W yol tiet gtk 2 P, (y=1lz)e =7t 5A%
N ) W AZe) saEad gl g, 7( )2
= geor, vz P, (y=—1lz) =

PN
= T

97 ()2 AR F ek 4 (1) ) 2
7719 SSiHelEe 19 2vhe the a9 4% e ¥
o7 T 18 2w SYH]OIE <t go] B& Z¥
i - 19 2R 39 4k %&% 71t o] A%

| Ik, ol ol
A7l ‘?igﬁbi %M *‘rOlﬂd -1¢] 4
o2 BRI, Augel 245 E59 O
7P i—fv}ﬂ & olok ok RR717F e a i
ES el @t} 4 (8)A Bl ¢

b 2ae) Aelol=g

& 78 % 9

o

rr

o
o,

b
Sl

> :(m

e,

néknﬂHﬁierz

2
[R=X
=

=2,

i >

283 2] (13)¢] HrlolE

w4 (z,y) = exp[—y{H(x) +h(z)}]
= exp(—yH(z)) exp(—yh(z))
=w,(z,y) exp(—yh(z))
(13)

H
>
i)
t”
-~
FUN
&
J}ﬂi
:ﬁ‘l‘ N
i
- H-[
4
=
T
i)
o
m
jin'
n)
o
g
i

T eheeri) 29 & 29 33 2o] 24l wls 2
@Lw A ) kel o 2] e bl
AL ofrRoaE FA HYolA o

g %%“ 1= *d‘ﬂi ohe eheEl] 7t obre] S7Iskol e st
w719 28 ot BR719 = E ] ] el
Akl BetA] oo} S} e Zoltt. Haar-like 5
A7kl ¥R E o2 AWstA, Haar-like 54 0|83
W el okt £5719) FHET F T ES Fol
A ok £7718 3ol A3 27718 Aol Wi
o 4 (14)¢h 2ol A7t E57719] ite] FdHY, ehe=
Szt b ofsiel e ARl FRE F 22 <
dlo] ofgh ER7I17F AdEE Tkl i A7) wiiel
¢ EF7] daks HeliMe A T W whae] 28 dikds
9= I

x)=h'y () +hi(x)+ R (2) + -+ hey ()

okt
o, ol dAks FuT % A 2
olujget. 4 (14)2] A el 9 dae) A7t 55
2 7Fs4el A7) whgel H(r)d a4 9aixe 79

ulzo] 23 AXL Zalsol st} e MOT E4L o
&3 e Sualsfo] okl B5r)o] TH Fol|A] okt B5)
& Adep] miel 2Res S $ANE doldw 35
AdEE = okl ER717E 2, ol 4 (15)¢ 2ol He
& 5 A d

H(m)=h1< )+h“‘( )+h3( )4+ hf (x)

= @)+ Y by (@) ++ D A ()

iEG i€ G, i€G,
=p (x)+p2 (@) +-+p, (@)



78 Journal of The Korea Society of Computer and Information December 2012

=, 4 elM 22 deze] AdeE ok R0l thell 205t 7R o] de] A g sl 1AllA 80% I w7

A wiEl 23 dddel Zhsell wiEe  z)el ddbe d deR delden, el RR7lE S04 cldte] Mn
n W wEe] 23 Anw s ok gy 4 Bl AT ERE ARTEE st

03 b, VIS oIS HeEE HE 1y T2l 7. eSS odalol of
Fig. 5. License Plate Detection using Trained Classifier Fig. 7 So?ne.E;arrlw_plgsl_of License Plates
0.05 -e-Original

-&-Proposed
0.041

o
o
Q@

agt g uze

4y & 3 3

Error Rate

o
o
¥

% 6. iAol BET| 7= 9% =
Fig. 6. Detector of Cascade Structure Number of Round

T8 8. =8 ol Bl (2074 =)
37lA AAE T8 AZ F7)o] BEy)= a8 59} o) Fig. 8. Comparison of Training Error (20 pixels)

LU HAE 9] A1 ool el 2 S FAgoR
A AEHe QXS AEI T U 19 WEH A o ¢ WA WEHos oRRHE 9L FA 4Ee
2% 991 A PP Fh WBHAN NS SR AT meb A H BA 25S B4 we 7
A% S IS 99 42719 T2 29 63 2ol Tl E4 9L Asainin 2 4 otk 3% 78 Fald Ak
WAl A2l (cascade) T2 AASNGT 2 WSl B W Q4] AEITh WEH 9L e 20069
B4 $57] 4 20, 40, 80, 160, 32070elch, 7F Al 1195 AlAE UAE 94 Ei g4 vieel AEEH
o Bl & WO WER doon BRE dddd o) s9E o sar
A BRe, RE A MER delon BRA G 33 8ol IR1IE ofthiaE F4 el ok
gue] A% WEH gl Ak & VA AV AL FRHIS A SR A5l w2 BEle %S e
SO 94 2R 2PUoR oo 99L ME SE2 W Aol ¥R/ @ e A2 THsgon, WeR ¥
el 5 Slel G371 e el S W SO A 5000083 oA ER B 1000003 i

o

R I PR RUED)



0.05 —
-©-Original
-&Proposed
0.04
20.03F
G
4
g
1 0.02
0.01
0 ,
0 10 20 30 40 50

Number of Round

T2l 9. EHIAE of2f Bl (2074 =)
Fig. 9. Comparison of Test Error (20 pixels)

-é-OriginaI
-&-Proposed

Error Rate

20 30
Number of Round

J& 10. & ollzf 5w (3207 A
Fig. 10. Comparison of Training Error (320 pixels)

0.05

-6-Original
-&Proposed

Error Rate

30
Number of Round

T2 11, BIZE o] 5| (3207 ZiA)

Fig. 11. Comparison of Test Error (320 pixels)

Hi7d 20,0004 570e] #o& o] wAKE (cross
validation) & AT &, 470 2] HE% 40,000%
7} 7 80,0002 ¥ AZE AMEstn Fe 1 =9 ¥l
53 10,0002 vi7 20,0004 H|AE AZ2 ALgshe
AL 5 Wl wHasle] Hit e =SSt

O% 12, HSE AZE Z1} of)A|
Fig. 12. Examples of Detection Results

o
©

o
@

Detection Rates
o
|

b I
& o™

0
--Original
04 } j . -&-Proposed
0 10 20 30 40 50 60

False Positives

T2 13, HsE 4Z7]9] ROC HE
Fig. 13. ROC curves of Detection Results



80 Journal of The Korea Society of Computer and Information December 2012

Akt T o] 1Ee] Fd W (16)el vl o2&l
mEA 2423E S1E 4= gk, 71Ee) d e 230
A 2RrsolA dlgE 0o FEEAa, xﬂ%ff& s
69HWH ghEEoA o2& 0o 7E

7719 g7t 2O7H?4 o EHE 1 e H2E
] 3t Asoltt y&e HAE 32 onjgth F

7 1000918 2= WellA o2& 0 FHsAE
1“& 719l oﬂfﬂg 0dl 23 A7E Hyon, v
W ET o go] maA

5O of mx 18 oE
K X0 rf A w2 o (T

all
7HT7} 204 & W} kb 2 Ak F o] 7]e)
%L A E‘jr 4 011319} Eﬂ E o8] EF of2i&e] W=

61
H EF% oA ollefe
1000“1«] ek

H o Lﬂ} Hohe= 01131% ]
How AE7)9) Ao AA SHdA 7 B3l &
St G2l tislA Frkelr] el % 2870 HEds E

F— 640x480 371¢] T= 44 20045 ZE HAE o
2 ARSIGT 8 125 FE HAE G7gdd tiet s

A& A7 dlolt), 43¢l A 273 AT} o] THH &

2E o] NB 4L 2dele] Mg 995

129} 2o w7kl uiag A& AE Yepdd,

33 #F & 2.8GHz CPUS PC$ Visual C++

WL o] g3t gt AT 6407480 Bl s =

5 ]°177}7< 227} 7hsskdar 320%240 G7gel disl

0 ZHU7A] A7t 7hsdhs gl '5‘}%1‘31'.

14

ol

10

2 ol |H R >ll1_’, =i r_‘f_‘, ox o
= - {O
EJ =
Ll

FN-

» *al?‘écﬂl A A wEel 584 A3 Ad) 712
£ IS A5 WER AT AL £E B A
$8 WEH A9 95 vla WS SRS 29
13 Ak £ Wy} 7129 £ wpEe) GE HAE

B AE A s
Hog seke|o] WAlgh uh % Ho o] opd A9 e
onsh | y&=& A&EE (Detection Rates) 24 % 2877H
o] Mz Vg & SntEA A& A ] HE
ofmgit}, & Adelxs AA HEH 999 80% 0]/“01 a
217 whxof] ofa) 23S, T8zl vk JoS A Hodd

d9ol 50% )’} AA T o SutEA HsHE A=) Wt
o skt 19 139 AF s B Ak W
A% ol 1071 ulele] e dl8l 90% o’de] HEE
S MRS & 9l E£3 7|0 FE S o] 83 W
o HE7) B} AR A WS o83 Wan fEv)Y
ROC AEI} 25 2] o 7MHA aiAz 7] wid
Akt FA WS o] g3 Mz AE Y 2 A% S

® ATE 424 Ak FE

A |

Az FPHAFU.

< (WR080951)¢] &1+

HuE

et

(1) Younghyun Lee, Taeyup Song, Hanjun Kim,
David K. Han and Hanseok Ko, ‘Hostile Intent
and Behaviour Detection in Elevators, 4th

International Conference on Imaging for Crime

Detection and Prevention (ICDP-11), London,
UK, November, 2011.

[2) Michael A. Goodrich, Alan C. Schultz.
“Human-robot interaction: a survey’, Journal

Foundations and Trends in Human-Computer



o
=
1 >

m
et
i
B
=
Q
%
At
o
o
o
oo
e
rE
fol
[us]
o
i

81

Interaction, Vol.1, No.3, pp. 203-275, February,
2007.

Tonescu, D., Ionescu, B., Gadea, C., Islam, S.,

—
w
)

A Multimodal Interaction Method that
Combines  Gestures and Physical Game
Controllers”, Computer Communications and

Networks (ICCCN), 2011 Proceedings of 20th
International Conference on
2011

(4) Jong Sun Kim, Dong Hae Yeom, Young Hoon Joo,

, pp.1-6, August,

"Fast and robust algorithm of tracking multiple
moving objects for intelligent video surveillance
Electronics, [EEE
, vol.A7, no.3, pp.1165-1170,

systems”, Consumer
Transactions on
August, 2011.

(5) KyuDae Ban, Jaeyeon Lee, DoHyung Kim,
Jaehong Kim, and Yun Koo Chung, Tiny and
Blurred Face Alignment for Long Distance Face
Recognition”, ETRI Journal, vol.33,
pp.251-258, April, 2011.

(6) Hye-Jin Kim, Ho Sub Yoon, Jae Hong Kim, "User
recognition based on continuous monitoring and
tracking”, Human-Robot Interaction (HRI), 2011
6th ACM/IEEE International Conference on,
pp.163-164, March, 2011.

(7) Anwar Saeed, Ayoub Al-Hamadi, Michael Heuer,

“Speaker Tracking Using Multi-modal Fusion

no.2,

Framework’, Image and Signal Processing
Lecture Notes in Computer Science, Volume
7340, pp 539-546, June, 2012.

(8] GangZeng Mao, Yi-Leh Wu, Maw-Kae Hor,
Cheng-Yuan Tang, "Real-Time Hand Detection
and Tracking against Complex Background”,
Intelligent Information Hiding and Multimedia
Signal Processing, 5th International Conference
on , pp.905-908, September, 2009.

(9) Feifei Huo, Hendriks, E., Paclik, P., Oomes,
AH.J., , "Markerless human motion capture and
pose recognition”, Image Analysis for Multimedia
Interactive  Services, 10th  Workshop on,

pp.13-16, May, 2009.

(10) Christos Nikolaos E. Anagnostopoulos, Ioannis

E. Anagnostopoulos, Vassili Loumos, Eleftherios

Kayafas, “A license plate-recognition algorithm

for intelligent transportation system
applications’, IEEE Transactions on Intelligent
Transportation Systems Vol.7 No.3, September,
2006.

(11) S.Z. Wang, H.M. Lee, Detection and recognition

with different
appearances, in Proc. Conf. Intell. Transp.
Syst., vol. 2, pp. 979 -984, October, 2003.

(12) X. Shi, W. Zhao, Y. Shen, “Automatic license

plate recognition system based on color image

of license plate characters

processing’, in O. Gervasi et al. (Eds.), Lecture
Notes on Computer Science, vol. 3483, Springer,
pp. 1159 - 1168, May, 2005.

(13) T.D. Duan, T.L. Hong Du, T.V. Phuoc, N.V.
Hoang, “Building an automatic vehicle license
plate recognition system’, in Proc. Int. Conf.
Comput. Sci. RIVF, pp. 59 - 63, Febuary, 2005.

(14) H. Zhang, W. Jia, X. He and Q. Wu,
“Learning-Based License Plate Detection Using
Global and Local Features’, IEEE International
Conference on Pattern Recognition, 2006.

(15) Gang Li, Ruili Zeng, Ling Lin, ‘Research on
vehicle license plate location based on neural
networks’, in 1st International Conference on
Innovative Computing, Information and Control,
September, 2006.

(16) B. Froba, and A. Ernst, “Face Detection with the
Modified Census Transform’, In Proceeding of
the Sixth IEEE Conference on Automatic Face
and Gesture Recognition, pp. 91-96, May, 2004.

(17) T. Song, Y. Lee, M. Kim, B. Ku, and H. Ko,
“Fusion Methods of License Plate Detection and
Super Resolution for Improving License Plate
Recognition’, Journal of The Korea Society of
Computer and Information, Vol. 16, No. 4, pp.
53-60, April, 2011.

(18) Y. and R. E. Schapire, ‘A

Decision-Theoretic Generalization of On-Line

Freund

Learning and an Application to Boosting’,

Journal of Computer and System Sciences,



82

Journal of The Korea Society of Computer and Information December 2012

vol.55, pp.119-139, March, 1997.

(19) R. E. Schapire and Y. Singer, ‘Tmproved Boosting

(20]

(21]

Algorithms using Confidence-rated Predictions’,
Machine  Learning, vol.37, pp.297-336,
December, 1999.

J. Friedman, T. Hastie and R. Tibshirani,
“Additive Logistic Regression: a Statistical View
of Boosting’, Annals of statistics, vol.28, no.2,
pp.337-407, August, 2000.

P. Viola and M. Jones, ‘Rapid Object Detection
using a Boosted Cascade of Simple Features’,
IEEE Conference on Computer Vision and
Pattern  Recognition, vol.1, pp.511-518,
December, 2001.

2 IR ]|

o dgsd
2007: aHdigw
A7V FEAL
Y A wEveh
WP RA T s
Wok AlsAe, MARE, 47814

Email : yhlee@ispl.korea.ac.kr

2o E

2011: xm=juiste
AR e 2}

@ Al gt
A AAR T e Qe e
g

Thliok: FFlsAe

Email : dhkim@ispl.korea.ac.kr

R
1982: Carnegie-Mellon University
A7wet gah)
1988: Johns Hopkins University
AT B
1992: Catholic Univ. of America
WApgst Bohib)
A et
ANRAART T 05
Thliok 94 2 24 AsAe,
g 91

Email : hsko@korea.ac.kr

ol



