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Abstract In this paper we propose a very rapid moving object tracking method for an
object-based auto focus on a smart phone camera. By considering the limit of non-
learning approach on low-performance platforms, we use a sliding-window detection
technique based on histogram features. By adapting the integral histogram, we solve the
problem of the time-consuming histogram computation on each sub-window. For more
speed up, we propose a local candidate search, and an adaptive scaling template method. In
addition, we propose to apply a stabilization term in the matching function for a stable
detection location. In experiments on our dataset, we demonstrated that we achieved a
very rapid tracking performance demonstrating over 100 frames per second on a PC
environment.

Key Words : Object Detection, Tracking, Integral Histogram, Histogram Matching

\_]_— Xgﬁo = v 11— Ji—xlj 7] % S
» Corresponding Author HoSARe] agdde] g 23 gE VIEoR
of ke FegvustustEATulel olste A LA =, -
o olFolAAE AvtEES]

Manuscript received February 19, 2015 / Revised April 17,
2015 / Accepted April 17, 2015 |27 4o w A dds AA
) o3 ddigta A5FH 38 =
2) Zdsta e -
3) tidigta HEln|t)o] gt} WAl A AHwkhong @daegu.ac kr) a2 2w}

_45_



Integral Histogram-based Framework for Rapid Object Tracking

B T oo T ﬂwuo_e_@ﬂam ﬂ_ﬁﬂ%@%&mﬁ% M%Hyﬂﬂ —~ 9
R o &< =T b D MR BT =B o = F
2P Eunwme, e EE o
e EE N A o o = o oi_ e R T A w MWE T w0 0 X
X- ~ : —_ —_ N 'K o o
muwrmywww‘%_awwﬁ%ﬂw mﬂguwﬁ,ﬂ%%@qﬂﬂ %ﬁnmﬂaﬂ@r% "
0 \Iy‘ o o —_ = 0 O —
R - APl Ww oW R TR EL s &
E&mﬂ&qﬁoiﬂolﬂﬁiEHQ7 Hﬁgaﬂ&lqamﬂﬁiﬂoﬂr nﬁ_.dl_]mu;o - wAr,_
o gt e ) MR F g XMoo b omo N ooy o B o hHT oo T
R S N DN I Wx " wrma® S A
o) o T Jo X T K- N b e =1 = = = KT o )
oy Do T M zo Ak e I "I O I

2 o g5 X = g r — = iy
S = U | R I Pal g B L= S
lhiﬁﬁaoﬁxo\u%ux}ﬂl N Mg ety T o o) 1 BO R = o R
TUTUBT g T s R YTeIEE B oy PLET f %
e T = GRS o Rty o Foduhy EOF
B W A- X T o ooX N = R XK = = oliﬁrEﬁi 2
ojn %O o T z= M X o oo KM o = —_
THaEeTTETuYis o TIXPTVane g LESyu i 5 0T
- R T s M o T TP T T WA g W%%gﬁiﬂx o=
w T M N ® OE R 6 . 1 =~ o on M mm RTORT AR K] =t T =0 - i
_ 9 = X X = R o= 0 = = 2o —~ N o KM N K

oF T B H N = . o= [ TN T T T o K| X Njo e N

= Bo s.L T o =3 o EE u_hﬁ T W: - =T QE o — JI'L HT iy X
oy ol T T W W oo T E R G R = o B gy O o)W A
2o T N RS = o e Qi W oo T M o= oo I O < H B X

wwa,mﬂ %ﬂrmamfuwﬁ @mﬂ%@jwa mowm_zfu.bf%M@ﬂr@%%%? Hﬂﬁcrmmﬂﬂr
o NI -~ B W - T < — X © 0 TO K- .8 oR o NF ~ &P T . B ©
LT RBEN . TFE P w< TR dREN w N gr e T &
N = ®= W BB BN BUE LB T o 5w 1 o+ R
s T g TR T TR g FH T oy i O NI - O N
T ﬂwmﬁe_m% ,a._%iAiz_n mumwﬂowoiﬂﬂu%%ﬂmﬂ%ﬂg R
T A o ol O R/ oo Yy o< N TR op N oo EO w = o = !
*E %%%@@d Lyﬂ_ﬂt%gz Lﬂwﬂmn%ﬂ%%%mﬁﬂﬂﬂfr& WﬂW%wﬂw%
! - o X = e K- ] < o o
T B TN w@%%ﬂ%% Wr%%ﬂ%ﬂ%%%@lﬂ%ﬂ T®@mo P R
Th EERE R v mrwT LR PPaTImgliw, mee |8, P
s L 0 g NE _Womm w TP O ;%M. = ﬁaJﬂEPLi
M g T ER o A e B E T O o e Ry N 7 b AN
‘.m.oEo Mdﬂ_/‘m\L.oﬂwmoL_im‘ﬂlliﬁMﬂ ‘W.LJU‘ﬂIE - mﬂcxﬂ&lﬂﬂmﬂ]o‘ﬂ Q#O,Aoa MILMﬂ
* AL NERT R T gem Ewm T e e Do 8 o 8= 2
o] X N B ~ A = = — ! KO g o e D mo o ,_;o M w © —= h o Ne =
™ o ﬂﬂodﬂﬂoﬂud‘_yx&owaﬂu7 50 B° Wr ) %ﬂmﬁm.zﬁdoﬂo‘cﬂimuuqﬁ mAT_OE‘.vmﬁo_lm_rx_mLt
— o yo— ) o r o < jatin
=2 VNae¥r oy Talexlt Ty xTswI_ oS b T dz
NExred  EslaTRew g F5 P4 A e PELTAE T
of- w2 oq —~ W o = T — N _ 5 o "o = = Gy H
ﬁoﬂ%wEw%aﬂ_z%ﬂw%@mﬁ w;@%u@%w,maylm%% cunFTay
~ XooR K ~ 3 X = M 0 = ~ = I my o)) of
EyomeﬁWdruﬂWEW?mnl WE&_UEMMMM7OM mMoFir&mo.%_Mﬁ%ﬁzﬂ
e R hme THE T L e mlm e N D w I S
Xop| Ap Eo = AN e R e T O = M 0 o o o o =R
RN BHHmHAL FRTETRL PUTNTIIEFADTTR KT IS T

g2}

L

o

(Transform) s}2bule] #E Xt7h Hi7h &

_46_



Journal of the Korea Industrial Information Systems Research Vol. 20 No.2, Apr. 2015 :45-56

HHE e TAZ Zo gk ol W3ke F
2 ggZgug 7t 67091 o] 5l W3 (Affine Transform)
= 7Hg g
X; = argmax,, p(X, |1;)
r: o {l]_r"' .'Ir}

2
i
ax
td

<
o
N
1>
&
&

N

N,
o,

L M 2
lo
i
o n
fitl
e
ol
it
o
1
ML
o
RN
= oo

o N
k%)
g o
> &
=
o

' 1-@1 =
= N
T

b 2

lo fo &

. ty o

I [‘-{E

[0ty =

il o

=< ")

e 1

e

n

o

2,

ot
o
Me
B
rr
o

e
~
QL
N
g
b
o
©
k)
o
K
k)
o
EN

N
_O|L
=
(T
ot
1=
&

~

N

o rlo
>
o
X
)
[

A, Tl o
ale
o
N
L
o2
o
.,
N o H

i -

—10 N _(E l"—{ﬂ

S
B
o
=2
=
ot
op PR
I
e

CO ]
ol B

ACh
=
Ay
=2
=
ot
(o
fu
X,
>
ez

4 oH o T B

s
=

¢

2
lo
o
2

P‘L
e |
41 7
2
o)
i
(g
riot
“
)
=)
o
i
2
oo
o
e
ot
R
o2
o g

o
ol
- [_,01,
v
o
=
e
s
)
I
=
v

de F
(]
M
e
uf
)
2
ot
-
X
>
i,
4 of
12 Jo
o mu

8o o mu
o Mo
U ; lﬁ

)

w,

e o

-

e

o2

12

o

o

o

o2

ol
of
oft
o
st
it
-
r-%l‘
A=)
oxl

¥ szEade A% o4 oelteel s
; 54 979 2

18 o

A ol e goleh ol G gl AmS
efol ole WA F2 W= AN S AES o
9% =REA AgoR 2HAT o Pye
Getolq =S Aol AA AE SEE 740

o i

&

nic)

o

rE

e

frtl
L

)

>

oy

Py

o,

v

%

Mo

o

o ox
g rlo lo

A0 = U Q) @

ANA H()E ol Ae] AR H2EIYS e
24 gk fa) 9] Nbin) ¢ ek
W% QB §

AR S|rEIYe 7} S A2 )
olt}h o] ol izl AR S| AEIWS o]gsle] wh
2 At ook Feaat sE HAE 7lEL
2 ¥ 42 747 od #xd AR B AR
S &8t AR FUhEE AB 5 ~E 7
H(z,,2y,b) & 0|7 FAo] AR S 2ET3 02
oh 3} 2ol ARttt

L)

[ i

5 41o]

[>

H(zy,29,0) = H(z, — 1,ac2,b)
+ H(z, — 1,2, —1,b) (5)
— H(z,— 1,2, — 1,b)+ Q(f (x,7,))

7t B Ao A e AR sxEafe] FojAy
AR G VPR B 2ol was 54
gele) S~EUL AT S ik
h(b) = Hla"y"b) = Hz,y".b) ©)

_H(xﬂk,yi?b)—’—H(xiayiab)

Fig. 13 4] (6)& ®¥ A4 R Rl bell tf
g sl=Ead h(b)E Tot7] fl8 R 5 atdol
el AE sAETW H(z T,y b))l RYZ
H(z L,y b)3 9129 H(z",y ,b)E wEh 18
a5 fe HE FAEIWS wal FEsle] wiA

S H(z L,y ,b)E Hskd R Wl boll Hidt 3

_47_



Integral Histogram-based Framework for Rapid Object Tracking

J__. H Zmin(hi,ki)

="y (x*.¥7) do (HK)=1—— % (7)
R - 7
i o | M
(=% (x*,¥%) SlaEas wak W Alte] 1hdeti Aol
. H TR AR, HlaA ¢Edto] S| AEIR v de] ARSH
+ = o

Fig. 1 Computation of histogram using
O Chi-Square (x?) Statistic:

T S 2EIY His getel Hdae s A
A8k}, Bin-by-Bin ¥yl o g2 EFH)

Integral Histogram.

Ead] hb)E 7% & Adrk o HAS W Ay v
vk ubES dd gl FaEafs 7 F :
(hi_mi)
an o=
7’ ’ ®)
23 sl of 3 m.:hﬁk’
i 2
slaEad mEe A5 RdfEE
Aolsln o Fo] Zolste] AAl Role|a dg O Quadratic Distance:
AbgEo]Z ghth Zgtold A% s|ule AMA AZ Avjed  AMlA  HEe  aofE  wHom
NN FiEIBS AMEEE A, 528 9gulx]  Cross-Bin ez EFech7].

dy(HE) = (h—k) A(h—Fk) (9)

. 4714, het ki= Het Kol £ ol
H

= Bin-by-Bin W3 WE 7kl awxma b AT T el ARt

Cross-Bin WHo =z FRETHe] durdoz Hxt "

WA zheksA AAE S A v =)o) v a;=1= = (10)

S WA wkeEteE wo] Ut Cross—Bin¢] max

HHE A wA ogeke g Aol 4AF STE oM, g 0 ik jAelel 27171 (ground
Aeg & AdME A2 uEd Q7 wHe 23 distance) &, d,,, = max(d;) oIt}

&to] th#E 22l Bin-by-Bin ¥ Cross-Bin W¥< A&

gt obglel 47l viF @EelA W oy O Match Distance:

Sl2EaWe 27t Heh K2, ol5e] ivAl Wel &k ¥4 slaEade g Aiele wwowm
= hyy k2 EATH. Bin-by-Bin ¥Ho 2 EFHc}

O 3|2E1¥ WX (Histogram Intersection) dy(H K) = E f;i_ k//:z (1)

3

£ el glo] e 2o Aulste] kst 7 . ]
A A ] A e e s ANA h= M (h}e] A B 2EToln,
ate] 7HE de] AREH = B S shuelth =
k= Y k% {k}ol 4 szE 1@l
j=i

_48_



Journal of the Korea Industrial Information Systems Research Vol. 20 No.2, Apr. 2015 :45-56

O Earth Mover’s Distance (EMD)
EMDE W#249¢l Cross-Bin Ag =4 "o
T3 AEONS 2 weE d =E Yo oS A

2z Apg s,

HU

m n

min(Z Zfijdij)

i=1j=1

EMD(P,Q) = (12)

m n

EEHU

i=1j=1

o714 Pet Q= A= v

T Ne slaEafS

el £ olEE 0 g d, ugel olE
2% Uehdth EMDE 976 A& AHEsge
o g ool wd W5 B A5E HAFY
[9. el A1 W 2k o BAS ARTT] SIe1A

B EPEL B AN BAS Folok v

O Quadratic-Chi Square Distance (QC)

QC WWe (Cross-Bin 78 =24 wWio=
Chi-Square "'# ¥} Quadratic o] duwtsl Heh=S
zr=t) P=(Pi}e} Q={Qi} G =1, .. N)E F W0

A]
11 Aatstd s|l=Eaolgt skak NxN 38 A&
U

54 oy d4d=2 9 1o fFAIRE YERdH
E HA ol gske] Aii > Aij G =1, ., N 714
stk AFE 24 m e [0, Dol sk
Quadratic-Chi(QC)+= Tth3} Zo] Aeoldth
Q 771( Q)i
M & (Pz - Qz)
z':zuz1 N "
POICERIPH I B
(Pj_ QJ)

M=
Q
[
-
®
Q

(14)

i
™
]
+
O
~

i

y-l(iv]

(R+@MJ
c=1

o] AxlellA 0/0 = 0
positive-semidefinite
Folut, 18A s A 2
F Utk 2& <okl Fho
QCmAP, Q) #& 0oz Ho gt} o= 7H4
of Iy WHRleR =Folx -
A9 Ag AN,

H‘F
=
[
fui
o
_1

=

Tl
I
e
~N
z
=
2
g
N
=2
>

&
N
2y
)
ik
o
N
=

i
HESEFIS ghoh WA A
A AE ZedYas dsta, Sedds fel A
kel H&H-Wl, S|AEIF e AqF AL AEA
719 "dZE WS Az ARt =23, HE
=] EEd wAE @stsbr] AR tAs S
27h%

31 ME S|2EOYTH I% AH HE =
HAH=



Integral Histogram-based Framework for Rapid Object Tracking

Al

2
rob
Ku)

4
)
p‘L

YCbCr Zd 2 WAs e s|2EI S
FoeldE o) Zeods Adws
x%.b; o]/\E;lEWO ]}\L]-o}jr_ -/:a]_o]
S Hgstel AR 94X AN,
AFEE @ A Ao
A zedele] A=A B# HE
ZHJolrel A&

= AREshE U

N

o re mlo
o

it 40 fo Ho
(o3

o
tlo
ol

Q=

do pot 2 pE QoY

Ij\'\“

1
g
U
N

2ulE 77|25 E g55 e RGB 332 7F A
o FrAo]l Eof9lo] olERFH AF ALl 3§
2B 2wl ‘ﬂ@o}lli Fwel A
TA%E YCbCr Aelz WAdth Y& RGB Awe
7VEx Wao g AxEa Ch 2 Cre 247 (B-Y)
o R-Y)E 7|22 Axkerh

RGBOIA YCbCrze] ¥3ke 2 (15)9F 7o)

olmf Y+= 0~255 ®9l9] #5, Cb ¥ Cr& -128~
128 W99 #hs ek 29 Ade e A
o=z ol gk ~ETH AL e 7R
BRAY A4, 7 A@Es 349 J2ET9S A
U, 24 39S w5l e 3D d~E
AbsteE o otl, /‘jl&ﬂ 1D“4’ 2D O]—— 1?’-3%
J%ﬂszi UrHE} Al HMH AR Y%Héoﬂ

3.3 Hgx-
AEOHM

2l (Adaptive-Bin) Z[gtel H & 5

slaEad mje] A H AYEHEs JAED

vl A7)o]

¥ fob T Ay ol o
s O_I"Z_(

it ol

o

N

rO

b

2

e,

34 M2 slAEaHel XA AM L HS
& 370 WENS 0|8 BT &

SEAANA HAR AR 27 AN
= gey] Wi AEeAAE Seeld A%
2o 2718 2es) A S2EIRS A o
wHoE s gL B 9 9 271F
AT A P AR RN 5
He meistel Feloly Amgel A/ wedtol
sepu= g AE 9T 5 g,

sotold ARS vhh H2EIYS AMse] 5
AN Aol £ ABele] HiETR W
asle] AWe Adad Azme ooy Aw
Fo) =/ W AN o] F g At &
o AxE 4% A2 ARV Soteld AR5

/f-_-\'\\' . s
Ehy Template Color Histogram
¥ L - . - -
||I 7 Regicn Location Conyersion Generatian
N

Registration / -

— —

Detection _\\

- Integral . fa
image - Calor Histogram Shdemg Window-
CONYersson Ganacation Datection

e,

Detacted
based / \'

Scale and

\\x Location ___,,/

1

It

Fig. 2 Flow of Registration and Detection.

Y=0.299 X R+ 0.587 <X G+ 0.114 X B
Cb=—0.16874 X R—0.33126 X G+ 0.5 X B
Cr=0.5XR—0.41869 X G—0.08131 X B

_50_

. -/ Histogram H\‘-I
Template
J R #

(15)



Journal of the Korea Industrial Information Systems Research Vol. 20 No.2, Apr. 2015 :45-56

A7) "8 A7 E 7|F0R 05~15 Alele] 5 Fth o] Ea&) AA ol dal AaE An e
SAZ ZH%) Fig. 32 59Ale] &dfold xS ATS FAGUA sdd HdE A9E 4 F 3
A7le] & Ay HE A AXE HolFrh =3
Zifold x99 G MFETF nxnl AE F7HAQ A& S H8l 59 AR A
A AN BREE= O@pt)olth o2 Zoly] g3 A U, AFE AP oo FW APS xF
oubzol whe nE FHAS AAA ka @ 3 skl F 3/ AR Axtsth FH Ag9s 9
AN AYHE Zolt) ol dE ASANE /te  F Sfold A9 Al BEE] AVl dA
FE I FARE "Zge] 2|7} Bold4E g8 HlES wike] AT o71M dA Hlee st
’go] oz} seHAle] Az el dis] wE] A & 05 08, 1.0,
FHrde] w2 AYszs P 99 7b 12 159AAM &g Al +03, -03& 727 HajA
Aol 74k ste] o] W] TS AAF vFor 1 F  AAAH
W MR SRS AAsH] wZolrh FA DA
Wz gev g gisk FxQ sHEdo] ol gy 35 HEAXN HSULE f& o™ &
el E =R FARY] HXE 1ylste] o
Aol e Y V|FoR THAIS HAsta & S|l~Es 7Ieke] Aol HAgke] A=
wedo] AN AR 52BN Aste) Ze|Y Aolol WzstA wbgRTh webd ARz &
Fig. 4= 31l 150 oo aga)a 2u A 9 ®spt e Bl A& I3 e 2
Sl AEIWE AME o] o] Ayws rol AT AS7F #AG ol HAststy] As the

template

- min among maps

distance map

template scale 0.5

Fig. 4 Comparison of global and local distance maps.

_51_



Integral Histogram-based Framework for Rapid Object Tracking

7}
g}

2ol 2B wiAS 917 e el kg A& 918 Intel i5-267 GHz PC 7ol A C++
$S Frhaeh Aol g Agstel FAse} A HolElE Table 1
d=D(P,Q)+a|z,~z|+p|s,—s| (g P E 27N S £ VA e LFehe A
) P P .
Z 2 EA] tE 320x24080 =] oAl A T
4714 D(P,Q)x= 31=E71d P, Qe A, g, &= A&tk ASE 942 A A8stat s
oA ZoA e x|, g A my e © ZFIE E JHERE olgste] <IeHel A
Do Hzagk 94, 5,2 old Zeddore wE e U 22 SAS et MIe 2znd
S s @A) HArgo B wEa sgas  EAF ATATR FHelu =7k s A
E]“;H_E]— avﬂll_—; 7_}_7_}_ ox o9 ¥zZg iﬂ]%oﬂ ] Hasbds H]"H‘E 73“?‘% EQ’@'E} M2&= d538Y =
Vst AgE B mRAE 242 0000l o1e)  AVF F7PE WA EA AL Sl & s
oz AU, THOR A& o] IHse A5 Esrh
M4t Abgo] ThFdt WEgom Ao 7gAI T
b HelAE A Rt Av]2 Wekshs
A AT} A5 et Azt gdshs FeE £
ok Mo 1@ell ofzte] Widdo] 7hsfAm &2 o]
41 dEHolE ¥ My v RS SIS S s 2 E
Table 1 Test image sequences.
image total sample snapshots note
g frames P P
M1 1,658 EE == o view points variations
5 ’
M2 1,697 --- o scale and rotation variations
M3 1,646
-i-- o scale and lightness variations
: 4 " | _ | °a big change of scales
M4 2,217
o view points variations
o scale and location variations
M5 1,346
o partial occlusion variations
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Fig. 5 Example of object registration.

Table 2 Tracking and processing time performance
on the histogram computation methods.

integral tracking performance
image| histogram % success/failure | FPS
methods ° # of frames
M1 local 99.52 1650/1658 58
global 99.52 1650/1658 68
M2 local 99.94 1696/1697 63
global 99.94 1696/1697 | 115
M3 local 99.88 1644/1646 63
global 99.88 1644/1646 | 123
M4 local 99.73 2211/2217 62
global 99.73 2211/2217 | 108
M5 local 99.03 1333/1346 53
global 99.03 1333/1346 57
140 -
120

Eglobal

106 -
{.uj. !
B0 1 Elocal
&0 -
M 4
il
M1 M2 (! [} M5

Fig. 7 Tracking and processing time performance
on the histogram computation methods.
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Table 3 Tracking performance and processing time
on the template scales

tracking performance
. template -
image o success/failure | FPS
scales %
# of frames
M1 fixed 99.52 1650/1658 68
adaptive 99.22 1645/1658 72
M2 fixed 99.94 1696/1697 | 115
adaptive 99.94 1696/1697 117
M3 fixed 99.88 1644/1646 123
adaptive 99.64 1640/1646 124
M4 fixed 99.73 2211/2217 | 108
adaptive 94.14 2087/2217 | 111
M5 fixed 99.03 1333/1346 57
adaptive 99.41 1338/1346 60
130

110 +

1o
100
- B
B
0 -
60
5 -
a0
M1 M2 M3

Fig. 8 Tracking performance and processing time
on the template scales.
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Table 4 Tracking performance and processing time
on the histogram matching methods.

. tracking performance
. histogram -
image . o success/failure | FPS
matching %
# of frames
M1 Intersection | 99.22 1645/1658 72
Quadratic-Chi | 98.43 1632/1658 49
M2 Intersection | 99.94 1696/1697 117
Quadratic-Chi | 99.94 1696/1697 111
M3 Intersection | 99.64 1640/1646 124
Quadratic-Chi | 99.57 1639/1646 120
M4 Intersection | 94.14 2087/2217 111
Quadratic-Chi | 87.87 1948/2217 101
M5 Intersection | 99.41 1338/1346 60
Quadratic-Chi | 99.48 1339/1346 37
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Fig. 9 Tracking performance and processing time
on the histogram matching methods.

B Intersection

B Cuadratic-Chi

AP &= Quadratic-Chi 8™ °] Intersection ¥
HuTh Aol Wr] wiiel] 3 &Er} GrolAr
FAMA ] 27)17F A2 M2, M3, M4°] A9 3~
9%, A717F & M1, M52 79 46~62%= &4 3}
2 wou) 24 A% me gSaAY Mde A
237 Intersection ] E1 =7 Jergh



Journal of the Korea Industrial Information Systems Research Vol. 20 No.2, Apr. 2015 :45-56

N
~

o I‘QL k‘)‘
il

olf
o%
0%
i)
o,
o
ot
rob
rE
o
)

™
Ip-
H
Orr
o
tjo
i)
oX,
P,L
R
DA
HL o

>
e )

o b od
— T=

wH

pu

1B o
N
e

o M1
ro

R
rZ

o
o
N\
:Dé“
o2l
ox
>
b
z [y 82
Hﬁ o
=
e
. =
= 1°
rlo b
O
g
> %
o
oo
X
fr o

9
N

DN 2 o fHN B

=219l Intersection WH KX} 9431
[e]

ofr i
o
2oy K
b

o
A HdE 2 34 [11-13] el A4 7t

References

[1] A. Yilmaz, O. Javed, and M. Shah, "Object
Tracking: A Survey,” ACM Computing
Surverys, Vol. 38, No. 4, 2006.

[2] C. Lampert, M. Blaschko, T. Hofmann, "Beyond
Sliding Windows:  Object
Efficient Subwindow Search,”
Conf. on CVPR, 2008.

3] J. Ko, J. Ahn, Y. Lee, and S. Kim, “A
Histogram-based Object Tracking for Mobile
Platform,” Journal of Korea Multimedia Society,
Vol. 15, No. 8, 2012.

[4] F. Porikli, "Integral Histogram: A Fast Way to
Extract Histograms in Cartesian Spaces,” Proc.
of Int'l Conf. on CVPR, pp.829~836, 2005.

[5] P. Viola and M. Jones, "Rapid Object Detection
using a Boosted Cascade of Simple Features”,
Proc. of Int'l Conf. on CVPR, pp.511~518 2001.

[6] D. Ross, J. Lim, R. Lin, and M. Yang,
"Incremental Learning for Robust

International Journal of Computer

Localization by

Proc. of Intl

Visual
Tracking”,
Vision, 2007.

[71 Y. Rubner, C. Tomasi, and L. J. Guibs, "The
Earth Mover’s Distance as a Metric for Image
Retrieval,” Intl Journal of Computer Vision,
Vol. 40, pp.99-121, 2000.

[8] M. Swain and D. Ballard, "Color Indexing,”
Int'l Journal of Computer Vision, Vol. 7, No. 1,

pp. 11-32, 1991.

[9] O. Pele and M. Werman, “The Quadratic-Chi
Histogram Distance Family,” Proc. of European
Conf. on Computer Vision, 2010.

[10] O. Pele and M. Werman, "A Linear Time
Histogram Metric for Improved SIFT Matching,”
Proc. of European Conf. on Computer Vision,
2008.

[11] In-Tae Jang,
Song, Hyeok-Bong Kown, and Jae-Hyeong
Ahn, “Real Time Object Tracking Method
using Multiple Cameras,” Journal of the Korea

Dong-Woo Kim, Young-Jun

Industrial Information System Society, Vol. 14,
No. 4, pp. 51-59, 2012.8.

[12] Jong-Ho Kim, Sang-Kyoon Kim, Goo-Seun
Hang, Sang-Ho Ahn, and Byoung-Doo Kang,
“An Object Detection and Tracking System
using Fuzzy C-mean and CONDENSATION,”
Journal of the Korea Industrial Information
System Society, Vol. 16, No. 4, pp. 87-98,
2011.12.

[13] Se-Hyun Park, Kyung-Su Kwon, FEun-Yi
Kim, Hang-Joon Kim, “ACMs-based Human
Shape Extraction and Tracking System for
Human Identification,” Journal of the Korea
Industrial Information System Society, Vol. 12,
No. 5, pp. 39-46, 2007.12.

_55_



Integral Histogram-based Framework for Rapid Object Tracking

3 A ¥ (Jaepil Ko)

%
>
>

o gl
S 2
oo oo
HHH
[ o
=Y

1z
>~
>

o AFH e wr
oF : Object detection, Pattern recognition,
Image processing

¢t A ¥ (Jung-Ho Ahn)
sl3} EA}
st} AAL
=

EEEE A

Image processing

@ % ¢ 7] (Won-Kee Hong)
i EL
-

b3 st Shab

FE ek 44}

FE setat uhab

« )OSk HE el o) 8} g

o I41EoF : Vehicular Ad hoc network, Realtime
embedded OS, Wireless sensor network

>

o gl

_56_





