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An Approach to Target Tracking Using Region-Based Similarity

of the Image Segmented by Least-Eigenvalue
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Abstract : The main problems of computational complexity in object tracking are definition of objects, segmentations and identifica-

tions in non-structured environments with erratic movements and collisions of objects. The object's information as a region that cor-
responds to objects without discriminating among objects are considered. This paper describes the algorithm that, automatically and

efficiently, recognizes and keeps tracks of interest-regions selected by users in video or camera image sequences. The block-based
feature matching method is used for the region tracking. This matching process considers only dominant feature points such as corners
and curved-edges without requiring a pre-defined model of objects. Experimental results show that the proposed method provides above
96% precision for correct region matching and real-time process even when the objects undergo scaling and 3-dimen- sional movements

in successive image sequences.

Keywords : block-based feature matching, interest-regions, dominant feature points
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Fig. 2. Feature point extraction result.
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Fig. 3. Effect of noise-removal.

AnCin du)= (V2 p (AnCi)}

(%)

Am( Z.M, jM )2 Amin

A7IM Eqz A E F257] A Al M= 1s
X153k A& -0 F4 ng ¥ YA HAH eb= B
o Jdelth. dE W, g 352x2409] é*o‘fﬂlfﬂ}~
36823 % 16)709] 2z} B2ol A A7} €3z H A7} <
A Arin )& UJ*J—OP‘- B-rbE g 19l o1 %u
(i in)E 5301 haL PHAIE 15x159 BEE &
leﬂQﬂo]E}y 2§94§}E]—,

18 2= 5AQde] FEAN ez yitie 579
FHon vehvbe Aol Al BA sldehis B4
T ¢ F odvh 19 32 WA A goAAL £
o Fof wp §3}E Boj )

IV. 3ooldkel 28 9l

g7 diolH o sk A4 E2 2Eushrt 4
L HFUAY Fe, el BAY 27, G, ¥r)9 WE 5
3, EAIY] SRl A Aol E4 AEY R
3885 93 Aibel Bz4d(Computational complexity)
& - AA e Aol A Alzke] Aate YErd Ao

oH71(8]-

E =gdAs BAE A
FE = AYA7E S A2
B 1 olde] EAV 23
=N DAL T e e = R Y
(Interest-region) ©. & #] 2] ghr},

1. 2l 7é§°|

o o

71uke] FF o]}
©F @ZFE 4rt Aol %o Zaqlolet & o, A=
A9l A7|WgtE Hehdla B B 91X, FEl, 27], 97
st ol o) thE BAoe BHoZ AR E Wy
Bhilit glow] O Col B A Wek vhy)e st e g
LEr I Qi B A 7 vke] BEHM AL Ce vl g gl
Mo R A e A Ak Tl & o Ro
98 Aow Btk AL By FgE Bys Uy
ol o3t g 5.o] df=jo] At} o] A8 WhEd e Aok
TAL e Babe W oluE we neAgE 3ok
ok mebd ER 718k 2R A9 ol B wiel (b)
oM Ag A, B,C 7L alel ol B g T3hahe 9
AstE AlZhe deow o1 BAl YAty ARE sz
4a7wwam@awpl4%5%%§)wM%®4%ﬂ
2 o 2 b (b)ell 4 A AY 4A RA, B, CE 23)9] 4
BE 7Hko 2 o] %9 Ly o) (d)oll A 4 RYA, B, C'& 3

ghel 238 =58 5 e 5AYRE F 2o g

F

O{Na

-

e flolA AAg BAe) 971 28 BAo »F
HE%%@%%Q@H%E;Q%H%ﬂmﬂﬁ“ﬂd@
2. pilgole] ¥a EH

Ao Hr A el vlstetA g s ool
gl WEHER AT

@] 7lstebd YR g Av|grs AR
B, 499 A7) 999 goloh Hou shar A

Region A

(b)
Region B’

Object C'
(c) (d)
Dbject-based representation Region-based representation

1 4 BRI Fvke] PRI,
Fig. 4. Object-based/ Region-based description.



330

o FARRER T}
FAA NG Jo B x ARG Ae frlos
a9 g el ARk el P AhE Al (6% o

&, 99 NeelA
aeo] ghol UlF FE HE(Z, slawade] B3 gh
ebdh,

1
Grey value = —(R+G+ B
rey value 3( ) 6)

Hue value = arctan|
(R-G)+(R-B)

3(G-B) ]

AE o T ALRAL GY] EHS IAT W, =
wusl 2 e Wale & 3
de AR of sl =Ho A
T = Gevers S} Shafer7] #| €1t ¥EAL 2l (Reflection model)
o] tHo1[10].

28 WEARL 28 lolA Ze ke 4Hd s
EFol7] A W 26, M4 36 GAE FAHI o
2 ZE83dch

V. gelvukel £ gmalE
of Aol ARE BAGAE 2712 AR F 5}
B, d&ste Telol A Jele] 2Hnge 2 mde] 2
Fahe BUIARID)E APt BYSARI+D)E
ez A ze BAGARI+)E AH(2Y Hre B4

62 FARYoR FALGTYE2 A A2 L
YERFE 2L FAGGY ZAENA A d AR FEst
w, gAY A o2 2k

Step 1: 94 AHg) FAH L2 FSE AA T}

Step 2: G & 7 2 FAHo 2N 2y
dA FBAE FoluA e Aol BHovh. FA AL
A FoaA ulAF WSS TR Aol 48 B

interest Region R(i¢2)

interest Region R{)

v Reglon R+ 1}
...... . e = ’
image | image 1+2 -
hmage i+1

a8 5 BaAg Ao A A
Fig. 5. Interest-region tracking process.

ROH - X1Sgt - AREEa! =2X1 M 8 & Kl 4 © 2002 4

2f &, .";;"r COIO{Sé)i‘am]m I

Feature Pont Extraction

Begion Feature Region Member

Yes
Region Member

Ye Remaining
Feature Poin

Stop4: SHYNY A&
Decision
Tracking Region
Modif
Region %del

SR ALCEE

Ne

Step5: A A HT1E

Fig. 6. Interest-region tracking model.

ste] 24 §ED}.

&%6&%ﬂﬁ%@%ﬂﬂi@%%%ﬂ%%ﬂﬁﬂm
ghurg Aok ol 2419 Ao shgshiz Rl Al Lhel
G HangAe] 548 st FRolt. 1d 10%
5@}l T}

A EaEE AL ol
F]g. 7. Applied-algorithm example.

L.



Journal of Control, Automation and Systems Engineering, Vol. 8, No. 4, April, 2002 331

Tyl A A o
(=}

& #97k5 Wil loz A8 549 ee 7]

shobs Aoe wEsh Ggolh e n G WEH .

AR ol HEAYS) HHIAR FE - AE el
S| A~

3| 2K 1 ¥(prevPg - prevPh)d &g EA GG 31K

1 (currentPg, currentPh) 2] 1 7 H(Intersection) ©. 2 3} 3L

PAGE 83t SHFFE At 19 T -5
Hejole

AR QAL BEeE A

Step 5: A SEAFGE 7oz A2 E B4
Jelsta 4R & gAlshe F4olt 713 5}401 %
Hel ERGAS 0% ¥ Alze dHo
3

off

I
I e
% tlo

Ol

o oA
fd
o !
I

@t 29 1(fel

Pg= wt X currentPg+ {1 — w) X prevPg, 0<wt<l (8)
Ph=wt X currventPh+ (1— wt) X prevPh, (0<wi<]

VL AE 2 Aatey
NN AT BEFH Qe Fe) Y5 S B

indows 98, PentiumIIl, 256 RAM PCE A}-&3}e] 2l
stk VCH+g o] g8t Zaad st AFEARIE
g

N

do B oo o o 2

ox |

5 .

3 N

il % o

o,

oo

_?L

38

T

Py of

od oo

e
2
L
o
o
3
o
X

N

[F L jo of
N
;-'J
ot}
2
=)
iC
B
o
bz
1o,
2
o

o 4
W
=5
N
2,
o

Sk
o
18

O
%
ok,
L
ru
P

L}
A
1 >
rlo
e
oI
i—
)
o
b
=

or ©

My
__);J_“
do,

on off ot
i
=

do ol ki
o> ol
( -
1% e
i Py
o,
e
o
)
=
S

E—Eo?ﬁ

= EBE
2 XA ZHTh w}am A
|

e
_>:1_r‘

o, g i

Rl oo ox
[%0
2
I

] ™
i
|
ox
ol
o,
1w
o

o0 po WUl e
e

99 “Hil%(Match-
rate) 7 5 g Fo] o] e B F G L= AEE (10)
o] A 3= (Precision)2% 18] 11, A 8§ A]7HOperation time:
g & At AIHE ANSIATE. Nyprar< A Ze <]

2,
R
in
oﬁ ol ¢
of
g 12
o
)
e
=z
o
tio
T
i
=
rlr

2,
o

Ze 99 <, Neogreer

T, Nyarcueps =
I H3EE “Hil"] o] Folzl x|

= 543G g0 EA5)
= Exgdoe] A +

o],] T NFALSE‘I;—' 7%%%1 uﬂio]o] O]‘l‘ ‘j'ﬂm AE L]‘
Ehic).
Match-rate — —\HATCHED (9)

N TOTAL

Target Region|

Tar t Traje: tory :
. Pt

1% 8. AR} RlE|Fo] 2
Fig. 8. GUI(Graphic User Interface).

£ 1L AgdelE s A9 A,
Table 1. Experimental results with video sources.
Matched Operation | Objective
Non- Match- ei "y
Correct | False maiéhed | “afe | Procision {sez/’!’;’:ma) (;a;alllza,;'ﬂ:)
Eaﬂﬂ} =2 T 5087 0 14
wicao B - 099 | 100 | 002228 5101
.mpy 1 [:[§<3 0.99 0.0 0.01 (2507
3 Bl g 0.98 0.01 0.01 0.99 0.99 0.02372
|
Ef‘)} Day 4 6824 231 27
; Eh — 0.99 0.96 0.02261 7082
16.mpg 1 g 0.96 0.03 0.003 (3567
3 ] 097 0.02 0.003 0.99 0.97 0.02269
9,}6“}‘ Bag g 1528 21 208
Eh 088 | 098 | 002287 1757
Ft17.mpg 1 (k= 0.87 o.01 0.12 007
3 HE 0.84 0.01 0.15 0.85 0.98 0.02239
.. N correcT
Precision =7 N (10)
correctt N parse

o el A vl A ) A 1} F A of -] W &g Tesr MIG29.
mpg®] B AR A3 FEH E
A9 AF 7oA F2 dEhr] fite 54

she Zel9) w7k B @ ek uY e vebich shA .
oA M H] ol = Test Fl6.mpgel 745, v] &0
BAY AFE A A gL o7 Q1) BA(FE 7))
2 o] %7}"?_ T el A= 27 99 o] FxE vH 9
23E St 53], FHRARE L35 JE Fl17.mpg
o] datol A= BAQ FE7] 1o FETOZ 0989 4
SES Rgon, AN M PR 34 xeglo] o
ool ghijeleioln} gAlel ARG ol Batel o] 7
&S B A%

A A 7ol 3k B H A H([4]: G442 ©] &(Image matchO

ing)3+ =X (ROMEOQ-3R) A| o] A] 2 €l
essing system & o] &5to] A4 E, J4AY aEn =
Aojg) T2 AE EHHor s gon, = J—‘riﬂr

jan

a9 9 gl oF .
Fig. 9. False-matching examples.



332

o] 225 = AZHE 0.16~0.20sec/frame 2. 2
o, #2 53439 3 {AF=(Shape simi-
T A2FHAgA QTHE AR
Z

o
2 A glo] wtgs-g A AIZF 434 F(Real-time perfor-
o}

SRS

o &
-
o
i
)
o o o

Lo

=
o, #A o] a9l o
o

o
=2
rE
oft

il

30, dlo
£
.

oo
R

o L
T

Jo
2
_O'L
2
R
of
ox
AR e

oy
m>

L)

u
Y
)
R
I
s
30,
o
rir
o
>

o2
oX,
olr
o
A o
i
el
o
!
32,
iu)

=
i
Th
A2
9!I_I
o
)
iy
P
2

i
Mo
=2
2
Q‘L
e
R
.

>
Lo

r"\ﬁ){_"
By
o

oy K it
o x My
3 g O

}m

B2 o8
oo (T o

o wo wlo
of oy
A
[
g [0 Jo =
2

o oo rlr ol
o
u
B3 b
o
3

o Rt B

)
o2
12
N
Y
=
lo,
ol
Ln
Y

ey

2
L
o

NI

N>
NI LA R TR
oo U B

8oE oL
1 o
o fo,
J
=
&)
)
ot
o
ol
&
2
ox

3R

L

o W

KM%
=2
>
s
ey
>
o
@
o
£
o lo

N
N
olf

o
o
il
o
>
=
A
o I
)
#N
1o
2
o>

o
m!
o
o
to
at
0 1
2
iy
o 32

ol
-

i

,\
o
of e

[T
oy 32
o L

o
—_>‘4-”4

o
-
A
2 2 o
forr &
a1
2
N
T
1o
! \-m
ol o
we ;;
18 4o >
N

o
2
2
>
g rir e
iHr
2
o ok

o o
>
lo
of
2
o
oy
>,
of
o o
QL
H
1o, i

Uooxl ok
1o of
>
e
fr 2 N ofo o of M fIr

a2
£ b
[
)
)
=
o
o
-
S
3

X
Iome o Y
™
B
o
= rg
;Ti u]lO
Ry
2 u
s
T
X,
Ejgr.
YU )

K=
>

o o,
5
>
fr

o 2
o

o

it

£
I

fi N
R
_LI.4

rO

>

=

oo
29,

g
R=)
i
R
!
Y
fir
i
ld
et
‘W it

[ oof 4 fm a2 o i
f
|
Lo g
rir o
Py

o
Ho
oft
=
ol
1o
|
oX
o,
o
ﬂlll
0
i
gL
kd
)
ofo
_O\L
N,
40,
>

=

sh3} 2. 2000~
YA 29 B2 5}
A gors ARE

e

sha A For3 B4, GArs 7Y
o) A1} AIAI(1985). AL AGM
AHQ T8 MAK(1988). 1989~ & 11
o oSk A Al =W YR B ST W
S A Roks BEHUA, Be)
ol Al g, =R H A,

Xt - Kisat - ARElBS =24 Kl 8 & Kl 4 T 2002 4

{11 Milan Sonka, Valav Hlavac, and Roger Boyle, Image Proc-
essing, Analysis, and Machine Vision, 1998.

[2] A. K. Chhabra, “Real-time computation of optical flow along
contours of significant intensity change,” Real-Time Imag-
ing 3, pp. 87-99, 1997.

[3] J. Konrad and E. Dubois, “Bayesian estimation of motion vec-
tor fields,” IEEE Trans on Pattern Analysis and Machine
Intelligence, vol. 14, no. 9, pp. 910-927, 1992.

[4] J. Ferruz and A. Ollero, “Real-time feature matching in
image sequences for non-structured environments. applica-
tions to vehicle guidance,” Jowrnal of Intelligent and Ro-
botic Systems 28, pp. 85-123, 2000.

[5] S. Krishnan and D. Raviv, “2D feature tracking algorithm
for motion analysis,” Pattern Recognition, vol. 28, no. 8,
pp- 1103-1126, 1995.

[6] H. T. Tsui, S. H. Kong, and C. W. Chan, “Feature tracking
from an image sequence using affine invariance and hough
transform,” Intelligent Robots and Computer Vision XV, SPIE's
Photonics East '96, 1996.

[7] S. Sista and R. L. Kashyap, “Unsupervised video segmen-
tation and object tracking,” Computer in Industry 42, pp.
127-146, 2000.

[8] D. Murray and A. Basu, “Motion tracking with an active
camera,” IEEE Trans on Pattern Analysis and Machine
Intelligence, vol. 16, no. 5, pp. 449-459, 1994.

[9] T. Gevers and A. W. M. Smeulders, “Content-based image
retrieval by viewpoint-invariant color indexing,” Image and
Vision Computing 17, pp. 475-488, 1999.

[10] S. A. Shafer, “Using color to separate reflection compo-
nents,” COLOR Research Application, vol. 10, no. 4, pp.
210-218, 1985.

A K =
i o =

195713 7€ 7 AL, 198013 A] & 8}
o ALF £¢. FUE AL E
gk} A AH(1983). BIAL2 ARM 44
ek ubab 3} 5= §(1988). 1999~ 3
A wechErn A A 2 B FE
i gRAlabA . gal ok 2 EY,

b sk A28, AHFEN AL

:

A}

JIN
Mo
)

O

15948, 1982 2o
-8k £ st
A AK(1982). st A
FAH2000). 2000 ~ & 2 312
JRF07EA 7L B o
= HEvY o] A2", WE

A, ZHFE Bl

e
Q @
o4 mﬁS

=

1

> 2 Qi 1o
(M %o 2 Bl B
Bl 1o ol

I ox

O
-

Jo!

)
of,



