DEBEris

= 15-40-10-28 The Journal of Korean Institute of Communications and Information Sciences ’15-10 Vol.40 No.10
http://dx.doi.org/10.7840/kics.2015.40.10.2090

S84 &% 2w 44 o) skl F 2HE 29
AZ F4

o

2ARAE,AAA

Face Tracking Combining Active Contour Model and
Color-Based Particle Filter

Jin-Yul Kim*’, Jae-Ki Jeong"
e o

=72 ACM(active contour model)¥} AAF71Ht PR(particle filter)2] A4S Z3bsle] =7]9} Arto] w3}sl
= A &) 7Felgk F2o] 7153t vhHS Alokditl Algksls wbHE AAlbzdke] PR F4)7], 4241S 48t
= ACM 7], 283 7 FA71e] 34 ARE At 2FA A AAY $H9} AL AAFA = =
2dle] gujo]E o5 ZAAF= Decision F-=E o] FoIZIth. PF F47]= AA 9] Hefstel madEe]o] 7)ls)
ARE f)x)e} ~A|de] A wr) WolRw, ACM F47]= w7 FEE7} ol ASele AAe &5 AHEsH
FEIA BA3RRE wAellMs Ao Adlighs EAI7F sich & =Rellis AAF PR FE77F 3% AA $1A
o} 2Ad HHE o]83le] ACME] W ClUAE AlefgomZn ACM| ule]z ZIE7E AA7) ofd wiA
FERE = AS UxEle] A A $2E FAY F RS stk AR vE] SEAS 23
ol Ak dwe|ES AEsta FA HX) AL LA EAE] Aes B er] Ak WA

3]

A Aol 94ae nyleh

o

N

i

N

E =
HI-JE

o
L

Key Words : active contour model, particle filter, face tracking

ABSTRACT

We propose a robust tracking method that combines the merits of ACM(active contour model) and the
color-based PF(particle filter), effectively. In the proposed method, PF and ACM track the color distribution and
the contour of the target, respectively, and Decision part merges the estimate results from the two trackers to
determine the position and scale of the target and to update the target model. By controlling the internal energy
of ACM based on the estimate of the position and scale from PF tracker, we can prevent the snake pointers
from falsely converging to the background clutters. We appled the proposed method to track the head of person

in video and have conducted computer experiments to analyze the errors of the estimated position and scale.
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2.2 ACM(active contour model)
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PF 3z mdls gjdo|E
{SE,SH) S &3
else if |[PE—SF<d and |PH—SH=>e , || Case(ii)
{SE,SH} = ACM2E t}A] 34
if [SH—SHI<e [JACME] AFE £
PF 3z 2HlS glylo]e
{SE,SH} S &9
else /| ACMS] AlZ & &
| PE,PH)$} { SE, SH}2| B33 &4

/| Case(i)

end
else if |[PE—SE>d and |PH—SH<e , [[Case(iii)
{SE,SH} = ACM2E t}A] 34
if |SE—SE<d [JACME] AHE =&
PF =z 2dls qHpole
(SE,SH} 2 =3
else /| ACMS] AlZ & &
{ PE,PH} S} { SE,SH} 2| Bigrs &3
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end
else /[Case(iv)
{ SE.SHY := ACM2Z t}A] 4
if |SE—SH<d [ ACME] AlF% =S
PF #x 24 o=
{SE,SH} S =3
else /| ACME] AZx &
{ PE,PH} 9} | SE, SH} S| Hd3ks =4

4 AAS wAtslr] glsle] PFeF ACMISE
32 A 9119} Al o] FAkwel wEt 4714] 7
-2 rrodchCase(i)-(iv). A, AA $1x]9} =7]
7b 2 AR Z-(Case(i) ol A 549 Als)
X7} Fou@ vlE PF FE RS glde]Esia
{SE,SHY& 2% AA 4 A= F23) 3.2.1
2 Procedure19] [Step 3]°ll dI=h). + HAR A=
SAREIAE 27| 2le] T2 A9 (Case(ii)), ACM1 Z
o] AF = Folslr] ¢Jsle] PF AHS 27 |H =
alo] F7ke] ACM2E $=3)([Step 4])3} L AF=
AL AL SHE ACMI12] 2AIY SH3} B

(e3

®

(i)

(iif)

@iv)

#40 #30

ek T o ~Fad gle] §A}sl ACM 249 ZAxle)

R S s tT 22 PF % 2dlS oddjo|E

Sl { SE,SH) S 34 ARE EFHah) T A 3t

o] ThZ 7delli= ACM 4] Al=| =7} 14_4:;

{ PE,PH} S} { SE,SH) | Bizks 34 A2 &

3}‘:]' 2] T 739 (Casefiii),(iv)) ol = v]5=gh .{}1:‘}
%zhs]—r/}

=
1>
0%

.E
HI
1z

4.1 Ay gt gl Aq}

2 A13-e 9lel Q6600 2.4GHz CPU, 3GB ©|xg]
= A23F PC] MATLAB o4 £2lo]= A&
< 34 e Agsiglcl A3 dAeREs A
A A4 USB 7hHjets #edgt «dF Am A
sﬂr “A].%Lo] §];<4 3}3; oJr 8- }\},9_-3}_0:1 oﬂ oJAke
640x424 3AF=2} 16frame/sS Z-et) Zb odAtell =
g Alghate] ExiEb di=F & ZHq) = 6007 A
Tol}. “odF AW dAP -2 4 o] d3e] A
ohiS mlglhe gko @ Zo] L}l odafo T A
QA Wizl 1 A 73 ol|R] Aol 7l =
s & =R AlFe] $g Feddelok & “at

#120 #160 #200

a2l 3. «dF Ad Ao 34 A3} (1) Proposed PF+ACM, (ii) PF, (iii) oPF, (iv) ACM)
Fig. 3. Tracking results: “front face with varying scale” ((i) Proposed PF+ACM, (ii) PF, (iii) aPF, (iv) ACM)
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ol 31 shz A 4 W] dze] S
B glepr} 3Aste] 3 ulg mi odakem o)
AR AL Slegate] EAfshs 797 9long 34
AAe] md qfelo] B} b oR FaE L gl
Jolr 7o Aaat Foditolc)h Algea] o ye|=e)
T3 A zadellA] 34 dirte] He mE] F34
TEo2 AdAsle] ik
dd ARl dIt Bk () & =il Algkehs
PFS} ACM 7% 23 71M (“PF+ACM?), (ii)
AA wlgw Fasle]l 2AYE FA4s= PF 7H
(“PF”), (i) ¥A ¥l&2 Fxuds gyl
PF 7|%(“aPF”, a=10%), 183 (iv) 4% ACM
7IHACM") S ZA2F AgallA] & A Adfe] &
o} H7}e} st ﬁaﬂﬂoﬂﬁ GT(ground truth)2} 53
3k 24 9]x]9] _Q_i} 23], GTe 34 ~AYe 24}

=

32 32H(front face with varying
scale)”c'l] FH?} —’]‘—Xﬂ, Asjolc}. o] edake ~7slo] A
Lz qlste] FAole d=9
97| Wt aﬂl \JrEM% Jaro 7 1Al 24 7]
Huke A8 PRI o R A3 AA $1¢}
2A|DS A3 AER] Eslglon, Fx md

@)
(i)
(i)

@iv)
#40 #80

38 4. “Asie] Sk sl

#120

ﬁuﬂo] EE 835}

—= o !

o2 qlafe] AlZte] F2 Ago] Az
k. ACM 7|9iut 283t 739 E9lE]7} v el 52

wo] 3
5 ZAgst 7|HE Al wiske} AAe]
slel] A -3k

a3 4% “algbe] FA s= %Ak (rotating
person)”ol] Wigh 524 ZAfolr}. o] <ditolA] AEo]
ArdolA] Floz Myt = oA Ao W)
5o Aale) 3 Rale] = skl 2
o 4 7 A48 9(PF) #8037} 3ro] Ak
AL 7P 8 Stell Rl A 24 Aol

ZA ol A gt} ubAel| A|gksk= ACM} PF
Az 2d W

-

:1

Asheiek, w3k dx wwl gluo]E 7S 243k 7
©(aPF) #8032} o] %}i 2 o] EdlA] o

S}Elﬂl Elﬂ} ACM 7]ﬂ4 uh A5k 4o o] A
ahd edgst B At 2R dF iR
FEEe] gl FAlel] Asfgic) ubdel] Alkhs
71 AAe] =72} Aade] wistelol . x| o) 1,
Akl AAS FAD

a5 5= 7 dade] Zeld' f1A 4 o) x5

#160 #200

22 A3} ((i) Proposed PF+ACM, (ii) PF, (iii) aPF, (iv) ACM)

Fig. 4. Tracking results: “rotating person” ((i) Proposed PF+ACM, (ii) PF, (iii) aPF, (iv) ACM)
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Errors | Pixel Distance Error (Pixel) X-axis scale error (Pixel) Y-axis scale error (Pixel)
t: M. 1 1

Average s al.ldé.lrd a Average j at.ld".lrd Max | Average 3 at.lde}rd Max

Methods eviation X eviation eviation
Front PF+ACM 2.67 2.14 11.4 0.71 0.98 5 33 2.77 12
face PF 5.23 6.41 29.0 6.54 9.04 30 7.53 11.0 34

with
varying «oPF 6.37 5.63 24.0 8.9 7.46 28 11.5 9. 35
scale ACM 25.8 31.5 146 19.71 20. 56 4.47 8.9 54
PF+ACM 2.2 14 6.7 1.0 0.9 6 1.1 2.7 6
Rotating PF 8.9 8.7 46 8.9 8.7 46 13.0 11.0 48
person aPF 18.8 11.2 45.2 7.5 9.3 22 8.8 12.3 27
ACM 17.6 14.4 39 0.82 0.72 4 16.9 14.53 38
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