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Face Region Tracking Improvement and Hardware Implementation
for AF(Auto Focusing) Using Face to ROI
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ABSTRACT

In this paper, we proposed a method about improving face tracking efficiency of face detection for AF system using the faces to the ROL
The conventional face detection system detecting faces based skin color uses the ratio of skin pixels of the present frame to detected face
regions of the past frame to track the faces. The tracking method is superior in the stability of the regions but it is inferior in the face tracking
efficiency. We proposed a face tracking method using the area of the overlapping region in the detected face regions of the past frame and the
present frame to improve the tracking efficiency. The proposed face tracking efficiency demonstration was performed by making a film of face
detection with face tracking in real-time and using the moving traces of the detected faces.
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Table 1. The experimental results of face tracking
Eoﬂ
2 7

o

[e)

4 9

7}

[$)

L=y

q o]

A
hud

3L
bl

94

=

[e3]
=

—~
nDO

oF
{4

< A7

b3
o]

].

threshold”

]
5

7o

s

1

3
o

% % glek.

[o]
Ae

4ol 4

_]
o}

£

-

E
g

i
o

e u

FA92

el Aol & of

7

ZH7}A) & threshold Zke] 80%

il

il

5!

%

=ol

BL

iy
o

e

A

—~

o
oy
B

B

IR
oj
Jo
ﬂ_mO
&

-

ol

g

shA .

3

?_

=

=

el

o9

b3
=S|

o

A

0

93



=22 A4 A1E

7 2. ¥=29 =M olz HE
Table 2. Trace of moving face about curve

- ——
AU ety ol (:,E
o i / 2
) R 2, ¥

NI H ; [

H ’“ | 2 £, 3

/ W v j

i )
% ",

dest & Praposed71%) Came

Sl i st o)
PR T g
Py Y S
¥ ¥ iy
= ) s ¥ 4
) 2 ¥
1 W H R
] i . i # g
W i s
s IS ¥ ”
P R P s

sl & ProposadPO%) Curs 4ea1 & Praposed) e

et N o
N g P g
s N 7 5
7 Ty # W
= | ) 7 Y
i 7 ® #:
- 7 T = ¥ m
E3 i & 3
B %, B %
NG Vo W
paton <onaten

3 d=9 9 ol HA
Table 3. Trace of moving face about circle

a3l & Pisposad(50s) Cilz

N o g N O
) £ i
; it + B
580 % N
4 i E W A
& % RN Y
il e
e, z - S, iy

deal & Propose(11%) inclo

pe= T -
o W% o ) el ey
. 3

I S ¢ Qg

i i

LY 3 ¢ sl 2
IR HEES
ol £

5 .
e et .
TR s s

an g - - . i

P R
—5— ldeal p 5 —&— Heal
NN i W=
f xS ¥ "o F,
EJ\ a ;EK
o i
e W -
e v T
=

] 5 & :

o] Ax gdgol & F 7] Wit 7|& g A et
H 6“:0‘ H] o gloj A &o]3tA] Frh mhekA x

& AR T Aol & 7 73 &

°] of ot 22+& Tt

= o] 4 ol d o5l ulgh 7| &9 v

ot¥ 1 9] RMS(Root Mean Squared error) & &

(VT
p Mo H ooz

7} A

g Ft}. T 40 A A ke W 9 734, threshold7} 70% S
YoM A RE RMS7} 7] o) RMSE T Y&
o3k 4= qlo} upeh A 71& i S sHA A v
Hol| A thresholdZ 80% 2 A AT A$ 7|& Wi F
A} AR AetE W] 8 Jeo] Hojge ¢ F
%l

,—Q’o?i:

4 42 £ 7|59 2%
Table 4. Error of face tracking




EAE 2y

i

o

A L

o

9% 24 G0 2 Hueo) 18

V.4 2

£ =F2 AFS ROIE 422 AHE3HE A 28 L ¢
T A2 AE 7159 42 59 TN = ubyel #
g Alolth.7|Ee B FHL o)H Zegde 9F 9
o ek @A Qe 270 B2 vl &g A3 T
o] W] A9 A hY L= SR uh Ao
A Q%5 e ol 1, 4% A A6} threshold 7o) W
st o] b s} mizdsithE o) gith whakA
threshold gt} Wstel WI7hebA] o oo 4
5ol Hold W& AkstAl H ATk Aloka uhg o
Hzyd dF ddg dx Zegde) dF Jdo A
HE ZAsto] o) BA A4, o1 el dF
o] A thresholdZ 4 &3 Aafel 73 o)
A& =S 334 9o

A2 F4 7159 5L FYNE Bt A2
Rom, A% A a9 o|4H 4 o%F A A o
8t} 71 W 7 Al obe Wy o o) g 4 & B 3ol
RMSE EAIsHGiT 7] & et Aty whale) A
Bl E 5t F WY 2 F threshold S 80% = 44 3}
A& W Z27g Avuy, THoE $xolE= gZ
TEEH Ao g FA ol dF TG4 dste] 7|&
U o] RMSE 7HZF 1321, 1457012 AlQtE 9 9
RMS 9.20, 10.85¢] . wpeb A A ohel Wy o] 42 33
Aol NE W 97 34 AT Hojdg 89

[ 1] Image Sensor&] Al g&8 AN AR AREAA
TREY, AEA ) 2g BARAE, Aug. 2008.

[2] Participative web: User-Created Content (UCC),
OECD, Working Party on the Information Economy,
Apr. 2007.

[3] C. Garcia and G. Tziritas, “Face Detection Using
Quantized Skin Color Regions Merging and Wavelet
Packet Analysis,” IEEE Trans. on Multimedia, Vol. 1,
No.3 pp. 264-277, Sep. 1999.

[4]1 824, 338, 2 x 9], Fig, 284, “YCbCr

A gAY 954 JYg o] &5 Face Detection
dueF g atedol 73, I T A 2 A 28
3+2] &} A skt 2, pp. 69, Jun. 2009.

[5] D.Comaniciu, V. Ramesh, and P. Meer, “Kernel-based
object tracking,” IEEE Trans. Pattern Anal. Mach.
Intell., Vol. 25, No. 5, pp. 564-577, May 2003.

[6] M. Isard and A. Blake, “CONDENSATION:
Conditional density propagation for visual tracking,”
Int. J. Comput. Vis., Vol. 29, No. 1, pp. 5-28, 1998.

[7] AR, #4%5, 359, B4, F%, “AFE 9
ste] 324 od9e AF 54L o/§F Face
Detection 422 & 2 =4 o] 78, 3= af %=
HEANSHE] =F X, Vol. 13, No. 12, pp. 2547-2554,

(8] 454, A%<, )44, 42y, 49

[9] 3]
HARDWARE +3,” 358 F4 53 =&
7], Vol. 11, No. 8, pp. 1456-1464, Aug. 2007.

[10] R.C. Gonzalez, R. E. Woods, and S. L. Eddins, Digital
Image Processing Using MATLAB, Prentice-Hall,

[11]

(12]

N

“&-] Twin Line Labeling & 312 &,”

[13

—

L. He, Y. Chao, and K. Suzuki, “A Run-Based Two-
Scan Labeling Algorithm,” IEEE Trans. on Image
Processing, Vol. 17, No. 5, pp. 749-756, May 2008.
[14] HFH, &, o497, A5, A=, F75,
“olzbd A" Qe 2Fs WH,) sWEd
10-2008-0127294, Dec. 2008.
[15] J. H. Kim, B. S. Kang, S. J. Lee, H. W. Jeong, W. T.
Choi, and B. D. Kwak, “Method of Grouping pixels in
2D Digital Image,” US Patent 12/413,935, Apr. 2009.

95



A FHRFANTH =FA A48 Al1s

K &b

X & ¥ (Hyowon Jeong)

20083 249 Folustw A7) AA
AFE TR ATt
(F&1h

2008\ 3¥ ~ A A Foldj &
AAF 8t YALAA

% ARk BB A Y, SoCHA € F4FA

St 4 (Jooyoung Ha)

20033 29 Fotdign A7) A
AFE TR AT
(F&1h

20053 29 Foligtul AALF &t
(FEM A

20081 2€¥ Folui &t M AL-F &(F kAl

20083 3Y ~E A HAH A7) FYATFL BYA T

¥ FAEok: AN EAE, SoCHA 2 FAFA

?_Fif%’(Hagyong Ha)

199413 28 Fobohdta A7) A
AFE B4R AT
(F b
199841 29 Fobrh et A 38w
(F AR
2004 89 Fohh et AT KT LAY
2006'd 79 ~2007'd 1149 R4t FAHTASHS 5
A& Post-Doc
2008 39 ~ @A) 2 A BK21 A F g
% 4] F-oF : Pattern recognition, andio / image / video
processing, DSP application

96

ok% 7|{Hoongee Yang)

19853 A A gt A =-F3
(FAh

19873 1) = SUNY at Buffalo 47} 2
AFEFgHF T AD

1992\d U= SUNY at Buffalo A7) ¥ ZA Fe 383
(F8Hrh

19933 ~ # A F-ei g n AuFsta} w4

¥ A E-oF ; UWB and wireless communication

28 =(Bongsoon Kang)

19853 Al st A A3 83
(F3h

1987'd v =t University of Pennsylvania
A7) 3(E D

1990%3 1] = Drexel University 2 7] 2 7 F€] 333}
(FhAh

1989'd ~1999'd 44 Mz} B = Al =4 AT

1999\ ~ A A ol AApF e} F g

2006\ ~ @A) DEjujr)o] AFAE A%

20063 ~ & A 29 A BK21 A E &

* Aok JAEA ], SoCEA £ FAEN



