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ABSTRACT

In this paper, a new autofocusing algorithm is proposed for video cameras. The proposed algorithm uses the dif-
ference of medians(DoM) as a pre-processor to estimate the gradient at each pixel of the image. The focus value is
calculated by adding all the DoMs of each pixels in a frame of image sequence. The focus lens is stopped at the im-
age frame with the maximum focus value. This method enables the camera system to focus on an object in an im-
age even when there exist moving objects in the image, or when the camera itself moves.

It is shown experimentally that the proposed autofocusing algorithm can be a computationally efficient alterna-

tive to existing Tenengrad-based autofocusing methods which maximize the high frequency contents in the image.
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Fig. 1. Simplified lens system
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Fig. 2. OTF of circular disk model for radius R of COC

o @ A Pe B4 QoM 2Ho) Wi Jong
4 M zeA AAN Jehd, 71838
(geometric optics)oll A} P'& ¥rxlgo] Rel &lrtel 9
o2 Aot o] FoE 9g FF(circle of
confusion: COC)el g} &n] o] gitge] WA §o 9
M g4e 59 AL E Yorg + Utk F R 2
N7t HEFE e 2Hol F % FHolx, Rel
Z5E Q4L Mol 2X) Yo} B AT Ao
ok 0 FolA FAbel diEted Gt WA E RE
HY 23E 5 U9, Rl 73 F& A4S RHe

o2H 2P2EL AA & # Uk zEd I4e
29 R} 2718 AW Yohlle AL wlg B
A4k 3ol ¥ g3ttt

AutH o g JgL oAy 252 Y, CCD
A #4E IS Y FAo] A= o 5Y A
2808 AX ¥4E 94 Az & F A o9
Zol 44 ¥4 sd¥sw 943 2159 PSF(point
spread function)2] A HFA & E(convolutional integral)
o2 Holdnl o714 PSF& ¢ 29 4o tig
T goln, o] AR A5 A=A e ¢
g2 N5 dgt &5 e fAsT) weki PSF
3 Mo Fo] oFA A EVE BAFA H
o, 7)8t4-8ol 25t PSF= 4] ()7} o] A elgo.

1
—_— 2+ 2 R2
W, =] gz T I¥VE 0

0, otherwise.

3 (O3 2o P o) PSFE YB3 PSFatéin, R
< e wAEol 2 a2} ¥v]e 9 (uniform)
stria 7H o] PSFe) 34 Jode &4
£ Yolr ] 918l A= OTF(optical transfer function)
2 3ok sk, OTFE PSFE Fa]o #W3HFourier
transform)$ 2. 23 Aojxm 2 Az 4] ()9} 73}

, p=m? tn? ()

o 71A Ji& 12} Bessel §78& v gt}

2 2& A (20 A7#E g449 AN e 2
2 ¥ Rolth ¥ 3 AH(diffraction)o]t G449
Y sbgel wst 58 ZHEoE A9y Ay
el ¥zt Ytz A o SRR,
PSF& 4] (3)3 72 719-A1¢t PSFE md it}

X1 +y2

. 1 202
h(x, y)= 7;;7' e 3)

A 3l A BEHA} o 0=kRE FAH =Y, k=
&4 N2l Bt gy Agdose %z
2AED 4 ()& Fejo Wasd 4 @5 go| 2
W Fgoia el OTFE 384 4 Art.

43

www.dbpia.co.kr



HREESEARLE '98-1 Vol.23 No.l

T8 3 Ak wRAE R A ©E A Y
OTF
Fig. 3. OTF of Gaussian model for radius R of COC
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Fig. 4. Basic principles of autofocusing, (a)block diagram
of autofocusing, (b)focus value curve

AAF A 98 APz NE dee 2
Je T3] At EHHQ AXE ol &aHA @
2, e g G4 A3 nE o] &3t 2Hx
Aol §83 24ge I3, A%l 7M1 AAE
Ror 24 AZE FHEAAY 1Y M) AF52
H2EE 9% 7NE BExolth 1Y 4a)9 =M%
AzxdA Y= J4o HI 2HwAE T,
2% Yo 2AYLR Yo 5Y I=E H
7hsted 23 A=E FEAINE MANITE LAY
vk, 2832 2 4b)2 WY FAY A E BAFE
th. 19 4b)ell A 2zl AAE B2 AL olF
stt7b 2 ghe] ZAstd o)A AN olFd Fol
FA g ges A5EE2E dnYdFol F24
2 7b7] M E 20 2 AN 23 FA
o] dagte 7EAZ ojok an, 2] %A FE
FoME 2 A=) 98 0|8 L st 2H F
Mo HAGg 71&718 22 ojof gk Eg HY
S Jivle A= BoAd ¥4 4ol F e
Zx)2 el Hujgto] Hofof gt}

1Ee A AE PPAME G 23 A
o] go] ¥3x o] Urke AL G4 X7t A4

www.dbpia.co.kr



B/mtd Yele zfol§ o] &7 vt e sl AE2P2E ¢ F

sl Ao sHAsty, 2Tl E(gradient)tt 2}
F#}A ¢HLaplacian) 5 o} &3t A H&s2
a2 ARE Ao s AHSs Al 94 ad9d
E A7) & o] &3 Tenengrad W2 o] thale Auin
712 %)

Tenengrad WA & 24 FE & H7tsh7) 93t 4
(5)s}h Ze] YA 7 troM 2HUIE A7E ¥
H3le] 29 A= E AFE & AUth

IV fx D=L JF+ /7 ®)

A7 A flx, Y G2, £, [ AL ¢4,
3 wreke] g 2HOAEE 9uigith 2RUJE
g o]AMdiscrete) FANA TFa7) st 2 (6)9)
Sobel A2 ALLFic}.

-101 1 2 1
ip=]-202], i,={ 0 0 0 ©)
-101 -1 -2 -1

Sobel AR E ol gate] 2YTIAE 27§ A4l
® o3t 2ot

8(x, Y= /Gy f(x, ) +Gy* f(x, 3)? (7

A7) & @Y FE Aot} Tenengrad WA M 4
()8} 7te] 2T AE AV E 25 FAsY 243
€ 7E3, 2 AR wet 2H #2RE o] 5o L
A& e Zde AR 2] A F ge AX
U ias

FTenengmdzz Z S(x, y)z (8)

Gl nFo Jre) 278 Yohie E e
o2 A O)sh o] AEAAY AURE 0188
% gl

9 flx, y)

2
2 flx, y)= e + 9 flx, y)

ay?

©)

2y HO)) e £HH £1 G o]} vl
gtol Awle) X3 E 71A o M2 44sio] YU

ZARE G717 o ol ® EAH L P
A8t Nayar(l2l& 2}EHAQT BB & APt &
g -2 e ozt vl gte] At Fate Uy
o224 HYE EFALE AL et 4
(10)s} o] WEE FEHAA 25t AR,
o]&] % ]2 SML(sum-modified-Laplacian)o) 2} &t}

2 flx, y 8 flx, »)
ox? oy?
=2/, y-flx—1, 39— flx +1, y)| (10)

+ 120, )= fx, y—1)— flx, y + 1)

HE g 2ZekAce ol &3ty F3 AAE 4 (11)
3 zro] A3l 2AGE FRoh
Fsur=2 2 (V2 flx, y)P

Ty

8 flx, )
Ox?

8 flx,y)
oy?

-2 |

}2 an

Gel s JERE ol &3fq 2HYL FIe
o2 Jarvislelol 2lal AlQtE 4 (12)2] SMD(sum-
modulus-difference) 7} 9l T}
;=L 2 1 flx, )~ flx, y +1)

Sy=2 2 1 flx, )~ flx +1, I

(12)

o] W o] 718 sig & Tenengrad®} ZA| ¥ A7t
€ 737] Y38l 239 V8 AHSEHA] Gethe
A A Tenengrad9} t}Er}. & Tenengradvs 24
2 73] 98 23 9 oA oA WA
& A ¥ JYUAE Z7E FIHAR, 4
(12)8} 2o} SMD+= 2HE 73171 st g9
3. 43 e A e alddE AV E 4 02
T8 2 A3E 2(13)8} el et

FSMD=Sg +Sy (]3)

ApH o P4 2ol wopztd w2t 1 24
#tol 2= F7hsfof AT, vt L Fhe 2 Al =¥ o
A dEHE ez Aste 2P AAHe=
gz F7HekA ¥ FAHA Aol YA F 2

45

www.dbpia.co.kr



HEBESEWLEE 981 Vol.23 No.1

S(xy) ) gx.y) ! gx+D.y) G, L IG.)
—Video™ Median filter ’——»l Delay a + | . | I
lnput L _ . . . Vo I+ - Output

712! 5. DoME o] 4§ 233 A& B8
Fig. 5. Block diagram of the focus value detector using the DoM
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Fig. 6. Detection of the edge gradient using median filter,
(a) original signal, {(b)result of median filtering, (c)
result of the DoM
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Fig. 7. Block diagram of the autofocusing system
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Fig. 8. Control board for autofocusing
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in focus

22810, Atee A & e vl (HRY ¥
2 A)

Fig. 10. Comparison of focus value curves using the
proposed and existing autofocusing methods
(books in bookcase)

www.dbpia.co.kr



B/t el Aol g ol §¢ vir]Q staete] AEXFZH ¢udF

(b)

32 N AY 9 (E2), @ 2A 4 4, 0)
o] #& 3N

Fig. 11. Test image (face), (a) out of focus, {b)in focus

o =

Z L@
Vg )
e

Nofmalize toc us value

2812 AlQrebe whA a Z1E A ke v R ()
Fig. 12. Comparison of focus value curves using the
proposed and existing autofocusing methods (face)

€ A Aioloh 2y 118 Ao dFLS &
FE o, 1Y 12& FYF WP o g e sy
AL 2HAE A FS Aot

I 100M 2 AZRE o] FFAA dojn 23
AN 548 A¥HEH DoMe} Tenengrad’} %4
o} gho} 7k F A, vhA] B A 23 AR5 120904
140 Apoj 9] $1x| o)A SML9} SMDXE.t} A& 71&
718 MR UZ, 2o B2 g FAE HFe
712718 7R U&S #$9F + Aot 2y &
Aol olF ZEAE YA A& DoM7}t Tenengrad
B} A 71878 AT EN B} F& AE
< 73

a9 129 24 T4 SML3Y SMD2 29 &
dol A#AE ZoAM FAHA Hujgho] A
Ark 12y A gkele DoME& 2P o] wo} 7he 9
dollA 71l AR e NENE MRS
A, 230 WA Y R 2 FAo] A3 7

2718 FARLEN AR Y& BHAF 2 AUt

v.g &

B =EdMe 5y 849 & 90 #3349
E£4E 2Este 2o wolztol wat Jye 1F
o} Aol FUHEHE AR, vl 3polg]
g% AF2H2E G3AFE AL 22l
A Qtahe WAz 71E Lo M AP BT 2
A Fe BAg vnstd AExF2E 45
B stk AY AN Adste WHoR Ao
A 23 FA9 54l 2H0] golrke fA A 7
T HHET G E BAFUR, 20 A Y=
RAME HFE N1E&NE A Adste e
o] 71& WHET FL 4% E X AFE HAF
ATt 2 A RshE W42 viro] WE o] FAo)
oM FEolx ¥ NHT 2AYe R o]gHE 1
FHYEE TR FAFZA 7|E g F
A Hdgtel H4E 29 7 AWt B 23
&g Tite AANAM 71E g Fe e ANE
& A%E G FeMe vE Ao r Hsn
T ez dYse YA dHolg e Ay
o824 A AZE ZA FY F AU =T A
FA o] Zhekste] st=go) FHo| o]t

49

www.dbpia.co.kr



WEES R4 "98—1 Vol.23 No.1

Fgugd

Ho

. Je-Ho Lee, Kun-Sop Kim, Byung-Deok Nam,
Jae-Chon Lee, Yong-Moo Kwon, and Hyoung-
Gon Kim, “Implementation of a passive automatic
focusing algorithm for digital still camera,” JEEE
Transactions on Consumer Electronics, vol. 41, no.
3, pp. 449-454, Aug. 1995.

H. Toyoda, S. Nishikawa, Y. Kitamura, M.
Onishi, and H. Harada, “New automatic focusing
system for video camera,” [EEE Transactions on
Consumer Electronics, vol. CE-32, no. 3, pp. 312-
319, Aug. 1986.

. T. Haruki and K. Kikuchi, “Video camera system
using fuzzy logic,” IEEE Transactions on Consumer
Electronics, vol. 38, no. 3, pp. 624-634, Aug. 1992.

. K. Ooi, K. Izumi, M. Nozaki, and 1. Takeda, “An
advanced autofocusing system for video camera
using quasi condition reasoning,” IEEE Transactions
on Consumer Electronics, vol. 36, no. 3, pp. 526-
529, Aug. 1990.

. K. Hanma, M. Masuda, H. Nabeyama, and Y.
Saito, “Novel technologies for automatic focusing
and white balancing of solid state color video cam-
era,” IEEE Transactions on Consumer Electronics,
vol. CE-29, no. 3, pp. 376-381, Aug. 1983.

. R. A. Jarvis, “Focus optimization criteria for com-
puter image processing,” Microscope, vol. 24(2),
pp. 163-180.

. E. Ataman, V. K. Aatre, and K. M. Wong, “Some
statistical properties of median filters,” IEEE Transa-
ctions on Acoustics, Speech, Signal Processing, vol.
ASSP-29, no. 5, pp. 1073-1075, Oct. 1981.

. A. C. Bovik, T. S. Huang, and D. C. Munson,
“The effect of median filtering on edge estimation
and detection,” JEEE Transactions on Pattern Analysis
and Machine Intelligence, vol. PAMI-9, no. 2, pp.
181-194, Mar. 1987.

. G. J. Yang and T. S. Huang, “The effect of median
filtering on edge location estimation,” Comput.

Graphics Image Processing, vol. 15, pp. 224-245,

50

1981.

10. A. P. Pentland, “A new sense for depth of field,”
IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, vol. PAMI-9, no. 4, Jul. 1987.

11. J. Biemond, R. L. Lagendijk, and R. M. Mersereau,
“Iterative methods for image deblurring,” Pro-
ceedings of IEEE, vol. 78, no. 5, pp. 856-883, May
1990.

12. S. K. Nayar and Y. Nakagawa, “Shape from
focus,” IEEE Transactions on Pattern Analysis and
Machine Intelligence, vol. 16, no. 8, pp. 824-831,
Aug. 1994.

13. 1. Pitas, “Fast algorithms for running ordering

and Max/Min calculation,” IEEE Transactions on

Circuits and Systems, vol. 36, no. 6, pp. 795-804,
Jun. 1989.

Ol 4 =|(Sung-Hee Lee) 3319
1993\ 29:ejdigta HRF
g3 (34D
19951 89 :wejthstw thety
A Abst (o] 84 A})
1995 9¥~dA : 2aidsta of
8 AxpFstat v
Aty A 8
)BAEE FA AF A, HE v )] 54l

2! F #(Ju-Hyun Kim} 3 3|9

19964 24 : S AAF
o E94(3AD

1996'd 39 :wdistx f3td
A z2pg e MALA

PR GAEN, F4 A
k-2 B

| & EH(Byung-Tae Choi) A 3] ¢
19943 29 : vt HAF
st E9(8AD
199613 2¢:2disty g
AR et EHF- 8 A
199613 3€~& A : st of
g At g
Al A g
FBAFE: G Az A, E Rt F4A

www.dbpia.co.kr



BX/PYY B Y AolE ol § v slul RE2F2Y G F

T A Hi(Sung-Jea Ko) A3
198083 29 : g AzF
&3t &4 (A
19862 54 :State Univ. of New
York at Buffale, A
7l ¥ AFEHTEH
(F844h
19883 84 :State Univ. of New
York at Buffalo, ¥ 7] R #FE F a4 F TArh
19813 84 ~1983 129 R A FYATL AT
1988'd 8¥~1992'd 59 : The University of Michigan-
Dearbon, #7] ¥ AFHTF
3 23y
19923 3Y~8 A : Lo &2 AAF ot Py
1996'd 1149 :IEEE APCCAS best paper award
19973 129 @ AAF 2 AT =B 34
MUA R NE ¥ 4 A, 4 4% ¥ B,
gejuido] 4 F

51
www.dbpia.co.kr



