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A Study on the Improvement of Autofocusing
Using Image Resampling Method
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(Taik-Dong Cho , Moon-Young Kang and Ho-Young Lee)
Abstract : A faster autofocusing method is proposed. The searching speed of microscope camera is limited by the long focusing time due to too
much sampled digital image data. The improvement of autofocusing speed based on the down sampling is discussed analytically and is proved by

experiments. The anticipated aliasing is found negligible in shifting rate of focus measure.
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Fig. 5. 1/2x1/2 down sampling and its result.

o0 || 0 LI L -1/9 | -1/9 | -1/8

-1 4 41 -1 8 | 1 -1/8 | 88 | -1/8

o | 0 L R I -1/ | -1/9 | -1/
Leplacien? Laplacianz HPF

a8 6. 2L SA AHE 2HFolE.
Fig. 6. Operators for focus measure.

HPF)ell 23k o] Slrt ol @4de] 9 &3edge) F

a
Pr{%OI 7&5%% 01%[1-3,51011 Z718 Zo
SFSESAY 2 )9} BAT HHE 2t RO Lo
252 S Laplacian) QI EloE1E o] 83l MR
Ak, vl k). eFebaet eselelo] 93t 2HA
FAE 1Y E(graldjent)q- At dEZ 3entropy)©ll
$oen 9EE S o 22 548 2 Row
A2 2ATH2,3] 12“45 g Altslr] fske d8H o
HaolE= 1% 6 3 2t

Aol ARgE Gade B 4 7hx|on A 123 2 100
Hlo] NEU=E ARSS HujHoaRE d& G| g
olH, G4t 4 = 10 W) NEANZE ARgsle] d& wFat
(scale)2] °gAdelch 100 Wle] HEMZE X F
A Kol %49 HHrr~ 124OHH°1E‘r ag e
Hgate] e 3
il 7Hﬂ@knomlahm)o}oﬂl Hlﬂd 3\01
A 2o szt FAsH ol REy 7

o &
I

|

Kope o K1odo ol

2. ZHQx|el MU0l o|x|E At
FHu)7Z e Bes-g wedshs 2841 (depth of focus, Dp)[3]
= (o2 FolA)
Dr =05 A ()]
NA?

7|4 NA & =9 e AT
(numerical aperture)©]™ AT 2] o) B At
A ALEE o] NA gk 09 olt) 7hA)33A 2] alate) eF
400~740nm o} 22 WFo] HtmAhE 570nm E dto] A}
A At RE 2P oF 035um olth 2EHAITT F
FAE U2 Bolerx] gelalr] Yl =g F 71X 9
el chated 51 (stepping) FE 9 o)E A& EHHER
o} A slo] A 2FAR7 AABEIEE ERlEeid &
&390 RS H8) 2EAA EHAT z FE 025um A

) RIS el
AFz488

Normatized FocusMeasure

Normalized FocusMeasure

Normalized FocusMeasure

Normalized FocusMeasure

1.05 4
1.00
095+
0.90 4
0.85
0.80
0.75
0.70 4
0.65
0.60
0.55
0.50
0.45

-—&— Original
4 Down sampled

\
IS

e
g

~
"
bd

1024

1.00 4

0.98 o

0.96 4

0.94

0.92

0.90 o

0.88 o

0.86 o

°
o]
]
a4
n
S
»
&

oy owoe®
J A YR
R R s
00000 e !
|
! i
\
iA
I
oA N
Aty
i My At
/ AAAAA
a A A
‘AA\‘AAAAAA A
T T T T T T T T ]
0 5 10 15 20 25 30 35 40
Z (Frames)

“
AAA‘AA‘

1.00

0.95

T T T T v :
0 5 10 15 20 25
Z (Frames)

© BEINT2 T A8T 921

® Original |
4 Down sampled |

1
A
\A

"
AayAgansasnat

- T v T T y v T )
o 5 10 15 20 25 30 35 40
Z (Frames)

@ 2HEEAeE A8d 94 2

39



40

18 7.
Fig. 7.

a9 8.

Fig. 8. Focus measure graphs in the case of movin

—e— Original
4 Down sampled

10 .
1
R /
5
H
o
0s
2 «
> 4
5
»
3
8 o4 N
= Vi N
8 oo ce® hACS
2 e i N *sea,
€ o5 \
5 4 a
z aat
.
04 A 4dsaaa,
03 T T T T T ,
0 H 10 15 20 25
Z (Frames)

® Original
A Down sampled

100 -
LY
n .
4 7 e ee®e
@ . . ..c.o..°
5 B . . Sae
2 095 AT PP
)
E
@ 0904 a
g
= A 4
H
N 065
2 a
£
- A
5 - aartats
Z 0804 ol EYYVC LS
Aasdgaasdan
07s T T T T T T 1
0 5 10 15 20 25 30 35 40
Z (Frames)

(HHPF & 283k 442
ZYAE FA,

Focus measure graphs.

* Onginal
105 - 4 _Down samplad

51
100 .
095+ .‘
.
¢ 090 -‘.,A
£ ~
% oes] Sy
2 om0 1% %
= 00 "
N G Ve "o
& iOA
% a0 A '\
5 oes & -
£ 9551 a
; 060 - [ a
H -~
Z 055 2
0501 u—-—-—‘f A
045+
T T T T T
o 20 40 60 80 100
2 (Frames)
El.__ﬁ o}n & X'l_g_‘ o A}
(a) EE}A]JZE = 61’5‘03
~Original
+ Down sampled
151
10
A
o 084 . i
2
H \192
§ 06 i %A
At Vi
3 o4 i ’U\x’
s 251
£
5 024
z
004
T v r v ; ; T
o 50 100 150 200 250 300

Z (Frames)

© HEAN2 B HEE G4 2

23 025mH oI5 B¢ 2ARE 3
ing

0.250m.

Nr_);_‘

-axis by

M - Xr=3t-

>
>
i
o
i

EX K92 M 1= 20031

1004 -

0.95 4 Ll

o
2
8
:
-

o

@

&
L

080 4

Normalized focus measure

0754 o u e Bpmany " au"s

T T T T T T
[ 10 20 30 4 50

Z (Frames)

@

Normalized focus measure
°
"
.

Z (Frames)

b

1.00 4 -
o 0.85 4
5
2
3
.
E 090 -
E .
S -
5 4 »
-g 0.85 an
4 .
© " a
£ o080 .
2 .
.
L - -
0754 FLA T LS UL
T T T T T T T Y
50 55 60 65 70 75 8c & %0
Z (Frames)
©
104 -
o 091
5 .
2
3 ce *
€ -
5 - .
£ -
.
& "
@ 06 L
g
$ -
05 Ssamagnaranunn
04 T T T T T T T T u
50 55 6 6 70 75 80 85 90
Z (Frames)

@
G 300 e 2PAE FA FAA
B OLdE ThE BEF I
Focus measure graphs of image set 3 and their fitted curve ;
(a), (c) original case, (b), (d) down sampled case.

9 0. ;@ €9

Fig. 9.

WA S EART 2AAANN W e Auros =

Ao abe HES.

a9 7 R 7% 8L B AIYY A9el 2PYE I
o] ol WakslAl BE nelFm gom, 1yl 8 & 2PAE
uth 4o PHom e A5H Ateln Augkel AN



Joumal of Control, Automation and Systems Engineering, Vol. 9, No. 1, January, 2003

1.05 -

1.00 e
o .
0.95 7 Y

e = )

5 LS

2 090 = -

£ ‘ -

=
0.85
H » "
.

2 080

°

[ "

& o754 "

s

£ .

8 070 .

z ey
065 <4 Am
060 T T T T T T T

140 145 150 155 160 165 170
Z (Frames)
@
104 ..l..
-
L4 =

@ - =

€ 09 =

5 =

g L] -

@ w -

£ g w

@ 08+ = .

2 . -

L2

h-] .;

8 074 L}

] -

£ -

-1

Z 064 w

.I
05 T T T T T T T
140 145 150 155 160 165 170

Z (Frames)

17 10, 2HHA FHAM B 49 ZHHE FM A4
@€ G o aEE 9

10. Focus measure graphs of image set 4 around the focus
position and their fitted curves; (a) original, (b) down
sampled.

Fig.

W o\
= —_
=R Bhoo
ok O N

0,
‘o
lO
=8

'th

ft
H N

D;g
T

MR
A 4
%
o
.HJE!_&
>
e~
% 0Q

o 2

o,
k1
r 2
o

8} %= (sharp-ness)7}

135 TS 71K

go] Aty 24

Tk Haeg A & 7

F49) AL BEAE vhR)y]) dio)u)
oz =2

i
Iy

Nt

-1
-
S
=

e g 0

N
==
.
s
2

il
a
A
Ho 2
=
R
-
Vi
a3
r>~

-

ol
S
A
B

=
2
o
o 2o
i)
ri
tio
2
g
r
0
a
£
i
il

2

—

3
[
e

|
tlo
Lo
i

—_—
r_la
oX ;
o X
g
2 Iy
ol
ol
N
o
=)
Ol
ok
n 2
k1

o} o
upehA] -
2etr] 9
749-A1%F 54 A §H(Gaussian curve fitting)S 3} A 3E 4
e} A (correlationyE W] WEIGlc) 19 16 ! i
@7 30 gk Axfolt} Rt AR 343 A
A TE oy,

=

FrAski glirhr

E Lx
S

By

n)»l

oX,

ol

e

2

o

HE

=

o

-

AN

[

I

¥

2

[ ol

o
i

1
Zhe

L

1L E3e 2PAE HA3 A A
Table 1. Correlations between focus measures of image set 3 and their
fitted curves.
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Table 2. Correlations between focus measures of image set 4 and their

fitted curves.
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