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A wavelet-based focus measure and 3-D
autofocusing for microscope images
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Abstract: A new wavelet-based focus measure was proposed. High NA (Numerical Aperture) and low
NA microscope image sequences were used to compare the performance of this focus measure with the
classic and popular focus measures Normalized Variance, Entropy, Energy Laplace and other two
Wavelet-based High Frequency focus measures. The robustness of these focus measures was also com-
pared using image sequence corrupted by Gaussian white noise with that of standard deviations 25.
Experimental results show that the proposed focus measure can provide significantly better depth reso-
lution and accuracy than the comparing ones, and exhibit comparatively good robustness with Normal-
ized Variance. A selective focusing technique for autofocusing on the three dimension microscale ob-

jects in different depth was developed. The results also show that this focus measure and selective au-
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tofocusing techniques can be widely applied to automated micromanipulation; and that autofocusing is

of fundamental importance to automated micromanipulation, and focus measures are the key techniques.

Key words: autofocusing; focus measure; wavelet transform; 3-D autofocusing
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Tab.1 Computed accuracy and resolution in figure 4

COIF DB SYM
AM(pm) 2. 88 2. 62 4.37
RM(pm) 9.78 8.95 11. 24
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Tab. 2 Computed accuracy and resolution in figure 6

Depthl Depth2 Depth3 Depth4
AM(pm) 2.62 2.94 3.45 3. 64
RM(pm)  10.96 9.35 8. 37 8.10

4 E TR S A AR AR

1 7 BE PR R My (M R M, 22 S 3
M, JE T AR R/ B R O A R R A
SR FH I DU Fif R4 R RSO RE X FL 5256



56

S  FE T /INEAR 14 S Bl 1 15 A E SE A R % 3-D [ SR AR HOR 1067

MV=A%N D Z(g,(l‘,y) — ) (D

M, = ZPklng s (8)

M.= D) D Clx. ), €D

x

M=ol S

() EE 4

(WLH (l‘s:)/) 7/1”_[ )2+

D7 W (asy) —p, )P+

(x:9) € Egyp

> Wan(ay) —p, D] A0

Horp MOFUN 43500k G 0 56 B R B e
BOKBEFIME . P IKEE R ke BIR R TS B L
i, Clxs y) 2 EGAALE B B B, E
REUG BT KSR, W e 43 500 R 7N 43 I 1
o AR B
4.1 /h NA BREGIENEEERILLE
INBUEFLAE (NA P8 B A IR K TES
)RR RN 2 BT R R 5 50h 5,
TRBEZ2E 40 pm (19 68 45 3 T BIHZR T 91 0 % L 52
g R 7 R . R 3 B AT AR My B B
o P SR ARG B R A R LR ARG B 43 i b Mg
M, My F1 My & 57% . 40% 12% Fl 4% ., 4y B¢
KRR B 94%.39%.6%0 F1 2% . 5 My M,
My I My BA 8w oRG BE . M i M, B R R
BN BER . X TF /N NA B4, M, 5 My (1
T8 AT R A 1 RE SR A R

1.0
0.8 _
0.6 )
0.4

Focus measures

0.2

% 10 20 30 40 50
Image sequence index

B 7 SRA/N NA EBHETF M e
Fig. 7 Performance comparison using low NA image

sequence

®3 BTREBEMSEEITHEE

Tab.3 Computed accuracy and resolution in figure 7

M, My M My M,

AM(pm)  11.95 11.71  203.43 19.09 12. 47
RM(pm) 10. 20 6.17 14. 39 7.03 6.43
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Tab. 4 Computed accuracy and resolution in figure 8

Mg Mw M]-; MV ML

AM(pm)  2.41 2.34 40.71 6.50 2.82
RM(pm) 12,60 7.19 13.56 9.53 8.32
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Tab.5 Computed accuracy and resolution in figure 9

M, My My My M,
AM(pm) - 4. 35 54.08 8.63 -
RM(pm) - 13.22 14.42  11.49 -
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