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Abstract: Auto-Focusing is one of the key issues in automatic microscopy. The traditional gradient based
auto-focusing algorithms may fail to find the optimal focal plane under the circumstances with low image content
density because the slope variation of the focus measure of low content density images is small, and the global
maximum may be drowned in noises. This paper proposes a content importance factor based focus measure for
guiding automatic search of the optimal focal plane with low image content density. The proposed method classifies
the pixels into three types: the content pixels, the debris pixels, and the background pixels, according to the relative
variation of gradient magnitude of current image and the reference image captured at different z-axis positions from
the same scene and adaptively assigns different weights to pixels based on the image content in the focus measure
computation. In this way, the contribution of the content pixels is emphasized while that of debris pixels and
background pixels is suppressed, and thus, the steepness of the focus curve around the optimal point is improved.
The experimental results show that performance of the proposed method is far superior to the traditional methods:
the auto-focusing success rate of the proposed method is larger than 90% under the circumstances with low image
content density while the traditional method only gains a success rate of 24%.

Key words:  auto-focusing; microscopy; focus function; image content density; content importance factor
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Fig.5 Sample images
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Fig.6 Comparison of the performance of our content weighted focus curves
and the traditional unweighted focus curves

B 6 ASCRIINALER £ b K 26 55 4% SE A ISR 45 R 20t 2 i P i EL A

PLEACES T S R EO/N A 10 /N850 I 2R A i 2 IO 8, 5 BB, 24 SR 23 By x5 48 e B0k AT 18 ot
I, PR R R A0 S REAT AR M. 2 R A 3 I 1 MR I, 2 B 5 U4 [ T2 45 3 0 #r 75 oCLA
Db, AT X PR AT AT B 7 gt TS R B /N AR R AR i 2 (K 2R A T D R AR, PR (R B
Kev FEIBI N 1IN 3 5 110 3R At e A7 5 I B A R s it A P R R KN (10 6, B8 A o 4 1) BE i B2 B 2 9N (B KG
W BRI 2 R BRAEIL AN 5 BRI/ 80, 387 95 e 10 58 45 ith 2 19 BE R 152 46 28 K T A% Ge AR ISR £5 i 22 1) bt
U 24 R PR NS T BB O/ I E T AEAN G AT 1A 1B BNy A S S0 BA A  Ge AR I BCR 45 o 206

123X PRSI 0 2R A b 2o B H R T 2.

o Block size=1
5 09 1 Block size=2
£ 08 1 —— Block size=4
g 07 | — Block size=5
g —— Block size=8
S 0.6 1 —— Block size=10
§ 0.5 { — Block size=20
2 04 | — Block size=25
& —— Block size=40
g 03 ] Block size=50
S 02 Al 1 —— Block size=100
“ 0l JAN Block size=200
0 B —— "\\”7‘7* — Traditional method
—10 =50 0 50 100

Image index

Fig.7 Influence of image block size on the performance of the proposed method
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Table 1 Time consumed of the proposed method (under different block sizes)
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1 2 4 5 8 10 20 25 40 50 100 200 Traditional method
A 3281 961 260 209 119 96 8 83 80 79 76 74 67
B 3309 950 269 210 116 97 84 81 80 77 75 74 69
C 3308 976 271 212 115 99 89 82 81 79 78 76 70
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Fig.8 Time consumed by the proposed method under different block sizes
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Fig.10  Our automatic microscopy system and the scanning path
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Table 2 Comparison of autofocusing success rate using the proposed method and
the traditional method respectively

R 2 AL AEGEE BB R AR R 1

H M L
The proposed method (%) 98 93 90
Traditional method (%) 95 86 24

4 % g

BT IR AR pR B Sl PBE 1 3 R AR SR, J U B 5 TR P A T DDA O, 2 AR A 2 T AR AR N (R Y
)M U IR FR BTVRAE AT TC i B Dy M 4 B A1 T AR AT 2 A TR B KA )L AE 2 e AT R il R T A
SCIE I 53 H7 Sk B 1 5l 2 AR e R AN () R AR P B RS AR 3R (R BE AR A R B R T B AR
LIS 2 v B R R SR T R AR R R T BB S B R R e R AT G B T 1) () B R
ARAE LR AR ZR AT 73 28, FF M AN [ 45 3 0T Tl 45355 IR P52 0 e F) B ik /0 9 3 17 e 8 o 4 i 45 3% 1) T %8
DR 30 L SR g S i 1 PR AR 10 v SRR, A ) 1 B Sk A o A T S 7 AR K M i T 2R A i
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