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Abstract: For autofocus system of the microscope, this paper presents a hybrid search algorithm combining the
mountain-climb search strategy with the approximation function strategy. In this algorithm, the mountain-climb
search strategy adopts the two-stage algorithm of rough and fine focusing stage. In the rough focusing stage, the
gray variance function is used to approach the focusing position quickly. In the fine focusing stage, the Laplacian
function is used to locate the focusing position accurately. The algorithm narrows the focus interval by comparing
three pictures and the approximation function strategy is used to fit the best focus in this range. This method greatly
reduces the number of images required for autofocus and greatly improves the search accuracy. The experimental
results indicate that this algorithm can make the search accuracy better than 1 pm.
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Fig. 1 Mountain climbing search algorithm.
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Fig. 2 Laplacian focus evaluation function curve and the
global focus within the scope of 3 times fit diagram.
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Fig. 3 Extreme point near the small range of 3 times fit diagram.
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Fig. 4 Flow chart of focusing process.
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Fig. 6 Two different samples and their images. (a) The PCB circuit board. (b) The focus image of PCB. (c) The defocus
image of PCB. (d) The longitudinal specimens of pumpkin stem. (e) The focus image of longitudinal specimens of pumpkin
stem. (f) The focus image of longitudinal specimens of pumpkin stem.

£ 1 PCB b 0K A KE 7 £ % HATF 5 64 & W IR S 4.
Table 1 The value of the sharpness evaluation function obtained by gray variance function in the rough focusing stage of
PCB.
Py Hi 1 2 3 4 5 6 7 8 9 10
Bk E/um -200 -160 -120 -80 -40 0 40 80 120 160
S — 39.455 40.782 42123 43.589 45332 46.776 43.866 41.455 40.481 39.246
B 39.054 40.120 41.428 42.839 44448 46477 45682 42.048 41.043 39.847
SCH = 39.253  40.383 41.892 43.132 45.002 46.572 43465 41.143 40.218 39.198

K2 @)NEYPInAT AL E I R K T £ R AT B 64 7 TR R S

Table 2 The value of the sharpness evaluation function obtained by gray variance function in the rough focusing stage of the
longitudinal specimens of pumpkin stem.

&R o 1 2 3 4 5 6 7 8 9 10

BE o fum -200 -160 -120 -80 -40 0 40 80 120 160
S — 16.88 16.895 17.298 17.898 19.114 19486 18.214 17.651 17.323 17.273
S 16.882 16.906 17.191 17.747 18.727 19.729 18.445 17.794 17.467 17.277
= 16.883 16.907 17.187 17.744 18.692 19.723 18.446 17.796 17.488 17.231
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Fig. 7 The search process of rough focusing stage. (a) The search process of PCB. (b) The
search process of longitudinal specimens of pumpkin stem.
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Table 3 The value of the sharpness evaluation function obtained by Laplacian function in the fine focusing stage of PCB.
P ok 1 12 13 14 15 16
B RALE /um 27 14 1 -12 -25 -38
Sy — 12127.2 16181 16863 16760 13575 9763.1
SH 10105 16883 17910 15755 11636 7899.2
L= 9602.1 14585 17868 16300 12925 8063.9
A4 dNZE YDA ARt £ A Laplacian & 3% 5 64 7 Wi 9 B 3048
Table 4 The value of the sharpness evaluation function obtained by Laplacian function in the fine focusing stage of the
longitudinal specimens of pumpkin stem.
g s 11 12 13 14 15 16
B E pm 27 14 1 -12 -25 -38
S — 30652 39865 42824 37756 27673 25517
S 26676 35137 42553 39014 33233 26619
PR 31156 38861 42372 37646 28073 26095
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Fig. 8 The search process of fine focusing stage. (a) The search process of PCB. (b) The search
process of longitudinal specimens of pumpkin stem.
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Table 5 The value of the sharpness evaluation function obtained by Laplacian function in the curve fitting stage of PCB.

P& i 17 18 19 20 21 22
BEALE lum -8 -4 0 4 8 12
Sy — 15682 16329 16813 17490 17670 17311
R 16715 17963 18111 17915 17210 17188
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Fig. 9 The curve fitting process diagram of PCB circuit board. (a1)~ (a3) Curve fitting near the extreme point. (b1)~ (b3)
Analysis the extreme points .
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Table 7 The evaluation function values of the seven PCB circuit board images collected by the mountain climbing method.
P A 23 24 25 26 27 28 29
BELALE lum 11 10 9 8 7 6 5
e — 17416 17577 17641 17670 17675 17593 17504
P A 23 24 25 26 27 28 29
BELALE lum 3 2 1 0 -1 -2 -3
M 17947 18020 18232 18111 18079 18043 18006
S = 17624 17776 17868 17869 17792 17633 16848

%8 HNEHIAFAt ZBEMERA Laplacian & 443 2] 449 7 W IR R 404

Table 8 The value of the sharpness evaluation function obtained by Laplacian function in the curve fitting stage of the

longitudinal specimens of pumpkin stem.

R B 17 18 19 20 21 22

BEJ A7 B um -8 -4 0 4 8 12
L— 36674 37823 42724 41014 40882 40046
LR 40078 41103 42779 42264 40189 39379
= 38332 38638 43099 41725 40622 39075
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Fig. 10 The curve fitting process diagram of pumpkin stem longitudinal specimens. (a1)~ (a3) Curve fitting
near the extreme point . (b1)~ (b3) Analysis the extreme points.
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Table 9 The evaluation function values of the seven specimen images collected by the mountain climbing method.

P o 23 24 25 26 27 28 29

BEIAT B/ um 3 2 1 0 -1 -2 -3
L 40599 42836 42987 42724 39051 38775 38250
L 42264 42444 42553 42779 42641 42499 41776
LH = 41805 42372 43360 43099 39818 39452 39039

M 9 TRIE N, Al iR G RENE  SREIEMRENELE . AR, E5EN
RO RAEGR RIS ZIERCR 17 . 7esiindfe HRERLKN 1 am, FrLOHEREEIRERE] 1 um,
B, TREERFEREEE AR, R RAAR  MASCRA M S A R X RO R, AT LUK
A T RERE AR BA SRR IOHEPRI s B 8 #1 0.0001 pm.
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Table 10 Comparison between the traditional mountain-climb search strategy with the

proposed hybrid search strategy.
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