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Auto-focusing function for microscope image based on weighted
neighborhood correlation

WANG Qian, SONG En-min, XU Xiang-yang, LIU Hong

(School of Computer Science and Technology, Huazhong University of
Science and Technology ,Wuhan 430074 ,China)

Abstract: A new auto-focusing function for microscope image based on weighted neighborhood correla-
tion is presented,and the effect of pixel neighborhood grey level correlation and astigmatism in micro-
scope image on the focusing results is analyzed based on the research of focusing principle and imaging
processing. The 4-neighborhood grey level correlation of each pixel for every image in the focusing
processing is computed. Then a quadratic polynomial focusing evaluation function, weighted average
value based on the correlation, is calculated,and the weights are decided by the distance between the
corresponding pixel and the image center. Finally, the image with the maximum function value is se-
lected as the focusing image. The experimental results indicate that the focusing sensitivity factor in-
creases by 0.318 5~0. 326 8, and the focusing correct rate improves by 0% ~40% under the noise
conditions compared with the classical method. This method can accurately estimate the focusing ex-
tents with high sensitivity and strong noise immunity.
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Fig. 1 Principle of microscope imaging

FEOVTHT DU AR 5 TE SR T B R — A AR R
r IR BE L XES A T BRI r RN DL R
TE PR R AR R R . K, O 1] 7 3 4 - 1
(OSTER S VNN DU AR E T -3 o RN I
=1 pixel(LLFich DB, RAKE B vl k18 E 4.
A3 BT WL T B AG A5 A5 R S B TR LR 1 6L < 22 [
BERAR A 1O 7R WL SR AR T R R B K EE
1B AIZAG 25 100 DU 2R 38045 38 0 810 14 [0 36 =5 ot
B W 2 () fT /R 3% 5 SOULEE RS F 1fT 1 1% R
S PUAR SRS A B R L B A G, Y - A
HBF S R MY BB AR R AR 4R A
(A5 2% LT I 25 8 30 1) 5 3R JHL A O M
Ko UL WE T G AR R 5 A 4R 5
PR R 5 ) 2 1O B 315 3% 118 AH G 14 AT LA s ke
PELAZ I SR A R L R O P A A 3 D 2R R R BRI
RZIMBAEFRE S, MR RS LR R
(R D& Mk d5e /N S Fe B r<<1 pixel, LR R Ry h
O R BEEAR R ITEN B A S38E WK 2(b) B
N GBS T S TR R

- — ”~ =~

'/, \\\ ‘/ \'
//'\?)’\.,'A’\IT\\ //sx\<.>x//~\
[ osd<® ) | 01)01)@ )
W2 o P e
\\\If\,/ \’\/;—’, s//‘y\ -

' { )

\ r:’,’ ,,/ <1

(a) 5 4 [ B (b) 38 4= [ B

(a)Defocusing faculae (b) Focusing faculae

2[5 B
Fig. 2 Overlapping faculae



168 e K TR

%16 &

TSN BE A DUR St B BT 8 08 20 B A K ik
HRMEX A LA . R ORI EF A
AR KIS 5 3T L7 10 5 9 ) i OBl L O
SRR 2 B BT A G 2 5E G H R B Y
B JAB TR B — M 31 ) B e+ 2 T A1 T 1] AR
T OB BE 1 O T A R R R R B 1
Wi, )R SR AR XU R SR g L

3 AR THRAEARBARXMESGREFN
i 4L

3.1 BEMHBEHEXEH

R RS f KN M XN H R
EUR TR R (G, ) 5 H AR R & D, 1973 41
%?ﬁmﬁ

M—

i=2

z

Zm:Z[ﬂupruﬂ

=2 del)
b= N
2§huw2
i=1 j=1
0<p<l. (D)
é\
g=(1—p)*, (2)

Mg RN DGR R R R S AR IR R A
SRR, BVA AR B 2 0 R B A
AR F R B I SR A R A Y g R,
BRGHABIMAR R WM N, Y g B K (E
B o 78 4545 2 A TG A 15 Bt i o BV A [ B A2
<1, k8@ FRERNRERE. ¢ 7£[0,1]
Sk B R AL PR R A R LA T D 1
P 3 (2) T A S 3B 1 DFr oR
3.2 BEPHMVEHBELRY

M 2 WIS Hral A, R T 1R RO 5 X
FARRE B 5, R R I L 3 R0 R
R RETN R B, L, iT R 4515 R B B 1%
TG BE B LS 5 BTN R B0 B AL
F, RFE £GL )RR AE

W, —

(=)’ +(G—j'<R

-

1
{H— G—i)"+G—j)*
0 otherwise

(3

o Geajo NG o p AR bR R 45 8 B 45
XIEAE .

B ER f RN MOXN T B U
Pl 15 rp T A 15 3R 5 HL P AT 3815 3% 0 S 24 4 5

EX &)
M—1 N—1 1
ImexzjwwﬁXfwﬂ
i=2 j=2 deD; ;
bu = N
Z Zw-.,- XSG
0< p,<1. (4)
é\
g ==U=p", (5)
Ry % I Y BR RE TE A RRE
4 F B

N T VA BT AR R AR SR 6 1 Y R A
PRI PR B L AR SO0 2 R AR e S A I SRR R
U7 25 eR B 4 X 6 B pR I, Roberts 6 BE bR %L
J Tenengrad R AT T 5 £ R 5 P dE
M. LB AT = A B,

(DI EE R . TS EL B, XF
(7] — WL X 2, SR A A B £ 1) SR A L P DN SR A 31
5 AR 3k 5 Al P B R R S R
@%W@Mﬁ&ﬁ@@%%ﬁ%ﬁwﬁ7wx
576 g AL T EE G

() B R E 1R

(a)Defocusing image

(R ERER
(b) Focusing image

K3 BREEg

Fig. 3 Microscope images
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Fig. 4 Curves of focusing function

*1 REIFERT

Tab. 1

Focusing sensitivity factors of the original images

Neighborhood Weighted

Absolute Roberts

Groups correlation neighborbood Variance gradient gradient Tenengrad
correlation
1 .354 1 0.595 5 0.165 1 0.197 1 0.200 7 0.159 5
2 .463 5 0.674 1 0.177 3 0.236 5 0.247 4 0.2215
3 .263 6 0.478 7 0.242 9 0.161 1 0.165 5 0.144 1
4 L4221 0.613 0 0.207 9 0.228 0 0.232 2 0.210 6
B) .095 9 0.131 2 0.065 4 0.052 6 0.054 4 0.048 8
Average .319 8 0.498 5 0.171 7 0.175 1 0.18 0.156 9
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Tab. 2 Focusing results of the noise injection images (the data indicate the focusing image sequence numbers)
o ) Weighted
Artificial ~ Neighborhood ) Absolute Roberts
Groups . . neighborhood Variance . . Tenengrad
observation correlation ) gradient gradient
correlation
1 9 9 9 9 9 9 9
2 15 15 15 15 15 15 15
3 12 12 12 13 13 12 13
4 7 7 7 5 5 7 7
5 10 10 10 10 10 10 10
Correct rate 100% 100% 100% 60% 60% 100 % 80%
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