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Research on focus measure algorithm of focus stacking

3D microscopic vision measurement
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(1.School of Instrument Science and Opto—Electronics Engineering, Hefei University of Technology, Hefei 230009, China;
2.College of Mechanical and Electrical Engineering, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: In order to accurately and quickly extract the focus position of pixels in the image sequence of the focus stacking
3D microscopic vision measurement, a focus measure algorithm based on the maximum gradient is proposed. Two band—pass mask
operators and four high—pass mask operators are designed, and the maximum value of the intensity change of each pixel with re-
spect to adjacent pixels is extracted from the band—pass signal and the high—pass signal to indicate the degree of focus, so as to
improve the ability of focus measure function to extract gradient information. The adaptive gradient threshold segmentation algo-
rithm improves the sensitivity of focus measure and reduces the influence of large fluctuations and sub—peaks of the focus measure
curve. The experimental results show that, compared with the classical spatial focus measure algorithm, the focusing measure algo-
rithm based on maximum gradient has significantly improved its robustness, sensitivity, unbiasedness and unimodality, and has
good practicability, which can effectively meet the requirements of focusing measure of micro—nanometer scale 3D microscopic
measurement of complex contours.
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Fig.1  Principle of 3D micro measurement with focus stacking



- 104 - BES5FHE

2023 F % 43 % % 1

1 SEZ4#BRARENERE

B fE =2 0 B0 e I R A BB N SR
7k XIETNER S 2o ERE T Es & NS B O & i Sl F S
s RO BRI R, SCB AR R =4k
i, WE TR, OB GEE RS EELIR AT B
JEU) ke Hh 4G o 2 Ol B A ) B S i Ay
KA, HTYRREIESRA S R E, ek
i 2R N N B R SR B 67
Wl AR5 T8 A 2 ' B R AR B 1 B AR A
A . O T BRI, /N R TR R Bk
PEATHASE, — A S FO0 W MR 3 T — /N B 23 DX I
PEAT R o e BT ) AR Sk AR SOR I
Ao A A T T 1) M i A TR AR BGTR F
k) AR P 2 6] A, A I 2 i A R
BERZ D) “EE-RAE-EAET Rk R, fElk
i e AR AL L — 5 A A A B R AR TR, SR
MM E LG . TR EERGTI P ED
BENREEME, 15 2R IRE VN (E XN
M BT AR R . RITRE A EEE S
JER B Z IR SC &, dar w5 BRS¢
PR HEE SR = YEE

2 EREFEMERLT

21 WEBEETFEIT
Brenner 2 2 PEMY pRBOT 3K J7 1) FAHAR 2
MEZR B IKIE 2R, Hog Uk

DMWUJZZEIﬂx+%ﬂ-fUJﬂ2(U

K flo, y) HBRES (v, ) KA.
Brenner bR 4 H R — > 7K SF- T 1 1) 44 RS AR Al
[-1 0 1], ¥t EAEBRERNEAD T m LR
— AR 2 HLA AR IR B RO, A
R EZRE, AT RRCR . AR SCE 1 A5
S, HOHE i — A I OE O m A B AR
[-1 0 171 HsEMRA 3 x 3 1M FERR N

[0 0 0
T,=|-1 0 1

Lo 0 o]

0 -1 o] (2)
T,=[0 0 0

o 1 o]

AP TORKSFI7 I AR s 1, 0 T BT R
AR
22 BEBRETFRT

1y A P8 90 A5 ) — o L AR S R 5k ok 1 5K

B 1R AR = T BT iV = R S = W C k27 N i
AR BRI Ry
0O 1 0
TLaplacian =1 -4 1 (3)
0O 1 0

P07 97 B 10 B R 2 0 T2 A LR
RO MEEATRE , 7N AE R AT 80 1
{E o AR SORF 7B R 37 8 AR AR o0 i ol 4 148 JRE A
B, ARG 90" M RIAHSR 2 e R A AT 2298, 41
TR 7351 A

0 0 O 0 1 O
T3={0 -1 1] T4=[0 -1 0}
0 0 O 0 0 O (4)
0 0 O 0 0 O
;=11 -1 0} T6={O -1 0]
0 0 O 0 1 O

BT — R L RRAC T R i 4
Wesh, e TRRE.

23 RAGEREETF

NS oN R R L R Y S S R
fe PSP R T 6 BB A, BB R R AE
YER Y EHE R B, Rkl

G(xy)=max {|fiy ® T.|} (5)
KXrf:i=1, 2, 3, 4, 5, 6; max {+)HRKEKE
TF5 5 Sy MBI XTI &P IRR R AEE; @
BRFS .

B2 0 s R e S & B E R T B4R,
Hrr, K2 (a) 256 x 256 (UK EEEIE, K2 (b)
H5E 2 (¢) R mEREAR T, M T, 0845 4%, #
2 (d) ~K2 (¢) ME BRI T~ T, 1 U8 I 45
K2 (h) BAHR ) IHEHRIREE, TUE
e E2 (b)) ~E2 (o) i sBRE & b7 L I
T2 (d) ~E2 (o) rymEmERe e s Ascdz
HE PR R T B R T D S X A R A R R
fie 1 i o
24 BiERNEFRELE

o 10T MG M e HE AR, R AR S
XEVEM BRECISE M, 5] A —AS I BE H B [ {8 X6) Mg



it R

Big5HE - 105

' . .

(@Lﬁ (b) EIRG1 () EfRG2
(a) Image | (b) Image G1 (c) Image G2
(d) E18G3 (e) BG4 (H %G5
(d) Image G3 (e) Image G4 (f) Image G5

(g) EZG6 (h) BBG
2) Image G6 (h) Image G

K2 JREGR I E R

Fig.2 Original image and its gradient images

FEUEATAM G o 22 R A K T (L P R O A
EIUN R AT Tk, A AL W0 B
VI AT SE I A M e 0 e B, PRI b o 22 1k
N S Wi SR
b B A IR 1) 2 BRI A5 B, RS
Eﬁﬁﬁ%%ﬁ%(%ﬁ%&)ﬁ&%ﬁﬁﬁﬂ
IR S s, DRI AT DA i 0 R AR R AT
E) S SRS BE R A BRI . BG4 B4 AR £ i i
M7k, I BAE s ) Oy B SR ik
AR 1 8 3 0 A0 1 35 B B o 45, IR R B
TR I B S P, — R B B B Ak T A
s, BRSPS .
1) ABERESECNT, RKEERGHTH
K BEAEVE VIR A T, 5
2) I TH B E EME G4y E R 4 6, TS 5
G, iz, B
G ={G(xy)|Glay)>T) (6)
G, ={G(x,y) ‘ny <T} (7)
3) KRG MG, A, 33 m, Flm, RoR

4) IFEAHTEIME, R

Tzé(m1+mz) (8)

5) TiE XSEAT, #A7iEC. ML 2 IRk
R B 22 KT ET AT (BT, - T, | > AT), &
SAPIRD) SPIRA); M| T - T, |< AT, 511348,

BRI RS G (x, 3 )HFRIE N

) > T
GTmy)z{G(%y) o) (9)
0 others
T Ak RS B A IR AR I an 1 3 s o
Fis l
HEFRIET
T BB B R T 5 K
A pIE AT, N w
T A5 R G B i
MRGHHRG, TR B IR G
v
HHG G, T
==

PE13 I A R {3 A R e

Fig.3  Flow chart of adaptive threshold iteration of gradient image
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Fig.5 3D focus stacking microscopic measurement system
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Tab.3 Time efficiency analysis of focus measure

RV REL  NIRGRTERORs  AMRE RIZE /s

Brenner 2.87 3.22
SMD 3.12 3.78
SML 3.58 3.95
Laplacian 2.62 3.03
Way 16.9 18.78
Proposed] 535 7.89
Proposed2 12.34 11.19
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77 1 B B A B R 5N R R R
B, Proposed] PR Y12 BARCRIEE T 2~3 1%
DAL, PPN ROR K B 5 3 U A 75 12
Proposed2 B3 B AIG 1 W 75 X VAN pR AR A S R, 42
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