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Microscopy Autofocus Method Using Tilt Camera
Abstract
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To overcome the disadvantages of the existing microscopy autofocus technology, this study proposes a
method for detecting the defocusing distance and orientation of a sample according to the distance and direction from
various fields.

Key words

the center of the field of view (FOV) of the focusing band in a tilt plane image, which is acquired using a tilt
determined according to a calibration curve between the defocusing distance and focusing band’s horizontal-shift

camera. The feasibility of this method is verified by constructing an experimental microscope autofocus system.

Results show that this system can quickly obtain a defocusing distance and orientation by detecting the amount of

—_

horizontal shift from the center of FOV of the focusing band in a single-frame tilt plane image, which can be

180.4243; 120.4640; 100.2960

value. Autofocus can then be achieved in applications using motor drive. The optical structure presented herein is
OCIS codes
==

simple and cost-effective. It can be directly used in a conventional, trinocular microscope-imaging system and can

thus be applied to the autofocus process required in online, in situ, large FOV, and high-resolution detection in
microscopy; autofocus; tilt camera; image processing
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OL: objective lens;
TL: tube lens;

BS: beam sphtter;
CL: condenser lens
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Fig. 1 Schematic of microscopy autofocus system

based on tilt camera
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Fig. 2 Relationship between defocusing distance and

focusing band horizontal shift of tilt plane image
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distance and tilt angle
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Fig. 6 Schematic of calculation method for horizontal

shift of focusing band of tilt plane image

Eh,j)= > /T(ksj +1) — Ik +[Ikaj) —I(ksj — 1], <)
k

ATk ) BT e AR IKIEAE .

ST 3R I3 H AT R, SR B AR T 1] 5 R AR A D
Pt T R B E (kg ) %4854 T P15 320 47 18148000 #r
Jr R A5 B — 5 FL A SR T80 Ve {0 R 9 328 3 /3 ek 1Y
S Y BT R A A SR S U RN L D5 D SR A AL
TR T PR L I RE A T R T BT, B AR AR
/0N 5 2B P I R g 0/ 3 ) A 5 T 2R AR
i GOk 1) A/ 1) 2 i B O T 00 TP L ot

I REA B fR R O
33 BEERETHEBEALKNREN X

[E0 s i o il I el M v B
Ready Optics i 1951 USAF Target & #5335 R
TBR R A O AR A S Ak B 3ok R A% £ 10,
BAEALE R 0.3 MW . FH T s B m 2 315 B
JEM R A fe /N4y HER R 50 nm. 1 pm 2 65 Gl 15 47
XTI 20 ASOG (A . A5 € 52 50 9 I &S B
38 pm, BIMEC R LR AL B FE R 2 pm, SE5
(N =7/ RERDE /b T BN 1 B A N e =
L7 s 3, R AR B 19 sk MR B . AR
PR SR B 56 B2 Ji il ik SR 48 O 8% 15 11330 o 40003 A
AR PRI A5% 2 o) 0 T 8 15 R R 1 . R R TR 1R

T B 0 1 AR KR R ROT EHZ 43 51 [#]
7(a) (W R,

Ry 1k — A5 R I 3 R 3 R AR T (A T
PG A ] e A i B 3 M R imi % LB 3 5K i
AR PE15ORE IOE P9 Y65 T B AR 3R B IR AT DA 3
RN 2 50 R %) 775 R 1 R BRI A 7 Co) B
S R I B TR 1 43 A A AR v T ek A L X
FLAEAT v 3 pR B AL L A5 B T LA RO

1 (x—512.52\*

Ay Ay Rk R 2% 3 B 3 RE (s SRR A

T LA R =0.9923, 2% B {6 &) 1 1]
60 T E AR R IS IR I il 2 B A A i LG
B AR AR o= 512,52, 1 4 1 E AR o AL B
PR N, =512, 25K 0.52 pixel, 7E3RF I i
FEARER WU LA S . DAL il e i X Bk
Moy ERBLESEN, WELE sREH

1(x—N\?
=o. 12.01 - — o
vy =5.55+12.0 exp{ 2(513.22} } D)

X S 56 2R 4R 1A 45 i A AR T PR 800 WA R 1R R HE

1218001-4



% {5

Oommuem i

blurred

sharp

blurred

* sharpness-pixel scatter
- Gaussian fitting curve

"~

4

i i

4 A " s
-1000 -500 0 500 1000 1500 2000
Pixel value

P 7 At T TR R T i - R R R I S i e . (o fBUARE T 185 (b) ROT: Co) 1 M B2 15 28 1R e ST 045 it 46

Fig. 7

S AT B UL G A5 B 45 i A T AT 53R AR A K
P AL E L IR TR B R A RS B AR E SR

BAEEE 1 s,
T R O B i A E S I B
CHIE B80T B 10, BB FLAZ 0.3)

#1

Table 1 Experimental data of calibration curve between
defocusing distance and horizontal shift value of

focusing band ( parameters

Tilt plane image and Gaussian fitting curve of sharpness-pixel scatter. (a) Tilt plane image; (b) ROI;

(¢) Gaussian fitting curve of sharpness-pixel scatter

of objective lens:

magnification is 10; NA is 0.3)

Defocusing Defocusing
Test distance Grating distance  Shift value
number interval / value NZ /) AN
pm pm
1 [—19,—17) —364 —18.20 1081.50
2 [—17,—15) —325 —16.25 969.89
3 [—15,—13) —280 —14.00 852.18
4 [—13,—11) —243 —12.15 745.47
5 [—11.—D —200 —10.00 623.79
6 [—9.—7  —157 —7.85 501.64
7 [—7,—5 —117 —5.85 383.22
8 [—5,—3) —74 —3.70 265.63
9 [—3,—D —33 —1.65 146.43
10 [—1,D 0 0 —2.60
11 [1,3) 38 1.90 —87.02
12 [3,5) 78 3.90 —180.01
13 (5,7 121 6.05 —277.05
14 (7,9 160 8.00 —388.47
15 [9.1D 200 10.00 —505.82
16 [11,13) 235 11.75 —616.50
17 [13,15) 270 13.50 —737.47
18 [15,17) 305 15.25 —844.51
19 [17,19] 344 17.20 —961.49

BrEfEeE AZ SREWREE AN BEESS
2 2, an e 8 B .

20 r —Mm— defocusing distance-horizontal shift

value curve

g
o0

N

% 1 15F fitting curve
Qo

O Q

bR

S8

SR

400 800 1200
horizontal shift
value AN

-800 -400 [0

Kl 8 - M hn e ik
Fig. 8 Calibration curve between defocusing distance and

horizontal shift value of focusing band
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Fig. 9 Images of blood smear under different defocusing states
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Table 2 Experimental data sheet of system performance test (lens parameters of objective:

magnification is 10; NA is 0.3) pm
Z, Z Z. o Z, Z Z. o
28.08 29.73 1.65 0.40 —2.00 —1.94 0.06 0.12
26.03 25.77 —0.26 0.22 —3.98 —4.42 —0.44 0.16
24.00 22.98 —1.02 0.32 —6.08 —6.68 —0.60 0.20
21.95 21.25 —0.70 0.25 —7.95 —8.71 —0.76 0.32
19.97 19.45 —0.52 0.22 —10.03 —10.98 —0.95 0.30
18.03 17.71 —0.32 0.08 —12.02 —13.17 —1.15 0.17
16.00 15.76 —0.24 0.20 —14.04 —14.97 —0.93 0.29
13.98 13.57 —0.41 0.14 —15.97 —17.09 —1.12 0.11
12.05 11.56 —0.49 0.15 —17.99 —18.80 —0.81 0.30
10.00 9.98 —0.02 0.30 —20.00 —20.74 —0.74 0.10
8.07 8.13 0.06 0.18 —22.07 —22.67 —0.60 0.19
6.02 6.33 0.31 0.17 —24.06 —25.23 —1.17 0.38
3.99 4.30 0.31 0.13 —26.02 —29.11 —3.09 0.35
1.95 2.53 0.58 0.12 —27.93 —33.77 —5.84 0.66
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Fig. 10 Testing results of operating range and defocusing distance error of the system. (a) (c) (e) Relationship between

mean values of measured defocusing distance and test defocusing distance under different NA ; (b) (d) (f) curves of

defocusing distance error and repeatability error under different NA
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