A focusing device forns phase contrast inmages on an inmagi ng surface of an
I magi ng device 45 from openi ngs 43A and 43B having sizes with which the
depths of field of separate | enses 44A and 44B are |l arger than that of an
obj ect | eig NUZREXTIORAL gemwﬁomw Phﬁnm vnbARaME PASENPEGOIIRRGIO3IREAdY tPae)

Che ar Soanve Gt roERR TSl G755y il |fﬂﬁ|h@l||£ﬂﬂ||||ﬂm||ﬁ|ﬁ|tu@|ﬁ|||@ﬁwm Vil

i mages, and a reference I mage, Whl o Fhe ot her uni t
and det er m4iektaimopdBilticion datewhi o N7 4y I“g a() gl%“(g}gé}%fn ﬁ‘%‘ﬁg t he

nunber t her ed¥ Abeb2d1 638.04281Di stanceach pi x

(51) International Patent Classification: nan, Minato-ku, Tokyo, 1080075 (JP). KIHARA,
G02B 7/34 (2006.01) G02B 21/00 (2006.01) Nobuhiro [JP/JP]; ¢/o SONY CORPORATION, 1-7-1,
G02B 7/28 (2006.01) Konan, Minato-ku, Tokyo, 1080075 (JP).

(21) International Application Number: (74) Agents: KAMEYA, Yoshiaki et al.; HAZUKI INTER-

PCT/JP2010/005713 NATIONAL YOTSUYA, Daiichi Tomizawa Building,

(22) International Filing Date: 3-1-3, Yotsuya, Shinjuku-ku, Tokyo, 1600004 (JP).

21 September 2010 (21.09.2010) (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,

(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
2009-244735 23 October 2009 (23.10.2009) P KZ LA LC, LK, LR, LS, LT, LU, LY. MA, MD, ME.

(71) Applicant (for all designated States except US): SONY MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
CORPORATION [JP/JP]; 1-7-1, Konan, Minato-ku, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
Tokyo, 1080075 (JP). SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,

TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and . L
(75) Inventors/Applicants (for US only): YAMAMOTO, (84) Designated States (unless otherwise indicated, for every
Takashi [JP/JP], c¢/o SONY CORPORATION, 1_7_1, Ko- kind ofregional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: FOCUSING DEVICE, FOCUSING METHOD, FOCUSING PROGRAM AND MICROSCOPE

(57) Abstract: A focusing device forms phase con-
trast images on an imaging surface of an imaging de-

FIG.7 vice 45 from openings 43A and 43B having sizes
with which the depths of field of separate lenses 44A
and 44B are larger than that of an object lens 15 by

the separator lenses 44A and 44B provided behind

? the openings 43A and 43B, respectively. Then, the

SP1 focusing device 40 obtains the distance between a

r OBTAIN PHASE CONTRAST IMAGES |/ standard image, which is one of the phase contrast

images, and a reference image, which is the other of
them, in a pixel unit and determines the position on
which the focus should be adjusted and the number

‘ thereof based on the distance of each pixel.
OBTAIN DIFFERENCE BETWEEN MAXIMUM VALUE -—SP3
AND MINIMUM VALUE OF DISPARITY

OBTAIN DISTANCE (DISPARITY) BETWEEN EACH PIXEL OF  |-—SP2
STANDARD IMAGE AND RELATIVE PIXEL OF REFERENCE IMAGE

SP4

NOT SMALLER
THAN THRESHOLD?

DIVIDE IMAGING AREA INTO PLURAL LAYERS |-—8P5
(IMAGING LAYERS) FALLING WITHIN DEPTH OF FIELD

| DETERMINE FOCUSING POSITION |—sP6

END

FOCUSING POSITION DETERMINATION PROCEDURE

wo 2011/048749 A1 | ]I} 00O 0000 YOO O



WO 2011/048749 A1 W00 ) 00T 00 AU

GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, GW, ML, MR, NE, SN, TD, TG).

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, .

EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, Ly, Yublished:

LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, —  with international search report (Art. 21(3))



