2006/028527 A3 I} 1A 0 00 0 010 00O 0 0

=

An extended depth of field is achieved by a

conput at i onal
mul tifocal

i magi ng systemthat conbines a
i magi ng subsystem for

produci ng a

(12D INTBBEEFIONATY ARHLICATEQN PURLEYHFDAINDER THEBQFENTJCD@PERIWIQN TREATY (PCT)

processi ng subsystem for

09)w%ﬁﬁmﬂakaﬂm@%ﬁﬁﬁﬁéﬂ?ﬂﬁﬂﬁﬁ
| Mgig.aYSi BT et er abl

aberration as the dom nan u;“ﬁ
=

(#3)Ufiternational Publication Date
16 March 2006 (16.03.2006)

_\‘C|ng a recovered i mage

o'mmmmwmuwmmmummmmmmwmmmmmmwuww

Yure of the purposeful
(10) International Publication Number

WO 2006/028527 A3

(51) International Patent Classification:
GO2B 13/18 (2006.01) G0O2B 9/00 (2006.01)
GO2B 13/00 (2006.01) G0O2B 9/08 (2006.01)
GO2B 3/02 (2006.01) GO2B 27/10 (2006.01)
GO2B 3/10 (2006.01)

(21) International Application Number:
PCT/US2005/016231
(22) International Filing Date: 11 May 2005 (11.05.2005)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/607,076 3 September 2004 (03.09.2004) US
60/522,990 30 November 2004 (30.11.2004)  US
10/908,287 5 May 2005 (05.05.2005) US

(71) Applicant (for all designated States except US): AUTO-
MATIC RECOGNITION & CONTROL INC. [US/US];
24 Widewaters Lane, Pittsford, NY 14534 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GEORGE, Nicholas
[US/US]; 24 Widewaters Lane, Pittsford, NY 14534 (US).
CHI, Wanli [CN/US]; 60 Crittenden Boulevard, Apt. 818,
Rochester, NY 14620 (US).

(74) Agents: SALAI, Stephen, B. et al.; Harter, Secrest &
Emery LLP, 1600 Bausch & Lomb Place, Rochester, NY
14604-2711 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,

KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,

MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,

OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,

SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,

VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,

SE, S1, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,

GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
18 January 2007

[Continued on next page]

(54) Title: EXTENDED DEPTH OF FIELD USING A MULTI-FOCAL LENGTH LENS WITH A CONTROLLED RANGE OF
SPHERICAL ABERRATION AND CENTRALLY OBSCURED APERTURE

10

Zo

_“;'\JIIIITIIIIHI[‘IHIIH

(57) Abstract: An extended depth of field is achieved by a computational imaging system that combines a multifocal imaging
subsystem for producing a purposefully blurred intermediate image with a digital processing subsystem for producing a recovered
image having an extended depth of field. The multifocal imaging system preferably exhibits spherical aberration as the dominant
feature of the purposeful blur. A central obscuration of the multifocal imaging subsystem renders point-spread functions of object
points more uniform over a range of object distances. An iterative digital deconvolution algorithm for converting the intermediate
image into the recovered image contains a metric parameter that speeds convergence, avoids stagnations, and enhances image quality.
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