US006567570B1

a2 United States Patent

Steinle et al.

(10) Patent No.:
5) Date of Patent:

US 6,567,570 Bl
May 20, 2003

(54) OPTICAL IMAGE SCANNER WITH
INTERNAL MEASUREMENT OF POINT-
SPREAD FUNCTION AND COMPENSATION
FOR OPTICAL ABERRATIONS

(75) Inventors: Michael J. Steinle, Fort Collins, CO
(US); Dan S. Johnson, Greeley, CO
(Us)
(73) Assignee: Hewlett-Packard Development
Company, L.P., Houston, TX (US)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
(21) Appl. No.: 09/183,304
(22) Filed: Oct. 30, 1998
(51) Int. CL7 oo GO6K 9/20
(52) US. Cl oot 382/312
(58) Field of Search ...........c.cccoceuvveiine. 382/321, 254,
382/302, 278, 276, 322, 323; 358/401,
227, 471; 348/241, 349
(56) References Cited
U.S. PATENT DOCUMENTS
4,602,348 A 7/1986 Hart ..oooooreveeereenenn. 364/581
5,307,175 A 4/1994 Seachman ....... 358/401
5,535,291 A * 7/1996 Spencer et al. . 382/254
5,627,918 A * 5/1997 Carasso .......... 382/254
5,661,816 A * 8/1997 Fantone et al. . 382/100
5,751,863 A * 5/1998 Farr ............. 382275
6,148,117 A * 11/2000 Lopez et al. ................ 382/279

OTHER PUBLICATIONS

“Restoration of a Single Superresolution Image from Sev-
eral Blurred, Noisy, and Undersampled Measured Images”
by Michael Elad and Arie Feuer. IEEE Transactions on
Image Processing. vol. 6, No. 12. Dec. 1997.

104

Digital Image Processing by Kenneth R. Castleman. copy-
right 1996 by Prentice-Hall, Inc. Chapter 16 entitled,
“Image Restoration”. pp. 387—430.

* cited by examiner

Primary Examiner—Andrew W. Johns
Assistant Examiner—Duy M. Dang
(74) Attorney, Agent, or Firm—Augustus W. Winfield

(7) ABSTRACT

An image scanner uses optical targets within the scanner to
characterize imperfections of a lens system and to partially
compensate for the imperfections using digital image pro-
cessing. In one sample embodiment, a series of two-
dimensional optical targets are placed outside the document
scanning area. Each individual target is suitable for obtain-
ing an estimate of the point-spread function for a small
segment of the scan line. Each point-spread function is then
used to compute a convolution kernel for the corresponding
segment of the scan line. Alternatively, each point-spread
function may be used in an iterative solution for a modified
image. In an alternative embodiment, a two-dimensional
known random pattern is provided for a target. Cross-
correlation of a portion of the known random pattern with
the scanned image of the same portion of known random
pattern provides an estimate of the point-spread function for
the portion of the scan line corresponding to the portion of
the known random pattern. Providing a series of targets or
continuous random target over the width of the scan line,
within the scanner, enables determination of the point-
spread function as a function of position for an assembled
lens, at the humidity and temperature appropriate for the
scan. As a result, a smaller, lower cost lens can be used and
some the lens aberrations can be removed from the final
scanned image.
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