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CONCAVE MIRROR OPTICAL SYSTEM FOR
SCANNER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to an optical system for a
scanner. More particularly, the present invention relates to a
concave mirror optical system for a scanner.

2. Description of Related Art

Rapid progress in multi-media technologies has lead to
great advances 1n 1mage-processing devices. In a few years
time, the black-and-white palm-top scanners has developed
into full-color high-resolution scanner system that can dis-
play fine detail with added realism.

In general, scanning systems can be roughly divided into
the retlective type and the transparent type. In the reflective
scanning system, a document (made ol non-transparent
material) 1s placed on a transparent glass panel. Light trans-
mitting through the transparent glass panel impinges upon
the document. The light 1s retlected by the document 1nto an
optical system before delivering to an optical sensor such as
a charge couple device (CCD) or a contact image sensor
(CIS) to form a scan image. In the transparent scanning
system, a document (made of transparent material such as a
f1lm negative or projector slide) 1s also placed on a transpar-
ent glass panel. However, light form a light source penetrates
the document after passing through the transparent glass
panel to form a scan 1mage at the optical sensor.

FI1G. 1 1s a schematic cross-sectional view showing a con-
ventional scanning system. To scan a non-transparent docu-
ment 40 on a transparent glass panel 20, the reflective scan-
ning system 1s activated. A light source 38 on a sense carrier
30 aims a beam of light at the transparent glass panel 20. The
beam of light 1s reflected back by the document 40 and 1s
channeled through a slit 34 into the sense carrier 30. An
optical system 36 (details not shown) inside the sense carrier
30 picks up the reflected light and transmits the light to an
optical sensor 32 (a CCD or a CIS). Inside the optical sensor
32, data encoded 1n the light beam 1s transformed 1nto image
data. Hence, an image line 1s scanned. As the sense carrier 30
moves forward along the transparent glass panel 20, differ-
ent swath of 1mage comes 1nto view. Each swath 1s captured
by sequentially until image data of the entire document 1s
captured. When the scanning system operates 1n the retlec-
tive mode, a light source carrier 10 above the glass panel 20
1s stationary.

To scan a transparent document 40, the transparent scan-
ning system 1s activated. A light source 12 inside the light
source carrier 10 produces a beam of light through a slit 14
and aims at the document 40 on the transparent panel 20.
After passing through the document 40, the beam of light 1s
channel through the slit 34 ito the optical system 36 (detail
not shown) of the sense carrier 30. The light passes from the
optical system 36 into the optical sensor 32 where data
encoded 1n the light beam 1s converted to a line of image
data. Hence, an 1image line 1s scanned. As the light source
carrier 10, and the sense carrier 30 moves forward along the
transparent glass panel 20, different swath of 1image comes
into view. Each swath 1s captured sequentially until image
data of the entire document 1s captured. When the scanning
system operates 1n the transparent mode, the light source 38
on the sense carrier 30 does not emit any light.

FIG. 2 1s a sketch of the optical system inside a conven-
tional scanner. As shown 1n FIG. 2, the purpose of an optical
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system 136 1s to capture light image produced by the docu-
ment 40 and relay the light image to the optical sensor 132.
The optical system 136 includes at least a retlecting mirror
137 and a lens assembly 138. The reflecting mirror 137 1s
used to change light travel direction while the lens assembly
138 1s used for focusing the light onto the optical sensor 132.

In a conventional scanner, a reflecting mirror 137 and a
lens assembly 138 are generally used inside the optical sys-
tem 136. Hence, the optical system 1s structurally compli-
cated and difficult to assembly, thereby increasing the pro-
duction cost. Moreover, the lens assembly 138 may produce
chromatic dispersion that may affect the image quality.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention 1s to pro-
vide a concave mirror 1n the optical system of a scanner such
that the concave mirror replaces the lens assembly 1n the
conventional optical system.

A second object of this invention 1s to provide a concave
mirror in the optical system of a scanner such that chromatic
dispersion by the lens assembly of a conventional scanner 1s
climinated. In addition, simple material 1s used to form the
concave mirror so that production cost 1s greatly reduced.
Moreover, different magnifications can be obtained due to a
difference 1n focusing power of the concave mirror along
XY axis direction.

To achieve these and other advantages and 1n accordance
with the purpose of the invention, as embodied and broadly
described herein, the mvention provides a concave mirror
optical system for a scanner. Light 1s beamed to the first
surface of a first concave mirror. The light 1s reflected from
the first concave mirror to the first surface of a second con-
cave mirror. The light 1s reflected again from the second
concave mirror to the first surface of a second concave mir-
ror. Light reflected from the second concave mirror 1is
focused to a focus point. The receiving end of an optical
sensor 1s positioned at the focus point so that the batch of
light reflected from the second concave mirror 1s recerved.

This mvention also provides a method of compensating
the distorted 1mage produced by a scanner. First, an 1image to
be calibrated 1s provided. The difference 1n distance between
a pixel on the image and a pixel on the actual image 1s
computed. The values for calibrating pixel differences are
stored. According to the stored pixel differences, the pixels
in a distorted 1image are calibrated and the resulting image
data after pixel correction are placed 1n memory.

It 1s to be understood that both the foregoing general
description and the following detailed description are
exemplary, and are intended to provide further explanation
of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the mnven-
tion. In the drawings,

FIG. 1 1s a schematic cross-sectional view showing a con-
ventional scanning system;

FIG. 2 15 a sketch of the optical system 1nside a conven-
tional scanner;

FIG. 3A 1s the top view and the side view of a first con-
cave mirror to be used 1n the optical system of this invention;

FIG. 3B 1s the top view and the side view of a second
concave mirror to be used in the optical system of this inven-
tion;
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FIG. 4 1s the concave mirror optical system of a scanner
according to a preferred embodiment of this invention;

FIG. 5 1s a schematic diagram showing the scheme used
for compensating 1mage distortion 1 an optical scanning
system according to this invention; and

FIG. 6 1s a flow chart listing the steps for compensating,
image distortion according to this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the present pre-
terred embodiments of the invention, examples of which are

illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used 1n the draw-
ings and the description to refer to the same or like parts.

FIG. 3A 1s the top view and the side view of a first con-
cave mirror to be used in the optical system of this imnvention.
As shown in FIG. 3A, the first concave mirror 170 has a
cylindrical or straight barrel-shaped surface. The list con-
cave mirror 170 has a first long edge 171, a second long edge
172, a first short edge 173, a second short edge 174, a first
surface 175 and a second surface 176. The first short edge
173 and the second short edge 174 curve to form the concave
first surface 175 and the convex second surface 176.

FIG. 3B 1s the top view and the side view of a second
concave mirror to be used in the optical system of this mnven-
tion. As shown 1n FIG. 3B, the second concave mirror 190
has a cylindrical or straight barrel-shaped surface. The sec-
ond concave mirror 190 has a first long edge 191, a second
long edge 192, a first short edge 193, a second short edge
194, a first surface 195 and a second surface 196. The first
long edge 191 and the second long edge 192 curve to form

the concave first surface 195 and the convex second surface
196.

FI1G. 4 1s the concave mirror optical system of a scanner
according to a preferred embodiment of this invention. The
optical system in this embodiment uses two similar concave
mirror of the type shown in FIG. 3B and a concave mirror of
the type shown in FIG. 3A. When light shines on a document
440, image-encoded light 1s transmitted to the first surface of
a first concave mirror 450 and then reflected to the first sur-
face of a second concave mirror 460. The reflected from the
second concave mirror 460 1s transmitted to the first surface
of a [second] third concave mirror 470. Since the first con-
cave mirror 450 and the second concave mirror 460 are of
the same type, light from the first concave mirror surface 1s
coupled to the second concave mirror surface without optical
losses. The [second] ¢third concave mirror 470 functions as a
conventional reflecting mirror changing the direction of light
travel. Moreover, the [second] #zird concave mirror 470 is
capable of bringing an incoming light beam to a focus. The
receiving end of an optical sensor [470] 480 is positioned at
the focus of the [second] #2ird concave mirror 470. Hence,
the optical sensor [370] 480 is able to collect llgh‘[ from the
[second] #ird concave mirror 470 to form a scan image.

The concave mirror optical system 1n this invention 1s also
capable of compensating for image distortion so that defec-
tive 1mage resulting from poor optical system design can be
rectified.

FIG. 5 1s a schematic diagram showing the scheme used
for compensating 1mage distortion 1 an optical scanning
system according to this invention. The image distortion
compensating system includes a concave mirror 550 of the
type shown in FIG. 3B, an optical sensor [570] 560. Since
only one concave mirror 550 1s used, the image-encoded
light from the document 540 that impinges on the optical
sensor 560 1s U-shaped rather than linear. Hence, the image
emerging from the optical system 1s distorted. To reproduce
the original 1image, the distorted image must be compen-
sated.
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First, before the scanning 1s conducted, image 3545 to be
calibrated 1s converted to digital data via an analogue-to-
digital converter 370. The digital data i1s stored 1n a RAM
unmt 600. A CPU 590 picks up the data from the RAM umit
and computes the correct position of each pixel on the image
545. Data for correcting the positions of various pixels are
stored 1 an 1mage-correction unit 580. When scanning
starts, the scanned 1mage can combine with the data in the
image-correction unit 580 to form a calibrated image.
Hence, data emerging from the memory unit 600 1s free from
any distortion.

FIG. 6 1s a flow chart listing the steps for compensating,
image distortion according to this imvention. In the first step
610 the image to be calibrated 1s extracted. In the second
step 620, difference 1n distance between a pixel on the image
and a plxel on a corrected 1mage 1s computed. In step 630,
the values found by the computation are stored 1n memory.
Finally, 1n step 640, every pixel element in the scanned
image 1s calibrated using the values stored in memory to
reproduce a distortion-iree 1mage.

In summary, this mvention provides a scanning system
having a concave mirror. The advantages of replacing the
more expensive lens assembly 1n a conventional optical sys-
tem by concave mirror made from simple low-cost material

include the reduction of cost and the elimination of chro-
matic dispersion. Moreover, diflerent magnifications can be

L] [T

obtained due to a difference in focusing power of the con-
cave mirror along XY axis direction.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present 1invention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
tollowing claims and their equivalents.

What 1s claimed 1s:

1. [A concave mirror] An optical system [for a scanner].
comprising;
a first concave mirror having a [first] corncave surface [for

receiving] configured to reflect a beam of incoming
light received directly from a document;

a second concave mirror having a [first] concave surface
[for receiving] configured to reflect the [reflected] light
reflected 1rom the first concave mirror;

a third concave mirror having a [first] corncave surface [for
receiving] configured to receive the reflected light from
the second concave mirror and [focusing] 7o focus the
reflected light to a focal point, wherein the first concave
mirror, the second concave mirror, and the third con-
cave mirvor each include short edges and long edges,
whevrein the short edges of the first concave mirror and
the second concave mirvor curve to form corresponding
concave surfaces of the first concave mirror and the
second concave mirror, and wherein the long edges of
the thivd concave mirror curve to form the concave
surface of the third concave mirror; and

an optical sensor [whose receiving end is] positioned at
the focal point [for receiving] fo receive the reflected
light [reflected] from the third concave mirror.

2. The optical system of claim 1, wherein the first concave
mirror and the second concave mirror are substantially 1den-
tical.

3. The optical system of claim 1, wherein the first concave
mirror and the second concave mirror [includes a first long
edge, a second long edge,] each include a first short edgel.}
and a second short edge, [a first surface and a second
surface, and] wherein the first short edge and the second
short edge [are curves forming] curve to form a concave
[first] surface and a convex [second] surface.
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4. The optical system of claim 1, wherein the [second]
third concave mirror includes a first long edge[.] and a sec-
ond long edge, [a first short edge, a second short edge, a first
surface and a second surface, and] wherein the first [short]
long edge and the second [short] long edge [are curves form-
ing] curve to form the a concave [first] surface and a convex
[second] surface.

5. The optical system of claim 1, wherein the optical sen-
sor includes a charge couple device (CCD).

6. The optical system of claim 1, wherein the optical sen-
sor includes a contact image sensor (CIS).

/. An apparatus, comprising:

a mirror assembly configured to reflect light received from

a document, wherein the mirror assembly includes a
plurality of mirrors having concave surfaces, wherein
the mirrors divectly reflect the veceived light between
the concave surfaces, wherein each of the mirrors
includes short edges and long edges, and wherein the
short edges curve to form the concave surface for at
least one of the mirrors and the long edges curve to
Jorm the concave surface for at least another one of the
mirrvors; and

an optical sensor positioned at a focal point and config-

ured to receive light veflected from the mirror assembly.

8. The apparatus of claim 7, wherein the mirror assembly

comprises a first concave mirror having a concave surface
to veflect the veceived light to a concave surface of a second
concave mirvor, wherein the first concave mirror is config-
ured to receive the light dirvectly from the document.

9. The apparatus of claim 8, wherein the mirror assembly
further comprises a third concave mirvor having a concave
surface to focus light veflected from the concave surface of
the second concave mirror.

10. The apparatus of claim 9, wherein the thivd concave
mirror comprises a first long edge and a second long edge,
and wherein the first long edge and the second long edge
curve to form the concave surface of the thivd concave mir-
YOF.

11. The apparatus of claim 8, wherein the first concave
mirror and the second concave mirrorv each include a first
short edge and a second short edge, and wherein the first
short edge and the second short edge curve to form the cor-
responding concave surfaces.

12. The apparatus of claim 8, wherein the first concave
mirror and the second concave mirror are substantially the
same.

13. The apparatus of claim 7, wherein the optical sensor
comprises a charge couple device (CCD).

14. The apparatus of claim 7, wherein the optical sensor
comprises a contact image sensor (CILS).

15. A system, comprising:

a first mivror comprising a concave surface configurved to,

at least in part, veflect incident light,

a second mirror comprising a concave surface configured
to, at least in part, veflect incident light veceived from
the first mirror; and

a third mirror comprising a concave surface configured
to, at least in part, reflect incident light received from
the second mirror and, at least in part, focus the
received veflected light on an optical sensor, wherein
the first mirvor, the second mirror, and the thivd mirror
each include short edges and long edges, wherein the
short edges of the first mirror and the second mirror
curve to form corresponding concave surfaces, and
whevrein the long edges of the third mirror curve to form
the concave surface of the thivd mirvor.
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16. The system of claim 15, wherein the first mirror and
the second mirror are substantially the same.

17. The system of claim 15, whevein the first mivrvor and
the second mirror each include a first short edge and a sec-
ond short edge, and wherein the first short edge and the
second short edge curve to form the vespective concave sur-
faces.

18. The system of claim 15, wherein the thivd mirror com-
prises a first long edge and a second long edge, and wherein
the first long edge and the second long edge curve to form
the concave surface of the thivd mirvor.

19. A method, comprising:

reflecting light received directly from a document with a
first concave surface, wherein the first concave surface
includes one ov movre short edges and one or more long
edges, and wherein the one or more short edges curve
to form the first concave surface;

reflecting light veceived from and reflected by the first con-
cave surface with a second concave surface, wherein
the second concave surface includes one ov more short
edges and one or more long edges, and whevrein the one
or movre short edges curve to form the second concave
surface;

focusing the light received from and rveflected by the sec-
ond concave surface with a third concave surface,
wherein the third concave surface includes one or more
short edges and one or movre long edges, and wherein
the one or movre long edges curve to form the thivd
concave surface; and

sensing the light focused by the third concave surface.

20. The method of claim 19, wherein said sensing is per-
formed at a focus of the light from the thivd concave surface.

21. The method of claim 19, wherein said sensing is per-
Jormed by a charge couple device (CCD).

22. The method of claim 19, wherein said sensing is per-

Jormed by a contact image sensor (CIS).
23. A system, comprising.

means for rveflecting light received from a document with a
first concave surface, wherein the first concave surface
includes one or more short edges and one or move long
edges, and wherein the one or more short edges curve
to form the first concave surface;

means for reflecting light veceived from and reflected by
the first concave surface with a second concave
surface, whervein the second concave surface includes
one or more short edges and one or more long edges,
and whevrein the one or more short edges curve to form
the second concave surface;

means for focusing the light received from and reflected
by the second concave surface with a thivd concave
surface, whevein the third concave surface includes one
or movre short edges and one or more long edges, and
wherein the one or more long edges curve to form the
thivd concave surface; and

means for sensing the light focused from the thivd concave

surface.

24. The system of claim 23, whervein the means for reflect-
ing light with a first concave surface and the means for
reflecting the light with a second concave surface are sub-
stantially identical.
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