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Codes and Abbreviations" appearing at the begin- upon receipt of that
report ning of each regular issue of the PCT Gazette. WO 2006/026096
PCT/US2005/028405  MULTI-MAGNIFICATION COLOR IMAGE SENSOR 5 BACKGROUND OF
THE INVENTION Cameras originally used interchangeable lenses having
different focal lengths to  give them the ability to form an image of a
subject with a selected magnification.  Interchangeable lenses are
inconvenient in many ways: the lenses themselves can be 10 relatively
bulky, the unused lenses need to be stored somewhere and the process of
changing from one lens to another can be fiddly and time consuming. More
recently, cameras use a multi-element zoom lens to give them the ability to
form an image of a subject with a selected magnification. A multi-element
zoom lens  uses a relatively complex mechanism to move two or more of the
lens elements non 15 linearly relative to the image plane to keep the image
in focus as the focal length of the  zoom lens is changed to change the
magnification. This mechanism occupies more space  than is available in a
miniature camera lens. Miniature cameras having electronic image sensors
are incorporated not only in  digital cameras but also, more recently, into
such consumer electronic products as mobile  20 telephones and personal
digital assistants (PDAs). Such products are subject to market pressure to
make them ever smaller, or to pack more features into a product of a given
size. United States patent application serial no. 10/741,774 of Schroeder
et al. entitled  Color Image Sensor with Imaging Elements on Respective
Regions of Sensor Elements  and United States patent application serial no.
10/740,935 of Gruhlke et al. entitled Color 25 Image Sensor having Imaging
Element Array Forming Images on Respective Regions of  Sensor Elements
describe a small color image sensor suitable for use in a single
magnification digital camera. These applications are assigned to the
assignee of this  application and are incorporated herein by reference.
These applications disclose a  single-magnification color image sensor that
has multiple sensor and lens combinations, 30 each of which forms an image
of the subject WO 2006/026096 PCTIUS2005/028405  in a narrow band of light.
This allows the lenses to be physically smaller and located  



closer to the image plane than a conventional multi-element polychromatic
lens, and  eliminates the conventional mosaic color filter and its
attendant problems. 5 A market demand exists for a simple, compact color
image sensor system having  the capability of forming an image a subject
with a selected magnification without the  need to change a lens or to move
lens elements relative to one another in the image sensor  system. There is
also a market demand for a capability of displaying a picture of a  subject
at more than one magnification in a consumer electronic product such as a
digital  10 camera or cell phone display. SUMMARY OF THE INVENTION The
invention provides in a first aspect a color image sensor having imaging
elements each structured to form, at an image plane, an image of a subject
having a 15 respective magnification. Ones of the imaging elements forming
respective ones of the  images with the same magnification in light of
mutually different colors constitute a set  characterized by the
magnification of the images. The sets have mutually-different
magnifications. The color image sensor additionally has a light sensor
located in the  image plane. The light sensor has a region of sensor
elements disposed opposite each of 20 the imaging elements. The regions of
sensor elements opposite each of the sets of  imaging elements are operable
to generate in, response to light incident thereon, a  respective color
image signal representing the image of the subject at the respective
magnification. The invention provides in a second aspect a color imaging
method including 25 forming images of a subject including forming the
images in sets. The images in each of  the sets are formed in light of
mutually different colors and have the same magnification.  The images
differ in magnification among the sets. The method additionally includes
generating a respective color image signal in response to each of the sets
of the images,  the color image signal representing the subject at the
respective magnification. 30 WO 2006/026096 PCT/US2005/028405  The
invention provides in a third aspect a system for generating color images
has means for forming images of a subject in sets. The images in each of
the sets are formed  in light of mutually different colors and have the
same magnification. The images differ  5 in magnification among the sets.
The system additionally has means for generating a 



respective color image signal in response to each of the sets of the
images, the color  image signal representing the subject at the respective
magnification. The above and other features and advantages of the invention
will become further  apparent from the following detailed description of
the presently preferred embodiments,  10 read in conjunction with the
accompanying drawings. The detailed description and drawings are merely
illustrative of the invention, rather than limiting the scope of the
invention being defined by the appended claims and equivalents thereof.
BRIEF DESCRIPTIOIN OF THE DRAWINGS 15 FIG. 1A is a schematic diagram of a
multi-magnification color image sensor in  accordance with the invention;
FIG. iB is a schematic diagram indicating the angles subtended by the
images  formed by a multi-magnification color image sensor in accordance
with the invention;  FIG. 2 is an isometric view of the light sensor of a
multi-magnification color  20 image sensor in accordance with a first
embodiment of the invention; FIG. 3 is an isometric view of the light
sensor and the imaging elements of a color  image sensor in accordance with
the first embodiment of the invention; FIG. 4 is a side view of the light
sensor and the imaging elements of a color image  sensor in accordance with
the first embodiment of the invention; 25 FIG. 5 is a block diagram of a
multi-magnification color image sensor in  accordance with a second
embodiment of the invention; FIG. 6 is a schematic diagram of the display
in operation showing a picture with  three different magnifications; WO
2006/026096 PCT/US2005/028405  127-129 differ in area to equalize the
spectral sensitivity of the regions 127-129. In  another alternative, the
sensor elements in groups 150, 151 and 152 differ in area among  the groups
to equalize sensitivity despite differences in the numeric apertures
(f-numbers) 5 of the sets of the imaging elements associated with the
groups. Light sensor 120 is composed of a silicon substrate 119 on which
sensor elements  similar to sensor elements 131-139 are fabricated in
regions 121-129, respectively, using  conventional semiconductor
processing. Portions of the sensor elements may be located  in substrate
119, but will be regarded as being "on" the substrate for the purpose of
the 10 following description. In one embodiment, portions of the substrate
outside regions 121- 



129 in which the sensor elements 131-139 are located are occupied by
circuits such as  exposure control circuits and signal processing circuits
that process the image signal  components and/or the color image signal
derived from the image signal components. Each of the regions 121-129 of
light sensor 120 has an associated read-out circuit  15 (not shown). Each
read-out circuit receives the electrical values generated by the sensor
elements 131-139 in response to light from the subject and converts the
electrical values  into an analog or digital image signal component,
typically in raster-scan order. Alternatively, light sensor 120 may have a
single read-out circuit common to the regions  121-129 of sensor elements
131-139. The read-out circuits are typically fabricated on the  20
substrate 119 and may underlie the sensor elements. After the sensor
elements and associated read-out circuits have been fabricated on substrate
119, color filters 141-149 of  different colors are applied to the major
surface 140 of the substrate 119. In an alternative embodiment, each of the
groups 150, 151 and 152 of regions of  light sensor 120 is fabricated on an
individual substrate (not shown). Each substrate may  25 additionally have
fabricated thereon one or more circuits associated with the sensor
elements, as described above. The individual substrates are then mounted on
a board,  such as a printed circuit board, that defines positional
relationships among the substrates. WO 2006/026096 PCTIUS2005/028405  In an
alternative embodiment, the regions 121-129 are arranged in a positional
relationship that minimizes the leakage of light imaged by each of the
imaging elements  101-109 on regions 121-129 of sensor elements,
respectively, onto another of the regions.  5 Such light leakage is
undesirable as it forms "ghosts" in any picture displayed in response to
the color image signal generated by color image sensor 100. One exemplary
positional  relationship that minimizes the leakage of light has an
increased physical separation  between the regions 121-129. Another
positional relationship that minimizes the leakage  of light positions the
regions 121-129 so that adjacent ones of the regions are adjacent at 10
their corners instead of at their sides as shown in FIG. 2. This allows the
sides of the  regions 121-129 to be physically separated by a distance
approximately equal to the width  or length of the regions 121-129. Baffles
similar to those illustrated in the above- mentioned United States patent
application serial no. 10/741,774 may alternatively or  additionally be
used. 15 FIG. 3 is an isometric view of the light sensor 120 and the
imaging elements 101- 



109 of a color image sensor 10 in accordance with the first embodiment of
the invention.  The sensor elements 131-139 in the regions 121-129 of the
light sensor 120 are not  illustrated in FIG. 3 to simplify the drawing.
The boundaries of the regions 121-129 are  indicated with dashed lines.
FIG. 4 is a side view of the light sensor 120 and the imaging 20 elements
100 of a color image sensor 10 in accordance with the first embodiment of
the  invention. The side view of FIG. 4 shows imaging elements 103, 106 and
109 and  respective regions 123, 126 and 129 of the sensor elements of
light sensor 120. Light 20  from the subject (not shown) is focused by
imaging elements 103, 106 and 109 onto  regions 123, 126 and 129 as light
30. Regions 123, 126 and 129 are disposed opposite the 25 imaging elements
103, 106 and 109. The light filters 143, 146, and 149 are shown  located on
the surfaces of regions 123, 126 and 129, respectively, between imaging
elements 103, 106 and 109 and regions 123, 126 and 129, respectively. WO
20061026096 PCTIUS2005/028405  The imaging elements 101-109 each have a
refractive surface and a diffractive surface. For example, imaging element
103 has a spherical refractive front surface 154  and a diffractive back
surface 155. The front surface of the lens is the surface on which  5 light
20 is incident. The diffractive surface corrects for optical aberrations,
such as spherical aberration, introduced by the refractive front surface.
Imaging elements 101,  102 and 104-108 are similar in structure and will
not be separately described. In an  alternative embodiment, the imaging
elements 101-109 each have a spherical refractive  front surface and an
aspherical refractive back surface. Other configurations for imaging  10
elements 101-109 are possible. Color filters 141-149 are located on the
major surface 140 of the light sensor 120  between imaging elements 101-109
and respective regions 121-129 of sensor elements.  In an alternative
arrangement, color filters 141-149 are independently supported between
imaging elements 101-109 and respective regions 121-129 of sensor elements.
In another 15 alternative arrangement, color filters 141-149 are supported
by imaging elements 101- 109, respectively. In another arrangement, color
filters 141-149 are located between the  subject and imaging elements
101-109, respectively. Other arrangements are possible.  Regardless of the
actual arrangement of the imaging element, the region and the color
filter, light that passes through imaging element 103, for example, and is
incident on 20 region 123 of light sensor 120 additionally passes through
color filter 143, and similarly  



for the remaining imaging elements, regions and color filters. The imaging
elements 101-109 have a one-to-one relationship with regions 121- 129 of
light sensor 120. The imaging elements 101-109 are arranged to form
respective  images in the common image plane 35 (FIG. IA), and light sensor
120 is located at the 25 common image plane. In this configuration, sets of
three imaging elements 101-103, 104- 106 and 107-109 are disposed opposite
respective groups of three regions 121-123, 124- 126 and 127-129 of sensor
elements. WO 2006/026096 PCT/US2005/028405  Referring again to FIGS. IA and
2, the imaging elements 101-103 constituting set 110 of imaging elements
form respective images at the image plane of the subject at a  first
magnification in light of mutually different colors. The imaging elements
101-103  5 constituting the set 110 of imaging elements each have a first
focal length and are positioned opposite the regions 121-123, respectively,
of light sensor 120 that constitute a  first group 150 of regions. Imaging
elements 101-103 are spaced from light sensor 120  by a distance
approximately equal to the first focal length. The first focal length
defines a  first magnification 10 The imaging element 101 is structured to
focus light of a first color from the  subject to form an image of the
subject at the first magnification in the light of the first  color. The
light 30 passes through color filter 141 to illuminate the sensor elements
131  in the region 121 of the light sensor 120. Region 121 is operable to
generate a first color  image signal component that represents the image of
the subject at the first magnification 15 in response to the light of the
first color incident thereon. The imaging element 102 is structured to
focus light of a second color from the  subject to form an image of the
subject at the first magnification in the light of the second  color. The
light 30 passes through color filter 142 to illuminate the sensor elements
132  in the region 122 of the light sensor 120. Region 122 is operable to
generate a second 20 color image signal component that represents the image
of the subject at the first  magnification in response to the light of the
second color incident thereon. The imaging element 103 is structured to
focus light of a third color from the  subject to form an image of the
subject at the first magnification in the light of the third  color. The
light 30 passes through color filter 143 to illuminate the sensor elements
133 25 in the region 123 of light sensor 120. Region 123 is operable to
generate a third color  



image signal component that represents an image of the subject at the first
magnification  in response to the light of the third color incident
thereon. WO 2006/026096 PCTIUS2005/025405  The first color, second color
and third color are mutually different. The first, second and third color
image signal components generated by the set of regions 121-123  are
electronically combined to form a color image signal that represents the
image of the  5 subject at the first magnification. White is regarded as a
color. The imaging elements 104-106 constituting set 111 of imaging
elements form  respective images at the image plane of the subject at a
second magnification in light of  mutually different colors. The second
magnification is different from the first  magnification. The imaging
elements 104-106 constituting set 1 I 1 of imaging elements 10 each have a
second focal length and are positioned opposite the regions 124-126,
respectively, of light sensor 120 that constitute a second group 151 of
regions. The  second focal length is different from the first focal length.
Imaging elements 104-106 are  spaced from light sensor 120 by a distance
approximately equal to the second focal  length. The second focal length
defines a second magnification 15 The imaging element 104 is structured to
focus light of the first color from the  subject to form an image of the
subject at the second magnification in the light of the first  color. The
light 30 passes through color filter 144 to illuminate the sensor elements
134  in the light sensors in the region 124 of light sensor 120. Region 124
is operable to  generate a first color image signal component that
represents the image of the subject at 20 the second magnification in
response to the light of the first color incident thereon.  The imaging
element 105 is structured to focus light of a second color from the
subject to form an image of the subject at the second magnification in the
light of the  second color. The light 30 passes through color filter 145 to
illuminate the sensor  elements 135 in the region 125 of the light sensor
120. Region 125 is operable to 25 generate a second color image signal
component that represents the image of the subject  at the second
magnification in response to the light of the second color incident
thereon. WO 2006/026096 PCTIUS2005/028405  sensor element. Each sensor
element may alternatively be a charge-coupled device  (CCD) sensor element
or another suitable type of sensor element that generates an  electrical
signal in response to incident light. 



5 Each region 121-129 of sensor elements is covered with a respective color
filter  141-149. Light filters 141, 144 and 147 transmit light of a first
color to regions 121, 124  and 127, respectively. Light filters 142, 145
and 148 transmit light of a second color to  regions 122, 125 and 128,
respectively. Light filters 143, 146 and 149 transmit light of a  third
color to regions 123, 126 and 129 respectively. Thus, in each of the groups
150, 151 10 and 152 of regions, each of the regions is covered by a color
filter that transmits light of a  color mutually different from those
transmitted by the color filters covering the other two  regions. The
example of light sensor 120 shown in FIG. 2 is highly simplified in that
each  of its regions 121-129 has only 24 sensor elements. A typical example
of light sensor 120  15 has hundreds of thousands or millions of sensor
elements 131-139 in each of regions 121- 129. In light sensor 120, regions
121-129 are equal in linear dimensions and area. In  an alternative
embodiment, regions 121 and 123 have fewer sensor elements and are  smaller
in linear dimensions and area than sensor region 122, regions 124 and 126
have 20 fewer sensor elements and are smaller in linear dimensions and area
than sensor region  125 and regions 127 and 129 have fewer sensor elements
and are smaller in linear  dimensions and area than sensor region 128. In
such alternative embodiment, regions  122, 125 and 128 receive light closer
to the center of the visible spectrum than the  remaining regions. In
another alternative, the regions 121 and 123 have fewer sensor 25 elements
than regions 122, regions 134 and 136 have fewer sensor elements than
regions  135 and regions 137 and 139 have fewer sensor elements than
regions 138. Again,  regions 122, 125 and 128 receive light closer to the
center of the visible spectrum than the  remaining regions. In another
alternative, the sensor elements in regions 121-123 differ  in area to
equalize the spectral sensitivity of the regions 121-123; the sensor
elements in 30 regions 124-126 differ in area to equalize the spectral
sensitivity of the regions 124-126  and the sensor elements in regions WO
2006/026096 PCTIUS2005/028405  FIG. 7 is a schematic diagram of the display
in operation showing a picture with  one selected magnification; FIG. 8 is
a schematic diagram of the display in operation showing a picture with  5
one selected magnification; and 



FIG. 9 is a flow chart of a method for color imaging and displaying
pictures.  DETAILED DESCRIPTION FIG. IA is a schematic diagram of an
embodiment of a multi-magnification color  10 image sensor 10 in accordance
with the invention. Color image sensor 10 is composed of  imaging elements
101-109 and a light sensor 120 located in the common image plane 35  of the
imaging elements. The imaging elements 101-109 each image light 20 from a
subject 15 on light sensor 120 as light 30. The light sensor 120 generates
color image  signals 40 in response to the incident light 30. Each of the
imaging elements 101-109 is 15 structured to form a respective image of the
subject 15 at the image plane 35. An  exemplary image is indicated by the
reference numeral 25. The image has a  magnification. Those of the imaging
elements that form images with the same  magnification in light of mutually
different colors constitute a set of imaging elements characterized by a
magnification. The sets of imaging elements have mutually-different  20
magnifications. The light sensor 120 is located in the image plane 35 and
has a region of light  sensor elements disposed opposite each of the
imaging elements 101-109. Each region of  light sensor elements generates
an image signal component that represents an image of  the subject in one
color of light and at one magnification. The regions of light sensor 25
elements opposite each set of imaging elements collectively generate a
color image signal  that represents the image of the subject at the
respective magnification. WO 2006/026096 PCTIUS2005/028405  As used in this
disclosure, the magnification of an image of a subject will be taken to
mean the ratio of the angle subtended by the image at a standardized
viewing distance,  e.g., 300 mm, from image plane 35 and the angle
subtended by the subject at image plane  5 35. FIG. IB shows the angles $w,
4n and 4it subtended by the images 25w, 25n and 25t, respectively, formed
by wide-angle imaging element set 110, normal imaging element set  111 and
telephoto imaging element set 112, respectively, at a standardized viewing
distance d from image plane 35. FIG.1B also shows the angle 0 subtended by
the subject  15 at image plane 35. The magnifications of the images
produced by set 110 of wide 10 angle imaging elements, set 111 of normal
imaging elements and set 112 of telephoto  imaging elements are 4 w/0, $n/0
and 4t10, respectively. FIG. 2 is an isometric view of the light sensor 120
of a multi-magnification color  



image sensor 10 in accordance with a first embodiment of the invention.
Light sensor  120 has group 150 composed of regions 121-123 of sensor
elements, group 151 15 composed of regions 124-126 of sensor elements and
group 152 composed of regions  127-129 of sensor elements arranged on its
major surface 140. In light sensor 120, the  regions 121-129 of sensor
elements are arranged in a rectangular array and each of the  regions
121-129 is composed of a rectangular array of sensor elements. Broken lines
indicate the boundary of an exemplary sensor element 131 in region 121, an
exemplary 20 sensor element 132 in region 122, an exemplary sensor element
133 in region 123, an  exemplary sensor element 134 in region 124, an
exemplary sensor element 135 in region  125, an exemplary sensor element
136 in region 126, an exemplary sensor element 137 in  region 127, an
exemplary sensor element 138 in region 128, and an exemplary sensor
element 139 in region 129. Additional broken lines, such as the broken line
153 indicate 25 the boundaries between adjacent ones of the sensor elements
in each of the regions 121- 129. In the descriptions of this embodiment and
the embodiments described below, the  reference numeral of the exemplary
sensor element in each region will additionally be  used to refer to all
the sensor elements in the region. Each sensor element is a complementary
metal-oxide-semiconductor (CMOS)  30 WO 2006/026096 PCT/US2005/028405  In
the example shown in FIG. 1A, wide-angle imaging elements 101, 102 and 103
that form images with the same magnification in red, green and blue light,
respectively,  constitute a set 110 of imaging elements; normal imaging
elements 104, 105 and 106 that  5 form images with the same magnification
in red, green and blue light, respectively, constitute a set 111 of imaging
elements and telephoto imaging elements 107, 108 and  109 that form images
with the same magnification in red, green and blue light,  respectively,
constitute a set 112 of imaging elements. In light sensor 120, regions 121,
122 and 123 of light sensor elements are disposed  10 opposite wide-angle
imaging elements 101, 102 and 103, respectively, and constitute a  group
150 of regions. Regions 124, 125 and 126 of light sensor elements are
disposed  opposite normal imaging elements 104, 105 and 106, respectively,
and constitute a group  151 of regions. Regions 127, 128 and 129 of light
sensor elements are disposed opposite  telephoto imaging elements 107, 108
and 109, respectively, and constitute a group 152 of 



15 regions. The regions 121, 122 and 123 of light sensor elements in group
150 opposite the  set 110 of wide-angle imaging elements collectively
generate a color image signal  representing a wide-angle image of the
subject. The magnification of the wide-angle  image of the subject is that
produced by the imaging elements in set 110. The regions  124, 125 and 126
of light sensor elements in group 151 opposite the set 111 of normal 20
imaging elements collectively generate a color image signal representing a
normal image  of the subject. The magnification of the normal image of the
subject is that produced by  the imaging elements in set 111. The regions
127, 128 and 129 of light sensor elements  in group 152 opposite the set
112 of telephoto imaging elements collectively generate a  color image
signal representing a telephoto image of the subject. The magnification of
25 the telephoto image of the subject is that produced by the imaging
elements in set 112. WO 2006/026096 PCT/11S2005/028405  The imaging element
106 is structured to focus light of a third color from the subject to form
an image of the subject at the second magnification in the light of the
third color. The light 30 passes through color filter 146 to illuminate the
sensor elements  5 136 in the region 126 of light sensor 120. Region 126 is
operable to generate a third color  image signal component that represents
an image of the subject at the second magnification in response to the
light of the third color incident thereon. The first, second and third
color image signal components generated by set of  regions 124-126 are
electronically combined to form a color image signal that represents  10
the image of the subject at the second magnification. The imaging elements
107-109 constituting set 112 of imaging elements form  respective images at
the image plane of the subject at a third magnification in light of
mutually different colors. The imaging elements 107-109 constituting the
set 112 of  imaging elements each have a third focal length and are
positioned opposite the regions 15 127-129, respectively, of light sensor
120 that constitute a third group 153 of regions.  The third focal length
is different from the first focal length and the second focal length.
Imaging elements 107-109 are spaced from the light sensor 120 by a distance
approximately equal to the third focal length. The third focal length
defines a third  magnification. 20 The imaging element 107 is structured to
focus light of a first color from the  subject to form an image of the
subject at the third magnification in the light of the first  



color. The light 30 passes through color filter 147 to illuminate the
sensor elements 137  in the region 127 of light sensor 120. Region 127 is
operable to generate a first color  image signal component that represents
the image of the subject at the third magnification 25 in response to the
light of the first color incident thereon. The imaging element 108 is
structured to focus light of a second color from the  subject to form an
image of the subject at the third magnification in the light of the  second
color. The light 30 passes through color filter 148 to illuminate the
sensor  elements 138 in the region 128 of light sensor 120. Region 128 is
operable to generate a 30 second color image signal component that
represents the image of the subject at the third  magnification in response
to the light of the second color incident thereon. WO 2006/026096
PCT/tIS2005/025405  The imaging element 109 is structured to focus light of
a third color from the subject to form an image of the subject at the third
magnification in the third color. The  light 30 passes through color filter
149 to illuminate the sensor elements 139 in the region  5 129 of light
sensor 120. Region 129 is operable to generate a third color image signal
component that represents an image of the subject at the third
magnification in response  to the light of the third color incident
thereon. The first, second and third color image signal components
generated by the set of  regions 127-129 are electronically combined to
form a color image signal that represents  10 the image of the subject at
the third magnification. The color image sensor 10 is thus capable of
forming images of a subject. The  images are formed in sets. The images in
each of the sets are formed in light of mutually  different colors and have
the same magnification. The images differ in magnification  among the set.
The color image sensor 10 is also capable of generating respective color 15
image signals in response to each of the sets of images. The color image
signals represent  the subject at a respective magnification. The set 112
of imaging elements located farthest from the light sensor 120 provide  the
highest magnification. In an exemplary color image sensor, the set 110
composed of  wide-angle imaging elements 101-103 provides a first
magnification. The set 1 11 20 composed of normal imaging elements 104-106
provides a second magnification of  approximately 1.7 times the first
magnification. The set 112 composed of telephoto  imaging elements 107-109
provides a third magnification of approximately 3.6 times the  



first magnification. In the described embodiment, the sets of imaging
elements are each composed of  25 three imaging elements arranged in a row,
but other numbers and positional relationships  of the imaging elements are
possible. In an alternative embodiment, each set of imaging  elements is
composed of four or more lens elements having the same focal length. The
light sensor 120 has, for each set of imaging elements, four or more
regions of sensor  elements each having a respective color filter. In this
alternative embodiment, each set of 30 imaging elements forms respective
images in light of four or more mutually different  colors, and the WO
2006/026096 PCTIUS2005/028405  light sensor generates color image signals
that represent images of the subject at  respective magnifications. Another
embodiment has additional sets of imaging elements.  Each additional set of
imaging elements is operable to form respective images at the 5 image plane
of the subject at an additional magnification in light of mutually
different  colors. FIG. 5 is a block diagram of a multi-magnification color
image sensor 16 in  accordance with a second embodiment of the invention.
Elements of the color image  sensor 16 that correspond to elements of the
color image sensor 10 described above with 10 reference to FIGS. IA, I B,
2, 3 and 4 are indicated using the same reference numerals and will not be
described again here. Color image sensor 16 has sets 110, 111, and 112 of
imaging elements, light sensor 120, a user input module 160, a processing
module 165, a  memory 170, an output port 175, a display module 180 and a
bus 185. Bus 185  interconnects light sensor 120, the user input module
160, the processing module 165, the 15 memory 170, the output port 175 and
the display module 180. Bus 185 may be an  electrical connection or an
optical connection. Light sensor 120 generates color image signals that
represent images of a subject  with different magnifications as described
above with reference to FIGS. 1A, 2, 3 and 4.  In the following example,
the light sensor 120 outputs color image signals. In other 20 examples, the
light sensor 120 outputs image signal components, which are subsequently
electronically combined by the processing module 165 or an external
processor (not  shown) to form color image signals each of which represents
an image of the subject with  a different magnification. 



The user input module 160 is structured to receive a user input 161 from a
user  25 (not shown) of the color image sensor 16 and to select at least
one of the color image  signals in response to the user input 161. The user
input module 160 includes one or  more processors and/or one or more
switches. WO 2006/026096 PCTIUS2005/028405  The user input 161 may be input
to the user input module 160 when the user enters one or more keystrokes on
a keypad or when the user rotates a knob to indicate a  selection. In one
embodiment, the user provides the user input 161 to input module 160  5 by
pushing a button to display a menu on display module 180. In this latter
embodiment, the user indicates which image or images to display, store,
process and/or output by  selecting one or more of the items in the menu.
In one embodiment, the user input module 160 is structured to generate one
or  more command signals in response to the user input 161. The command
signals are  10 transmittable via bus 195 to various ones of the devices,
such as, a light sensor 120, processing module 165, memory 170, output port
175 and display module 180, connected  to the bus 185. The user provides a
user input 161 to select one or more of the images formed by  the sets 110,
111 and 112 of imaging elements for display by display module 180. 15
Additionally, the user may provide a user input 161 to select one or more
of the images  formed by the sets 110, 111 and 112 of imaging elements for
storage in memory 170.  Additionally, the user may provide a user input 161
to select one or more of the images  formed by the sets 110, 111 and 112 of
imaging elements for output from output port 175  to an external device
(not shown). Additionally, the user may provide a user input 161 to 20
select one or more of the images formed by the sets of imaging elements
110, 111 and  112 for processing by processing module 165. The selected
color image signals output by light sensor 120 are transmitted via bus
185. The processing module 165 is structured to receive the transmitted
color image  signals output by light sensor 120 and to modify the received
color image signals. 25 Processing module 165 is structured to apply color
correction to at least one of the color  image signals. The processing
module 165 includes one or more processors. Processing  module 165 has
capability to perform multiple processes. The processes include
compressing the image signal components and/or color image signals,
converting the  



color image signals to a JPEG or MPEG-format color image signals, etc. and
summing  30 and color correction processes. WO 2006/026096
PCTIHS2005/028405  In one embodiment, the processing module 165 is
structured to receive transmitted command signals output by user input
module 160. In one embodiment, the processing  module 165 is structured to
generate one or more command signals in response to a signal  5 from the
user input module 160. The command signals are transmittable to various
devices, such as, light sensor 120, memory 170, output port 175 and display
module 180  connected to the bus 185. Memory 170 is structured to store at
least one of the color image signals. Memory  170 is structured to receive
all or selected ones of the color image signals transmitted via  10 bus 185
responsive to a user input 161 indicating user selection of an option to
store the color image signals. Memory 170 includes one or more memory
devices, such as,  random access memory (RAM), read-only memory (ROM). In
one embodiment, memory  170 is structured to receive transmitted command
signals output by user input module 160  and/or processing module 165. In
one embodiment, selected stored color image signals 15 are retrieved and/or
deleted from memory 170 responsive to command signals generated  by a user
input 161 indicating user selection of an option to retrieve and/or delete
selected  color image signals. Display module 180 is structured to receive
the selected color image signals  transmitted via bus 185 responsive to a
selection at the user input module 160. Display  20 module 180 is
structured to display a picture in response to each of the at least one
color image signals selected. Additionally, if the user selected to display
more than one color  image signal, the display module 180 is structured to
simultaneously display more than  one picture in response to selecting more
than one color image signal. In one  embodiment, display module 180 is
structured to receive transmitted command signals 25 output by user input
module 160 and/or processing module 165 and to display pictures in  the
display module 180 responsive to the one or more color image signals and
received  command signal. WO 2006/026096 PCTIUS2005/028405  Output port 175
is structured to receive the selected color image signals transmitted via
bus 185 responsive to a user input 161 indicating user selection of an  



option to output selected color image signals to an external device (not
shown). 5 Alternatively, selection can be made on the external device. The
output port 175 is  structured to output received color image signals to
one or more external devices. In one  embodiment, output port 175 is
structured to receive image signal components from the  light sensor 120
and/or from memory 170 and to output received image signal components to
one or more external devices. An external processor (not shown) within  10
the external device then electronically combines the output image signal
components to  form one or more color image signals. The external devices
may be a personal computer, a PDA, a cell phone or other  electronic
devices with display capability. The transmission from output port 175 may
be  via a wireless connection, such as, WiFi or a wireless communication
system for cellular 15 technology. The transmission from output port 175
may be via a hardwired connection,  such as, a cable connection to a
computer, a cable connection to an external memory  device or a connection
to a telecommunication system including wide area networks,  local area
networks. The connection to a telecommunication system may include landline
and/or wireless connections. 20 In one embodiment, the bus 185
simultaneously delivers the selected color image  signals to the processing
module 165, the display module 180, memory 170, output port  175 or any
combination thereof. In another embodiment, the bus 185 simultaneously
delivers selected color image components, which can be electronically
combined to form  a color image signal, to the processing module 165, the
display module 180, memory 170, 25 output port 175 or any combination
thereof. FIGS. 6-8 show exemplary display configurations of pictures on
display module  180 in response to a received user input 161 at user input
module 160. FIGS. 6-8 are  intended to demonstrate exemplary user display
selections and are not intended to be  limiting to the invention. 30 WO
2006/026096 PCT/1J52005/028405  FIG. 6 is a schematic diagram of the
display module 180 in operation showing a picture of the subject with three
different magnifications. The display module 180  includes a display area
181 that is segmented into exemplary display sub-areas 182, 183  5 and 184
for simultaneously displaying pictures of the subject in a wide-angle view,
a 



normal view and a telephoto view. The display module 180 receives color
image signals  for the subject in the first, second and third magnification
along with a command signal to  configure the display area 181 to show
three separate pictures in display sub-areas 182,  183 and 184. The command
signal to configure the display area 181 to show the three 10 pictures in
display sub-areas 182-184 is generated by a user input 161 provided to the
user input module 160. Display sub-areas 182, 183 and 184 are positioned in
non-overlapping regions of  the display area 181 and, in this example, are
of equal or almost equal size. The wide- angle representation of the
subject is shown in display sub-area 182. The normal 15 representation of
the subject is shown in display sub-area 183. The telephoto  representation
of the subject is shown in display sub-area 184. Display sub-areas 182,
183 and 184 are representative of possible display sub-areas and are not
intended to be  limiting to the invention. FIG. 7 is a schematic diagram of
the display module 180 in operation showing one  20 picture with a
telephoto representation of the subject in display sub-area 184. The
display  module 180 receives a color image signal representing the subject
at the third magnification and a command signal to configure the display
area 181 to show the single  picture in display sub-area 184. The command
signal to configure the display area 181 to  display the single picture in
display sub-area 184 is generated by a user input 161 25 provided to the
user input module 160. FIG. 8 is a schematic diagram of the display module
180 in operation showing an  alternative way of displaying a picture of a
telephoto representation of the subject in  which the picture occupies the
complete display area 181. The display module 180  receives a color image
signal representing the subject at the third magnification along 30 with a
command signal to configure the display area 181 to display the picture in
the total WO 2006/026096 PCT/US2005/028405  of display area 181. The
command signal to configure the display area 181 to show the  picture
within all of the display area 181 is generated by a user input 161
provided to the  user input module 160. 5 In one embodiment, the user can
select a blanking command signal, which blanks  display area 181 or one or
more of the display sub-areas 182, 183 or 184. For example, a  user may
push a clear-all button to clear all pictures in display area 181. In an
exemplary  



case, a user pushes a clear button once within a preset time to clear
display sub-area 184  of a picture and the user pushes the clear button
twice within a preset time to clear the 10 display sub-areas 183 and 184 of
pictures. FIG. 9 shows a flow chart 900 illustrating a method in accordance
with the present  invention for color imaging. In block 902, images of a
subject are formed. The images are formed in sets  differing in
magnification. The images in each of the sets are formed in light of
mutually  15 different colors and have the same magnification. The images
differ in magnification  among the sets. In block 904, a respective color
image signal is generated in response to each of  the sets of images
representing the subject at the respective magnification. In block 906,
optionally, more than one color image signal is selected. In block  20 908,
optionally, more than one picture is displayed in response to each of the
color image  signals selected. This disclosure describes the invention in
detail using illustrative embodiments.  However, the invention defined by
the appended claims is not limited to the precise  embodiments described.
25 We claim: 1. A color image sensor, comprising; imaging elements each
structured to form at an image plane, an image of a  subject having a
respective magnification, ones of the imaging elements forming  respective
ones of the images with the same magnification in light of mutually
different colors constituting a set characterized by the magnification of
the images,  the sets having mutually-different magnifications; a light
sensor located in the image plane and comprising a region of sensor
elements disposed opposite each of the imaging elements, the regions of
sensor  elements opposite each of the sets of imaging elements being
operable to generate,  in response to light incident thereon, a respective
color image signal representing the  image of the subject at the respective
magnification; and read-out circuits, each associated with a respective
region of the sensor  elements of the light sensor and independently
reading-out a respective one of 'he color  



image signals representing the image of the subject. 2. The color image
sensor of claim 1, additionally comprising a user input  module operable in
response to a user input to control selection of one of the color  image
signals. 3. The color image sensor of claim 2, additionally comprising a
display  module connected to receive the color image signal selected in
response to the user  input and operable to display a picture in response
to the selected color image  signal. 4. The color image sensor of claim 1,
additionally comprising a user input  module operable in response to a user
input to control selection of more than one of  the color image signals;
and a display module connected to receive the color image-signals selected
in  response to the user input and operable to display simultaneously
pictures in  response to each of the selected color image signals. 5. The
color image sensor of claim 4, further comprising: a memory operable to
store at least the selected color image signals.  6. The color image sensor
of claim 5, further comprising: a processing module operable to modify the
color image signals. 7. The color image sensor of claim 6, in which the
processing module is  selectively operable in response to the user input to
modify the selected color image  signals. 8. The color image sensor of
claim 7, further comprising: an output port connected to receive at least
one of the color image signals  from the color image sensor and to output
the at least one of the color image  signals. 9. The color image sensor of
claim 1, further comprising: color filters disposed between the imaging
elements and the light sensor, the  color filters adjacent each of the sets
of imaging elements transmitting light of  mutually different colors. 10. A
color imaging method, comprising: forming images of a subject, at an image
plane, comprising forming the  images in a plurality of sets, each set
including images formed in light of mutually  



different colors and having a common magnification, the images differing in
magnification among the sets; generating, in response to the formed images
of the subject, color image  signals representing the formed images at a
plurality of magnifications;  associating a respective color image signal
in a respective color at a respective magnification to a read-out circuit;
and independently reading out the respective color image signal in the
respective  color at the respective magnification by the associated
read-out circuit for at least the  color image signals corresponding to a
respective set of images. 11. The method of claim 10, additionally
comprising: selecting at least one  of the color image signals. 12. The
method of claim 11, additionally comprising: displaying a picture  in
response to each of the at least one of the selected color image signals.
13. The method of claim 12, in which: in the selecting, more than one of
the  color image signals is selected; and the displaying comprises
simultaneously displaying  more than one picture. 14. The method of claim
10, additionally comprising: correcting the color  of at least one of the
color image signals. 15. The method of claim 10, additionally comprising:
storing at least one  of the color image signals. 16. A system for
generating color images comprising: means for forming images of a subject
in sets, at an image plane, each set  including images formed in light of
mutually different colors and having the same  magnification, the images
differing in magnification among the sets; means for generating, in
response to the formed images of the subject, color  image signals
representing the formed images at a plurality of magnifications;  mean for
associating a respective color image signal in a respective color at a
respective magnification to a read-out circuit; and means for independently
reading out the respective color image signal in the  respective color alt
the respective magnification by the associated read-out circuit for  at
least the color image signals corresponding to a respective set of images.
17. The system of claim 16, additionally comprising: means for selecting  



at least one of the color image signals. 18. The system of claim 17,
additionally comprising: means for displaying a picture in response to each
of the at least one of the selected color image  signals. 19. The system of
claim 17, in which: the means for displaying is  additionally for
simultaneously displaying more than one picture in response to  selecting
more than one color image signal. 20. The system of claim 17, additionally
comprising: means for storing at  least one of the color image signals. 21.
The color image sensor of claim 1, wherein each light sensor region  within
a set Is arranged in a positional relationship that minimizes leakage of
light  imaged by each of the imaging elements. 22. The color image sensor
of claim 1, wherein each respective readout  circuit converts the color
image signal associated with a corresponding region of the  sensor elements
to a digital image signal component. 23. The color image sensor of claim
22, wherein the digital image signal  components from respective readout
circuits corresponding to imaging elements that  form a respective image
with the same magnification are combined to simultaneously  display the
respective image in a plurality of magnifications. 




