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(57) ABSTRACT

A camera with a pair of lens/sensor combinations, the two
lenses having different focal lengths, so that the image from
one ofthe combinations has a field ofview approximately two
to three times greater than the image from the other combi-
nation. As a user of the camera requests a given amount of
zoom, the zoomed image provided will come from the lens/
sensor combination having the field ofview that is next larger
than the requested field ofview. Thus, ifthe requested field of
view is less than the smaller field of view combination, the
zoomed image will be created from the image captured by
that combination, using cropping and interpolation if neces-
sary. Similarly, ifthe requested field ofview is greater than the
smaller field ofview combination, the zoomed image will be
created from the image captured by the other combination,
using cropping and interpolation if necessary.

15 Claims, 1 Drawing Sheet
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DUAL LENS DIGITAL ZOOM

BACKGROUND

Digital camera modules are currently being incorporated
into a variety of host devices. Such host devices include
cellular telephones, personal data assistants (PDAs), comput-
ers, and so forth. Consumer demand for digital camera mod-
ules in host devices continues to grow.

Host device manufacturers prefer digital camera modules
to be small, so that they can be incorporated into the host
device without increasing the overall size of the host device.
Further, there is an increasing demand for cameras in host
devices to have higher-performance characteristics. One such
characteristic that many higher-performance cameras (e.g.,
standalone digital still cameras) have is the ability to vary the
focal length of the camera to increase and decrease the mag-
nification of the image, typically accomplished with a zoom
lens, now known as optical zooming. Optical zooming is
typically accomplished by mechanically moving lens ele-
ments relative to each other, and thus such zoom lens are
typically more expensive, larger, and less reliable than fixed
focal length lenses. An alternative approach for approximat-
ing this zoom effect is achieved with what is known as digital
zooming. With digital zooming, instead of varying the focal
length of the lens, a processor in the camera crops the image
and interpolates between the pixels of the captured image to
create a “magnified” but lower-resolution image.

There have been some attempts to use two different lenses
to approximate the effect of a zoom lens. It has been done in
the past with film cameras in which the user could select one
of two different focal lengths to capture an image on film.
More recently, a variation on this concept with camera mod-
ules has been disclosed in U.S. Pat. Pub. No. 2008/0030592,
the entire contents of which are incorporated herein by refer-
ence, which discusses a camera module with a pair of sensors,
each having a separate lens through which light is directed to
the respective sensor. In this publication, the two sensors are
operated simultaneously to capture an image. The respective
lenses have different focal lengths, so even though each lens/
sensor combination is aligned to look in the same direction,
each will capture an image of the same subject but with two
different fields ofview. The images are then stitched together
to form a composite image, with the central portion of the
composite image being formed by the relatively higher-reso-
lution image taken by the lens/sensor combination with the
longer focal length and the peripheral portion of the compos-
ite image being formed by a peripheral portion of the rela-
tively lower-resolution image taken by the lens/sensor com-
bination with the shorter focal length. The user selects a
desired amount of zoom and the composite image is used to
interpolate values therefrom to provide an image with the
desired amount of zoom. Unfortunately, the disclosure in this
publication is largely conceptual and lacks in certain details
that would be needed to provide optimal performance. U.S.
Pat. App. No. 61/161,621, the entire contents of which are
incorporated herein by reference, discloses improvements
and refinements to this concept.

The foregoing examples of the related art and limitations
related therewith are intended to be illustrative and not exclu-

sive. Other limitations of the related art will become apparent
to those of skill in the art upon a reading of the specification
and a study of the drawings.

SUMMARY

Disclosed herein is a camera operated by a user that
includes a first sensor that captures a first image; a first lens
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that directs light to the first sensor, the first lens having a first
focal length, wherein the combination of the first sensor and
first lens has a first field ofview; a second sensor that captures
a second image; a second lens that directs light to the second
sensor, the second lens having a second focal length that is
longer than the first focal length, wherein the combination of
the second sensor and second lens has a second field ofview,
wherein the first field of view is greater than the second field
ofview; and a zoom control operable by the user to allow the
user to request a desired field of view to produce a zoomed
image. The combination of the first sensor and the first lens
are substantially aligned with the combination of the second
sensor and the second lens to allow each to be directed toward

the same subject. The zoomed image is the first image if the
requested field of view is substantially equal to the first field
ofview, the zoomed image is produced from the first image by
cropping and interpolating the first image if the requested
field ofview is less than the first field ofview and greater than
the second field of view, the zoomed image is the second
image if the requested field of view is substantially equal to
the second field of view, and the zoomed image is produced
from the second image by cropping and interpolating the
second image if the requested field of view is less than the
second field of view.

The camera may further include a third sensor that captures
a third image; a third lens that directs light to the third sensor,
the third lens having a third focal length that is longer than the
second focal length, wherein the combination of the third
sensor and third lens has a third field of view, wherein the
second field ofview is greater than the third field ofview. The
combination of the third sensor and the third lens may be
substantially aligned with the combination of the first sensor
and the first lens and the combination ofthe second sensor and
the second lens to allow each to be directed toward the same

subject. The zoomed image may be the first image if the
requested field of view is substantially equal to the first field
of view, the zoomed image may be produced from the first
image by cropping and interpolating the first image if the
requested field of view is less than the first field of view and
greater than the second field of view, the zoomed image may
be the second image if the requested field ofview is substan-
tially equal to the second field ofview, the zoomed image may
be produced from the second image by cropping and interpo-
lating the second image if the requested field of view is less
than the second field ofview and greater than the third field of
view, the zoomed image may be the third image if the
requested field ofview is substantially equal to the third field
of view, and the zoomed image may be produced from the
third image by cropping and interpolating the third image if
the requested field ofview is less than the third field of view.

The first field of view may be approximately twice that of
the second field of view. The first field of view may be in the
range of approximately two to three times that of the second
field of view. The zoom control may be used to request a
zoomed image in a range, with one end of the range corre-
sponding approximately to the first field of view and the
opposite end of the range corresponding approximately to 1A
to 1/2 of the second field of view.

Also disclosed is a camera operated by a user that includes
a sensor that captures an image; a first lens that can direct light
to the sensor, the first lens having a first focal length, wherein
the combination of the sensor and first lens has a first field of

view; a second lens that can direct light to the sensor, the
second lens having a second focal length that is longer than
the first focal length, wherein the combination of the sensor
and second lens has a second field of view, wherein the first
field of view is greater than the second field of view; and a
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zoom control operable by the user to allow the user to request
a desired field of view to produce a zoomed image. The first
and second lenses can be moved relative to the sensor into one

of two different positions so that the sensor can receive either
light passing through the first lens or light passing through the
second lens. The combination of the sensor and the first lens

are substantially aligned with the combination of the sensor
and the second lens to allow either to be directed toward the

same subject. The zoomed image is the image from the first
sensor if the requested field of view is substantially equal to
the first field ofview, the zoomed image is produced from the
image from the first sensor by cropping and interpolating the
image from the first sensor ifthe requested field ofview is less
than the first field ofview and greater than the second field of
view, the zoomed image is the image from the second sensor
if the requested field of view is substantially equal to the
second field ofview, and the zoomed image is produced from
the image from the second sensor by cropping and interpo-
lating the image from the second sensor if the requested field
of view is less than the second field of view.

The first field of view may be approximately twice that of
the second field of view. The first field of view may be in the
range of approximately two to three times that of the second
field of view. The zoom control may be used to request a
zoomed image in a range, with one end of the range corre-
sponding approximately to the first field of view and the
opposite end of the range corresponding approximately to 1A
to 1/2 of the second field of view. The lenses may be moved
relative to the sensor manually by the user. The lenses may be
moved relative to the sensor automatically by the camera
when the field ofview requested by the user changes between
using the image from one of the combinations to the other of
the combinations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a camera.

DETAILED DESCRIPTION

The following description is not intended to limit the inven-
tion to the form disclosed herein. Consequently, variations
and modifications commensurate with the following teach-
ings, and skill and knowledge of the relevant art, are within
the scope of the present invention. The embodiments
described herein are further intended to explain modes known
of practicing the invention and to enable others skilled in the
art to utilize the invention in such, or other embodiments and
with various modifications required by the particular appli-
cation(s) or use(s) of the present invention.

A camera 10 is shown in FIG. 1. The camera 10 may
include a first lens 12 having a relatively-shorter focal length
and a first sensor 14 that are located proximate to and sub-
stantially aligned with a second lens 16 having a relatively-
longer focal length and a second sensor 18. By having the
combined first lens and first sensor aligned with the combined
second lens and second sensor, the sensors can each obtain an
image of substantially the same subject. Of course, due to the
different focal lengths of the lenses 12 and 16, the first sensor
14 will obtain an image ofthe subject with a relatively-wider
field of view (FOV) as compared to the relatively-narrower
FOV of the image obtained by the second sensor 18. In one
example, the first FOV may be in the range of two to three
times as large as the second FOV. In another example, the first
FOV may be approximately twice the second FOV.

In most cases, each sensor 14 and 18 may perform certain
basic image processing algorithms such as white balancing,
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and so forth. The lenses 12 and 16 could be made of any
acceptable material, including plastic (e.g., injection-molded
plastic), glass, optical ceramic, diffractive elements, or a
composite.

In one example, the lens 16 may be a lens having a focal
length of 7.2 mm and a field-of—view (FOV) of 32 degrees,
while the lens 12 may be a lens having a focal length of 3.62
mm and an FOV of 63 degrees. These lens specifications are
merely exemplary and any other suitable lens characteristics
could be acceptable. In addition, one or both of the lenses 12
and 16 could be variable focal length (zoom) lenses.

In one example, the two lenses 12 and 16 may have the
same f-number so that the illuminance of the light received at
the sensors 14 and 18 is equivalent. With equivalent illumi-
nance, the sensors can be operated at similar levels of ampli-
fication and with similar exposure times. In this manner, the
separate images captured by the separate sensors 14 and 18
can be of similar levels ofbrightness and contrast. By having
similar levels of amplification, the background noise in each
image will be similar. By having similar exposure times,
artifacts in each image due to subject motion will be similar.
By maintaining similarity as to these two characteristics in the
two images, transitions between the two images will be more
acceptable to the user. In another example, the lenses 12 and
16 may be chosen to provide the same depth of field for each
lens/sensor combination.

In one example, each of the sensors is a Bayer sensor,
which uses a color filter array over the array of separate
pixels, as is well known. Such sensors sense green light at
every other pixel, with the intervening pixels alternating
between red pixels andblue pixels. The raw sensed signals are
later provided to a demosaicing algorithm, which interpolates
between the pixels to obtain a full color signal for each pixel.
However, the invention is not limited to use with a Bayer
sensor and will work equally well with sensors having a
different color filter array, cameras based on time-sequential
color, cameras using beamsplitters and separate sensors for
each color channel, and other camera architectures.

In some cases, the camera 10 may be considered to include
only the functional portions described above. In other cases,
these portions (referred to collectively as a camera module
22) may also be combined with certain downstream compo-
nents as part of the camera 10. In such case, the camera 10
may also include an image signal processor (ISP) 24, a dis-
play 26, and user interface controls 28. Of course, as is well
known in the camera industry, cameras may also typically
include several other components that are omitted here for
simplification. For example, as non-limiting examples, these
other components may include batteries, power supplies, an
interface for the application ofexternal power, a USB or other
interface to a computer and/or printer, a light source for flash
photography, auto-focus and image stability controls, internal
memory, one or more ports for receiving an external memory
card or device (e.g., an SD or xD memory card), and in the
case of the use of a camera in a mobile phone, a microphone,
speaker, transmitter/receiver, and an interface for an external
microphone and speaker (e.g., a Bluetooth headset).

The user interface controls 28 may include conventional
controls that are used to operate the camera, including con-
trols to instruct the camera to capture one or more images, as
well as to manipulate the images, and many other functions.
One of the controls allows the user to digitally zoom the
camera to increase or decrease the field ofview (FOV) of the
camera. The user can zoom the image out to the FOV of the
image from the first sensor 14 at one end ofthe zooming range
and to a point that may be somewhere between 1/2 and 1/4 ofthe
FOV ofthe image from the second sensor 18 at the other end
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