US 20120118971A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0118971 Al

Ferren et al.

(54)

(76)

@
(22)

(62)

(60)

CAMERA APPLICATIONS IN A HANDHELD
DEVICE

Inventors: Bran Ferren, Beverly Hills, CA
(US); H. Keith Nishihara, Los
Altos, CA (US)

Appl. No.: 13/358,761
Filed: Jan. 26, 2012

Related U.S. Application Data

Division of application No. 13/376,621, filed on Dec.
7,2011, filed as application No. PCT/US2009/069804
on Dec. 30, 2009.

Provisional application No. 61/187,520, filed on Jun.
16, 2009.

43) Pub. Date: May 17, 2012
Publication Classification
(51) Int.ClL
GO6K 7/10 (2006.01)
(52) US.CL .covviiiiiiiiiiieneenccecececene 235/462.13
57 ABSTRACT

A small handheld device may perform multiple functions,
including those of a camera, a display, a processor, and a
radio. In various embodiments, the device may receive infor-
mation representing a bar code through the radio, and either
display the bar code or wirelessly retransmit it to another
device. The bar code may represent various things, such as but
not limited to a coupon, an admission ticket, a verification of
a prior purchase, and/or other evidence of commerce.
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CAMERA APPLICATIONS IN A HANDHELD
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 13/376,621 filed Dec. 7, 2011, which is a national
stage application of international patent application PCT/
US2009/069804 filed Dec. 30, 2009, which is in turn derived
from U.S. provisional patent application Ser. No. 61/187,520,
filed Jun. 16, 2009, and claims priority to those filing dates for
all applicable subject matter.

BACKGROUND

[0002] As the technology of handheld electronic devices
improves, various types of functionality are being combined
into a single device, and the form factor of these devices is
becoming smaller. These devices may have extensive pro-
cessing power, virtual keyboards, wireless connectivity for
cell phone and internet service, and cameras, among other
things. Cameras in particular have become popular additions,
but the cameras included in these devices are typically limited
to taking low resolution snapshots and short video sequences.
The small size, small weight, and portability requirements of
these devices prevents many of the more sophisticated uses
for cameras from being included. For example, they typically
use a lens with a fixed focal length and fixed field of view
because a zoom lens would be too heavy and require more
physical depth than the body of the device permits. For these
reasons, an optical zoom lens may be impractical for small
and relatively inexpensive handheld devices. In other areas,
consumer cameras have not been useful in bar code applica-
tions because bar codes are designed for specialized equip-
ment. This prevents many useful applications for bar codes
from being implemented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Some embodiments of the invention may be under-
stood by referring to the following description and accompa-
nying drawings that are used to illustrate embodiments of the
invention. In the drawings:

[0004] FIG. 1 shows a multi-function handheld user device
with multiple built-in camera lenses, according to an embodi-
ment of the invention.

[0005] FIGS. 2A-2D show different optical paths that may
beused to direct light from the lenses to the optical sensors(s),
according to various embodiments of the invention.

[0006] FIG. 3 shows a flow diagram of a method of oper-
ating a camera with two lenses, according to an embodiment
of the invention.

[0007] FIG. 4 shows a multi-function handheld user device
with a built-in camera, according to an embodiment of the
invention.

[0008] FIG. 5 shows a camera system, according to an
embodiment of the invention.

[0009] FIG. 6 shows a camerareading a bar code, according
to an embodiment of the invention.

[0010] FIG. 7 shows a flow diagram of'a method of using a
camera to read a bar code, according to an embodiment of the
invention.
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[0011] FIG. 8 shows a flow diagram of a method of using
bar code values, according to an embodiment of the invention.

DETAILED DESCRIPTION

[0012] In the following description, numerous specific
details are set forth. However, it is understood that embodi-
ments of the invention may be practiced without these spe-
cific details. In other instances, well-known circuits, struc-
tures and techniques have not been shown in detail in order
not to obscure an understanding of this description.

[0013] References to “one embodiment”, “an embodi-
ment”, “example embodiment”, “various embodiments”,
etc., indicate that the embodiment(s) of the invention so
described may include particular features, structures, or char-
acteristics, but not every embodiment necessarily includes
the particular features, structures, or characteristics. Further,
some embodiments may have some, all, or none of the fea-
tures described for other embodiments.

[0014] In the following description and claims, the terms
“coupled” and “connected,” along with their derivatives, may
be used. It should be understood that these terms are not
intended as synonyms for each other. Rather, in particular
embodiments, “connected” is used to indicate that two or
more elements are in direct physical or electrical contact with
each other. “Coupled” is used to indicate that two or more
elements co-operate or interact with each other, but they may
or may not be in direct physical or electrical contact.

[0015] Asusedin the claims, unless otherwise specified the
use of the ordinal adjectives “first”, “second”, “third”, etc., to
describe a common element, merely indicate that different
instances of like elements are being referred to, and are not
intended to imply that the elements so described mustbe in a
given sequence, either temporally, spatially, in ranking, or in
any other manner.

[0016] Various embodiments of the invention may be
implemented in one or any combination of hardware, firm-
ware, and software. The invention may also be implemented
as instructions contained in or on a computer-readable
medium, which may be read and executed by one or more
processors to enable performance of the operations described
herein. A computer-readable medium may include any
mechanism for storing information in a form readable by one
or more computers. For example, a computer-readable
medium may include a tangible storage medium, such as but
not limited to read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical stor-
age media; a flash memory device, etc.

[0017] Various embodiments of the invention pertain to
novel features in a device containing at least one camera that
permit novel uses for the device. In some embodiments, digi-
tized images taken with two or more camera lenses with fixed
focal lengths may be combined in ways that permit novel uses
for the device. In other embodiments, a device containing a
camera may perform as a bar code reader, and may wirelessly
transmit and/or visually present a bar code to other devices.

Dual Cameras for Zoom Emulation and Other
Functions

[0018] Various embodiments of the invention provide two
separate camera lenses with different fixed focal lengths and
correspondingly different fixed fields of view. By taking a
picture of the same scene with both lenses, one picture being
a close-up version of a portion of the other, the two images
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may enable various kinds of subsequent processing. In some
embodiments, the narrow field of view lens may cover a field
of view equal to, or slightly larger than, the smallest region
within the wide field of view that will produce acceptable
digital resolution when enlarged to full size. In this manner,
an accurate digital comparison may be made between the full
image of one picture and the selected portion of the other
picture.

[0019] In the simplest action, the two pictures may simply
be presented to a human evaluator to subjectively determine
which is the preferred picture. In another action, the two
images may be processed and merged to emulate the effects
of a zoom lens, with better resolution than could be obtained
with a simple digital zoom (i.e., cropping the original picture,
which reduces the number of original pixels, even if the result
is then enlarged to have more final pixels). Other advanta-
geous results may also be available, such as using the sepa-
ration between the two lenses to produce stereoscopic visual
information, and such as comparing the two images to enable
motion detection/stabilization.

[0020] These capabilities may be enabled in two separate
embodiments. In one embodiment, each lens may have its
own separate image sensor, effectively providing two sepa-
rate cameras which may take their respective pictures at the
same time if desired. In the other embodiment, the same
image sensor may be used for both lenses, requiring that the
two pictures be taken at different times. An optical selection
system may be used to select which image reaches the sensor
at a given time. This can be handled in various ways, such as
but not limited to: 1) using a movable reflective device to
direct the optical path from each lens to the image sensor at
different times, or 2) directing the optical path from both
lenses to the image sensor at the same time, but using a
light-blocking device (e.g., a shutter) to prevent the light from
the non-selected lens from reaching the image sensor.

[0021] Information derived from the two pictures may be
used in various ways, such as but not limited to:

[0022] 1) One of the two pictures may be selected for use,
based at least in part on objective criteria and/or the subjective
criteria of the human making the selection.

[0023] 2) The narrow field of view image from one lens and
the wide field of view image from the other lens may be
digitally processed and combined to create an intermediate
field of view image. The fine detail available from the narrow
field of view image may be used to enhance portions of the
wide field of view image in ways that would be unavailable
from a simple digital zoom function. Multiple different inter-
mediate field of view images may be produced in this manner,
effectively emulating the results that could be obtained from
an optical zoom lens. In some embodiments, this processing
may take place in the camera or the device containing the
camera, and the resulting intermediate field of view image
may be presented to the user on the camera device’s display.
In other embodiments, this processing may take place in a
separate device after downloading the two images to that
separate device.

[0024] 3) Since the two lenses are separated by a known
distance, they will each have a slightly different angle of view
of'the same object in the pictures, enabling stereoscopic infor-
mation and effects to be produced. If the full image from the
narrow field of view lens is compared to the corresponding
portion of the image from the wide field of view lens, a direct
stereoscopic effect may be produced from the two images,
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similar to what would be obtained if both lenses had the same
field of view and their full images were compared.

[0025] 4) Ifthe two images are taken at separate times, any
movement of the scene between one image and the other may
be detected by comparing corresponding portions of both
pictures. As before, a portion of one image may have to be
enlarged to enable a direct comparison. If movement is
detected, this information may be handled in various ways,
such as but not limited to: 1) notifying the user so that the user
may decide what action to take, 2) keeping one image but
discarding the other, 3) discarding both images, 4) keeping
both images but cancelling any further processing, since the
results may not be accurate, 5) using the difference between
the images and different times the pictures were taken to
calculate the amount or speed of the movement.

[0026] FIG. 1 shows a multi-function handheld user device
with multiple built-in camera lenses, according to an embodi-
ment of the invention. Device 110 is shown with a display
120, afirst camera lens 130 and a second camera lens 140. The
remaining portions of the camera(s), as well as a processor,
memory, radio, and other hardware and software compo-
nents, may be contained within the device and are not visible
in this figure. Although the illustrated device 110 is depicted
as having a particular shape, proportion, and appearance, with
the camera lenses located in particular locations on one of the
two large surfaces, this is for example only and the embodi-
ments of the invention may not be limited to this particular
physical configuration. For example, in some embodiments
the lenses may be located closer together, which could reduce
parallax effects between the two images. In some embodi-
ments the lenses may be located on a smaller surface (i.e.,
along an edge) of the device, which would allow for longer
straight-line optical paths. In some embodiments the lenses
130, 140 may be on the opposite side of the device from the
display 120, so that the display can act as a camera viewfinder
for the user. In some embodiments the overall shape of the
device 110 may be completely different than shown. In some
embodiments, device 110 may be primarily a camera device,
without much additional functionality. In other embodiments,
device 110 may be a multi-function device, with many other
functions unrelated to the camera.

[0027] FIGS. 2A-2D show different optical paths that may
be used to direct light from the two lenses to the optical
sensors(s), according to various embodiments of the inven-
tion. Note: the term ‘lens’, as used in this document, may
include one or more pieces of optically refractive material
arranged in a defined position to each other so that light
traveling through all the pieces will be focused at a particular
plane. The illustrated lens 210 shows three such pieces in
cross section, with a double convex piece attached to a double
concave piece, with a another double convex piece physically
separated from both of them. Lens 220 shows two double
convex pieces physically separated. Although any one of
these pieces, in isolation, could be considered a lens, a col-
lection of one or more such pieces in a defined physical
position to each other, able to pass the same beam of light and
focus it at a defined plane, shall be referred to as a ‘lens’ in this
document. The particular quantity, positions, and shapes of
these pieces shown in the drawings are for example only, and
should not be interpreted as a limitation on the various
embodiments of the invention. Other optical components not
shown in the drawings, including lenses, may also be
included. The term “optical component’, as used in this docu-
ment, includes any physical object that changes the direction
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of'light, through refraction and/or reflection, with the purpose
of focusing an optical image at a particular location.

[0028] FIG. 2A shows a separate optical sensor for each
lens. Light traveling through lens 210 may produce a focused
image on the first optical sensor 230, while light traveling
through lens 220 may produce a focused image on the second
optical sensor 240. In some embodiments, an optical sensor
may comprise a rectangular array of individual light sensors,
which collectively can sense a two-dimensional image that is
focused on the array by a lens. Electrical signals from the
optical sensor may be stored as digital values representing the
image captured by the light sensors.

[0029] FIG. 2B shows a single optical sensor 230 for both
of'lenses 210 and 220, with a reflective surface (e.g., a mirror
orprism) 260 being used to select which image will reach the
optical sensor. When reflective surface 260 is in the position
shown, the light from lens 220 reflects off another reflective
surface 250 and then off reflective surface 260 to reach optical
sensor 230, while the light from lens 210 is blocked off and
doesn’t reach optical sensor 230. When reflective surface 260
is in the alternate position, the light from lens 210 reaches
optical sensor 230 unimpeded, while the light from lens 220
and reflective surface 250 is reflected in a different direction
than optical sensor 230.

[0030] FIG. 2C shows a single optical sensor 230 for both
lenses, similar to that shown in FIG. 2B, but without the need
for a movable reflective device. In this embodiment, object
270 may be a beam-combiner that reflects the light from lens
210to optical sensor 230, and can also pass the light from lens
220 and reflective surface 250 so that it also reaches optical
sensor 230. However, to prevent the light from both lenses
from simultaneously being detected by optical sensor 230,
each lens may have an associated light-blocking device 280,
290 (e.g., a shutter) to block off the image from one lens while
the image from the other lens is being sensed. By redirecting
the light from each lens with a reflector or a beam combiner so
that much of the optical path is perpendicular to the thin
‘depth’ dimension of the camera, and by placing the optical
sensor 230 at an angle to receive this redirected light, a rela-
tively long optical path may be accommodated in a very thin
camera. Note that the drawings are not shown in proportion—
the portion of the optical path that travels through the lens to
the reflective surface (or beam combiner) may be shorter than
the portion of the optical path that travels from the reflective
surface (or beam combiner) to the optical sensor. This tech-
nique of making an ‘L’ shaped optical path may be used with
any feasible lens and sensor configuration, including all of the
ones shown in this document, to permit a long optical path in
a thin camera. When that technique is combined with using a
fixed focal-length lens rather than a zoom lens, an extremely
thin cameral is possible, whether that camera is using two
lenses or just a single lens.

[0031] FIG. 2D shows a single front lens with two sensors
and additional optics. In this embodiment, a beam-splitter
275 splits the light from lens 225. Part of the light travels to
optical sensor 230, while part of the light travels through
internal optical component 227 before reaching optical sen-
sor 240. The internal lens changes the focal length so that the
image reaching optical sensor 240 has a different field of view
than the image reaching optical sensor 230. This technique
essentially provides two lenses, similar to lenses 210, 220 of
FIG. 2A (providing a wide field of view at one sensor and a
narrow field of view at the other sensor), but the two lenses
share the optical pieces at 225, and both images will be
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coaxial (i.e., the center of both images will be at the same spot
in the picture). For some uses, the coaxial feature may elimi-
nate the need to digitally shift one of the recorded images to
compensate for parallax.

[0032] Inanyembodiment, an optical path may be reflected
one or more times (such as the right-angle reflection shown in
FIG. 2B) so that a long optical path may be accommodated
within the narrow dimensions of the device 110. In some
embodiments, a reflective surface may have a convex or con-
cave shape so that it effectively acts as a lens as well as a
reflector. Although most of the descriptions in this document
refer to two lenses, additional lenses may also be used. For
example, a third lens at the surface of the camera, possibly
located near a third edge of the device, could extend the
effective zoom range by providing an image with an even
narrower field of view (greater magnification). By being
located off the center-to-center axis of the other two lenses, it
may also permit more robust stereo distance/displacement
calculations.

[0033] FIG. 3 shows a flow diagram of a method of oper-
ating a camera with two lenses, according to an embodiment
of the invention. In the illustrated flow diagram 300, at 310 a
first picture may be taken using the first lens, which in this
example is the lens with the wider field of view, and the
resulting first image is recorded by being stored in a digital
format. At320 a second picture may be taken using the second
lens (having the narrower field of view), and the resulting
second image is stored. As previously indicated, the pictures
may generally be taken at slightly different times (in the order
indicated or the reverse of that order), but in embodiments
having two cameras may be taken at the same time. As indi-
cated at 330, the recorded images may be processed in various
ways, described in the subsequent portions of FIG. 3. One,
none, or multiple ones of these four processes may be used on
the two recorded images.

[0034] In the first process, one of the two stored images
may be selected at 340 for further use. For example, a person
may determine the first image of a landscape is more aestheti-
cally pleasing than the second image of a small portion of that
landscape, and may further edit the first image to produce an
artistic photo of the landscape. In another example, a person
may determine that the second image, showing a close up of
a flower, is preferable to the first image showing the entire
garden, and select the second image for further processing. In
some examples, both images may be deemed suitable for
retention and subsequent use.

[0035] Inthe secondprocess, the effects of'a zoom lens may
be emulated. Although a simple digital zoom may be created
with the first image alone by simply selecting a portion of the
first image and enlarging it to full size, the digitally enlarged
first image may not have sufficient resolution because the
original pixel count prevents any improvement in resolution.
However, since the second image provides a more detailed
description of a portion of the first image, at 350 the more
detailed textures of the second image may be applied to the
corresponding parts of the digitally enlarged portion of the
first image. In addition, if portions of the first image fall
outside the view of the second image but are determined to
have similar textures (e.g., the grass in a field, the bricks on a
building, etc.), these more detailed textures may also be
applied to those areas. This texture mapping may be per-
formed either automatically or by the user. After applying the
more detailed information from the second image to the first
image, at 352 the modified first image may be cropped and
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enlarged to provide an intermediate field of view that is some-
where between the fields of view provided by the original first
and second images.

[0036] Although the actions of 350 and 352 are described in
aparticular order, they may be performed in the reverse order,
or performed incrementally by switching back and forth
between 350 and 352. For example, the image from the wide
field-of-view lens may be digitally zoomed (computationally
magnified) until further digital zooming would result in unac-
ceptably poor pixel resolution in the areas of interest (pre-
sumably near the center of the image). Then the narrow field
of view image may be applied to the relevant portions of the
wide field of view image to increase image detail in the latter.
Then the resultant image may be digitally zoomed even fur-
ther.

[0037] In the third process of FIG. 3, the separation dis-
tance between the first and second lenses may be used to
derive stereoscopic information. This separation distance
provides a slightly different angle of view of the same object
between the first and second images. Since the original fields
of view are also different, the process may begin at 360 by
comparing the second image only with the corresponding part
of the first image, and at 362 deriving stereoscopic informa-
tion about one or more objects depicted in the images based
on the slightly different angle of view. One technique is to
determine the position of an object in the second image and
determine the position of the same object in the comparably
enlarged portion of the first image. The displacement of the
object between images, along with a knowledge of the sepa-
ration distance between the two lenses, may be used to deter-
mine the distance of the object from the camera. The distances
of'multiple objects from the camera may be determined in this
manner, and used to construct a layered mapping of the
objects. For example, a narrower depth of field may be simu-
lated by blurring objects that are outside a predetermined
range of distances from the camera. In another technique, the
depth images may be combined with GPS information to
develop a physical, 3D model of the surroundings. In another
example, the two images (the second image and the enlarged
portion of the first image that corresponds to it) maybe placed
into a stereoscopic viewer, thus providing a stereoscopic
viewing experience without having to derive further data on
the objects in the images.

[0038] In the fourth process, to be used only when the two
pictures are taken at different times, the two images may be
used to derive motion information. This information may be
used to detect motion of the camera (e.g., camera shake), or
may beused to calculate the motion of an object in the images.
After adjusting the fields of view so that both images repre-
sent the same field of view, at 370 the positions of one or more
corresponding objects in the two images may be compared to
see if they are located at the same position in both images. If
not, the difference in position between the two images is
compared at 372, and the amount of motion implied by that
difference may be calculated at 374. This information may be
used in various ways at 376.

[0039] Ifthe entire image appears to have shifted, and in the
same direction, it may be assumed that this movement was
caused by motion of the camera between pictures (e.g., delib-
erate panning or unintentional camera shake). This determi-
nation may be handled in various ways, such as but not
limited to: 1) the user may be alerted that the camera moved,
so the user may determine what actions to take, 2) further
processing of the images may be cancelled, and/or the images
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discarded, 3) one image may be digitally shifted back until it
is equivalent to a picture taken from a motionless camera. On
the other hand, if an object appears to have shifted between
the times the two pictures were taken, but significant portions
of'the two images appear to be unshifted, it may be assumed
that the object moved. The amount of shift may be converted
into various motion information about the object, such as
lateral movement. The direction of movement may easily be
determined. If the distance to the object can be determined,
the amount of movement may be calculated, and that in turn
may be converted into the average velocity of that movement,
based on the time between taking the two pictures. Other
types of useful information may also be determined based on
an apparent shift of all or a portion of the images.

[0040] Other processing techniques may also be used,
depending on the application. For example:

[0041] Coaxial Image Alignment—Because of the separa-
tion distance between the two lenses, the two images being
captured may not be coaxial—i.e., the part of the scene that
appears at the center of one image may be offset from the
center of the other image. This relative image shift varies with
the distance to the subject, and may need to be corrected for
some applications, such as zoom emulation. Manufacturing
tolerances may also cause some lateral and/or rotational dis-
placement between the two images. Such corrections can be
made during the processing of the images.

[0042] Photometric Matching—Due to manufacturing
variations in the image sensors and optics, correction and
normalization for luminance and/or chrominance may be
required.

[0043] Anti-Aliasing—Aanti-aliasing of the individual
images—in particular in the overlap regions between the two
images—may be necessary due to the discrete pixel struc-
tures in the two images.

[0044] Motion Blur Reduction—This may be useful for
video as a post-production technique, among other uses. A
highly blurred frame (due to motion during the interval in
which the image is being sensed) may be replaced with a
motion-interpolated, repositioned cloned frame from before
or after the blurred frame. Motion in the image from one lens
may similarly be corrected if the image from the other lens,
taken at a different time, is not blurred. Other sensor data
(such as accelerometer data to indicate the camera was mov-
ing) may be used to identify potentially blurred frames.
[0045] Noise Reduction—A variety of integration and sig-
nal processing techniques may be employed to reduce the
visual ‘noise’ from images captured at low light levels.
[0046] Mosaic construction—Multiple pictures may be
taken with the narrow field of view lens, pictures which
collectively cover the area depicted in the picture from the
wide field of view lens. Using the wide image for contextual
reference, the narrow images may then be digitally stitched
together to create a digital image covering most or all of the
wide field of view picture, but having the fine detail of the
narrow field of view images.

[0047] User memory aid—The wide picture may be used to
provide overall context for the related narrow picture, so that
the user can remember various information about the narrow
picture, such as where the picture was taken and what the
circumstances were. The saved images may be helpful to the
user in other ways as well.

[0048] Many of the various techniques discussed herein
may be used in three different modes—viewfinder, shoot, and
post-processing. In the viewfinder mode, the main objective
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is to present an image (e.g., an intermediate zoomed image) to
the camera’s display quickly, so that the user can compose the
frame for still or video capture. The quality of the displayed
picture only needs to be good enough for visual composition
on that display. This permits down sampling of the output
from the image sensors, which can greatly reduce the com-
putational load. In some embodiments, only the image from
one lens may be used in viewfinder mode, although thatimage
may be digitally zoomed. Various operations may be per-
formed in the viewfinder mode, such as but not limited to: 1)
check the zoom setting, 2) select the best image (narrow or
wide field of view) for that zoom setting, 3) capture the image
at an appropriate resolution, 4) digitally zoom the image to
the desired zoom setting, and 5) show the zoomed image on
the device’s display.

[0049] In the shoot mode, the complete output from the
captured images, along with suitable metadata, may be stored
and processed to produce a high-quality result. These opera-
tions may include, but are not limited to: 1) capture both
images and store at full resolution, 2) store metadata associ-
ated with the images (such as time, GPS reading, desired
zoom setting at time picture was taken, etc., 3) process images
to produce a review image for the viewfinder (will typically
have better image quality than the image displayed in the
viewfinder mode but less quality than is possible with post
processing).

[0050] In the post-processing mode, various image
enhancement techniques may be used to improve the quality
of the final pictures produced from the stored images. Such
post-processing may be performed in the camera device, or
may be performed in an external device that has more pro-
cessing power. Post-processing may be performed on the
original recorded images from the two lenses, and/or may be
performed on an intermediate result of those two recorded
images. These operations may include, but are not limited to:
1) allow user to vary zoom setting (may be different than the
zoom setting selected at shoot time), and produce high-qual-
ity image at the new zoom setting, 2) perform various other
image processing such as image registration, anti-aliasing,
color balancing across images, global texture enhancement,
stereo and motion processing, etc., 3) provide review display
appropriate for the available display screen, 4) save this high-
quality image, 5) archive original data to allow future repro-
cessing. Post processing may be performed in the camera
device, in a separate processing device, or in a combination of
both.

Camera-Based Bar Code Reader and Display

[0051] Various embodiments of the invention relate to a
handheld user device that takes a standard digitized picture of
a bar code and analyzes the image to determine the numbers
encoded into the bar code. In addition, the device may present
abar code on its display screen, which can be used for various
purposes. In some embodiments, a specialized camera lens
may be used on the camera to allow a picture to be taken of
close up objects (such as a printed bar code), even though the
lens is normally focused for more distant objects. Within the
context of this document, the term “focus distance’ is used to
describe the distance between the front of the camera lens and
the object being photographed when the image ofthe object is
in focus, i.e., when that image is focused at the plane of the
optical sensor.

[0052] FIG. 4 shows a multi-function handheld user device
with a built-in camera, according to an embodiment of the
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invention. Device 410 is shown with a display 420 and a
camera lens 430. The rest of the camera, as well as a proces-
sor, memory, radio, and other hardware and software func-
tionality, may be contained within the device and is not visible
in this figure. Although the illustrated device 410 is depicted
as having a particular shape, proportion, and appearance, this
is for example only and the embodiments of the invention
may not be limited to this particular physical configuration. In
some embodiments, device 410 may be primarily a camera
and display device, without much additional functionality. In
other embodiments, device 410 may have many other func-
tions unrelated to the camera. For ease of illustration, the
display 420 and camera lens 430 are shown on the same side
of'the device, butin many embodiments the lens will be on the
opposite side of the device from the display, or alternately on
an edge side of the device, so that the display can operate as a
viewfinder for the user. In some embodiments, there may be
different lenses at different locations on the device, with each
lens capable of working with an optical sensor to take pic-
tures.

[0053] FIG. 5 shows a camera system, according to an
embodiment of the invention. In the illustrated embodiment
of camera system 500, a primary lens 510 may focus an
optical image on an optical sensor 520. Primary lens 510 may
comprise one or more pieces of optically refractive material
that collectively focus an image of a distant object onto the
receptors of the optical sensor 520. The primary lens may be
chosen so that the range of distances to the object that will
cause the image to be properly focused at the sensor are
suitable for the camera’s typical intended use (for example,
from 6 feet to infinity, although this is just an example). The
optical sensor itself may comprise a rectangular array of light
sensors, where each light sensor senses the light that will
make up no more than one pixel in the sensed image. In some
embodiments, multiple light sensors, each sensing a different
spectral color, will be clustered together to collectively pro-
duce one colored pixel in the sensed image.

[0054] The image sensed by optical sensor 520 may be
stored in memory 530 as a digitized image. In some embodi-
ments memory 530 is dedicated to storing images, but in other
embodiments memory 530 may simply be a portion of a
larger memory that is also used for other purposes. In still
other embodiments, the optical sensor may serve as the stor-
age element until the received image has been sufficiently
processed, eliminating the need to store the received image in
memory 530. One or more processors 540 may be used to
provide overall control of the various components of the
camera system 500, and to receive inputs from at least some
of'those components. A display 560 may be used for various
purposes, such as operating as a viewfinder to display the
image that is being sensed, or to display an image that has
already been stored. A radio 550 may be used to communicate
wirelessly with other devices through antenna(s) 552. One
purpose may be to transmit the image, or information derived
from the image, to one or more other devices that can use that
information to derive more useful information. Various user
controls 570 may also be incorporated, allowing the user to
control which functions are being performed by the camera
system 500. For example, the user may determine when to
take a picture, what is to be shown on display 560, what
information to transmit to another device, etc.

[0055] Insomeembodiments, a movable auxiliary lens 505
may be included, allowing the camera to focus on an object
that is very close to the camera (for example, less than 10
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inches, but this is only an example). The auxiliary lens may be
moved in and out of its close-focus position in various ways.
For example, it might slide in a direction perpendicular to the
optical axis of lens 510 (as indicated in the drawing), so that
it is in the optical path of lens 510 (i.e., light passing through
the lens 510 also passes through the auxiliary lens 505) when
close-up photography is desired, and is out of that optical path
at other times. In another embodiment, auxiliary lens 505
may move in a direction parallel to the optical axis so that the
image always passes through both lenses 505 and 510, but the
different positions will properly focus objects that are at
different distances from the camera. Such an auxiliary lens is
shown in front of lens 510, but in other embodiments might be
behind lens 510. Rather than enabling a continuous micro-
to-macro range of focus distances, which typically requires a
much larger and more complicated lens assembly, the auxil-
iary lens may have only two operational positions, with one
position allowing the camera to take close-up pictures, and
the other position allowing the camera to take pictures of
more distant objects. Various techniques may limit the auxil-
iary lens to being physically stable and stationary in only
those two positions, with any intermediate position being
physically unstable (i.e., the lens will attempt to move to one
of the stable positions) and considered non-operational. For
example, mechanical stops may limit the auxiliary lens to
those two positions, with a spring-loaded force preventing the
auxiliary lens from being stable at any intermediate position,
though this is only one example. Further, the optical charac-
teristics of the lens system may be such that no image will be
in focus at the optical sensor when the auxiliary lens is not in
either the first or second position. In some embodiments the
user may manually select which of the two positions the
auxiliary lens will be in.

[0056] In another embodiment, rather than modifying the
focus distance of lens 510, auxiliary lens 505 may stand alone
as a completely separate lens for taking close-up pictures,
without any interaction with lens 510. In some cases, this
close-up lens may have its own optical sensor, essentially
providing a separate camera for close-up photography. In still
another embodiment, auxiliary lens 505 may be omitted, and
lens 510 may be simply moved (as shown by the arrow) to a
different distance from optical sensor 520 so that it will focus
properly onobjects that are close to the camera. As before, the
close-focus and normal-focus positions may be defined by
mechanical stops or other physical constraints that make lens
510 physically stable in either of those two positions but
physically unstable in intermediate positions.

[0057] FIG. 6 shows a camerareading a bar code, according
to an embodiment of the invention. A striped-format bar code
is shown, but other types of bar code may also be used. FIG.
7 shows a flow diagram of a method of using a camera to read
abar code, according to an embodiment of the invention. The
following description applies to both FIG. 6 and the flow
diagram 700 in FIG. 7.

[0058] Device 410 (which may comprise the components
of' camera system 500) may first be placed at step 710 into the
proper mode for taking a picture of a bar code. Going into this
mode may have various effects on the device, such as but not
limited to: 1) placing the auxiliary lens into its operating
position for a close-up picture, or activating the separate
camera that is used for close-up pictures, 2) activating the
software that decodes the bar code information, and 3) acti-
vating the functionality that aids in focusing on the bar code
image. At 720, the user may place the camera in front of the
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bar code label 610 until itis determined that the bar code label
is being sensed by the optical sensor. In some embodiments,
the user may make this determination based on the image in
the viewfinder. In other embodiments, the presence of the full
label in the image may be automatically detected.

[0059] At 730, 740, the camera may be focused on the bar
code label. In some embodiments this may involve an auto-
focus function in the camera. In other embodiments the user
may change the camera’s distance from the label until the
image is in focus, as indicated at 740. If necessary, operations
720, 730, and 740 may be performed interactively and con-
currently. Because the nature of close-up photography may
cause the camera to have a fairly narrow depth of field, it may
be important for the user to accurately place the camera the
correct distance from the bar code. This may be accomplished
in several different ways, such as but not limited to:

[0060] 1)Ifthe camera’s display is used as a viewfinder, the
user can move the camera back and forth until the image
displayed in the viewfinder appears to be in focus. An out-of-
focus image in the display implies an out-of-focus image at
the optical sensor.

[0061] 2) A simple visible image can be projected from the
front of the camera onto the surface containing the bar code
label. When the bar code is at the right distance, the visible
image may so indicate. For example, in one embodiment two
narrow beams of visible light may be projected at converging
angles. When the reflected spots converge into a single spot at
the center of the label, the camera is at the right distance and
the image is centered. Alternately, two more complex images
may be projected onto the bar code label, and the camera is at
the right distance then they completely overlap. In another
embodiment, a projected image will be in focus on the label
surface only when the camera is the correct distance from the
label. In some embodiments, a holographic optical element
may be used to determine the proper camera distance.
[0062] 3) Sound pulses (either audible or ultrasound)
maybe generated from the front of the camera. By measuring
how long it takes the reflected sound waves to be received by
the camera, the distance to the bar code label can be deter-
mined.

[0063] Regardless of the focusing technique used, when the
bar code image is in focus, in some embodiments an indica-
tion can be presented to the user that the distance is correct
(e.g., an audible beep, a lighted LED, a visual indication on
the display, etc.)

[0064] Once the camera is at the correct distance, and the
bar code is within the camera’s field of view, the user may take
the picture at 750 and store that image in memory for further
processing. If necessary, the bar code may be illuminated by
light from the camera for this picture. This illumination may
come from the built-in flash unit, or from another light source
on the camera. In some instances, this source of illumination
may also be used when determining the correct focus distance
for the camera.

[0065] In some embodiments, the camera may record the
image of a bar code being displayed on a video screen rather
than a printed bar code. This may present different illumina-
tion considerations, since the display is self-illuminated and
therefore may not require further illumination from the cam-
era. Also, the smoothly reflective screen of the display may
change the focusing mechanisms that are feasible.

[0066] After the picture is taken and stored, the stored
image may then be analyzed at 760 to decode the bar code’s
value (e.g., the sequence of numbers encoded into the bar
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code), and this value stored in memory at 770. The complex-
ity of decoding the bar code may depend on the type of bar
code being used. For example, with a simple striped-format
bar code, it may be as simple as examining a single raster scan
line to measure the width in pixels of each bar code line and
measure the distance in pixels between adjacent bar code
lines. These relative values may then be converted into the
encoded sequence of numbers. If the bar code provides a
calibration field to compensate for different perceived sizes of
the bar code, the apparent distance compression caused by a
rotated image may not need to be compensated for, and the
user may not have to worry about the relative orientation
between the camera and bar code label when the picture is
taken. But if orientation is important, the focusing aid may
include a visual indication of whether the camera is properly
oriented with the bar code before the picture is taken.

[0067] Other embodiments may use other, more compli-
cated techniques. For example, since some bar codes also
have their encoded sequence printed in numerical symbols
that are readable by a human, the analysis may focus on
decoding those symbols rather than, or in addition to, the bar
code symbology.

[0068] Once a bar code has been read and decoded, various
operations may be performed. In one operation, the stored
code may be simply retained (possibly with other stored
codes) until a future time and circumstance requires that
information. In another operation, further information may be
sought on the object identified by its bar code. For example,
the camera device may transmit the decoded bar code infor-
mation to another device at 780, which can obtain informa-
tion such as but not limited to: 1) a description of the object
associated with the bar code, 2) the price of the object, 3) how
many of the objects are available, 4) where other such objects
are located, 4) manufacturing information, 5) size and/or
weight of the object, 6) expiration date of the object, 7) etc. In
some operations this information may be transmitted back to
the camera device at 790 for storage and/or presentation to the
user.

[0069] Other uses may be found for bar codes that can be
implemented with the help of the device 410 described in this
document. FIG. 8 shows a flow diagram of a method of using
bar code values, according to an embodiment of the invention.
For example, in flow diagram 800 various bar code values
may be entered into device 410 at 810, and stored at 820 for
presentation or comparison at another time. In various
embodiments, these may be received through a wireless com-
munication, may be manually entered through a keyboard or
other manual entry device, may be entered by taking a picture
of'the barcode, or may be received through a temporary signal
cable connected to the device.

[0070] At 830, a bar code received in this way may be
presented at a later time for various uses, such as but not
limited to: 1) a bar code may represent a coupon that can be
used for a purchase discount, 2) the bar code may represent an
admission ticket for a public event, 3) the bar code may
represent an item that was purchased online, but is to be
picked up at alocal store by the purchaser, 4) etc. The bar code
may be presented by the user in various ways, such as but not
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limited to: 1) the bar code may be wirelessly transmitted from
the user’s device to the vendor’s device, which can verify the
validity of the code through its own database, 2) a picture of
the bar code may be displayed on the user’s device, and the
vendor’s device (which might be similar to the user’s device)
can read and decode that picture of a bar code. The display
might be the device’s primary display, but in another embodi-
ment a secondary display might be used for this purpose.
Regardless of how the bar code data is communicated, the
vendor device can verify the validity of the code through its
own database.
[0071] The user may also use the device to read other bar
codes at 840, and compare them with the stored bar code at
850. For example, the vendors described in the previous para-
graph may operate in this manner. A user may store the bar
code for an item he/she is looking for, and read the bar code
off a box on the shelf to verify it contains the sought-after
purchase. Various other real-world applications may be found
for using bar codes in the ways described in this document,
without requiring the user to purchase specialized commer-
cial bar code equipment.
[0072] The foregoing description is intended to be illustra-
tive and not limiting. Variations will occur to those of skill in
the art. Those variations are intended to be included in the
various embodiments of the invention, which are limited only
by the scope of the following claims.
What is claimed is:
1. A method, comprising:
wirelessly receiving data from a second device, the data
describing contents of a bar code; and
performing an operation selected from a list of operations
consisting of:
1) presenting a display showing an image of the bar
code; and
2) wirelessly transmitting the data to a third device.
2. The method of claim 1, wherein the bar code is to
represent at least one item selected from a list consisting of:
1) a discount coupon for a purchase;
2) an admission ticket to an event; and
3) a verification of a prior purchase.
3. An article comprising
a computer-readable storage medium that contains instruc-
tions, which when executed by one or more processors
result in performing operations comprising:
wirelessly receiving data from a second device, the data
describing contents of a bar code; and
performing an operation selected from a list of opera-
tions consisting of:
1) presenting a display showing an image of the bar
code; and
2) wirelessly transmitting the data to a third device.
4. The article of claim 3, wherein the bar code is to repre-
sent at least one item selected from a list consisting of:
1) a discount coupon for a purchase;
2) an admission ticket to an event; and
3) a verification of a prior purchase.
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