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OPTICAL COMMUNICATION USING DIFFERENTIAL IMAGES

BACKGROUND

[0001] In some examples, optical communication may include providing abarcode such
as alinear (e.g., one-dimensiona (ID)) barcode or matrix (e.g., two-dimensional (2D)) barcode,
which may be encoded with information and read using areader or image capture device or the
like. In some instances, producing, capturing, and/or decoding abarcode may not be stable dueto
noise caused by over/under exposure, ambient light, shadows, or reflections, or the like. Such
instability may be particularly problematic for 2D barcodes and/or for barcodes presented via a
display screen such as, for example, aliquid-crystal display (LCD) display. For example, when a
barcode is presented via adisplay screen, reflections may be stronger than when abarcode is
presented via paper or the like, particularly in outdoor environments, bright areas, or dark areas,
or the like. Such display screens may include display screens for maobile devices or for digital

signage or the like.

[0002] Further, color barcodes such as color 2D barcodes, which may offer greater data
capacity than black and white barcodes, may have instability due to the reasons described above
and additional instability dueto color shifting during the production and capturing of the 2D

color image, for example.

[0003] Current techniques to deal with such problems include using local adaptive
thresholds to help reduce noise. Such techniques may help with low amounts of noise but not
with medium or high levels of noise, for example. Further, current techniques may deal with
color shifting by presenting all possible colors in areserved area of the barcode, which may

reduce the capacity of the barcode.

[0004] Asit is desirable for barcodes to contain more data and as communicating via
display screens becomes more prevalent, it may be advantageous to accurately and predictably

produce, capture, and decode barcodes.
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[0005] BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The material described herein isillustrated by way of example and not by way of
limitation in the accompanying figures. For simplicity and clarity of illustration, elements
illustrated in the figures are not necessarily drawn to scale. For example, the dimensions of some
elements may be exaggerated relative to other elements for clarity. Furthermore, where
considered appropriate, reference labels have been repeated among the figures to indicate

corresponding or analogous elements. In the figures:

[0007] FIG. lisanillustrative diagram of an example barcode image and an example

alternative image;

[0008] FIG. 2isan illustrative diagram of an example barcode image and an example

aternative image each having an example reflection;

[0009] FIG. 3is an example method for performing an operation on captured barcode
image data and associated captured alternative image datato generate comparative barcode
image data;

[0010] FIG. 4isanillustrative diagram of example system for encoding and displaying a

barcode image and an alternative barcode image and for capturing and decoding the barcode

image and the alternative barcode image;

[0011] FIG. 5isaflow chart illustrating an example process,
[0012] FIG. 6isaflow chart illustrating an example process,
[0013] FIG. 7 isaflow chart illustrating an example process,
[0014] FIG. 8isaflow chart illustrating an example process,
[0015] FIG. 9isanillustrative diagram of an example system and process for providing

optical communication using differential images,

[0016] FIG. 10 is an illustrative diagram of an example system for optical communication

using differential images;

[0017] FIG. 1lisan illustrative diagram of an example system; and
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[0018] FIG. 12 illustrates an example device, al arranged in accordance with at least

some implementations of the present disclosure.
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DETAILED DESCRIPTION

[0019] One or more embodiments or implementations are now described with reference
to the enclosed figures. While specific configurations and arrangements are discussed, it should
beunderstood that this is done for illustrative purposes only. Persons skilled in the relevant art
will recognize that other configurations and arrangements may be employed without departing
from the spirit and scope of the description. It will be apparent to those skilled in the relevant art
that techniques and/or arrangements described herein may also be employed in avariety of other

systems and applications other than what is described herein.

[0020] While the following description sets forth various implementations that may be
manifested in architectures such as system-on-a-chip (SoC) architectures for example,
implementation of the techniques and/or arrangements described herein are not restricted to
particular architectures and/or computing systems and may be implemented by any architecture
and/or computing system for similar purposes. For instance, various architectures employing, for
example, multiple integrated circuit (IC) chips and/or packages, and/or various computing
devices and/or consumer electronic (CE) devices such as set top boxes, smart phones, etc., may
implement the techniques and/or arrangements described herein. Furthermore, while the
following description may set forth numerous specific details such as logic implementations,
types and interrelationships of system components, logic partitioning/integration choices, etc.,
claimed subject matter may be practiced without such specific details. In other instances, some
material such as, for example, control structures and full software instruction sequences, may not

be shown in detail in order not to obscure the materia disclosed herein.

[0021] The material disclosed herein may beimplemented in hardware, firmware,
software, or any combination thereof. The material disclosed herein may also be implemented as
instructions stored on a machine-readable medium, which may be read and executed by one or
more processors. A machine-readable medium may include any medium and/or mechanism for
storing or transmitting information in aform readable by amachine (e.g., acomputing device).
For example, amachine-readable medium may include read only memory (ROM); random
access memory (RAM); magnetic disk storage media; optical storage media; flash memory
devices; electrical, optical, acoustical or other forms of propagated signas (e.g., carrier waves,

infrared signals, digital signals, etc.), and others.



WO 2015/017970 PCT/CN2013/080861

[0022] References in the specification to "one implementation”, "an implementation”, "an
example implementation”, etc., indicate that the implementation described may include a
particular feature, structure, or characteristic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same implementation. Furthermore, when aparticular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to effect such feature, structure, or characteristic in

connection with other implementations whether or not explicitly described herein.

[0023] Systems, apparatus, articles, and methods are described below related to optical

communication including techniques for communicating barcodes using differential images.

[0024] Asdescribed above, it may be desirable to accurately and predictably produce,
capture, and decode barcodes. Aswill be described in greater detail below, in some examples,
input data may be encoded to generate barcode image data. Alternative, complementary, or
differential barcode image data may be generated and associated with the barcode image data. In
various examples, the alternative barcode image data may represent a negative of the barcode
image data, apure black image, atranspose of the barcode image data, or the like. The barcode
image data may be presented as abarcode image and the alternative image data may be presented
as an aternative image via adisplay device. In some examples, the barcode image and the
aternative image may be presented in the same are of the display device by switching between

the images over time or alternating the images over time or the like.

[0025] The barcode image and the alternate image may be captured a a capture device
such as acamera or the like to generate captured barcode image data and captured alternate
image data. An operation may be performed on the captured barcode image data and the captured
alternate image data to generate comparative barcode image data. In various examples, the
operation may include an absolute value difference, a subtraction, an addition, a multiplication,
or the like. In some examples, barcode output data may be generated based on the comparative

barcode image data.

[0026] Asdiscussed, in some examples, due to the environment of the display (e.g.,
outdoors, in glare, in a shadow, or the like) or the display itself or the like, the captured image
may include bright spots, dark spots, color shifts, or other types of noise or the like, which may

cause the barcode image datato be improperly decoded. In such examples, comparative barcode
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image data may reduce or remove such noise to allow for proper decoding. Such comparative or
differential techniques may improve the rate & which barcodes presented with such noise are

properly decoded.

[0027] FIG. lisan illustrative diagram of an example barcode image 110 and an example
aternative barcode image 120, arranged in accordance with at least some implementations of the
present disclosure. As shown, barcode image 110 may include multiple barcode elements 112
and an optional border 114. Further, as shown, in some examples, barcode image 110 may
include ablack and white matrix (e.g., two-dimensional (2D)) barcode image. In some examples,
barcode image 120 may include alinear (e.g., one-dimensional (ID)) barcode image. In some
examples, barcode image 120 may include a color barcode image. Further, in some examples,
barcode image 120 may include test areas, registration areas, or the like, which are not shown for

the sake of clarity of presentation.

[0028] In various examples, input data may be encoded into barcode image 120 using
known technigues. In some examples, individual barcode elements 112 may be encoded such that
they may provide binary encoding (e.g., black is one and white is zero or vice versa). In some
examples, individual barcode elements 112 may be encoded based &t least in part on their size.
As discussed, in some examples, barcode elements 112 may be color and may be encoded based
on their color and/or size. In some examples, color encoding may provide 3-bits associated with
three color channels. For example, in ared green blue (RGB) color space, each channel may be
encoded with a0 or 255 (the max and min for each channel) to encode three bits of data. For
example, a 111hit pattern may be encoded as (255, 255, 255) = White, a 100 bit pattern may be
encoded as (255, 0, 0) = Red, a 010 bit pattern may be encoded as (0, 255, 0) = Green, and so on.
In other examples, other colors or other color spaces may be used for the encoding. Although
discussed herein with respect to black and white encoding and/or RGB encoding, the techniques
discussed herein are not so limited and may be practiced with other encoding techniques and/or

color spaces.

[0029] Asshown in FIG. 1, alternative barcode image 120 may include a complementary
image to barcode image 110. For example, image 120 may be selected or generated based on a
technique for accurately and predictably communicating barcode image 110. As shown, in some
examples, alternative barcode image 120 may include barcode elements 122 and border 124. In
some examples, as shown, alternative barcode image 120 may be anegative of barcode image

110. Inthe illustrated black and white image, a negative of barcode image 110 may include a
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white element 122 in place of black elements 112 and black element(s) 122 in place of white
eement(s) 112, for example. In the example of acolor barcode image, anegative of barcode
image 110 may provide for colors from barcode image 110 reversed into their respective
complementary colors in aternative barcode image 120. In some examples, alternative barcode
image 120 may be a solid or pure color such as, for example, pure black. For example, apure
black alternative image may provide for highlighting and reducing the effects of glare using the
decoding techniques discussed herein. In other examples, aternative barcode image 120 may be

pure color such aswhite, red, green, or blue, or the like.

[0030] Asisdiscussed further herein, barcode image 110 and alternative barcode image
120 may be presented by adisplay device and captured via an image capture device and decoded.
As discussed, in some examples, noise in the presenting and capturing of barcode image 110 may

cause difficulty in decoding barcode image 110.

[0031] FIG. 2is an illustrative diagram of an example barcode image 110 and an example
alternative barcode image 220 each having an example reflection 210, arranged in accordance
with at least some implementations of the present disclosure. As shown, inthe example
illustrated in FIG. 2, adternative barcode image 220 may be apure black aternative image. In
some examples, apure black alternative barcode image 220 may include black barcode el ements
222 and ablack border 224, asillustrated. As shown, reflection 210 may cause aportion of
barcode elements 112 and border 114 to lighten such that for, example, the portion of barcode
elements 112 (including barcode element 112a) and border 114 that were intended to be black
may be presented and captured as gray or light gray or the like. As shown, the portion of barcode
elements 112 meant to be white (including barcode element 112b) may stay substantially white
in such an example. Similarly, reflection 210 may cause aportion of aternative barcode image

220 intended to be black to be presented and captured as gray.

[0032] Although illustrated with respect to areflection on ablack and white barcode,
such imperfections or noise may include awide range of noise such as for example shadows,

glare, color shifts, over/under exposure, discolored ambient light, or the like.

[0033] FIG. 3is an example method for performing an operation 330 on captured
barcode image data and associated captured alternative barcode image data 320 to generate
comparative barcode image data, arranged in accordance with at least some implementations of

the present disclosure. Asis discussed further herein, abarcode image (e.g., barcode image 110)
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and an alternative image (e.g., alternative barcode image 120 or 220) may be presented by a
display device and captured by an image capture device. The image capture device may generate
captured barcode image data 310 associated with the barcode image and captured alternative
barcode image data 320 associated with the alternative image. Also as discussed the captured
image and captured image data may have noise dueto avariety of factors inthe presentation and
capture of an image. Based on an operation 330 performed on captured barcode image data 310
and captured alternative barcode image data 320, such imperfections and noise may be reduced
or removed in the generated comparative barcode image data 340 such that captured barcode
image data 340 may be properly decoded.

[0034] In various examples, operation 330 may include adding captured barcode image
data 310 and captured alternative barcode image data 320, multiplying captured barcode image
data 310 and captured alternative barcode image data 320, taking an absolute value difference
between captured barcode image data 310 and captured alternative barcode image data 320,
subtracting captured barcode image data 310 and captured alternative barcode image data 320,
determining positive numbers from a subtraction of captured barcode image data 310 from
captured alternative barcode image data 320, or determining positive humbers from a subtraction
of captured alternative barcode image data 320 from captured barcode image data 310, or the like.
Operation 330 may remove hoise from captured barcode image data 310 using captured

alternative barcode image data 320 as abaseline or as a comparative data set, or the like.

[0035] Using the example illustrated in FIG. 2, abarcode element 112a, representing a0
may be encoded inthe RGB color space as (0, 0, 0) = Black in barcode image data associated
with barcode image 110. However, as discussed, after presentation, capture and decode, the
barcode element may be may be decoded as, for example, (110, 120, 90) = Gray in captured
barcode image data 310. For example, such a decoding may be mistakenly decoded as White
(e.g., representing a 1; White = (255, 255, 255)) using previous techniques based only on barcode
image data 310. Asdiscussed, such noise may be caused, for example, by reflection 210. In some
examples, using apure black alternative barcode image 220, associated barcode element 222a
may berepresented as (0, 0, 0) = Black in the pure black alternative barcode image 220 and, after
presentation, capture and decode, pure black barcode element may be decoded as, for example,

(105, 125, 90) in captured alternative barcode image data 320.

[0036] In such an example, operation 330 may include an absolute value difference

between captured barcode image data 310 and captured alternative barcode image data 320. For
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example, the absolute value difference may be |(1 10, 120, 90) - (105, 125, 90)| = (15, 5, 0) for
barcode element 112a and associated barcode element 222a, which may indicate barcode element
112awas encoded as Black. For example, the absolute value difference of between the gray of
barcode element 112a caused by reflection 210 as captured and decoded and the gray of
associated barcode elements 222a also impacted by reflection 210 may substantially cancel out

(e.g., be substantially close to zero) to aproper decoding of Black for the impacted elements.

[0037] In contrast, for barcode element 112b, which may be encoded as White = (255,
255, 255), the captured and decoded value may be (255, 255, 255) in captured barcode image
data 310. For associated barcode element 222b alternative barcode image 220, the captured and
decoded value may be (105, 125, 90) (e.g., as above) in captured alternative barcode image data
320. If operation 330 of an absolute value difference between the barcode image data and the
aternative pure black image data is performed for barcode element 112b and associated barcode
element 222b, the absolute value difference may be |(255, 255, 255) - (105, 125, 90)| = (140, 130,
165), which may be decoded as White. In some examples, athreshold may be applied such that
values over the threshold may be decoded as White and values below the threshold may be
decoded as Black. In some examples, the threshold may be about 15 or 25 or 35 or the like for

each channel of the RGB color space.

[0038] In another example (not illustrated), in ablack and white barcode, abarcode
element representing a 1 may be encoded in the RGB color space as (255, 255, 255) = White in
barcode image data. However, after presentation, capture and decode, the barcode element may
be may be decoded as, for example, (80, 90, 60) = Gray in captured barcode image data 310,
which may be mistakenly decoded as Black (e.g., representing a0; Black = (0, 0, 0)). Such noise
may be caused, for example, by underexposure in presenting the barcode image and limited
dynamic range of an image capture device. In some examples, using a negative alternative image,
the negative barcode element may be represented as (0, 0, 0) = Black in the negative alternative
image. After presentation, capture and decode, the negative barcode element may be decoded as,
for example, (50, 55, 40) in captured aternative barcode image data 320 again due to limitations

in the presenting and capturing hardware or the like.

[0039] For example, operation 330 may be a difference between the barcode image and
the aternative image may be performed in such examples such that the difference for the
discussed barcode image elements and associated aternative image element may be (80, 90, 60)
- (50, 55, 40) = (30, 35, 20), which may indicate the barcode element is White. For example, a
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difference of (30, 35, 20) may indicate arelatively strong difference between the presented and
captured barcode image element (White) and the presented and captured negative alternative

barcode image element (Black). In various examples, difference thresholds such as for example,
athreshold of about 15 or 25 or 35 or the like for each channel of the RGB color space, may be

used to determine the decoding value.

[0040] Further, such techniques may reduce noise due to color shifts. For example, in a
color barcode example (not illustrated), abarcode element representing 3-bits of data in abit
pattern of 001 may be encoded as 0, 0, 1and (0, 0, 255) = Blue in RGB color space. However,
after presentation, capture and decode, the barcode element may be may be decoded as, for
example, (30, 120, 180) = Greenish Blue Aqua in captured barcode image data 310, which may
be mistakenly decoded as Green, for example. In some examples, using a negative alternative
image, the negative barcode element may be represented as (255, 255, 0) = Yellow in the
negative alternative image. After presentation, capture and decode, the negative barcode element
may be decoded as, for example, (220, 255, 5) = Greenish Yellow in captured aternative barcode
image data 320, again due to limitations in the presenting and capturing hardware or color shifts

or the like.

[0041] For example, operation 330 may determine positive values of adifference
between captured barcode image data 310 and captured alternative barcode image data 320 may
be performed (and set negative values to zero). For example, the operation to determine positive
values of the difference may be PosvValues[(30, 120, 180) - (220, 255, 5)] = (0, 0, 175), which
may indicate the barcode element is Blue and properly decoded to the bit pattern 001, as desired.
For example, determining positive values of adifference between captured barcode image data

310 and captured alternative barcode image data 320 may provide abaseline for any color shifts.

[0042] In the illustrated example of FIG. 2 and the discussed examples, the image data
representing two images (e.g., abarcode image and an alternative image) may be operated on to
determine comparative barcode image data using an absolute value difference, adifference, and
an operation that determines positive values of a difference between the barcode image data and
the aternative image data (and sets negative values to zero). In various other examples, the
operation may include adding the image data, multiplying the image data, an operation that
determines positive values of a difference between the alternative image data and the barcode

image data (and sets negative values to zero), or the like. Further, in some examples, various
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operations may be performed on either the barcode image data or the alternative image data prior

to operation 330 such as transposing, rotating, applying athreshold, data smoothing or the like.

[0043] Further still, in some examples, the image data representing more than two images
may beused. In some examples, multiple different alternative images may be provided. In other
examples, multiple duplicative images may be captured and averaged or the like prior to an
operation being performed. Further, multiple operations may be performed on different portions
of an image. For example, some portions of an image may be decoded with afirst operation
while the first operation may not be suitable to decode ancther portion(s) of the image and a
different operation may be performed on the other portion(s) to decode them. Also, if afirst
operation fails in decoding barcode image data, a second or additional different operations may
be performed on the barcode image data and alternative image data in an attempt to decode the
barcode data or the same (e.g., first) operation may be attempted on a different barcode image
and alternative image combination. Asis discussed below, in some examples, the barcode image
and alternative image may be provided numerous times (e.g., in an alternating pattern) and

attempts may be made to decode various barcode image and aternative image combinations.

[0044] FIG. 4isanillustrative diagram of example system 400 for encoding and
displaying barcode image 110 and alternative barcode image 120, 220 and for capturing and
decoding barcode image 110 and an alternative barcode image 120, 220, arranged in accordance
with at least some implementations of the present disclosure. As shown, system 400 may include
a system 410 (e.g., an encode and display system) and a system 440 (e.g., a capture and decode
system). Asis discussed further herein, system 410 may encoded input data 415 to generate
barcode image data 425 and may generate alternative barcode image data 427. Barcode image
data 425 and/or aternative barcode image data 427 may be any data formatted to display barcode
image 110 and/or alternative barcode image 120, 220 via adisplay device 430. Further, system
440 may capture barcode image 110 and/or alternative barcode image 120, 220 via an image
capture device 450 to generate captured barcode image data 310 and/or captured alternative
barcode image data 320, which may be stored via an image buffer 460, for example. System 440
may decode captured barcode image data 310 and/or captured alternative barcode image data 320
to generate output data 475, asis discussed further herein.

[0045] While FIG. 4 illustrates system 400 as employing particular modules, various
other modules or components not depicted in FIG. 4 for the sake of clarity may also beutilized in

accordance with the present disclosure. Further, the present disclosure is not limited to the
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particular components illustrated in FIG. 4 and/or to the manner in which the various components
of system 400 are arranged. Various components of the systems described herein may be
implemented in software, firmware, and/or hardware and/or any combination thereof. For
example, various components of system 400 may be provided, at least in part, by hardware
of acomputing System-on-a-Chip (SoC) such as may be found in a computing system such

as, for example, a mobile phone.

[0046] Further, it may be recognized that system 410 may be associated with and/or
provided by acontent provider system or content display system. It may also be recognized that
system 440 may be associated with acontent receiver system. In various examples, system 410
and/or system 440 may include a computing device (e.g., a desktop computer, laptop computer,
tablet computer, convertible laptop, mobile phone or the like) that are physically distinct from
one another. For example, in some implementations system 410 may include aconsumer's
mobile device and system 440 may include amerchant's device such that a consumer may
display abarcode indicating store credits or the like for the merchant to capture, decode and
process. In other implementations, system 410 may include an advertiser's display and system
440 may include a consumer's mobile device such that the consumer may capture abarcode
indicating an advertisement or awebsite for an advertisement or the like. In various examples,
system 410 and system 440 may be configured in awide range of implementations to provide
optical communications between system 410 and system 440.

[0047] Asshown in FIG. 4, system 410 may encode input data 415 via abarcode encode
module 420. Input data 415 may include any data such as advertising data, product data, text
data, Internet link data (e.g., uniform resource locator(s)), or the like. Encode module 420 may
encode input data 415 using known techniques to generate barcode image data 425. As
discussed, barcode image data 425 may be any data suitable for display via system 410. Also as
shown, barcode encode module may generate alternative barcode image data 427 . In some
examples, barcode encode module 220 may generate alternative barcode image data 427 each
time barcode image data 425 is generated. In other examples, alternative barcode image data 427
may be generated once and used with multiple barcode image data. In other examples, such as
for example, when pure color aternative barcode image data 427 are implemented, barcode
encode module may not need to generate alternative barcode image data 427 and alternative
barcode image data 427 may beretrieved from an image buffer (not shown in system 410 for the

sake of clarity of presentation) or the like.
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[0048] Asshown in FIG. 4, barcode image 110 associated with barcode image data 425
and alternative barcode image 120, 220 associated with alternative barcode image data 427 may
be displayed via display device 430. Barcode image 110 and aternative barcode image 120, 220
may be displayed using any suitable technique or techniques. In some examples, barcode image
110 and alternative barcode image 120, 220 may be displayed on a same or similar portion of
display device 430 such that any noise (which the described techniques may reduce or remove)
may be substantially duplicated on both barcode image 110 and alternative barcode image 120,
220. In some examples, barcode image 110 and alternative barcode image 120, 220 may be
displayed alternatingly on display device 230 such that first barcode image 210 is displayed and
then alternative barcode image 120, 220 is displayed or such that first alternative barcode image
120, 220 is displayed and then barcode image 110 is displayed.

[0049] In some examples, barcode image 110 may be a static barcode image such that a
single frame (e.g., image) of data isto be communicated between system 410 and system 440. In
such examples, barcode image 110 and alternative barcode image 120, 220 may be alternatingly
displayed a aframe rate such as 10 frames per second, or the like. In some examples, barcode
image 110 and alternative barcode image 120, 220 may be aternatingly displayed at one half of a
capture rate implemented via image capture device 450 asis discussed further below. In other
examples, barcode image 110 may be a static dynamic barcode image such that amultiple frames
(e.g., images) of data are to be communicated between system 410 and system 440. In such
examples, barcode image 110 and alternative barcode image 120, 220 may represent one frame
of multiple frames. In such examples, barcode image 110 (represented as 1-1) and alternative
barcode image 120, 220 (represented as Al-1) may be one of several frames or images such as,
for exemplary purposes, three frames or images (with the second and third represented as 1-2 and

1-3, respectively, and having, in some examples, aternative images Al-2 and Al-2).

[0050] In some dynamic barcode examples, the dynamic barcode may be presented by
displaying barcode image 110, displaying alternative barcode image 120, 220, and subsequently
displaying any remaining images of the multiple images on the same area of display device 430.
Continuing the above example, the dynamic barcode may be presented by displaying, in order: I-
1, Al-1, 1-2, Al-2, 1-3, and Al-3, and repeating, if necessary, such a sequence as needed. In some
other dynamic barcode examples, the dynamic barcode may be presented by displaying barcode
image 110, displaying one or more images associated with any remaining images of the plurality

of images, and subsequently displaying alternative barcode image 120, 220 on the same area of
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display device 430. Again continuing the above example, in such examples, the dynamic barcode
may bepresented by displaying, in order: 1-1, 1-2, 1-3, Al-1, Al-2, and Al-3, and repeating, if

necessary, such a seguence as needed.

[0051] As discussed, in various examples, barcode image and alternative barcode image
120 may be displayed aternatingly and/or using various sequences. In some examples, such
display may beprovided in a specification or other standard that may be provided for operation
of system 210 and/or system 240.

[0052] As shown, barcode image 110 and alternative barcode image 120, 220 may be
captured at image capture device 450 to generate captured barcode image data 310 and captured
aternative barcode image data 320, as discussed with respect to FIG. 3. Image capture device
450 may include any device capable of capturing barcode image 110 and alternative barcode
image 120, 220 such as for example, acamera or a scanner or the like. In some examples,
captured barcode image data 310 and captured alternative barcode image data 320 may be stored
via image buffer 460. Image buffer 460 may include any memory device such as, for example, a
random access memory device or ablock or portion of arandom access memory device. Image
buffer 460 may be configured to receive, store, and transmit captured barcode image data 310
and captured alternative barcode image data 320. For example, image buffer may receive
captured barcode image data 310 and captured aternative barcode image data 320from image
capture device 250, store captured barcode image data 310 and captured alternative barcode
image data 320, and transmit captured barcode image data 310 and captured alternative barcode
image data 320 to barcode decode module 470 (or allow barcode decode module access to

captured barcode image data 310 and captured alternative barcode image data 320).

[0053] Asshown in FIG. 4, barcode decode module 470 may receive barcode image data
310 and captured alternative barcode image data 320 and generate output data 475. For example,
barcode decode module 470 may perform operation 330 on barcode image data 310 and captured
alternative barcode image data 320 to generate comparative barcode image data 340 and barcode
decode module 470 may generate output data 475 based on comparative barcode image data 340.
In some examples, output data 475 may match or substantially match input data 415 upon a
successful encode, display, image capture, and decode as discussed herein.

[0054] In some examples, decoding output data 475 based on comparative barcode image

data 340 may include one or more operations such as applying a denoise operation to
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comparative barcode image data 340, binarizing comparative barcode image data 340 on one or
more channels (e.g.. the channels may include ablack and white channel or multiple channels
such as aared channel, a green channel, and ablue channel, or the like) locating code areas in
comparative barcode image data 340, and/or decoding comparative barcode image data 340 to
generate output data 475 or decoded barcode data. For example, decoded barcode data may be
validated and, if validated, output data 475 matching the decoded barcode data may be
transmitted by barcode decode module 470. If the decoded barcode data is not valid, subsequent
processing may be performed in an effort to decode receive barcode image data 310 and captured

alternative barcode image data 320, asis discussed further herein.

[0055] As discussed with respect to FIG. 4 and aswill be discussed in greater detail
below, asystem, such as acomputer-implemented system may be used to perform some or all of

the various operations discussed herein with respect to FIGS. 1-3 and elsewhere herein.

[0056] FIG. 5isaflow chart illustrating an example process 500, arranged in accordance
with a least some implementations of the present disclosure. In some examples, process 500 may
provide a computer-implemented method for generating barcode images. In the illustrated
implementation, process 500 may include one or more operations, functions or actions as
illustrated by one or more of operations 502, 504, and/or 506. By way of non-limiting example,
process 500 will be described herein with reference to operations discussed with respect to FIGS.
1-3 above and example system 400 as discussed herein.

[0057] Process 500 may be utilized as a computer-implemented method for providing
generating barcode images. Process 500 may begin at operation 502, "Encode Input Data to
Generate Barcode image Data’, where input data may be encoded to generate barcode image
data. For example, input data 415 may be encoded by barcode encode module 420 to generate
barcode image data. Input data 415 may include any data suitable for encoding in abarcode

image such astext data or the like.

[0058] Processing may continue from operation 502 to operation 504, "Generate
Alternative Barcode Image Data Associated With the Barcode Image Data’, where alternative
barcode image data associated with the barcode image data may be generated. For example, the
alternative barcode image data may be different than and complementary to the barcode image

data. For example, barcode encode module 420 may generate aternative barcode image data 427.
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[0059] Processing may continue from operation 504 to operation 506, "Alternatingly
Display aBarcode Image Associated With the Barcode Image Data and an Alternative Barcode
Image Associated With the Alternative Barcode Image Data', where abarcode image associated
with the barcode image data and an aternative barcode image associated with the alternative
barcode image data may be alternatingly displayed via adisplay device. For example, barcode
image 110 and alternative barcode image 120, 220 may be aternatingly displayed via display
device 430 as discussed herein.

[0060] Asshown in FIG. 5, in some examples, operations 902-906 may be performed
serially. However, as discussed herein, the operations of FIG. 5 may be performed in another
order and some operations may be skipped entirely. Further, as described, the operations of FIG.
5 may be utilized to encode input data and display abarcode image and an alternative barcode
image. In some examples, further operations may be performed to encode input data and display

abarcode image and an alternative barcode image.

[0061] FIG. 6isaflow chart illustrating an example process 600, arranged in accordance
with at least some implementations of the present disclosure. In some examples, process 600 may
provide acomputer-implemented method for decoding barcode images. In the illustrated
implementation, process 600 may include one or more operations, functions or actions as
illustrated by one or more of operations 602, 604, 606, and/or 608. By way of non-limiting
example, process 600 will be described herein with reference to operations discussed with

respect to FIGS. 1-3 above and example system 400 as discussed herein.

[0062] Process 600 may be utilized as a computer-implemented method for decoding
barcode images. Process 600 may begin at operation 602, "Capture a Barcode Image to Generate
Captured Barcode Image Data', where abarcode image may be captured to generate barcode
image data. For example, barcode image 110 may be captured by image capture device 450 to
generate captured barcode image data 310.

[0063] Processing may continue from operation 602 to operation 604, "Capture an
Alternative Barcode Image to Generate Captured Alternative Barcode Image Data’, where an
aternative barcode image may be captured to generate alternative barcode image data. For
example, the alternative barcode image data may be associated with the barcode image data and
the aternative barcode image data may be different than the barcode image. For example,

aternative barcode image 120, 220 may be captured by image capture device 450 to generate
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captured alternative barcode image data 320. In some examples, captured alternative barcode
image data 320 may be representative of anegative image of barcode image 110 or captured
alternative barcode image data 320 may be representative of apure black image or the like.

[0064] Processing may continue from operation 604 to operation 606, "Perform an
Operation on the Captured Barcode Image Data and the A Captured lternative Barcode Image
Data to Generate Comparative Barcode Image Data", where an operation may be performed on
the barcode image data and the alternative barcode image data to generate comparative barcode
image data. For example, barcode decode module 470 may perform operation 330 on captured
barcode image data 310 and captured alternative barcode image data 320 to generate comparative
barcode image data 340.

[0065] Processing may continue from operation 606 to operation 608, "Generate Barcode
Output Data based on Decoding the Comparative Barcode Image Data', where barcode output
data may be generated based at least in part on decoding the comparative barcode image data.
For example, barcode decode module 470 may generate output data 475 based on decoding

comparative barcode image data 340.

[0066] Asshown in FIG. 6, in some examples, operations 602-608 may be performed
serially. However, as discussed herein, the operations of FIG. 6 may be performed in another
order (e.g., operations 602 and 604 may be performed in the opposite order) and some operations
may be skipped entirely. Further, as described, the operations of FIG. 6 may be utilized to decode
barcode images. In some examples, further operations may be performed to decode barcode

images, as shown below with respect to either FIGS. 7 and 8.

[0067] For example, FIG. 7 describes operations performed with respect to decoding
barcode images. FIG. 7 is aflow chart illustrating an example process, arranged in accordance
with a least some implementations of the present disclosure. In some examples, process 700 may
provide a computer-implemented method for decoding barcode images. In the illustrated
implementation, process 700 may include one or more operations, functions or actions as
illustrated by one or more of operations 701, 702, 703, 704, 705, 706, 707, and/or 708. By way of
non-limiting example, process 700 will be described herein with reference to operations
discussed with respect to FIGS. 1-4 and 6 and example system 400 as discussed herein.

[0068] Process 700 may be utilized as a computer-implemented method for decoding

barcode images. For example, process 700 may be utilized as a computer-implemented method
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for decoding barcode images when the alternative barcode image is apure black alternative
image. In such examples, the barcode image may be either ablack and white barcode or acolor
barcode, as discussed herein. Process 700 may begin a operation 701, "Obtain Barcode Image
Data (I1) and Pure Black Alternative Barcode Image Data (12)", where barcode image data and
pure black alternative barcode image data may be obtained. For example, barcode image 110 and
aternative barcode image 220 may be captured via image capture device 450 to generate
captured barcode image data 310 and captured alternative barcode image data 320. Although
described as "pure black”, the pure black barcode image data may include noise dueto glare or

reflections or the like as discussed herein.

[0069] Processing may continue from operation 701 to operation 702, "Determine
Comparative Barcode Image Data as Absolute Vaue Difference IDIFF = ABSDIFF(11-12)",
where comparative barcode image data may be determined. For example, barcode decode
module 470 may perform operation 330 on captured barcode image data 310 and captured
alternative barcode image data 320 to generate comparative barcode image data 340 such that
operation 330 includes an absolute value difference given as IDIFF = ABSDIFF(11-12), where
IDIFF may bethe comparative barcode image data and ABSDIFF may be an operation that takes
the absolute value difference between barcode image data (1) and alternative barcode image data
(12).

[0070] As discussed above, in some examples, comparative barcode image data such as,
for example, IDIFF, may be decoded to generate barcode output data. In other examples, the
comparative barcode image data may be decoded by providing further operations as shown a
operations 703-705. Although discussed with respect to comparative barcode image data IDIFF,
operations 704-705 may be performed on any comparative barcode image data as discussed

herein prior to decode.

[00771] As shown, processing may continue at operation 703, "Denoise Comparative
Barcode Image Data, IDIFF", wherein the comparative barcode image data such as, for example,
IDIFF or comparative barcode image data 340 or the like, may be denoised. Processing may
continue from operation 703 to operation 704, "Binarize Comparative Barcode Image Data,
IDIFF", where the comparative barcode image data such as, for example, IDIFF or comparative
barcode image data 340 or the like, may bebinarized. Processing may continue from operation
704 to operation 705, "Locate Code Areas in Comparative Barcode Image Data, IDIFF", where

code areas in the comparative barcode image data such as, for example, IDIFF or comparative
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barcode image data 340 or the like, may be located. Processing may continue from operation 705
to operation 706, "Decode the Comparative Barcode Image Data, IDIFF, to Generate Decoded
Barcode Data", where the comparative barcode image data such as, for example, IDIFF or
comparative barcode image data 340 or the like, may be decoded to generate decoded barcode
data.

[0072] Processing may continue from operation 706 to decision operation 707, "Decoded
Barcode Data Valid?', where it may be determined whether the decoded barcode data is valid. If
it is determined the decoded barcode data is valid, process 700 may continue a operation 708,
"Output Decoded Barcode Data', where the decoded barcode data may be provided as output
data. For example, the decoded barcode data may be provided as output data 475 or the like. If it
is determined the decoded barcode data is invalid, process 700 may continue at operation 701,
where operations 701-707 may be substantially repeated using different barcode image data,
different pure black alternative barcode image data, or both different barcode image data and
different pure black alternative barcode image data. For example, as discussed herein, image
capture device 450 may capture any number barcode images and/or alternative barcode images

for decoding as discussed herein.

[0073] As shown, process 700 may include aloop such that various barcode images
and/or alternative barcode images may be decoded as needed to obtain valid output data as
discussed. 1n some examples, if athreshold number of failures have occurred, auser may be

notified of the failure (e.g., via adisplay device of system 440 (not shown)).

[0074] In another example, FIG. 8 describes operations performed with respect to
decoding barcode images. FIG. 8is aflow chart illustrating an example process, arranged in
accordance with at least some implementations of the present disclosure. In some examples,
process 800 may provide acomputer-implemented method for decoding barcode images. In the
illustrated implementation, process 800 may include one or more operations, functions or actions
as illustrated by one or more of operations 801, 802, 803, 804, 805, 806, 807, 808, and/or 809.
By way of non-limiting example, process 800 will be described herein with reference to
operations discussed with respect to FIGS. 1-4 and 6 and example system 400 as discussed

herein.

[0075] Process 800 may be utilized as a computer-implemented method for decoding

barcode images. For example, process 800 may be utilized as a computer-implemented method



WO 2015/017970 PCT/CN2013/080861
220 -

for decoding barcode images when the alternative barcode image is a negative aternative image
(e.g., anegative of the barcode image). In such examples, the barcode image may be either a
black and white barcode or a color barcode, as discussed herein. Process 800 may begin at
operation 701, "Obtain Barcode Image Data (I11) and Negative Alternative Barcode Image Data
(12)", where barcode image data and negative alternative barcode image data may be obtained.
For example, barcode image 110 and aternative barcode image 120 may be captured via image
capture device 450 to generate captured barcode image data 310 and captured alternative barcode
image data 320. A s discussed, in various examples, barcode image data 310 and captured
alternative barcode image data 320 may include noise due to avariety of factors as discussed

herein.

[0076] Processing may continue from operation 801 to operation 802, "Determine
Comparative Barcode Image Data as Absolute Vaue Difference IDIFF = ABSDIFF(11-12)",
where comparative barcode image data may be determined. For example, barcode decode
module 470 may perform operation 330 on captured barcode image data 310 and captured
alternative barcode image data 320 to generate comparative barcode image data 340 such that
operation 330 includes an absolute value difference given as IDIFF = ABSDIFF(11-12), where
IDIFF may bethe comparative barcode image data and ABSDIFF may be an operation that takes
the absolute value difference between barcode image data (1) and alternative barcode image data
(12).

[0077] As discussed above, in some examples, comparative barcode image data such as,
for example, IDIFF, may be decoded to generate barcode output data. In other examples, the
comparative barcode image data may be decoded by providing further operations as shown a
operation 803 and as discussed above with respect to operations 703-705. A's shown, processing
may continue a operation 803, "Denoise, Binarize, and Locate Code Areas in Comparative
Barcode Image Data, IDIFF", where the comparative barcode image data such as, for example,
IDIFF or comparative barcode image data 340 or the like, may be denoised and binarized, and

where code areas in the comparative barcode image data may be located.

[0078] Processing may continue from operation 803 to operation 804, "Determine
Positive Values from Comparative Barcode Image Data IDIFFCode =
PositiveNumbers(IDIFF(11-12))", where comparative barcode image data may be determined.

For example, barcode decode module 470 may perform operation 330 on captured barcode image

data 310 and captured aternative barcode image data 320 or on processed comparative barcode
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image data I DIFF to generate comparative barcode image data 340 such that operation 330
includes determining positive numbers from a subtraction of the aternative barcode image data
from the barcode image data given as IDIFFCode = PositiveNumbers(IDIFF(11-12)), where
IDIFFCode may be the comparative barcode image data and PositiveNumbers may be an
operation that determines positive numbers from a subtraction operations (and may set negative

values to zero, in some examples).

[0079] Processing may continue from operation 804 to operation 805, "Decode the
Comparative Barcode Image Data, IDIFFCode, to Generate Decoded Barcode Data’, where the
comparative barcode image data such as, for example, IDIFFCode or comparative barcode image
data 340 or the like, may be decoded to generate decoded barcode data.

[0080] Processing may continue from operation 805 to decision operation 806, "Decoded
Barcode Data Valid?', where it may be determined whether the decoded barcode data is valid. If
it is determined the decoded barcode data is valid, process 800 may continue a operation 810,
"Output Decoded Barcode Data', where the decoded barcode data may be provided as output
data. For example, the decoded barcode data may be provided as output data 475 or the like.

[0081] If it is determined the decoded barcode datais invalid, process 800 may continue
a operation 807, "Determine Negative Values from Comparative Barcode Image Data
IDIFFCode2 = IDIFF-IDIFFCode", where comparative barcode image data may be determined.
For example, barcode decode module 470 may perform operation 330 on captured barcode image
data 310 and captured alternative barcode image data 320 or on processed comparative barcode
image data IDIFF and IDIFFCode to generate comparative barcode image data 340 such that
operation 330 includes determining negative numbers from a subtraction of the aternative
barcode image data from the barcode image data given as IDIFFCode2 = IDIFF-IDIFFCode,
where IDIFFCode2 may be the comparative barcode image data. In other examples, at operation
807, the negative numbers (e.g., component) of the subtraction of the alternative barcode image
data from the barcode image data may be represented as positive values (e.g. the negative
component may be determined and used as a magnitude value). In some examples, at operation
807, the positive numbers from a subtraction of the barcode image data from the alternative

barcode image data may be used to determine the magnitude of the negative component.

[0082] Processing may continue from operation 807 to operation 808, "Decode the

Comparative Barcode Image Data, IDIFFCode2, to Generate Decoded Barcode Data', where the
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comparative barcode image data such as, for example, IDIFFCode or comparative barcode image
data 340 or the like, may be decoded to generate decoded barcode data. Processing may continue
from operation 808 to decision operation 809, "Decoded Barcode Data Valid?', where it may be
determined whether the decoded barcode dataisvalid. If it is determined the decoded barcode
dataisvalid, process 800 may continue a operation 810, "Output Decoded Barcode Data’,
where the decoded barcode data may be provided as output data as discussed.

[0083] If it is determined the decoded barcode datais invalid, process 800 may continue
a operation 701, where operations 801-809 may be substantially repeated using different
barcode image data, different negative alternative barcode image data, or both different barcode
image data and different negative aternative barcode image data. For example, as discussed
herein, image capture device 450 may capture any number barcode images and/or alternative

barcode images for decoding as discussed herein.

[0084] As shown, process 800 may include aloop such that various barcode images
and/or alternative barcode images may be decoded as needed to obtain valid output data as
discussed. In some examples, if athreshold number of failures have occurred, auser may be

notified of the failure (e.g., via adisplay device of system 440 (not shown)).

[0085] In some examples, processes 500, 600, 700 and/or 800 may provide for presenting
and decoding barcode images as discussed herein. Processes 500, 600, 700 and/or 800 may be
repeated any number of times either in serial or in paralel, as needed. Furthermore, processes
500, 600, 700 and/or process 800 may be implemented via hardware, software, firmware, or a

combination thereof, asis discussed further herein.

[0086] The techniques discussed herein may provide improved accuracy and decode
success rate for communicating barcode images. For example, in tests with strong reflections,
accurate decode rates improved from about 17% with no aternative image to about 97% when
using an alternative image and the described techniques. In tests with both strong reflections and
color shifts, accuracy decode rates improved from about 0% with no alternative image to about

71% when using an aternative image and the described techniques.

[0087] Further, the techniques described herein may be combined with other techniques
to improved decoding. In some examples, movement between abarcode image and an aternative
barcode image may be detected and corrected for using various techniques such as, for example,

descriptor matching techniques. Further, in some examples, the techniques discussed herein may
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beused in combination with standard techniques providing decoding using only abarcode image.
For example, the techniques discussed herein may be performed upon afailure of decoding using
only the barcode image or failed areas of the barcode image may be successfully decoded using

the discussed techniques, or the like.

[0088] Some additional and/or alternative details related to processes 500, 600, 700
and/or 800 and or system 400 may be illustrated in one or more examples of implementations

discussed in greater detail below.

[0089] FIG. 9isanillustrative diagram of example system 400 and process 900 for
encoding and displaying abarcode image and an alternative barcode image and for capturing and
decoding the barcode image and the alternative barcode image, arranged in accordance with at
least some implementations of the present disclosure. Inthe illustrated implementation, process
900 may include one or more operations, functions or actions as illustrated by one or more of
operations 901, 902, 903, 904, 905, 906, 907 ,908, 909, 910, and/or 911. By way of non-limiting
example, process 900 also will be described herein with reference to example system 400 as
discussed herein.

[0090] Inthe illustrated implementation, system 400 may include logic modules 910, the
like, and/or combinations thereof. For example, logic modules 910, may include system 410,
which may include barcode encode module 420 and/or display device 430 and system 440, which
may include image capture device 450, image buffer 460, and/or barcode decode module 470, the
like, and/or combinations thereof. In various examples, system 410 and system 440 may be

implemented separately as discussed herein.

[0091] Barcode encode module 420, for example, may be configured to encode input data
to generate barcode image data and/or generate alternative barcode image data associated with
the barcode image data. Display device 430, for example, may be configured to alternatingly
display abarcode image associated with the barcode image data and an alternative barcode image

associated with the alternative barcode image data.

[0092] Image capture device 450, for example, may be configured to capture abarcode
image to generate barcode image data and/or capture an alternative barcode image different than
the barcode image to generate alternative barcode image data. Image buffer 460, for example,
may be configured to. Barcode decode module 470, for example, may be configured to perform

an operation on the barcode image data and the alternative barcode image datato generate
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comparative barcode image data, generate barcode output data based at least in part on a decode

of the comparative barcode image data, and/or transmit the barcode output data.

[0093] Process 900 may be utilized as a computer-implemented method for providing
barcode communication. Process 900 may begin at operation 901, "Encode Input Datato
Generate Barcode Image Data', where input data may be encoded to generate barcode image
data. For example, input data 415 may be encoded by barcode encode module 420 to generate
barcode image data. Input data 415 may include any data suitable for encoding in abarcode

image such astext data or the like.

[0094] Processing may continue from operation 901 to operation 902, "Generate
Alternative Barcode Image Datd', where aternative barcode image data associated with the
barcode image data may be generated. For example, the aternative barcode image data may be
different than and complementary to the barcode image data. For example, barcode encode

module 420 may generate alternative barcode image data 427.

[0095] Processing may continue from operation 902 to operation 903, "Transfer Image
Data', where barcode image data and/or alternative barcode image data may betransferred from
barcode encode module 420 to display device 430. In some examples, barcode image data and/or

alternative barcode image data may betransferred via an image buffer or the like.

[0096] Processing may continue from operation 903 to operation 904, "Alternatingly
Display Barcode and Alternative Barcode Images’, where abarcode image associated with the
barcode image data and an alternative barcode image associated with the alternative barcode
image data may be aternatingly displayed via adisplay device. For example, barcode image 110
and alternative barcode image 120, 220 may be alternatingly displayed via display device 430 as
discussed herein.

[0097] In some examples, operations 901, 902, 903, and/or 904 may provide for
generating barcode images. For example, barcode images and aternative barcode images may be

generated and displayed via system 410.

[0098] Processing may continue from operation 904 to operation 905, "Capture Barcode
and Alternative Barcode Images’, where abarcode image and an aternative barcode image may
be captured to generate barcode image data and alternative barcode image data, respectively. For
example, barcode image 110 and alternative barcode image 120, 220 may be captured by image
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capture device 450 to generate captured barcode image data 310 and captured alternative barcode
image data 320.

[0099] Processing may continue from operation 905 to operation 906, "Receive, Store,
and Transfer Barcode and Alternative Barcode Image Data', where the barcode image data and
the aternative barcode image data may bereceived, stored and transferred. For example, image
buffer 460 may receive captured barcode image data 310 and captured alternative barcode image
data 320 from image capture device 450, store captured barcode image data 310 and captured
aternative barcode image data 320, and transfer captured barcode image data 310 and captured
alternative barcode image data 320 to barcode decode module 470.

[00100] Processing may continue from operation 906 to operation 907, "Perform
Operation”, where an operation may be performed on the barcode image data and the alternative
barcode image data. For example, barcode decode module 470 may perform operation 330 on
captured barcode image data 310 and captured alternative barcode image data 320 to generate

comparative barcode image data 340 as discussed herein.

[00101] Processing may continue from operation 907 to operation 908, "Denoise,
Binarize, and Locate Code Areas', where the comparative barcode image data may be denoised

and binarized and where code areas may be located in the comparative barcode image data

[00102] Processing may continue from operation 908 to operation 909, "Decode”, where
the comparative barcode image data may be decoded. For example, barcode decode module 470

may decode comparative barcode image data 340.

[00103] Processing may continue from operation 909 to operation 910, "Repeat if Invalid
Data’, where it may be determined whether the decoded barcode datais valid. If the decoded
barcode datais valid, process 900 may continue at operation 911, "Output Barcode Data* where
the data may beprovided or transmitted as output data 475, for example. If the decoded barcode
dataisvalid, any of operations 907, 908, and/or 909 may be repested either with the same or
different on different barcode image data and/or alternative barcode image data or with the same

operation on the same barcode image data and/or alternative barcode image data.

[00104] In some examples, operations 905, 906, 907, 908, 909, 910, and/or 911 may
provide for decoding barcode images. Such decoding may be performed a a consumer's mobile

device, for example.
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[00105] Process 900 may be repeated any number of times either in serial or in parallel, as
needed. Furthermore, in general, barcode encode module 420 and/or barcode decode module 470
may be implemented via hardware, software, and/or firmware. In various examples, barcode
encode module 420 and/or barcode decode module 470 may be implemented via aprocessing

unit such as, for example, a graphics processing unit or acentral processing unit, or the like.

[00106] While implementation of example processes 500, 600, 700, 800, 900 and other
processes discussed herein may include the undertaking of all operations shown in the order
illustrated, the present disclosure is not limited in this regard and, in various examples,
implementation of the processes discussed herein may include the undertaking only a subset of

the operations shown and/or in a different order than illustrated.

[00107] In addition, any one or more of the operations discussed herein may be undertaken
in response to instructions provided by one or more computer program products. Such program
products may include signal bearing media providing instructions that, when executed by, for
example, aprocessor, may provide the functionality described herein. The computer program
products may be provided in any form of computer readable medium. Thus, for example, a
processor including one or more processor core(s) may undertake one or more of the operations

or operations discussed herein.

[00108] Asusad in any implementation described herein, the term "module” refers to any
combination of software, firmware and/or hardware configured to provide the functionality
described herein. The software may be embodied as a software package, code and/or instruction
set or instructions, and "hardware”, asused in any implementation described herein, may include,
for example, singly or in any combination, hardwired circuitry, programmable circuitry, state
machine circuitry, and/or firmware that stores instructions executed by programmable circuitry.
The modules may, collectively or individually, be embodied as circuitry that forms part of a

larger system, for example, an integrated circuit (1C), system on-chip (SoC), and so forth.

[00109] FIG. 10 isanillustrative diagram of example system for encoding and displaying
abarcode image and an alternative barcode image and for capturing and decoding the barcode
image and the alternative barcode image, arranged in accordance with at least some
implementations of the present disclosure. In the illustrated implementation, system 400 may
include system 410, which may include one or more processing units 1006, one or more memory

stores 1020, an image buffer 1030 and/or display device 430, and system 440, which may include
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one or more processing units 1008, one or more memory stores 1022, image buffer 420 and/or

image capture device 450.

[0011Q] Asdiscussed above, in some examples, system 410 and system 440 may be
implemented separately. Central processing units 1006, memory stores 1020, and/or display
device 430 may be capable of communication with one another, via, for example, abus or other
access. |nvarious implementations, display device 430 may be integrated in system 410 or
implemented separately from system 410. Similarly, central processing units 1008, memory
stores 1022, and/or image capture device 450 may be capable of communication with one
another, via, for example, abus or other access. In various implementations, image capture

device 450 may beintegrated in system 440 or implemented separately from system 440.

[00111] Asshown in FIG. 10, and discussed above, barcode encode module 420 may be
implemented via processing unit(s) 1006. In various examples, processing unit(s) 1006 may
include a central processing unit or units or a graphics processing unit or units. As shown,
processing unit(s) 1006 may be communicatively coupled to memory stores 1020. Also as
shown, image buffer 1030 may be implemented via memory stores 1020. Processing unit(s) 1006
may also be communicative coupled to display device 430. Barcode encode module 420 may be
configured to encode input data to generate barcode image data and/or to generate alternative
barcode image data associated with barcode image data, as discussed herein. Display device 430
may be configured to alternatingly display abarcode image associated with the barcode image
data and a dternative barcode image associated with the alternative barcode image data, as
discussed herein.

[00112] Also as shown in FIG. 10, and discussed above, barcode decode module 470 may
be implemented via processing unit(s) 1008. In various examples, processing unit(s) 1008 may
include a central processing unit or units or a graphics processing unit or units. As shown,
processing unit(s) 1008 may be communicatively coupled to memory stores 1022. Also as
shown, image buffer 460 may be implemented via memory stores 1022. Processing unit(s) 1008
may also be communicative coupled to image capture device 450. Image capture device 450 may
be configured to capture abarcode image to generate barcode image data and/or capture an
aternative barcode image different than the barcode image to generate alternative barcode image
data, as discussed herein. Barcode decode module 470 may be configured to perform an
operation on the barcode image data and the alternative barcode image data to generate

comparative barcode image data, generate barcode output data based at least in part on a decode
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of the comparative barcode image data, and/or transmit the barcode output data, as discussed

herein.

[00113] Aswill be appreciated, the modules illustrated in FIG. 10 may include avariety of
software and/or hardware modules and/or modules that may be implemented via software and/or
hardware. For example, the modules may be implemented as software via processing unit(s)
1006 and/or 1008. Furthermore, the shown memory stores 1020, 1022 may be shared memory for
processing units 1006, 1008, respectively, for example. Also, system 410 or system 440 may be
implemented in avariety of ways. For example, system 410 (excluding display device 430) may
be implemented as asingle chip or device having a graphics processor, aquad-core central
processing unit, on-board cache, and amemory controller input/output (1/0) module (not shown).
In other examples, system 410 (again excluding display device 430) may be implemented as a
chipset. In another example, system 440 (excluding image capture device 450) may be
implemented as a single chip or device having a graphics processor, a quad-core central
processing unit, on-board cache, and amemory controller input/output (1/0) module (not shown).
In other examples, system 440 (again excluding image capture device 450) may be implemented
as a chipset.

[00114] Processing units 1006 or 1008 may include any suitable implementations
including, for example, microprocessor(s), multicore processors, application specific integrated
circuits, chip(s), chipsets, graphics processors, or the like. In addition, memory stores 1020 or
1022 and/or image buffers 1030 or 460 1340 may be any type of memory such asvolatile
memory (e.g., Static Random Access Memory (SRAM), Dynamic Random Access Memory
(DRAM), etc.) or non-volatile memory (e.g., flash memory, etc.), and so forth. In anon-limiting
example, memory stores 1020 or 1022 and/or image buffers 1030 or 460 1340 may be
implemented via cache memory. In various examples, system 410 or system 440 may be

implemented as achipset or as a system on achip.

[00115] FIG. 11lillustrates an example system 1100 in accordance with the present
disclosure. Invarious implementations, system 1100 may be a media system athough system
1100 is not limited to this context. For example, system 1100 may be incorporated into a
personal computer (PC), laptop computer, ultra-laptop computer, tablet, touch pad, portable
computer, handheld computer, palmtop computer, persona digital assistant (PDA), cellular

telephone, combination cellular telephone/PDA, television, smart device (e.g., smart phone,
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smart tablet or smart television), mobile internet device (MID), messaging device, data

communication device, and so forth.

[00116] In various implementations, system 1100 includes aplatform 1102 coupled to a
display 1120. Platform 1102 may receive content from a content device such as content services
device(s) 1130 or content delivery device(s) 1140 or other similar content sources. A navigation
controller 1150 including one or more navigation features may be used to interact with, for
example, platform 1102 and/or display 1120. Each of these components is described in greater
detail below.

[00117] In various implementations, platform 1102 may include any combination of a
chipset 1105, processor 1110, memory 1112, storage 1114, graphics subsystem 1115,
applications 1116 and/or radio 1118. Chipset 1105 may provide intercommunication among
processor 1110, memory 1112, storage 1114, graphics subsystem 1115, applications 1116 and/or
radio 1118. For example, chipset 1105 may include a storage adapter (not depicted) capable of

providing intercommunication with storage 1114.

[00118] Processor 1110 may be implemented as a Complex Instruction Set Computer

(CISC) or Reduced Instruction Set Computer (RISC) processors; x86 instruction set compatible
processors, multi-core, or any other microprocessor or central processing unit (CPU). In various
implementations, processor 1110 may be dual-core processor(s), dual-core mobile processor(s),

and so forth.

[00119] Memory 1112 may be implemented as avolatile memory device such as, but not
limited to, a Random Access Memory (RAM), Dynamic Random Access Memory (DRAM), or
Static RAM (SRAM).

[00120] Storage 1114 may be implemented as a non-volatile storage device such as, but
not limited to, a magnetic disk drive, optical disk drive, tape drive, an internal storage device, an
attached storage device, flash memory, battery backed-up SDRAM (synchronous DRAM),
and/or anetwork accessible storage device. In various implementations, storage 1114 may
include technology to increase the storage performance enhanced protection for valuable digital

media when multiple hard drives are included, for example.

[00121] Graphics subsystem 1115 may perform processing of images such as still or video

for display. Graphics subsystem 1115 may be a graphics processing unit (GPU) or avisual
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processing unit (VPU), for example. An analog or digital interface may beused to
communicatively couple graphics subsystem 1115 and display 1120. For example, the interface
may be any of aHigh-Definition Multimedia Interface, Display Port, wireless HDMI, and/or
wireless HD compliant techniques. Graphics subsystem 1115 may be integrated into processor
1110 or chipset 1105. In some implementations, graphics subsystem 1115 may be a stand-alone
card communicatively coupled to chipset 1105.

[00122] The graphics and/or video processing techniques described herein may be
implemented in various hardware architectures. For example, graphics and/or video functionality
may be integrated within achipset. Alternatively, a discrete graphics and/or video processor may
beused. As dtill another implementation, the graphics and/or video functions may be provided by
ageneral purpose processor, including a multi-core processor. In other embodiments, the

functions may be implemented in aconsumer electronics device.

[00123] Radio 1118 may include one or more radios capable of transmitting and receiving
signals using various suitable wireless communications techniques. Such techniques may involve
communications across one or more wireless networks. Example wireless networks include (but
are not limited to) wireless local area networks (WLANS), wireless personal area networks
(WPANS), wireless metropolitan area network (WMANS), cellular networks, and satellite
networks. In communicating across such networks, radio 1118 may operate in accordance with

one or more applicable standards in any version.

[00124] In various implementations, display 1120 may include any television type monitor
or display. Display 1120 may include, for example, acomputer display screen, touch screen
display, video monitor, television-like device, and/or atelevision. Display 1120 may be digital
and/or analog. In various implementations, display 1120 may be aholographic display. Also,
display 1120 may be atransparent surface that may receive avisual projection. Such projections
may convey various forms of information, images, and/or objects. For example, such projections
may beavisual overlay for amobile augmented reality (MAR) application. Under the control of
one or more software applications 1116, platform 1102 may display user interface 1122 on
display 1120.

[00125] In various implementations, content services device(s) 1130 may be hosted by any
national, international and/or independent service and thus accessible to platform 1102 via the

Internet, for example. Content services device(s) 1130 may be coupled to platform 1102 and/or
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to display 1120. Platform 1102 and/or content services device(s) 1130 may becoupled to a
network 1160 to communicate (e.g., send and/or receive) media information to and from network
1160. Content delivery device(s) 1140 also may be coupled to platform 1102 and/or to display
1120.

[00126] In various implementations, content services device(s) 1130 may include acable
television box, personal computer, network, telephone, Internet enabled devices or appliance
capable of delivering digital information and/or content, and any other similar device capable of
unidirectionally or bidirectionally communicating content between content providers and
platform 1102 and/display 1120, via network 1160 or directly. It will be appreciated that the
content may be communicated unidirectionally and/or bidirectionaly to and from any one of the
components in system 1100 and acontent provider via network 1160. Examples of content may
include any media information including, for example, video, music, medical and gaming

information, and so forth.

[00127] Content services device(s) 1130 may receive content such as cable television
programming including media information, digital information, and/or other content. Examples
of content providers may include any cable or satéllite television or radio or Internet content
providers. The provided examples are not meant to limit implementations in accordance with the

present disclosure in any way.

[00128] In various implementations, platform 1102 may receive control signals from
navigation controller 1150 having one or more navigation features. The navigation features of
controller 1150 may be used to interact with user interface 1122, for example. In embodiments,
navigation controller 1150 may be apointing device that may be acomputer hardware
component (specificaly, ahuman interface device) that allows auser to input spatia (e.g.,
continuous and multi-dimensional) data into a computer. Many systems such as graphical user
interfaces (GUI), and televisions and monitors allow the user to control and provide datato the

computer or television using physical gestures.

[00129] Movements of the navigation features of controller 1150 may bereplicated on a
display (e.g., display 1120) by movements of apointer, cursor, focus ring, or other visual
indicators displayed onthe display. For example, under the control of software applications
1116, the navigation features located on navigation controller 1150 may be mapped to virtual

navigation features displayed on user interface 1122, for example. In embodiments, controller
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1150 may not be a separate component but may be integrated into platform 1102 and/or display
1120. The present disclosure, however, isnot limited to the elements or in the context shown or

described herein.

[00130] In various implementations, drivers (not shown) may include technology to enable
users to instantly turn on and off platform 1102 like atelevision with the touch of abutton after
initial boot-up, when enabled, for example. Program logic may allow platform 1102 to stream
content to media adaptors or other content services device(s) 1130 or content delivery device(s)
1140 even when the platform isturned "off." In addition, chipset 1105 may include hardware
and/or software support for 7.1 surround sound audio and/or high definition (7.1) surround sound
audio, for example. Drivers may include agraphics driver for integrated graphics platforms. In
embodiments, the graphics driver may comprise aperipheral component interconnect (PCI)

Express graphics card.

[00131] In various implementations, any one or more of the components shown in system
1100 may be integrated. For example, platform 1102 and content services device(s) 1130 may be
integrated, or platform 1102 and content delivery device(s) 1140 may be integrated, or platform
1102, content services device(s) 1130, and content delivery device(s) 1140 may be integrated, for
example. Invarious embodiments, platform 1102 and display 1120 may be an integrated unit.
Display 1120 and content service device(s) 1130 may be integrated, or display 1120 and content
delivery device(s) 1140 may be integrated, for example. These examples are not meant to limit

the present disclosure.

[00132] In various embodiments, system 1100 may be implemented as awireless system,
awired system, or acombination of both. When implemented as awireless system, system 1100
may include components and interfaces suitable for communicating over awireless shared
media, such as one or more antennas, transmitters, receivers, transceivers, amplifiers, filters,
control logic, and so forth. An example of wireless shared media may include portions of a
wireless spectrum, such asthe RF spectrum and so forth. When implemented as awired system,
system 1100 may include components and interfaces suitable for communicating over wired
communications media, such as input/output (1/0) adapters, physical connectors to connect the
1/0O adapter with a corresponding wired communications medium, anetwork interface card
(NIC), disc controller, video controller, audio controller, and the like. Examples of wired

communications media may include awire, cable, metal leads, printed circuit board (PCB),
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backplane, switch fabric, semiconductor material, twisted-pair wire, co-axial cable, fiber optics,

and so forth.

[00133] Platform 1102 may establish one or more logical or physical channels to
communicate information. The information may include media information and control
information. Media information may refer to any data representing content meant for auser.
Examples of content may include, for example, data from avoice conversation, videoconference,
streaming video, electronic mail ("email") message, voice mail message, aphanumeric symbols,
graphics, image, video, text and so forth. Data from avoice conversation may be, for example,
speech information, silence periods, background noise, comfort noise, tones and so forth. Control
information may refer to any data representing commands, instructions or control words meant
for an automated system. For example, control information may be used to route media
information through a system, or instruct a node to process the media information in a
predetermined manner. The embodiments, however, are not limited to the elements or in the

context shown or described in FIG. 11.

[00134] Asdescribed above, system 1100 may be embodied in varying physical styles or
form factors. FIG. 12 illustrates implementations of a small form factor device 1200 in which
system 1200 may be embodied. In embodiments, for example, device 1200 may be implemented
as amobile computing device having wireless capabilities. A mobile computing device may refer
to any device having aprocessing system and a mobile power source or supply, such as one or

more batteries, for example.

[00135] A s described above, examples of amobile computing device may include a
persona computer (PC), laptop computer, ultra-laptop computer, tablet, touch pad, portable
computer, handheld computer, palmtop computer, personal digital assistant (PDA), cellular
telephone, combination cellular telephone/PDA, television, smart device (e.g., smart phone,
smart tablet or smart television), mobile internet device (MID), messaging device, data

communication device, and so forth.

[00136] Examples of amobile computing device also may include computers that are
arranged to beworn by aperson, such as awrist computer, finger computer, ring computer,
eyeglass computer, belt-clip computer, arm-band computer, shoe computers, clothing computers,
and other wearable computers. In various embodiments, for example, a mobile computing device

may be implemented as a smart phone capable of executing computer applications, aswell as
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voice communications and/or data communications. Although some embodiments may be
described with amobile computing device implemented as a smart phone by way of example, it
may be appreciated that other embodiments may be implemented using other wireless mobile

computing devices aswell. The embodiments are not limited in this context.

[00137] Asshown in FIG. 12, device 1200 may include ahousing 1202, adisplay 1204, an
input/output (1/0) device 1206, and an antenna 1208. Device 1200 also may include navigation
features 1212. Display 1204 may include any suitable display unit for displaying information
appropriate for amobile computing device. I/O device 1206 may include any suitable I/O device
for entering information into a mobile computing device. Examples for 1/0O device 1206 may
include an aphanumeric keyboard, a numeric keypad, atouch pad, input keys, buttons, switches,
rocker switches, microphones, speakers, voice recognition device and software, and so forth.
Information also may be entered into device 1200 by way of microphone (not shown). Such
information may be digitized by avoice recognition device (not shown). The embodiments are

not limited in this context.

[00138] Various embodiments may be implemented using hardware elements, software
elements, or acombination of both. Examples of hardware elements may include processors,
microprocessors, circuits, circuit elements (e.g., transistors, resistors, capacitors, inductors, and
so forth), integrated circuits, application specific integrated circuits (ASIC), programmable logic
devices (PLD), digital signal processors (DSP), field programmable gate array (FPGA), logic
gates, registers, semiconductor device, chips, microchips, chip sets, and so forth. Examples of
software may include software components, programs, applications, computer programs,
application programs, system programs, machine programs, operating system software,
middleware, firmware, software modules, routines, subroutines, functions, methods, procedures,
software interfaces, application program interfaces (API), instruction sets, computing code,
computer code, code segments, computer code segments, words, values, symbols, or any
combination thereof. Determining whether an embodiment is implemented using hardware
elements and/or software elements may vary in accordance with any number of factors, such as
desired computational rate, power levels, heat tolerances, processing cycle budget, input data
rates, output data rates, memory resources, data bus speeds and other design or performance

constraints.

[00139] One or more aspects of at least one embodiment may be implemented by

representative instructions stored on a machine-readable medium which represents various logic
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within the processor, which when read by a machine causes the machine to fabricate logic to
perform the techniques described herein. Such representations, known as "IP cores' may be
stored on atangible, machine readable medium and supplied to various customers or

manufacturing facilities to load into the fabrication machines that actually make the logic or

jprocessor.

[00140] While certain features set forth herein have been described with reference to
various implementations, this description is not intended to be construed in alimiting sense.
Hence, various modifications of the implementations described herein, aswell as other
implementations, which are apparent to persons skilled in the art to which the present disclosure

pertains are deemed to lie within the spirit and scope of the present disclosure.
[00141] The following examples pertain to additional embodiments.

[00142] In one example, a computer-implemented method for decoding barcode images
may include capturing a barcode image to generate barcode image data, capturing an alternative
barcode image different than the barcode image to generate alternative barcode image data such
that the alternative barcode image datais associated with the barcode image data, performing an
operation on the barcode image data and the aternative barcode image data to generate
comparative barcode image data, and generating barcode output data based a least in part on

decoding the comparative barcode image data.

[00143] In further examples of a computer-implemented method for decoding barcode
images, the method may include applying a denoise operation to the comparative barcode image
data, binarizing the comparative barcode image data on one or more channels of the comparative
barcode image data, such that the one or more channels include a least one of ablack and white
channel, ared channel, a green channel, or ablue channel, locating code areas in the comparative
barcode image data, decoding the comparative barcode image data to generate decoded barcode
data, determining whether the decoded barcode datais valid, providing the barcode output data
when it is determined the decoded barcode datais valid, and when it is determined the decoded
barcode dataisinvalid: performing a second operation on the barcode image data and the
aternative barcode image datato generate second comparative barcode image data and
generating alternative barcode output data based at least in part on the second comparative
barcode image data. Performing the operation on the barcode image data and the alternative

barcode image datato generate the comparative barcode image data may include a least one of



WO 2015/017970 PCT/CN2013/080861
-36 -

adding the barcode image data and the alternative barcode image data, multiplying the barcode
image data and the aternative barcode image data, taking an absolute value difference between
the barcode image data and the alternative barcode image data, subtracting the barcode image
data from the alternative barcode image data, determining positive numbers from a subtraction of
the alternative barcode image data from the barcode image data, or determining positive numbers
from a subtraction of the barcode image data from the alternative barcode image data. The
barcode image may include at least one of aone-dimensiona barcode image, atwo-dimensional
barcode image, adynamic barcode image, ablack and white barcode image, or a color barcode
image. The barcode image data and the alternative barcode image data may be complementary
barcode image data. The alternative barcode image may include a least one of apure black
image or anegative of the barcode image. The aternative barcode image may include the pure
black image and performing the operation on the barcode image data and the alternative barcode
image data may include taking the absolute value difference between the barcode image data and
the alternative barcode image data. The aternative barcode image may include the negative of
the barcode image and performing the operation on the barcode image data and the aternative
barcode image data may include determining positive numbers from a subtraction of the
alternative barcode image data from the barcode image data and performing the second operation
on the barcode image data and the alternative barcode image data may include determining
positive numbers from a subtraction of the barcode image data from the alternative barcode
image data. Capturing the barcode image and capturing the alternative barcode image may
include capturing at a capture frequency such that the capture frequency may include a least one
of 20 frames per second, 25 frames per second, or twice adisplay frequency. Capturing the
barcode image and capturing the aternative barcode image may include capturing the barcode

image and the alternative barcode image from a same area of adisplay device.

[00144] In another example, a computer-implemented method for generating barcode
images may include encoding input datato generate barcode image data, generating aternative
barcode image data associated with the barcode image data such that the alternative barcode
image data is different than and complementary to the barcode image data, and alternatingly
displaying a barcode image associated with the barcode image data and an aternative barcode

image associated with the alternative barcode image datavia a display device.

[00145] In further examples of a computer-implemented method for generating barcode

images, the barcode image and the aternative barcode image may include static barcode images
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and alternatingly displaying the barcode image and the aternative barcode image may include
alternating display of the barcode image and the aternative barcode image on a same area of the
display device. The barcode image and the aternative barcode image may include dynamic
barcode images of a dynamic barcode having aplurality of images such that alternatingly
displaying the barcode image and the alternative barcode image may include a least one of
displaying the barcode image, displaying the alternative barcode image, and subsequently
displaying remaining images of the plurality of images on the same area of the display device or
displaying the barcode image, displaying one or more images associated with remaining images
of the plurality of images, and subsequently displaying the alternative barcode image on the same
area of the display device. Alternatingly displaying the barcode image and the aternative
barcode image may include displaying at adisplay frequency such that the display frequency
comprises at least one of 10 frames per second or one half of a capture frequency. The barcode
image may include at least one of aone-dimensional barcode image, atwo-dimensional barcode
image, adynamic barcode image, ablack and white barcode image, or acolor barcode image.
The alternative barcode image include a least one of apure black image or anegative of the

barcode image.

[00146] In another example, a system for providing barcode communication on a
computer may include an image capture device configured to capture abarcode imageto
generate barcode image data and capture an aternative barcode image different than the barcode
image to generate alternative barcode image data such that the alternative barcode image datais
associated with the barcode image, and aprocessing unit having abarcode decode module such
that the processing unit is communicatively coupled to the image capture device and the barcode
decode module is configured to perform an operation on the barcode image data and the
alternative barcode image datato generate comparative barcode image data, generate barcode
output data based at least in part on a decode of the comparative barcode image data, and

transmit the barcode output data.

[00147] In other examples of systems for providing barcode communication on a
computer, the system may include an image buffer such that the processing unit is
communicatively coupled to the image buffer, the processing unit is communicatively coupled to
the image capture device via the image buffer, and the image buffer is configured to receive the
barcode image data and the alternative barcode image data from the image capture device, store

the barcode image data and the alternative barcode image data, and transmit the barcode image
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data and the alternative barcode image datato the processing unit, a second processing unit
comprising abarcode encode module configured to encode input datato generate the barcode
image data and generate the aternative barcode image data associated with the barcode image
data such that the alternative barcode image data is different than and complementary to the
barcode image data, and adisplay device communicatively coupled to the second processing unit
such that the display device is configured to apply a denoise operation to the comparative
barcode image data, binarize the comparative barcode image data on one or more channels of the
barcode image data such that the one or more channels include a least one of ablack and white
channel, ared channel, a green channel, or ablue channel, locate code areas in the comparative
barcode image data, decode the comparative barcode image datato generate decoded barcode
data, determine whether the decoded barcode datais valid, provide the barcode output data when
it is determined the decoded barcode datais valid and when it is determined the decoded barcode
datais invalid: perform a second operation on the barcode image data and the alternative barcode
image datato generate second comparative barcode image data and generate barcode output data
based at least in part on the second comparative barcode image data. The operation on the
barcode image data and the alternative barcode image datato generate comparative barcode
image data may include at least one of an addition of the barcode image data and the alternative
barcode image data, amultiplication of the barcode image data and the alternative barcode image
data, an absolute value difference between the barcode image data and the alternative barcode
image data, a subtraction of the barcode image data from the alternative barcode image data, a
determination of positive numbers from a subtraction of the aternative barcode image data from
the barcode image data, or a determination of positive numbers from a subtraction of the barcode
image data from the alternative barcode image data. The barcode image may include at least one
of aone-dimensional barcode image, atwo-dimensiona barcode image, a dynamic barcode
image, ablack and white barcode image, or acolor barcode image. The barcode image data and
the alternative barcode image data may be complementary barcode image data. The aternative
barcode image may include a least one of apure black image or anegative of the barcode image.
The alternative barcode image may include the pure black image and performing the operation
on the barcode image data and the alternative barcode image data may include taking the
absolute value difference between the barcode image data and the alternative barcode image data.
The alternative barcode image may include the negative of the barcode image and performing the
operation on the barcode image data and the aternative barcode image data may include
determining positive numbers from a subtraction of the alternative barcode image data from the

barcode image data and performing the second operation on the barcode image data and the
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alternative barcode image data may include determining positive numbers from a subtraction of
the barcode image data from the alternative barcode image data. Capturing the barcode image
and capturing the alternative barcode image may include capturing at a capture frequency such
that the capture frequency may include at least one of 20 frames per second, 25 frames per
second, or twice adisplay frequency. Capturing the barcode image and capturing the alternative
barcode image may include capturing the barcode image and the alternative barcode image from

asame area of adisplay device.

[00148] In another example, a least one machine readable medium may include aplurality
of instructions that in response to being executed on acomputing device, cause the computing

device to perform the method according to any one of the above examples.

[00149] In yet another example, an apparatus may include means for performing the

methods according to any one of the above examples.

[00150] The above examples may include specific combination of features. However, such
the above examples are not limited in this regard and, in various implementations, the above
examples may include the undertaking only a subset of such features, undertaking a different
order of such features, undertaking a different combination of such features, and/or undertaking
additional features than those features explicitly listed. For example, all features described with
respect to the example methods may be implemented with respect to the example apparatus, the

example systems, and/or the example articles, and vice versa.
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WHAT IS CLAIMED:

1 A computer-implemented method for decoding barcode images comprising:

capturing abarcode image to generate barcode image data;

capturing an aternative barcode image different than the barcode image to generate
alternative barcode image data, wherein the alternative barcode image data is associated with the
barcode image data;

performing an operation on the barcode image data and the aternative barcode image
datato generate comparative barcode image data; and

generating barcode output data based at least in part on decoding the comparative barcode

image data.

2. The method of claim 1, wherein the barcode image comprises a least one of a one-
dimensional barcode image, atwo-dimensional barcode image, a dynamic barcode image, a

black and white barcode image, or acolor barcode image.

3. The method of claim 1, wherein the alternative barcode image comprises at least one of a

pure black image or a negative of the barcode image.

4. The method of claim 1, wherein the alternative barcode image comprises the pure black
image and wherein performing the operation on the barcode image data and the aternative
barcode image data comprises taking the absolute value difference between the barcode image

data and the alternative barcode image data.

5. The method of claim 1, wherein the alternative barcode image comprises the negative of

the barcode image and wherein performing the operation on the barcode image data and the
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alternative barcode image data comprises determining positive numbers from a subtraction of the

alternative barcode image data from the barcode image data.

6. The method of claim 1, wherein performing the operation on the barcode image data and
the aternative barcode image datato generate the comparative barcode image data comprises at
least one of adding the barcode image data and the alternative barcode image data, multiplying
the barcode image data and the alternative barcode image data, taking an absolute value
difference between the barcode image data and the alternative barcode image data, subtracting
the barcode image data from the aternative barcode image data, determining positive numbers
from a subtraction of the alternative barcode image data from the barcode image data, or
determining positive numbers from a subtraction of the barcode image data from the aternative

barcode image data.

7. The method of claim 1, wherein generating the barcode output data comprises:

applying adenoise operation to the comparative barcode image data;

binarizing the comparative barcode image data on one or more channels of the
comparative barcode image data, wherein the one or more channels comprise at least one of a
black and white channel, ared channel, a green channel, or ablue channel;

locating code areas in the comparative barcode image data;

decoding the comparative barcode image datato generate decoded barcode data;

determining whether the decoded barcode datais valid;

providing the barcode output datawhen it is determined the decoded barcode datais
valid; and

when it is determined the decoded barcode datais invalid:
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performing a second operation on the barcode image data and the alternative
barcode image datato generate second comparative barcode image data; and
generating alternative barcode output databased at least in part on the second

comparative barcode image data.

8. The method of claim 1, wherein generating the barcode output data comprises:
applying a denoise operation to the comparative barcode image data;
binarizing the comparative barcode image data on one or more channels of the
comparative barcode image data, wherein the one or more channels comprise & least one of a
black and white channel, ared channel, a green channel, or ablue channel;
locating code areas in the comparative barcode image data;
decoding the comparative barcode image datato generate decoded barcode data;
determining whether the decoded barcode datais valid;
providing the barcode output datawhen it is determined the decoded barcode datais
valid; and
when it is determined the decoded barcode datais invalid:
performing a second operation on the barcode image data and the alternative
barcode image datato generate second comparative barcode image data; and
generating alternative barcode output databased a least in part on the second
comparative barcode image data,
wherein performing the operation on the barcode image data and the aternative barcode
image datato generate the comparative barcode image data comprises a least one of adding the
barcode image data and the alternative barcode image data, multiplying the barcode image data
and the alternative barcode image data, taking an absolute value difference between the barcode

image data and the alternative barcode image data, subtracting the barcode image data from the
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alternative barcode image data, determining positive numbers from a subtraction of the
alternative barcode image data from the barcode image data, or determining positive numbers
from a subtraction of the barcode image data from the aternative barcode image data,

wherein the barcode image comprises at |least one of a one-dimensional barcode image, a
two-dimensional barcode image, a dynamic barcode image, ablack and white barcode image, or
acolor barcode image,

wherein the barcode image data and the aternative barcode image data are
complementary barcode image data,

wherein the alternative barcode image comprises at least one of apure black image or a
negative of the barcode image,

wherein the alternative barcode image comprises the pure black image and wherein
performing the operation on the barcode image data and the alternative barcode image data
comprises taking the absolute value difference between the barcode image data and the
alternative barcode image data,

wherein the alternative barcode image comprises the negative of the barcode image and
wherein performing the operation on the barcode image data and the alternative barcode image
data comprises determining positive numbers from a subtraction of the alternative barcode image
data from the barcode image data, and wherein performing the second operation on the barcode
image data and the alternative barcode image data comprises determining positive numbers from
a subtraction of the barcode image data from the alternative barcode image data,

wherein capturing the barcode image and capturing the alternative barcode image
comprises capturing at a capture frequency, wherein the capture frequency comprises &t least one

of 20 frames per second, 25 frames per second, or twice a display frequency, and
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wherein capturing the barcode image and capturing the alternative barcode image
comprises capturing the barcode image and the alternative barcode image from a same area of a

display device.

9. A computer-implemented method for generating barcode images comprising:

encoding input datato generate barcode image data;

generating alternative barcode image data associated with the barcode image data,
wherein the alternative barcode image data is different than and complementary to the barcode
image data; and

alternatingly displaying abarcode image associated with the barcode image data and an
alternative barcode image associated with the alternative barcode image datavia a display

device.

10. The method of claim 9, wherein the barcode image and the alternative barcode image
comprise static barcode images and wherein alternatingly displaying the barcode image and the
alternative barcode image comprises aternating display of the barcode image and the alternative

barcode image on a same area of the display device.

11.  The method of claim 9, wherein the barcode image and the alternative barcode image
comprise dynamic barcode images of a dynamic barcode having aplurality of images, and
wherein aternatingly displaying the barcode image and the alternative barcode image comprises
at least one of displaying the barcode image, displaying the alternative barcode image, and
subsequently displaying remaining images of the plurality of images on the same area of the

display device or displaying the barcode image, displaying one or more images associated with
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remaining images of the plurality of images, and subsequently displaying the aternative barcode

image on the same area of the display device.

12, The method of claim 9, wherein the barcode image comprises at |east one of aone-
dimensional barcode image, atwo-dimensional barcode image, a dynamic barcode image, a

black and white barcode image, or acolor barcode image.

13. The method of claim 9, wherein the alternative barcode image comprises a least one of a

pure black image or a negative of the barcode image.

14. The method of claim 9, wherein the barcode image and the alternative barcode image
comprise static barcode images and wherein alternatingly displaying the barcode image and the
alternative barcode image comprises aternating display of the barcode image and the alternative
barcode image on a same area of the display device,

wherein the barcode image and the alternative barcode image comprise dynamic barcode
images of a dynamic barcode having aplurality of images, and wherein alternatingly displaying
the barcode image and the alternative barcode image comprises a least one of displaying the
barcode image, displaying the alternative barcode image, and subsequently displaying remaining
images of the plurality of images on the same area of the display device or displaying the barcode
image, displaying one or more images associated with remaining images of the plurality of
images, and subsequently displaying the alternative barcode image on the same area of the
display device,

wherein alternatingly displaying the barcode image and the alternative barcode image
comprises displaying a adisplay frequency, and wherein the display frequency comprises at

least one of 10 frames per second or one half of a capture frequency,
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wherein the barcode image comprises at |east one of a one-dimensional barcode image, a
two-dimensional barcode image, a dynamic barcode image, ablack and white barcode image, or
acolor barcode image, and
wherein the alternative barcode image comprises at least one of apure black image or a

negative of the barcode image.

15. A system for providing barcode communication on acomputer, comprising:
an image capture device configured to:
capture abarcode image to generate barcode image data; and
capture an aternative barcode image different than the barcode image to generate
alternative barcode image data, wherein the alternative barcode image data is associated
with the barcode image;
aprocessing unit comprising abarcode decode module, wherein the processing unit is
communicatively coupled to the image capture device and wherein the barcode decode module is
configured to:
perform an operation on the barcode image data and the alternative barcode image
datato generate comparative barcode image data;
generate barcode output data based at least in part on a decode of the comparative
barcode image data; and

transmit the barcode output data.

16. The system of claim 15, wherein the barcode image comprises at |east one of a one-
dimensional barcode image, atwo-dimensiona barcode image, a dynamic barcode image, a

black and white barcode image, or acolor barcode image.
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17. The system of claim 15, wherein the aternative barcode image comprises at least one of a

pure black image or a negative of the barcode image.

18.  The system of claim 15, wherein the aternative barcode image comprises the pure black
image and wherein the operation on the barcode image data and the alternative barcode image
data comprises the absolute value difference between the barcode image data and the aternative

barcode image data.

19. The system of claim 15, wherein the aternative barcode image comprises the negative of
the barcode image and wherein the operation on the barcode image data and the alternative
barcode image data comprises the determination of positive numbers from a subtraction of the

alternative barcode image data from the barcode image data.

20. The system of claim 15, further comprising:
a second processing unit comprising abarcode encode module, wherein the barcode
encode module is configured to:
encode input datato generate the barcode image data; and
generate the alternative barcode image data associated with the barcode image
data, wherein the alternative barcode image datais different than and complementary to
the barcode image data; and
adisplay device communicatively coupled to the second processing unit, wherein the
display device is configured to:
alternatingly display the barcode image associated with the barcode image data

and the alternative barcode image associated with the alternative barcode image data.
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21. The system of claim 13, wherein the operation on the barcode image data and the
alternative barcode image datato generate comparative barcode image data comprises a |east
one of an addition of the barcode image data and the alternative barcode image data, a
multiplication of the barcode image data and the aternative barcode image data, an absolute
value difference between the barcode image data and the alternative barcode image data, a
subtraction of the barcode image data from the alternative barcode image data, a determination of
positive numbers from a subtraction of the alternative barcode image data from the barcode
image data, or adetermination of positive numbers from a subtraction of the barcode image data

from the alternative barcode image data.

22. The system of claim 13, wherein the barcode decode module being configured to
generated the barcode output data comprises the barcode decode module being configured to:

apply adenoise operation to the comparative barcode image data;

binarize the comparative barcode image data on one or more channels of the barcode
image data, wherein the one or more channels comprise a least one of ablack and white channel,
ared channel, a green channel, or ablue channel;

locate code areas in the comparative barcode image data;

decode the comparative barcode image datato generate decoded barcode data;

determine whether the decoded barcode dataisvalid;

provide the barcode output data when it is determined the decoded barcode datais valid;
and

when it is determined the decoded barcode datais invalid:

perform a second operation on the barcode image data and the alternative barcode

image datato generate second comparative barcode image data; and
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generate barcode output data based at least in part on the second comparative

barcode image data.

23. The system of claim 13, further comprising:
an image buffer, wherein the processing unit is communicatively coupled to the image
buffer, wherein the processing unit is communicatively coupled to the image capture device via
the image buffer, and wherein the image buffer is configured to:
receive the barcode image data and the alternative barcode image data from the
image capture device;
store the barcode image data and the alternative barcode image data; and
transmit the barcode image data and the alternative barcode image datato the
processing unit;
a second processing unit comprising abarcode encode module, wherein the barcode
encode module is configured to:
encode input datato generate the barcode image data; and
generate the alternative barcode image data associated with the barcode image
data, wherein the alternative barcode image datais different than and complementary to
the barcode image data; and
adisplay device communicatively coupled to the second processing unit, wherein the
display device is configured to:
alternatingly display the barcode image associated with the barcode image data
and the alternative barcode image associated with the alternative barcode image data,
wherein the barcode decode module being configured to generated the barcode output
data comprises the barcode decode module being configured to:

apply a denoise operation to the comparative barcode image data;
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binarize the comparative barcode image data on one or more channels of the
barcode image data, wherein the one or more channels comprise a least one of ablack
and white channel, ared channel, agreen channel, or ablue channel;
locate code areas in the comparative barcode image data;
decode the comparative barcode image datato generate decoded barcode data;
determine whether the decoded barcode datais valid;
provide the barcode output datawhen it is determined the decoded barcode datais
valid; and
when it is determined the decoded barcode datais invalid:
perform a second operation on the barcode image data and the alternative
barcode image datato generate second comparative barcode image data; and
generate barcode output data based at least in part on the second
comparative barcode image data,
wherein the operation on the barcode image data and the alternative barcode image data
to generate comparative barcode image data comprises at least one of an addition of the barcode
image data and the alternative barcode image data, a multiplication of the barcode image data
and the aternative barcode image data, an absolute value difference between the barcode image
data and the alternative barcode image data, a subtraction of the barcode image data from the
alternative barcode image data, a determination of positive numbers from a subtraction of the
alternative barcode image data from the barcode image data, or a determination of positive
numbers from a subtraction of the barcode image data from the aternative barcode image data,
wherein the barcode image comprises &t least one of a one-dimensional barcode image, a
two-dimensional barcode image, a dynamic barcode image, ablack and white barcode image, or

acolor barcode image,
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wherein the barcode image data and the aternative barcode image data are
complementary barcode image data,

wherein the alternative barcode image comprises at least one of apure black image or a
negative of the barcode image,

wherein the alternative barcode image comprises the pure black image and wherein the
operation on the barcode image data and the alternative barcode image data comprises the
absolute value difference between the barcode image data and the aternative barcode image data,

wherein the alternative barcode image comprises the negative of the barcode image and
wherein the operation on the barcode image data and the aternative barcode image data
comprises the determination of positive numbers from a subtraction of the alternative barcode
image data from the barcode image data, and wherein performing the second operation on the
barcode image data and the alternative barcode image data comprises the determination of
positive numbers from a subtraction of the barcode image data from the alternative barcode
image data,

wherein capturing the barcode image and capturing the alternative barcode image
comprises capturing at a capture frequency, wherein the capture frequency comprises &t least one
of 20 frames per second, 25 frames per second, or twice a display frequency, and

wherein to capture the barcode image and to capture the alternative barcode image
comprises capture of the barcode image and the alternative barcode image from a same area of a
display device,

wherein the barcode image and the alternative barcode image comprise static barcode
images and wherein to alternatingly display the barcode image and the alternative barcode image
comprises alternating display of the barcode image and the aternative barcode image on a same

area of the display device,
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wherein the barcode image and the alternative barcode image comprise dynamic barcode
images of a dynamic barcode having aplurality of images, and wherein to alternatingly display
the barcode image and the alternative barcode image comprises a least one of display of the
barcode image, display of the alternative barcode image, and subsequent display of remaining
images of the plurality of images on the same area of the display device or display of the barcode
image, display of one or more images associated with remaining images of the plurality of
images, and subsequent display of the alternative barcode image on the same area of the display
device,

wherein to alternatingly display the barcode image and the alternative barcode image
comprises display a adisplay frequency, and wherein the display frequency comprises a least
one of 10 frames per second or one half of acapture frequency,

wherein the processing unit comprises a least one of acentral processing unit or a
graphics processing unit,

wherein the second processing unit comprises at least one of a second central processing
unit or a second graphics processing unit,

wherein the display device comprises at least one of aliquid crystal display or aplasma
display,

wherein the image capture device comprises & least one of acamera or a scanner, and

wherein the image buffer comprises arandom access memory.

24. At least one machine readable medium comprising:

aplurality of instructions that in response to being executed on acomputing device,

causes the computing device to perform the method according to any one of claims 1-14.

25. An apparatus, comprising:
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means for performing the methods according to any one of claims 1-14.
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