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(57) Abstract: A method of decoding
one or more barcodes on a target object
with an imaging scanner is described.
The imaging scanner comprises an im-
age sensor and a dynamic linear polar-
izer. The method includes the follow-
ing: (1) capturing at least one image of
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cessing at least N images of the target
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image that is captured during each of
the N time periods. Here, N is an in-
teger that can be three, four, five, six, or
other natural numbers.
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DECODING INDICIA WITH POLARIZED IMAGING

BACKGROUND
0001} Various electro-optical svstems have been developed for reading optical
mndicia, such as barcodes. A barcode 1s a coded pattem of graphical indicia comprised
of a series of bars and spaces of varving widths. In a barcode, the bars and spaces
have different light reflecting characteristics. Some of the barcodes have a one-
dimenstonal stracture n which bars and spaces are spaced apart in one direction o
form a row of patierns.  Examples of one~-dimensional barcodes include Umiform
Product Code (UPC), which is typically used in retail store sales, Some of the
barcodes have a two-dimensional structure in which multiple rows of bar and space
patterns are vertically stacked to form a single barcode. Examples of two-
dimensional barcodes include Code 49 and PDF417,
{00021 Svstems that use one or more imaging sensors for reading and decoding
barcodes are typically referred (o as imaging-based barcode readers, imaging scanners,
or mmaging readers. A ymaging sensor generally inctudes a plurality of photosensitive
elements or pixels aligned in one or move arrays. Examples of buaging sensors
melude charged coupled devices (CUD) or complementary matal oxide

semconductor {CMOS Y imaging chips.

BRIEF DESCRIFTION OF THE FIGURES

[0003] The accompanyving figures, whare like reference numerals refer to wdentical or
fonctionally similar elements throughout the separate views, together with the detailed
description below, are incorporated 1 and form part of the speaification, and serve 1o
further dlustrate embodiments of concepts that include the clamed invention, and

axplain various principles and advantages of those embodiments.
0004} FIG. 1 shows an imaging scanner in accordance with some embodiments.

{0005 FIG. 2 is a schematic of an imaging scanner in accordance with some

embodiments.
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{0006} FIGS. 3A-3B are schematics showing implementations of the imaging scanner
that weludes at {east one of a dynamic hnear polanizer and an sexabiary dvpamace hnear
polarizer,

071 FIG. 4 13 3 schematic of the controller having the decoding engine
svnchronized with the scanning polarization control for the dynamic linear polarizer

in accordance with some embodiments.

{0008} FI1G. 5 tustrates an example of sequential polanization direction changes

along with the sequential image capture.

[0009] FIG. 6 15 a block diagram for barcode decoding algorithm using svstem with
different ilumination polarizations i accordance with some emboduments.

{0010} Skilled artisans will appreciate that elements in the figures are ilustrated for
simpficity and clasity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative fo
ather elements 1o help to improve understanding of embodiments of the present
myention.

{0011} The apparatus and method components have been represented where
appropriate by conventional svmbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention 50
as not to obscure the disclosure with detals that will be readily apparent {o those of

orcinary skill m the art having the benefit of the description heren.

DETAILED DESCRIPTION
{00121 A method of decoding one or wmore barcodes on a target object with an
imaging scanner is desceribed.  The imaging scanner comyprises an image sensor and a
dyvnamic linear polarizer. The dvnamic hinear polanzer s configured to block hight
with polarization perpendicular 1o g defined polarization direction, The method
mcludes the following: (1) capturing at least one image of the target object through
the dvnanie Hnear polatizer with the imaging sensor while the dvnamue lingar
polarizer 1s set 1o a different delined polanization during each of N time periods; and

{2) processing at least N images of the tarcet object 1o decode the one or more

3
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barcodes on the target object, wherein the at least N 1mages mcludes the at teast one
image that is captured dunng each of the N time periods. Here, N is an integer that

can be three, fouwr, five, six, or other natural numbers.

[0013] FIG. 1 shows an imaging scanner 30 i accordance with some embodiments.
The imaging scanner 30 has a window 36 and a housing 38 with a handle. The
fmaging scanner 30 also has a base 52 for supporting itself on a countertop. The
imaging scannar 30 can be used in a hands-free mode as a stationary workstation
when 1t is placed on the countertop. The imaging scanner 50 can also be used ina
handheld mode when 11 is picked up off the countertop and beld in an operator’s hand.
In the hands~free mode, products can be did, swiped past, or presented to the window
$6. in the handheld mode, the imaging scanner 50 can be moved towards a barcode
on a product, and a trigger 34 can be manually depressed to initiate imaging of the
barcode. In some implementations, the base 32 can be omitted, and the housing 58
can also be in other shapes. In FIG. 1, a cable is also connected to the base 32, In
other implementations, when the cable connected 1o the base 32 15 omitted, the
imaging scamer 30 can be powered by an on-board battery and it can communicate
with a remote host by a wireless link.

{0014} FIG. 2 15 g schematic of an imaging scanner 30 m accordance with sone
embodiments. The imagimg scanner 30 i FIG. 2 includes the following componenis:
(1) an smaging sensor 62 posttionad behind an imaging lens arrangement 60: (2) an
thoninating lens arrangement 70 posttioned i front of an Hlomanstion source 72; (3}
an aiming lens arrangement 8¢ positioned i front of an mmung light source 82; and (4)
a controller 90 In FRG. 2, the tmaging lens arrangement 60, the tHununating lens
arrangement 70, and the aiming lens arrangement 80 are positioned behind the
window 36. The imaging sensor 62 is mounted on a primted cireuit board 91 in the
HRAZING SCANNEL,

{0015} The tmaging sensor 62 can be a CCD or a CMOS imaging device. The
imaging sensor 62 generally meludes multiple pixel elements. These multiple pixel
glements can be formed by a one-dimensional array of photosensiiive slements
arranged {inearly i a single row. These multiple pixel elements can also be formed

by atwo~-dimensional arvay of photosensitive elements arranged in mutoally
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orthogonal rows and cohwmns. The imaging sensor 62 18 operative to detect light
captured by an imaging lens arrangement 60 along an oplical path or axis 61 through
the window 56, Generally, the imaging sensor 62 and the imaging lens arrangement
60 are designed to operate together for captoring hight scatterad or reflected froma
harcode 40 as pixel data over a two-dimensional field of view (FOV).

[0016] The barcode 40 generally can be located anvwhere in g working range of
distances behween a close-in working distance (WD} and a far-out working distance
{WD23 In one specific implementation, WM is in a close proximity {0 the window
56, and WD2 1s about a couple of feet from the window 56. In FIG. 2, the
illuminating lens arvangement 70 and the illumination source 72 are designed to
operate together for generating an tlhuninating light towards the barcode 40 during an
thumination time period. The tllumination soorce 72 can include one or more Hight
emutting diodes (LED). The dhunination source 72 can also include a laser or other
kind of light sources. The aiming lens arrangement 80 and the aiming light source 82
ara destgned o operate together for generating a visible atming hight paltem fowards
the barcode 40. Such anming pattern can be used by the operator 1o accurately atm the
fmaging scanner at the barcode. The aiming hght source 82 can mclude one or more
fight ematting dindes (LED). The aiming light source 82 can also mclude a laser,
LED, or other kind of light sources.

{60171 In FIG. 2. the controller 90, such as a microprocessor, is operatively connected
to the unaging sensor 62, the tumination source 72, and the ginung light source 82
for controlling the operation of these componenis. The controler 90 can also be used
to control other devices in the imaging scanner. The imaging scanner 50 inclodes a
memory 94 that can be accessible by the controller 90 for storing and retrieving daa,
In many emibodinents, the controller 94 also includes a decoder for decoding one or
more barcodes that are withan the {ield of view (FOV) of the imaging scanner 30, In
some implementations, the barcode 40 can be decoded by digitally processing ¢
captured image of the barcode with a microprocessor.

[0018] In operation, in accordance with some embodiments, the controlier 90 sends a
command signal to energize the Hlumination source 72 for a predetermined

ilhumination time penod. The comtroller 90 then exposes the imaging sensor 62 1o
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capture an image of the barcode 48, The captured ymage of the barcode 40 iz
transferred to the controller 90 as pixel dala Such pixel data 1s digitally processed by
the decoder in the controller 90 {o decode the barcode. The information obtained
from decoding the barcode 40 is then stored 1 the memory 94 or sent o other devices
for further processing.

{0019} One of the challenges for the imaging scanner 50 for reading barcodes is o
read through glass, plastic or shrink wrap. One of the reasons for unsatisfactory
performance is surface reflection. Imager ifomination beam raflects from glossy
surface that suppresses reflected signal from the target. To overcome such reflection,
some of the imaging scanners use polarized tlumination beam for iHluminating the
target. For example, the p-polarized light (electrical field 1s paralis] (o the surface)
component less affected by reflection when gotng through more dense mediom, while
s-polarized component reflects more. To reduce reflection of the tlumination from the
transtucent surface, umination beam can use p-polarized to the surface hight.

{8020} Because the operations of the imaging scanner 30 can introduce other
challenges. Svstem may need to be omni-directional, because surface geometry can
be unknown or variable {plastic or shrink wrap). Thus, one part of the code may be
covered with wrap shrink in one direction of the surface while another with wrap
shrink in other divection. Single polanization of light may not be able to minmmize
reflections under alf circunistance.

{0021} To overcome the omni-directional challenge during the operations of the
imaging scanner 30, in some implementations, light polanzation can be altered with
evary frame, ie image capture, so that the imaging scanner 30 can have chance 1o
work ot images captured with difTerent direction of light polarization. In one
implementation, as shown in FIG. 34, the imaging scanner 30 mcludes a dyvnanuc
{ingar polarizer 110 and an imaging sensor 62 that is configured (o capture at least one
image of the targel object 40 through the dvnamic linear polanizer 110 with the
imaging sensor while the dynamic Iinear polarizer i1s set to a different defined
polarization during sach of N time periods. Depending upon the implementation
details. the imteger N can be three, four, five, six, or other natwral numbers. In FIG.

3A, the controlier 90 is conflgured to process at least N images of the target object to

s
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decode the one or more barcodes on the target object. Here, at least one image is
captured during each of the N time pertods. In some mmplementations, as shown in
FIG. 4, the decoding engine of the controller 90 can be synchronized with the
seamning polarization control for the dynamic linear polarizer 110,

0022} In some implementations, the imaging lens arrangement 60 can be positioned
between the dynamote hnear polarzer 110 and the imaging sersor 62, in some
implementations, the dvnamic inear polarizer 110 can be positioned between the
fmaging lens arrangement 60 and the imaging sensor 62,

{0023} FIG. 3B shows another implementation of the imaging scammer 56, The
imaging scanner 50 in FIG. 3B includes a dynamice linear polarizer 110, an auxiliary
dynamic linear potarizer 120, and an imaging sensor 62 configured o capture at least
one image of the target object 40 through the dynamic hinear polarizer 110 with the
fmaging sensor 62 while the dvnamuc linear polarizer 110 is set to a different defined
polarization during each of N time periods. Depending upon the implementation
details, the mieger N can be three, fowr, five, six, or other natural numbers, In FIG
3B, the controller 90 1s configured o process at Jeast N ymages of the target object to
decode the one or more barcodes on the target object. Here. at least one image 15
caplured during sach of the N time pentods. The dynamic linear polagizer 110 and the
auxtliwy dynamic linear polarizer 120 can be svachronized with each other. The
ausihiary dynamic linear polarizer 120 can be configured to generate WHumination
hight by passing light from the dlwnination light source 72 through the auxitiary
dvnamuc linear polarizer 120 while the ansiliary dynanuc linear polarizer 120 is set (o
a corresponding defined polanzation direchon during each of the N time periods.
{00241 FIG. 3C shows still another implementation of the imaging scanner 5¢. The
tmaging scanner S0in FiG. 3C includes an auxiliary dyvnamic linear polarizer 120 and
an unaging sensar 62, The imagmg sensor 62 18 configurad to capture at least one
image of the targel object while the target object 1s Bluminated by the Humination
tight through the auxiliary dyvnanuc linear polanizer 120 duning each of the N time
periods. Depending upon the implementation detatls, the integer N can be three, four,
five, six, or other nateral mumbers. In FIG. 3C, the controller 90 is configurad to

process at least N images of the target object to decode the one or more barcodes on
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the target object. Here, at least one image is captured daring each of the N time
periods.

{00251 In the imaging scanner 30 as shown m FIG. 3A, FIG, 3B, or FIG. 3C, each of
the dynamic linear polarizer 110 and the auxibary dynamic linear polarizer 120 can
wiclude a polarization rotator in accordance with some embodiments. The
polarization rotator can be an electro-optical device that rotates light polarization
when applving electrical field or mechanical force that rotates polanization slow
enough or nop-continuous o let single image caplure to complete.

[0026] In some implementations of the apparatus, each of the dyvnamic linear
polarizer 110 and the auxihary dynamic inear polarizer 120 can include (1) a hinear
polarizer configurad to block light with polarization perpendicular to a fixed
polarization direction, and (2) a polarization rotator that mecludes hquid ervstal
nmaterial sandwiched between two transparent conducting plates.

{0027} In some implemeniations of the apparatus, each of the dynanuc linear
polarizer 110 and the auxiliary dvnamic lingar polanizer 120 can include (1) a linear
polartrer configured o block light wilh polarization perpendicular to a fixed
polarization direction and {2} a polarizer holder for holding the linear polarizer. and
the polanzer holder is configured to mechanically rotate the linear polarizer.

{0028} FIG. 3 is a schematic showing sequential changes of polarization direction
along with the sequential image capture in accordance with some embodiments. In
FIG. 3, the images captured by the imaging sensor have four different kinds of
polarizations 141, 142, 143, and 144, Thas approach let every image capture be
performed using different light polanization. As a resull, the polartzation of light that
can better go thoogh transtucent cover will returm valid information to the front-end
decoder. After mformation from all scans is collectad, front-end decoder then
performs codeword-voting algorithm on the part of entive code and selscts
mformative part. Barcode decoding algonihm for barcode imagers has to be modified
accordingly to adapt to the information gathering (scanning) techniques.

[0029] FIG. 6 15 a block diagram of barcode decoding algorithm using ligit wath
different polarization in accordance with some embodiments. In FIG. 6, images at a
fivst frame, a second frame, a third frame, and a tourth frame are caplured respectively

-
¢



WO 2015/148123 PCT/US2015/019923

at block 151 with O degree polarization light, at block 152 with 30 degree polarization
light. at block 153 with 60 degree polavization light | and at block 154 with 90 degree
polarization hight. The images captured at the first frame, the second frame, the third
frame, and the fourth frame can be processed respectively at blocks 161, 162, 163,
and 164, In FIG. 6, smage capturing using different light polanzation can be
performed m a separate thread that does not interfere with image processing. Each
subsequent “image merge’ designated to recognize part of the code that mav be
coverad by reflection from the barcode cover. Decoder may exit with success status at
anv time if sufficient to decode barcode information is recovered. For example, after
the irnage captured at the first frame is processed at block 161, if all needed barcodes
can be successiully decoded, the decoder can exii to block 171, If not all ngeded
barcodes can be successfully decoded, the decoder can continue o process the image
captured at the second frame at block 162, The decoder comtinue 1o process the image
captured at the thard frame at block 163, and continue fo process the smage captured at
the fourth frame at block 164, until all needed barcodes can be successhidly decoded.
{0030} In one aspect, what is disclosed is a method of decoding one or more barcodes
on a target object with an tmaging scanner.  The imaging scanner CoOmprises an image
sensor and a dynanuc linear polarizer. The dvhamic linear polarizer is configured ©
block hight veith polarization perpendicalar to a defined polarization direction. The
method includes the following: (1) captaring at least one mmage of the target obiect
through the dvnamic linear polarizer with the imaging sensor while the dvnamic linear
polarizer is set to a different defined polarization durning each of N time periods; and
{2) processmg at least N images of the target object to decode the one or more
harcodes on the target object, wherein the at least N images includes the at least one
tmage that is captured during each of the N time perinds. Here, N 15 an integer that
can be thrae, four, five, six, of other natural numbers.

{0031} In some smplementations of the method, the above stated processing at least N
images of the target ohject can include processing each of the at least N images of the
tarpet object individeally for decoding at least one barcode that is decodable. i some

implemeniations, the above stated processing at least N buages of the targel object
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can inclade {13} combining the at least N images of the target object into a single
image and (2) processing the single image to decode the one or more barcodes.
{00321 In some smplementations of the method, the imaging scanner further
comprises an auxiliary dvnamic hnear polarizer, and the method firther comprises
generaling iHumination hight through the auxihiary dynamic linear polanizer while the
auxiliaty dynamic linear polarizer 1s set o a corresponding defined polanzation
direction during each of the N time periods. Here, capturing af least one image of the
target object further comprises capturing the at least one image of the target object
while the target object is Hlununated by the iHumination hight through the auxiliary
dynamic linear polarizer during each of the N time periods.

[0033] In some implementations of the method, the imaging scanner further
comprises an auxiliary dvnamic iinear polatizer, and the method farther comprises
projecting itununation light on the target object through the auxiliary dyvnamic linear
poiarizer while the auxiliary dvnamic linear polarizer 13 set to a corresponding defined
polarization divection that is corralated with the defined polarization divection of the
dypanic hinear polarizer during oach of the N time penods. Here, said capturmg at
teast one 1mage of the target object further comprises captunng the at least one inage
of the target object while the target object is Hluminated by the ilumination light
through the auxiiary dyvnamic Hinear polarizer during sach of the N time periods.
{0034} In one aspect, what 13 disclosed 1s a method of a method of decoding one or
more harcodes on g target object with an imaging scanmer. The imaging scanner
comprises an image sensor and an auliary dynamic hnear polarizer. The dynamic
hinear polarizer is configured to block light with polanization perpendicular to a
defined polarization direction. The method comprises the following: (1) projecting
lumination light on the target object through the auxibiary dvnamic lingar polanzer
while the auxiliary dyvnamic linear polarizer is set to a corresponding defined
polarization direction during each of N time periods, (2) captunng the al least one
image of the target object while the target object 1s dlununated by the lumination
tight through the auxiliary dynanuc linear polanizer during each of the N time pertods;
and {3) processing at least N mmages of the target object to decode the one or more

o

harcodes on the target object, wherein the at least N images inclodes at least one



WO 2015/148123 PCT/US2015/019923

tmage that is captured dunng each of the N time pertods. Here, N is an integer that
can be three, four, five, six, or other natural nambers.

{00351 In the foregoing specification, spectlic embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below. Accordingly. the specification and figures are 1o be regarded i an
dlustrative rather than a restrictive sense, and all such modifications are intended o be
mcloded within the scope of present teachings.

{0036} The benefits, advantages, solutions to problems, and any element(s) that may
cause any benelit. advantage. or solution 1o occur or become more proncunced are not
{0 be construed as a critical, required, or essential features or elements of amy or all
the claims. The mvention is defined solely by the appended claums inchuding any
amendments made during the pendency of this application and all equavalents of those
claims as issued.

[0037] Moreover in this document, relational terms such as first and second, top and
bottom, and the ike may be used solely 1o distinguish one entity or action from
another entity or action without necessanly requiring or implying any actual such
retationship or order between such entities or actions. The terms "comprises,”
“comprising.” “has”, “having,” “iacludes”, “inclodimg,” “contains™, “contaming” or
any other vangtion thereof, are infended to cover a non-axclusive incluston, such that
a process, methed, article, or apparatus that comprises, has, includes, contains a list of
elements does not include only those elements bt mav mclude other elements not
expressly histed or mherent 1o such process, method, article, or apparatus. An element
proceeded by “comprises .. a”, “has a”,

without more constraints, preciude the existence of additional identical elements in
the procass, method, article, or apparatus that comprises, has, includes, contans the
element. The terms “a” and “an™ are defined as one or more unless exphatly stated
otherwise hevemn. The terms “substantially™, “essentially™, “approximately™, “about”
or any other version thereof, are defined as being close 1o as understood by one of
ordinary skill in the art, and in one non-limiting embodiment the term is defined {o be

within 10%. in another embodiment wathin 5%, in another embodiment within 1%

G



WO 2015/148123 PCT/US2015/019923

and in another embodiment within 0.3%. The term “coupled” as used herein is
defined as connected, although not necessanly directly and not necessanly
mechanicallv. A device or structure that 1s “configured™ in a certain way is
configured i at feast that way, bai may also be configurad in wavs that are not listed.
{0038} I will be appreciated that some embodiments may be comprised of one or
mare generic or specialized processors {or “processing devices™) such as
microprocessors, digital signal processors. custontized processors and feld
programmable gate arrays {FPGAs) and unique stored program instructions (inclading
both software and firnwware) that control the one or more processors to implement, in
conpunction with certain non-processor circoits, some, most, or all of the fonctions of
the method andfor apparatus described herein. Alternatively, some or all functions
could be implemented by a state machine that has no stored program instructions, or
n one or more apphication specific integrated circults (ASICs}, in which each function
or some combinations of certain of the functions are wplementad as custom fogic.

Of course, a combination of the two approaches could be used.

{00391 Moreover. an embodiment can be implemented as a computer-readable storage
mediunt having compater readable code stored thereon for progranuming a computer
{e.g.. comprising 8 processor) to perform a method as desceribed and claimed herein,
Examples of such compster-readable storage mediums include, but are not limited to,
a hard disk, a CD-ROM, an optical storage device, a magnetic storage device. a ROM
(Read Only Meamory), & PROM (Programmable Read Only Memory), an EPROM
{Lrasable Programmmable Read Only Memory), an EEPROM (Electrically Erasable
Progranwmable Read Only Memorv) and a Flash memory. Further, it is expected that
one of urdinary skill, notwithstanding possibly significamt effort and many design
chotees motivated by, for example, avalable time, current technology, and economic
considerations, when guided by the concepts and principles disclosed herein will be
readily capable of generating such software instructions and programs and 1Cs with
nunimmal expertmentation.

{0040} The Abstract of the Disclosure is provided 1o allow the reader fo quickly
asceriain the nature of the technical disclosure. M is submitted with the understanding

that 1t will not be used 1o interpret or linut the scope or meaning of the clanms. In

i
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addition, in the foregoing Detaited Description, it can be seen that vanous features are
grouped together m vanous embodiments for the purpose of streamhning the
disclosure. This method of disclosure is not lo be mierpreted as reflecting an
ftention that the claimed embodiments require more features than are expressly
recited in each claim. Rather, as the Tollowing claims reflect, inventive subject matter
fes in less than all features of a single disclosed embodiment. Thus the lollowmy
clatms are hereby incorporated into the Detatled Description, with each claim

standing on its own as a separately claimed sabject matter
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CLAIMS

What 1s clasmed is

1. A method of decoding one or more barcodes on a target object with an
umaging scanner that comprizses an tnage sensor and 3 dvnamic Hogar polanizer, with
the dynamic inear polarizer being conlizured to block hght with polarization
perpendicular to a defined polarization direction, the method comprising:

capturing at least a first image of the target object through the dvnamic linear
polarizer with the imaging sensor during a first time period while the dynamic linear
polarizer is set to a first defined polanzation direction;

capturing at feast a second image of the target object through the dvnamic
finear polarizer with the imaging sensor during a second time perind while the
dvnamic linear polarizer s set to a second defined polarization direction:

capturing at least a third image of the target object through the dynamic linear
polarizer with the imaging sensor during a third time period while the dynamic hinear
putarizer is set {0 a third defined polarization direction;

processing each of the first image of the target object, the second image of the
target object. and the third image of the target object to decode the one or more
harcodes on the target object; and

whergin the first defined polarization. the second defined polarization, and the

third delined polarization are all different from each other.

2. The method of claim 1, wherein the imaging scanner Turther comprises an
auxihary dynamic linear polarizer, the method further comprisimng:

projecting iflununation light on the targel object through the auxiliary dynamic
hinear polarizer during the first time period while the auxiliary dvnamnce linesr
polarizer has the defined polarization direction thereof set to the direction that is

substantially perpendicular the first defined polanization direction;
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projecting Hlumimation light on the target object through the awalbiary dvnamic
{inear polanizer during the second time period whle the awxiliary dyvnamic linear
polarizer has the defined polanization direction thereof set to the direction that is
substantially perpendicular the second defined polarization direction; and

projecting dlunupation light on the target object through the swaliary dynamie
linear polarizer during the third time pentod while the amuliary dynamic linear
polarizer has the defined polarizaiion direction thereof set o the direction that is

substantiallv perpendicular the third defined polarization divection.

3. The method of claum 1, Turther compnising;

capturing at least a fowth rmage of the target object through the dvnanuc
Hinear polarizer with the imaging sensor during a Tourth time period while the
dvnamic linear polarizer 15 set o a fourth defined polanization divection;

processing each of the first image of the target object, the second inmage of the
target object, the third image of the targat object, and the fourth image of the target
object to decode the one or more barcodes on the target object; and

wherein the first defined polarization, the second defined polarization, the
third defined polarization, and the fourth delined polarization divection are all

different from each other,

4, A method of decoding one or more barcodes on a target object with an
imaging scanner that comprises an image sensor and a dynanuc linear polarizer, with
the dvnamic hnear polavizer being configured to block light with polarization
perpendicular to a defined polarization direction, the method comprising:

capturing at teast one nngge of the target object through the dvnanuac lnear
polarizer with the imaging sensor while the dvnamic linear polarizer s setto a
different defined polarization during each of N time periods. with N being an integer

that is af least thres; and



WO 2015/148123 PCT/US2015/019923

processing at {east N images of the target object 10 decode the one or more
barcodes on the {arget object, wherein the at least N mmages mcludes the at least one

image that 18 captured during each of the N time perniods.

3. The method of claim 4, wherein said processing at least N images of the {arget
object comprises:
processing each of the at least N images of the target object individuatly for

decoding at least one barcode that is decodable.

6. The method of claim 4, wherein said processing at least N tmages of the {arget
object comprises:
combinng the at least N ymages of the target object inlo a single unage; and

processing the single image to decode the one or move barcodes.

7. The method of claim 4, wherein the imaging scanner further comprises an
auxiliary dvnamic tinear polarizer. the method further comprising

generating ttlumingtion bght through the auxihary dynamic Hinear polarizer
while the awxliary dynamic linear polarizer 1s set to a corresponding defined
polarization divection during each of the N time penods; and

wherein said captuning at teast one image of the target object further compnises
capturing the at least one image of the target object while the target object s
flhuminated by the tilununation hight through the auxiliary dynanuc linear polanizer

during each of the N time penods.

8. The method of claim 4, wherein the iymaging scamner further comprises an
axihiary dvbamic hnear polarizer, the method further comprising:
projecting Hhunination light on the target object through the awiliary dynamic

linear polarizer while the awaliary dynamic hnear polarizer is set to a corresponiding
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defined polanization direction that 1s correlated with the defined polarization direction
of the dvpanue linear polarizer during each of the N time penods; and

wherein satd capturing at least one image of the target object further comprises
capturing the at feast one image of the target object while the target objectis
thuminated by the ilumination hight through the auxiliary dynamic linear polanzer

during each of the N time periods.

9. An apparatus for decoding one or more barcodes on a target object compnsing:

a dynamic hnear polarizer;

an imaging sensor having photosensitive elements configured (o capture at
feast one image of the targel olyect through the dyvnamic linear polanzar with the
imaging seasor while the dynamic hinear polarizer 1s sel lo a dilferent defined
polanization dunng each of N time periods, with N being an integer that s at least
three: and

a controller confipured o process at least N images of the target object 1o
decode the one or more barcodes on the target object, wherein the at feast N images

mncludes at least one image that s captured durning each of the N time periods.

10, The apparatus of claim 9, wherein the dynanuc linear polarizer comprises:

a linear polarizer configured to block hight with polarization perpendicular to a
fixed polarization direction;

a polarization rotator that inchudes liguid crvstal matenial sandwiched between

two transparent conducting plates.

11, The apparatus of clarm @, wherem the dvoame linear polarizer comprises:

a linear polarizer configured 1o block light with polanzation perpendicuar o a
fixed polarization direction; and

a polarizer holder for holding the linear polarizer, and the polarizer holder 1s

configared to mechanically rotate the linear polavizer.

iH
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12, The apparatus of claim 9, further comprising:
an mmaging fens arrangement; and
wherein the imaging lens arrangement is positioned between the dvnamic

linear polarizer and the imaging sensor.

13, The apparatus of claim 9. further comprising:
an imaging fens arrangement; and
wheremn the dvnanuc linear polarizer 15 positioned between the mmaging lens

arrangement and the imaging sensor.

14, The apparatus of clanm 9, further comprising:

an itltumination light source;

an auxiliary dynamic linear polarizer configured to generate tHlymmation light
by passing light from the iHumination light source through the auxihary dynamic
hinear polarizer while the auxiliary dvnamic linear polarizer s set 1o a corresponding
defined polarization divection during each of the N time periods; and

wherein the imaging sensor is configured to capture the &t {east one image of
the target object while the target object is Hluminated by the llumination hight

through the auxiliary dynamic lnear polavizer during each of the N time periods.

15 The apparatus of claim 14, wherein the auxtliary dynamic mear polavizer
COMprses:

a linear polanizer configured 1o block light with polanzation perpendiculario a
fixed polanization direction;

a polarization rotator that chudes hiquid crvstal material sandwiched between

two transparent conducting plates,
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AMENDED CLAIMS
received by the International Bureau on 17 June 2015 (17.06.2015)

What 1s claimed is:

1-3.  (cancelled).
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AMENDED SHEET (ARTICLE 19)



WO 2015/148123 PCT/US2015/019923

4, A method of decoding a barcode on a target object with an imaging scanner that
comprises an image sensor, a dynamic linear polarizer, and an auxiliary dynamic linear
polarizer, with the linear polarizers being configured to block light with polarization
perpendicular to a defined polarization direction, the method comprising:

projecting illumination light on the target object through the auxiliary dynamic linear
polarizer while the auxiliary dynamic linear polarizer is set to a defined polarization direction
for each of N consecutive time periods;

capturing at least one image of the barcode on the target object through the dynamic
linear polarizer with the imaging sensor while the dynamic linear polarizer is set to a different
defined polarization direction from the polarization direction of the auxiliary dynamic linear
polarizer during each of the N time periods, with N being an integer that is at least two; and

processing at least N images of the barcode on the target object to decode the barcode,
wherein the at least N images includes the at least one image that is captured during each of

the N time periods.

19
AMENDED SHEET (ARTICLE 19)
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5. The method of claim 4, wherein said processing at least N images of the target object
comprises:
processing each of the at least N images of the target object individually for decoding

at least one barcode that 1s decodable.

6. The method of claim 4, wherein said processing at least N images of the target object
comprises:
combining the at least N images of the target object into a single image; and

processing the single image to decode the one or more barcodes.
7. The method of claim 4, wherein the defined polarization direction of the auxiliary
dynamic linear polarizer is set perpendicular to the corresponding different defined

polarization direction of the dynamic linear polarizer during each of the N time periods.

8. The method of claim 4, wherein N is an integer that is at least three.

20
AMENDED SHEET (ARTICLE 19)
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9. An apparatus for decoding a barcode on a target object comprising:

an illumination light source;

a dynamic linear polarizer;

an auxiliary dynamic linear polarizer configured to generate illumination light by
passing light from the illumination light source through the auxiliary dynamic linear
polarizer;

an imaging sensor having photosensitive elements configured to capture at least one
image of the target object through the dynamic linear polarizer with the imaging sensor while
illumination light is projected through the auxiliary dynamic linear polarizer onto the target
object while the auxiliary dynamic linear polarizer is set to a defined polarization direction
for each of N consecutive time periods, and the dynamic linear polarizer is set to a different
defined polarization direction from the polarization direction of the auxiliary dynamic linear
polarizer during each of the N time periods, with N being an integer that is at least two; and

a controller configured to process at least N images of the barcode on the target object
to decode the barcode, wherein the at least N images includes at least one image that is

captured during each of the N time periods.

21
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10.  The apparatus of claim 9, wherein the dynamic linear polarizer and auxiliary dynamic
linear polarizer comprise:

a linear polarizer configured to block light with polarization perpendicular to a fixed
polarization direction;

a polarization rotator that includes liquid crystal material sandwiched between two

transparent conducting plates.

11.  The apparatus of claim 9, wherein the dynamic linear polarizer and auxiliary dynamic
linear polarizer comprise:

a linear polarizer configured to block light with polarization perpendicular to a fixed
polarization direction; and

a polarizer holder for holding the linear polarizer, and the polarizer holder is

configured to mechanically rotate the linear polarizer.

12.  The apparatus of claim 9, further comprising:
an imaging lens arrangement; and
wherein the imaging lens arrangement is positioned between the dynamic linear

polarizer and the imaging sensor.

13.  The apparatus of claim 9, further comprising:
an imaging lens arrangement; and
wherein the dynamic linear polarizer is positioned between the imaging lens

arrangement and the imaging sensor.

14.  The apparatus of claim 9, wherein N is an integer that is at least three.

22
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15. (canceled).

23
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