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DECODING BARCODE US

NG SMART LINEAR PICKLIST

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 differing light reflecting characteristics. Some of the barcodes have a one-
dimenstonal structwre m 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 inchude 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. Ap imaging sensor generally inclodes a plorality of
photosensitive elerents or pixels aligned in one or more arravs, Examples of imaging
sensors inchude charged coupled devices (CCDY or complementary metal oxide

semconductor {CMOS Y imaging chips.

BrirF DESCRIPTION OF THE FIGURES

{0003} The accompanying figures, yhere hike reference numerals refer to identical or

fonctionally sisular elements throughout the separate views, together with the detaled
description below, are incorporated in and form part of the speaification, and serve o

further ilustrate embodiments of concepts that include the clamad mvention, and

axplain vanous principles and advantages of those embodiments.

{0004} FIG. | shows an imaging scanner in accordance with some embodiments.
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{0003} FIG. 2 1s a schematic of an imaging scanner i accordance with some

embodiments.

[0006] FIG. 3 shows three barcodes aligned with the lield of view (FOV) of a linear

iager.

{6007} F1G. 4 15 a flowchast of a method of decoding one or more barcodes with
st picklist mode in accordance with some embodiments,

{00081 FIG. SA 1s an example of ¢ scan hne crossing six closely placed barcodes.
{00091 FIG. 3B is an example of a scan line crossing one barcode that is off-centered.
{0010} Skilled arttzans will appreciate that elements in the figyres ave lustrated for
stmplicity and clanty and have not necessarily been drawn to scale. For example, the
dimensions ol sorme of the elements n the figures may be exaggerated relative o
other elemenis 1o help o improve understanding of embodiments of the present
myention.

{6011} The apparatus and method components have been represented where
appropriate by conventional svmbols i the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention 50
as not 1o obscura the disclosure with detals that will be readilv apparent {0 those of

ordinary skill in the art having the benefit of the description herain,

[0012] FIG. 1 shows an imaging scanner 30 in accordance with some embodiments.
The imaging scanner 30 has a window 36 and a housing 58 with a handle. The
fmoaging scanner 30 also has a base 52 for supporting itself on a counteriop. The
tmaging scannar 30 can be used in a hands-free mode as a stationary workstation
when 1t 1s placed on the countertop. The imaging scanner 30 can also be used ina
handheld mode when it is picked up off the countertop and held in an operator’s hand.
In the hands~free mode, products can be did, swiped past, or presented to the window
56. in the handheld mode, the maging scanner 30 can be moved towards a barcode
on a product, and a trigger 54 can be manually depressed to initiate imaging of the

barcode. In soine imwplemental i(ms_ the base 52 can be onutted . Jnag e 1.0{1.sina 5%
b fe | i {ations, the base 52 b tted, and the o 58

ol
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can also be in other shapes. In FIG. || a cable is also connected 1o the base 32, In
other implementations, when the cable connected to the bace 52 is omitted, the
imaging scanner 30 can be powered by an on-board battery and it can conununicate
with a remote host by a wireless link.

{0013} FIG. 2 55 a schemabic of an imaging scanner 30 in accordance with some
embodiments, The imaging scanner 50 in FIG. 2 includes the following components:
{1} an mmaging sensor 62 posttioned behind an imaging lens arrangentent 60; {2) an
llanunating lens arrangement 70 posttionad in front of an ilumination source 72; (3}
@ aming patiem generator 89 positioned in front of an aiming light source 82 and
{4) a controlier 90, In FIG. 2, the imaging lens arrangement 60, the Hlununating lens
arrangament 70, and the aiung pattern generator 80 are positioned behind the
window 56. The imaging sensor 62 is mounted on a printed circwt board 91 i the
IMAgIng SCAMICT,

[H14] The imaging seosor 62 can be a UCD or a UMOS maging device. The
imaging sansor 62 venerally mcludes multiple pixel elements. Thess multiple pined
clements can be formed by a one-dimensional amay of photosensitive elements
arranged hnearly 1 a single row. These multiple pixel elements can also be formed
by a two-dimensionat array of photosensitive elements arranged in mutually
orthogonal rows and columms. The imaging sensor 62 i operative to detect light
captured by an imaging lens arrangement 60 along an optical path or axis 61 through
the window 36, Generally, the tmaging sensor 62 and the imaging lens wrrangemernt
6 are designed o operate together for capturing light scattered or reflected froma
barcode 41} as pixel data over a two-dimensional imaging fleld of view {(FOV ).
{0015] The barcode 40 generally can be located snvwhere in a working range of
distances between a close-in working distance {WD1) and a far-out workmg distance
{WD2). In one specific implementation, WD ¢ in a close proxumity {o the window
56, and WD2 15 about a couple of feet from the window 36, Some of the imaging
scanners can include a range linding svstem for rocasurning the distance between the
barcode 40 and the imaging lens arrangement 60, Some of the imaging scanners can
mclude an auto-focus svstem 1o enable a barcode be move clearly imaged with the

fmaging sensor 62 based on the measured distance of this barcode. Tn some



WO 2015/164258 PCT/US2015/026660

implementations of the anto-focus svstem, the focus length of the imaging lens
arrangement 60 1s adjusted based on the measored distance of the barcode. In some
other implementations of the auto-focus system, the distance between the imaging
lens arvangement 60 and the imaging sensor 62 i3 adjusted based on the measured
distance of the barcode.

[0016] In FIG. 2, the dlununating lens arrangement 70 and the dlumination source 72
are designed {0 operate together for generating an iluminating light towards the
barcode 40 during an iHumination time period. The ithummation source 72 can
imchade one or more light emitting diodes (LED). The iHomnation source 72 can also
include a faser or other kind of light sources. The aitming pattern generator 80 and the
ainung light source 82 are designed fo operate together for generating a visible siming
tight pattern towards the barcode 40, Such atnnng pattem can be used by the operator
to accurately aim the imaging scanner at the barcode. The aiming light souree 82 can
include one or more light emitting diodes (LED). The aiming light source 82 ¢an also
include a laser, LED, or other kind of light sources.

{0017} In FIQG. 2, the controller 90, sach as a nueroprocessor, s operatively connected
to the imaging sensor 62, the illumingtion source 72, and the aiming light source 82
for controlling the operation of these componemts. The controlier 98 can also be used
to control other devices 1n the imaging scanner. The imaging scanner 30 meludes a
memory 94 that can be accessible by the controller 90 for storing and retnieving data.
In many embodiments, the controller 90 also includes a decoder for decoding one or
more barcodes that are within the imaging field of view (FOV) of the imaging scanner
50, In some implementations, the barcode 40 can be decoded by digitally processing
a captured image of the barcode with a microprocessor.

{8 In operation, i accordance with some embodiments, the controlier 90 sends a
command signal to energize the illumination source 72 for a predetermuned
Hhumiation time period. The controller 90 then exposes the unaging sensor 62 (o
capture an image of the barcode 40, The captured image of the barcode 40 is
transterred 1o the controller 20 as pinel data. Such pixal data is digatally processed by

the decoder 1 the controller 99 (o decods the barcode. The information obtained
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from decoding the barcode 40 is then stored in the memory 94 or sent to other devices
for further processing.

{0019 Linear imagers use an array of sensors to decode 1D barcodes. Currently, most
of the linear imager scanmers only have a visible line of Hlununation that also
mdicates scanner’s field of vigw (FOVY I there are more than one barcode n the
field of view, the nser may choose which barcode to decode by telling the scanner
where the barcode is. For example, the user may ask the scanner to decode a barcode
that covers the center of the field of view. This feature of decoding a barcode at a
spectfic location is called “Picklist” FIG. 3 shows picking the barcode from three
harcodes (1.e., 404, 40B. and 40C) in the field of view. Here the aiming location is set
to the middle of the FOV. The FOV iz mdicated by honzontal line.

0020} Cuwrrently, many scanners on the market that have this “picklist™ feature
{mavbe of different names) only decoede the barcode that overlay the aiming location
{or a window surrounding the auming location). This will cause some theonvenignce
when user frv {o scan only one barcode and this featurs 1s turnad on. The user then
must make sure the barcode overlay with the anning location {often the comter of
FOV}, When barcode 1s small orfand 1s Tar rom the scanner, if occupies a small
portion of scamer’'s FOV. In this case, the user must pay close/more attention to
aiming at the barcode, which reduces scanning speed and productivity. Even worse, if
the user 1s not aware that the picklist feature is on, the user may think the scamer
cannot decode this barcode at all.

[0021] In this disclosure, smart pcklist methods are described. Under this smart
picklist mode, 1f there are nulfiple barcodes i scanner’s Geald of view, 1t will only
decode the barcode overlapping the anming location, just like the picklist mentioned
above. However, when there is only one barcode in the field of vigw, 1t will decode it
regardiess of its ocation w g FOV.

{00221 FIG. 4 is a Bowcharnt of a method 100 of decoding one or more barcodes with
smart picklist mode in accordance with some embodiments.  As shown in FIG. 4, at
hiock 102, an image of the target object is capturad with a scan from an imaging
sensor. At block 104, all barcode candidates i the scanner’s field of view are found

from the captured 1mage of the target object. Al block 136, the number of the barcode

s
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candidates is detersuned. In a fust scenario, i no barcode candidate is found in the
scanner’s of view, the scan will be aborted at block 107, and the scanner may
continue to process the next scan. In a second scenanio, if only one barcode candidate
is found in the scanner’s of view, the scannar will try to decode this bareode candidats
at block 110 In a third scenanto, if more than one barcode candidates are found in the
scanner’s of view, the scanner will trv to determine, at block 108, whether there is a
harcode candidate that overlavs the aiming location, If there is @ barcode candidate
that overlavs the aiming location, the scanner will try to decode this barcode candidate
at block 110, I there 13 no barcode candidate that overlays the aimung location, the
scan will be aborted at block 107, and the scanner may continue (o process the next
scan.

0023} FIG. 5A is an example of a scan Hine crossing six closely placed barcodes. The
whole scan lne has 1,500 pixels. In this example, the aiming location is centered at
middie of the field of view, with a width of 1% of FOV. So if any barcode overlap
with between pixels 743 to 738 is considerad to be overlap with aiming {ocation. The

-
i

#th barcode are between pixels 700 to 900, It overlaps with the aiming location and
will be sent to decoder.

{0024} FI1G. 5B 1s an example of a scan line crossing one barcode that is off-centered.
The aiming location 1s the same as m the first example. Since there is only one
barcode candidate detected, the decoder will try to decode it under this Smart Picklist
node.

[0025] The above described smart picklist method 13 not hmited to hnear imagers
without visual atming ad. Some inear imagers may have a LED or laser to indicale
where the aiming location 18, The proposed smart prcklist is still applicable 1o this
kind of scanner too.

{0026} In general, this disclosure 1s divected 1o a method of decoding a barcode within
an imaging field of view of an imaging svstem that includes an imaging sensor having
an arrav of photosensitive elements. The method includes the following: (1)
zenerating an iflununation towards a target object; (2) detecting light from the target
object with the array of photosensitive elements in the imaging sensor while the target

object i3 iHuminated by the illununation to capture an image of the farget object: (3)
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determining number of barcode candidates in the image captared: and (4) processing
the image captured in accordance with the number of barcode candidates found.
Specifically, if the number of barcode candidates is one. the method further includes
processing the image captured 1o decode the ondy one barcode candidate in the image
captured. On the other hand, if the number of barcode candidates 15 larger than one,
the method further includes finding a barcode candidate that overlayvs with an aiming
focation between a first location and a second location on a scan line and further
processing the image captured to decode the barcode candidate that 1s found.

{60271 In some nmplementations, the method can include detecting Hght from the
target object with the array of photosensitive elements in the inaging sensor while the
target object is ithaninated by the Hlununation that is substantially uniform within the
umaging field of view. In some implementations, the method can include detecting
tight from the target object with the array of photosensitive elements in the imaging
sensor while the target obiect is iluminated by the iHumination that is substantially
uniform on the scan line,

{0028} In some implementations, the imaging sensor is a linear tmaging sensor having
a linear array of photosensitive elements. In some implementations, the linear
imaging sensor can have N pixels, with the integer N being at least 312, In some
implementations, the hnear imaging sensor can have N pixels, with the integer N
being at least 1024, In some implementations, the lnear imaging sensor can have N
pixels, with the integer N baing at least 1600, In some implementations, the first
tocation and the second location on the scan Line can be separated by at least 8 pixals.
o some implementations, the first location and the second location on the scan line
cant be separated by at least 16 pixels.

00297 In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill i the art appreciates that various modifications and
changes can be made without departing [rom the scope of the invention as set forth in
the claims below. Accordingly. the specification and figures are to be regarded i an
dlastrative rather than 3 restrictive sense, and all such modifications are intended (0 be

mcluded within the scope of present teachings.

~3



WO 2015/164258 PCT/US2015/026660

{0030} The benefits, advantages, solutions to problems, and any element(s} that mav
cause any benefit. advantage. or solution to occur or become more pronounced are not
to be construad as a critical, required, or essential features or elements of any or all
the claims. The mvention is defined solely by the appended claims including any
gmendments made during the pendency of this application and all equavalents of those
clasms as issued.

{0031} Moreover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from
another entity or action without necessanly requiring or implying anv actual sach
refationship or order between such entities or actions. The ternss "comprises.”

"comprising." “has™, “having,” “includes”, “including,” “containg”, “containing™ or
anyv other vanation thereof, are intended fo cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains a list of
elements does not include only those elements but mav mclude other elements not
expressly listed or inherent 1o such process, method, article, or apparatus. An element
proceeded by “comprises ..a”, “has . a” “includes ..a”, “contains L a” does not,
without more constramtis, preciude the existence of additional 1dentical elements in
the process, niethod, aticle, or apparatus that comprises, has, mcludes, comtains the
element. The terms “a” and “an” are defined as one or more unless exphiaitly stated
otherwise herein. The terms “substantially™, “escentially™, “approximately™, “aboul”
or any other version thereot, are defined as being close to as understood by one of
ordinary skill in the art, and in one non-limiting embodiment the term is defined {o be
withinn 10%. In another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.3%. The term “coupled™ as used herein is
defined as connected. although not necessarily directly and not necessanly
mechanically. A devies or structure that 1s “conligwred” in a certain way is
configurad in al least that way, but may also be configured 1 wayvs that ave not listed.
100321 1t will be appreciated that some embodiments may be comprised of one or
more genaric or specialized processors {or “processing devicas™) such as
microprocessors, digital signal processors, custonmzed processors and fleld

programimable gate arravs (FPGAs) and unique stored program instroctions (including
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both softyeare and firmware} that controf the one or more processors to implement, in
conjunclion with cerlain non-processor circits, some, most, or all of the functions of
the methad andfor apparatus described heremn. Alternatively, some or all fimctions
contld be implemenied by a state machine that has no stored program instructions, o
m one or more application specific integrated civcuits {ASICs), in which each function
or some combingtions of certain of the functions are implemented as custom logic.

Of course, a combination of the two approaches could be usad,

{0033} Moreover, an embodiment can be aplemented as a compater-readable storage
mediom having computer readable code stored thereon for programming a computer
{e.g.. comprising a processor) to perform a method as deseribed and claimed herein,
Examples of such computer-readable storage mediums includa, but are not limuted to,
ahard disk. 8 CD-ROM, an optical storage device, a magnetic storage device, a ROM
{Read Onlv Memorv), a PROM (Programmable Read Only Memory), an EPROM
{Erasable Programmable Read Oaly Memoryv). an EEPROM (Electrically Erasable
Programmable Read Only Memory) and a Flash memory. Furthar, i1 18 expectad that
one of ordinary skill, notwithstanding possibly significant effort and many design
chotces motivated by, for example, avatlable tune, current technology, and economic
considerations, when guided by the concepts and prnciples disclosed herein will be
readily capable of generating such software instructions and programs and 1Cs with
mimmal experimentation.

{0034} The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding
that v will not be used to inderpret or it the scope or mweaning of the claims. In
addition, in the foregoing Detatted Description, it can be seen that vanous features are
grouped together in various embodiments for the purpose of sireamlining the
disclosure. This method of disclosare is not to be inferpreted as reflecting an
stention that the claimed embodiments require wore features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive subject matter
fles in less than all features of a single disclosed embodiment. Thus the following
claims are hereby incorporated into the Detatled Deseription, with sach clam

standing on s own as a separately claimed subject matter.
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What is claimed s

1. A method of decoding a barcode within an imaging field of view of an
tmaging svstem that includes an tmaging sensor having an array of photosensitive
elements, the method comprising:

generating an ilanmunation towards a target object,

detecting hight from the target object with the wrray of photosensiive elements
i the imaging sensor while the target object 1s ttuminated by the illummation to
caplure an image of the target object;

ge capiured;

determining nomber of barcode candidates in the imag
if the number of barcode candidates 1s one, processing the image captured 1o
decode the only one barcode candidate in the image captured; and
if the number of barcode candidates is larger than one, finding a barcode
candidate that overtavs with an ainung {ocation between a frst location and a second
focation on a scan line and further processing the image captured o decode the

bharcode candidate that s found.

2 The method of claim 1, wherein said detecting includes detecting ight from
the target ohject with the array of photosensitive elements in the imaging sensor while
the target object 18 tthuninated by the Hlanunation that is substantially uniforny within

the imaging field of view.

bl

3. The method of claim 1, wheren said detecting includes detecung light from
the larget object with the array of photosensitive elements in the imaging sensor while
the target object 18 Hluminated by the llumination that is substantially uniform on the

sean line,

4, The method of claim 1, wherein the imaging sensor is a linear imaging sensor

having a tinear array of photosensitive elements.

G
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s The method of claim 1, wherein said detecting includes detecting light from
the larget object with a hinear imaging sensor having N pixels, with the miteger N

being at least 312.

6. The method of claim 1, wherein said detecting includes detecting light from
the target object with a linear tmaging sensor having N pixels, with the nyeger N

heing at least 1024,

7. The method of claim 1, wherein said detecting inchudes detecting light from
the target ohject with a linear imaging sensor having N pixels, with the mteger N

being at least 1640,

8. The method of clatm |, wherein the [irs{ location and the second location on

the scan line 1s separated by at least 8 pixels

9, The method of clainy |, wherein the first location and the second focation on

the scan hine is separated by at least 16 pixels.

1), An apparatus comprising:

an imaging lens arrangement;

an umaging sensor including an arvay of photosensitive elements configured fo
operate together with the timaging lens arrangement for detecting hght from o target
object within an imaging Geld of view;

an ilumination source for generating an dluwmination;

a controliar configurad for detecting hight from the target obiect with the array
of photosensitive elements i the imaging sensor while the target object 15 iluminated
by the lumination to capture an image of the target object, and determining number
of harcade candidates in the umage captured; and

wherein the controller is Turther configured for, in the event that the number of

barcode candidates is one, processing the image captured to decode the onlv one
1
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barcode candidate in the image captured, and in the event that the number of barcode
candidates 1s larger than one, finding a barcode candidate that overlavs with an aiming
location between a first location and a second location on a scan hine and further

processing the image captured to decode the barcode candidate that is found

11, The apparatus of clatm 10, wherein the iaging sensor is a linear imaging

sensor having a linear array of photosensitive elements.

12, The apparatus of clasm 10, wherein said detecting mcludes detecting hght
from the target object with a linear imaging sensor having N pixels, with the integer N

being at least 312.

13, The apparatus ol claim 10, wherein said delecting includes detecting light
from the target object with a linear truaging sensor baving N pixels, with the integee N

heing at least 1024,

14, The apparatus of clasm 10, wherein said detecting mcludes detecting hght
from the target object with a linear imaging sensor having N pixels, with the integer N

being at least 1643

15 The apparatus of claim 10, wherein the Srst location and the second location

on the scan hine is separated by af least 8 pixels.

16, The apparatus of claim 190, wherein the first focation and the second location

on the scan line 1s separated by at least 16 pixels.

17, A method of decoding a barcode within an imaging field of view of an
imaging system that includes an imaging sensor having an array of photosensitive
elements, the method comprising’

generating an Hlumination towards a target object;

12

L
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detecting hight from the target object with the array of pholosensitive elements
i the imaging sensor to capture an image of the target object while the target object 18
illuminated by the thumination that is substantially umform on a scan ling;

determining namber of barcode candidates in the image captured,;

if the number of barcode candidates s one, processing the umage captured (o
decode the only one barcode candidate in the image captured; and

if the number of barcode candidates is larger than one, finding & barcode
candidate that overlays with an aiming {ocation between a first location and a second
focation on the scan line and further processing the bmage captared to decode the

harcode candidate that is found.

18, The method of claim 1, wherein said detecting (nchades detecting light from
the target object with the array of photosensitive elements in the fmaging sensor (o
capture the smage of the target object while the target object 15 iHluminated by the

dlumination that is substantially uniform within the imaging field of view.
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