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(57) ABSTRACT 

In a bar code scanning system, correlation and stitching 
techniques, both at the character and element level are 
utilized to assemble complete label information from par 
tially scanned label segments. Correlation may require the 
same characters to be identi?ed a ?xed number of times in 

the same position before acceptance. Alternatively, quality 
and con?dence measures may be implemented to determine 
the number of times a particular character must be decoded 
before being accepted. In a preferred implementation, a 
decoded character that is determined to be of poor quality 
may be required to be decoded as that same character a 

greater number of times than if it Were of good quality. 
Identi?ed correlation techniques may be combined With 
identi?ed stitching techniques to enhance decodability and 
ef?ciency of assembling complete label information. 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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FIGURE 6 
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CORRELATION AND STITCHING TECHNIQUES 
IN A BAR CODE SCANNING SYSTEM 

RELATED APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/100,288, ?led Sep. 14, 1998. 

COPYRIGHT NOTICE/AUTHORIZATION 

[0002] Aportion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Of?ce 
patent ?le or records, but otherWise reserves all copyright 
rights Whatsoever. 

SOFTWARE APPENDIX 

[0003] This application includes a SoftWare Appendix 
section at pages 81 through 193. 

FIELD OF THE INVENTION 

[0004] The ?eld of the present invention relates to data 
reading devices and, in particular, to optical code scanners or 
other label scanning and decoding systems of the type that 
are designed to read labels having information Which may be 
presented in any one of a number of different codes com 
monly in use. More particularly, it relates to a system and 
methodologies for reconstructing complete bar code label 
information from partial scan information obtained under of 
variety of non-ideal situations. 

BACKGROUND OF THE INVENTION 

[0005] Existing labels encode information in a variety of 
formats and are commonly employed in applications such as 
inventory control systems and, most familiarly, af?xed to 
consumer goods for retail store check-out, among others. 
Typically, the information encoded on each label uniquely 
identi?es the product or product line. Such information, 
once decoded, can be used to identify other information, 
e.g., price, associated With the labeled object. 

[0006] Optical scanning systems use various apparatus 
and methods for the purpose of reading such labels, identi 
fying the particular label format, and decoding the informa 
tion stored in the label. In the case of bar code scanners, for 
example, a typical system has one or more light sources, 
such as a laser or laser diode, Which are used to scan the 
label. Traditional labels are ordinarily composed of a series 
of parallel dark and light areas, e.g., bars and spaces. A 
collection subsystem detects at least a portion of the light 
re?ected from the label, distinguishes betWeen dark and 
light areas, and converts the optical information into an 
electrical signal that can be recogniZed by a computer or 
other electronic system. 

[0007] Labels, e.g., bar codes or other such symbols, 
commonly include characters (Which can, e.g., be alphanu 
meric) de?ned by a number of elements, e.g., bars and 
spaces. For any given symbology, individual characters 
Within a label are comprised of a given number of elements, 
and the Width of each of these elements is expected to be 
Within a knoWn range, thus alloWing the character to be 
reliably decoded. Exemplary of this is the Universal Product 
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Code (UPC) label in Which each character is made up of tWo 
bars and tWo interleaved spaces. The Width of each character 
is measured in units called “modules” With each character 
being seven modules in Width. The Width of any particular 
bar or space Within the character representation is betWeen 
one and four modules. The character value depends on the 
relative Width in modules of the tWo bars and tWo spaces it 
comprises. For example, indicating bars With a 1 and spaces 
With a 0, a sequence of 111 Would represent a bar that is three 
modules in Width. 

[0008] If either of the above characteristics is violated 
(i.e., number of elements per character and/or Width of 
elements in knoWn range), typically the character in ques 
tion Will be considered to be undecodable and the entire scan 
of data Will be discarded. Factors that could cause this are: 
if an individual element has been split into multiple pieces; 
multiple elements have been merged into a single piece; or, 
if the Width of an element has been distorted beyond 
speci?ed boundaries. In any of these instances, some exist 
ing systems may require a neW scan—discarding the entire 
scan as unusable—even though only one character may be 
affected by the degradation. 

[0009] Some codes make use of parity formats to form 
alternative representations for the digits 0 through 9. These 
alternate formats may be utiliZed in different locations on a 
label thus providing means for verifying accuracy of data. 
For example, UPC labels, With the exception of UPC-E 
labels, are comprised of right and left segment halves. 
Characters in the left segment are of odd parity and, When 
scanned from left to right, all begin With spaces. Characters 
in the right segment are of even parity and, When scanned 
from left to right, all begin With bars. Thus, the character 
value 5 may be represented as 0 110001 using odd parity or 
1 00 1110 using even parity. LikeWise, the character 3 may 
be represented as 0111101 using odd parity or 1000010 
using even parity. 

[0010] Additionally, many labels utiliZe feature charac 
ters, such as center or guard characters, as delimiters or to 
separate segments of the label. Most UPC labels, as noted 
above, have left and right segment halves. These segment 
halves are separated by a center band character that typically 
comprises tWo single module bars and three interleaved 
single module spaces. The beginning and end of the label are 
delimited by a pair of guard characters, each of Which 
typically comprises tWo single module bars and one inter 
leaved, single module space. The bar/space representations 
of these feature characters are unique from that of data 
characters to enhance detection and decoding capability. 
Furthermore, an unprinted margin area or White space is 
typically located outWardly of the tWo guard characters. 

[0011] In addition to the UPC formats, a variety of other 
label formats exist Which vary, among other Ways, in struc 
ture, content, parity requirements, and type of feature char 
acters. Code 39 and Code 128, for example, are both 
non-segmented label formats, i.e., they have no center 
feature characters separating tWo or more segments of bars. 
Other label encoding schemes have been developed Which 
have differing pattern structures for the dark and light areas. 
Exemplary of these latter code types are the stacked bar code 
formats referred to as Code 49 and PDF 417. 

[0012] As a practical matter, recovering information from 
optical code labels poses many dif?culties that must be 
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overcome by a scanning system. For example, in order to 
read a label completely, i.e., from left guard character or 
margin to right guard character or margin, in a single optical 
pass, the label must be properly oriented With respect to the 
scanning beam. Failure to read in a single pass, e.g., When 
a label is mis-framed or read diagonally across a top or 
bottom border, results in the reading of incomplete or 
degraded character data and yields partial scans of the label 
Which must be assembled properly in order to formulate 
valid label information, otherWise the object must be re 
positioned and re-scanned until a successful read is 
obtained. In such cases, data on either end of an input string 
may be inaccurately read, yet may appear to be an otherWise 
structurally valid character. 

[0013] Even Where a single optical pass does traverse the 
entire label from left to right, problems in decoding the label 
may occur, for example, When the label is folded, split, torn 
or similarly damaged, thus making it difficult to recover 
label information. Likewise, differences in package con?gu 
rations, label siZes and locations, and scanner positions, 
among other factors, serve to exacerbate these problems. As 
a result, partially read labels are both more likely to occur 
and more difficult to decipher. In many applications, such as 
store check-out stands, this translates to a need for high 
operator concentration and dexterity yet results in non 
optimum speed or efficiency, since the operator must take 
care to ensure that the object to be scanned is properly 
positioned (or must reposition and rescan repeatedly for a 
valid reading). As Well, the multitude of optical code formats 
currently in use may require differing methodologies to be 
used in order to realiZe ideal (i.e., optimum speed and 
efficiency) decoding. In settings Where multiple formats may 
be encountered by the same operator, additional effort and 
skill may be required to ensure that the system is set for the 
ideal decoding methodology to be utiliZed for a particular 
symbology. 

[0014] Certain methods of assembling or concatenating 
data read on partial scans have been proposed to address 
these difficulties. HoWever, existing methods are inherently 
limited in their ability to detect and correct for inaccurate 
and, particularly, missing data reads Within partial scans. As 
Well, to the extent that some existing systems have devised 
more aggressive methods of decoding poor quality or dam 
aged labels, such methods are typically employed at the 
expense of speed and efficiency in processing good quality, 
clean labels. 

SUMMARY OF THE INVENTION 

[0015] To address the above and many other problems that 
may be encountered in order to accurately decode a bar code 
label, the present system provides for a variety of comple 
mentary reconstruction methodologies that may be selec 
tively and systematically employed. Aside from knoWn 
standard decoding algorithms Which provide for direct 
decoding of clean label information obtained from a single 
scan, the system and method of the preferred embodiment 
further provides for implementation of knoWn stitching 
techniques to combine multiple partial scan fragments into 
complete labels. 

[0016] In addition, the system provides novel reconstruc 
tion methods, Which are capable of reconstructing label 
information such as undecodable characters or elements 
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Where label defects may otherWise prevent full information 
from being decoded. Such reconstruction methods alloW for 
undecodable characters or elements to be reconstructed from 
partial information based upon knoWn or expected structural 
characteristics for the particular label symbologies being 
decoded, as Well as through the use of correlation techniques 
utiliZing information obtained from multiple scans of a 
label. As Well, the preferred embodiment offers stitching 
techniques at the character and element level to aid in the 
reconstruction of label information. 

[0017] A means of providing for correction of information 
at the leading and trailing ends of a label, Which might 
otherWise be distorted and unreadable due to mechanical 
aspects of the scanning line mechanism, is further provided 
in a preferred embodiment herein to assist in obtaining 
complete label information in an efficient and accurate 
manner. In conjunction With such system and methods as 
indicated above, the preferred embodiment further provides 
unique features, such as the use of edge strength indicators 
and quality measures to enhance label readability and bar 
code scanner decoding capabilities. 

[0018] In another aspect, a preferred embodiment herein 
provides for systematic selection of the decoding techniques 
to be employed in the process of decoding particular label 
symbologies. To this end, any number of differently aggres 
sive decoding techniques may be selected, either manually 
or automatically, to decode label symbologies. 

[0019] A preferred embodiment provides for decoding of 
a digital representation of an input signal to be attempted at 
?rst With decoding of the part or all of the analog signal 
being undertaken only after a number of attempts at the 
digital signal prove unsuccessful. In this manner, system 
resources and decoding time may be saved. 

[0020] The type of decoding techniques to be employed 
may also be set, for example, based on aggressiveness, in a 
preferred embodiment. In one approach, the system may be 
set up to attempt less aggressive, more secure, techniques 
(such as standard decoding techniques) ?rst With more 
aggressive, less secure techniques (such as character/ele 
ment reconstruction) being implemented sequentially and 
systematically should a label fail to be successfully decoded 
after a number of attempts With less aggressive techniques. 
Alternatively, beginning and/or ending aggressiveness level 
to be used may be set, by the user or otherWise, based upon 
the symbology to be read. 

[0021] In another approach, the system may be pro 
grammed as to aggressiveness levels to be used. In this 
regard, a starting aggressiveness level and/or maximum 
aggressiveness level, or both may be programmed. It is 
envisioned that such programming may, e.g., be based upon 
user entry by of information regarding the symbology to be 
read. 

[0022] In yet another approach, the system may be pro 
grammed to learn the aggressiveness level (e.g., starting 
level, maximum level, or both) to be utiliZed With respect to 
a particular group of labels. Such learning may be accom 
plished, for example, through scanning of an exemplary 
label With the scanner set in a learning mode Whereby the 
system may assess the appropriate level of aggressiveness 
required to successfully decode labels of that type. As an 
alternative to a discrete learning mode, an ongoing learning 
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mode approach may be implemented Whereby information 
about the aggressiveness levels needed to decode Would be 
constantly accumulated as the scanner operates. In accor 
dance With such latter approach, the scanner Would adjust 
itself automatically as label quality changed. 

[0023] In a still further aspect of the present system and 
methods, feedback from decoding may also be used to adapt 
various signal processing parameters. For example, gain, 
threshold and other signal processing parameters may be 
automatically adjusted Within the scanner based upon feed 
back from decoding in order to enhance future decodability 
of label information. 

[0024] Through the use of the systems and methods 
detailed herein, the most ef?cient means of decoding par 
ticular labels may be identi?ed and utiliZed. In turn, less time 
is required for the decoding process since the time otherWise 
required to attempt decoding Which is not likely to be 
successful may be eliminated. 

[0025] Accordingly, the present system and methodolo 
gies provide one or more of the folloWing objects and 
advantages: 

[0026] 
labels; 

[0027] to provide multiple methodologies for recon 
structing complete bar code information from partial 
bar code information obtained from either a single 
scan or multiple partial scans; 

[0028] to provide such multiple methodologies for 
reconstructing complete bar code information in 
such a manner that the methodologies are imple 
mented in an order from most efficient to less ef? 
cient until complete bar code information is 
obtained; 

[0029] to provide accurate assembly of label infor 
mation from multiple partial scans With con?dence 
that the entire label has been scanned, no data has 
been duplicated, and the data has been put into the 
correct order; 

[0030] to have the capability and versatility to recon 
struct labels of various formats including multi 
block labels as Well as single-block labels and others; 

[0031] to improve reconstruction performance by 
using symbology characteristics and detected label 
information to build up labels With a valid high level 

to accurately recogniZe and decode optical 

structure; 

[0032] to alloW a bar code scanner to stitch label 
fragments that have some undecodable characters 
present; 

[0033] to stitch symbologies con?gured for variable 
length; 

[0034] to alloW less stringent stitching requirements 
for fragments that are decoded from consecutive 
scans compared to fragments that are decoded from 
non-consecutive scans; 

[0035] to perform reconstruction of label information 
in a speedy and ef?cient manner While alleviating 
pressure on scanner operator to accurately align the 
labeled object; 
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[0036] to increase read successes and improve accu 
racy of reconstruction in situations Where label con 
dition is degraded by tears, splits, folds, spots, voids, 
etc.; 

[0037] to provide a system and methodologies for 
decoding labels Whereby more aggressive decoding 
techniques may be implemented only after less 
aggressive techniques fail; and, 

[0038] to provide a system and methodologies 
Whereby the appropriate aggressiveness level to be 
used for decoding particular symbologies may be 
learned by the system. 

[0039] Other objects and advantages of the present system 
and methodologies Will become apparent from a revieW of 
the accompanying draWings and the detailed description that 
folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a graphical representation illustrating 
exemplary Element Width Histograms in accordance With an 
aspect of the system and methodologies herein. 

[0041] FIG. 2 is a How chart diagram illustrating exem 
plary functional blocks for decoding With character recon 
struction in accordance With the system and methodologies 
herein. 

[0042] FIG. 3 illustrates an exemplary poor quality label 
upon Which an aspect of the character reconstruction meth 
odologies herein may be advantageously implemented. 

[0043] FIG. 4 is a How chart diagram illustrating further 
exemplary functional blocks of one implementation of char 
acter reconstruction in accordance With system and meth 
odologies herein. 

[0044] FIG. 5 pictorially represents exemplary processing 
of scan lines using correlation and stitching techniques in 
accordance With the system and methodologies herein. 

[0045] FIG. 6 is a How chart diagram illustrating the 
functional blocks of exemplary merge and stitching aspects 
of the systems and methodologies herein. 

[0046] FIG. 7 is a How chart diagram illustrating a portion 
of the functional blocks of an exemplary element level 
processing With quality measuring routine in accordance 
With the system and methodologies herein. 

[0047] FIG. 8 is a How chart diagram illustrating a second 
portion of the functional blocks of an exemplary element 
level processing With quality measuring routine in accor 
dance With the system and methodologies herein. 

[0048] FIG. 9 is a How chart diagram illustrating a portion 
of the functional blocks of an exemplary increased aggres 
siveness level decoding through time process implemented 
in accordance With the system and methodologies herein. 

[0049] FIG. 10 is a How chart diagram illustrating a 
second portion of the functional blocks of an exemplary 
increased aggressiveness level decoding through time pro 
cess implemented in accordance With the system and meth 
odologies herein. 

[0050] FIG. 11 is a How chart diagram illustrating a third 
portion of the functional blocks of an exemplary increased 
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aggressiveness level decoding through time process imple 
mented in accordance With the system and methodologies 
herein. 

[0051] FIG. 12 is a How chart diagram illustrating a fourth 
portion of the functional blocks of an exemplary increased 
aggressiveness level decoding through time process imple 
mented in accordance With the system and methodologies 
herein. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0052] The preferred system and methodologies provided 
herein utiliZe Element Level Processing as Well as Character 
Level Processing as a basis for the reconstruction and 
decoding techniques provided. 

[0053] Element Level Processing 

[0054] Element Level Processing is accomplished in an 
aspect of the preferred embodiment through the use of an 
Element Width Histogram, as illustrated in FIG. 1 and 
described hereinbeloW, Wherein the Widths of the elements 
of a bar code are captured in a data store on a Width basis. 
The bar code scanner may be enabled to maintain histogram 
information for a number of potential labels. Such informa 
tion may, for example, be utiliZed in order to aid in the 
decoding of poor quality labels. It is envisioned that separate 
histogram information may be kept for bars and spaces of 
each potential label and that information may be collected 
and maintained for a number of label scans. As further 
detailed throughout this speci?cation, such histogram infor 
mation may be used to determine the number of element 
Widths in the label as Well as average element Widths. In 
addition, such histogram information may be helpful in 
determining symbology, i.e., for example, Whether a par 
ticular label being scanned comprises a binary or a multi 
Width symbology. 

[0055] Optionally, the scanner may further capture edge 
con?dence levels along With element edge times. Typically, 
bar code scanners collect only edge timing information that 
may then be utiliZed to determine, for example, element 
Widths. HoWever, use of edge timing information alone may 
limit the ability of such scanners to decode poor quality 
labels Whose edges may be distorted. While other scanners 
may exist that collect edge strength information as Well, 
these scanners typically involve making multiple passes 
through the data at different threshold levels using standard 
decoding algorithms. 

[0056] As provided further hereinbeloW, label reconstruc 
tion decoders may include an edge-matching algorithm, 
Which may be invoked When attempting to decode poor 
quality labels. When bar code data is not decodable using a 
standard decoding algorithm, this algorithm Will attempt to 
determine the encoded character based upon the edge timing 
information. In a further aspect of the preferred systems and 
methods herein, edge strength information may be collected 
for use in conjunction With the reconstructive decoding 
algorithms and may be made available to the edge-matching 
algorithm, thus increasing the probability of correctly 
decoding the character in question. Such technique Would 
require only a single pass through the data, using more 
sophisticated reconstructive decoding algorithms, thus being 
more ef?cient and increasing the probability of correctly 
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decoding the bar code With feWer scans of data. In turn, the 
ability of the bar code scanner to decode label data that may 
not be decodable using standard decoding algorithms may 
be improved. 

[0057] Edge strength, or con?dence levels, for each ele 
ment may be determined through many methods. One con 
?dence indicator is the ?rst derivative strength of the return 
laser signal. Edge con?dence level information can also be 
used to calculate an average edge con?dence level for the 
common elements of the label. The average edge con?dence 
level may be calculated for binary and multi-Width sym 
bologies using the edge con?dence levels of the element 
Widths selected for binary and multi-Width symbologies, 
respectively. 
[0058] It is noted that edge con?dence level information 
may be advantageously utiliZed at different points in the 
scanning and decoding process. Such edge con?dence level 
information may further advantageously be generated in 
different Ways at the different points in the process. For 
example, When generating the histogram, the con?dence 
level of an element might be simply the comparison of that 
element’s edge strength With average element edge strength. 
In the decoders, though, the con?dence level of an element 
might be the product of the deviation of an element’s Width 
from a target and the deviation of an element’s edge strength 
from a target. In the correlation and stitching process, the 
con?dence level of a character might, in turn, be the sum of 
the con?dence levels of the individual elements. Still further 
variations of generating con?dence levels may be envi 
sioned by one skilled in the art. 

[0059] Further in regard to the use of information that may 
be obtained through the histogram analysis as set forth 
herein, the number of element Widths may, for example, be 
utiliZed in determining the symbology that is being scanned 
so that the correct symbology speci?c decoder may be 
executed. Alternatively, the number of element Widths may 
provide the means for rating enabled symbologies to be 
executed in order as further detailed herein. The average 
element Widths may, for example, be utiliZed to help ?nd 
characters and/or start/stop patterns in poor quality labels 
and/or to set acceptable ranges for element Widths Within the 
label. The average edge con?dence level may, for example, 
be utiliZed to help identify the signi?cant edges of the label 
and to ?lter out noise edges in the label. 

[0060] The number of elements in a given range of Widths 
is stored. The total sum of the Widths in a given range may 
also be stored. In establishing the histogram parameters, a 
minimum range for element Widths may be determined, for 
example, by using 1A1 of a narroW element in the start/stop 
pattern. As indicated previously, histogram information may 
be maintained for a number of potential labels. In such case, 
a separate histogram is kept for bars and spaces of each 
potential label. Upon commencement of collection, histo 
gram information is collected for sets of label scans, e.g., 
each set of four label scans. 

[0061] In accordance With a preferred embodiment, the 
histogram analysis comprises three primary steps: gathering 
the element Width data and, optionally, con?dence level 
information for the element edges; ?nding the peaks in the 
histogram; and, decoding the peaks in the histogram. A 
representative overvieW of the histogram information that 
may be maintained in accordance With a preferred embodi 
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ment herein may be understood as follows. As noted, 
histogram information may be maintained for a number of 
potential labels. The histogram may be envisioned as having 
a series of buckets Wherein each bucket represents elements 
of a particular range of element Widths. It is intended that the 
series of buckets in the histogram cover the possible element 
Widths for a particular potential scanned label. Separate 
histograms may be kept for bars and spaces of each potential 
label. Several scans of a potential label may be combined in 
the histograms to provide a larger set of elements for the 
histograms. 

[0062] With respect to the ?rst step of gathering element 
Width data, the quiet Zones of a potential label are ?rst 
identi?ed, e.g., in accordance With knoWn methods. Then, 
When the elements of a potential label have been identi?ed, 
the element Width data is gathered and the element Widths 
are added to the histogram. If enabled, as indicated above, 
optional con?dence levels may also be added to the histo 
grams. The histogram information is updated With the num 
ber of elements in each bucket of the histogram, as Well as 
the total sum of all elements in the bucket. Thus, the 
histogram information may include, for eXample, the num 
ber of elements in each bucket, the total sum, optionally the 
edge con?dence level of the elements in each bucket, and the 
element Width range for each bucket. 

[0063] In addition to application as detailed above, con 
?dence level information may further be utiliZed as a ?lter 
to help determine Which data is accepted into the histogram. 
For eXample, elements of a potential label may be identi?ed 
and the average edge strength of such elements may then be 
determined. If the edge strength of any particular individual 
element being eXamined for addition to the histogram is not 
Within a calculated tolerance of the average edge strength, 
that element Would not be included into the histogram. In 
this manner, the con?dence that the histogram Would be 
generating accurate information for use in later processing is 
increased. 

[0064] FIG. 1 provides an exemplary graphical represen 
tation for an Interleaved 2 of 5 Label histogram 5 along With 
an exemplary graphical representation for a UPCA Label 
histogram 10. The histograms 5 and 10 record information 
regarding the number of elements 15 Within enumerated 
ranges of element Widths 20. It is noted that the histograms 
5 and 10 illustrate the loW end of element Width ranges and 
that additional ranges that are not shoWn may include 
additional information. Further, the values that are indicated 
for the range of element Widths 20 represent the loWer value 
of that corresponding range (thus, the value 156 is shoWn 
beloW the range Which is from 156 through 232). As may be 
seen from FIG. 1, separate bar information 25 and space 
information 30 is gathered, maintained and recorded. By 
Way of eXample, it may be seen that the space information 
30 for the Interleaved 2 of 5 label histogram 5 shoWs that 
With respect to the 1244 range 35 the number of elements 15 
is recorded as a 10 value 40. Thus, 10 space elements falling 
Within the 1244 range 35 have been recorded and identi?ed 
in relation to Interleaved 2 of 5 label scans by the system. 

[0065] With respect to the second step of ?nding peaks in 
the histogram, a ?rst preferred method is to generate 
2-bucket sums of the number of elements in the buckets for 
the bar and space histograms. The 2-bucket sums are then 
searched to ?nd all peaks and an average element Width is 

Oct. 17, 2002 

calculated for each peak. Peaks may then be selected by 
choosing all 2-bucket sums that are greater than both neigh 
boring 2-bucket sums. If there is a set of 2-bucket sums that 
are equivalent but greater than the 2-bucket sums neighbor 
ing the set, the middle bucket of the set may be selected as 
a peak. Alternatively, a second method utiliZes the con? 
dence levels of elements as indicated above, instead of the 
number of elements, and folloWs the same steps described 
above in relation to 2-bucket sums to identify peaks in the 
histogram information. 

[0066] While alternate preferred methods for ?nding 
peaks in the histogram are set forth above, it is noted that 
many other possible methods for ?nding histogram peaks 
may be envisioned and implemented Without departing from 
the spirit and scope of the systems and methods as set forth 
herein. 

[0067] With respect to the third step of decoding peaks of 
the histogram, the average element Width for each peak is 
calculated and stored. Element averages of the peaks and 
their relative spacing, the number of elements in the peak, 
and the similarities betWeen bars and spaces may be utiliZed 
to determine Which peaks could represent the element 
Widths for the label. Based on the results obtained, the type 
of symbology may be identi?ed as binary, multi-Width, or 
unknoWn. Thus, the peaks may be decoded to determine the 
ones that represent binary and/or multi-Width symbologies. 

[0068] Peaks of the histogram may be decoded by match 
ing element Widths of the peaks With potential element 
Widths for either binary or multi-Width symbologies. Wide 
to narroW ratios of element Widths may, for eXample, be used 
to ?nd such match. Afurther component of such match may 
be Which element Widths are the most common in the 
histogram or Which element Widths have the largest con? 
dence level. A still further component of such match may be 
Which element Widths are common to both the bar and space 
histograms. The consistency of bar and space element 
Widths and the number of unused histogram peaks may be 
used to determine the quality of the identi?ed element 
Widths as either binary element Widths or multi-Width ele 
ment Widths. The quality of the element Widths may, in turn, 
help to determine the type of symbology. 

[0069] With reference back to FIG. 1, the manner in 
Which the histogram information may yield a determination 
of the type of symbology (binary or multi-Width) may be 
understood through the folloWing eXample. To determine if 
a binary symbology is represented by a histogram, the 
biggest peaks for bars and spaces are considered. 

[0070] The Interleaved 2 of 5 Label histogram 5 of the top 
graph of FIG. 1 represents a binary symbology. Considering 
the tWo biggest peaks of the Interleaved 2 of 5 Label 
histogram 5 of FIG. 1, the biggest bar peaks are approxi 
mately at Widths 349 and 816. The biggest peaks for spaces 
are at Widths 582 and 1049. By observing that the 349 bar 
peak is close to the 582 space peak and the 816 bar peak is 
close to the 1049 space peak, it may be determined that the 
4 peaks are very good candidates of a binary symbology. In 
addition, the difference in Widths of the bars (816—349=467) 
is very similar to the difference in Widths of the spaces 
(1049—582=467). Another observation is that the Wide to 
narroW ratio of the bars (816/349=2.3) and spaces (1049/ 
582=1.8) are similar to each other and are Within acceptable 
tolerances (i.e., 1.5 to 5.0) for binary symbologies. 
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[0071] The consideration of multi-Width symbologies fol 
loWs a similar approach. However, for multi-Width sym 
bologies there are normally 4 Widths that have Width ratios 
of 1:234 for Width1:Width2:Width3:Width4. The compari 
son betWeen tWo Widths in a binary symbology must be 
extended to three or four Widths in a multi-Width symbology. 
At least the ?rst 3 Widths of a multi-Width symbology are 
normally required to be represented by peaks in the histo 
gram for a multi-Width symbology to be detected. 

[0072] If only a binary symbology is detected, a binary 
symbology is the result. If only a multi-Width symbology is 
detected, a multi-Width symbology is the result. If both a 
multi-Width symbology and a binary symbology are 
detected, a multi-Width symbology Would be the result 
because Width1 and Width2 of a multi-Width symbology 
looks just like a binary symbology. 

[0073] In a further aspect, the use of variable element 
congruence may alloW a range to be set for each element 
siZe, may be utiliZed With respect to either binary or multi 
level codes, and may alloW the decoder to be adjusted for 
aggressiveness vs. adherence to speci?cation. The use of 
variable element congruence may better be understood as 
detailed hereinbeloW. 

[0074] A typical method of decoding bar codes is to 
compare each element Width With a set of thresholds to 
create a normaliZed set of element Widths that may then be 
compared against tables of valid characters for that symbol 
ogy. The thresholds for each normaliZed element siZe deter 
mine the degree of congruence of the elements accepted as 
that Width. By varying these thresholds, it is possible to 
alloW the decoders to be more aggressive at the risk of 
increased misreads, or to be more conservative but at the risk 
of not reading some labels of marginal quality. For example, 
When decoding Code 39, possible narroW element Widths for 
one character could be 77, 85, 98, 105, 110 and 122, While 
Wide elements Widths could be 273, 298 and 312. Thresholds 
that Would correctly decode this character could be 70 to 130 
for narroW elements, and 270 to 330 for Wide elements. 
HoWever, this character has a Wide to narroW ratio that is 
greater than alloWed according to the speci?cation for this 
symbology. Therefore, adjusting the thresholds such that this 
character Would decode also increases the likelihood of 
decoding errors. Because of this, the option of adjusting the 
thresholds for aggressiveness versus adherence to speci? 
cation, as further detailed herein, could be made accessible 
to the user, and implemented as needed according to knoWl 
edge of the quality of labels being scanned. 

[0075] Upfront Symbology Determination 

[0076] Determining the correct symbology or eliminating 
symbologies up front can result in minimiZation of the 
decoding and reconstruction time. The preferred embodi 
ment attempts to determine the symbology type as the label 
data is being collected. To this end, one or more of the 
techniques identi?ed beloW may be used to determine the 
symbology type after leading and trailing quiet Zones have 
been identi?ed. It is envisioned that the likelihood of a 
speci?c symbology type(s) may also be con?gured by the 
customer or otherWise to aid in symbology determination. 

. oo in at t e start an sto attern o 0077 1 L k' g h d p p f 
potential labels and comparing such patterns to those 
of knoWn enabled symbologies. 
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[0078] 2. Using the element Width histogram to deter 
mine if the symbology is binary or multi-Width as 
detailed hereinabove. 

[0079] 3. Looking at the number of elements in 
potential labels to determine if it is a possible length 
for speci?c enabled symbologies. 

[0080] 4. Determining Which symbologies could 
have a label of the length, e.g., in time, observed in 
the potential label. 

[0081] 5. Using the element counts determined by the 
histogram and the total count for the entire label to 
calculate the length for comparison to a speci?c 
enabled symbology. 

[0082] 6. Looking at the number of characters that 
Were decoded in previous scans (in Which case 
characters from some symbologies may be assigned 
more Weight than others, or symbologies With the 
most decoded characters may be assigned a higher 
Weighting than other symbologies). 

[0083] 7. Using the average element Widths deter 
mined by the histogram to determine if the time 
count of the entire label accommodates the start, 
stop, and a number of character Widths for a speci?c 
enabled symbology. 

[0084] 8. Using historical reading patterns to Weight 
the probable symbology to read. 

[0085] 9. Identifying the number of labels historically 
decoded for each enabled symbology. 

[0086] 10. UtiliZing character equality checks. 

[0087] In accordance With the preferred system and meth 
ods herein, the bar code scanner attempts to determine the 
symbology type after leading and/or trailing bars of a label 
or label segment have been identi?ed. Potential symbologies 
of the label data are identi?ed and ordered, e.g., With the 
most probable ones ?rst, using a variety of the above and 
other indicators as further described hereinbeloW. The poten 
tial symbologies are ordered With the most probable ones 
?rst so that the symbology decoders With the highest chance 
of success may be executed ?rst. It is envisioned that in 
some cases the symbology decoders for the loWest probable 
symbologies may optionally not be executed at all. Such 
operation alloWs the scanner to spend more time decoding 
the label data for speci?c symbologies compared to previous 
scanners Where decoding of each enabled symbology Was 
attempted for every set of label data. Particularly With 
respect to poor quality labels, the determination of the 
symbology alloWs the scanner to spend more time decoding 
the poor quality label With the correct decoder and skip some 
of the decoders that have a minimal chance of success. Such 
operation further alloWs the scanner to discard some label 
data if none of the indicators shoW a probable symbology. 

[0088] In accordance With the preferred embodiments 
herein, the bar code scanner determines ratings from each 
indicator for each symbology type. The ratings are then 
accumulated for each symbology and are put in order (e.g., 
highest ratings to loWest ratings). The decoders from the 
symbologies With the highest ratings are executed ?rst. The 
decoders from symbologies With the loWest ratings are 
executed last or, as indicated previously, may not be 
executed at all. 
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[0089] The indicators envisioned by the present system 
and methods include: start/stop pattern, element Width his 
tograms, number of elements in label, length of label in time, 
number of labels decoded for each symbology, number of 
characters decoded in previous scans for each symbology, 
and character equality checks. The manner in Which each 
indicator may be utiliZed in accordance With a preferred 
embodiment herein is further described beloW. It is noted 
that multiple indicators may be used to determine the 
symbology of poor quality labels. 

[0090] With respect to the start/stop pattern, the templates 
for the start and/or stop patterns of enabled symbologies are 
compared against the leading and trailing bar and space 
elements of the label. The template comparison may alloW 
for missing elements, eXtra elements, and elements that may 
be the Wrong siZe. The symbologies With start/stop patterns 
that match the best Will have the highest rating. 

[0091] With respect to element Width histograms, ratings 
from the element Width histogram, as detailed above, may be 
utiliZed to provide an indication of Which symbologies are 
the most probable. 

[0092] With respect to the number of elements in the label, 
the number of elements in the label may be matched against 
the set of possible numbers of elements for each enabled 
symbology. A rating for each symbology results. It is noted 
that this indicator Will be accurate When there are no spots 
or voids in the label. 

[0093] With respect to the length of the label in time, the 
element Width histogram may be utiliZed to determine the 
element Widths of the label. The character length and 
start/stop pattern length for each symbology may also be 
determined using the element Widths from the histogram. 
The length of the label in time Will be compared against the 
possible combinations of character lengths and start/stop 
pattern lengths for each enabled symbology to determine if 
the label is a correct length for each symbology. The 
closeness to a correct length may be used to determine the 
rating of each symbology for this indicator. 

[0094] With respect to the number of labels decoded, the 
number of labels that have been decoded for each symbol 
ogy may be used to determine a rating of each symbology. 

[0095] With respect to the number of characters decoded 
in previous scans, such number of characters decoded may 
be used to cause a rating to be generated for each enabled 
symbology indicating the most probable symbology for 
future scans of the correct label. To this end, as the scanner 
decodes data from scan lines it Will keep track of the number 
of characters decoded in each enabled symbology. 

[0096] With respect to character equality checks, the bar 
code scanner may check for character equality across a 
portion or all of the label data for each enabled symbology. 
A rating for each enabled symbology may be generated 
based on the character equality results. 

[0097] One method of implementing indicator ratings for 
symbology detection is to set each indicator to generate a 
result from 0 to 99 for each symbology Wherein, for 
eXample, highest numbers indicate highest probabilities and 
loWest numbers indicate loWest probabilities. In addition, 
each indicator Will have a Weight, for eXample, from 1 to 10 
for each symbology. To determine the symbology With the 
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highest probability of success, a result Will be generated for 
each symbology by obtaining the sum of the products of 
each indicator result and its corresponding indicator Weight. 

[0098] Implementation of indicators to determine symbol 
ogy type may be better understood through the folloWing 
eXemplary illustration. For purposes of such eXample, a 
system utiliZing start/stop patterns, the histogram, and num 
ber of elements as indicators of symbology type may operate 
as folloWs. First, With respect to each indicator that is 
utiliZed, a Weighting factor is established and set for that 
indicator in relation to each potential enabled symbology, 
respectively. Thus, With respect to start/stop patterns, a 
Weight of 2 for a UPCA symbology and 10 for a Code39 
symbology may be assigned. With respect to the histogram, 
a Weight of 8 for a UPCA symbology and 5 for a Code39 
symbology may be assigned. With respect to the number of 
elements, a Weight of 4 for a UPCA symbology and 2 for a 
Code39 symbology may be assigned. It is further assumed 
that both the UPCA and Code39 symbologies are currently 
enabled in the system of this eXample. 

[0099] When a section of label data is being considered, 
the results of the various indicators are generated and 
analyZed. The folloWing results are assumed to have been 
generated for the various indicators in relation to the UPCA 
symbology and the Code 39 symbology. With respect to 
UPCA: start/stop pattern=40, histogram=75, and number of 
elements=20. With respect to Code 39: start/stop pattern=60, 
histogram=40, and number of elements=40. Accordingly, 
the sum of products for UPCA is: 760 (i.e., 2*40+8*75+ 
4*20) and the sum of products for Code39 is: 880 (i.e., 
10* 60+5*40+2*40). Such symbology detection Would indi 
cate that the Code 39 symbology is the best choice With the 
UPCA symbology being the second choice for a symbology. 
It may be readily seen that the above eXample may be 
expanded to include additional indicators, as identi?ed 
above, and/or that additional symbologies may be enabled 
and included in the symbology determination. 

[0100] Character Level Processing 

[0101] In accordance With the systems and methods 
herein, the scanner decodes as many characters of a bar code 
as possible from a single scan of the label. HoWever, some 
characters may not be decodable due to a poor quality or 
damaged label, or as a result of the laser beam exiting the 
area of the label during scanning. If the scanner cannot 
decode a character, it advances to the neXt decodable char 
acter in the scan line to continue decoding. 

[0102] As utiliZed herein, the folloWing terms are de?ned 
as: 

[0103] A Full Length Label is one that has been 
decoded over its entire, knoWn length. 

[0104] A Fragment is a label that has been decoded 
over part of the entire length. 

[0105] ALabel comprises either a Full length label or 
a Fragment. 

[0106] A Decoded Character is a character that has 
been successfully decoded Within a Label. 

[0107] An Undecodable Character is a character 
Which has not been successfully decoded, e.g., due to 
defects in the label at the location of such character 
that prevent decoding. 


































































































































































