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(57) L 1invention concerne un procede et un appareil pour
décoder une 1mage en pixels représentant un symbole de
code a barres. On balaye un symbole de code a barres
survant une premiere ligne de balayage pour déterminer

I*I Industrie Canada  Industry Canada

ERR=0. 20

(57) A method and apparatus for decoding a pixel image
representative of a bar code symbol. A bar code symbol
1s scanned along a first scan line to determine a first set
of candidate character values, each candidate character
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un premier jeu de valeurs de caractere candidates,
chaque valeur de caractere candidate de ce premier jeu
ayant une premiere valeur d’erreur associce. Lorsque le
balayage suivant la premiere ligne de balayage ne reussit
pas la lecture du symbole de code a barres, alors le
symbole de code a barres est balay¢ suivant une seconde
ligne de balayage différente pour déterminer un second
jeu de valeurs de caractere candidates, chaque valeur de
caractere candidate de ce second jeu ayant une valeur
d’erreur associce. On compare ensuite les valeurs
d’erreur correspondantes associces avec le premier et le
second jeux de valeurs de caractere candidates. Pour
chaque paire de valeurs de caractere candidates
correspondantes du premier et du second jeux, on choisit
la valeur des caracteres candidate ayant la valeur d erreur
associ¢e la plus petite. Un troisieme jeu de valeurs de
caractere candidates est forme¢ conformeément aux
valeurs de caractere candidates seclectionnées et le
symbole de code a barres est décodeé conformeément au
troisieme jeu de valeurs de caractere candidates.
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value of this first set having an error value associated
therewith. If the scanning along the first scan line results
1in an unsuccesstul reading of the bar code symbol, then
the bar code symbol 1s scanned along a second differing
scan line to determine a second set of candidate character
values, each candidate character value of this second set
having an error value associated therewith.
Corresponding error values associated with the first and
second sets of candidate character values are next
compared. For each corresponding pair of candidate
character values from the first and second sets, the
candidate character value having the smallest associated
error value 1s selected. A third set of candidate character
values 1s formed 1n accordance with the selected
candidate character values, and the bar code symbol 1s
decoded 1n accordance with the third set of candidate
character values.
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LINES

(57) Abstract

A method and apparatus for decoding a pixel image repre-
sentative of a bar code symbol. A bar code symbol is scanned
along a first scan line to determine a first set of candidate charac-
ter values, each candidate character value of this first set having
an error value associated therewith, If the scanning along the first
scan line results in an unsuccessful reading of the bar code symbol,
then the bar code symbol is scanned along a second differing scan
line to determine a second set of candidate character values, each
candidate character value of this second set having an error value
associated therewith, Corresponding error values associated with
the first and second sets of candidate character values are next com-
pared. For each corresponding pair of candidate character values
from the first and second sets, the candidate character value having
the smallest associated error value is selected. A third set of can-
didate character values is formed in accordance with the selected
candidate character values, and the bar code symbol is decoded in
accordance with the third set of candidate character values.
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METHOD AND APPARATUS FOR DECODING BAR CODE IMAGES
USING INFORMATION FROM PREVIOUS SCAN LINES

Field of the Invention
The present invention relates to the detection and

decoding of bar code symbols and, 1in particular, to the decoding

of bar code symbols represented by low resolution or degraded CCD

images.

Backgrounad

Typical bar code decoding algorithms use hard threshol-
ding to determine whether a given group of bars ana spaces
represents a particular character. These algorithms operate by
first sensing the widths of bars and spaces in an input image and
then normalizing these sensed widths in accordance with a nominal

width "X" which is equivalent to the narrowest bar or space 1n

the symbology being decoded. Next, each normalized width 1is

+hresholded and classified as being one of a plurality prototype

widths. For example, in code 39 where each bar or space can

either be narrow (1X) or wide (2-3X), each normalized width 1s

thresholded against a value equivalent to 1l.75X. If the normal-
ized width is greater than 1.75X, then the element is determined
to be wide, otherwise the element 1s determined to be narrow. A
set of these thresholded widths representing a character 1n the
symbol being decoded is then matched against a reference table
which defines the character assignments for the symbology being
decoded. This decoding algorithm for Code 33 is set forth 1in
Appendix B of the Uniform Symbology Specification for Code 39,
dated 1986, published by the Automatic Identification Manufactur-

ers, Inc., Pittsburgh, Pennsylvania.
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Code 128 is also typically decéded using hard threshol-
ding. In Code 128, the normalized width of each bar or space 1is
either 1X, 2¥, 3X, or 4X and each Code 128 character 1s comprised
of three bars and three spaces. In Code 128, the normalized
widths of the sensed bars and spaces are used to calculate the
values Tl1l, T2, T3, T4 which respectively correspond to the (1)
distance from the leading edge of the first bar to the leading

edge of the second bar, (ii) the distance from the trailing edge
of the first bar to the trailing edge of the second bar, (iii)
the distance from the leading edge of the second bar to the
leading edge of the third bar, and (iv) the distance from the
trailing edge of the second bar to the trailing edge of the third
bar. Each calculated value T1, T2, T3, T4 is next normalized to
the dimension X and then classified as falling within one of six
potential width ranges. Finally, each value T1, T2, T3, T4 1is
determined to have a value equivalent to the midpoint of the
range in which it has been classified. A set of these threshold-
ed values T1, T2, T3, T4 representing a character in the symbol
being decoded is then matched against a reference table which
defines the character assignments for the symbology. This
decoding algorithm for Code 128 is set forth in Appendix B of the
Uniform Symbology Specification for Code 128, dated 1986, pub-
lished by the Automatic Identification Manufacturers, Inc.,

Pittsburgh, Pennsylvania.

Hard thresholding techniques often produce errors when
the normalized width value being thresholded falls near the edge

of a thresholding range. This is particularly the case when low

resolution images are used as the basis for calculating the
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normalized widths, because in such images the width of a bar or
space in the bar code symbol being imaged may be equivalent 1n
dimension to a single pixel in the 1mage used to sense The
symbol.

puring the decoding of bar code symbols represented by
low resolution images, it often happens that the bar code symbol
cannot be successfully decoded by an initial scan through the
symbol. Decoding systems recognize this condition when there has
been a checksum error, or when a set of thresholded values
representing one of the characters in the bar code symbol cannot
be successfully matched against any of the entries 1n the decode
reference table. In such situations, all the information repre-
senting the current scan of the bar code symbol is often thrown
away, and the bar code symbol 1is evaluated by scanning it again
(possibly through a different scan line) and attempting to
evaluate the width measurements sensed from this further scan.

It is an object of the present invention to provide an
improved system for decoding bar code symbols represented by low
resolution 1i1mages.

It is a further object of the present invention to
provide a system for decoding bar code symbols that 1s more
accurate and robust than hard thresholding methods.

It is a further object of the present invention to
provide a system for combining information from multiple scan

1ines to enhance the decoding process in those cases where a bar

code symbol cannot be successfully decoded by previous scan

lines.
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Further objects and advantages of the invention will

become apparent from the description which follows.

Summary of the Invention

A method and apparatus for decoding a pixel 1mage

representative of a bar code symbol. A bar code symbol is

scanned along a first scan line to determine a first set of
candidate character values, each candidate character value of

this first set having an error value associated therewith. If
the scanning along the first scan line results in an unsuccessful
reading of the bar code symbol, then the bar code symbol is
scanned along a second differing scan line to determine a second
set of candidate character values, each candidate character value
of this second set having an error value associated therewith.

Corresponding error values associated with the first and second

sets of candidate character values are next compared. For each
corresponding pair of candidate character values from the first

and second sets, the candidate character value having the

smallest associated error value is selected. A third set of
candidate character values is formed in accordance with the

selected candidate character values, and the bar code symbol 1s
decoded in accordance with the third set of candidate character

values.

Brief Description of the Drawings

FIGS. 1, 1A show a flow diagram illustrating the

operation of a system for decoding an individual character 1in a
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bar code symbol in accordance with a preferred embodiment of the

present invention.

FIG. 2 shows an exemplary set of feature vectors for
use in connection with the Code 39 symbology in accordance a

preferred embodiment of the present invention.

FIG. 3 shows an exemplary set of feature vectors for
use in connection with the Code 128 symbology in accordance with

a preferred embodiment of the present invention.

FIG. 4 shows the structure of a multi-order feature

vector for use in connection with the preferred embodiment of the

present invention.

FIGS. 5, S5A, 5B show a flow diagram illustrating the

operation of a system for decoding a bar code symbol using

multiple scan lines in accordance with a preferred embodiment of

the present invention.

FIG. 6 illustrates the operation of the system of FIG.

5 on an exemplary bar code symbol.

Detajled Description of the Preferred Embodiment

The present invention is directed to a symbology

identification and decoding system which includes (1) a method
and apparatus for decoding individual characters encoded using

bar code symbols, (iil) a method and apparatus for identifylng a

bar code symbology that is represented within a pixel image, and

(iii) a method and apparatus foOr decoding bar code symbols using
information from previous scan lines. The operation of each of

these aspects of the present invention 1is described in detail

below.
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Bar Code Character Decodiling System

Referring now to Figs. 1, 1A there is shown a flow
diagram illustrating the operation of a system 100 for Cdanoding
an individual character in a bar code symbol in accordance with a
preferred embodiment of the present invention. System 100
accepts as its input pixel image 102. Pixel image 102 may be a
low resolution image representative of a bar code symbol that has
been sensed by a CCD camera. Estimator 104 1is provided for
determining a plurality of bar width information estimates
representative of an encoded character from pixel image 102. 1In
the preferred embodiment, the bar width information estimates
determined by estimator 104 are grouped to form a multi-order
feature vector.

Referring still to Figs. 1, 1A, selector 106 1is
provided for selecting a prototype bar pattern from the character
set associated with the bar code symbology being decoded. Thus,
for example, if Code 39 were the symbology being decoded,
selector 106 might begin by selecting the prototype bar pattern
which corresponds to the letter "A". This prototype pattern
consists of the following: WB, NS, NB, NS, NB, WS, NB, NS, WB,
where "WB" represents a wide bar, "NB" represents a narrow bar,
"WS" represents a wide space, and "NS" represents a narrow space.
Selector 106 further provides a set of predetermined feature
values corresponding to the selected prototype bar pattern. In
the preferred embodiment, this set of predetermined feature
values is used to provide a predetermined multi-order feature

vector to subtractor 107. The multi-order feature vectors
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provided by estimator 104 and selector 106 will be described more

fully below 1n conjunction with figures 2, 3 and 4.

subtractor 107 is provided for comparing on a one-to-
one basis corresponding elements from the feature vectors
provided by estimator 104 and selector 106. In the preferred
embodiment, the feature vectors provided by estimator 104 and
celector 106 will include features from more than one order,
although single order feature vectors may be used. The structure
of a preferred feature vector for use in connection with the
decoding of bar code symbols that have been encoded in accordance
Wwith the Code 39 symbology 1s shown in Figure 2. A preferred
feature vector for Code 39 1includes the features from the zero,
first, second, third, fourth, fifth, sixth and seventh orders.
As shown in Figure 2, this includes nine zero order features (fg,
g0 g0 g0 g0 f£O £O  f£9, £f3) each of which represents the width
of a bar or space in the bar code symbol. In the feature vector
provided by estimator 104, all the feature values are based upon
estimates of these widths as determined from pixel image 102. In

the feature vector provided by selector 106, all the features

will represent predetermined ideal widths corresponding to a

selected prototype bar pattern.

Referring still to Figure 2, the preferred feature

vector used for decoding Code 39 also includes eight first order
features (fi, f!, fi, f3, f., £, fi, f3). 1In this first order,
fL fl, f!, f. represent the distance between the leading edges of

adjacent bars and fj, f3, fi, f) represent the distance between

the trailing edges of adjacent bars in the bar code symbol. The
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preferred feature vector further 1ncludes seven second order
features (f?%,, f%,, f¢%,, f%, f%,, f%, f%). 1In this second order, f£f<,
£2,, f?,, f° represent the distance between the leading edge of a
first bar and the trailing edge of the adjacent bar following the
first bar, and f?,, f%,, f?. represent the distance between the
trailing edge of a first bar and the leading edge of the second
bar following that first bar. The preferred feature vector for

Code 39 further includes six third order features (f3,, £°,, f£°,, £f°;,

£3,, f%.). 1In this third order, f°;,, £f’,, f’, represent the distance
between the leading edge of a first bar and the leadling edge of
the second bar following that first bar, and £°;,, f’;, f’. represent
the distance between the trailing edge of a first bar and the
trailing edge of the second bar following that first bar. Five
fourth order features (f',, £%, £f', f%, £f?,) are also included. In
this fourth order, f*,, f*, f% represent the distance between the
leading edge of a first bar and the trailing edge of the second
bar following that first bar, and f*,, f’ represent the distance
between the trailing edge of a first bar and the leading edge of
the second bar following that first bar. Four fifth order
features (f°,, f°,, £°,, f°;) are also provided. In the fifth order,
f°,, f°, represent the distance between the leading edge of a first
bar and the leading edge of the third bar following that first
bar, and f°,, f°, represent the distance between the trailing edge
of a first bar and the trailing edge of the third bar following
that first bar. Three sixth order features (f°, £f°%,6 £°) are

further provided. In the sixth order, f°, f£f° represent the

distance between the leading edge of a first bar and the
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trailing edge of the third bar following that first bar, and £9
represents the distance between the trailing edge of a first bar
and the leading edge of the fourth bar following that first bar.
Finally, two seventh order features (£7, f!) are provided. In
the seventh order, f, represents the distance between the leading
edgé of a first bar and the leading edge of the fourth bar
following that first bar, and f); represents the distance between
the trailing edge of a first bar and the trailing edge of the
fourth bar following that first bar. In accordance with the

preferred embodiment as applied to Code 39, the features from all
+he orders are concatenated to form a multi-order feature vector
as shown in Figure 4.

Referring now to Figure 3, the structure of a preferred

feature vector for use in connection with the decoding of bar
code symbols that have been encoded 1in accordance with the Code
128 symbology is shown. The preferred feature vector for Code
128 includes the features from the zero, first, second, third and
fourth orders. As shown in Figure 3, this includes six "“zero
order" features (f%, f%, £, £%, £%, f%) each of which represents
the width of a bar or space in the bar code symbol. The
preferred feature vector used for decoding Code 128 also 1ncludes
five "first order" features (f}, f£fi, £}, f3, fi). 1In this first
order, f., fl, f! represent the distance between the leading

edges of adjacent bars and fj, f; represent the distance between
the trailing edges of adjacent bars 1in the bar code symbol. The
preferred feature vector further includes four "second order"

features (f2, f2, f%, f3). In this second order, f2 and f35
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represent the distance between the leadlng edge of a first bar
and the trailing edge of the adjacent bar following the first
bar, and f2 and f% represent the distuance between the trailing
edge of a first bar and the leading edge of the second bar
following that first bar. The preferred feature vector further
includes three "third order" features (f3, fi, f3). In this
third order, f3 and f} represent the distance between the leading
edge of a first bar and the leading edge of the second bar
following that first bar, and f? represents the distance between
the trailing edge of a first bar and the trailing edge of the
second bar following that first bar. Finally, the preferred
feature vector for Code 128 includes two "fourth order" features
(f4, £3). In this fourth order, fy represents the distance
between the leading edge of a first bar and the tralling edge of
the second bar following that first bar, and f! represents the
distance between the trailing edge of a first bar and the leading
edge of the second bar following that first bar. 1In accordance

with the preferred embodiment, the features from all the orders
are concatenated to for a multi-order feature vector as shown 1in
Figure 4.

Referring now to Figure 4, there is shown the structure
of a preferred multi-order feature vector in accordance with the
present invention. A preferred feature vector includes all zero
order features corresponding to the symbology being decoded, as
well as all higher order features up to and including the (N-2)th
order, where N represents the total number of all bars and spaces

used to store a character in the symbology being decoded. AS
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described above in connection with Code 39 and Code 128, the zero

order features making up thils multi-order feature vector
represent the wicrths of the individual elements (bars/spaces) 1n

the bar symbol, the first order features represent the widths of
each adjacent pair of elements, the second order features

represent the widths of each adjacent group of three elements,

and so on.

In a further preferred embodiment, the preferred
feature vector includes all zero order features corresponding to
the symbology being decoded as well as all higher order features
up to and including the (N/2)th order. 1In this alternate

preferred embodiment, if (N/2) does not equal an integer, then

the value of (N/2) is rounded to the next highest integer value.
Thus, for Code 39 which uses a total of 9 bars and spaces to

encode each character, the feature vector will include orders
zero through five, and for Code 128 which uses a total of 6 bars

and spaces to encode each character, the feature vector will

include orders zero through three.

Referring again to Figure 1, subtractor 107 is provided
for determining on a one-to-one basis the differences between
corresponding elements from the feature vectors provided by
estimator 104 and selector 106. Thus, the difference between
each of the zero order features in the feature vector provided by
estimator 104 and each of the zero order features in the feature
vector provided by selector 106 1s determined; the difference
between each of the first order features in the feature vector

provided by estimator 104 and each of the first order features in

the feature vector provided by selector 106 1is determined; the
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difference between each of the second order features 1n the
feature vector provided by estimator 104 and each of the second
order features in the feature vector provided by selector 1176 1is
determined; and so on. More particularly, subtractor 107

determines each individual difference value (d) for the pair of

feature vectors in accordance with equation (1) below:

dk = |eX - p%¥|, k =0,...,(N=-2); i =0,...,(N=-K) (1)

where e represents an estimated feature vector value provided by

estimator 104, p represents a prototype feature vector value

provided selector 106, k represents each order associated with
both respective feature vectors, and i represents the index of
the feature in the kth order.

If the difference (d) 1n absolute value between any of
the corresponding features processed by subtractor 107 1is greater
than a threshold (T,), then the current prototype bar pattern 1is
rejected by comparator 108, a new prototype bar pattern is
selected from the character set, and the process 1s repeated by
subtractor 107 and comparator 108 using the multi-order feature
vector associated with the newly selected prototype bar pattern.
If the difference between each of the corresponding features

compared by comparator 108 does not exceed the threshold T,, then

storage means 110 stores the plurality of individual difference
values generated by calculator 107.
Next, summer 112 determines the Euclidian distance

between the two feature vectors provided by estimator 104 and

S e == w0 b T ORI SR 361 Al 1 1 P TTIRN BN DA AP LA E T T A AT I BN 8 4 e TTe e B e
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selector 106 by determining a composite distance value (Deogp) in

accordance with equation (2) below:

(2)

Deomp = SArt (L L (d%)?), k = 0,...,(N=2); 1 =20,..., (N-K)
k i

This composite distance D.., represents the Euclidian distance
between the feature vector provided by estimator 104 and the

feature vector associated with the prototype bar pattern selected
by selector 106. Thus, for each prototype bar pattern chosen by

selector 106, a composite distance me,corresponding to that

prototype bar pattern will Dbe generated by summer 112 so long as

the prototype bar pattern had not been rejected by comparator
108. Summer 112 preferably normalizes each D.., value by
dividing each D..., value by the number of orders in the multi-
order feature vectors provided to subtractor 107. Comparator 1l1l4
compares this normalized D g value to a second threshold (T,).
I1f T, has been exceeded, then the current prototype bar pattern
is rejected; otherwise the Deomp Value determined for the current
prototype bar pattern is stored in storing means 115. 1In an
alternate embodiment, the composite distance value Deomp May be
calculated by summing the absolute values of each individual
difference value d, as opposed to using a Euclidian distance
calculation. In this alternate embodiment, each D, Value 1s

preferably normalized by dividing each D, value by the number
of orders in the multi-order feature vectors provided to

subtractor 107.
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After all the prototype bar patterns have been selected
and processed as set forth above, selector 116 evaluates all the
composite distance values stored in storing means 115 and selects
the minimum composite distance value (D,,). If no composite
distance values were stored in storing means 115, then the system
determines that the sensed character could not be successfully
decoded: otherwise the sensed character is determined to be
character from the reference table associated with the prototype
bar pattern corresponding to Dg,,.

Individual character decoding system 100 may be
implemented on a digital microprocessor or on a general purpose
processor. In the preferred embodiment, the widths of the

feature values provided by estimator 104 and selector 106 are
normalized to the width of the narrowest bar or space 1n the

symbology being decoded. When the present invention is applied
to decode the Code 39 symbology, T, and T, are preferably set at
2.0 and 1.5, respectively. Similarly, when the present invention

is applied to decode the Code 128 symbology, T, and T, are

preferably set at 1.0 and 0.75, respectively.

. Bar Code Symbolo Identification System
b / L |
¥L*h / ) The(g;;:;;fEhown in Figures 1, 1A and described above

\""\_._ _.___,,“M

may be employed to decode both data characters and control

characters (such as stop/start characters)'from bar code symbols

within pixel image 102. Thus, in accordance with a further

N,
aspect of the present invention, thegé;;tem:pf Figure 1, 1A may
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symbols within pixel 1mage 102. During the symbology
identification mode, selector 106 selects a feature vector
representing one of a plurality of prototype bar patterns eacn of
which corresponds to a particular start/stop character. 1In this

mode, selector 106 preferably selects from a set feature vectors

corresponding to a plurality of start/stop characters
representing more than one bar code symbology. Subtractor 107

then determines in accordance with equation (1) above the

differences between corresponding elements from the feature

vector provided by selector 106 and a feature vector provided by
estimator 104 that is representative of the sensed pixel 1image
102. If the difference between any of the corresponding features
evaluated by subtractor 107 1s greater than the threshold T,,
+hen the current prototype bar pattern (corresponding to a given

start/stop character) is rejected by comparator 108, a new

prototype bar pattern (corresponding to a different start/stop
character) is selected, and the process 1s repeated by subtractor
107 and comparator 108 using the feature vector associated with
the newly selected prototype bar pattern. If the difference
between any of the corresponding'features evaluated by subtractor
107 does not exceed the threshold T,, then the plurality of
individual difference values determined by subtractor 107 are
stored by storage means 110. Next, summer 112 determines the
Fuclidian distance between the two feature vectors provided by
estimator 104 and selector 106 by determining a composite

distance value (D.,) 1n accordance with equation (2) above.

Thereafter, for each prototype bar pattern chosen by selector
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106, a composite distance D, corresponding to that prototype

bar pattern will be generated by summer 112 sO lOng as the
prototype bar pattern had not been rejecved by comparator 108.

Summer 112 preferably normalizes each D, value by dividing each

Deomp Value by the number of orders in the multi-order feature
vectors provided to subtractor 107. Comparator 1ll4 compares this

normalized D, value to a second threshold (T;). If T, has been
exceeded, then the current prototype bar pattern 1s rejected:

otherwise the D, Vvalue determined for the current prototype bar
pattern is stored in storing means 115. After all the prototype

bar patterns (corresponding to all the potential start/stop
characters) have been selected and processed as set forth above,

selector 116 evaluates all the composite distance values stored
in storing means 115 and selects the minimum composite distance
value (D_..). If no composite distance values were stored in
storing means 115, then the system determines that the sensed

character does not represent a start/stop character; otherwise
the sensed character is determined to be the start/stop character

from the reference table associated with the prototype bar

pattern corresponding to Dg,.

Decoding Using Multiple Scan Line Information

Referring now to FIGS. 5, 5A, 5B, there is shown a flow

diagram illustrating the operation of a system 500 for decoding a
bar code symbol using multiple scan lines passing through the bar

code symbol in accordance with a preferred embodiment of the

present invention. System 500 accepts as its input pixel 1image
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502. Pixel image 502 may be a low resolution 1mage
representative of a bar code symbol that has been sensed by a CCD
camera. Character selector 504 is provided for selecting an
encoded character from pixel image 504 for decoding. Individual
character decoder 506 is provided for attempting to decode the
encoded character provided by selector 504. Decoder 506
functions substantially in accordance with system 100 described
above. However, in addition to the functions performed Dby system

100, decoder 506 outputs a value ERR which is set to the value of

D_,. when an individual character has been successfully decoded.
Tn those situations where decoder 506 1is unable to decode an
individual character, ERR is set to the value -1. S5can line

ending means 508 is provided for determining whether all the

encoded characters in the current scan line have been processed
by decoder 506. After all the encoded characters (including the
checksum character) in the current scan line have been processed
by decoder 506, comparator 510 compares each of the ERR values
output by decoder 506 during decoding of the current scan line to
-1. If none of the ERR values were set to -1, then comparator
512 evaluates the decoded character values to determine whether
there is a checksum error. If there has been no checksum error
and none of the ERR values were set to -1, then system 500
determines that the bar code symbol has been successfully decoded
by the first scan line.

If comparator 510 determines that at least one of the
ERR values output by decoder 506 was set to -1, or 1f comparator

512 determines that a checksum error is present, then new scan
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line selector 514 selects a new scan line passing through the bar
code symbol (different from current scan line) for processing and
pemory means 516 saves the ERR values output by decoder 506
during decoding of the previous scan line. Next, decoding means
518 attempts to decode each individual encoded character in the
newly selected scan line. Decoder 518 functions 1in substantially
the same manner as decoder 506 described above. Thus, decoder

518 will output a value ERR which is set to the value of D, when

an individual character has been successfully decoded and, 1n
those situations where decoder 513 1s unable to decode an
individual character, the value of ERR will be set to -1.
Selector 520 is provided for selecting corresponding
pairs of ERR values from the current and previous scan lines for
comparison. For purposes of selector 520, the ERR values
corresponding to the first character in the current scan line and
the first character in the previous scan line represent a
corresponding pair of ERR values; the ERR values corresponding to
the second character in the current scan line and the second
character in the previous scan line represent a corresponding

pair of ERR values; and so on. Each pair of corresponding ERR

values selected by selector 520 is provided to comparator 522.

If the ERR value for the selected character 1n the current scan
line is greater than the ERR value for the corresponding selected
character in the previous scan line, then character substitution
means 524 replaces the decoded character value and the ERR value
for the selected character in the current scan line with the

decoded character value and ERR value from the corresponding
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selected character in the previous scan line. The operatiocn of
substitution means 524 1is described further below by means of an

example in connection with Figure 6.

After all the corresponding pairs of ERR values for the
current and previous scan lines have been processed by selector
520 and comparator 522, comparator 526 compares each of the ERR
values corresponding to the current scan line to -1. If none of
the ERR values were set to -1, then comparator 528 evaluates the
decoded character values in the current scan line to determine
whether there is a checksum error. If there has been no checksum

error and none of the ERR values are set to -1, then system 500

determines that the bar code symbol has been successfully decoded
by the current scan line. If comparator 526 determines that at
least one of the ERR values in the current scan line 1s set to
-1, or if comparator 528 determines that a checksum error is
present, then a further new scan line is selected and the process
is repeated from selector 514. 1In the preferred embodiment,
system 500 will select up to seven scan lines 1n order to attempt
to decode a bar code symbol. If, after the processing of these
seven scan lines, either an ERR value of -1 or a checksum error
remains, then system 500 determines that the bar code symbol
being evaluated cannot be successfully decoded. Decoding systemn
500 may be implemented on a digital microprocessor or on a
general purpose processor.

In an alternate embodiment of the present invention

(not shown), system 500 may be configured so that comparators 512

and 528 are removed from the system. In this alternate

embodiment, system 500 will determine that a bar code symbol has
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been successfully decoded so long as none of the ERR values 1in
the scan line were set to -1. This alternate embodiment, which

does not consider the »resence of checksum errors 1n determining

whether a bar code symbol has been successfully decoded, may be

employed to decode versions of the Code 39 symbology which do not

employ a checksum character.
Referring now to Figure 6, the operation of system 500

in general and character substitution means 524 in particular
during multiple scan lines is illustrated in connection with the
decoding of an exemplary bar code symbol 600. Bar code symbol
600 has been encoded in accordance with the code 39 symbology and
includes the following six encoded data characters: "0", "1%,
won n3m  man and "s", In the example shown, decoder 506
attempts to decode symbol 600 by traversing Scan Line 1 and
sequentially attempting to decode each data character along that
scan line. In connection with this first scan line, decoder 506
respectively decodes the first, second, fourth, fifth and six
data characters in symbol 600 as "A", "i", "M", "4" and "5". 1In
addition, decoder 506 outputs an ERR value of 0.91 for the first
data character, an ERR value of 0.52 for the second data
character, an ERR value of 0.95 for the fourth data character, an

ERR value of 0.01 for the fifth data character, and an ERR value

of 0.10 for the sixth data character. In Scan Line 1, decoder

506 was unable to successfully decode the third data character in

bar code symbol 600 and the ERR value for this data character was

therefore assigned the value of -1.

In the example of Figure 6, since all the characters 1in

bar code symbol 600 were not successfully decoded by the first
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scan line, the character and ERR values from the first scan line
are saved and system 500 proceeds to Scan Line 2. In the example

shown, during the decoding of the first data character along Scan

Line 2, decoder 518 outputs an ERR value greater than 0.91.
Since during the decoding along the first scan line, the first
data character was decoded 1n accordance with an ERR wvalue of
0.91, the character and ERR values from the first scan line (VA"
and 0.91) are substituted by substitution means 524 1n place of
the decoder output for the first data character that resulted
from Scan Line 2. During the decoding of the second data

character along Scan Line 2, decoder 518 assigns a “"1" to the

second data character and an associated ERR value of 0.40. Since

during the decoding along the first scan line, the second data

character was decoded as a “1" in accordance with an ERR value of

0.52, the character and ERR values from the second scan line (V1"
and 0.40) are retained in the second scan line by substitution
means 524. During the decoding of the third data along Scan Line
2, the third data character 1is decoded as “2" and decoder 518
outputs an associated ERR value for this data character of 0.589.
Since during the decoding along the first scan line, the third
data character was decoded in accordance with an ERR value of -1

(i.e., the third data character could not be successfully decoded

by the first scan line) the character and ERR values for the
third data character from Scan Line 2 (“"2" and 0.59) are retained
in the second scan line by substitution means 524. During the
decoding of the fourth, fifth and sixth data characters along
Scan Line 2, decoder 518 respectively outputs ERR values greater

than 0.95, 0.01 and 0.10. Since during the decoding along the
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first scan line, the fourth, fifth and sixth data characters were
respectively decoded in accordance with ERR values of 0.95, 0.01

and 0.10, the character and associated ERR values for the fourth,
£ifth and sixth data characters from the first scan line are

substituted by substitution means 524 in place of the decoder

outputs for the fourth, fifth and sixth data characters that

resulted from Scan Line 2.

In the example of Figure 6, since two of the data
characters in bar code symbol 600 were not correctly decoded by

the first or second scan lines (1.e., the first and fourth data

characters), the checksum for the bar code symbol (not shown)
will result in a checksum error. Thus, the character and ERR
values from the current scan line will be saved, and system 500
proceeds to Scan Line 3. During the decoding of the first data

character along Scan Line 3, decoder 518 assigns a “0" to the

first data character and an associated ERR value of 0.20. since
during decoding along a previous scan line, the first data

character was decoded as a “A” 1n accordance with an ERR wvalue of

0.91, the character and ERR values from the current scan line
(“0" and 0.20) are retained 1n the current scan line by
substitution means 524. During the decoding of the second,

third, fourth, fifth and sixth data characters along oscan Line 3,

decoder 518 respectively outputs ERR values greater than 0.40,
0.59, 0.95, 0.01 and 0.10. Since during the decoding along a
previous scan line, the second, third, fourth, fifth and sixth
data characters were respectively decoded in accordance with ERR
values of 0.40, 0.59, 0.95, 0.01 and 0.10, the character and ERR

values for the second, third, fourth, fifth and sixth data
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characters from the previous scan line are substituted by

substitution means 524 in place of the decoder outputs for the

second, third, fourth, fifth and sixth data characters that

resulted from Scan Line 3.

Referring still to the example of Figure 6, since one
of the data characters in bar code symbol 600 was not correctly
decoded by the first, second or third scan lines (i.e., the
fourth data character), the checksum for the bar code symbol (not
shown) will result in a checksum error. Thus, the character and
FRR values from the current scan line will be saved, and system
500 proceeds to Scan Line 4. During the decoding of the first
and second data characters along Scan Line 4, decoder 518
respectively outputs ERR values greater than 0.20 and 0.40.

Since during decoding along a previous scan line, the first and

second data characters were respectively decoded 1in accordance
with ERR values of 0.20 and 0.40, the character and ERR values

for the first and second data characters from the previous scan

line are substituted by substitution means 524 in place of the
decoder outputs for the first and second data characters that

resulted from Scan Line 4. During the decoding of the third data

character along Scan Line 4, decoder 518 assigns a "2" to the
third data character and an assoclated ERR value of 0.09. Since

during decoding along a previous scan line, the third data

character was decoded as a "2" in accordance with an ERR value of

0.59, the character and ERR values from the current scan line
(*2" and 0.09) are retained in the second scan line by

substitution means 524. During the decoding of the fourth, fifth

and sixth data characters along Scan Line 4, decoder 518
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respectively outputs ERR values greater than 0.95, 0.01 and 0.10.

Since during decoding along a previous scan line, the'fourth,-
fifth and sixth data characters were respectively decoded in
accordance with ERR values of 0.95, 0.01 and 0.10, the character
and ERR values for the fourth, fifth and six data characters from
the previous scan line are substituted by substitution means 524
in place of the decoder outputs for the fourth, fifth and sixth
data characters that resulted from Scan Line 4.

Referring still to the example of Figure 6, since one

of the data characters in bar code symbol 600 was not correctly

decoded by the first, second, third or fourth scan lines (i.e.,
the fourth data character), the checksum for the bar code symbol
will result in a checksum error. Thus, the character and ERR
values from the current scan line will be saved, and system 500
proceeds to Scan Line 5. During the decoding of the first,
second and third data characters along Scan Line 5, decoder 518
respectively outputs ERR values greater than 0.20, 0.40 and 0.09.
Since during decoding along a previous scan line, the first,
second and third data characters were respectively decoded in
accordance with ERR values of 0.20, 0.40 and 0.09, the character
and ERR values for the first, second and third data characters
from the previous scan line are substituted by substitution means
524 in place of the decoder outputs for the first, second and
third data characters that resulted from Scan Line 5. During the

decoding of the fourth data character along the fifth scan line,

decoder 518 assigns a "3" to the fourth data character and an
associated ERR value of 0.15. Since during decodlng along a

previous scan line, the fourth data character was decoded as a
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"M" in accordance with an ERR value of 0.95, the character and
FRR values from the current scan line ("3" and 0.15) are retained
in the current scan line by substitution means 2n4. During the
decoding of the fifth and sixth data characters along Scan Line
5, decoder 518 respectively outputs ERR values greater than 0.01

and 0.10. Since during decoding along a previous scan line, the

fifth and sixth data characters were respectively decoded in
accordance with ERR values of 0.01 and 0.10, the character and
FRR values for the fifth and six data characters from a previous
scan line are substituted by substitution means 524 in place of
the decoder outputs for the fifth and sixth data characters that
resulted from Scan Line 5.

In the example of Figure 6, after the completion of
Scan Line 5, system 500 will have successfully decoded all the
data characters in bar code symbol 600, no checksum error will be
present, and comparator 528 will indicate that bar code symbol
600 has been successfully decoded.

The present invention may be embodied in other specific
forms without departing from the spirit or essential attributes
of the invention. Accordingly, reference should be made to the
appended claims, rather than the foregoing specification, as

indicating the scope of the invention.
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What 1s claimed 1is:

1. A method for decoding a pixel image representative of a

bar code symbol comprising a plurality of encoded characters
each of which corresponds to one of a plurality of prototype
bar patterns, comprising the steps of:

(a) scanning said bar code along a first scan line to
determine a first set of candidate character wvalues, each
candidate character wvalue of said first set having an error
value associated therewith;

(b) 1f said scanning along said first scan line results

1n an unsuccessful reading of said bar code symbol, scanning
sald bar code symbol along a second differing scan line to
determine a second set of candidate character wvalues, each
candidate character value of said second set having an error
value associliated therewith;

(c) comparing corresponding error values associated with
sald first and second sets of candidate character values;

(d) for each corresponding pair of candidate character
values from said first and second sets, selecting said
candidate character value having a minimum associated error
value;

(e) forming a third set of candidate character values in
accordance with said selected candidate character values: and

(E) decoding said bar code symbol in accordance with

sald third set of candidate character values.

2 . The method of claim 1, wherein said scanning along said
first scan line will result in an unsuccessful reading of said
bar code symbol if at least one of said plurality of encoded

character values i1s not successfully decoded along said firs

/’-'._,—F'-.‘-..F
r

scan line.
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3. The method of claim 2 wherein said scanning along said

first scan line will result in an unsuccessful reading of said

bar code symbol i1f said scanning along said first scan line

results 1n a checksum error.

4 . The method of claim 1, wherein each of said prototype bar
patterns has a set of predetermined bar width feature values
assoclated therewith, and wherein step (a) comprises the steps

of:

(1) determining a set of bar width information

estimates representative of a selected encoded character in
sald bar code symbol;

(11) selecting a prototype ©bar pattern for
comparison;
(111) comparing sald set of bar width information

estimates to a selected set of predetermined prototype bar
width feature values to determine a plurality of individual
difference values, wherein each of said individual difference
values represents the difference between one of said bar width
information estimates and a corresponding predetermined bar
width feature wvalue, and wherein said selected set of
predetermined bar width feature values corresponds to said
prototype bar pattern selected in step (ii);

(1iv) calculating a composite distance value
corresponding to said prototype bar pattern selected in step
(11) 1in accordance with each of said individual difference
values;

(v) generating a plurality of composite distance
values corresponding to a plurality of differing prototype bar
patterns by repeating steps (ii) - (iv);

(vi) selecting from said plurality of composite

distance values the minimum composite distance value;

(vii) determining a candidate character value for

said selected encoded character in accordance said prototype
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distance value;

(viii) determining said associated error value for
said candidate character value to be said minimum composite
distance value; and

(1x) repeated steps (i)-(viii) for each encoded

character 1n said bar code symbol.

oo

5. The method of claim 4, wherein said set of bar width

information estimates is comprised of a multi-order feature

vector.

6 . The method of claim 4, wherein step (iii) further
comprises comparing on a one-to-one basis corresponding
elements from said set of bar width information estimates and

sald selected set of predetermined prototype bar width feature

values.

7 . An apparatus for decoding a pixel image representative of
a bar code symbol comprising a plurality of encoded characters
each of which corresponds to one of a plurality of prototype
bar patterns, comprising:

(a) means for scanning said bar code along a first scan
line to determine a first set of candidate character values,
each candidate character wvalue of said first set having an
error value associated therewith;

(b) means for scanning said bar code symbol along a
second differing scan line to determine a second set of
candidate character values if said scanning along said first

scan line results in an unsuccessful reading of said bar code

symbol, each candidate character value of said second set

having an error value associated therewith;
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(c) a comparator for comparing corresponding error
values associated with said first and second sets of candidate
character values;

(d) means for selecting, for each corresponding pair of
candidate character values from said first and second sets,
sald candidate character value having a minimum associated
error value;

(e) means for forming a third set of candidate character
values 1n accordance with said selected candidate character
values; and

(f) a decoder for decoding said bar code symbol in

accordance with said third set of candidate character values.

8. The apparatus of claim 7, wherein each of said prototype
bar patterns has a set of predetermined bar width feature
values associated therewith, and wherein said means for
scanning salid bar code symbol along said first scan line
comprises:

(1) means for determining a set of bar width

information estimates representative of a selected encoded

character 1n said bar code symbol;

(11) a first selector for selecting a prototype bar
pattern for comparison;

(111) means for comparing said set of bar width
information estimates to a selected set of predetermined
prototype bar width feature values to determine a plurality of
individual difference values, wherein each of said individual
difference values represents the difference between one of said
bar width information estimates and a corresponding
predetermined bar width feature wvalue, and wherein said
selected set of predetermined bar width feature values

corresponds to said prototype bar pattern selected by said

first selector;
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(1v) means for calculating a composite distance
value corresponding to said prototype bar pattern selected by

sald first selector in accordance with each of salid individual

difference values:

(v) means for generating a plurality of composite
distance values corresponding to a plurality differing
prototype bar patterns;

(vi) a second selector for selecting from said plurality
of composite distance wvalues the minimum composite distance

value;

(vii) means for determining a candidate character

value for said selected encoded character in accordance said

prototype bar pattern associated with said selected minimum

composite distance value; and
(viii) means for determining said associated error
value for said candidate character value to be sgaid minimum

composite distance value.

9. The apparatus of claim 8, wherein said set of bar width
information estimates is comprised of a multi-order feature

vector.

10. The apparatus of claim 8, wherein said means for
comparing further comprises means for comparing on a one-to-one
basis corresponding elements from said set of bar width

information estimates and said selected set of predetermined

prototype bar width feature values.
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