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APPARATUS AND METHOD FOR CORRECTING
BAR WIDTH, BAR CODE READER, AND
METHOD FOR DECODING BAR CODE

[0001] This is a continuation of Application PCT/JP
99/00483 filed on Feb. 4, 1999, now abandoned

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to an apparatus and
method for correcting a bar width, a bar code reader, and a
method for decoding a bar code.

[0004] 2. Description of the Related Art

[0005] In recent years, as represented by POS systems in
distributors, the management of goods or the like is gener-
ally performed by bar codes. For example, in a POS system
of shops, information such as the type and a price of goods
is coded into the format of a bar code, and the bar code is
printed on the goods. Thereafter, checkout is performed by
reading the bar code on a cash disk, and the number of sold
goods are counted on real time. The number of sold goods
is used in stock management and buying management.

[0006] In order to correctly read a read bar code, the bar
width of each of bars constituting the bar code must be
correctly recognized. For this reason, some methods for
correcting the bar widths of the read bar code are proposed.
As one of the problems in the bar width correction, a
problem that the bars of the bar code are thickened or
thinned by the degradation of print quality of the bar code is
known.

[0007] A conventional bar width correcting method is
effective when the bar widths of a bar code are uniformly
thickened or thinned. However, when the bar widths of a bar
code are locally thickened or thinned by bending or the like
when the bar code is pasted on a curved surface, the bar
widths are not effectively corrected, and the bar code may be
erroneously read. An example in which bar width correction
is not effectively performed will be described below.

[0008] As one of bar codes having low print quality, a bar
code in which the width of a black bar of the bar code is
thickened or thinned. A method in which the influence of
uniform thickening or thinning of a black bar caused by
printing a bar code is removed by using a delta distance to
prevent the bar code from being erroneously read is known.

[0009] More specifically, as shown in FIG. 11, with ref-
erence to a bar code (see FIG. 11(A)) having normal black
bars, when a bar code (see FIG. 11(B)) having a thick black
bar or a bar code (see FIG. 11(C)) having a thin black bar
exists, a black bar portion and a white bar portion of the bar
code are read as continuous values so as to detect delta
distances T1 and T2. More specifically, the widths of d bar
and ¢ bar of each bar code shown in FIG. 11 are detected as
the delta distances T1, and the widths of ¢ bar and b bar are
detected are detected as the delta distances T2. Thereafter,
the number of modules in the delta distances T1 and T2 are
detected.

[0010] As shown in FIG. 12, a first decoding table 61 in
which character values are stored in correspondence with the
number of modules of the delta distances T1 and T2 is
prepared, and the character values corresponding to the delta
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distances T1 and T2 are detected from the first decoding
table 61, so that the character of the bar code is decided.

[0011] When the character is decided by the number of
modules of the delta distances T1 and T2, as is apparent
from FIG. 12, an odd number “1” (O1) and an odd number
“7” (07) satisfy T1=3 and T2=4. For this reason, 01 cannot
be discriminated from 07. Similarly, since an even number
“2” (E2) and an even number “8” (E8) satisfy T1=3 and
T2=3, E2 and E8 cannot be discriminated from each other.

[0012] For this reason, the values of characters are O1 and
07 or E2 and ES8, the number of modules of black bars
existing in the delta distance T1 is calculated to discriminate
the characters from each other. More specifically, the num-
ber of modules of the d bar shown in FIG. 11 is calculated.
A second decoding table 62 shown in FIG. 13 is prepared,
the character value corresponding to the number of modules
of the d bar is detected from the second decoding table 62.
In this manner, a character is specified.

[0013] For example, when a delta distance satisfies T1=3
and T2=4, and the number of modules of d bar is 1, a
character value is “O1”. When the number of modules of the
d bar is 2, a character value is “O7”. Similarly, when a delta
distance satisfies T1=3 and T2=3, and when the number of
modules of d bar is 2, a character value is “E2”. When the
number of modules of the d bar is 1, the character value is
“E8”.

[0014] As described above, the width of a black bar is
thickened or thinned depending on a print state. For this
reason, when the number of modules of the black bar is
directly calculated, the number of modules may be errone-
ously calculated. For this reason, in a conventional tech-
nique, bar width data of black bars (to be referred to as “X
bars”) of a character (or any one of guard bars and center
bars) immediately before decoding is completed is used on
the assumption that the black bars of the bar code are
uniformly thickened or thinned, so that the width of d bar is
corrected (to be referred to as a “correction decoding pro-
cess”: see Japanese Patent Application Laid-Open (JP-A)
No. 6-360065).

[0015] More specifically, for example, when correction
decoding of a character shown in FIG. 14 is performed in a
forward direction (direction from a start guard bar to an end
guard bar), the widths (bar width count values) of black bars
(b bar and d bar) of a character to be decoded are set to be
bl and b3, respectively, and the bar width data (bar width
count value) of an X bar is set to be bv. When the initial
values of the bar widths are represented by Bv, B1, and B3,
respectively, and when the differences between the ideal
values and actual bar widths are represented by Av, Al, and
A3, respectively,

By=bv+Av Equation (1)
B1=b1+Al Equation (2)
B3=b3+A3 Equation (3)
Ax=A1~A3 Equation (4) (assumption)
[0016] are satisfied. Here, the difference between Bv and

B1 and the difference between Bv and B3 are calculated, on
the basis of Equation (1) and Equation (2),
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Bv—Bl =(bv+Av)— (bl +Al) Equation (5)

= (bv +bI)+(Av - Al)

~bv-bl

[0017] is satisfied. Similarly, on the basis of Equation (1)
and Equation (3),

By-B3~bv-b3 Equation (6)

[0018] is satisfied. The Equation (5) and Equation (6)
show that an error caused by printing or the like can be
removed by calculating a difference between the bar widths
of adjacent bars. In this case, when the number of modules
of Equation (5) is calculated, the following is satisfied.
However, the number of modules is represented as a symbol
MOD (bar width count value).

MOD(Bv-B1)=MOD(bv-b1)

[0019] Here, since Bv and B1 represent ideal bar widths,
respectively, Bv and B1 can be divided as follows:

Equation (5)'

MOD(Bv-B1)=MOD(Bv)-MOD(B1).
[0020] Therefore, Equation (5)' is also expressed by:

MOD(Bv) — MOD(B1) = MOD(bv — bl) Equation (5)”

- MOD(B]) = MOD(Bv) — MOD(bv — bl)

[0021] Equation (5)" represents that the ideal number of
modules MOD(B1) of the d bar is calculated when
MOD(bv-b1) is calculated and when MOD(bv-b1) is sub-
tracted from the ideal number of modules MOD(Bv) of the
bar X. Similarly, the following equation is satisfied:

[0022]  MOD(B3)=MOD(Bv)-MOD(b-bv),
[0023]
[0024] so that the ideal number of modules MOD(B3) of

the b bar can be calculated. A character value corresponding
to the ideal number of modules MOD(B1) of the d bar is read
from the second decoding table 62, and the character value
is set as a character value of a character to be decoded.

[0025] However, the correction decoding described above
is performed on the assumption that the black bars of a bar
code are uniformly thickened or thinned. For this reason,
when the black bars of the bar code are locally thickened or
thinned when the bar code is pasted on a curve surface, the
number of modules of the d bar is erroneously calculated,
and a character may be erroneously specified.

[0026] In this manner, in the conventional bar width
correction, a bar width may not be able to be corrected when
the bar width is not uniformly thickened or thinned.

SUMMARY OF THE INVENTION

[0027] Ttis an object of the present invention to provide an
apparatus and method for correcting a bar width can appro-
priately correct a bar width even though thickening and
thinning of the bar width of a bar code are not uniform.

Aug. 23,2001

[0028] It is another object of the present invention to
provide a bar code reader which suppresses a decoding
mistake of a character in a correction decoding process and,
thereby, can prevent a bar code from being erroneously read,
and a method for decoding a bar code therefor.

[0029] The present invention employs the following con-
figuration to accomplish the above objects. More specifi-
cally, the first aspect of the present invention is an apparatus
for correcting a bar width. The apparatus comprises: a
detecting section for calculating a reference bar width serv-
ing as a reference of bar widths; a first calculation section for
calculating an average value of a plurality of reference bar
widths; a second calculation section for calculating an error
value between a bar width of a bar to be corrected and the
reference bar width calculated by the detecting section; and
a correcting section for correcting the bar width of the bar to
be corrected by using the calculated average value when the
calculated error value is not less than a predetermined value
and for correcting the bar width of the bar to be corrected by
the calculated reference bar width when the calculated error
value is less than the predetermined value.

[0030] According to the first aspect, when the error value
is not less than the predetermined value, the bar width of the
bar to be corrected is corrected by the average value. For this
reason, even though the bar widths are not uniformly thick-
ened or thinned, the bar widths can be corrected.

[0031] The second aspect of the present invention is a bar
code reader comprises: a bar code data detecting section for
scanning a bar code having a plurality of characters to detect
bar code data; and a decoding section for decoding the bar
code data detected by the bar code data detection section
every character, the decoding section comprising: a first
detecting section for calculating a reference bar width serv-
ing as the reference of the width of a bar to be corrected
included in a character to be decoded and used in decision
of the character in decoding of each character; an second
detecting section for calculating an average value of a
plurality of reference bar widths; a third detecting section for
calculating a precision difference between the reference bar
width and the bar width of the bar to be corrected; and a
correcting section for correcting the bar width of the bar to
be corrected by using the calculated average value when the
calculated precision difference is not less than a predeter-
mined value.

[0032] According to the second aspect, when the precision
difference between the reference bar width and the width of
the bar to be corrected is not less than the predetermined
value, a correction process for the bar to be corrected is
performed by using the average value. For this reason, the
precision of correction decoding can be made to be larger
than that of a conventional technique, and a bar code can be
prevented from being erroneously prevented by a decoding
mistake of a character.

[0033] The bar code used in the present invention is, e.g.,
a WPC (EAN code, JAN code, or the like).
BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1is a diagram of a bar code reader according
to an embodiment of the present invention.

[0035] FIG. 2 is a diagram showing an example of the bar
code shown in FIG. 1.
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[0036] FIG. 3 is a flow chart showing a bar code decoding
process performed by the CPU shown in FIG. 1.

[0037] FIG. 4 is a flow chart showing a 1-character
decoding process shown in FIG. 3.

[0038] FIG. 5 is a flow chart showing the black bar
precision check process shown in FIG. 4.

[0039] FIG. 6 is a flow chart showing the module decision
check process shown in FIG. 5.

[0040] FIG. 7 is a flow chart showing a d bar precision
check process shown in FIG. 4.

[0041] FIG. 8 is a diagram showing the relationship
between a character length and the number of modules in
this embodiment.

[0042] FIG. 9 is a diagram for explaining a precision
counter in the module precision check process shown in
FIG. 6.

[0043] FIG. 10 is a diagram for explaining a precision
counter in the d bar precision check process shown in FIG.
7.

[0044] FIG. 11 is a diagram for explaining a delta distance
by thickening and thinning of a black bar.

[0045] FIG. 12 is a diagram for explaining a first decoding
table.

[0046] FIG. 13 is a diagram for explaining a second
decoding table.

[0047] FIG. 14 is a diagram for explaining a conventional
correction decoding process.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0048] The best mode of an embodiment for carrying out
the invention will be described below with reference to the
drawings.

[0049] <Configuration of Bar Code Reader>

[0050] FIG. 1 is a block diagram showing a schematic
configuration of a bar code reader including an apparatus for
correcting a bar width according to the present invention.
The bar code reader reads a bar code 21 according to UPC/A
and EAN-13 of WPC code.

[0051] FIG. 2 is a diagram showing an example of the bar
code 21 shown in FIG. 1. Referring to FIG. 2, the bar code
21 has guard bars, i.e., a start guard bar (SGB: left guard bar
(LGB)) and an end guard bar (EGB: right guard bar (RGB))
and a center bar (CB), and has a left data block constituted
by 6 characters sandwiched by the SGB and the CB and a
right data block constituted by 6 characters sandwiched by
the CB and the EGB. Each character is constituted by 7
modules, and each module is constituted by two white bars
(a bar and ¢ bar) and two black bars (b bar and d bar). Each
black bar is constituted by 1 to 4 modules depending on the
value of a character.

[0052] In FIG. 1, the bar code reader has a CPU 1, a bar
width data storage buffer 2, a control section circuit 3, an
interface circuit 4, a ROM 5, and a RAM 6 which are
connected to each other through a bus B. The bar code reader
has a bar width counter 16 connected to the bar width data
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storage buffer 2, a clock 19 and an A/D converter 15 which
are connected to the bar width counter 16, and a light-
receiving element 18 connected to the A/D converter 15. In
addition, the bar code reader has a motor drive circuit 8, a
laser drive circuit 9, a loudspeaker 10 and an LED 11
connected to the control section circuit 3, a motor 12
connected to the motor drive circuit 8, a scanning optical
system 14 driven by the motor 12, and a semiconductor laser
13 connected to the laser drive circuit 9.

[0053] The ROM 5 is a read-only memory in which a bar
code recognition/decoding process program is stored. The
CPU 1 executes the bar code recognition program and the
decoding process program stored in the ROM § to control
the bar code reader as a whole, and decodes bar width data
groups obtained by reading the bar code 21 to reproduce data
corresponding to the entire bar code 21.

[0054] The interface circuit 4 controls the status of the bus
B and controls data transmission or the like to an upper level
machine (upper level computer) 201.

[0055] The control section circuit 3 controls the motor
drive circuit 8, the laser drive circuit 9, the loudspeaker 10,
and the light-emitting diode (LED) 11. The motor drive
circuit 8 drives the motor 12 to rotate polygon mirror (not
shown) constituting the scanning optical system 14. The
laser drive circuit 9 drives the semiconductor laser 13 to
cause the semiconductor laser 13 to emit a laser beam L. The
loudspeaker 10 generates sound representing the completion
of read (decoding) of the bar code. The light-emitting diode
11 is a display element for displaying information such as
information (e.g., the price or the like of goods) obtained as
a result of decoding of the bar code 21.

[0056] The laser beam L emitted from the semiconductor
laser 13 is incident on the scanning optical system 14 and
polarized by the scanning optical system 14. More specifi-
cally, the scanning optical system 14 polarizes the laser
beam L in one direction by the polygon mirror (not shown)
rotated by the motor 12. On the opposite side of the polygon
mirror, a plurality of fixed mirrors. Therefore, the laser beam
L polarized by the polygon mirror is reflected by the
respective fixed mirrors again, so that the polarizing direc-
tion (scanning direction) of the laser beam is changed into
various directions. According to the scanning optical system
14, laser beam scanning traces in a plurality of directions are
continuously performed at a high speed within a polarizing
cycle obtained by one reflective surface of the polygon
mirror. Each of the plurality of laser beam scanning traces
performed within the polarizing cycle obtained by one
reflective surface of the polygon mirror will be called “one
scanning trace” in the following description.

[0057] When the scanned laser beam L is incident on the
bar code 21, the laser beam L is diffused on the surface, and
a part of the reflected light component R is received by the
light-receiving element (photodiode) 18. The A/D converter
15 compares a current value representing the brightness of
the reflected light component R received by the light-
receiving element 18 with a predetermined threshold value,
and converts the value into a binary signal. This binary
signal represents “H” when the intensity of the reflected
light component R corresponds to the reflectance of a black
bar in the bar code 21, and represents “L.” when the intensity
of the reflected light component R corresponds to the
reflectance of a white bar in the bar code 21.
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[0058] The bar width counter 16 measures a time from the
leading timing of the binary signal to the trailing timing
(expected to correspond to the width of a black bar in the bar
code 21) and a time from the leading timing of the binary
signal to the trailing timing (expected to correspond to the
width of a white bar in the bar code 21) on the basis of the
binary signal input from the A/D converter 15.

[0059] The bar width counter 16 counts the number of
clocks from the clock 19 to measure the times corresponding
to the bar widths. The read data (bar code data) of the bars
output from the bar width counter 16 has a configuration
obtained by combining the count value and a color identi-
fication signal representing white or black, and the read data
are continuously output every scanning operation of the
laser beam. The read data obtained every scanning operation
and continuously output in this manner is called a “bar width
data group”.

[0060] The bar width data group is temporarily stored in
the bar width data storage buffer 2. The bar width data
storage buffer 2 sequentially stores bar width data groups
input from the bar width counter 16, and gives the bar width
data groups to the CPU 1 one by one in the storage order at
a request from the CPU 1.

[0061] The work area for a bar code recognition process
and a bar code decoding process performed by the CPU 1 is
developed in the RAM 6. The RAM 4 stores bar code data
read from the bar width data storage buffer 2. The RAM 4
holds the decoded bar code data obtained by the bar code
decoding process performed by the CPU 1. The RAM 4 has,
areas for storing data used in a bar code decoding process (to
be described later), an X bar basic counter (base-bar: aver-
age value storage area) 31, a counter for average value
calculation (total-bar) 32, an X bar data storage area 33, a
black bar precision register 34, a first decoding table 61 (see
FIG. 12), a second decoding table 62 (see FIG. 13), and the
like.

[0062] The control section circuit 3, the motor drive
circuit 8, the laser drive circuit 9, the motor 12, the semi-
conductor laser 13, the scanning optical system 14, the A/D
converter 15, the bar width counter 16, the light-receiving
element 18, the clock 19, and the bar width data storage
buffer 2 correspond to the bar code detection section accord-
ing to the present invention. The CPU 1 functions as a
decoding section according to the present invention to
realize a reference bar width detection (calculation) section,
an average value detection (calculation) section, an error
calculation section, a precision difference detection section,
a correction section, a delta distance calculation section, a
second correction section, and a black bar precision detec-
tion section. The first decoding table 61 corresponds to a
decoding table according to the present invention, and the
second decoding table 62 corresponds to a correction decod-
ing table according to the present invention.

[0063] <Bar Code Decoding Process>

[0064] The concrete contents of the bar code decoding
process program stored in the ROM 5 and executed by the
CPU 1 will be described below on the basis of the flow
charts FIGS. 3 and 7. FIG. 3 shows the main routine of the
bar code decoding process (to be simply referred to as a
“decoding process” hereinafter). This main routine is started
on the assumption of the following process.
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[0065] More specifically, for example, when the main
power supply of the bar code reader is powered on, the CPU
1 performs a bar code recognition process. In this manner,
the bar code 21 is scanned, and the bar width data group is
stored in the bar width data storage buffer 2. Thereafter, the
CPU 1 reads the bar width data group from the bar width
data storage buffer 2, and is stored in a predetermined area
of the RAM 6. Subsequently, the CPU 1 calculates the bar
width counter values of the SGB, the CB, and the EGB in the
bar width data group and the number of modules, sets the bar
width counter values and the number of modules as a
counter value and the number of modules of an X bar, and
stores the counter value and the number of modules in an X
bar data storage area in the RAM 6. The numbers of modules
of the SGB, CB, and EGB are 1. Thereafter, the CPU 1 starts
execution of the main routine.

[0066] First, the CPU 1 clears the value of the X bar basic
counter (base-bar) 31 in the RAM 6 shown in FIG. 1 (step
S1). The CPU 1 initializes the black bar precision register
(blead-mod) 34 in the RAM 6 (step S2). The CPU 1 reads
data for 1-character decoding process into the work area.
The data for 1-character decoding process is constituted by
the bar width counter value and the character length of each
of the bars a to d constituting a character (see FIG. 2) to be
decoded, the bar width counter value of the X bar, and the
number of modules of the X bar.

[0067] Subsequently, the CPU 1 executes a sub-routine of
the 1-character decoding process shown in FIG. 4 (step S4).
In this sub-routine, first, the CPU 1 calculates the number of
modules of the X bar stored in the X bar data storage area
33 in the processes in steps S001 to S007. Subsequently,
depending on the number of modules, the CPU 1 calculates
a value obtained by increasing the X bar width counter value
stored in the X bar data storage area 33 by 12 modules. The
CPU 1 stores the calculated value in the counter for average
value calculation (total-bar) 32 in the RAM 6.

[0068] In this case, the bar width counter value of the X
bar corresponding to the 12 modules because 12 is the
number of modules (1 to 4) of the X bars of the lowest
common multiple and because an error is suppressed from
being generated by the difference between the numbers of
modules of X bars by calculating a bar width counter value
per module from the X bar width counter value of the 12
modules.

[0069] Upon completion of the processed in steps S001 to
S007, the CPU 1 decides whether the X bar basic counter 31
is cleared or not (step S008). At this time, if the X bar basic
counter 31 is cleared (S008; Y), the process shifts to step
S009; otherwise (S008; N), the process shifts to step S010.

[0070] When the process shifts to step S009, the CPU 1
copies the value of the counter for average value calculation
32 in the X bar basic counter 31. In contrast to this, when the
process shifts to step S010, the CPU 1 adds a value stored
in the X bar basic counter 31 at present and a value stored
in the counter for average value calculation 32 to each other,
calculates % of the addition result, and stores the calculated
value in the X bar basic counter 32. By the process in step
S010, reference bar width data used in Blead correction
decoding (to be described later) is generated.

[0071] Upon completion of the process in step S09 or step
S10, the CPU 1 calculates delta distances T1 and T2 (see
FIG. 2) of ¢ bar and d bar of a character to be decoded (step
S11).
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[0072] Subsequently, the CPU 1 calculates the numbers of
modules in the delta distances T1 and T2 and then refers to
the first decoding table 61 (see FIG. 12) in the RAM 4. At
this time, the CPU 1 decides whether the number of modules
of the delta distance T1 is 3 or 4 or not and whether the
number of modules of the delta distance T2 is 3 or 4 or not.
In this manner, the CPU 1 decides whether the character to
be decoded is a character (correction character) which
requires correction decoding or not (step S012). If the
character to be decoded is the correction character (S012;
Y), the process shifts to step S013; otherwise (S012; N), the
CPU 1 reads character values corresponding to the delta
distances T1 and T2 from the first decoding table 61, and the
process shifts to step S021.

[0073] When the process shifts to step S013, the CPU 1
performs the correction decoding described in the prior art
by using data related to the X bar held in the X bar data
storage area 33. In this manner, the numbers of modules of
the b bar and the d bar of the character to be decoded are
corrected. The CPU 1 refers to the second decoding table 62
(see FIG. 13) of the RAM 4 to read the character value
corresponding to the number of modules of the d bar after
the correction from the second decoding table 62. In this
manner, the value of the character to be decoded is specified.
More specifically, the character to be decoded is decoded.

[0074] Upon completion of the process in step S013, the
CPU 1 executes the sub-routine of the black bar precision
check process shown in FIG. 5 (step S014). In the sub-
routine shown in FIG. 5, the CPU 1, first, reads the number
of modules of the b bar obtained by the process in step S013
(step S101). Subsequently, the CPU 1 executes the module
precision (error) check process shown in FIG. 6 (step S102).

[0075] In the sub-routine shown in FIG. 6, the CPU 1
prepares the number of modules of the b bar (dec-mod), the
bar width data (chk-bar) of a bar (in this case, the b bar) for
performing module precision check, and the character length
(C) of a character to be decoded as arguments.

[0076] In this embodiment, as shown in FIG. 8, a length
which is Y14 or more the character length and %44 or less the
character length is decided as 1 module, and a length which
is larger than 344 the character length and is %14 or less the
character length is decided as 2 modules, a length which is
larger than %14 the character length and is 74 or less the
character length is decided as 3 modules, and a length which
is larger than 714 the character length and is %4 or less the
character length is decided by 4 modules. In the module
precision check process, as will be described later, a value
which is ten times the number of modules is used to improve
the check precision.

[0077] InFIG. 6, the CPU 1 makes the character length of
the character to be decoded five times (step S201). Subse-
quently, the CPU 1 makes the character length of the
character to be decoded ten times (step S202).

[0078] The CPU 1 decides whether the argument dec-mod
(the number of modules of the b bar) is 0 or not (step S203).
At this time, when the argument dec-mod is 0 (S203;Y), the
process shifts to step S206. When the argument dec-mod is
not 0 (S203; N) the process shifts to step S204.

[0079] When the process shifts to step S204, the CPU 1
adds the value obtained in step S201 and the value obtained
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in step S202 to each other. The CPU 1 decrements the value
of the argument dec-mod by 1 (step S205), and the process
is returned to step S203. In the processes in step S201 to
S205, the CPU 1 calculates a value (comparative value)
obtained by multiplying the character length of the character
to be decoded depending on the number of modules of the
b bar. More specifically, the CPU 1 calculates a value
obtained by making the character length 15 times when the
number of modules of the b bar is 1, the CPU 1 calculates
a value obtained by making the character length 25 times
when the number of modules is 2, the CPU 1 calculates a
value obtained by making the character length 35 times
when the number of modules is 3, and the CPU 1 calculates
a value obtained by making the character length 45 times
when the number of modules is 4.

[0080] When the process shifts to step S206, the CPU 1
sets the value of a precision counter i shown in FIG. 9 to be
11. The precision counter i shown in FIG. 9 is used when the
number of modules is 1, and employs any value of 1 to 10
depending on a scale (range decided as 1 module) in which
1 module of the X bar is set to be 1.0 (reference) and which
extends from 0.5 modules to 1.5 modules. For example, in
the range from 0.5 modules (%40 the character length) to 0.6
modules, the precision counter i satisfies i=1. In the range
from 1.0 module (1% the character length) to 1.1 modules,
the precision counter 1 satisfies i=6. In the range from 1.4
modules to 1.5 modules (1%70 the character length), the
precision counter i satisfies i=10. In contrast to this, when
the number of modules is 2, the precision counter i employs
any value of 1 to 10 in a scale extending from 1.5 modules
to 2.5 modules. When the number of modules is 3, the
precision counter i employs any value of 1 to 10 in a scale
extending from 2.5 modules to 3.5 modules. When the
number of modules is 4, the precision counter i employs any
value of 1 to 10 in a scale extending from 3.5 modules to 4.5
modules.

[0081] Subsequently, the CPU 1 calculates a value
(barcnt) obtained by making the argument chk-bar (bar
width counter value of the b bar) 70 times (step S207).
Subsequently, the CPU 1 decides whether the comparative
value calculated in steps S201 to S205 is larger than the
value of the barcnt calculated in step S207 or not (step
S208). At this time, when the comparative value is larger
than the value of the barent (S208; Y), the CPU 1 calculates
the module precision of the b bar depending on the value of
the precision counter i and ends the sub-routine of the
module precision check process.

[0082] In contrast to this, when the comparative value is
the value of the barcnt or less (S208; N), the CPU 1 subtracts
the character length from the comparative value (step S209),
and decrements the value of the precision counter i by 1
(step S210). Then, the CPU 1 decides whether the value of
the precision counter i is 0 or not (Step S211). When the
precision counter i is 0 (S211; Y), the sub-routine of the
module precision check process is ended. When the preci-
sion counter i is not 0 (S211; N), the process returns to step
S208.

[0083] In this manner, the CPU 1 calculates the value of
the precision counter i in steps S206 to S211, so that the
module precision of the b bar is calculated. For example, as
a result of the correction decoding process in step S013, it
is assumed that the character to be decoded is an odd number
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“1” (0011001) and that the number of modules of the b bar
is 2. In addition, for example, it is assumed that the bar width
data (counter value) of the b bar is 210 and that the character
length (count value) of the character to be decoded is 700.

[0084] In this case, in steps S201 to S205, a value=17500
which is obtained by making the character length 25 times
is calculated as a comparative value. In step S207, a value=
14700 of the barcnt is calculated. In the loop process in steps
S208 to S211, the precision counter i=7 is calculated. In this
example, when the precision counter i is 7, the number of
modules of the b bar is 2.1 modules. Therefore, the CPU 1
calculates a value obtained by extracting the value of the
decimal part from the number of modules of the b bar, i.c.,
0.1 module as the module precision (b-mod) of the b bar,
ends the module precision check process, and returns the
process to the black bar precision check process (see FIG.
5). In the module precision check process, independently of
the number of modules of a bar to be checked (b bar, in this
case), the decimal part of the number of modules corre-
sponding to the precision counter is calculated as a module
precision.

[0085] Thereafter, the CPU 1 shifts the process to step
S103 shown in FIG. 5. In step S103, the CPU 1 reads the
number of modules of the d bar obtained in step S013.
Subsequently, the CPU 1 performs the number of modules
check process about the d bar shown in FIG. 6, and
calculates the module precision (d-mod) of the d bar (step
S104).

[0086] The CPU 1 decides whether b-mod is larger than
d-mod or the like (step S105). At this time, when b-mod is
larger than d-mod (S105; Y), the CPU 1 calculates a value
obtained by subtracting d-mod from b-mod as mod-sabun
and shifts the process to step S108. In contrast to this, when
b-mod is smaller than d-mod (S105; N), the CPU 1 calcu-
lates a value obtained by subtracting b-mod from d-mod as
mod-sabun, and shifts the process to step S108.

[0087] When the process shifts to step S108, the CPU 1
decides whether the black bar precision register (blead-mod)
34 is initial or not. At this time, when the black bar precision
register 34 is initial (§108; Y), the CPU 1 shifts the process
to step S110. When the black bar precision register 34 is not
initial (S108; N), the CPU 1 updates the contents of the black
bar precision register 34 by using the value of mod-sabun
calculated in step S106 or S107 (step S109), determines that
the black bar precision check result is OK, and ends the
black bar precision check process.

[0088] On the other hand, when the process shifts to step
S110, the CPU 1 decides whether the value of the black bar
precision register (blead-mod) 34 is larger than the value of
mod-sabun or not (step S110). At this time, when blead-mod
is larger than mod-sabun (S110; Y), the CPU 1 calculates a
value obtained by subtracting mod-sabun from blead-mod as
blead-sabun, and shifts the process to step S113. In contrast
to this, when blead-mod is smaller than mod-sabun (S110;
N), the CPU 1 calculates a value obtained by subtracting
blead-mod from mod-sabun as bread-sabun, and shifts the
process to step S113.

[0089] When the process shifts to step S113, the CPU 1
decides whether the difference between a module precision
b-mod of the b bar and a module precision d-mod of the d
bar is 0.3 modules or more or not. More specifically, the
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CPU 1 decides whether the value of blead-mod is 0.3
modules or more or not. At this time, when the value of
blead-mod is 0.3 or more (S113; Y), the CPU 1 determines
that the black bar precision check result is NG, and ends the
black bar precision check process. In contrast to this, when
the value of blead-mod is smaller than 0.3 modules (S113;
N), the CPU 1 updates the black bar precision register 34 by
using the value of mod-sabun calculated in step S106 or
S107 (step S114), determines that the black bar precision
check result is OK, and ends the black bar precision check
process. In this manner, when the precision difference
between the b bar and the d bar is £0.3 modules or more, the
CPU 1 decides that the black bar precision is NG. When the
precision difference is smaller than +0.3 modules, the CPU
1 decides that the black bar precision is OK. Thereafter, the
CPU 1 shifts the process to step S015 shown in FIG. 4.

[0090] When the process shifts to step S015, the CPU 1
decides whether the black bar precision check result is NG
or not. At this time, when the check result is NG (S115;Y),
the CPU 1 decides that a decoding process of a character to
be decoded is NG, and ends a 1-character decoding process.
In contrast to this, when the check result is OK (S115; N),
the CPU 1 shifts the process to step S116.

[0091] Instep S116, the CPU 1 executes the sub-routine of
the d bar precision check process shown in FIG. 7. In FIG.
7, the CPU 1, first, calculates the number of modules
(dlmod; 0 to 4) of the d bar (step S301). In steps S302 to
S306, the CPU 1 performs a process which is almost equal
to the process in steps S201 to S205 (see FIG. 6) to obtain
a comparative value depending on the number of modules of
the d bar.

[0092] More specifically, when the number of modules of
the d bar is 1, a comparative value obtained by making the
character length of the character to be decoded 15 times is
calculated. When the number of modules of the d bar is 2,
a comparative value obtained by making the character length
of the decoding character 25 times is calculated. When the
number of modules of the d bar is 3, a comparative value
obtained by making the character length of the decoding
character 35 times is calculated. When the number of
modules of the d bar is 4, a comparative value obtained by
making the character length of the decoding character 45
times is calculated. The comparative values are set in a chr
counter (not shown).

[0093] The CPU 1 sets the value of a precision counter
x-bar-mod shown in FIG. 10 to be 9 (step S307). As shown
in FIG. 10, for example, when the number of modules of the
d bar is 1, the precision counter x-bar-mod employs any
value of 0 to 9 depending on a scale in which 1 module of
the X bar is set to be 1.0 (reference) and which extends from
0.5 modules to 1.5 modules. For example, when the counter
value of the precision counter x-bar-mod is 1, the number of
modules is 0.6 modules. When the counter value is 9, the
number of modules is 1.4 modules.

[0094] The CPU 1 calculates a value obtained by making
the bar width counter value of the d bar 70 times as barcnt
(step S308). The CPU 1 decides whether the value of barent
is larger than the comparative values calculated in steps
S302 to S306 or not (step S309). At this time, when the value
of barcnt is larger than the comparative values (S309; Y), the
CPU 1 calculates the module precision of the d bar corre-
sponding to the counter value of the precision counter
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x-bar-mod, and ends the d bar precision check process. In
contrast to this, the value of barcnt is smaller than the
comparative values (S309; N), the CPU 1 subtracts the
character length from the value (comparative value) of the
chr counter (step S310), and decrements the value of the
precision counter x-bar-mod by 1 (step S311).

[0095] Thereafter, the CPU 1 decides whether the counter
value of the precision counter x-bar-mod is O or not (step
S312). At this time, when the counter value is 0 (S312;Y),
the CPU 1 ends the d bar precision check process. In contrast
to this, when the counter value is not 0 (S312; N), the CPU
1 returns the process to step S309. In this manner, in steps
S307 to S312, the CPU 1 obtains the module precision of the
d bar depending on the value of the precision counter
x-bar-mod. Thereafter, the CPU 1 ends the d bar precision
check process, and returns the process to step SO017 (see
FIG. 4) of the 1-character decoding process.

[0096] When the process shifts to step S017, the CPU 1
decides whether the module precision of the d bar obtained
in the d bar precision check process is 0.4 modules or more
or not (step S017). At this time, when the module precision
is smaller than 0.4 (S017; N), the CPU 1 decides that the
decoding result in step S013 is OK, and ends the 1-character
decoding process. In contrast to this, when the module
precision is 0.4 or more (S017; Y), the CPU 1 shifts the
process to step S018.

[0097] When the process shifts to step S018, the CPU 1
changes reference bar width data (bv shown in FIG. 14)
used in correction decoding from the bar width of the X bar
to the value (average value of the X bar) of the X bar basic
counter (base-bar) 31. For this reason, the CPU 1 calculates
a value which is %12 the value of base-bar. Thereafter, the
CPU 1 performs a correction decoding process (Blead
correction decoding process) using the value which is %12 the
value of base-bar as a reference bar width (step S019). In this
manner, the character value corresponding to the number of
modules of the d bar after the correction is read from the
second decoding table 62, and a character to be decoded is
decoded by the character value.

[0098] Thereafter, the CPU 1 decides whether the result of
the decoding process in step S019 is OK or not (step S020).
At this time, when the decoding result is OK (S020; Y), the
CPU 1 ends the 1-character decoding process by the process
result that the decoding result is OK. In contrast to this,
when the decoding result is NG (S020; N), the CPU 1 ends
the 1-character decoding process by the process result that
the decoding result is NG.

[0099] In this manner, first, the CPU 1 performs a correc-
tion decoding process using the X bar to a correction
character. When the precision difference between the X bar
and the d bar in this case is 0.4 modules or more, the
correction decoding process is performed by using a value
which is %12 the value of base-bar as a reference bar width
(bv). In this manner, the character can be appropriately
decoded even though the black bars of the bar code 21 are
locally thickened or thinned.

[0100] When the process shifts to step S021, the CPU 1
performs a process which is almost equal to the process in
steps S014 to S017 is performed in step S021 to S024. When
NO is decided in step S024, the CPU 1 updates the contents
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of the X bar data storage area 33 by using the counter value
of the d bar decoded in this process and the number of
modules (step S025). In this manner, the data of the d bar is
used as the data of the X bar in a correction decoding process
for the next character to be decoded.

[0101] Upon completion of the 1-character decoding pro-
cess, the CPU 1 shifts the process to the step S5 of the main
routine (see FIG. 3). In step S5, the CPU 1 decides whether
the decoding result obtained by the 1-character decoding
process is OK or not. At this time, when the decoding result
is NG (S5; N), the CPU 1 determines that effective decoded
data cannot be obtained, the CPU 1 ends the bar code
decoding process. In this case, the CPU 1 reads bar code data
in another scanning trace from the RAM 4 or the bar width
data storage buffer 2, and performs the bar code decoding
process.

[0102] In contrast to this, when the decoding result is OK
(S5;Y), the-CPU 1 decides whether decoding processes for
all effective characters included in the bar code data which
is processed in the current bar code decoding process are
ended or not (step S6). At this time, when the decoding
processes for all the effective characters are not ended (step
S6; N), the CPU 1 returns the process to step S3, performs
a 1-character decoding process for the next character, and
executes a loop process in steps S3 to S6 until YES is
decided in step S6. When the decoding processes for all the
effective characters are ended (S6;Y), the CPU 1 determines
that effective decoded data can be obtained, and the CPU 1
ends the bar code decoding process.

[0103] In this case, the decoded bar code data (decoded
bar code data) is stored in the RAM 4. At this time, when the
decoded bar code data is decoded data for a part of the bar
code 21 (in case of so-called divisional reading or block
reading), the CPU 1 executes the above-mentioned bar code
decoding process for the bar code data of the remaining part,
synthesizes (couples) the obtained decoded bar code data
with each other, and obtains decoded data of the entire bar
code 21, i.e., all the characters included in the bar code 21.

[0104] When the decoded data of the entire bar code 21 are
obtained, the CPU 1 executes a modules check process
(modules 10 check). Thereafter, when the result of the
modules check is OK, an instruction for causing the loud-
speaker 10 to output voice representing that decoding of the
bar code 21 is given to the control section circuit 3, and an
instruction for displaying information based on the character
value of the bar code 21 on the LED 11 is given to the
control section circuit 3. In addition, the CPU 1 transfers the
contents of the decoded bar code data (or information
corresponding thereto) to the upper-level machine (POS)
201 through the interface circuit 4. On the other hand, when
the decoded data of the entire bar code 21 cannot be
obtained, the CPU 1 gives an instruction for performing an
error display to the control section circuit 3. In this manner,
the loudspeaker 10 outputs voice representing a read error,
and the LED 11 displays the read error.

[0105] <Operation of Embodiment>

[0106] According to the bar code reader described above,
in the 1-character decoding process (see FIG. 4), when the
precision difference (error) between the X bar and the d bar
is 0.4 modules or more, correction decoding (bar width
correction) of a bar subjected to correction decoding is
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performed by using an average value of the X bar. When the
error is smaller than 0.4 modules, correction decoding (bar
width correction) of the bar subjected to correction decoding
is performed by using the bar width of the X bar. For this
reason, even though the black bars of the bar code 21 are
locally thickened or thinned, the correction decoding can be
appropriately performed. For this reason, the bar code 21
can be prevented from being misread.

[0107] This embodiment describes an example in which
the apparatus for correcting a bar width and the method for
correcting a bar width according to the present invention are
applied to the correction decoding process. However, the
apparatus and the correcting method according to the present
invention are not limited to this embodiment, and can be
widely performed with respect to bar width correction for
bar codes.

[0108] In this embodiment, although the bar code 21
according to UPC/A and EAN-13 of WPC code is used, the
apparatus for correcting a bar width and the bar code reader
according to the present invention can be widely used for the
overall WPC code. Although the threshold value in step
S017 shown in FIG. 4 is 0.1 module, this threshold value
can be properly changed.

[0109] According to the bar width correcting apparatus
and the bar width correcting method according to the present
invention, when an error between the bar width of the bar to
be corrected and the reference bar width is a predetermined
value or more, the bar width of the bar to be correction is
corrected by using the average bare widths. For this reason,
even though the bar widths of the bar code are not uniformly
thickened or thinned, the bar widths can be appropriately
corrected, and the bar code can be prevented from being
misread.

[0110] According to the bar code reader and the bar code
decoding method according to the present invention, in the
decoding process for a character, when the difference
between the precision of reference bars and the precision of
a black bar subjected to correction decoding is a predeter-
mined value or more, a correction decoding process is
performed by using the average value of the bar widths of
the reference bars. For this reason, even though the black
bars of the bar code are locally thickened or thinned, a
character can be appropriately decoded in comparison with
conventional correction decoding. Therefore, in comparison
of the conventional technique, a decoding mistake of a
character in the correction decoding can be suppressed, and
the bar code can be prevented from being misread.

What is claimed is:
1. An apparatus for correcting a bar width comprising:

a detecting section for calculating a reference bar width
serving as a reference of bar widths;

a first calculation section for calculating an average value
of a plurality of reference bar widths;

a second calculation section for calculating an error value
between a bar width of a bar to be corrected and the
reference bar width calculated by the detecting section;
and

a correcting section for correcting the bar width of the bar
to be corrected by using the calculated average value
when the calculated error value is not less than a
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predetermined value and for correcting the bar width of
the bar to be corrected by the calculated reference bar
width when the calculated error value is less than the
predetermined value.

2. A method for correcting a bar width of a bar consti-
tuting a character to be decoded by using a bar width of a bar
constituting a decoded character as a reference bar, com-
prising:

calculating a reference bar width;

calculating an average value of a plurality of reference bar
widths;

calculating an error value between a bar width of a bar to
be corrected constituting the character to be decoded
and the calculated reference bar width; and

correcting the bar width of the bar to be corrected on the
basis of the calculated average value when the calcu-
lated error value is not less than a predetermined value.

3. A bar code reader comprising:

a bar code data detecting section for scanning a bar code
having a plurality of characters to detect bar code data;
and

a decoding section for decoding the bar code data detected
by the bar code data detection section every character,
the decoding section comprising:

a first detecting section for calculating a reference bar
width serving as the reference of the width of a bar
to be corrected included in a character to be decoded
and used in decision of the character in decoding of
each character;

an second detecting section for calculating an average
value of a plurality of reference bar widths;

a third detecting section for calculating a precision
difference between the reference bar width and the
bar width of the bar to be corrected; and

a correcting section for correcting the bar width of the
bar to be corrected by using the calculated average
value when the calculated precision difference is not
less than a predetermined value.

4. A bar code reader according to claim 3, wherein the
decoding section further comprises a correction decoding
table in which a character value corresponding to the num-
ber of modules of a bar to be corrected is stored, and

the correcting section calculates the number of modules of
the bar to be corrected after the correction and reads a
character value corresponding to the number of mod-
ules from the correction decoding table.

5. A bar code reader according to claim 4,
wherein the decoding section further comprising:

a delta distance calculating section for calculating the
number of modules in a first delta distance which is a
width from a first black bar to a white bar adjacent to
the first black bar in a character to be decoded and the
number of modules in a second delta distance which is
a width from the white bar to a second black bar
adjacent to the white bar;
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a decoding table in which character values corresponding
to the numbers of modules in the first delta distance and
the second delta distance are stored; and

a second correcting section for, when the two character
values corresponding to the numbers of modules cal-
culated by the delta distance calculation section are
stored in the decoding table, making the first black bar
the bar to be corrected, correcting the bar width of the
bar to be corrected by using the reference bar width
data, and calculating the number of modules of the bar
to be corrected after the correction, and

the third detecting section calculates the precision differ-
ence between the bar width of the bar to be corrected
by the second correction section and the reference bar
width.

6. A bar code reader according to claim 5,

wherein the second correcting section corrects the bar
width of the second black bar by using the reference bar
width,

the decoding section further comprises a black bar pre-
cision difference detecting section for calculating the
precision difference between the bar width of the first
black bar corrected by the second correction section
and the bar width of the second black bar, and

the third detecting section starts the process when the
precision difference obtained by the black bar precision
difference detecting section is less than a predetermined
value.

7. A method for decoding a bar code for a bar code reader
comprising a bar code data detecting section for scanning a
bar code having a plurality of characters to detect bar code
data, and a decoding section for decoding the bar code data
detected by the bar code data detection section every char-
acter, the method comprising:

a first step of calculating a reference bar width serving as
the reference of the width of a bar to be corrected
included in a character to be decoded and used in
decision of the character;

asecond step of calculating an average value of a plurality
of reference bar widths;

a third step of calculating a precision difference between
the reference bar width and the bar width of the bar to
be corrected; and
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a fourth step of correcting the bar width of the bar to be
corrected by using the calculated average value when
the calculated precision difference is not less than a
predetermined value.

8. A method for decoding a bar code according to claim
7, wherein the fourth step calculates the number of modules
of the bar to be corrected after the correction and reads a
character value corresponding to the number of modules
from a table in which the number of modules of the bar to
be corrected and a character value are stored in correspon-
dence with each other.

9. A method for decoding a bar code according to claim
8, further comprising:

a fifth step of calculating the number of modules in a first
delta distance which is a width from a first black bar to
a white bar adjacent to the first black bar in a character
to be decoded and the number of modules in a second
delta distance which is a width from the white bar to a
second black bar adjacent to the white bar; and

a sixth step of, when the two character values correspond-
ing to the numbers of modules calculated by the fifth
step exist, making the first black bar the bar to be
corrected, correcting the bar width of the bar to be
corrected by using the reference bar width data, and
calculating the number of modules of the bar to be
corrected after the correction, and

wherein the fourth step calculates the precision difference
between the bar width of the bar to be corrected by the
sixth step and the reference bar width.
10. A method for decoding a bar code according to claim
9,

wherein the sixth step further includes the seventh step of
correcting the bar width of the second black bar by
using the reference bar width and calculating the pre-
cision difference between the bar width of the first
black bar corrected by the sixth step and the bar width
of the second black bar, and

the fourth step starts the process when the precision
difference obtained by the seventh step is less than a
predetermined value.



