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Four-state bar codes comprising the combination

a first code element representing a long bar
having a predetermined length defined by an upper end, a
center and a lower end;

a second code element representing an upper half
bar having a length extending from the upper end to the
center;

a third code element representing a lower half
bar having a length extending from the center to the lower

end; and
a fourth code e.ement representing a biank from

the upper end to the lower end,
wherein a numeral is expressed by a combination

of two of the first to fourth code elememts, a control

code is expressed by a combination of two of the first to
fourth code elements and a Roman letter is expressed by a
combination of one of the numerals and the control code,
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The following statement dig a full description of this
invention, including the best method of performing it known

to me/us:



Background of the Invention

1. Field of the Invention

The present invention relates to a bar code
encoding system adapted for an encoding system of
a mailing machine utilized to improve the efficiency
of mail sorting and delivering work.

2. MNaescription of the Related Art

To efficiently transfer and handle objects, such
as a postcard or an envelope, a bar code, which
incorporates information representing characteristics
of thé object, is printed thereoh.

Delivery of mail is a suitable example to which
the bar code encoding system is applicable. For
example, in a central post office, a bar code having
a custom-designed system, for representing information,
such as a destination town and.address number, is
printed on one surface of a postcard. In a local post
office or delivery ottice, the bar code is read to
recognize the information on the destinpatien town and
address number. Based on the recognized information,
postcards are automatically sorted in accordance with
the addresses.

However, the bar code printed on a mail piece may
overlap the address written by the sender, in which
case, problems may ari%é; for example, the bar code
cannot be read at all 6r may be erroneously twead.

When such a problem arises, the address of the
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mail must be read again by an operator or the delivery of
the mail to the correct address may delay. These problems
result in high cost of the mailing system or inconvenience

to the users.

Summary of the Invention

An object of the present invention is to provide
a bar code encoding system for encoding an erxrror correction
code, by which even if an error occurs due to the above
problems, the probability of an uncorrectable error or
erroneous reading can be suppressed to a minimum.

Another object of the present invention is to
provide a practical automatic system for ceollecting and

delivering objects, such as mail.

The objects are achieved by four-state bar codes
comprising the combination with:

a firgt code element representing a long bar
having a predetermined length defined by an upper end, a

center and a lower end;
a second code element representing an upper half

bar having a leagth extending from the upper end to the

center;

a third code element representing a lower half
bar having a length extending from the c¢entre to the lowez
end;

a fourth code element representing a blank from
the upper end to the lower end; and

wherein a numeral is expressed by a combination
of two of the first to fourth code elements, a control code
is expressed by a combination of two of the first to fourth
code elements and a Roman letter is expressed by a
combination of one of the numerals and the control code.
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The above objects are achieved by a bar code
encoding mathod comprising the staps of:

representing an input character by an information
symbol consisting of m bits excluding a bit pattern of
all "0" bits;

subjecting a series of a k-number of informaticn
symbols to error-correction encoding and calculating
a check symbeol series of a g-number of check.symbols;

converting an n(={k+q)) number of symbols to
predstarmined bar code patterns; and

converting arrangement of the n-number of symbols
so that at most three bar code patterns corresponding
to the check symbols may not be consecutively arranged.

The above objects are achieved by a bar code
encoding system comprising:

representing means for representing an input
character by an informaticn symbol of m bits excluding
a bit pattern of all "O" ﬁits;

calculating means for subjecting a series of
a k-number of information symbols to efror-correction
encoding and calculating a check symbol series of
% g-numbar of check symbols;

converting means for respectively converting
an n(=(k+q)) number of symbols to predetermined bar
code patterns; and

arrangement converting means for converting

arrangement of the n-number of symbols so that at most
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three bar code patterns corresponding to the check
symbois may not be congecutively arranged.

The above objects are also achieved by a correcting
and delivering system comprising:

a character reader for reading character written
on an object;

a bar code encoder for encoding the character
read from the object by the character reader by using
four-state bar codes comprising the combination with:

a first code clcment representing a long bar having

a predetermined length and defined by an upper end,

a center and a lower end; a gecond code element
representing an upper half bar having a length
cxtcnding from the upper end to the center; a third
code element representing a lewer half bar having a
length extending from the center to the lower end; and
a fourth code element representing a blank from the
uppcr ond to the lower end;

a printer for printing a bar code encoded by the
bar code encoder on the object;

a bar code reader for reading the bar code printed
on the object;

a decoder for decoding the bar code to restore the
bar code read by the bar code reader to the character
in accordance with an encoding method used in the bar
code encndar: and

a sorter for sorting the object based on
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an information corresponding to the character restored
by the decoder.

With the bar code encnding system of the present
invention, information of each bit (0 or 1) is
represented by presence or absence of a printed portion
of a bar (the whole bar, the upper half bar or the
lower half bar). Since the infarmation symbols of
m bits used in the present invention excludes a symbol
having a pattern of all "0, it is ensured that the bar
code representing each character has at least one bar.

In addition, according to the present invention,
for example, six (=n~k) check symbols are added to
seven (=k) information symbols, each consisting of four
(=m) bits. The known Reed-Solomon code over GF (16) is
applicable to the above encoding method. With this
method, the numbexr of erroneous symbols, which are
correctable, can be maximum in respect of the number of
added check symbols. Therefore, the Reed-Solomon code
is advantageocus in improving tha probability of reading
the bar codes printed on the mails.

However, it is difficult to ensure that the
cal ulated check symbol excludes a symbol having a hit
pattern of all “0*. If the bits of a check symbol are
all "0", the bar code representing the symbol has no
bars. 1If such a bar code is consecutively printed, the
reliability of recognizing the bar code pattern is

reduced, depending on the mechanical accuracy of
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printing or reading.

To solve the problem, according tu Lhe present
invention, three or more bar code patterns, corre-
sponding tec check symbols, are not consecutively
arranged. When two continuous bar code patterns
corsesponding to check symbols are arranged vl a print
surface, a bar including a printed portion is printed
in either or both of the start and the end portions of
the patterns. As a result, it is ensured that the
length ot a section in which no barc is present is
limited to a predetermined value or less. Therefore,
the ability of the Reed-Solomon code for correcting
errors can be efficiently utilized, while the
reliability of the bar-ceode recoygniliuvn is maintained.

Further, according to the present invention, a
rereading operation by the operator is not required,
and the delivery delay of the mail to the correct
address is prevented. Thus, the cusl vl the mailing
system ig kept low and the convenience of the users is
improved. -

Additional objects and advantages of the invention
will be set forth in the dewcription which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The o¢bjects and
advantages of the invention may be realized and
obtained by means of the instrumentalitics and

combinations particularly pointed out in the appended
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Brief pescripltion of the Drawings

The accompanying drawings, which are incorporated
in and constitute a part of the specification, illus-
trate presently preferred embodimeﬁts of the invention
and, together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of
the invention.

FIG. 1 1s a schematic diegram for cxplaining the
overall work of sorting and delivering mail pieces
according to an embodiment of the present invention;

FIG. 2 is a functional block diagram showing the
bar code encoudinyg system of the above cmbodiment;

FIG. 3 is a diagram showing a bar code according
to the present invention;

FIGS. 4A and iB are diagrame showing the relation-
ship between ilie input charecter and the corresponding
bit pattern and bar code according to thée above
embodiment;

FIG. 5 is a diagram showing a structure of an
unshuff{led PC code according the above embodiment;

FIGS. 6A and 6B are diagrams showing structures of
unshuffled AN codes according to the above embodiment;

FIG. 7 is a diagram showing a structure of
a shuffled PC code according the above embodiment;

FIGS. 8A and 8B are diagrams showing structures of
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shuffled AN codes atcording to the above embcdiment;
FIG. 9 is a flowchart showing a process ul
printing a P code according to the above embodiment;
FIG. 10 is a flowchart showing a process of
printing an AN code according to the above embodiment;
FIG. 11 is a tiowchart showing a process ol
reading a PN code according to the above embodiment;
FIG. 12 is a flowchart showing a process of
reading an AN code according to the above embodiment:
and
FTIG. 13 is a diagram showing the relatiomnship
between the address written on a postcard and the
four-state bar codes of the prgsent invention.

Detailed Description of the Preferred Ewmbudiments

An embodiment, in which the present invention is
applied to a mail collecting and delivering system,
will be described with reference to the accompanying
drawings. The prasent invention is nol limited to the
mAil collecting and delivering system but is applicable
to various systems for collecting and delivering a
number of objects on which character information is
written.

A mail collecting and delivering system according
to an embodiment of the present invention has a systenm
structure as shown in FIG. 1. .Mails (e.g., postcards

and envelopes), collected [(rom various places, arc

processed by an OCR (optical character reader) 1, to



E.... J'S

20

25

10

read post ctodes (PCs) and address numbers (ANs) written
on the mails. The PCs and ANs are input to a bar code
encoding syestem 2, in which they are encoded to a bar
code in accordance with a predetermined rule. The
encoding process in the bar code encoding system 2 is
the subject matter of the presenﬁ invention, which will
be described in detail later.

The bar code encoded by the bar code encoding
system 2 s printed on a piece of mail by a printer 3.

In another office which receives the mail, the bar
cede is reoad by a bar code reader 4. At this time, it
is possible that read data include an error.

A decoding system 5 executes a decoding operation
inciuding error correction. The PCs and ANs obtained

by the decoding operation are snppliad to a high-speed

mail sorter 6. The high-speed mail sorter 6 sorts mails

based on the PCs and ANs. The automation imnsyeases the
efficiency of sorting mails in accordance with the
addregeses. .

As shown in FIG. 2, the bar code encoding system 2
comprises a character/symbol converting unit 21, a
Reed~Solomon encoding unit 22, a shuffling unit 23,

a symbol/bar codé converting unit 24 and a start/stop
code adding unit 25.

The character/symbol converting unit 21 convorts

an input character to a combination of a predetermined

numbhar af information symbols in conformity to a rule.



For example, according to this embodiment, 15
kinds of characters (intormation symbols) are used;
i.e., ten numarals (0-9), a hyphen, three control codes
to represent Roman letters and a null code.

The three control codes (CC1l-CC3) are used as
follows. Ten Roman letters are represented by
combining the code (€1 with the ten numerals. Further,
ten Roman letters are represented by combining the code
¢C2 with the ten numerals. The other six Roman letters
2'“§ 10 are represented by combining the code CU3 with six
fotes numerals. Thus, all the Roman letters, the numerals,
e the hyphen, and the blank are represented by the infor-
o mation symbols, so that PCs and ANs can be represented
P easily.

15 The 15 information symbols are assigned to

o, specified bit patterns. For this purpose, it is only
necessary that 15 patterns except for 0000 {(i.e., 0001
to 1111), of all the 16 four-pit patterns, be used.

FTG. 3 shows an example of the bar codes, and

20 FIGS. 4A and 4B show the relationship between the input
character and the corresponding bit pattern and bar
code. In this embodiment, one bar code have four
rtates. As shown in FIG. 3, the bar code of this
embodiment has first to fourth code elements: the first

25 code element representing a long bar extending from the
upper end to the lower end including the center; thc

second cede element representing an upper half bar
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extending from the upper end toc the center; the third
code element representing a lower half bar extending
from the cmnter to the lower end; and the fourth code
element is a blank from the upper end to the lower end.

One character is represented by a combination of
two of the {irst to tourth elements. One bar represents
two bits. FRach symbol is represented by four bits; '
that is, two bars.

The Reed-Solomon encoding unit 22 executes a Reed-
Solomon encoding operation to correct errors in infor-
mation symhols. The aforementioned 15 bit patterns are
regarded as elements of a finite set, i.e., a Galois
field GF (16), closed with respect to the four rules of
arithmetic. The GF {(l6) consists of Lhe aforementioned
15 four-bhit patterns and 0000.

Wwhen the information symbols are assigned te the
elemants of the Galois field, the Reed-Solomon encoding
operation serves to correct errors in the information
symbols. The Reed-Solomon encoding itself is well-
known art, which is described in detail in, for
example, "The Theory of Error-~Correcting Codes” by F.J.
MacWilliams and N.J.A. Soloane, pp.294-316. 1In this
embodiment of the present invention, & PC is represented
by an information symbol of 7 bits. An AN is
representéd by an information symbol of at most 13 bits
{or less bits, dependiny on the address).

FIG. 5 shows a basic structure of s Reed-Solomon
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code of a PC. The PC includes seven information
symbols (IS1-IS7) and six check sSymbols (CS1-CS6). The
PC is A Reed-Solomon code having 13 symbols, including
the seven information symbols and the six check
symbols, and a minimum Hamming distance of 7. It is
possible to correct errors in at most three symbols of
the 13 symbols of a code.

As regards an AN, it is necessary to encode
information symbols of at most 13 bits (the maximum
bits which can be set as an intormation symbol). ‘I'he
information symbnls of the AN are divided into two
coding words. If the Reed-Solomon code on the GF(16)
has the maximum length 15 and it is encoded with oné
coding word, a sutficient number of chetk symbols
cannot be provided, and consequently, a sufficient
correcting ability cannot be obtained. Basically, each
coding word has seven information symbols and six check
symbols. One code is a Reed-Solomon ccie having 13
symbols, including seven information symbols and 8ix
check symbols, and a minimum Hamming distance of .. It
is possible to correct errors in at most three symbols
of the 13 symbols of a code. |

An address number is constituted by various number
of numerals. To improve the efficiency of reading
codes corresponding to the addresses on the all mails,
if the rumber of numerxrals vl an addiess numbex is

relatively small, the number of check symbols of a code
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can be increased, so that the error correcting ability
in the coding process can be improved. Howevex, in
this case, since the decnding method varies dep#nding
on the encoding method employed in the printing
process, the code must include information representing
the coding method.

FIGS. 6A and 6B show basic shtructures of Reed-
Solomon codes of ANs, which satisfy the above conditions.
The code structures are different in a case where the
number of input information symbols to be encoded is Y
or mere (FIC. B6A) and in a case where the rfiumber is 8
or less (FIG. 6B). Referring to FIG. 6A, one code is
a Reed-Solomon code having 13 symbols, including seven
information synbols and six check symbols, and a
minimum Hamming distanrce of 7. It is possible to
correct errors in at most three symbols of the 13
symbols of a code. Referring to FIG. 6B, one code is
also a Reed-Solomon code having 13 symbols, including
five information symbols and eight check symbols, and
a minimum Hamming distance of 7. It is possible to
correct errcrs in at most four symbols of the 13
symbols of a code. In each code, ISn and (CSn represent
information symbols and rheck symbols, respectively,
L1, L21, L22, L31 and L32 represent bit patterns of
predetermined additional symbols.

Information representing the coding method is

contained in the leftmost symbol of a coding word ANZ2
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in both FIGS. 6A and 6B. The left most symbols of AN2
in FIGS. €A and bB are respectively L1 = 0.0l and

L31 + L32 = 1010. In a decoding process, the symbol
of this position in AN2Z is exa@ined, so that the
infofmation relating to the encoding method can be
obtained. If the number of information symbols to be
coded is less than 13 in the case of FIG. 6A, the
remainder sections are filled with the null code. The
same applies to the case of FIG. 6B.

The shuffling unit 23 has a shuttling functicn for
printing as a bar cnde the encoded PC and AN, as shown
in FIGS. 5, 6A and 6B. The shuffling functioq is
a characteristic feature of the present invention. The
symbol/bar code converting unit 24 converts shuttied PC
AN +o bar cndes. The start/%tép code adding unit 25
add special bar codes to start and end portions of the
shuffled PC and AC.

FIG. 7 shows a result of shuftiing the coded rC
ghnwun in FTG. S, As shown in FIG. 7, each check symbol
CS is sandwiched between two information symbols ISs.
The shuffling process has the following meaning. Each
information symbol IS consists ot two bars. Referring
te FTAS. 4A and 4B, at least one of the two bars of the
information symbol IS has a print. However, this does
not apply to check symbols CS: a check symbol CS may be
0UUV. By inserting a check syﬁbol CS between two

information symbols ISs, a section with no bars is
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limited te a certain length. 1In this embodiment, the
number of elements with no bars, which are consecutively
arranged, is limited to at most four. If check symbols
CSs are consecutively arranged, the section with no
bars may be very long. In this case, when the velocity
of transferring mails vary, an increase of the length
of the section with no bare increases the probability
of an error in measuring how long the section with no
bars is, i.e., how many bars correspond to the leangth
of the section with no bars. As a result, pull out.may
vecur in a middle portion of a coded word. It lowers
the ratio of correctly reading the address and post
codes on the mails.

FIG. 8A shows the result of shuffling coded AN1
and AN2 as shown in FIG. 6A. The rule aof the shuffling
is the same as that in the case of PC.

The rule of shuffling the symbols as shown in
FIG. 8B is not the same as that in the case of PC or
the case of FFIG. 6B. 8ince the number of informatian
symbolse is much less than that of check syrbols, the
simple shuffling rule of the above two cases cannot
apply to this case.

In the printing process, the fallawing conditions
are required: a start code consisting of a long bar
should be printed prior to CS11 of AN1l, €521 of AN2
should follow €S18, and a stop code or stop continue

code econgisting of a long bar should be printed aftexr
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In this case, as in the case of PC, the number ot
continuous bar code elements with nn bars is limited to
at most four.

FIGS. 9 and 10 are flowcharts showing processes
from inputting a character to printing a PC and an AN
according to the above smbodiment. The flowchart of
the process of printiﬁg an AN éode clearly shows that
the way of adding an additional symbol, the coding
method, and the shuffling rule ére different depending
on the numbex of input characters. The printing
process is executed with an ink jet printer or the
like. The other processes may be executed by either
software or hardware.

FIG. 9 is a flowchart showing a process of
printing a PC code.

In Step S61, a character, represented by the known
ASCII code, is input.

In Step S€2, the charactef represented by the
ASCII code is converted to a symbol represented by four
bits. If the character is a Roman letter, the letter
is first converted to a control code plus a numeral,
and then, the contral code and the numeral are
respectively converted to the corresponding symbols.
The rule of converting a character to a symbol is

described before, referring to FIGS. 4A and 48, which

show the relationship between the character and the bit
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pattern. For example, if an ASCII code corresponding
to “0" is input, a symbol having a bit pattern "0001r"
is output in Step S62.

In Step S63, a series of symbols (IS1-1IS7 shown in
FIG. 5) output in Step S62 is subjected to Reed-Soclomon

ceding, thereby calculating a series of check symbols

(CS1-CS6 shown in FIG., 5).

Step S64 is a shuffling step for converting
arrangement as shown in FIG. 5 to the arrangement as
shown in FIG. /.

In Step S65, an output from Step 564 is converted

to bar code pattern information toc be printed. This
conversion corresponds te the conversion from the bit
patterns as shown in FIGS. 44 and 4B to a bar coude.
For example., the symbol having the bit pattexrn "0001"
is printed as a bar code having a first element with no
bar and a second element with a lower half bar. The
bar code pattern information ovutpul from Step 565 is
used to contrdl a bar code printer in Step 8567, so that
printing of the bar code is achieved. In the actual
printing process; a start code and a stop code are
respectively added to the start and end portions of the
FC code shown in FIG. 7. The printer control for this
purpose is executed on the basis of &an output from the
Step S66.

FIG. 10 is a flowchari showing a process of

printing an AN code. 1In FIG. 10, the steps of the same



contents as those shown in FIG. 9 are identified with

the same numerals as used in FIG. 9.

In Slep 861, a character, repressanted by The known
ASCII code, is input.

In Step 562, the character represented by the
ASCII code is converted to a symbol represented by four
bits. If Lhe character is a Roman letter, the letter
is first converted to a control code plus a numeral,
and then, the contrcl code and the numeral are
respectively converted to the corresponding symbols.
The rule of converting a character to a symbol is
described before, referring to.FIGS. 4A and 4B, which
show the relationship between the character and the bit
pattern. For example, if an ASCII code corresponding
to 0" is ippul, a symbol having a kit pattern "0001"
is output in Step S62.

As described before, in the process of printing
an AN code, the coding method and the shuffling rule
are different depending on the number of symbols of the
addresses to be coded. 1In Step S71, therefore, the
number of symbols of an address to be ceded is counted.
When a character is a numeral or a hyphen, it is
represented by one symbol. Whén a character is a Roman
letter, it is represented by two symbols. 1In Step S71,
the number of symbols used to represent the address
written on a piece of mail is counted. 1In Step §72, it

is detcrmine whether the number af aymbols is nine or
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greater, or eight or smaller.

In the former case, L1 1s added to the symbols in
Step S73a, and in the latter case, LZ21, L22, L31 and
L32 are added to the symbols in Step S73b. As a
result, all the portions except for the check symbols
of the AN code shown in FIG. 6 are compleled.

If the number of symbols is nine or greater and
smaller than 13, or if the number is smaller than
eight, blank sections are filled with the null code
shown in FIG. 4B. It the nunber of symbols representing
the address is nine or greater, information symbols
IS1-IS13 are detexmined. 1If the number of the symbols
is less than eight, information symbols IS1-IS8 are
determined.

Step S$74 will now be described. If the number of
symbols representing the address is nine or greater,
the Reed-5olomon encoding as shown in FIG. 6A is
executed, thereby generating codes AN1 and AN2, each
having 13 symbols including six check symbels. On the
other hand, if the number of symbols representing the
address is eight or smaller, the Reed-Solomon encoding
as shown in FIG. 6B is eXxecuted, thereby yenerating
codes ANl and AN2, each having 13 symbols including
eight check symbols.

In Step S$75, if the number of symbols representing
the address is nine or greailer, Lhe synbol arrangement

as shown in FI1G. BA is converted to the arrangement as
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shown in FIG. BA: the shuffling is executed. 1In this
case, the rule of shulflling ANl is Lhe same as iu Lhe
case of AN2. If the number of symbols representing the
address is eight or smaller, the symbol arrangement as
shown in FIG. 6B is converted fo the arrangement as
shown in FIG. 8B: Lhe shuffling is executed. In this
case, the rule of shuffling ANl is not the same as in
the case of ANZ.

In Step 565, an output from Step §75 is converted
to bar code pattern infurmation to be printed. This
conversion corresponds to the conversion from the bit
patterns as shown in FIGS. 4A and 4B to a bar code.

For example, the symbol having the bit pattern "0001®
is printed as & bar cvude having a [irst element with no
bar and a second element with a lower half bar. The
bar code pattern information oﬁtput from Step S65 is
used to control a bar code printer in Step S67, so that
printing of Lhe bar code is achieved. In the actual
printing process, ANl and AN2 are directly connected to
each other both in the cases of FIGS. 8A and 8B, and

a start code and a stop code are respectively added to
the start and end portions of the connected code. The
printer control for this purpose is executed on the
basis of an output from the Step S67.

FIG. 11 is a flowchart showing a process of
reading a PC code printed through the process shown in

the flowchart of FIG. 9. The flowchart shows the



process from a step of optically reading a PC bar code
on the mail to a step of decoding the bar code to
character information corresponding to the PC.

In Step S81, a bar code on the mail is detected
as an optical signal which is intensity-modulated in
accordance with the position. The optical signal is
converted to A hinary value based on the intensity,

i e., a function on the position. As a result, a
binary figure pattern is obtaiped. Then, a pattern of
the bar code, which is considered to be printed, is
ohtained throngh a pattern~récognizing process with
respect to the figure pattern..

Information output from Step SB1 represents the
state of the detected bar code (cone of the four states:
A long bar, an upper half bar, a lower half bar and
a non-bar).

In Step S82, the range of a PC code is discrimi-
nated from the series of bar codes detected as described
above. The start code and the stop code, having a
specific bar shape (e.g., both are long bars), are
printed in specified regions with a predetermined
distance therebetween. Based on the information on
these codes, the start and the stop codes are discrimi-
nated from the detected bar code and can ba removed
from the object of the subsequent process.

Step SB3 corresponds to a reverse process of

Step S$65 (conversion of a symbol to a bar code) shown



in FIG. 9. More specifically, the detected series of
bar codes output from Step S82 is sectioned into bar
codes, each representing one character (a section
containing no bars is interpreted as “"one non-bar").
It is examined to yhat symbol each sectioned bar code
pattern coxrresponds, in accordance with the rule shown
in FIGS. 4A and 4BR. Then, the detected series of bar
codes are converted to a series of symbols.

Step S84 corresponds to a reverse process of
Step S64 (shuffling) shown in FIG. 9. More specifically,
the arrangement of the series of symbols output from
. Step $83, as shown in FIG. 7, is coanverted to the
arrangement as shown in FIG. 5. The result of Step S84
is subjected to Step SB8S for decoding a Reed-Solomon
codea.

In Step S85, a PC code is subjected to a known
Reed-Sclomon decoding process for correcting at most
three errors. As a result of the decoding process
in Step sS85, if it is determined that an error 1is
correctable, a code in whith the error has been
corrected is ocutput; alternatively, if there is no error
or it is determined that an error is not correctéable,
an input aode is output without correction. Actually,
the decoding system has a port or variable for
outputting a code series and another port or variable
for outputting flag intormation representing the status

of the code series. 1In general, it is determined that
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the error is not correctable, when inconsistency is
found in the process of decoding; for example, when
character information is decodead to a symbol of "0000"
or when it is concluded that the error is located at

a position beyond the length of the code. Further, the
following cases are alsc detected as inconsistency:

a breach of rule, zsnch as decoding ef a PC to a symhol
corresponding to a Roman character (if no Roman
character ig used in the PC), disorder of the null
code, and continuity of the control codes except for
the rll nada.

In Step SB?,lthe decoded symbols are converted to
the corresponding characters in accordance with the
rule shown in FIGS. 4A and 4B. This process corresponds
to A raversd process of Step $62 shown in FIG. 9.

In Step S86, the flag information obtained from
Step S85 is interpreted. The information, decoded in
Step S85 and converted as the character in Step S87, is
evalnatad. Mnre specifically, when the flag information
represents existence of an uncorrectable error, the
decoded information is not reliable and the mail is
stored as rejected mail. The addresses written on the
rejected mails must be read by a staff later, thereby
sorting the mails. When the flag information represents
the other status (no error or existence of a correctable
error), the decoded information is effective. in this

case, the mail is transferred by, for example,



an automatic address sorter, through a belt or the
like, to a storage box corresponding to the address
represented by. the decorded information, and stored
therein.

FIG. 12 is a flowchart showing a process of reading
an AN ccde printed through the process shown in the
flowehart of FIG. 10. The flowchart shows the process
from a step of optically reading an AN bar code on the
mail to a step of decoding the bar code to character
information corresponding to the AN.

In Stop 381, a bar cnde on the mail is detected as
an optical signal which is intensity-modulated in
accordance with the position. The optical signal is
converted to a binary value based on the intensity,
i.e., a function on ths position. As a result, a
binary figufe pattern is obtained. Then, a pattern of
the bar code, which is considered to be printed, s
obtained through a pattern recognizing process with
respect to the figure pattern.

Information output from Step S81 represent the
state of the detected bar code (one of the four states:
a long bar, an upper half bar, a lower half bar and
A non-bar).

In Step $82, the range of an AN code is discrimi-
nated from the series of bar codes detected as described
above. The start code and the stop code, having a

specific bar shape (e.g., both are long bars), are
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printed in specified regqgions with a predetermined
distance therebetween. Based on the information on
these codes, Lhe start and the stop codas are
discriminated from the detected bar cede and can be
removed from the object of the subsequent process.

Step S83 corresponds to a reverse process of Step
$65 (conversion of a symbol tc a bar code) shown in
FIG. 10. More specifically, the detected series of bar
codes output from Step SB2 is sectioned into bar codes,
each representing one character (a section containing
nhe burs is interpreted as “gne noa-bar"j. It is
examined to what symbcl each sectioned bar code pattern
correspends, in accordance with the rule shown in
FIGS. 4A and 4B. Then, the detected series of bar
coudes are converted te a serics of symbols.

Steps 5§31 to S96 wil? : described below. Prior
to the description, the process of printing an AN gode
shewn in FIG. 10 should be reviewed. The point is that
AN encuding depends on thce number of effaective
characters centained in the address number written on
the mail. The encoding process will be described
again.

Referring to FIC. 10, Step $71 is a step for
counting the number of symbols of an address to be
coded. When a character is & numeral or a hyphen, it
is represented by one symbol. When a character is

a Roman letter, it is represented by two symbols. 1In




Step 871, the number of symbols used to represent the
address written on a plece of mail is counted. 1In
Step 572, it is determine whether thea number of symbols
is nine or greater, alternatively eight or smaller.

The flow of the process advances to Step S73a if the
number is nine or greater, and to Step S73b if the
number is.eight or smaller. The processas in Steps §74
and 575 are controlled depending on the number of
symbols.

If the number of symbols is nine or greater and
smaller than 12, or if tle numher is smaller than
eight, blank sections are filled with the null code
shown in FIG. 4B. If the number of symbols representing
the address is nine or greater, information symbols
IS81-I813 are determined. If the number of the symbols
is less than eight, information symbols IS1-IS8 are
determined.

In the former case, L1 is added, and in the latter
casc, L21, L22, L31 and L3? Aare added. As a result.
all the portions except for the check symbols of the AN
code shown in FIGS. 6A and 6F are completed.

Step S74 will now be described. 1If the number of
symbols representing the address is nine or greater,
the Reed-Solomon encoding as shown i FIG. 6A is
executed, thereby generating codes ANl and AN2, each
having 13 symbols including six ¢heck symbols. ©On Lle

nther hanrd, if the number of symbols representing the
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address is eighth or smaller, the Reed-Solomon encoding
as shown in FIG. 6B is executed, thereby generating
codes ANl and ANZ, each having 13 symbols including

eight check symbols.

In Step S75, if the number of symbols representing

the address is nine or greater, the symbol arrangement

- as shown in rIG. 6A is converted to the arrangement as

shown in FIG. BA: the shuffling is executed. - In this
case, the yrule of shuffling ANl is the same as in the
case of AN2. 1If the number of symbols representing the
address is eight or smaller, the symbol arrangement as
shown in FIG. 6B is converted to the arrangement as
shown in FIG. 8B: the shuffling is executed. 1In this
case, the rule of shuffling ANl is not the same as in
the case of ANZ.

As described above, the encoding of an AN code is
executed in the two methods depending on the number of
effective characters in the address number. Steps SY1
to $96 constitute a process for decoding the AN code.

The basic principles of the decoding are as
follows.

(I} A received code is decoded by two decoding
methods wurresponding to the two encading methods.

(2) It is determined which result of the decoding
is probable, and a more probable one is adopted as the
result of the decoding.

Steps S91 and £92 are a decoding process



corresponding to the case in which the number of
information symbols is nine or greater.

In Step 591, the arrangement of the series of
symbols output from Step S§83, as shown in FIG. BA, is
converted to the arrangement as shown in FIG. 6A. The
result of Step S91 is subjected to Step S92 for decoding
a Reed-5olomon code.

In Step S92, an AN code is subjected to a known
Reed-Solomon decoding process for correcting at most
three errors. BAs a result of the decoding process in
Step £92, if it is detexrmined that an error is
correctable, a code in which the error has been
corrected is output; alternatively, if there is no
error or it is determined that an errxor is not
correctable, an inmput code ir'output without
correction. Actually, the decoding system has a port
or variable for outputting a code series and another
port or variable for outputting flag informatien
rcprcsenting the gtatus of the nndn series. In
general, it is determined that the error is not
correctable, when inconsistency is found in the process
of decoding; for example, when character information is
deocoded to a éyﬁhnl of "0000" or when it is concluded
that the errxor is located at a position beyond the
length of the code. Further, the following fases are
also detected as inconsistency: a breach of rule, such

as decnding of a PC to a symbol correspending to
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a Roman character (if no Roman character is used in the
PC), disorder of the null code, and continuity of the
control codea exccpt for the null code.

Steps S93 and $94 are a decoding process
corresponding to the case in which the number of
information symbols is eight or smaller.

In Gtep S$93, the arrangement of the series of
symbols output from Step 583, as shown in FIG. 8B, is
converted to the arrangement as shown in FIG. 6B. The
result of Step S91 is subjected to Step S$94 for
decoding a Rccd-Solomon code.

In Step 8§94, an AN code is subjected -te a known
decoding process for correcting at most three errors.
As a result of the decoding process in Step S%4, if it
is determincd‘thét an error is correctable, a code in
which the error has been corrécted is output; or if
there is no error or it is determined that an error is
not correctable, an input code is output without
corrxcection. Actually, the decoding system has a port
or variable¢ for outputting a code series and another
port or variable for outputting flag information
representing the status of the code series. In
genoral, it i8 determined that the error is not
correctable, when inconsistency is found in the process
of decoding; for example, when character information is
decoded to a symbol of "0000" or when it is concluded

that the arror is located at a position beyond the
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length of the code. Further, the following cases are
also detected as inconsistency: a breach of rule (if
the types [ characters used ih an address are
restricted as in the case of PC), disorder of the null
code, and continuity of the control codes except for
the null code. Further, as clearly shown in FIfS. 6A
and 6B, an AN coude includes an additional codc, such as
Ll, having a fixed pattern. Therefore, inconsistency
can also be found by confirming whether the additional
code is accurately decoded.

In Step 895, the two pieces of decode status
information obtained from Steps 592 and 94 are compared
with each other, and it is determined which information
is probable; i.e., whether the number of iﬁformatien
symbuls of the AN code is nine or grecater, or eight
or smaller. In 8tep S96, controlled by the above
determination, a more probable one of the outputs from
Steps S92 and 894 is selected to be supplied to
a subseguent step.

As described before in connection with Step §92 or
594, the fellowing factors of information are used to
determine the probability in Step S95:

(1) the number of doetected exrors;

{2) the position of detected errors;

{3) whether the character information is "0000";

(4) whether the types of used characters are

within the limited range;
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(5) whether the position of the null code is
appropriate;

(6) whether a control cnde is inserted in an
appropriate position; and.

(7) whether an additional code of a fixed pattern
is correctly deicoded.

In Stcp $87, the decoaded symhnls are converted to
the corresponding characters in accordance with the
fule shown in FIGS. 4A and 4B. This process corresponds
to a reverse process of Step S62 shown in FIG. 5.

In Step S86, the flag infermation obtained from
Step S85 is interpreted. The information, decoded in
Step $85 and converted as the character in Step 587, is
evaluated. More specifically, when the flag
infofmation represents existance of an uncorrectabls
error, the decoded information is not reliable and the
mail is stored as rejected mail. The addresses written
on the rejected mails must be read by a staff later,
thereby sorting the mails. When the flag information
represents the- other status (no error or existence of
a correctable error), the decoded information is
effective. 1In this case, the Qail is transferred by,
foxr example, an antomatic address sorter, through a
belt or the like, to a storage box corresponding to the
address represented by the decoded information, and

stored therein.

FIC. 13 shows an example in which a bar code of
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the present invention is applied to a postcard.
Character information 101, such as an address, is

written and a bar code 102 according to the present

“invention are printed on a postcard 100. Even if the

bar code printed on the postcard overlaps the characters
of the address written by the sender, inconveniences
(e.g., failure in reading or erroneous reading of the
bar code) can be suppressed to a minimum. As a result,
a rereading operation by the operator is not required,
and the delivery delay of the mail to the rorrect
address is prevented.

As has been described above in detail, according
tc the present invention, three or more bar code
patterns, corresponding to check symbols, are not
consecutively arranqed. When two continuous bar code
patterns corresponding to check symbols are arranged on
a print surface, a bar including a printed portion is
printed in either or boulh of Lhe sLarl and the end
portions of the patterns.

As a result, it is ensured that the length of
a section in which no bar is present is limited to a
predetermined value or less. Therefore, Lhe ability of
the Reed-~Solomon code for correcting errors can be
efficiently utilized, while the reliability of the bar-
code recognition is maintained.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,



the invention in its broader aspects is not limited to
the specitic details, representative devices, and
illustrated examples shown and described herein.
Accozrdingly, various modifications may be made without
departing from the spirit or scope of the general
inventive concept as defined by the appended claims and

their equivalents.
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THE CLAIMS DEFINING THE INVJNTION ARE AS FOLLOWS:

1, Four-state bar codes comprising the combination
with:

a first code element representing a long bar
having a predetermined length defined by an upper end, a

center and a lower end;
a second code element representing an upper half

bar having a length extending from the upper end to the

center;
a third code element representing a lower half

bar having a length extending from the center to the lower
end; and

a fourth code element representing a blank from
the upper end to the lower end,

wherein a numeral is expressed by a combination
of two of the first to fourth code elements, a control
code is expressed by a combination of two of the first to
fourth code elements and a Roman letter is expressed by a
combination of one of the numerals and the control code.

2. The four-gstate bar codes according to claim 1,
wherein a combination of two of the first to fourth code
elements represents one of ten numerals 0-9, a hyphen, a
blank and first to third control codes, combinations of the
first contrcl code and the ten numerals represent ten Roman
letters; combinations of the second control code and the
ten numerals represent other ten Roman letters; and
combinations of the third control code and six of the ten

numerals represent six Roman letters.

\A\MELBOI \homag\Juanita\Keep\ 48142 .96 . opeci .doc 14/10/97
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3. The four-state bar codes according to claim 1,
wherein two of the first to fourth code elements
representing a unit character are printed on a piece of

mail.

DATED THIS 14" DAY OF OCTOBER 1997.
KABUSHIKI KAISHA TOSHIBA

By its Patent Attorneys:

GRIFFITH HACK

Fellows Institute of Patent
Attorneys of Australia

1 \\MELBO1\home$\Juanita\Keepi48142.96.speci .doc 18710797
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Abstract of the Disclosure (FIG. 2)

"BAR CODE ENCODING SYSTEM USING
FOQUR-STATE CODES™

A b;r code encoding system comprising a
representing unit (21) for representing an input
character by an information symbol of m bits excluding
a bit pattern of all "0" bits, a calculating unit (22)
for subjecting a series of a k-number of information
symbols to error-correction encoding and calculating
a check symbol serics of a gq—number of check symbols,
a converting unit (22) for respectively converting an
n(=(k+q)) number of symbols to predetermined bar code
patterns, and arrangement converting unit (23) fox

converting arrangement of the n-numher oaf symhnls sa

"that at most three bar code patterns corresponding te

the check symbols may not be consecutively arranged.
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