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(57) ABSTRACT 

A barcode System for generating and decoding a barcode 
with visual significance. The barcode System of the present 
invention includes an encoding module for receiving a 
message and a logo and generating a Visually significant 
barcode based on these inputs. A decoding module is also 
provided for receiving an acquired version of a visually 
Significant barcode that may have been degraded in a typical 
document handling channel (e.g., through the printing, Scan 
ning, or copying process) and for recovering the message 
Specified by the Visually significant barcode. 
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METHOD AND APPARATUS FOR GENERATING 
AND DECODING A VISUALLY SIGNIFICANT 

BARCODE 

FIELD OF THE INVENTION 

0001. The present invention relates generally to bar codes 
and more specifically to a method and apparatus for gener 
ating and decoding a visually significant barcode. 

BACKGROUND OF THE INVENTION 

0002 Barcodes are information carrying graphical pat 
terns designed for easy and reliable automatic retrieval. The 
most common barcodes are known as one-dimensional 
barcodes. These graphical patterns vary in a single dimen 
Sion (e.g. the horizontal dimension), and are constant in the 
other dimension (e.g., the vertical dimension). One-dimen 
Sional barcodes are employed in low information content 
applications like product index registry (e.g. automatic price 
tagging and inventory management), or Serial number reg 
istry (e.g. test-tube tagging in automated medical tests). 
Common examples of one-dimensional barcodes are those 
barcodes that are affixed or printed on the packages of items 
purchased at a Supermarket or department Store. These 
barcodes typically can only encode limited information, 
Such as the price of the item and the manufacturer. The items 
having the barcodes are Scanned at a checkout counter to 
facilitate the tallying up of a total receipt. 

0003. In order to convey more information on the same 
Surface area, two-dimensional barcodes were developed. 
Two-dimensional barcodes involve intricate patterns that 
vary in both the horizontal and the vertical dimensions. 
Two-dimensional barcodes are used in applications that 
require more information contents. For example, two-di 
mensional barcodes can be used to encode mail addresses 
for automated mail reading and distribution Systems. Mail 
carrier companies can use the two-dimensional bar code on 
Shipping packages to encode shipper information, recipient 
information, tracking information, etc. In another example, 
two-dimensional barcodes can be used to encode the com 
pressed content of a printed page to avoid the need for 
optical character recognition at the receiving end. 

0004 U.S. Pat. Nos. 5,060,980, 5,486,686, and 5,459,307 
illustrate an exemplary 2D barcode System This System 
utilizes short black bars that have a forward orientation or a 
backward orientation (e.g., bars that are oriented at either 
45% or 135% with respect to a reference) to render the 
barcode. The two possible orientations of the bar allow 
information (e.g., 1 or 0) to be encoded therein. This system 
offers a limited improvement over the traditional 2D barcode 
in that the appearance of these short black bars while still 
distracting to the human visual System is leSS So than the 
traditional 2D barcode. Consequently, it is asserted by these 
patents that a barcode utilizing these bars can be placed in 
the background of a document without excessively distract 
ing a perSon reading Such a document. 

0005. Unfortunately, the unsightly appearance of 2D bar 
codes relegates these bar codes to impersonal commercial 
and industrial Setting regardless of whether the barcode leSS 
distracting and can be incorporated into the background of 
a document. For example, in many consumer applications, 
the current Visually meaningleSS barcode patterns are pro 
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hibitive, since users are more likely to decline the benefits of 
the application rather than to include a “barcode” on their 
letterhead. 

0006 Another challenge in the design and use of 2D 
barcodes is the ability to produce barcodes by using office 
equipment (e.g., printers) that can be Subsequently readback 
also using office equipment (e.g., Scanners). For example, 
the 2D System must address printer and Scanner distortions 
that can vary acroSS different types and manufacturers of the 
office equipment. It is desirable that the 2D barcode be 
reliably generated and Scanned regardless of the type of 
machine and the manufacturer of the machine. It is also 
desirable that the barcode be robust to photocopying (i.e., 
the barcode can be Scanned and information embedded 
therein decoded from a copy of the originally rendered 
barcode). 
0007 Accordingly, there remains a need for a visually 
significant 2D bar code that is robust to distortions in the 
paper path and that overcomes the disadvantages Set forth 
previously. 

SUMMARY OF THE INVENTION 

0008. It is an object of the present invention to provide a 
method of generating and decoding a barcode with Visual 
Significance. 
0009. It is a further object of the present invention to 
provide a barcode pattern with Visual significance that is 
robust to consecutive photocopying and common office 
document degradation. 
0010. It is a further object of the present invention to 
provide a barcode pattern with Visual Significance that can 
be printed and read by Standard office equipment. 
0011. The barcode system of the present invention 
includes an encoding module for receiving a message and a 
logo and generating a visually significant barcode based on 
the Se inputs. A decoding module is also provided for 
receiving an acquired version of a visually Significant bar 
code that may have been degraded in a typical document 
handling channel (e.g., through the printing, Scanning, or 
copying process) and for recovering the message specified 
by the Visually significant barcode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a block diagram illustrating an office 
environment in which one embodiment of the visually 
Significant bar code System of the present invention that does 
not accept user input can be implemented. 
0013 FIG. 2 is a block diagram illustrating an office 
environment in which an alternative embodiment of the 
Visually Significant bar code System of the present invention 
that accepts user input can be implemented. 
0014 FIG. 3 illustrates a logo of a picture without any 
user input feature and a logo of a picture having a user input 
feature. 

0015 FIG. 4A is a block diagram illustrating an office 
machine in which the Visually significant bar code Systems 
of FIG. 1 or FIG.2 can be implemented. FIG. 4B is a block 
diagram illustrating a computer-readable medium in which 
the visually significant bar code systems of FIG. 1 or FIG. 
2 can be implemented. 
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0016 FIG. 5 is a block diagram illustrating in greater 
detail the encoding modules and the decoding modules of 
FIG. 1 or FIG. 2. 

0017 FIG. 6 illustrates a method of encoding a message 
into a visually Significant barcode according to one embodi 
ment of the present invention. 
0.018 FIG. 7A illustrates an exemplary implementation 
of the encoding step of FIG. 6 in accordance with one 
embodiment of the present invention. 
0.019 FIG. 7B illustrates pattern matrices according to 
one embodiment of the present invention that can be used in 
the encoding scheme of FIG. 7A. 
0020 FIG. 8 illustrates a method of decoding a visually 
Significant bar code according to one embodiment of the 
present invention. 
0021 FIG. 9 illustrates an exemplary logo image and a 
corresponding visually significant barcode generated by the 
encoding method of the present invention. 
0022 FIG. 10 illustrates a zigzag scan that can be used 
in the decoding method of FIG. 6 to locate the barcode Zone. 

DETAILED DESCRIPTION 

0023 The subject invention will be described with ref 
erence to numerous details Set forth below, and the accom 
panying drawings will illustrate the invention. The follow 
ing description and the drawings are illustrative of the 
invention and are not to be construed as limiting the inven 
tion. Numerous Specific details are described to provide a 
thorough understanding of the present invention. However, 
in certain instances, well-known or conventional details are 
not described in order not to unnecessarily obscure the 
present invention in detail. In the drawings, the same ele 
ment is labeled with the same reference numeral. 

Visually Significant Bar Code System 10 

0024 FIG. 1 is a block diagram illustrating an office 
environment in which one embodiment of the visually 
significant bar code system (VSBCS) 10 of the present 
invention that does not accept user input can be imple 
mented. The visually significant bar code system (VSBCS) 
10 includes an encoding module 14 for generating a visually 
significant bar code (VSBC) 20 by utilizing a rendering 
technique and a decoding module 24 for decoding an 
acquired version 48 of a hard copy i (e.g., a first hard copy 
38, a copy 54 of the first hard copy 38, or a second hard copy 
56) that includes a visually significant bar code (VSBC) and 
for recovering a message 60 that is specified in the acquired 
version 48. The VSBC 20 can be rendered by utilizing 
rendering techniques that are well-known to those of ordi 
nary skill in the art. In one embodiment, the VSBC 20 is 
rendered by utilizing a halftone algorithm to generate a 
halftoned VSBC 20. 

0.025 The system 10 can communicate with a driving 
program 15 for providing the logo 16 and the message 18 
and also communicate with a driven program 70 for utilizing 
the recovered message 48 for a particular application. 
0026. The encoding nodule 14 includes a first input for 
receiving a logo 16, a Second input for receiving a message 
18, and an output for generating the Visually Significant bar 
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code (VSBC) 20. The message 18 can be any information 
that a System designer Specifies. 
0027 Logo 16 can be any graphical pattern that has 
Visual significance, which is in Sharp contrast to prior 2D bar 
codes that do not make Sense as graphical entities. For 
example, logo 16 can include, but is not limited to, an actual 
logo, graphics, a picture, text, a text box, an image, or any 
other pattern that has visual Significance. Exemplary logos 
can include a company logo, an application logo, or action 
logo. Exemplary graphics can be frames, button marks, or 
background. An example of text is a text box having the 
words “This box contains important data.” The VSBC can 
be a bar code pattern that is embedded in the graphical 
design of text, pictures, images, borders, or the background 
of a document. 

0028. The VSBC pattern may be, but is not limited to, a 
binary image (e.g., a black and white dot pattern), a multi 
level image (e.g., a gray-level image), or a multilevel color 
image that is generated by encoding module 14. The encod 
ing module 14 is described in greater detail hereinafter with 
reference to FIG. 5. 

0029. The office environment typically includes office 
equipment, Such as a personal computer (PC) (not shown), 
a printer 30 having a print engine 34, a Scanner 40 having a 
Scan engine 44, a facsimile machine (not shown), and a 
copier 50 for making copies of documents (e.g., copy 54). 
The print engine 34 receives images (e.g., halftoned images) 
from Sources, Such as the encode module 14, and renders 
these images to create hard copies, Such as hard copy 38 with 
a first VSBC (L1). The scan engine 44 receives a hard copy 
(e.g., a hard copy 38 or 54 with a first VSBC (L1) or a 
second hard copy 56 with a second VSBC (L2)), generates 
an acquired version 48 (e.g. a scanned version) of the 
received hard copy, and provides the acquired version 48 to 
applications, Such as decoding module 24. It is noted that the 
Scanner 40 can be replaced with a digital camera for acquir 
ing a version oft he Visually significant barcode. Further 
more, the Scan engine 44 can be any acquisition engine for 
capturing the VSBC and providing an acquired version (e.g., 
a digital representation) of the VSBC. The operation and 
construction of these office machines and their respective 
components are generally well known by those of ordinary 
skill in the art and are not described herein. 

0030. In a typical document-handling path, the VSBC 
along with the remainder of the document is provided to a 
printer, such as printer 30. The printer 30 then utilizes the 
print engine 34 to render a first hard copy 38 that includes 
a first VSBC (L1). The hard copy 38 may then be provided 
directly to a Scanner, Such as Scanner 44, to generate a 
scanned version 48. Alternatively, the hard copy 38 can first 
be copied once or Several times utilizing a copier, Such as the 
copier 50. Thereafter, the copied version (e.g., copy 54) can 
be provided to the Scanner 44 to generate the Scanned 
version 48. It is noted that a second hard copy (e.g., hard 
copy 56) can be generated (e.g., printed or copied) by 
utilizing a printer (not shown) different from printer 30 that 
is part of a separate office. Also, it is noted that the logo 16 
can vary from application to is application (e.g., first VSBC 
(L1) or second VSBC (L2)) and can be specified by a system 
designer 

0031. The decoding module 24 receives the acquired 
version 48 and recovers the message 60 encoded in the 
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acquired version 48. For example, if the acquired version 
corresponds to the first hard copy 38 or to the copy 54, then 
the message in the first VSBC (L1) is recovered as the 
message 60. Alternatively, if the acquired version corre 
sponds to the Second hard copy 56 or photocopies thereof, 
then the message in the second VSBC (L2) is recovered as 
the message 60. The message 60 is then provided to a driven 
application 70 that performs one or more pre-determined 
functions or tasks, examples of which are described in 
greater detail hereinafter with reference to FIG. 3. 
0.032 FIG. 2 is a block diagram illustrating an office 
environment in which an alternative embodiment of the 
visually significant bar code system 10A of the present 
invention that accepts user input can be implemented. This 
visually significant bar code system 10B is similar to the 
system 10A illustrated in FIG. 1, except that this system 10A 
is configured to accept user input. A user can input infor 
mation to the first hard copy 38, the copy 54, or the second 
hard copy 56 in the form of marks made by using a writing 
utensil (e.g., a pencil or pen) as will be explained in greater 
detail hereinafter with reference to FIG. 3. The system 10A 
includes a user input decoding module 26 for decoding the 
user input, Such as (1) user input 64 that may be provided to 
the hard copy 38; or (2) user input 65 that maybe provided 
to the copy 54 or the second hard copy 56. It is noted that 
the user input decoding module 26 may be integrated with 
the decoding module 24 or be separate from the decoding 
module 24 as shown. 

0033. In this embodiment, the decoded user input 66 and 
the message 60 specified by the acquired image 48 are 
provided to a decision module 68 that generates one or more 
Signals based on the user input 66 and the message 60. These 
Signals can Specify or Select from one of Several options 
provided by the message. These signals are then provided to 
one or more driven programs or applications 70 that perform 
pre-determined tasks or functions, launch other applications, 
or control other applications to perform the determined 
tasks. Examples of Such task are described hereinafter with 
reference to FIG. 3. 

0034. It is noted that the driving application 15 and the 
driven application 70 can be the same application or differ 
ent applications. Furthermore, the driving application 15 and 
the driven application 70 can be incorporated into the 
visually significant bar code system (VSBCS) 10 or be 
separate from the VSBC system 10. 
0035 FIG. 3 illustrates a logo 304 of a picture 304A 
without any user input feature and a logo 304B of a picture 
having a user input feature. A document 300 (e.g., docu 
ments 38,54, or 56) includes a non-logo portion 302 (e.g., 
text, images, pictures etc.) and a logo portion 304 (e.g., first 
VSBC (L1) or second VSBC (L2)) that is can be a VSBC20. 
It is noted that the VSBC 20 is sprovided along with the 
non-logo portion So that a printer (e.g., the printer 30) can 
render the entire document 300. Since the rendering and 
decoding non-logo portions of documents are well known by 
those of ordinary skill in the art, these operations are not 
described herein. 

0036) The logo 304 can be a picture 304A without any 
user input feature or a picture 304B with a user input feature. 
In either case, the picture (304A or 304B) includes an 
encoded message 308 lo that can be, but is not limited to, an 
Internet address (e.g., a World Wide Web address), an 
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electronic nail address, authentication information (e.g., a 
digital signature or the author or Sender of the document), a 
file name and file location, a facsimile number for “fax 
back' applications, or a combination thereof. 
0037. One aspect of the present invention is providing a 
VSBC to increase the value of documents and to create 
“living documents”. Living documents are those documents 
that have more information (e.g., encoded messages) than 
meets the eye or is apparent in Viewing the documents. 
Living documents have encoded messages in the form of 
VSBCs that can be used to dynamically retrieve additional 
information (e.g., updated versions of the document), to 
reduce human intervention, to increase convenience, to 
improve efficiency in the office, to increase Security in the 
distribution of documents, to increase productivity and to 
facilitate interaction and communication between people in 
the office. 

0038. There are numerous applications that use one or 
more of the types of messages, described above, and 
encodes these types of messages into documents. It is to be 
appreciated that there are many other types of messages or 
information that may be encoded into documents and 
numerous applications related thereto. The cornerstone of 
these applications is the VSBCS of the present invention. 
0039 For example, one application of the present inven 
tion is to use the VSBC to store the file name and the file 
location (e.g., path to access the document on a server, Web 
site, etc.). When a document having a VSBC that contains 
file and file location information is Scanned into or otherwise 
acquired by a personal computer, a Most-Recent Document 
Application can utilize this information to access the most 
recent or updated electronic version of the document and 
launch the document by using a word processing applica 
tion. 

0040 AS can be appreciated, the present invention pro 
vides significant improvements over the prior art approach 
that would attempt to convert the Scanned version into a 
text-editable version via Some type of OCR. The OCR 
approach is prone to many errors and mistakes in recogni 
tion. In addition, regardless how accurate the OCR utilized, 
only the version as shown on the physical document can be 
accessed. If that document has been Subsequently revised, 
there is no mechanism that would allow for the retrieval of 
the most up-to-date version. This application retrieves the 
most-current electronic version even if the document has 
poor quality text that is inadequate for recognition by prior 
ant OCR methods because the file name and file path are 
encoded in the VSBC. 

0041 Similarly, the encoded name and location of the 
original electronic version of the document, allows a copier 
to utilize the original document to be utilized as a copy 
Source instead of having to rely on the document in-hand 
with the VSBC, which may have been severely degraded in 
the typical paper handling path. This is an example of a 
Copy-from-Electronic-Version Application. 
0042. A security application can utilize authentication 
information encoded in the VSBC for authentication pur 
poses or other Secure communication functions. For 
example, a digital Signature can be encoded into the VSBC 
So that the Source of the document can be authenticated. 

0043. In another example, the facsimile number is 
encoded in the VSBC so that an Automatic Fax-Back 
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Application can utilize the encoded facsimile number to 
automatically dial the number when the document is fed into 
a facsimile machine without user intervention. Alternatively, 
an e-mail address may be encode d in the VSBC so that an 
Automatic Electronic-Mail Response Application can utilize 
the encoded electronic mail address to automatically Send 
more information (e.g., a response) via e-mail to the author 
of the document. 

0044) The picture 304B with a user input feature can 
include one or more user input forms. For example, a Check 
Box Form 314 can be provided for a user to select from one 
of Several options by Simply checking the appropriate box. 
The text message box “Check Appropriate Box”315 can be 
a visually significant barcode. In another example, a Circle 
Selection Form 318 can be provided for a user to select from 
one of Several options by Simply circling the appropriate 
selection. The text message box “Circle Desired Option'319 
can be a Visually significant barcode. In yet another 
example, a Fill-In Form 324 can be provided for a user to fill 
in information requested by the form The text message box 
“Fill In’325 can be a visually significant barcode. 
0.045 Each of these forms request user input 330, such as 
a check mark, a circle, or text input. The user input 330 can 
then be decoded by the user input decode module 26 to 
recover the user input. Thereafter, the decision module 68 
utilizes the user input in conjunction with the recovered 
message to Select one of Several available functions or tasks, 
and the driven application 70 for performing the selected 
tasks can be launched. For example, the user input can be 
utilized to arbitrate between different messages encoded in 
the different Visually Significant text boxes. In the automatic 
e-mail response application, the user input and the different 
Visually significant text boxes can be utilized to (1) reply 
only to the Sender or (2) to reply to all recipients including 
the Sender. 

0046) The VSBC system 10 or 10A can be embodied on 
a media that is incorporated in office equipment (e.g., a 
personal computer (PC), printer, facsimile machine, Scanner, 
copier, all-in-one machine, etc.) or separate from office 
equipment. When incorporated in office equipment, the 
media, having the VSBC system 10 or 10A embodied 
therein, can be in the form of a memory (e.g., random access 
memory (RAM), read only memory (ROM), etc.). When 
incorporated Separate from the office equipment, the media, 
having VSBC system 10 or 10A embodied therein, can be in 
the form of a computer-readable medium, Such as a floppy 
disk, compact disc (CD), etc. 
0047 FIG. 4A is a block diagram illustrating an office 
machine 400 in which the VSBC system 10 or 10A can be 
implemented. The office machine 400 includes a memory 
410 in which the VSBCS 10 or 10A of the present invention 
can reside. The office machine 400 may be a personal 
computer (PC). If this is the case, the PC can be coupled to 
a printer, Scanner, an all-in-one machine or other peripheral 
machine. It is noted that the VSBCS 10 or 10A may reside 
in the PC in the form of a driver program associated with one 
of these peripheral machines or can be Stored in a memory 
that is located in the peripheral machines. 
0.048 Alternatively, the office machine can be an all-in 
one office machine (e.g., an integrated 20 Scanner, printer, 
and facsimile machine) or any rendering machine. 
0049 FIG. 4B is a block diagram illustrating a computer 
readable medium 420 in which the VSBC system 10 or 10A 
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of the present invention can be implemented. The computer 
readable medium 420 may be a floppy disk 440, a compact 
disc (CD) 430, or other computer-readable medium, etc. As 
can be appreciated, the VSBC system 10 or 10A can be 
implemented in a variety of other ways and in a variety of 
other components that are commonly found in an office 
environment. 

0050 FIG. 5 is a block diagram illustrating in greater 
detail the encoding module 14 and the decoding module 24 
of FIG. 1 and FIG. 2. The encoding module 14 includes an 
encoder 500 for receiving a message 18 and generating an 
encoded message 504 based on the message 18. Encoding 
module 14 also includes a graphic modulation unit 510 for 
receiving the logo 16 and the encoded message 504 and 
based thereon, generates the VSBC20. The VSBC20 can be 
a specific pattern. In the channel 514, the VSBC 20 can be 
rendered directly on a document or incorporated into a 
document and rendered thereon. 

0051 Preferably, the visually significant two-dimen 
Sional bar codes of the present invention are graphical 
patterns composed, usually though not necessarily, of dots. 
The Visually significant bar codes of the present invention 
are rendered, usually though not necessarily, using two 
toned dots (e.g. black dots on a white background), and 
occupy, usually though not necessarily, a rectangular area 
The Visually significant bar codes can incorporate various 
registration and fiducial marks, which are generally well 
known to those of ordinary skill in the art, for enabling 
automated identification and accurate registration of the bar 
code, which may be read in arbitrary orientations. In addi 
tion, the Visually significant bar code System of the present 
invention can employ various error correcting codes, which 
are generally well known to those of ordinary skill in the art, 
for reliable automated retrieval of the bar codes. 

0052 The steps carried out by encoding module 14 to 
process the message 18 and the logo 16 to generate the 
VSBC 20 are described in greater detail hereinafter with 
reference to FIG. 6. 

0053 Channel 514 represents a typical office document 
handling path for hard copies by Standard office equipment. 
For example, a hard copy can be printed, photocopied, and 
Scanned. It is understood that one or more of these Standard 
office handling StepS can be carried out by multi-functional 
equipment. Since the barcode pattern is Subject to noise and 
office document S degradation (e.g., folds, stains, marks, and 
Staples) in the channel 514, a standard cleaning process to 
address the noise and degradation of barcode pattern can be 
employed. 
0054 The steps carried out by the decoding module 24 to 
recover the message 60 from the acquired image 48 are 
described in greater detail hereinafter with reference to FIG. 
8. 

Generating the VSBC 20 
0055 FIG. 6 illustrates a method of encoding a message 
18 into a Visually significant barcode 20 according to one 
embodiment of the present invention. In step 600, the 
message 18 and the logo 16 are received. The message 18 
can also be compressed by utilizing well known compres 
Sion techniques in this step. For certain applications, Such as 
universal resource locators (URLS), a tailored or customized 
compression Scheme may be preferable. 
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0056. In step 610, the compressed message is encoded by 
utilizing an error correction code with an output alphabet L 
to generate a message encoded in a Sequence of Q Symbols. 
This encoding Step provides robustness to errors in the 
channel 514. For example, a standard 16? 31 bit BCH code 
that corrects for three errors, where L24 (2 bits) can be used. 
0057. In step 620, the logo 16, which can be an MXN 
pixel image, is partitioned in a plurality of image matrices. 
In one example, K is equal to two (2), and M and N (i.e., the 
size of the logo 16) are even values (e.g., N=80 and M=40). 
The values of K, M and N can be modified and predeter 
mined by a System designer to Suit a particular application. 
0.058. In step 630, an image area corresponding to R logo 
matrices is used for pre-defined fiducial markS. For example, 
the four corners of the image can be reserved for fiducial m 
arks. In each corner, an area of 424 pixels (222 matrices) can 
be designated for fiducial marks. The fiducial marks can be 
the whole area rendered white, except for an isolated loca 
tion in each corner that is Set apart or Separate from adjacent 
matrices, which is rendered black. The upper-left fiducial 
mark, for example, can be all white except for the upper-left 
pixel, which is rendered black. It is preferable that the 
pattern for the fiducial mark be as robust to channel noise as 
possible. Since dots may be blurred or move relative to each 
other due to noise in the channel 514, this pattern ensures 
that the black fiducial dots do not merge with neighboring 
dots, and instead Stand out clearly on a white background. 
Various other fiducial patterns can be utilized depending on 
the particular types of noise in a particular channel of 
interest. 

0059. In step 640, the remaining logo matrices (i.e., 
P=MxN/(KxK)-R logo matrices) are converted to KxK 
binary barcode matrices by utilizing one of a predefined Set 
of L distinct maps (e.g., halftoning algorithms) based on a 
corresponding Symbol in the coded message. In one 
example, there are 784 remaining image-matrices (based on 
N=80 and M=40) that can be ordered in raster scan. The 784 
image matrices can accommodate slightly more than 25 
batches of 31 matrices (Q225231775). It is important to 
note that P should be greater than Q. Each batch codes two 
batches of 16 input bits: (1) one batch for the BCHMS bits, 
and (2) the other batch for the BCHLS bits. Thus, for the 
parameterS Specified above, the barcode can encode 
25216'22'2800 bits of information. 

0060 FIG. 7A illustrates an exemplary implementation 
of encoding step 640 of FIG. 6 in accordance with one 
embodiment of the present invention. The logo 16 includes 
a plurality of pixels having one of two different gray levels: 
25% and 75%. For example, pixels 704, 706 have a 25% 
gray level, and pixel 708 has a 75% gray level. 
0061 Referring to FIG. 7B, for those pixels in the logo 
16 that have a 25% gray level, one of the four bar code 
matrices in the first row is used to render the based on the 
data to be encoded. For example, if the data to be encoded 
is “11”, pixel 704 is rendered by utilizing the bar code matrix 
710. Similarly, if the data to be encoded is “01", pixel 706 
is rendered by utilizing the bar code matrix 730. Similarly, 
for those pixels in the logo 16 that have a 75% gray level, 
one of the four bar code matrices in the Second row is used 
to render the based on the data to be encoded. For example, 
if the data to be encoded is “00”, pixel 708 is rendered by 
utilizing the bar code matrix 720. 
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0062 Although this implementation utilizes two gray 
levels, 25% and 75%, it is noted that the present invention 
can be extended to include multiple levels can be utilized to 
Suit a particular application. In addition, the present inven 
tion can be extended to pixels of different colors. 
0063 Alternatively, the remaining image-matrices can be 
ordered with interleaving methods that are known in the art, 
to provide robustness to burst-type degradations expected 
from Stains, marks, or Systematic printer/Scanner distortions. 
The KXK binary barcode matrices can then be sent to a 
printer for printing onto a hard copy, Such as a piece of paper. 
0064. There are many rendering methodologies from 
which one can choose the L distinct maps. For example, 
when halftoning algorithms are Selected as the L distinct 
maps, there are many type of halftone methodologies one 
can choose from In an exemplary implementation a fixed 
halftone-pattern halftoning method is utilized. This method 
Specifies that the image be a 2-tone image. If black is 0, and 
white is 1, the bright tone b, and the dark tone d, are Such 
that d?12b. Also, the L halftoning algorithms correspond to 
L distinct K2K pattern-matrices, where each pattern matrix 
contains b?K2K black dots on white background. However, 
it is noted that other well-known halftoning methods, Such 
as cluster dithering, disperse dithering (e.g., blue noise), and 
error diffusion methods can be utilized. When an error 
diffusion algorithm is employed, one can Select from many 
different methods to diffuse the error. Similarly, when a 
disperse dithering algorithm is utilized, one can Select from 
many methods to define the dither matrices (also known as 
Screens) of various sizes. 
0065 Given a logo-matrix, and the selected pattern 
matrix, the resulting barcode-matrix contains the pattern 
matrix values in the places corresponding to the bright pixels 
in the logo-matrix, and their complementary otherwise. 
0066. In this embodiment, the dots are preferably ren 
dered as Square dots at 120 dots-per-inch (dpi). It is noted 
that larger dots are more robust to channel degradations, but 
Smaller dots enable more information on the same area of the 
paper. The dots can be rendered at a dpi higher than 120 dpi 
as long as acceptable error resilience can be assured. 
0067. It is noted that the size of the dots can be varied 
according to intensity. An example of varying the size of 
dots based on intensity is to make the black dots slightly 
larger than the white dots. It is also noted that the size of the 
dots can be varied according to neighborhood. An example 
of varying the size of dots based on neighborhood is to make 
minority colored dots larger. 
0068 FIG. 9 illustrates an exemplary logo 16 and mes 
sage 18 that are used to generate a corresponding VSBC 20 
by the encoding method of the present invention. 

Decoding the Acquired Barcode Image 48 

0069. The image 48 acquired by the scanner 40 and 
introduced to the decoding module 24 is a degraded version 
of the original bar code-image. These degradations are 
attributed to the channel 514, namely, the printing and 
Scanning processes, and potential office type degradations, 
Such as copying, Stains, folds, Staples, and markS. 
0070 FIG. 8 illustrates a method of decoding a visually 
Significant barcode according to one embodiment of the 
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present invention. In Step 800, the acquired image is 
received, for example, from the scanner. In step 810, the bar 
code image is located in the received image. For example, 
the received image can be a whole page of information, 
whereas the barcode image can be limited to a barcode Zone, 
which may be a portion of the whole page. In one embodi 
ment, the barcodes are located roughly at a Same predeter 
mined location in the acquired image and are Surrounded by 
white pixels. This predetermined location is referred to 
herein as the barcode-Zone. Alternatively, the barcodes can 
be disposed in varying locations on a page, as background, 
or as a frame for the page. When barcodes are disposed in 
Such a manner, a barcode locating procedure can be utilized 
to locate the barcode image on the page. 
0071. In step 820, the fiducial marks are detected. The 
configuration of these fiducial marks indicates the type of 
global deformation introduced by the channel. In one 
embodiment, the fiducial marks are detected by using a 
ZigZag Scan. 
0072 FIG. 10 illustrates a zigzag scan 1000 that can be 
used in Step 820 to detect the fiducial marks. The ZigZag Scan 
1000 begins at the upper-left corner 1010. The first dark 
pixel 1020 of each scan (requires a threshold) is detected and 
considered to be a part of the corresponding fiducial pixel. 
The first dark pixel 1020 is also used as an anchor pixel for 
that mark (red dot in FIG. 5). Next, a flood-fill algorithm, 
which is known in the art, locates all the dark pixels 1030 
connected to these anchors. The centers 1040 of the fiducial 
marks are then computed as the average (center of mass) of 
the pixels of each mark. An advantage of this ZigZag scan is 
that it enables a robust detection of the anchor points even 
in the presence of Significant rotations. This Scan can be 
repeated at each corner of the barcode. 
0073. In step 830, viewing transformation distortions 
(e.g., translation, rotation, and affine) are corrected. By 
Setting the center of the coordinate System to be ten pixels 
above and ten pixels to the left of the center of the upper-left 
fiducial mark, translation problems can be eliminated. The 
relative rotation of the center of the upper-right fiducial mark 
is then determined, and the image is rotated back accord 
ingly. 

0.074 Next, the skew factor, which is the horizontal 
translation of the centers of lower marks relative to the 
horizontal translation of the centers of the upper mark, is 
determined. If a skew is detected, the image is corrected for 
the detected skew. These transformation procedures can be 
implemented with Standard procedures known in the com 
puter Vision and image processing areas. 
0075. In one embodiment, bilinear interpolation is uti 
lized although other interpolators can be used. It is noted that 
a single affine transformation can be utilized to correct for 
both the rotation and the skew. 

0.076 The four fiducial marks enable correction of global 
transformations with up to eight degrees of freedom In this 
embodiment, there are four degrees of freedom (two-trans 
lation, one-rotation, and one-skew). 
0077. In step 840, the acquired barcode image is parti 
tioned into a plurality of Sub-images that can be arranged in 
a rectangular array, where each Sub-image corresponds to a 
single barcode matrix. Step 830 provides a rectangular 
image. In one embodiment, the Step of partitioning the 
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acquired barcode image involves the Steps of measuring the 
image and Slicing the image into rectangular Sub-imageS. In 
our case M/K220, and N/K240 so each rectangular sub 
image had the dimensions of 20240. 
0078. In step 850, each sub-image is compared against 
the set of L possible barcode-matrices (i.e., the outputs of the 
L distinct maps (e.g., halftoning algorithms) given the 
corresponding image). When the halftone patterns of FIG. 
7B are used, and the logo design is required to have a 
constant brightneSS in every logo-matrix, four vector prod 
ucts can be applied to every Sub-image. The four vectors are 
Gaussian profiles that are each centered at the center of a 
quadrant of the Sub-image. For dark Sub-images, the pattern 
of FIG. 7B corresponds to the quadrant having the maximal 
value, and for bright Sub-images, the pattern corresponds to 
the quadrant having the minimal value. This approach is also 
known as the matched filter approach in the image process 
ing arts. 
0079. In step 860, a best match is selected to represent the 
Sub-image in a sequence of PSymbols over {1,2,?L}. It is 
noted that any maximum-likelihood-type of detector or any 
other match estimator can be utilized to determine which of 
the L possible maps (e.g., halftones) is the most likely to 
have produced the corresponding Sub-image. Preferably, the 
best match is performed on a group of Sub-images. 
0080. In step 870, the (possibly erroneous) sequence that 
was originally coded with an error-correcting code is 
decoded, thereby eliminating the effect of possible errors 
due to the degradations of the channel. The corresponding 
standard BCH error correction may be performed followed 
by the appropriate re-ordering of the bits. 
0081. In step 880, the sequence is decompressed to give 
the original message. 

0082 The present invention provides a barcode pattern 
with Visual significance, thereby increasing its acceptance 
and use in the busineSS environment and even the home 
environment. Whereas the prior art bar codes were limited to 
impersonal commercial and industrial applications, the bar 
code pattern of the present invention with Visual significance 
changes the Sentimental value attached the use of barcodes 
in more personal contexts from unfavorable to favorable. 
0083. In addition, different applications can easily incor 
porate the Visually significant barcode pattern of the present 
invention and different variations thereof (e.g., different 
logos or other graphics), thereby enabling a user to custom 
ize or personalize the barcode pattern. 

0084. Moreover, the present invention utilizes tech 
niques, Such as error correct ion and the use of fiducial 
marks, to make the Visually Significant barcode pattern of the 
present invention robust to imperfections and noise in the 
hardcopy-handling channel. For example, the barcode pat 
tern of is the present invention is robust to consecutive 
photocopying by common office copiers (e.g., analog and 
digital copiers). Also, the barcode pattern of the present 
invention is resilient to common office document degrada 
tions, Such as folds, Stains, marks, and Staples. 
0085. Furthermore, the visually significant barcode pat 
tern of the present invention can be printed by and read by 
Standard office equipment, Such as printers, Scanners, copi 
ers, and multi-functional equipment. 
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0.086 The foregoing description has provided numerous 
examples of the present invention. It will be appreciated that 
various modifications and changes may be made thereto 
without departing from the broader Scope of the invention as 
Set forth in the appended claims. 
What is claimed is: 

1. A visually significant barcode System comprising: 
an encoding module for receiving a message and a logo 

and based thereon for generating a visually significant 
barcode having the message encoded therein. 

2. The Visually significant barcode System of claim 1 
further comprising: 

a print engine coupled to the encoding module for receiv 
ing the Visually Significant barcode and based thereon 
for rendering a hard copy of the visually significant 
barcode. 

3. The visually significant barcode system of claim 2 
wherein the 

print engine utilizes a halftone algorithm to render the 
hard copy of the Visually significant barcode. 

4. The Visually significant barcode System of claim 1 
further comprising: 

a decoding module for receiving an acquired version of 
the Visually significant barcode and based thereon for 
recovering a message encoded therein. 

5. The visually significant barcode system of claim 4 
further comprising: 

an acquisition engine coupled to the decoding module for 
receiving a hard copy having a Visually significant 
barcode, and based thereon, for generating the acquired 
version of the Visually significant barcode. 

6. The barcode system of claim 4 wherein the encoding 
module and the decoding module are embodied on a media. 

7. The barcode system of claim 6 wherein the media is 
incorporated in an office machine in the form of a memory. 

8. The barcode system of claim 7 wherein the office 
machine is one of a personal computer, an all-in-one office 
machine, a printer, and a Scanner. 

9. The barcode system of claim 6 wherein the media is a 
computer readable medium 

10. The barcode system of claim 9 wherein the computer 
readable medium is one of a floppy disk and a compact disc. 

11. The barcode System of claim 1 wherein the message 
is one of an electronic mail address, a uniform resource 
locator web address, authentication information, a facsimile 
number, and a file name and location. 

12. The barcode system of claim 1 wherein the logo 
includes a user input feature for allowing a user to provide 
information. 
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13. The barcode system of claim 12 wherein the user input 
feature is one of a circle Selection form, checkbox form, and 
fill-in form 

14. The barcode system of claim 1 wherein the visually 
Significant barcode is utilized in one of an automatic fax 
back application, an automatic email-back application, copy 
from electronic version application, and a most-recent docu 
ment application. 

15. A method for generating a visually significant barcode 
comprising: 

receiving an MXN pixel image; 
receiving a message having a plurality of fields; 
partitioning the MXN pixel image into a plurality of KXK 

image matrices, and 
converting the KXK image matrices to KXK barcode 

matrices by utilizing one of a predetermined set of L 
distinct maps, wherein the Selection of the particular 
map is based on a corresponding field of the message. 

16. The method as in claim 15 wherein the pixel image is 
one of a black and white image, a color image, and a 
gray-level image. 

17. The method as in claim 15 wherein the barcode 
matrices are multi-level barcode matrices that includes one 
of gray level barcode matrices and color barcode matrices. 

18. The method as in claim 15 further comprising: 
defining an image area for predetermined fiducial markS. 
19. The method as in claim 15 wherein the predetermined 

Set of L distinct maps includes a predetermined set of 
halftoning algorithms that can be one of cluster dithering, 
disperse dithering, and error diffusion. 

20. A method for decoding a visually significant barcode 
comprising: 

receiving the barcode image; 
partitioning the barcode image into a plurality of Sub 

images; 

comparing each Sub-image with a set of L possible 
barcode matrices, and 

decoding a message based on a match estimation of each 
Sub-image to each one of the L possible barcode 
matrices in a sequence of Psymbols over {1,2,... L. 

21. The method as in claim 20 further comprising: 
receiving an image having a barcode image; and 

locating the barcode image in the received image. 
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