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BORDER-LESS CLOCK FREE 
TWO-DIMENSIONAL BARCODE AND METHOD 
FOR PRINTING AND READING THE SAME 

FIELD OF THE INVENTION 

[0001] The invention relates generally to tWo-dimensional 
barcodes, and, more particularly, to a robust clock free 
tWo-dimensional barcode symbology, encoding information 
formatted in such barcode symbology, printing the barcode 
symbology onto a printed medium, and decoding the same. 

BACKGROUND OF THE INVENTION 

[0002] Contrary to the frequent predictions that We Will 
one day live in a “paperless society”, paper, and other 
printed mediums, are playing an increasingly important role 
as an inexpensive, effective and convenient means for com 

munication. A fundamental limitation With paper, hoWever, 
is that from a computer standpoint, it is currently an output 
only format. While paper may be the preferred medium for 
displaying information for human use, it is dif?cult, if not 
impossible, for a computer to recover data reliably once it 
has been printed. Optical character recognition (OCR) 
attempts to solve this problem in a relatively simple domain, 
such as text rendered using standard fonts, but has met With 
only limited success thus far. While accuracy rates of 
ninety-nine (99%) percent are perhaps achievable and may 
seem impressive, a page With 3,000 characters Will still incur 
an average of thirty (30) OCR errors and hence requires 
expensive and time consuming manual post-processing. 

[0003] Another approach uses computer readable bar 
codes Which may be included directly on paper (or other 
printed medium such as micro?lm). Once encoded, such 
barcodes can be used by the computer to recover informa 
tion evident to the human reader but dif?cult for a computer 
to recogniZe (e.g., printed text), information implicit to the 
creation of page but essentially invisible to the human reader 
(e.g., spreadsheet formulas), or any other information 
desired, Whether or not dependent on the actual character 
text on the paper. 

[0004] Computer readable barcodes, Wherein digital data 
is recorded directly on paper, are knoWn and have been 
utiliZed to provide document or product identi?cation given 
a ?xed set of values using simple numeric encoding and 
scanning technologies. Document or product identi?cation 
systems Which have been employed in the past include 
barcode markers and scanners Which have found use in a 

Wide range of arenas. With respect to paper documents, 
special marks or patterns in the paper have been used to 
provide information to a related piece of equipment, for 
example the job control sheet for image processing as taught 
by HikaWa in US. Pat. No. 5,051,779. Similarly, identifying 
marks comprising encoded information have been printed on 
the face of preprinted forms as described in US. Pat. No. 
5,060,980 to Johnson, et al. The Johnson, et al. system 
provides for a user entering hand draWn information in the 
?elds on a paper copy of the form and then scanning the 
form to provide insertions to the ?elds in the duplicate form 
that is stored electronically in the computer. Still another 
system is described in US. Pat. No. 5,091,966 of 
Bloomberg, et al., Which teach the decoding of glyph shape 
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codes, Which codes are digitally encoded data on paper. The 
identifying codes can be read by a computer and thereby 
facilitate computer handling of the document, such as iden 
tifying, retrieving and transmitting such document. 

[0005] Besides the various shaped barcodes described 
above, tWo-dimensional barcodes called “data strips” having 
a plurality of roWs of “data lines” that represent information 
digitally encoded on printed media are also knoWn in the art. 
Each data line roW consists of a series of black and White 
pixels each representing binary “0”s and “1”s. The ordering 
of the bits in each roW determines the digital data stored 
therein. The data stored Within the totality of the roWs de?ne 
the data contained in the tWo-dimensional barcode. Typi 
cally, to read the barcode, the user passes a hand scanner, 
Which simultaneously reads the information in each data line 
roW, vertically along the length of the barcode to read all of 
the data line roWs. 

[0006] An example of a prior art system using a data strip 
tWo-dimensional barcode having roWs of data lines With 
paper media, is found in US. Pat. Nos. 4,692,603, 4,754,127 
and 4,782,221 of Brass, et al. In this system, tWo-dimen 
sional barcodes consist of data line roWs Which are used to 

encode computer programs and data on paper and are 
scanned by use of a hand scanner. In addition to encoding the 
computer programs and data, these data lines also contain 
tracking and synchroniZation bits, hereinafter referred to as 
“clock bits”. The requirement for use of numerous clock bits 
directly Within each data line roW, signi?cantly reduces the 
amount of digital data that can be stored Within each roW. 
Further, if data line roWs having clock bits are damaged, 
Which is common if such barcodes are photocopied or 
transmitted by facsimile systems, such clock bits Would be 
lost making it dif?cult, if not impossible, to decode the 
information encoded in the barcode. 

[0007] US. Pat. No. 5,083,214 of KnoWles describes a 
tWo-dimensional barcode system that also requires embed 
ding clock bits Within the encoded data itself. HoWever, 
instead of encoding every roW and column of data With 
synchroniZation and clock bits, the KnoWles ’214 Patent 
uses the uppermost roW in a data barcode to provide syn 
chroniZation during scanning. Further, the ?rst eight left 
most columns of bits comprise clock bits that are used for 
establishing the clocks to read the data bits contained in each 
roW. Since the uppermost roW and all eight left-most col 
umns of the tWo-dimensional barcode, described in the 
KnoWles ’214 Patent, are used solely for synchroniZation 
and clocking, the overall data capacity of the barcode is 
proportionally decreased. Furthermore, if the uppermost roW 
or left most columns of the barcode are damaged, clock 
information Will be lost making it difficult, if not impossible, 
to read out the data encoded in each data roW as With other 

prior art systems. 

[0008] US. Pat. No. 4,924,078 to Sant’Anselmo et al. 
describes a tWo-dimensional barcode system in Which an 
orientation and/or timing cell border is included Within the 
body of the barcode itself. For all cases in Which the exact 
location, symbol siZe and data density are not knoWn in 
advance of reading the barcode, the border is required by the 
Sant’Anselmo ’078 Patent and must be smooth and on at 
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least tWo sides of the data area. In addition, timing cells are 
required When certain information is not a priori knoWn, 
such as the number of cells per side. Here again, because the 
orientation and/or timing cell border is included Within the 
barcode itself, the overall data capacity of the barcode is 
proportionally decreased. Furthermore, because critical 
information about decoding the barcode is extracted from 
the orientation border, damage to a single roW or column of 
the embodiment of the Sant’Anselmo ’078 Patent in Which 
the border is present on only tWo sides also makes it dif?cult, 
if not impossible to read out the data encoded Within the 
barcode. 

[0009] In co-pending patent application “A Clock-Free 
TWo-Dimensional Barcode and Method for Printing and 
Reading the Same”, (Ser. No. 08/569,280, ?led Dec. 8, 
1995) (“the ’280 Application”), the contents of Which are 
explicitly incorporated by reference herein, a clock-less 
tWo-dimensional barcode With a border on at least one of the 
four sides of the barcode is described, Which border is placed 
outside the con?nes of the barcode itself. The tWo-dimen 
sional barcodes are called “PanaMarks”®. As depicted in 
FIG. 1A, PanaMark 10 is printed in the loW right hand 
corner of printed page 11, although this position is com 
pletely arbitrary. In the embodiment depicted in FIG. 1A, 
the remaining portion of printed page 11 is occupied by 
printed text 12. HoWever, as one skilled in the art Will 
appreciate, any type of computer-generated printed material, 
for example a spreadsheet or graphics, can be substituted for 
the printed text 12. The PanaMark 10 depicted in FIG. 1B 
includes a border 13 that is present on all four of its sides. 
Although, as is fully described in the ’280 Application, the 
border 13 is only needed on one of the four sides of the 
PanaMark 10, for aesthetic reasons it is typically included on 
all four sides. 

[0010] It is therefore an object of the present invention to 
provide a clock free tWo-dimensional barcode representing 
digitally encoded data. 

[0011] It is an additional object of the present invention to 
provide a border-less clock free tWo-dimensional barcode 
representing digitally encoded data. 

[0012] Another object of the invention is to provide a 
border-less clock free tWo-dimensional barcode printed on a 
printed medium that is sufficiently robust to Withstand 
damage to the medium. 

[0013] A further object of the invention is to provide a 
border-less clock free tWo-dimensional barcode representing 
digitally encoded data, Without the need for any internal 
blocks used for alignment purposes. 

[0014] It is yet another object of this invention to encode 
information formatted in a border-less clock free tWo-di 
mensional barcode for printing on a printed medium. 

[0015] An additional object of this invention is to provide 
a method of decoding information digitally encoded in the 
form of a border-less clock free tWo-dimensional barcode 
printed on a printed medium. 

[0016] Various other objects, advantages and features of 
the present invention Will become readily apparent from the 
ensuing detailed description and the novel features Will be 
particularly pointed out in the appended claims. 
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SUMMARY OF THE INVENTION 

[0017] These and other objectives are realiZed by a tWo 
dimensional data barcode having encoded digital informa 
tion in a bitmap formatted representation of randomiZed data 
bits having a selected pixel roW and column length, With no 
border surrounding the barcode. 

[0018] In one embodiment of this invention, a tWo-dimen 
sional data barcode has encoded digital information in a 
bitmap formatted representation of randomiZed data bits 
having a selected pixel roW and column length, With “black” 
data pixels in each corner and no border surrounding the 
barcode. In another embodiment of this invention, there is 
no requirement that “black” data pixels occupy each corner 
of the barcode. 

[0019] As a further aspect of this invention, a method of 
encoding information, for printing on a printed medium, 
such as paper, is described. Information is ?rst converted 
into a data stream having a sequence of binary characters 
representing data bits. The data stream is then randomiZed to 
produce approximately an equal number of “0”and “1”char 
acters. Thereafter, the randomiZed data stream is formatted 
into a tWo-dimensional bitmap of roWs and columns and 
printed onto the printed medium. 

[0020] In another aspect of the invention, information is 
converted into a data stream having binary characters rep 
resenting data bits. The data stream is mapped to produce 
digital data bits arranged in a tWo-dimensional bitmap of 
roWs and columns having the four corner locations vacant. 
The four corner locations are set to the logical character 
representing a “black” data pixel. 

[0021] Another aspect of this invention relates to a method 
for mapping the data stream representing the information to 
be encoded to produce digital data bits arranged in a 
tWo-dimensional bitmap of roWs and columns such that each 
data bit of a given block is separated from every other data 
bit Within the same block by at least one roW and one 
column, Which ensures that the bitmap is robust With respect 
to roW and column damage. 

[0022] As a further aspect of this invention, a method for 
ensuring that the information encoded into the tWo-dimen 
sional barcode is adequately randomiZed is presented. A 
number of alternate keys are available for randomiZation 
during the encoding process, so that if a ?rst key does not 
produce an adequate level of randomiZation, a second key 
can be used. This process of testing additional keys contin 
ues until the randomiZation reaches a prede?ned level. 
During decoding, the error correcting code is used to select 
the most appropriate key for derandomiZation, as the 
improper key Will produce excessive errors. 

[0023] Preferably, in all embodiments of the tWo dimen 
sional barcodes of this invention, the encoded information 
printed on the printed medium is randomiZed to safeguard 
against strings of contiguous pixels being the same color 
Which may occur Without randomiZation. 

[0024] In another embodiment of this invention, informa 
tion printed on a printed medium in the form of a tWo 
dimensional bitmap of roWs and columns of data pixels 
representing encoded data bits is decoded. The printed 
medium contains other information in addition to the bit 
map. The printed medium on Which the bitmap is printed is 
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scanned, and the bitmap is located Within the printed 
medium. The skeW angle of the bitmap is determined With 
respect to the origin of the scanned printed medium, and if 
the angle is too large, the bitmap is deskeWed. Once the 
bitmap is correctly aligned, it is cropped and the binary data 
from the data piXels is read to produce a tWo-dimensional 
digital array corresponding to the encoded data bits and 
corner bits, if present, respectively. 

[0025] In a further embodiment of this aspect of this 
invention, a method of ensuring that the data is properly read 
from the deskeWed, cropped bitmap is presented, Whereby 
four alternate data streams are created by reading the data in 
four alternate directions, and the error correcting code is 
then used to select the data stream With the feWest errors for 
output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The folloWing detailed description, given by Way 
of eXample and not intended to limit the present invention 
solely thereto, Will best be understood in conjunction With 
the accompanying draWings in Which: 

[0027] FIG. 1A is a diagram schematically illustrating the 
tWo-dimensional barcode of the ’280 Application printed on 
a page of printed teXt, and FIG. 1B shoWs an eXample of the 
tWo-dimensional barcode of the ’280 Application. 

[0028] FIG. 2 shoWs an eXample of a tWo-dimensional 
barcode in accordance With the present invention. 

[0029] FIG. 3 is a ?oW chart shoWing the steps for 
encoding and decoding information onto a printed medium 
in accordance With the present invention. 

[0030] FIG. 4 shoWs an eXample of a bad data bit layout 
for the tWo-dimensional barcode. FIGS. 5A and 5B shoW an 
eXample of a better data bit layout for the tWo-dimensional 
barcode. 

[0031] FIG. 6 shoWs an eXample of optimal data bit layout 
for the tWo-dimensional barcode in accordance With the 
present invention. 

[0032] FIG. 7A shoWs an eXample of a randomiZed tWo 
dimensional barcode With “BAD” randomiZation results, 
and FIG. 7B shoWs an eXample of a randomiZed tWo 
dimensional barcode With “GOOD” randomiZation results. 

[0033] FIG. 8A is a ?oWchart describing hoW to read one 
embodiment of the tWo-dimensional barcode in accordance 
With the present invention, and FIG. 8B is a ?oWchart 
describing hoW to read a second embodiment of the tWo 
dimensional barcode in accordance With the present inven 
tion. 

[0034] FIGS. 9A and 9B illustrate hoW the tWo-dimen 
sional barcode is located Within the printed page in accor 
dance With the present invention. 

[0035] FIGS. 10A and 10B illustrate hoW the skeW of the 
tWo-dimensional barcode is calculated in accordance With 
one aspect of the present invention. 

[0036] FIG. 11 illustrates a parametric representation of a 
straight line. 

[0037] FIGS. 12A and 12B illustrate representations of a 
single point Within a plane, and tWo points Within a plane, 
respectively. 
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[0038] FIGS. 13A and 13B shoW the alignment of edge 
piXels in ideal and skeWed tWo-dimensional barcodes of the 
present invention. 

[0039] FIGS. 14A and 14B illustrate the four edges of a 
PanaMark segment and the tWo masks used to detect the 
edge piXels in the Hough Transform-based skeW detection 
procedure in accordance With one aspect of the present 
invention. 

[0040] FIG. 15A shoWs a skeWed tWo-dimensional bar 
code and FIG. 15B shoWs the edges detected Within the 
tWo-dimensional barcode of FIG. 15A by using the Hough 
Transform in accordance With the present invention. 

[0041] FIG. 16 illustrates the simple deskeWing process 
for the tWo-dimensional barcode in accordance With of the 
present invention. 

[0042] FIG. 17 shoWs tWo Ways of applying skeW cor 
rection to the tWo-dimensional barcode in accordance With 
the present invention. 

[0043] FIGS. 18A-18D illustrate the four alternate direc 
tions for reading the data from the tWo-dimensional barcode 
in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] As fully described in US. Pat. Nos. 5,625,721 and 
5,703,972 to Lopresti et al. Which are both entitled “Certi 
?able Optical Character Recognition” and in the co-pending 
patent application entitled “A Method and Means For 
Enhancing Optical Character Recognition of Printed Docu 
ments” (Ser. No. 08/138,467, ?led Oct. 15, 1993), currently 
under alloWance, the contents of Which are all explicitly 
incorporated by reference herein, information about the 
contents, layout, generation and retrieval of a document can 
be encoded by a computer When initially generating the 
document or upon subsequent computer processing thereof. 
The encoded document information can then be provided via 
a data barcode, Which is also referred to herein as a “Pan 
aMark”®, generated on the face of a printed version of the 
document. Advanced encoding and print resolution capa 
bilities presently available can accommodate up to 30,000 
bits of information in a single square inch of space. There 
fore, as taught by the above-referenced applications, one can 
theoretically encode the entire document contents, limited 
only by the amount of space on the document face that one 
is Willing to sacri?ce to the PanaMark. A barcode scanner, 
in conjunction With or Wholly separate from an optical page 
scanner, can scan the PanaMark and provide the information 
to an associated system equipped With the appropriate 
recognition and decoding softWare. The decoded informa 
tion can then be used by the scanning system to create a neW 
version of the document or to enhance the recognition, 
reproduction and error correction for the scanned document. 
To decode the PanaMark, it is not required that such barcode 
scanner and scanning system knoW the printing resolution of 
the PanaMark, provided that the scanning resolution of the 
scanner is at least as ?ne as the printing resolution of the 
PanaMark, so that each individual 1x1 or larger piXel of the 
PanaMark, representing a logical bit, can be scanned. 

[0045] The information encoded in the form of a Pan 
aMark can be used to enhance the softWare tools already 
used to create paper documents. EXamples include Word 
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processors, spreadsheets, object-oriented graphics, and mul 
timedia applications, such as voice recording and photo 
graphic imaging. 

[0046] The border 13 used in the PanaMark 10 of FIG. 1 
Was not a critical feature of the invention disclosed in the 
’280 Application, as most of the key procedures described 
therein Work Whether or not a border is present. HoWever, 
the border 10 Was used in the ’280 Application by the skeW 
estimation and deskeWing steps. 

[0047] FIG. 2 illustrates an example of the neW PanaMark 
symbology. PanaMark 20 comprises an encoded set of data 
bits in a tWo-dimensional grid. Typically, each data bit Which 
is encoded is printed as a matrix of black or White pixels 23. 
Preferably, a pixel matrix representing one data bit is square 
and may be as small as a 1x1 matrix to as large as a 6x6 
matrix or more. Non-square matrices may also be used. 
There are no clocks or borders needed or required in the 
symbology for PanaMark 20. In the preferred embodiment, 
the PanaMark 20 is a 20x20 array of data bits, although it 
can be recogniZed that the siZe is ?exible and that the only 
requirement on the siZe is that the reading process knoW the 
siZe of the encoded array. In some applications, it may be 
desirable to include a text label 22 adjacent to the PanaMark 
20, although optional and of no signi?cance to either the 
encoding or decoding process. 

[0048] TWo different embodiments are described herein. 
In the ?rst embodiment, the four corner bits 21 are alWays 
black and are necessary for the template matching skeW 
estimation process discussed in greater detail With respect to 
FIG. 10 The four corner bits 21 in the ?rst embodiment are 
called “anchor” bits. The remaining data bits in the ?rst 
embodiment are pseudo-randomiZed and can hold any com 
bination of desired information and error correction bits. The 
symbology of the ?rst embodiment provides for good skeW 
estimation When the skeW is small and the PanaMark 20 is 
free from any damage. HoWever, the placement of the 
anchor bits 21 in the corner makes them susceptible to 
damage. Thus, in the second embodiment, there is no 
requirement for any anchor bits 21 and the PanaMark 20 is 
simply a N><M array of data bits, preferably With N=M=20. 
In the second embodiment, all of the data bits are pseudo 
randomiZed and can hold any combination of desired infor 
mation and error correction bits. 

[0049] FIG. 3 illustrates the steps involved in the encod 
ing/decoding process. Except as discussed herein, each of 
the steps are more particularly described in the ’280 Appli 
cation. During the encoding process, input data in the form 
of a one-dimensional linear bitstream is ?rst processed to 
add a standard, block-based error correction code (“ECC”) 
at step 30, randomiZed at step 31, mapped from a one 
dimensional bitstream to a tWo-dimensional representation, 
the PanaMark, at step 32, and the PanaMark is ?nally printed 
at step 33. The decoding process repeats these steps in 
reverse order, the printed PanaMark is read at step 34, 
mapped from a tWo-dimensional to one-dimensional repre 
sentation in step 35, derandomiZed at step 36, and ?nally the 
ECC is applied at step 37 to recreate the “raW” linear 
bitstream. As part of the neW PanaMark symbology pre 
sented herein, improved methods for randomiZing, mapping, 
reading, and applying the ECC are also presented. 
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[0050] Any ECC can, of course, be implemented in a 
manner Which alloWs some number of bit errors to be 

corrected. While such errors are generally unavoidable, the 
method by Which data is mapped into tWo dimensions can be 
chosen to minimiZe the impact of certain kinds of errors on 
the readability of the PanaMark as a Whole. The bits are 
mapped so that systematic damage to the mark is not likely 
to cause more than one bit error in each block, or codeWord, 
Which is What the ECC can correct. 

[0051] One method, shoWn in FIG. 4, of placing the bits 
from a single block 40 sequentially in roW- or column-major 
order Within barcode 41, is a poor choice. When an image is 
scanned, it is not uncommon to see correlated damage along 
speci?c roWs or columns of pixels, as depicted in roW 42. In 
the case of ?atbed scanners and fax machines, roW damage 
arises as a result of physical motion; either the CCD sensor 
array being moved doWn the page, or the page being draWn 
past the stationary sensors. Any irregularity in this motion 
Will lead to distortion across certain roWs of scanned image. 
Note that roW 42 experiences seven bit errors and hence is 
totally lost. On the other hand, column damage can occur 
When certain of the CCD sensors have gone bad, leading to 
black stripes running doWn the length of the page. 

[0052] As shoWn in FIGS. 5A and SE, a much better 
strategy is to place successive bits from a single block along 
diagonals Within barcode 45. In this case, only one bit in 
each block is affected by damage to correlated roW 46 or 
column 47. Since the ECC can correct one bit error per 
block, this means that all the blocks are decoded success 
fully. By mapping the blocks so that the damage is distrib 
uted uniformly across them, the overall robustness of the 
symbology is improved. 

[0053] It is even more desirable if bits from a single block 
can be placed in non-adjacent roWs and columns, because 
the noise effects described earlier could potentially straddle 
roW or column boundaries. As long as the basic block siZe 
is less than half the dimension of the mark, this is possible. 
This is accomplished by the mapping process depicted in 
FIG. 6. The barcode 50 illustrated in FIG. 6 shoWs hoW 
block Zero 51 is mapped on the major diagonal of logical 
PanaMark 50 With each bit separated by at least one roW and 
one column. Hence, even damage that destroys tWo adjacent 
roWs or columns Will not, by itself, prevent the correct 
decoding of all of the blocks. Although FIG. 6 depicts a 
logical PanaMark 50 With four anchor bits 52, it Will be 
recogniZed that the anchor bits 52 are only necessary When 
the template matching skeW angle detection method is used, 
as is discussed herein With respect to FIGS. 10A and 10B. 

[0054] In exchange for doing aWay With explicit clock 
borders, the reading procedure described in the ’280 Appli 
cation requires the presence of suf?cient edge transitions to 
synthesiZe the implicit clocks. Large areas of all-White or 
all-black pixels Within the PanaMark are problematic, 
because of the consequent reduction in the number of edges. 
In practice, such regions might arise due to regular patterns 
in the underlying data unless steps are taken to prevent it. 
For instance, English text represented in standard 8-bit 
ASCII alWays has a ‘O’in the high-order bit position. FIGS. 
7A and 7B give examples of a “bad” PanaMark 60 and a 
“good” PanaMark 61, respectively. Both PanaMarks 60 and 
61 are shoWn With the optional text label 62. Note that 
PanaMark 60 is perfectly valid—it encodes the same num 
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ber of bits as PanaMark 61. PanaMark 60 Would, however, 
be impossible to read reliably using the techniques presented 
in the ’280 Application. 

[0055] Such situations can be prevented from occurring by 
randomizing the input bitstream. This means that, on the 
decoding side, the bitstream must be de-randomiZed. This 
process should actually be called “pseudo-randomization” 
because it is alWays knoWn hoW to undo its effects. Asimple, 
Well-knoWn approach to implement randomiZation is to 
perform an exclusive “OR” (“XOR”) operation on the input 
stream bit-by-bit With a prede?ned, randomly generated key. 
This has the effect of breaking up any regular patterns in the 
input stream, yielding a roughly uniform distribution of 0’s 
and 1’s. When encoded in the PanaMark, these correspond 
to White and black bits, respectively. In this Way, the “good” 
PanaMark 61 is created Which has suf?cient edges for the 
implicit clocking necessary to read the data bits. The ran 
domiZation step also gives the mark a nondescript, gray 
appearance that users may ?nd less distracting than readily 
recogniZable patterns. 

[0056] During the decoding process, the output bitstream 
is de-randomiZed by XOR’ing it With exactly the same key. 
Hence, it is vital that the encoding and decoding procedures 
use the same key. It is possible, in rare cases, that the 
randomiZed bitstream Will be degenerate such that it con 
tains large White or black regions as illustrated by the “bad” 
PanaMark 60 of FIG. 7A. To avoid this scenario, the 
encoding procedure can optionally choose from among a 
small assortment of possible keys. The selection is guided by 
the quality (i.e., the randomness) of the output bitstream. 
Even though the decoding procedure cannot knoW a priori 
Which key the encoding side has used, it is a simple matter 
to try each key and con?rm the results using the output from 
the ECC process, i.e., the correct key Will be the one that 
produces the feWest number of errors from the ECC process. 

[0057] FIGS. 8A and 8B are ?oWcharts illustrating the 
reading procedures for the barcode symbologies presented 
herein. The method described by FIG. 8A is directed to the 
embodiment of the PanaMark in Which no border or anchor 
bits are present, While the method described by FIG. 8B is 
directed to the embodiment of the PanaMark Which includes 
anchor bits, but no border. Printing is handled by a comple 
mentary set of routines that are more straightforward as no 
image processing is involved, and are fully described in the 
’280 Application. 

[0058] In FIG. 8A, the ?rst step 70 locates the PanaMark, 
Which has no border or anchor bits, on the printed page. 
Under most circumstances, it is assumed that the region 
around the mark is relatively noise-free; ordinarily it is 
positioned in an unused corner of the page (as, for example, 
in FIG. 1A). As more particularly discussed With respect to 
FIGS. 9A and 9B, the locate step 70 operates by ?rst 
calculating vertical and horiZontal histograms of the number 
of black pixels in the scanned page. Because the scanned 
PanaMark is randomiZed and therefore has an approximately 
equal distribution of black and White pixels, it Will have a 
greater number of black pixels than is normally present 
Within the region of the document in Which it is positioned. 
Each histogram is sequentially examined, roW by roW for the 
vertical histogram and column by column for the horiZontal 
histogram, until a ?rst predetermined level is reached. Next, 
the process “backs up slightly” until a second loWer prede 
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termined level is reached. This is selected as the ?rst 
boundary. Then, moving forWard from Where the ?rst pre 
determined level Was ?rst found, the histogram is examined 
to ?nd the point Where it drops beloW the ?rst predetermined 
level. The process next “moves forWard slightly” until the 
second predetermined level is reached, similar to the “back 
ing up” process described above. This point is selected as the 
second boundary of the mark. By performing this process on 
both the horiZontal and vertical histograms, a box bounding 
the PanaMark is selected. The “backing up slightly” and 
“moving forWard slightly” steps ensure that the corners are 
not cut off, especially in the case of a skeWed PanaMark. 

[0059] In step 71 of FIG. 8A, the skeW of the PanaMark 
is estimated using the “Hough Transform” procedure. This 
procedure is described in greater detail With respect to FIGS. 
11-13. In this procedure, horiZontal edges are ?rst found for 
each roW of logical data pixels. By using the Hough Trans 
form, a representation for a line Which is in parallel With the 
horiZontal edges is found (Which, if skeWed, Will not be 
purely horiZontal), and the angle betWeen this line and a 
purely horiZontal line is calculated, giving the skeW angle. 

[0060] At step 72, the skeW angle is evaluated. If the skeW 
angle 4) is beloW a certain predetermined threshold 0t, no 
deskeWing is required, and the cropping step 75 is performed 
next. If the skeW angle 4) is greater than the predetermined 
angle 0t, then the trigonometric deskeW step 74 is performed 
next. As is more particularly described With respect to FIG. 
17, once the skeW angle is knoWn, it is possible to calculate 
the position of the deskeWed image mathematically based 
upon the skeWed image. 

[0061] Once the deskeWing, if any, is completed, at step 75 
a tight bounding box is cropped around the PanaMark, 
Which is noW oriented With clean horiZontal and vertical 
edges. The cropping step is performed in a manner much like 
the locate step 70, but With tighter tolerances. Finally, at step 
76, the bits are read out, yielding an N><M bit array (20x20 
bit in the preferred embodiment). The read process 76 is 
more particularly described in the ’280 Application and With 
respect to FIG. 18. 

[0062] In FIG. 8B, the ?rst step 70 locates the PanaMark, 
Which has anchor bits but no border, on the printed page, in 
the same manner as is generally described above and more 
particularly described With respect to FIGS. 9A and 9B. As 
previously mentioned With respect to FIG. 8A, it is assumed 
that the region around the mark is relatively noise-free. 

[0063] In step 71, the skeW of the PanaMark is estimated. 
TWo alternate methods for estimating the skeW are described 
herein. The ?rst method is a “template matching” procedure 
Which is only effective for small angles of skeW (it is not 
used in FIG. 8A because it requires that the PanaMark to be 
decoded have anchor bits in each corner), Which is more 
particularly described With respect to FIGS. 10A and 10B. 
Generally, this process operates by aligning tWo templates 
closely to tWo adjacent corners of the PanaMark, for 
example, the left top corner and the left bottom corner. Each 
template forms a right angle and preferably has an inner roW 
of black bits and tWo outer roWs of White bits. Each template 
is moved bit by bit toWards the respective corner, until the 
closest possible match is found, aligning the inside roW of 
black bits With the respective corner. Although the Pan 
aMark may be skeWed, each template remains aligned 
vertically and horiZontally as it is matched With the respec 
















