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TECHNIQUES FOR READING TWO 
DIMENSIONAL CODE, INCLUDING MAXICODE 

FIELD OF THE INVENTION 

[0001] The invention relates to techniques for reading tWo 
dimensional code such as MaxiCode. Aspects of the inven 
tion are particularly useful in imaging optical code readers 
Which are designed to read various kinds of optical code. 

BACKGROUND OF THE INVENTION AND 
OBJECTS 

[0002] Optical codes are patterns made up of image areas 
having different light re?ective or light emissive properties, 
Which are typically assembled in accordance With a prior 
rules. The term “bar code” is sometimes used to describe 
certain kinds of optical codes. The optical properties and 
patterns of optical codes are selected to distinguish them in 
appearance from the background environments in Which 
they are used. Devices for identifying or extracting data 
from optical codes are sometimes referred to as “optical 
code readers” of Which bar code scanners are one type. 
Optical code readers are used in both ?xed or portable 
installations in many diverse environments such as in stores 
for check-out services, in manufacturing locations for Work 
?oW and inventory control and in transport vehicles for 
tracking package handling. The optical code can be used as 
a rapid, generaliZed means of data entry, for example, by 
reading a target bar code from a printed listing of many bar 
codes. In some uses, the optical code reader is connected to 
a portable data processing device or a data collection and 
transmission device. Frequently, the optical code reader 
includes a handheld sensor Which is manually directed at a 
target code. 

[0003] Most conventional optical scanning systems are 
designed to read one-dimensional bar code symbols. The bar 
code is a pattern of variable-Width rectangular bars separated 
by ?xed or variable Width spaces. The bars and spaces have 
different light re?ecting characteristics. One example of a 
one dimensional bar code is the UPC/EAN code used to 
identify, for example, product inventory. An example of a 
tWo dimensional or stacked bar code is the PDF417 bar 
code. A description of PDF417 bar code and techniques for 
decoding it are disclosed in US. Pat. No. 5,635,697 to 
Shellhammer et al. and assigned to Symbol Technologies, 
Inc., Which patent is incorporated herein by reference. 

[0004] Conventional codes are knoWn Which are based on 
a tWo dimensional grid Whose geometry is independent of 
data content. The grid may be a plane tiled by regular 
polygons such as squares or hexagons. Typically a black or 
White feature or polygon is located at each grid location. 

[0005] One such tWo dimensional optical code knoWn in 
the art is MaxiCode. Aportion of a conventional MaxiCode 
symbol is shoWn in FIG. 4. MaxiCode is a matrix symbol 
ogy made up of offset roWs of hexagonal modules arranged 
around a ?nder pattern. AMaxiCode symbol may consist of 
a unique central ?nder pattern: up to 3 dark concentric rings 
and 3 included light areas, sometimes called a “bulls-eye”. 
The central ?nder pattern is surrounded by an approximately 
square-shaped array of 33 offset roWs of hexagonal modules. 
The 33 roWs in the symbol alternate betWeen 30 and 29 
modules in Width. Orientation information (rotation) is 
provided by 6 patterns of three modules each located adja 
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cent to the bulls-eye. Data is carried in the presence or 
absence of darkened modules Within the hexagonal grid. A 
binary encoding scheme may be used to represent informa 
tion in black (loW re?ectivity) and White (high re?ectivity). 
MaxiCode is described in detail in the publication “Inter 
national Symbology Speci?cation—MaxiCode”, by AIM 
International, Inc. (hereinafter “AIM Speci?cation”). 

[0006] Various optical codes including MaxiCode can be 
read employing imaging devices. For example an image 
sensor may be employed Which has a tWo dimensional array 
of cells or photo sensors Which correspond to image ele 
ments or pixels in a ?eld of vieW of the device. Such an 
image sensor may be a tWo dimensional or area charge 
coupled device (CCD) and associated circuits for producing 
electronic signals corresponding to a tWo dimensional array 
of pixel information for a ?eld of vieW. An imaging engine 
usable in reading MaxiCode is disclosed in US. patent 
application Ser. No. 09/096,578 ?led Jun. 12, 1998, entitled 
IMAGING ENGINE AND METHOD FOR CODE READ 
ERS to Correa et al. Which is hereby incorporated by 
reference. Electronic circuits in or associated With the imag 
ing engine may be provided to decode MaxiCode. 

[0007] The above-mentioned AIM Speci?cation discloses 
a frequency—domain technique to decode MaxiCode. In 
such processes three principal MaxiCode axes, assumed to 
correspond to the hexagon grid, are found in tWo dimen 
sional pixel data using a Fourier transform technique. Grid 
locations for the modules are then determined by use of 
inverse Fourier transform techniques. HoWever, such tech 
niques require computationally intensive, tWo dimensional 
transforms, Which have long processing times particularly at 
high resolution levels preferred for accurate decoding. 
Moreover, such techniques may not accurately accommo 
date tilted or Warped MaxiCode symbols. 

[0008] Accordingly, it is an object of the present invention 
to provide a fast and efficient technique for decoding grid 
based tWo dimensional code such as MaxiCode. 

[0009] It is another object of the present invention to 
provide a technique for decoding grid based, tWo dimen 
sional code Which better tolerates tilt and/or Warping of the 
code symbol as seen by the image sensor. 

[0010] It is another object of the present invention to 
provide a technique for decoding MaxiCode Which produces 
an accurate grid mapping Which can better accommodate 
symbol grid distortion and Which can take into account tilt 
in the plane of the MaxiCode symbol With respect to the 
optical axis of the image sensor. 

[0011] In US. Pat. No. 5,637,849 to Wang et al., it has 
been proposed to extract data from a MaxiCode symbol 
using a spatial domain technique, Without frequency domain 
transforms. The technique includes identifying tWo inter 
secting diameters of at least one traversal line having an 
alignment normal to the sides of the hexagonal data cells. In 
the case that the symbol is on a non-planar surface, Wang et 
al. teaches that the top roW of data cells must be sampled by 
an angled roW of pixels and, the middle roW of data samples 
by a horiZontal roW of pixels and intermediate roWs of data 
cells sampled at angles interpolated betWeen the top angle 
and horiZontal. Alternatively, or in addition, a normaliZation 
routine may be implemented for individual roWs of data 
cells. 
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[0012] MaxiCode is a type of matrix code Which lacks 
extensive self-synchroniZation such as that built into 
PDF417. Some variants of Data Matrix also fall into this 
category. To decode such types of tWo dimensional bar 
codes, a projection or interpolation based on a single line or 
even a feW lines is not adequate and could result in module 
displacement. 
[0013] Accordingly, it is an object of the present invention 
to provide more accurate techniques for mapping a code 
grid, particularly one Which lacks extensive self-synchroni 
Zation such as MaxiCode. 

[0014] It is another object of the present invention to 
provide techniques for more accurately and ef?ciently 
decoding grid-based tWo dimensional codes in situations 
Where the code symbol does not lie in a plane normal to the 
optical axis of the image sensor. 

[0015] It is another object of the present invention to 
provide techniques for decoding grid-based tWo dimensional 
codes in situations Where the code symbol or the image of 
the code symbol is progressively distorted from the nominal 
grid pattern on Which the code is based. 

[0016] These and other objects and features of the inven 
tion Will be apparent from this Written description and 
draWings. 

SUMMARY OF THE INVENTION 

[0017] The disclosure relates to techniques for determin 
ing the presence, orientation and location of features in an 
image of a tWo dimensional optical code especially grid 
based codes Whose geometry is independent of data content, 
and more especially grid-based code based on repeating 
non-rectangular module shapes such as hexagons. The tech 
niques are adapted for use in locating ?nder patterns and 
orientation modules, and in mapping data in an image pixel 
plane With grid locations in a grid-based tWo dimensional 
code to account for siZe, rotation, tilt, Warping and distortion 
of the code symbol. Where such a code is a MaxiCode, 
techniques are disclosed for determining the presence and 
location of the MaxiCode bulls-eye and orientation modules. 

[0018] More particularly, a preferred embodiment of the 
present invention is a method for determining the presence 
and location of a MaxiCode symbol bulls-eye and the 
orientation of the symbol in pixel data obtained by an optical 
code reader. In this method a candidate center in a run of 
pixels having a color indicative of the center area of the 
bulls-eye is identi?ed. The candidate center is tested to 
determine if adjacent pixel runs have a predetermined 
amount of mirror symmetry With respect to the candidate 
center. Plural points are located on axes radiating from the 
identi?ed run and intersecting an edge of a ring of the 
MaxiCode bulls-eye. An ellipse is ?tted to the located points 
and the ellipse is expanded outWardly to estimate the loca 
tion of orientation modules of the MaxiCode. The orienta 
tion of the MaxiCode symbol is determined from informa 
tion read from the orientation modules. 

[0019] The ?tted ellipse may be required to have major 
and minor dimensions having a ratio of 2:1 or less. If this 
ratio is not met, the image may be rejected as exhibiting too 
great a tilt. A least squares ?t may be employed to ?nd the 
major and minor dimensions of the ellipse ?tted to the 
located points. In preferred embodiments the ring edge 

Sep. 27, 2001 

located and ?tted is the inner edge of the outermost black 
ring of the MaxiCode bulls-eye. Up to 24 points may be used 
in the least square ?t to ?nd the major and minor dimensions 
of the ellipse. 

[0020] Another preferred embodiment of the present 
invention includes techniques for associating pixel data in a 
pixel plane of a tWo dimensional grid-based symbol With 
corresponding modules in the grid. In accordance With this 
technique, subsets of the pixel data having a knoWn asso 
ciation With plural seed modules such as MaxiCode orien 
tation modules, are identi?ed. The coef?cients of an Euler 
transform are determined through a least-squared best-?t 
method using the identi?ed association betWeen the pixel 
data subsets and the seed modules. Using the Euler trans 
form, other locations in the pixel plane are associated With 
additional symbol modules. 

[0021] In preferred embodiments of this technique, more 
than six seed modules are employed. In the case that the 
symbol is a MaxiCode symbol, the seed modules may be a 
selected subset of the 18 orientation hexagon modules of the 
MaxiCode symbol, preferably as many of such modules 
Whose locations are readily distinguishable. The technique is 
usable, for example, Where the grid-based symbol is not 
located in any single plane perpendicular to the optical axis 
of the optical code reader, such as Where the symbol lies on 
a tilted plane or is printed on the curved face of a can. 

[0022] In another preferred embodiment of the present 
invention a method is employed for decoding a MaxiCode 
symbol to obtain data from the primary data modules and 
secondary data modules located on the hexagonal grid. In 
such a method the central ?nder pattern is located and then 
the orientation modules located based on the location of the 
central ?nder pattern. The location of primary data modules 
of the MaxiCode are found based on the previously deter 
mined locations of the orientation modules. The secondary 
data modules are sequentially locating outWardly from the 
primary message modules toWard the edge of the symbol 
using previously located positions of adjacent modules. 
Secondary data modules are located in a successive radial 
progression of rings of hexagons outWard toWard the edges 
of the symbol. 

[0023] In preferred embodiments the location of second 
ary data modules are estimated using the positions of 
adjacent modules and just past adjacent modules. The loca 
tion of a ?rst set of secondary data modules may be re?ned 
by centering black/White transitions before locating a next 
set of secondary data modules further outWard for the central 
?nder pattern. Deviations from a regular hexagonal grid are 
accumulated as the location of secondary data modules 
proceeds outWardly from the central ?nder pattern. 

[0024] The initial location of the central ?nder pattern may 
be based on ?nding a candidate bulls-eye center by testing 
local symmetry about selected axes. Acandidate sequence of 
alternating runs running in a horiZontal direction (With 
respect to the image detector) may be tested, the 5th run 
being the candidate center run. 

[0025] Initially, the candidate sequence is evaluated to 
verify that the lengths of the runs are Within a predetermined 
proportion of a selected one of the runs. 

[0026] In preferred embodiments, a candidate center may 
be further tested by evaluating pixel data vertically above 
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and below the candidate center for approximate mirror 
symmetry in the location of corresponding black/White 
transitions in the data. In one embodiment, horizontal and 
vertical distances may be subjected to a ratio test to evaluate 
the image. Yet further testing of a candidate center may be 
done by evaluating pixel data on diagonal lines passing 
through the candidate center for appropriate mirror symme 
try in the location of corresponding black/White transitions 
in the data. If all tests are passed, the candidate center and/or 
black/White transition data may be used to locate additional 
features of the MaxiCode. 

[0027] The scope of the present invention is de?ned in the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a block diagram of various electronic 
circuits employed in a preferred embodiment of the present 
invention; 
[0029] FIG. 2 is a combined ?oW chart and system block 
diagram illustrating the preprocessing and decoding of CCD 
data in a preferred embodiment of the present invention; 

[0030] FIG. 3 is a How chart illustrating the reading and 
translating of tWo dimensional, image data identi?ed by 
preprocessing as corresponding to a MaxiCode symbol; 

[0031] FIG. 4 is a plan vieW of a portion of the arrange 
ment of a conventional MaxiCode symbol, With the addition 
of reference axes; 

[0032] FIG. 5 is an example of pixel runs used in a 
preferred embodiment of the present invention; 

[0033] FIG. 6 is a detail of an image of a central ?nder or 
bulls-eye of a MaxiCode symbol shoWing the location of 
ellipse ?tting points in accordance With a preferred embodi 
ment of the present invention; 

[0034] FIG. 7 illustrates aspects of the present invention 
related to determining the rotation or orientation of a Maxi 
Code symbol; 

[0035] FIG. 8 is an illustration of grid points generated to 
correspond to a MaxiCode symbol in accordance With a 
preferred embodiment of the present invention; 

[0036] FIG. 9 is an illustration of a hexagonal grid With 
indexing numbers (i, j); 

[0037] FIG. 10 illustrates a vector ?eld usable in the 
present invention to correct distortions of image data of a 
tWo dimensional code symbol. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] FIG. 1 is a block diagram of various electronic 
circuits employed in preferred embodiments of the present 
invention. An image sensor 2 has an optical axis 3. An image 
is obtained of a symbol, shoWn located on an arbitrary 
Warped and tilted surface 5 (not in a plane and not perpen 
dicular to the optical axis 3). 

[0039] As shoWn in FIG. 1, electronic signals from the 
image sensor 2 pass to FPGA (or ASIC) circuit 4. In a 
preferred embodiment, the image sensor 2 includes a CCD 
detector and various signal conditioning circuits Which 
produce a digital output signal. This digital output signal 
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may be in the form of electronic signals corresponding to a 
tWo dimensional array of pixel information for a target ?eld 
of vieW. Digital signals from the imaging sensor are supplied 
to the microprocessor 6 by the FPGA circuit 4. As indicated 
by the data line 8, the FPGA also provides control signals 
from the microprocessor for control of, for example, the 
aiming systems, illumination systems and objective lens 
servo systems of the imaging engine. The microprocessor 
also provides information to external systems via the RS 232 
driver 10. This may include data decoded in accordance With 
the techniques described beloW. 

[0040] The micro-processor may also communicate by 
data line to Flash memory 12 and DRAM 14 on Which 
softWare and data for the system are stored, respectively. 
This stored information may include data from a target 
optical code. 

[0041] FIG. 2 is a combined ?oW chart and system block 
diagram illustrating autodiscrimination of image sensor 
data. Data obtained by the image sensor circuitry is indicated 
at 100. This data may be in the form of electronic signals 
corresponding to a tWo dimensional array of pixel informa 
tion for a target image. The data may be stored for subse 
quent processing in the DRAM of the optical code reader. It 
Will be understood that the processing softWare Which 
implements the processes of the present disclosure may have 
access to the stored image data at all levels. At various 
processing steps, portions of the pixel data may be called up 
for further processing or to con?rm on-going analyses. 

[0042] The pixel data may be divided into subimages, for 
example, 32x32 pixel subimages. These subimages are 
analyZed for properties knoWn to be associated With various 
types of optical codes and knoWn to distinguish a particular 
code from other codes and environmental (non-code) 
images. More particularly, a process of statistical Autodis 
crimination may be employed. In statistical Autodiscrimi 
nation the image is divided into sub-images or sections and 
some statistic computed for each section. Subimages With 
similar statistics can be grouped to form regions of interest 
or clusters Which may contain codes. The advantage of the 
statistical approach is that once the statistics are compiled, 
only the sub-images need to be processed, signi?cantly 
reducing the computation requirements. In addition, the 
compilation of the statistics is simple and can be done in 
hardWare for super fast systems. The statistic used in pre 
ferred embodiments is a histogram of local surface orienta 
tions. The statistics can be obtained by analyZing surface 
tangents to cluster the subimages. Once a cluster is identi 
?ed, the image data may be further analyZed to detect the 
presence of tangents associated With particular types of 
optical codes. Statistical Autodiscrimination is a subject of 
a US. patent application Ser. No. 09/096,348 entitled 
AUTODISCRIMINAT ION AND LINE DRAWING TECH 
NIQUES FOR CODE READERS and assigned to Symbol 
Technologies, Inc., Which application is hereby incorporated 
by reference. Alternatively, a neural netWork can be used to 
discriminate image areas of possible interest as containing 
optical code. A neural netWork can also be designed to look 
directly at the input image. The location of the aiming 
pattern With respect to the subimages may also be used as an 
indicia or Weighting factor in selecting subimages for further 
processing. 
[0043] In preferred embodiments, Autodiscrimination 
softWare executed by the system microprocessor determines 
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Which subimage clusters contain codes of a particular type 
and the coordinates in the pixel data array of certain bound 
aries or features of preliminarily identi?ed code areas. This 
system is indicated at 102. As shoWn in FIG. 2, the image 
data may be preliminarily identi?ed as a one dimensional 
code, tWo dimensional code (PDF), Postal Code or Maxi 
Code, it being understood that other code types With recog 
niZable statistical or contrast patterns could be identi?ed at 
this stage of processing. This preliminary identi?cation is 
used to select the appropriate decoding techniques. The 
autodiscrimination function also passes information about 
the image useful in decoding. This information is shoWn in 
data WindoWs 104 through 110 in FIG. 2. Data WindoW 110 
corresponds to MaxiCode data used in decoding: location 
information concerning one or more clusters of subimages 
preliminarily identi?ed by the Autodiscrimination function 
as containing MaxiCode. 

[0044] FIG. 3 is a How chart illustrating the processing 
and decoding of tWo dimensional pixel data identi?ed by the 
Autodiscrimination function 102. This identi?cation is 
based on the fact that the Autodiscrimination function has 
found Within an image cluster a contrast variation Within 
predetermined limits, but no threshold groupings of surface 
tangents Which Would be indicative of other codes having 
generally orthogonal feature edges such as one dimensional 
code, postal code or PDF code. In the processing of FIG. 3, 
cluster data may be accepted line by line. 

[0045] In basic overvieW, the technique attempts to locate 
a MaxiCode bulls-eye at 150 by analyZing the pixel data for 
patterns indicative of concentric rings. An ellipse may then 
be ?tted to the inside edge of the outermost black ring at 152. 
The rotation of the grid is determined from the location of 
the 18 orientation hexagons in the image as indicated at 154. 
A transformation is calculated to account for scale and tilt of 
the target code and to map a grid, at processing step 156. 
Grid locations are adapted progressively outWardly by shift 
ing hexagon centers to better ?t the pixel data, as indicated 
at block 158. The result of this processing is indexed 
presence/absence data for the hexagonal MaxiCode grid. 
This data is passed to the MaxiCode translating function at 
160. If the MaxiCode decoding or translating fails during the 
processing of FIG. 3, process control may be returned to the 
Autodiscrimination function 102 to select another code type 
and/or cluster of subimage pixels for analysis. 

[0046] Preferred embodiments of the decoding technique 
Will noW be described in greater detail, With particular 
reference to FIG. 4 Which illustrates the arrangement of 
features in a portion of the MaxiCode symbol. 

[0047] For purposes of this patent application, a code 
“symbol” refers to an optical code printed or otherWise 
presented to vieW and having variable light re?ectivity 
capable of being detected by a code reader. A “MaxiCode 
symbol” refers to a symbol having a central ?nder pattern 
and data carried in the presence or absence of darker 
modules arranged in a hexagonal grid surrounding the ?nder 
pattern. Examples of such MaxiCode symbols are described 
in the AIM Speci?cation. 

[0048] In MaxiCode decoding, typically the central ?nder 
pattern (bulls-eye) 200 is ?rst located. In a preferred 
embodiment of the present invention this process proceeds 
as folloWs. A linked list of subimages or cluster is identi?ed 
by the Autodiscrimination function. Within this identi?ed 
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area, each horiZontal line is converted into run lengths. A 
moving WindoW averaging technique is used to generate an 
estimated grey scale threshold to determine the color of the 
center pixel in the WindoW. Alternatively, the threshold may 
be generated in the previously preformed subimage process 
mg. 

[0049] Each higher re?ectance (White) run is tentatively 
treated as if it Were in the White center circle 202 of a 
bulls-eye. A run is a string of tWo or more adjacent pixels 
each indicating a re?ectance from the symbol either above 
or beloW a threshold value. For example, runs of from 2 to 
30 White pixels may be treated as candidate center runs. Four 
adjacent runs of alternating color are examined on either 
side of the candidate center. According to the context, the 
Word “color” is used to indicate the grey scale value of one 
or more pixels or a determination that a run or area of the 

image is black or White. The Widths of corresponding pairs 
of runs are compared to determine Whether they are too big 
or too small in relation to one another. The thresholds for 
rejection are tunable parameters based on the optical char 
acteristic of the system. Processing is expedited by noting a 
bad run siZe as it is collected and preventing further analysis 
as long as this run is in the current WindoW. 

[0050] This operation is illustrated With a simple example 
in FIG. 5. In FIG. 5 the line of black and White dots 250 
corresponds to a WindoW of pixels from a horiZontal roW of 
pixels in an image cluster identi?ed by the Autodiscrimina 
tion function as possibly containing the image of a Maxi 
Code symbol. The four central pixels have been identi?ed as 
a candidate center run. Four adjacent runs on the left side L1, 
L2, D1, D2 and on right side L‘l, L‘2, D‘l, D‘2 corresponding 
to black and White pixels (differentiated Light and bark grey 
scale values) have been determined to have lengths falling 
Within tunable parameters of the system. In this case each of 
corresponding runs on the left and right side of the candidate 
center have equal Widths, ie they are exactly mirror sym 
metric about the candidate center C. 

[0051] Next, for each of the 4 adjacent runs on either side, 
a cumulative radius from the candidate center of the bulls 
eye is calculated. The left and right cumulative radii must be 
approximately symmetric. If the mismatch of the radii 
exceeds a predetermined threshold (eg a ratio of 2:1), the 
candidate center is rejected. 

[0052] This operation is illustrated in the example of FIG. 
5. From the pixel data of FIG. 5 the system compares the left 
radius RL and right radius RR (the distances in the pixel 
plane from the candidate center C to the posited inner edge 
252 of the third black ring). In the example these distances 
are equal, therefore, the candidate center Would not be 
rejected at this stage of processing, but Would be further 
examined. 

[0053] If the candidate center passes the previous test, a 
set of vertical run lengths is generated using the same 
technique. This process Works from the center out, hoWever, 
and stops When ?ve black/White or White/black transitions 
have been seen above and beloW the candidate center. This 
set of runs is subjected to the same symmetry and min/max 
run siZe tests listed above. If the vertical run passes, a further 
test is made the ratio of the horiZontal to vertical siZes must 
be betWeen 1:2 and 2:1. Ratios outside this Would indicate 
a symbol tilt exceeding 60 degrees, and, thus, Would not 
represent a good candidate image for decoding. If both the 
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horizontal and vertical tests are passed, a pair of diagonal 
runs are also tested. Each diagonal run must individually 
pass the run length min/maX test and the symmetry test and 
the pair must meet the 1:2-2:1 test. 

[0054] Another preferred procedure for locating a central 
?nder pattern of a MaXiCode Will noW be described. The 
initial location of the central ?nder pattern may be based on 
?nding a candidate center using the folloWing steps: 

[0055] (a) locating a horiZontal sequence of 9 alter 
nating black and White runs of piXels such as shoWn 
in FIG. 5, Wherein 

[0056] the ?rst run is White, 

[0057] (ii) each run is betWeen half and tWice the 
length of the ?rst run, and 

[0058] (iii) each run is betWeen 1 and 30 piXels in 
length. 

[0059] (b) choosing the center of the middle (i.e. 5th) 
run as a candidate center; 

[0060] (c) examining a vertical sequence of piXels 
running on a vertical aXis passing through the can 
didate center found in step (b) and evaluating 
Whether the four adjacent runs above the candidate 
center run and the four adjacent runs located beloW 
the candidate center run are betWeen half and tWice 
the length of the run of the candidate center; 

[0061] (d) determining Whether the ratio of the length 
of the vertical sequence is betWeen half and tWice the 
length of the horiZontal sequence; if so 

[0062] (e) using the center points of the horiZontal 
and vertical sequences to redetermine (i.e. recenter) 
the candidate center, thereby locating a neW candi 
date center; 

[0063] examining a neW horiZontal sequence of 
piXels running through the neW candidate center and 
evaluating the run lengths as in step (c) to determine 
Whether they have the required proportionality; 

[0064] (g) eXamining piXels sequences lying on tWo 
different diagonal scan lines passing through the neW 
horiZontal sequence of pixels, and evaluating the 
runs lengths as in step (c) to determine Whether they 
have the required proportionality; 

[0065] (h) determining Whether the ratio of the length 
of one diagonal sequence is betWeen half and tWice 
the length of the other diagonal sequence. If so, the 
systems proceeds on the basis that the candidate 
center is the center of the central ?nder pattern. 

[0066] It Will be observed the foregoing that similar evalu 
ation schemes may be used to locate ?nder patterns other 
than concentric round bulls-eye patterns, such as nested 
squares. This is so because the pattern detection scheme is 
based on mirror symmetries With respect to one or more 
selected aXes. 

[0067] FIG. 6 illustrates some of the geometry of these 
tests. The Figure shoWs the projection in the image plane of 
a portion of a MaXiCode bulls-eye lying in a plane tilted With 
respect to the optical aXis of the image sensor. HoriZontal 
and vertical aXes passing near or through the candidate 
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center run are identi?ed by numerals 260 and 262, respec 

tively. The line HH' lies on a horiZontal run and the line VV' 
lies on a vertical run. The length of the lines may be 
compared to determine Whether they eXceed a 2:1 ratio. 
Axes 264 and 266 lie on diagonal runs Which may also be 
tested as discussed above. 

[0068] Once a candidate center is found that passes the 
above tests, an ellipse is ?tted to the inside edge 252 of the 
outer black ring. (The outside edge of this ring may be 
corrupted by adjacent black heXagonal modules, so this is 
the largest reliable ring). The points p at Which the horiZon 
tal, vertical and diagonal lines (aXes 260-266 of FIG. 6) 
intersect the black ring are computed to sub-piXel accuracy 
using the calculated threshold. This gives eight points on the 
ring. An additional 16 points are generated by backing off 
from this intersection point and moving diagonally (for 
horiZontal or vertical runs) or horiZontally/vertically (for 
diagonal runs) until the edge crossing is found again. These 
ellipse ?t points are located at the end of the 16 vectors 
(arroWs) is shoWn in FIG. 6. Not all of the 24 points so 
de?ned need be located—the described approach is suf? 
ciently robust that the bulls-eye may be suf?ciently Well 
located Without ?nding all 24 points. An ellipse is ?tted to 
the points so generated, using a least-squares ?t method to 
determine the centroid and the major and minor aXes direc 
tions and dimensions of the ellipse. 

[0069] Set out beloW are calculations by Which the least 
squares ellipse ?tting may be accomplished: 

[0071] Create matrices 

1 0 0 144.0 143.1 142.2 143.0 142.1 142.0 

D: 0 2 0 S11: 143.1 142.2 141.3 512: 142.1 141.2 141.1 

0 0 1 142.2 141.3 140.4 141.2 140.3 140.2 

142.0 141.1 141.0 

522 = 141.1 140.2 140.1 

141.0 140.1 140.0 

[0072] Find eigenvec+or for the smallest eigenvalue 

(S11_S12'S22T1'S121)'V1=}\"D'V1 

[0073] Calculate second vector 

[0074] The components of the tWo vectors are the 
coef?cients for the ellipse equation 

[0075] 



US 2001/0023896 A1 

[0076] Convert to equivalent ellipse equation form 

rm]- rm... 

[0077] Once the major and minor axes of the ellipse are 
determined, the processing proceeds to ?nd the orientation 
of the symbol. The ellipse calculated above is expanded 
outWard from the center to the three radii corresponding to 
estimated radial distances of the center of the 18 orientation 
hexagons in the symbol. The 18 orientation hexagons are 
arranged in six groups 214 as shoWn in FIG. 4. The three 
radii 300, 302 and 304 are shoWn in FIG. 7 for the simplest 
case Where the image of the bulls-eye is found to be 
essentially circular (an ellipse With Zero eccentricity). A set 
of 360 samples is taken along each ellipse (each circle in the 
case of the image of FIG. 7), one per degree of rotation 
around the ellipse. Using this set of 3x360 samples, a 
correlated search is performed for the orientation markers. 
The rotation(s) at Which the maximum number of the 
orientation hexes is matched is noted. If a continuous set of 
angles (eg from 18-21 degrees) all match the same set of 
hexes, the center of this range is used to try to locate the 
center of the orientation hexes if possible. This alloWs the 
calculation of the best knoWn position of each of the 18 
hexes. 

[0078] For the four orientation triplets Which contain tWo 
black and one White hexagon: 

[0079] if the postulated positions from the pervi 
ous step yield the correct sample colors (grey scale 
values), the hexagon locations are re?ned by shifting 
the computed centers to center the internal black-to 
White transitions among the hexagons, as Well as a 
black-to-White transition toWard the center of the 
bulls-eye. 

[0080] (ii) if the colors do not match, the algorithm 
looks for a complete match. It uses as potential 
offsets the folloWing: 

[0081] (a) The reverse of the re?nement offset 
applied to the triplet on the opposite side of the 
bulls-eye. 

[0082] (b) The average distance the hexagons Were 
perturbed during step 

[0083] (c) All 1-pixel offsets (8 directions). 

[0084] (d) All 2-pixel offsets (8 directions). 

[0085] (iii) If step (ii) yields a proper color match, the 
triplet is subjected to the same re?nement procedure 
as in 

[0086] For the tWo triplets that are monochromatic (upper 
right and upper left of FIGS. 4 and 7 several “guesses” as 
to the correct location are generated using the knoWn 
bulls-eye center and the positions of the black/White triplets. 
These are averaged With the current location to obtain a 
re?ned location. 

[0087] Once the rotation of the MaxiCode symbol is 
determined the hexagonal grid may be mapped. Abest-?tted 
grid technique for doing this Will noW be described, it being 
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understood that alternative techniques such as a bilinear 
transformation could be used to map the grid using image 
data from the bulls-eye. 

[0088] A best ?tted grid technique generally usable in 
decoding matrix codes Will noW be described. A linear grid 
through a Euler transform remains linear, and can be 
expressed by tWo co-planes: 

[0089] Once the coef?cients are knoWn, these equations 
can be used to map a set of indices (i, specifying a module 
in a tWo dimensional code of interest With the module’s 
coordinate (x, y) in the image or pixel plane. AdraWing With 
a grid generated as such is shoWn in FIG. 8. 

[0090] The coef?cients AX, Ay, BX; By, CX, Cy) themselves 
can be found through least-square, best-?t method, if We 
have a feW “seed modules” or “seed points” for Which We 
knoW both (i, and (x, y). Such points, corresponding to the 
orientation hexagons previously determined for an image of 
a MaxiCode symbol, are shoWn as dots in FIG. 8. Generated 
grid points are shoWn as crosses in FIG. 8. The equations for 
the least-squared bit ?t are: 

Zix Ziy 
= Zjx Zjy 

ZX Zy 
2v 2f 21' B. By 21'2 217' 211A. Ay] 
21' 21' N C‘ Cy 

[0091] Here We can also see the reason these tWo planes 
are called co-planes: the calculations of their coef?cients are 
closely tied together. In fact, by calculating them at the same 
time, almost 50% reduction in the amount of calculations 
can be achieved compared to calculating them separately. 

[0092] To apply the described method to MaxiCode, it is 
necessary to skip some of the index numbers (i, j pairs) so 
that the modules are indexed linearly in both directions. This 
is shoWn graphically in FIG. 9. For example, in FIG. 9 there 
is no module indexed as (0, 1). 

[0093] From a comparison of a best-?tted grid technique 
With a prediction method based on lines, it has been 
observed that in tilted images the line method starts to fail 
from very close to the seed points, but the grid method can 
accurately map the modules locations all the Way to the edge 
of the MaxiCode symbol. 

[0094] Processing may then proceed to decode the primary 
message of the MaxiCode. The primary message includes 20 
symbol characters designated 1-20 in FIG. 4 and including 
120 modules. Symbol characters 1-10 are used to encode 
data; symbol characters 11-20 are used for error correction. 
Decoding the primary message may proceed as folloWs: 

[0095] (a) Using the positions of the 18 orientation 
hexes, the position of the hexes in the primary 
message are calculated. This is largely done by 
interpolating betWeen the 18 hexes, or extrapolating 
past them. 
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[0096] (b) The resulting heX locations are sampled to 
determine their color (grey scale equivalent of black 
or White). The resulting 1’s and 0’s are packed into 
codeWords and the Error Correction Code (ECC) 
procedure applied per the AIM Speci?cation. 

[0097] (c) If the primary message is decoded prop 
erly, further correction and reading can proceed. If 
not, the neXt candidate orientation can be tried, if 
any. 

[0098] Using the knoWn correct values of each of the 
heXagons or modules in the primary message, the positions 
of the centers of the heXagons can be corrected. This is done 
by ?nding internal black-to-White transitions in the EEC 
corrected data, and then shifting the heX centers in the image 
to place the transitions found in the image at a position 
centered betWeen the heX centers. Note that one easy Way to 
do this is to perturb the orientation heXagons, since shifts in 
their locations Will shift the heX centers in proper, correlated 
fashion. 

[0099] Using the knoWn primary message heXagon loca 
tions, mapping proceeds outWardly from the primary mes 
sage heXagons into the surrounding heXagons, ring by ring 
ie a radial progression from the center of the symbol. Each 
heXagon in the surrounding area can be estimated by at least 
tWo independent methods using heXagons that are adjacent 
to it and just past adjacent to it. These tWo results can be 
averaged to correct for rounding errors. Once a neW set of 
postulated positions is obtained, it can be re?ned by “tweak 
ing” the positions to center black-to-White edges. This 
process, being incremental, Will compensate for perspective 
shifts due to symbol tilt, curvature, and/or distortion. In 
addition, any time a black-to-White transition is found, the 
colors (grey scale values) on either side can be examined to 
produce a local black-White threshold, alloWing for changes 
in illumination across the image. 

[0100] To further eXpand the poWer of best-?tted grid 
technique described above, one Would start from near the 
seed modules and accumulate the deviations as they are 
observed While moving aWay from the seed modules. The 
deviations can be found from matched ?lters, a Well-known 
technique in image processing. The matched ?lters method 
can Work because the module siZe is knoW, otherWise We 
Would not have been able to get at least the minimum 
number (3) of points needed for solving the best-?t equa 
tions. Combined With this deviation accumulation method, it 
is possible to decode codes suffering from non-linear dis 
tortion, such as foreshoftening at very close distance. 

[0101] Black heXagons, especially if in White neighbor 
hood, can be located more exactly. This property may be 
exploited to provide a vector ?eld for tWeaking the grid. A 
smooth, unidirectional vector ?eld, Which is Zero at the 
bulls-eye is shoWn in FIG. 10. For eXample, such a vector 
?eld could be used to correct distortions caused by cylin 
drical Warp of the symbol. 

[0102] Variants of the foregoing technique may be 
employed. For eXample, after the orientation heXagons have 
been located and the grid for the primary message heXagons 
set up, the orientation heXagon locations could be re?ned to 
properly center black-White transitions found in the image 
before the ECC is run. In contrast, in the procedure dis 
cussed above, the ECC is run ?rst. If it succeeds, the system 
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obtains better information about What it should be seeing 
and computation is reduced in most cases. HoWever, if the 
ECC fails, re?nement to center the black-White transitions 
could then be attempted and the ECC process tried again. 
Similarly, additional passes through the secondary message 
might be desirable if its ECC process fails. Given the 
nominal outline of the code, as calculated above, and the 
location of the primary message heXagons, the sampling grid 
could be Warped someWhat and the secondary message heX 
locations recalculated to try to achieve a successful decode. 
Again, a possible metric to use Would be to have edge 
locations centered betWeen heX centers. 

[0103] Once the complete grid has been sampled, the 
secondary message ECC process is run. The result is 
indeXed presence/absence data for some or all of the Maxi 
Code grid. This data is translated to deliver the informational 
content of the symbol. 

[0104] Thus, through the use of the processing techniques 
exempli?ed in FIGS. 2 through 10, translated data may be 
obtained from signals corresponding to a tWo dimensional 
array of piXel information from a ?eld of vieW containing the 
image of a MaXiCode symbol. The disclosed techniques are 
designed to automatically adjust for image siZe, and tolerate 
as much as 60° tilt, 360° of rotation and signi?cant Warping 
(heXagon distance change of 50% or more). 

[0105] The described embodiments of the present inven 
tion are intended to be illustrative rather than restrictive, and 
are not intended to represent every embodiment of the 
present invention. Various modi?cations and variations can 
be made to the disclosed systems Without departing from the 
spirit or scope of the invention as set forth in the folloWing 
claims both literally and in equivalents recogniZed in laW. 

We claim: 
1. A method for determining the presence and location of 

a MaXiCode symbol bulls-eye and the orientation of the 
symbol in piXel data obtained by an optical code reader 
comprising the steps of: 

identifying a candidate center in a run of piXels having a 
color indicative of the center area of the bulls-eye; 

testing the candidate center to determine if adjacent piXel 
runs have a predetermined amount of mirror symmetry 
With respect to the candidate center; 

locating plural points located radially outWard of the 
identi?ed run Which points correspond to an edge of a 
ring of the MaXiCode bulls-eye; 

?tting an ellipse to said located points; 

eXpanding the ellipse outWardly to estimate the location 
of orientation modules of the MaXiCode; and 

determining the orientation of the MaXiCode symbol from 
information read from the orientation modules. 

2. The method of claim 1, Wherein the ellipse has major 
and minor dimensions having a ratio of 2:1 or less. 

3. The method of claim 1, Wherein a least squares ?t is 
employed to ?nd the major and minor dimensions of the 
ellipse ?tted to the located points. 

4. The method of claim 3, Wherein the ring edge located 
is the inner edge of the outermost black ring of the Maxi 
Code bulls-eye. 
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5. The method of claim 3, wherein 8 points on the edge 
of the ring of the MaxiCode bulls-eyes are located and an 
additional 16 points are identi?ed on the edge, located at 
angularly adjacent locations on either side of each of the 8 
located points and Wherein all 24 points are used in the least 
square ?t to ?nd the major and minor dimensions of the 
ellipse. 

6. A method for associating pixel data in a pixel plane, 
obtained by an optical code reader from an image of a tWo 
dimensional grid-based symbol, With corresponding mod 
ules in the grid, comprising the steps of: 

identifying subsets of the pixel data having a knoWn 
association With plural seed modules; 

determining the coef?cients of an Euler transform through 
a least-squares best-?t method using the identi?ed 
association betWeen the pixel data subsets and the seed 
modules; and 

using the Euler transform to associate other locations in 
the pixel plane With additional symbol modules. 

7. The method of claim 7, Wherein more than six seed 
modules are employed. 

8. The method of claim 7, Wherein the symbol is a 
MaxiCode symbol and the seed modules are the 18 orien 
tation hexagon modules of the MaxiCode symbol. 

9. The method of claim 6, Wherein the grid-based symbol 
is located, at least in part, outside of any single plane 
perpendicular to the optical axis of the optical code reader. 

10. A method of decoding a MaxiCode symbol imaged by 
an optical code reader, the MaxiCode symbol having a 
central ?nder pattern and orientation modules, primary data 
modules and secondary data modules located on a hexagonal 
grid, comprising the steps of 

locating the central ?nder pattern; 

locating the orientation modules based on the location of 
the central ?nder pattern; 

locating primary data modules of the MaxiCode based on 
the determined location of the orientation modules; and 

sequentially locating the secondary data modules out 
Wardly from the primary message modules toWard the 
edge of the symbol using previously located positions 
of adjacent modules. 

11. The method of claim 10, Wherein the location of 
secondary data modules are estimated using the positions of 
adjacent modules and just past adjacent modules. 

12. The method of claim 10, further comprising the step 
of re?ning the location of a ?rst set of secondary data 
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modules by centering black/White transitions before locating 
a next set of secondary data modules further outWard for the 
central ?nder pattern. 

13. The method of claim 10, Wherein the secondary data 
modules are located in a successive radial progression of 
rings of hexagons. 

14. The method of claim 10, Wherein deviations from a 
regular hexagonal grid are accumulated as the location of 
secondary data modules proceeds outWardly from the central 
?nder pattern. 

15. A method of determining a candidate location of a 
MaxiCode symbol bulls-eye center comprising the steps of: 

(a) locating a ?rst sequence of plural adjacent pixel runs 
along a horiZontal axis, the runs in the sequence having 
alternating colors; 

(b) determining Whether the lengths of the located hori 
Zontal pixel runs have a predetermined proportionate 
relationship; 

(c) locating a second sequence of plural, adjacent pixel 
runs having alternating colors along a second axis 
running through the center of the central horiZontal run 
and not parallel With the horiZontal axis; 

(d) determining Whether the lengths of the pixel runs of 
the second sequence have a predetermined proportion 
ate relationship With respect to a central run; and 

(e) identifying a candidate location of a MaxiCode sym 
bol bulls-eye center based on a positive determination 
in step 

16. The method of claim 15, Wherein the ?rst sequence is 
selected so that it has nine runs, the runs in the sequence 
being alternating black and White runs, ?rst of Which is 
White. 

17. The method of claim 15, further comprising the step 
of using the candidate location determined in step (e) to 
de?ne neW axes along Which neW sequences of pixel runs 
are evaluated to determine Whether the runs have a prede 
termined proportionate relationship. 

18. The method of claim 17, further comprising the step 
of determining Whether the lengths of sequences of runs 
Which run in different directions have a predetermined 
proportionate relationship. 

19. The method of claim 15, Wherein the predetermined 
proportionate relationship With respect to the central run is 
one in Which pixel runs on both sides of the central run have 
lengths betWeen one-half and tWice the length of the central 
run. 


