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(57) ABSTRACT 

An area of interest is Scanned to produce pixels of the 
Scanned area. The pixels are divided into a plurality of 
blockS. For each block, an orientation of a Spanning line or 
a lack of orientation is determined. Contiguous ones of the 
blocks are clustered, when their orientation is within a 
certain tolerance level. Each cluster has a length and a width. 
The length is longer than the width. If the orientation of a 
cluster's block is perpendicular to the length of that cluster, 
that cluster is Selected as a bar code candidate. 
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DETECTING BAR CODE CANDIDATES 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention generally relates to a system 
and method for acquiring an image in the form of coded 
information Symbols. More particularly, the present inven 
tion relates to a System and method for locating and decod 
ing barcode Symbols which may be partially obscured, 
poorly printed or contaminated. 
0003 2. Description of Prior Art 
0004 Barcode symbols are formed from bars or elements 
that are typically rectangular in shape with a variety of 
possible widths. The Specific arrangement of elements 
defines a character according to a set of rules Specified by the 
code or "symbology used. To encode a desired Sequence of 
characters, a collection of element arrangements are concat 
enated to form a complete barcode Symbol, with each 
character of the message being represented by a unique 
group of elements. In Some Symbologies a unique “start” and 
“Stop' character is also used to indicate where the barcode 
Symbol begins and ends respectively. A number of different 
barcode symbologies exist, including UPC/EAN, Code 39, 
Code 128, Codabar, PDF417 and Interleaved 2 of 5. 
0005 Various optical readers and optical scanning sys 
tems have been developed for acquiring an image, Such as 
a barcode Symbol, appearing on the Surface of an article and 
for reading and decoding the acquired barcode Symbol. 
Scanning Systems typically include a laser light Source to 
illuminate the barcode Symbol and a photodetector to detect 
light reflected from the symbol. Another common type of 
optical Scanner incorporates a non-laser light Source and a 
charge coupled device (CCD) detector. A portion of the light 
which is reflected off the symbol is detected by the CCD 
detector and converted into an electrical Signal which pro 
vides a digital image of the barcode symbol that has been 
Scanned. The digital image is then processed and decoded 
according to the Specific barcode symbology used. 
0006 Most barcode symbols can be easily read in ideal 
conditions, Such as when the barcode Symbol is Stationary, 
clearly visible and without flaws. However, when a barcode 
Symbol is located on an object moving at a high Speed, 
narrow bars and Spaces cannot be easily located. Smearing 
of bars may result from low resolution imaging or high 
speed motion of the barcode symbol in relation to the 
Scanner. Extraneous markings or other contaminants may 
also partially obscure the barcode Symbol. 
0007 An additional problem with many current scanners 
is that an attempt to decode a Scan will fail if one or more 
characters in the Sequence (including the start and stop 
characters) are not recognized as legitimate characters. Typi 
cally, the results of a partial decoding will not be Saved. AS 
a consequence, a variety of barcode symbols, including long 
barcode Symbols with a short height, poorly printed barcode 
symbols, or barcode symbols which have been marred by 
extraneous markings, are impossible to decode unless 
repeated attempts are made by the operator to reorient the 
Scanning line over the Symbol. Barcode Symbols may con 
tain printing defects which are arranged Such that it is 
impossible to obtain a Single distortion free Scan. Using 
conventional methods of decoding, Such barcode Symbols 
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are unreadable Since reading along any Single Scan line 
through the Symbol would not result in a Sequence of valid 
characters. 

0008 Accordingly, there exists a need for a scanner that 
quickly determines whether a Scanned image is a valid 
barcode candidate and accurately decodes valid barcode 
candidates. 

SUMMARY OF THE INVENTION 

0009. The present invention is an apparatus and method 
for high Speed acquisition, location and decoding of a 
barcode Symbol. The System locates a Series of potential 
barcode candidates within a Scanned image and filters the 
candidates to eliminate invalid data. This approach allows 
computational resources to be focused on decoding the 
information most likely to be an actual barcode Symbol. 
Once a potential barcode candidate has been located, the 
barcode Symbol is processed to determine the barcode 
symbol orientation and symbology. The elements within the 
barcode symbol are then detected and the barcode symbol is 
decoded in accordance with the Specific Symbology. 
0010. It is an object of the invention to provide a sym 
bology locating and decoding System and method which 
accurately locate and decode barcode symbols while con 
Serving computational resources. 
0011. Other objects and advantages will become apparent 
to those skilled in the art after reading the detailed descrip 
tion of a presently preferred embodiment. 

BRIEF DESCRIPTION OF DRAWINGS 

0012 FIG. 1 is a barcode scanner made in accordance 
with the present invention; 
0013 FIGS. 2A and 2B are flow diagrams of the barcode 
Symbol locating procedure in accordance with the present 
invention; 

0014 FIGS. 2C-2F illustrates the tracing method in 
accordance with the present invention; 
0015 FIG. 2G shows the procedure for skipping to the 
end of a bar code to avoid speaker reflection; 
0016 FIG. 2H is a flow diagram of the procedure for 
determining the difference between two-and multi-width 
barcode symbols; 
0017 FIG. 3 shows the equally sized image blocks 
created by the horizontal and vertical grid lines, 
0018) 
0019) 
line; 

0020 FIG. 6 illustrates selection of a neighboring scan 
line and comparison to the trigger line; 

0021 FIGS. 7A and 7B are flow diagrams of the pre 
ferred method of decoding a barcode Symbol in accordance 
with the present invention; 
0022 FIG. 8 is a flow diagram of procedure for finding 
the peaks and Valleys of the Scan line data; 

0023 

FIG. 4 is an enlarged view of a trigger line; 
FIG. 5 is a diagram of the data from the trigger 

FIG. 9 illustrates peaks and valleys; 
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0024 FIG. 10 is a diagram of the dynamic range of the 
data in a trigger line; 
0025 FIGS. 11A-11C are examples of the start of a 
barcode symbol; 
0.026 FIG. 12 is a flow diagram of the determination of 
the number of wide bars and wide Spaces, 
0027 FIGS. 13A and 13B are flow diagrams of the 
method of determining the orientation of a barcode Symbol; 
0028 FIG. 14 is a flow diagram of the method for 
determining the number of wide bars and wide Spaces in 
accordance with the present invention; 
0029 FIGS. 15A and 15B are flow diagrams of a method 
for processing barcode Symbol information in accordance 
with the present invention; 
0030 FIG. 16A is a gray scale image of barcode symbol 
having a plurality of unreadable regions, 
0.031 FIG.16B is a plot of the gray scale amplitude from 
a Selected Scan line before Sorting, 
0032 FIG.16C is the gray scale image of FIG. 16A after 
Sorting; 

0033 FIG.16D is a plot of the gray scale amplitude from 
the scan line of FIG. 16B after sorting; 
0034 FIG.16E shows aliasing which occurs due to pixel 
misalignment; 

0035 FIG. 17 is a flow diagram of an alternative method 
for locating barcode symbols in accordance with the present 
invention; 

0036) 
0037 FIG. 18B is a valid barcode symbol after color 
analysis, 

0038 FIG. 19 is a method of decoding a Code 128 
barcode Symbology; 
0039 FIG. 20 is a plot of the gray scale amplitude from 
a multi-width barcode symbol; and 
0040 FIG. 21 shows gray scale composition in accor 
dance with the present invention. 

FIG. 18A is an imposter after color blob analysis; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0041) The preferred embodiment will be described with 
reference to drawing figures where identical numerals rep 
resent the same elements throughout. Referring to FIG. 1, a 
barcode Scanner 10 made in accordance with the present 
invention is shown. The Scanning System 10 comprises a 
light Source 12 which illuminates a Subject barcode symbol 
18. Light reflected from the barcode symbol 18 is detected 
by a photo-sensitive detector 20. The detector 20 produces 
an electrical Signal representative of the light reflected from 
the barcode symbol 18 which is output to the processor 22. 
The processor 22 decodes the Signal and forwards the 
resulting information, which corresponds to the information 
encoded in the barcode symbol 18 to an output means 24. 
The output means 24 may be a printer, a CRT or an 
information system as is well known by those skilled in the 
art. 
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0042. The scanning system 10 shown in FIG. 1 may be 
embodied in a mobile hand-held unit, or may be a Stationary 
unit wherein an object carrying the barcode symbol 18 is 
passed under the light Source 12 either manually or via a 
conveyor. In the preferred embodiment, the detector 20 is a 
charge coupled device (CCD) one dimensional array (line) 
detector which detects and Stores an electronic image of the 
barcode Symbol 18. Additional detail regarding the Scanning 
system 10 may be obtained with reference to currently 
pending U.S. patent application Ser. No. (Not Yet Known) 
filed on Feb. 23, 1996 entitled “HIGH SPEED IMAGING 
APPARATUS FOR CCD BASED SCANNERS’, assigned 
to the present assignee. 

0043. The scanning system 10 utilizes a two step 
approach to decoding barcode symbols: 1) locating valid 
barcode candidates on an object; and 2) determining the type 
of barcode Symbology which has been detected and decod 
ing the barcode Symbol in accordance with that Symbology 

0044) Referring to FIGS. 2A and 2B, the system 10 
performs a barcode symbol locating procedure 40 as shown. 
Light reflected from the barcode symbol 18 is detected by an 
array of light sensitive pixels within the CCD detector 20, 
thus creating an electronic image of the barcode Symbol 18. 
Each pixel has a specific gray Scale value which represents 
the amount of light detected by the pixel. The image is 
divided (step 42) into a grid having equally sized image 
blocks 74. The size of the blocks 74 depend on the height of 
the barcode symbol 18 and on the resolution of the image. 
As shown in FIG. 3, the equally sized image blocks 74 are 
created by horizontal grid lines 70 and vertical grid lines 72. 
In the preferred embodiment, the pixel array is 4096 by 1024 
pixels and the horizontal and vertical grid lines 70, 72 are 
thirty-two pixels apart in the vertical and horizontal direc 
tion respectively. Although a Smaller grid size will facilitate 
locating of Smaller barcode Symbols, it is computationally 
expensive. 

004.5 The system 10 begins searching for the barcode 
Symbol by performing a Series of grid line analyses. The 
horizontal grid lines (in a "picket fence' orientation) and 
vertical grid lines (in a “ladder” orientation) are analyzed to 
determine if a potential barcode candidate exists (step 43). 
A first grid line, called a "trigger line', for example, line 78 
in FIGS.3 and 4, is selected (step 44). Typically, the trigger 
line 78 is in the middle of the grid. The trigger line 78 is 
analyzed for potential barcode candidates (step 46) by 
Seeking for a transition pattern along the trigger line 78 
(skipping every other pixel to increase the speed). A tran 
Sition pattern is defined as two Successively chosen pixels 
having a gray Scale magnitude difference of at least (out of 
255 gray Scale levels). To qualify as an initial barcode 
candidate, the transition pattern must have a quiet Zone of a 
minimum number of pixels followed by a “threshold” num 
ber of transitions within the Selected length of pixels, Such 
as at the beginning of a barcode Symbol, or a threshold 
number of transitions within selected length of pixels fol 
lowed by quiet Zone, Such as at the end of a barcode Symbol. 
Preferably, the selected length of pixels is 140 in the vertical 
direction and 90 in the horizontal direction, the threshold 
number of transitions is 16 and the threshold quiet Zone is a 
minimum of 20 pixels. 

0046 Successful barcode candidate locations comprising 
grid line and pixel coordinates are queued in a barcode 
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candidate list. The sign (positive or negative) of the candi 
date position (X in case of horizontal Search and y in case of 
vertical Search) indicates whether the quiet Zone of the 
candidate appeared prior to the transitions, indicating the 
beginning of a barcode Symbol, or after the transitions, 
indicating the end of the barcode Symbol. 

0047. After one or more potential barcode candidates 
have been detected (step 46) the candidates are filtered (Step 
48) to eliminate illegal candidates. In filtering the candidates 
(step 48), the system 10 analyzes a predetermined number of 
pixels along the trigger line 78, as shown in FIG. 5, and 
determines whether a threshold number of bars and Spaces 
are present within that region. In one application, the thresh 
old is two bars and two spaces in a region 65 pixels long. 
However, the threshold is dependent upon the Specific 
application. The system 10 determines the number of bars 
and Spaces by analyzing the region and determining black 
and white thresholds utilizing the following equations: 

MIDPOINT=(MAX-MIN)*0.75)+MIN: (1) 

DROP LEVEL=(MAX-MIN)*0.18: (2) 
BLACKLEVEL THRESHOLD-MIDPOINT-DROP 
LEVEL: (3) 

0048) WHITE LEVEL THRESHOLD-MIDPOINT 
DROP LEVEL; (4) 

0049) 

0050 Abar is defined when successive pixels have a gray 
Scale value less than the black level threshold and the 
number of pixels is greater than a predetermined minimum 
width. A Space is defined when Successive pixels have a gray 
scale value greater than the white level and the width is 
greater than a predetermined minimum width. 

0051. The number of bars and spaces in the region is then 
determined. If any bar is wider than the maximum width, the 
region fails because a wide bar in a barcode Symbol cannot 
be greater than the maximum width. Although Similar rea 
Soning can be applied to a Space, Specular light reflection 
may “wash out” the CCD detector 20 in certain regions, 
thereby causing the detector 20 to interpret these washed out 
regions as Spaces that are too wide. Accordingly, in the 
preferred embodiment, the width of Spaces is not used to 
filter out potential candidates. Once the number of bars and 
Spaces has been determined, it is compared to a threshold 
number. Any barcode candidate having less than the thresh 
old number bars and Spaces is discarded. 

0.052 After a barcode candidate passes the filtering pro 
cedure (step 48), a verification is performed by matching 
pixels in adjacent Scan lines to pixels in the trigger line 78 
(step 50). The system 10 selects a neighboring scan line, for 
example line 98 in FIG. 6, that is a predetermined number 
of Scans away from the trigger line 78; preferably eight 
pixels from the trigger line 78. The system 10 begins the 
matching process by collecting pixels starting at point Z, 
which is an offset of approximately 12 pixels to left of X. 
The first transition, a gray scale difference of 20, is identified 
at Y. Gray scale values of 40 pixels to the right of Y are 
then collected (Y . . . Yao) and compared with gray values 
of 40 pixels to right of X (X. . . . X). The mean of the 
absolute value of the difference is calculated using: 
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0053) 

ABS(Y - X) + ABS(Y - X2) + ... ABS(Yy - Xy) (5) 
N ERR 

0054 (N=# pixels compared; preferably N=40). 
0055. If this value is less than 25, the error constant, the 
candidate has passed the matching test. If the adjacent Scan 
line 98 fails to match the trigger line 78, a second scan line 
100 on the other side of the trigger line 78 is selected. If this 
second scan line 100 fails the matching test (step 50), the 
candidate is rejected. 
0056. At this point, barcode candidates have been 
Selected and confirmed as the beginning of a detected 
barcode symbol 18. The system 10 must then analyze the 
first wide bar to ensure that the bar is not too tall, too short 
and also that the bar does not curve (step 52). The leading 
edge of the bar is traced to the top of the bar and to the 
bottom of the bar to define the first two corners of the 
barcode symbol. The tracing procedure will be described 
with reference to FIGS. 2C-2F. Preferably, the height is 
compared to a predetermined threshold to determine 
whether the bar is too tall or too short. 

0057 Referring to FIG. 2C, the system 10 begins tracing 
the detected bar at point 1. The initial direction of travel 
depends upon whether the barcode candidate was located 
from the horizontal Search or the vertical Search and on Sign 
of the barcode candidate. For example, consider a horizontal 
candidate with a negative sign. The System 10 Starts at point 
1, which is in a quiet Zone, and traverses from the quiet Zone 
to the detected bar in direction DRO, as shown in the 
mapping table in FIG. 2D. 
0058 To trace and determine the two end points of a bar 
element, the system 10 must travel in the clockwise (DR0, 
DR7, ... DR1) and counter-clockwise (DR0, DR1, ... DR7) 
directions. Referring to FIG. 2C, the system 10 initially 
moves in direction DRO and detects a black pixel at point 2, 
a pixel having a gray Scale value less than the black level 
threshold of Equation 3. Initially, the system 10 travels in the 
counter-clockwise direction. If the current pixel is a black 
pixel, the System 10 continues Searching for a white pixel by 
incrementing the direction number to DR1. Accordingly, the 
system 10 will be at point 3, which is a white pixel. The gray 
Scale value and coordinates of each pixel are Stored in a 
buffer. The direction number is then remapped based on the 
table shown in FIG. 2E. The new direction number is DR6 
since the last direction was DR1. The system 10 then 
traverses from point 3 to point 4. AS Soon as five points are 
stored in the buffer, the direction of a reference vector is 
calculated. For all other points traced, the System 10 calcu 
lates a vector direction. If the vector direction diverts from 
the reference vector by an error threshold, the third to the last 
point Stored in the buffer is Selected and marked as one of the 
COCS. 

0059. The opposite end of the barcode element is found 
by tracing the element using the same procedure as 
described above, however, the system 10 moves in a clock 
wise direction using the mapping table shown in FIG. 2F. 
After the edge has been traced, the system 10 stores the 
coordinates of the first two corners of the barcode symbol for 
later use. 
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0060. The system 10 initiates a search for the opposite 
end of the barcode symbol (step 54). The coordinates of a 
line perpendicular to the first edge are calculated and the 
System 10 moves along that perpendicular line while Search 
ing for another quiet Zone. If a quiet Zone has not been found 
within a reasonable distance, the barcode candidate is elimi 
nated. The distance may be predetermined or may be based 
upon the height of the first bar, thereby maintaining a preset 
height-to-width aspect ratio. When the quiet Zone is 
detected, the Second edge is traced to detect height and 
curvature (step 52). 
0061 The length of the barcode symbol is then checked 
(step 56) to ensure that it is within an expected value and the 
coordinates of the Second two corners are Stored. Referring 
briefly to FIG. 2G, if the label is washed out due to specular 
reflection, point “1” may falsely appear as a quiet Zone. For 
fixed length barcodes, it may be preferable to Skip a prede 
termined number of pixels to avoid specular reflections 
within the middle of the barcode symbol. As shown in FIG. 
2G, the system 10 may skip to point “2” along the scan line 
to search for the last bar (c' d"). In this example, the last bar 
(c' d") will not be detected and steps 52 and 54 will fail. 
However, if an approximate length of code is known, the 
barcode symbol area (a'b'c' d") can be artificially bounded. 
Step 50 may be performed on the last bar to confirm whether 
it is a valid barcode. 

0062) If the barcode candidate passes the check length 
procedure of step 56, a “bounding box” is determined, 
whereby the coordinates of the four corners of a barcode 
symbol are stored for later use. At this point, the system 10 
must determine whether a two-width or a multi-width bar 
code has been located Since the Subsequent decoding Steps 
will be dependent upon the type (two-or multi-width) of 
barcode that has been detected. A multi-width barcode 
Symbology is defined as any Symbology having greater than 
two different width elements. 

0063 Referring to FIG. 2H, the procedure for determin 
ing whether the code is a two-width or a multi-width code 
is shown. After the barcode has been located (step 60) the 
System 10 extracts data corresponding to the Start/stop 
characters of the barcode symbol (step 61) This encom 
passes approximately forty pixels at the beginning and forty 
pixels at the end of the barcode symbol. The width of each 
bar and space is calculated (step 62) and the System 10 
determines whether the symbology is Code 128 (step 63), 
PDF 417 (step 65) or some other type of multi-width 
symbology (step 67). If it has been determined that the 
barcode candidate is a multi-width Symbology, it is pro 
cessed in accordance with its respective symbology (steps 
64, 66, 68). If the candidate fails all of the multi-width 
Symbology tests, it is assumed that the detected barcode 
symbol is a two-width code. 
0.064 Referring again to FIG. 2B, after the type of 
candidate has been determined (step 57) each candidate is 
decoded as will be explained in greater detail hereinafter. It 
will be appreciated by skilled artisans that Several barcode 
labels are often located on a single object. To locate vertical 
barcodes in a ladder orientation the System 10 proceeds to 
perform a vertical grid line analysis (step 59) in the same 
manner as the horizontal grid line analysis was performed 
(step 43). The present invention will be able to simulta 
neously locate the coordinates of a plurality of barcode 
labels on an object. 
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0065. The preferred method of decoding a two-width 
barcode symbol in accordance with the present invention 
will be briefly explained with reference to FIGS. 7A and 7B 
and will Subsequently be explained in detail. Referring to 
FIG. 7A, the system 10 extracts the coordinates of the 
barcode Symbol and associated data from the image buffer 
(step 200). The image buffer includes location coordinates 
and gray Scale data for the area of interest which approxi 
mates an electronic image of the barcode Symbol in pixel 
format. The System 10 copies gray Scale values for pixels of 
each Scan line into a separate portion of memory for pro 
cessing as needed (step 202). The peaks and valleys of the 
line data are found (Step 204) and the exact start and stop 
location of the barcode symbol is determined (step 206). The 
number of wide bars and wide spaces are detected (step 208) 
in order to Specify the type of barcode Symbology which is 
being used in the detected barcode symbol. The barcode 
Symbol information is then processed (step 210) in accor 
dance with the type of Symbology which has been deter 
mined in step 208. After processing of the barcode symbol 
has been confirmed (step 212), the system 10 outputs a 
Signal that the barcode symbol was Successfully read (Step 
214) and the system 10 returns to the barcode symbol 
location procedure. 
0066. If processing of the barcode symbol has not been 
confirmed (step 212), an analysis of up to ten scan lines (Step 
216) is repeated. If no confirmation of the barcode symbol 
is made after ten attempts (Step 216), the data is reorganized 
(step 220) and five more attempts to decode the barcode 
symbol are made (step 222). Once a total of fifteen attempts 
have been made to decode and confirm the barcode symbol 
without Success (Step 222), a “no read” signal is returned to 
the operator (step 224) and the barcode candidate is dis 
carded. It should be recognized by those skilled in the art 
that the number of attempts could be a parameter Set by the 
operator depending upon the application. 

0067. The method of decoding two-width barcode sym 
bols shown in FIGS. 7A and 7B will now be described in 
greater detail. Referring to FIG. 8, the procedure for finding 
the peaks and Valleys of the Scan line data (step 204) is 
shown. Peaks and Valleys are defined as portions of the 
barcode symbol data which have a first derivative of Zero 
and thus no slope. Portions of the barcode symbol that have 
been determined to be peaks are given a positive (+) 
identifier and values that have been determined to be valleys 
are given a negative (-) identifier as shown in FIG. 9. The 
System 10 determines whether a point is a peak or a valley 
by calculating first and Second derivatives. If a point has a 
first derivative equal to Zero and a Second derivative leSS 
than Zero, the point is classified as a peak. If a point has a 
first derivative equal to Zero and a Second derivative greater 
than Zero, the point is classified as a valley. ESSentially, if 
neighboring pixels of pixel X have values less than pixel X, 
pixel X is a peak. If the neighboring pixels of pixel X have 
values greater than pixel X. pixel X is a valley. 

0068. The system 10 then calculates threshold levels 
(step 204B) for comparison to the transition from one 
peak/valley to the next peak/valley. The thresholds are 
dependent upon the location of the transition within the 
dynamic range of the barcode Symbol data. The dynamic 
range for an illustrative barcode symbol is shown in FIG. 
10. The dynamic range is calculated at the beginning of each 
Scan line and then Segmented into five distinct regions. Near 
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the middle of the dynamic range 300, the threshold is fixed 
at a “low” value. Located above and below the middle of the 
dynamic range are two regions of the dynamic range 
wherein a variable threshold 302, 304 is calculated. At the 
upper and lower limits of the dynamic range 306, 308, the 
threshold is fixed at a “high value. 
0069. In the preferred embodiment, the system 10 has an 
8 bit gray Scale resolution resulting in 256 available gray 
scale levels (0-255). With 8 bit resolution, the threshold in 
the middle of the dynamic range 300 is fixed. For the portion 
of the dynamic range, when a variable threshold 302,304 is 
calculated, a linear approximation is performed. Consider an 
example where the highest gray value for a peak is 250, the 
lowest given for a valley is 100, and the average pixel value 
is 180. The dynamic range is calculated as 250-100-150, 
and 15% of 150=22. Accordingly, for every peak and valley 
difference between (180–22) and (180+22), the threshold is 
fixed at a minimum threshold of 5. The threshold at the 
upper and lower limits of the dynamic range 306, 308 is 
fixed at 20 gray Scale levels. 
0070 Noise is greater at higher and lower gray scale 
levels due to variations in printing and reflection character 
istics of a label. Noise in the middle of the gray Scale, 
typically caused by thermal (CCD noise), is significantly 
lower. Specular reflection and other variations greatly effect 
the barcode symbol data at the upper and lower limits of the 
dynamic range. These variable thresholds are effective in 
distinguishing a valid barcode Symbol transition from noise 
and Specular reflections. 
0071 Referring again to FIG. 8, if the transition value is 
greater than the calculated threshold (step 204C), the data is 
stored (step 204D) and the next pixel is analyzed (step 
204E). If the transition value is smaller than the calculated 
threshold (step 204C), then the system 10 proceeds directly 
to the next pixel (step 204E). Once the end of the scan line 
data has been reached (step 204F) the routine is exited (step 
204G). 
0.072 The location of the beginning and end of a barcode 
Symbol is often difficult to ascertain Since narrow bars and 
Spaces may be marred or blurred. To accurately decode a 
two-width barcode Symbol, the location of the beginning 
and end edges of the barcode Symbol must be determined 
with accuracy. The method of locating the edges of the 
barcode symbol (step 206 shown in FIG. 7A) will now be 
described in detail with reference to FIGS. 11 A-C. In order 
to minimize computational resources and to Speed the locat 
ing of the beginning of the barcode symbol the system 10 
searches for the first wide bar and the quiet Zone. This 
provides a region of interest in which computational 
resources are focused on a detailed analysis. Typically, 
narrow bars and Spaces will be present between the quiet 
Zone and the first wide bar. The system 10 calculates the 
slope, or first derivative, for every two pixels between the 
quiet Zone and the first wide bar. When the first derivative 
approaches Zero, or a plateau is present, a narrow bar has 
been detected. This is shown in FIGS. 11 A-C. Referring to 
FIG. 11A, a narrow bar 153 is clearly present between the 
quiet Zone and the first wide bar 152. In FIGS. 11B and 
11C, although a clear plateau is not detected, the slight Slope 
indicates that a narrow bar 156, 161 is present. 
0073. The determination of the number of wide bars and 
wide spaces (step 208 of FIG. 7A), will be explained in 
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greater detail with reference to FIG. 12. First the system 10 
tests for start/stop pattern for a Code 128 Symbology (Step 
290) and PDF417 (step 292) If either one of these tests are 
Successful, the barcode Symbol is processed in accordance 
with that symbology (steps 294 or 296). Otherwise, the 
orientation of the barcode symbol (step 300) must be deter 
mined. This is shown in greater detail in FIG. 13. The 
system 10 first finds a reference wide bar/space and narrow 
bar/space (step 300A). A region of the scan line data which 
encompasses the first Sixteen peaks and Valleys is analyzed 
to determine the dynamic range and the highest and lowest 
values of the data. First, the highest value and lowest value 
are discarded and the Second to the highest peak is marked 
as a reference wide Space and the Second to the lowest Valley 
is marked as a reference wide bar. Next, the reference 
narrow bar and Space are initially Set to be equal to the 
average value of peaks and Valleys. 
0074 The system 10 Subsequently analyzes each peak 
and valley (step 300B) If the transition is a peak (or a space) 
the system 10 proceeds to step 300C to determine whether 
the peak is closer to a reference wide Space or narrow Space. 
If the peak is closer to a reference wide Space, it is desig 
nated to be a wide space (step 300D) and the reference wide 
Space is updated (step 300E) by averaging the reference 
wide Space with the current wide Space. This provides a 
weighted average of the wide Spaces. The counter is then 
incremented at step 300H. If the peak is closer to a narrow 
space (step 300C) the counter is incremented (step 300H). 
0075) If a valley has been detected (step 300B) then the 
system 10 determines whether the valley (or bar) is closer to 
a reference wide bar or narrow bar (step 300M). If the valley 
is closer to the reference wide bar, the distance D1 from the 
wide bar to the end of the barcode symbol (step 300G) is 
measured. This procedure is repeated (step 3001) for the 
opposite end of the barcode symbol to obtain the distance 
from the first wide bar D2 to the end of the barcode symbol. 
Once both ends of the barcode symbol have been analyzed 
(step 300N) the system 10 determines whether the orienta 
tion is forward or backward (300J). In all widely used 
2-width barcode symbologies, the first wide bar is further 
from the beginning of the barcode symbol than the last wide 
bar is to the end of the barcode symbol. Accordingly, if D1 
is greater than D2, the orientation of the barcode Symbol is 
forward (step 300K), whereas if D2 is greater than D1 than 
the orientation of the barcode symbol is reverse (step 300L). 
0076 After the barcode symbol orientation has been 
determined (step 300), the system 10 determines the number 
of wide bars and wide spaces (step 302) using the process 
shown in FIG. 14. This procedure is similar to the procedure 
shown in FIG. 13, however, the system 10 analyzes every 
bar and Space to determine whether the bar and Space is 
narrow or wide. 

0.077 Referring again to FIG. 12, once the barcode 
symbol orientation (step 300) and the number of wide bars 
and wide spaces (step 302) have been determined, the 
System 10 determines the type of barcode Symbology being 
used. If the number of wide Spaces is approximately equal 
to the number of wide bars (step 304) the barcode symbol 
ogy is Interleaved 2 of 5 (step 306) If the number of wide 
Spaces is approximately equal to one-half (/2) the number of 
wide bars (step 308) the barcode symbology is Code 39 (step 
310). If the number of wide spaces is approximately two 
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times the number of wide bars (step 312), the barcode 
symbology is Codabar (step 314). If the barcode symbology 
has been determined to the I 2 of 5, Code 39 or Codabar, the 
barcode symbol is then processed (Step 318) in accordance 
with the symbology. If the barcode symbol which has been 
detected fails all of the tests (steps 304,308 and 312), then 
the symbology is unknown (step 316). It will be appreciated 
by those skilled in the art that additional tests may be 
included to detect (step 315) and decode (step 317) other 
types of barcode Symbologies. 
0078 Referring again to FIG. 7A, once the type of 
barcode symbology has been determined 208, the barcode 
Symbol information is processed in accordance with the 
rules of construction for the type of symbology 210. This is 
shown in greater detail in FIGS. 15A and 15B. 
0079 Referring to FIG. 15A, a simple decode procedure 

is initiated (step 600) The system 10 determines whether the 
number of peaks and Valleys in the line Scan data is equal to 
the expected number of peaks and Valleys for the particular 
symbology. The number of characters in the barcode symbol 
is determined by counting the number of wide bars and 
spaces as follows: If the code is code I2 of 5 then the number 
of characters is equal to the number of wide Spaces or one 
less than the number of wide bars. For Code 39, the number 
of characters is equal to the number of wide Spaces, or half 
the number of wide bars minus one (WB/2-1). For Codabar, 
the number of characters is equal to the number of wide bars. 
It should be appreciated that the number of Code 39 char 
acters includes Start and Stop characters. 
0080. If the number of peaks and valleys is equal to the 
expected number of characters for the particular Symbology, 
the scan line data is divided into segments (step 604). The 
highest peaks are designated as wide Spaces and the lowest 
Valleys are designated as wide bars with the remainder of the 
elements designated as narrow elements (step 606). Each 
character, or character pair, is then decoded (step 608) which 
completes processing of the barcode symbol (step 405). 
0081) If it has been determined (step 602) that the number 
of peaks and Valleys is not equal to the expected number of 
peaks and valleys for that particular Symbology, (step 602) 
then a more detailed decoding procedure as shown in FIG. 
15B is required. First, the entire scan line is divided into 
character Segments and the highest peaks are designated as 
reference wide Spaces and the lowest Valleys are designated 
as reference wide bars (step 401). The system 10 then 
measures the distance between the wide elements and cal 
culates the number of narrow elements that should be 
located between the wide elements (step 402). The mea 
Surement of the distance-may be adjusted based on Symbol 
ogy characteristics. For example, at the boundary between 
two characters, it may initially be unclear whether a wide bar 
or Space pertains to the first character or the Second char 
acter. The present procedure permits a decoding attempt of 
the first character by using one or more of the wide elements 
located within the border region. If the attempt is unsuc 
cessful, the wide elements may be associated with the 
Second character in attempting a decoding of the Second 
character. The system 10 then decodes the character, or 
character pair if the particular Symbology requires decoding 
of pairs (step 403). Once all of the characters have been 
processed (step 404) the barcode symbol has been decoded. 
0082 The processing of the barcode symbol must then be 
confirmed (step 212) as shown in FIG. 7A. In the preferred 
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embodiment of the present invention, the confirmation of the 
processing of the barcode symbol (Step 212) comprises 
comparing the decoding of a Subsequent Scan line with an 
earlier Scan line to determine if they are the Same. AS is well 
known to those skilled in the art, the confirmation threshold 
may be set as desired by the operator for “two out of three' 
or “three out of four Scan lines that match. If the barcode 
Symbol has not been confirmed after ten passes (step 216) 
the data is reorganized for specular preprocessing (step 220). 
This process (step 220) will be described hereinafter with 
reference to FIGS. 16A-16C. Step 220 may be either a 
primary or a Secondary operation. For example, if specular 
reflection is anticipated on packages to be Scanned, the 
system 10 may proceed directly to step 220 after enough 
Scans have been acquired. 
0083) Referring to FIG. 16A, a gray scale image of a 
barcode symbol 700 having a plurality of unreadable regions 
702, 704, 706, 708 is shown. With this gray scale image of 
the barcode symbol 700, the system 10 will be unable to 
obtain a completely readable confirm Scan line due to the 
unreadable regions 702, 704, 706, 708. The regions 702, 
704, 706, 708 may be caused by specular reflections 704, 
706, 708 that wash out the CCD detector 20 or may be 
contaminants or markings 702 located on the barcode Sym 
bol 700. A region of interest 703, showing a plurality of scan 
lines 705 will be discussed hereinafter. 

0084. Referring to FIG. 16B, a plot of the gray scale 
amplitude for scan line number 5 in the area of interest 703 
is shown. The Specular reflection and dark markings upon 
the barcode symbol 700 create large differences in the gray 
Scale values of the pixels along the Scan line. AS shown in 
Table 1, Specular reflection causes the gray Scale values of 
Selective pixels to be extremely high. Likewise, black marks 
upon the barcode symbol 700 cause the gray scale values to 
be extremely low. This may lead to errors in decoding the 
barcode symbol 700. 
0085. In the preferred embodiment, the data is reorga 
nized so that the decoding of the barcode symbol 700 may 
be performed. The pixels in each column are Sorted Such that 
the largest value in each column appears in the top row and 
the Smallest value appears in the bottom row. Using this 
technique, the portions of the image due to specular reflec 
tion float to the top and the portions of the image due to dark 
markings Sink to the bottom. Thus, the center rows contain 
data which is most likely to be correctly representative of a 
complete barcode Symbol. Sorting of the data acts as a 
low-pass filter on the image due to the low resolution of the 
CCD pixel grid utilized to acquire the image and slight 
alignment irregularities. 
0086 A gray scale image which has been sorted in 
accordance with the present invention is shown in FIG. 
16C. It can clearly be seen that the higher (and thus brighter) 
gray Scale values are located at the top of the gray Scale 
image and the lower (and thus darker) values are located at 
the bottom of the image 709. The middle portion of the 
image 709 contains accurate information which is represen 
tative of the barcode symbol. The gray Scale values associ 
ated with the sorted image 709 are shown in Table 2. 
Referring to FIG. 16D, a plot along scan line 5 after sorting 
of the data associated with each pixel is shown. The Sorting 
process normalizes the data by eliminating the excessive 
peaks and Valleys which are most likely not representative of 
the actual barcode Symbol. 
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0.087 Sorting of the pixels also removes the effects of 
pixel aliasing. AS is well known by those of skill in the art 
the gray Scale value is a function of the pixel alignment on 
the barcode image. Aliasing occurs when the CCD pixels are 
misaligned with respect to the bars and Spaces. For example, 
as shown in FIG.16E, if the pixels are misaligned with the 
Space, a lower amplitude pulse will be obtained. However, 
if the pixels are correctly aligned a higher, Squarer pulse 
output will be obtained. Sorting the pixel values normalizes 
the inconsistencies Such that Similar width elements in a 
Scan line have similar gray values. Once the effects of 
aliasing are removed, Subsequent gray Scale composition 
analysis can be performed on any multi-width element codes 
to determine the encoded information. Gray Scale compo 
sition analysis will be described in detail hereinafter with 
reference to FIG. 19 (step 914). 
0088 Referring to FIGS. 17A and 17B, an alternate 
method (step 800) for locating barcode symbols in accor 
dance with the present invention is shown. First, the image 
buffer is copied into memory for analysis (step 802). The 
image is binarized (Step 804) whereby pixels having a gray 
Scale value greater than the threshold limit are designated as 
white and those having a gray Scale value less than the 
threshold are designated as black. The image is divided into 
a grid (step 806) wherein horizontal and vertical lines are 
placed throughout the image. Preferably, the grid lines are 
evenly spaced in both directions (e.g., every 32 pixels in the 
horizontal and vertical directions), but it is not essential that 
blocks are Square. 
0089. The system 10 searches for a transition near the 
center of each grid element (step 808). The objective is to 
locate the longest Spanning line in the block to eliminate 
noise caused by contaminants and other eXtraneous marks 
on the barcode symbol. First, the block is divided by placing 
“cross hairs” on the center of the block. Starting from the 
center of the croSS hairs and moving outward, the System 10 
searches for the first transition (black-to-white or white-to 
black) within the block. If no transitions are found (step 810) 
in either of the horizontal or vertical direction, the block is 
considered to contain no spanning line. For faster proceSS 
ing, the System 10 may only consider transitions near the 
center of the croSS hairs. If no transition is found, a new grid 
block is selected (step 812) and the search for a transition 
(step 808) begins again. 
0090. If a transition is found (step 810) the edge of the 
transition must be traced. When tracing the edge of a 
transition (step 814) two things may take place: 1) the edge 
will eventually reach the edge of the grid block; or 2) the 
edge will wrap around on itself to the same point as the 
Starting point. If the edge does wrap around (Step 816) that 
the grid block is considered to have no spanning lines and a 
new grid block is examined (step 812). 
0091. The system 10 must then determine if the edge 
exceeds the maximum number of pixels along a Straight line 
between the initial transition and the furthest grid element 
edge. If the maximum number of pixels has been exceeded 
before reaching the edge of a block (step 818), the search can 
be terminated Since the transition edge can not lead to a 
Spanning line. Using the maximum pixel count will elimi 
nate wandering transition edges that eventually reach the 
edge of a block, for example, a Spiral. 
0092. If the transition edge reaches a block edge, the 
System 10 returns to the initial transition and traces the edge 
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in the opposite direction (Step 822). If a trace of the opposite 
direction fails to reach the block edge within the maximum 
number of pixels, the block is considered to contain no 
spanning line. When the system 10 has traced the line in both 
directions with Success (step 820), a series of tests is 
performed to confirm that the line is a true Spanning line. 
First, the system 10 determines whether both ends of the 
spanning line reach the same side of the block (step 824). If 
So, the Spanning line is invalid. Next, the System 10 deter 
mines whether the entire Spanning line exceeds the maxi 
mum number of pixels (step 826). If not, the spanning line 
has been confirmed as a valid spanning line (step 830). 
0093. Once a valid spanning line has been determined for 
a particular block, the Same procedure is performed for all 
blocks. The orientation of each Spanning line may be deter 
mined by using the Slope formed by the end points of each 
traced edge. The orientation of a line is the angle of that 
particular line. 

0094. The oriented blocks must then be clustered into 
barcode candidates. In a typical Situation, most of the blockS 
will have no spanning lines. The blocks with no Spanning 
lines will have no orientation. The blocks from a valid 
barcode candidate should have the Same Spanning line 
orientation within a certain tolerance level. In Simple cases, 
a Standard color blob analysis algorithm is performed. In a 
color blob analysis, each orientation of a line is assigned a 
particular color. All Squares with Similar colors are grouped 
together form one blob. 
0.095 Thus, all squares in a blob will have a similar angle 
orientation. Certain geometric patterns will have blobs with 
similarly oriented grid elements. As shown in FIG. 18A, if 
an imposter pattern has a number of long lines, it may 
produce a long Skinny blob that appears to be a valid barcode 
symbol. However, the imposter blob will have its orientation 
parallel to its length. Referring to FIG. 18B, while a barcode 
symbol produces a similar blob, the color will be different 
Since its orientation is parallel to its width. Using this 
procedure, final candidates may be filtered or preliminary 
candidates may be prescreened. 
0096. The preferred method of decoding a multi-width 
barcode is shown in FIG. 19. Referring to step 900, the 
System 10 analyzes the Start and Stop pattern of the multi 
width barcode symbol to determine what type of symbology 
is present. AS is well known to those skilled in the art, Code 
128, UPC and EAN comprise bars and spaces having 4 
different widths, (1, 2, 3 and 4 elements wide). Some codes 
have even more, Such as PDF417 with 6 widths. 

0097 Gray scale amplitude levels are selected for each 
the different widths of the bar and space elements after the 
effects of pixel aliasing have been removed. The gray Scale 
level may be calculated by analyzing the Start and Stop 
patterns, or may be determined by ranking the gray Scale 
amplitudes located within the area of interest, in terms of 
width; wherein the highest plateau having the longest dura 
tion corresponds to the widest Spaces and the lowest plateau 
having the longest duration corresponds to the widest bars. 
When the gray Scale levels reach a plateau, for example the 
4X elements in FIG. 20, that element width is considered to 
be resolved. Gray Scale composition analysis examines the 
remainder of the unresolved element widths. These element 
widths will proportionally fall between the widest elements 
(4X) as shown in FIG. 20. 
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0098. The system 10 subsequently extracts data along a 
trigger line within the barcode symbol (step 904) and 
numerically sorts the data corresponding to each pixel (Step 
906) to filter out specular reflections and damaged or oth 
erwise unreadable portions of the barcode symbol. Even in 
the absence of Specular or damaged barcode Symbols, Sort 
ing of data corresponding to each pixel is required to 
normalize the amplitudes of the peaks and Valleys. The 
Sorting procedure was previously described with reference 
to FIGS. 16A-16C. 

0099. After a data set has been determined, the system 10 
calculates the run length (step 908) which is basically the 
width of a bar or space. Referring to FIG. 21, the width is 
determined by calculating the area under a Selected portion 
of the gray Scale waveform corresponding to the bar or Space 
using the following equation: 

E. (6) 
X. Gray scale Amplitudes 

pixel=a 
length? width = run length? wi Min area 

0100 Min-area is the area of the narrowest element in the 
Start/stop pattern. Although a Code 128 barcode is used in 
the present example, it should be understood that this 
procedure is equally applicable to any multi-width Symbol 
ogy. For Code 128, each character has three bars and three 
Spaces and the width of each character is the same for all 
characters. Accordingly, the width of the character is evalu 
ated (step 910) to determine whether the sum of the widths 
of six elements does not exceed the predetermined value for 
the width of a Code 128 character. 

0101 The system 10 determines whether the character is 
decodable based Solely upon analysis of the run length data 
(step 912) If the character is decodable, the character is 
decoded (step 916). If the character is not decodable, the 
widths of the unresolved elements are resolved using gray 
Scale composition analysis (step 914). For example, consider 
the situation where a 2 width bar is preceded by a one width 
Space and a one width bar which have merged together. This 
provides an element of width 4. When the gray scale value 
of that 4 width element is analyzed, it becomes apparent that 
the gray Scale value is closer to a 2 width bar than to a 4 
width bar. In this manner, the system 10 determines the 
presence of a 2 width bar. The remaining elements are 
Subsequently analyzed in the same manner. Accordingly, 
using Equation (7), the bars and Spaces present within the 
portion of the character being decoded may be resolved: 

(width from (width from (7) 
# of unresolved run length gray scale value) 

elements minimum element size (known) 

0102) Using the above example, the number of unre 
Solved or missing elements is calculated as: number of 
unresolved elements=(4-2)/1=2. 
0103) Once the widths have been resolved using gray 
Scale composition analysis (step 914) the character is 
decoded (step 916). Upon resolving the width (step 914) the 
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System 10 may determine that there are too many elements 
present. In this case, once a character having Six elements is 
resolved (step 914) and decoded (step 916) the extra ele 
ments are carried over for further analysis (step 920). If there 
is more data present (step 918) the system 10 analyzes the 
next character (step 920) and the evaluation of that character 
is performed as described above. If no more data is present 
(step 918) the barcode symbol has been successfully 
decoded (step 922). 
0104. Although the invention has been described in part 
by making detailed reference to the preferred embodiment, 
Such detail is intended to be instructive rather than restric 
tive. It will be appreciated by those skilled in the art that 
many variations may be made in the Structure and mode of 
operation without departing from the Spirit and Scope of the 
invention as disclosed in the teachings herein. 

What is claimed is: 
1. A method for detecting bar code candidates, the method 

comprising: 
Scanning an area of interest to produce pixels of the 

Scanned area; 
dividing the pixels into a plurality of blocks, 
for each block, determining an orientation of a Spanning 

line or a lack of orientation when a Spanning line is not 
present, 

clustering contiguous ones of the blocks having their 
orientation within a certain tolerance level, each cluster 
having a length and a width, the length longer than the 
width; and 

Selecting candidate bar codes from the clusters, by deter 
mining if the orientation of each cluster's blockS is 
perpendicular to the length of the cluster. 

2. The method of claim 1 wherein the bar code is a 1D bar 
code. 

3. The method of claim 1 further comprising binarizing 
the pixels prior to the dividing. 

4. The method of claim 1 wherein the plurality of blocks 
are a plurality of grid blockS. 

5. The method of claim 4 wherein the grid blocks have a 
Square shape. 

6. The method of claim 3 wherein the step of for each 
block, determining an orientation of a Spanning line or a lack 
of orientation comprises: 

detecting a transition within that block; 
tracing a transition edge using the detected transition; 
determining a Spanning line when the transition edge 

reaches two different edges of that block, and 
determining an orientation for that block using a slope of 

the Spanning line and a lack of orientation when a 
Spanning line is not present in that block. 

7. The method of claim 6 wherein the determining slope 
of the Spanning line is based on a slope of two points of 
interSection of the Spanning line with the two different 
edges. 

8. The method of claim 6 further comprising discarding a 
Spanning line having a pixel length exceeding a threshold 
pixel length prior to the orientation determining. 

9. A bar code Scanner comprising: 
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a Scanner for Scanning an area of interest to produce pixels 
of the Scanned area; 

a processor for executing instructions including: 
Scanning an area of interest to produce pixels of the 

Scanned area; 
dividing the pixels into a plurality of blocks, 
for each block, determining an orientation of a Span 

ning line or a lack of orientation when a Spanning 
line is not present, 

clustering contiguous ones of the blocks having their 
orientation within a certain tolerance level, each 
cluster having a length and a width, the length longer 
than the width; and 

Selecting candidate bar codes from the clusters, by 
determining if the orientation of each cluster's 
blockS is perpendicular to the length of the cluster. 

10. The bar code scanner of claim 9 wherein the Scanner 
is a photo-Sensitive detector. 

11. The bar code scanner of claim 9 wherein the Scanner 
is a charge coupled device (CCD). 

12. The bar code scanner of claim 11 wherein the CCD 
has a one dimensional array. 

13. The bar code Scanner of claim 9 wherein the bar code 
is a 1D bar code. 

14. The bar code scanner of claim 9 wherein the processor 
further executes instructions for binarizing the pixels prior to 
the dividing. 
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15. The bar code scanner of claim 14 wherein the plurality 
of blocks are a plurality of grid blockS. 

16. The bar code scanner of claim 15 wherein the grid 
blocks have a Square shape. 

17. The bar code scanner of claim 14 wherein the step of 
for each block, determining an orientation of a Spanning line 
or a lack of an orientation comprises: 

detecting a transition within that block; 

tracing a transition edge using the detected transition; 

determining a Spanning line when the transition edge 
reaches two different edges of that block, and 

determining an orientation for that block using a slope of 
the Spanning line and a lack of orientation when a 
Spanning line is not present in that block. 

18. The bar code scanner of claim 17 wherein the deter 
mining slope of the Spanning line is based on a slope of two 
points of interSection of the Spanning line with the two 
different edges. 

19. The bar code scanner of claim 17 the processor 
executing instructions for discarding a Spanning line have a 
pixel length exceeding a threshold pixel length prior to the 
orientation determining. 


