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(57) ABSTRACT 

An apparatus is provided for determining the orientation of 
documents based upon the acquisition of images of the 
documents and the detection of barcode images from the 
documents. Adocument transport conveys documents along 
a selected path of movement. A document imaging system is 
provided along the path of movement for imaging a docu 
ment conveyed along the path of movement to generate 
image data representative of the document. A system con 
troller processes the image data to detect the presence of a 
barcode image. The location and/or orientation of the bar 
code image is then used to determine the orientation of the 
document along the path of movement. Adocument orientor 
may be provided along the path of movement to orient 
documents into desired orientations along the path of move 
ment based upon the location and/or orientation of the 
detected barcode images. 
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METHOD AND APPARATUS FOR PROCESSING 
AND DETERMINING THE ORIENTATION OF 

DOCUMENTS 

CROSS-REFERENCED TO RELATED 
APPLICATION 

[0001] This application is a continuation of application 
Ser. No. 08/899,433, ?led Jul. 24, 1997, Which claimed 
priority to Provisional Application No. 60/022,709, ?led Jul. 
26, 1996. The aforementioned provisional application is 
hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method and 
apparatus for processing and determining the orientation of 
documents and, more particularly, to a method and apparatus 
for determining the orientation of documents based upon the 
detection of barcodes on the documents. 

BACKGROUND OF THE INVENTION 

[0003] Automated and semi-automated machines have 
been employed for processing documents such as bulk mail. 
Due to the large quantity of mail received by many com 
panies, there has long been a need for ef?cient sorting of 
incoming mail. Document sorting has become particularly 
important in the area of remittance processing. 

[0004] Utility companies, phone companies, and credit 
card companies routinely receive thousands of payment 
envelopes from their customers on a daily basis. Typically, 
a customer payment envelope contains an invoice stub and 
some type of customer payment, usually in the form of a 
bank check or money order. 

[0005] In order to perform remittance processing, the 
remittance transaction is initially extracted from the enve 
lope. In some instances, the extraction may be done manu 
ally. In other instances, the extraction may be done in an 
automated manner. Regardless of the manner in Which the 
remittance transactions are extracted, further processing of 
the invoices and accompanying checks is still required 
before remittance processing can be effected. 

[0006] Remittance processing equipment typically 
requires each batch of remittance transactions to be orga 
niZed so that each invoice-check pair is properly ordered and 
oriented. For example, conventional remittance processing 
equipment may require each transactional pair of documents 
to be ordered so that the invoice is positioned in front of or 
on top of each check. Furthermore, each invoice and each 
check must be oriented in a right-side-up, face-forWard 
orientation. To determine the orientation of checks, mag 
netic imaging devices have been utiliZed to detect the 
location of the MICR line on the checks. Because the 
location of the MICR line is generally ?xed, the magnetic 
imaging modules can determine the orientation of a check 
based on the location of the MICR line. HoWever, docu 
ments such as invoices do not include a MICR line, and the 
printing on invoices varies Widely among the different 
companies issuing invoices. 

[0007] In accordance With the present invention, an appa 
ratus and method are provided for detecting the orientation 
of documents based upon the detection of a POSTNET code 
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printed on the documents and for thereafter reordering and 
reorienting the documents, as necessary, for subsequent 
remittance processing. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates to a method and 
apparatus for processing documents. More speci?cally, the 
present invention relates to a method and apparatus for 
determining the orientation of documents based upon the 
acquisition of document images and the detection of a 
selected marking image such as a barcode image from the 
documents. 

[0009] The apparatus in accordance With the present 
invention includes a document transport for conveying 
documents along a selected path of movement. A document 
imager functions to acquire an image of a document con 
veyed along the selected path of movement. Image data 
representative of the document is stored by the document 
imager to provide a document image. A system controller is 
provided for processing the image data. More speci?cally, 
the system controller scans the stored document image along 
a selected scan line until a mark is detected. A mark may be 
detected at an area of light transition in the document image. 
Next, the system controller scans the image along a vertical 
scan line in a selected vertical direction from the mark until 
a selected light transition point is detected. Next, the system 
controller scans the image from a selected starting point 
located at a selected horiZontal distance from the light 
transition point along a horiZontal scan line through the light 
transition point. The system controller then determines the 
light transition pattern along the horiZontal scan line to 
detect the presence of a barcode image. The system con 
troller then determines the orientation of the document based 
on the barcode image. The orientation of the barcode image 
may be utiliZed to determine the orientation of the docu 
ment. In another application, the detection of the location of 
barcode image at selected symmetrical areas on the docu 
ment may be used to determine document orientation. 

[0010] Pursuant to the method of the present invention the 
document is imaged to acquire image data representative of 
the document. The image data is then stored to provide a 
document image. The image is then scanned along a selected 
line until a mark is detected. Next, the image is scanned 
along a vertical scan line in a selected vertical direction from 
the mark until a selected light transition point is detected. 
The image is scanned along a horiZontal scan line for a 
selected distance in a horiZontal direction through the tran 
sition point. For this purpose, a selected horiZontal scan 
starting point may be selected at a selected horiZontal 
distance from the light transition point. The light transition 
pattern along the horiZontal scan line is then determined to 
detect the existence of a barcode image. The orientation of 
the document is then determined based upon the detection of 
the barcode image. For example, the orientation of the 
document may be determined based upon the orientation of 
the detected barcode. Alternatively, document orientation 
may be determined based upon the detection of a barcode 
image at selected symmetrical areas of the document. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing summary, as Well as the folloWing 
detailed description of the preferred embodiments of the 
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present invention, Will be better understood When read in 
conjunction With the appended drawings, in Which: 

[0012] FIG. 1 is a block diagram showing the How of 
documents through an automated document processing 
apparatus in accordance With the present invention; 

[0013] FIG. 2 is a block diagram shoWing the How of data 
according to the ?xed position analysis; 

[0014] FIG. 3 is the front face of an envelope illustrating 
the scanned areas used in the ?xed position analysis; 

[0015] FIG. 4 is an enlarged fragmentary vieW of one of 
the scanned areas for the envelope illustrated in FIG. 3; 

[0016] FIG. 5 is a block diagram shoWing the How of data 
according to a Wide area scan; 

[0017] FIG. 6 is the front face of an envelope illustrating 
a diagram scan line used When applying the Wide area 
barcode scan; 

[0018] FIG. 7 is an enlarged fragmentary vieW of a 
portion of the envelope illustrated in FIG. 6; and 

[0019] FIG. 8 is an enlarged vieW of a POSTNET barcode 
in an upside doWn orientation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] Referring noW to the draWings in general and FIG. 
1 speci?cally, an apparatus 10 for processing documents that 
have a pre-printed POSTNET barcode is illustrated. By 
determining the presence and location or orientation of the 
POSTNET barcode on a document, the apparatus is able to 
determine the orientation of the document. 

[0021] After determining the orientation of the document, 
the orientation detector can then cooperate With a machine 
capable of selectively reorienting and sorting documents 
such as the model 150 mail sorting machine sold by Opex 
Corporation. 

[0022] Referring noW to FIG. 1, to begin processing a 
stack of documents, the documents are placed in a feeder 20. 
The documents may include transactional pairs of docu 
ments such as invoices and corresponding checks to be 
oriented and ordered for remittance processing. A system 
transport conveys the documents to an imaging module 30, 
Which scans selected documents in the document ?oW, such 
as invoices, to obtain image data representative of the 
documents. The image data is communicated With an image 
processor 70, Which analyZes the image data for each 
selected document to determine the orientation of the docu 
ments. The image controller 70 communicates the orienta 
tion information to a system controller 95. The system 
controller 95 is a microprocessor that controls the operation 
of the apparatus in response to signals received from the 
various components of the apparatus. 

[0023] From the imaging module the system controller 95 
controls the How of the documents to selectively reorient the 
documents in response to the orientation data for each 
document received from the imaging module 70. To reorient 
the documents, the documents are ?rst conveyed to a 
reverser 40 that selectively reorients the documents by 
reversing the leading and trailing edges of select documents 
to ?ip the documents from front to back. The documents are 
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then conveyed to a tWister that selectively reorients docu 
ments by rotating select documents horiZontally to tWist the 
documents from top to bottom and from front to back. The 
system transport 75 conveys the oriented documents to a 
stacker, Which sorts and stacks the documents into bins. 

[0024] Fixed Position Barcode Orientation Detection 

[0025] Referring noW to FIGS. 1 and 2, the orientation 
detector 10 operates in a series of steps to determine the 
orientation of a document. In the ?rst step, a system trans 
port 75 conveys a document to an imaging module 30 to 
scan the image of the document. The imaging module 
includes at least one, and preferably tWo high speed CCD 
line scan cameras 32 and 34. The cameras are disposed on 

opposing sides of the system transport 75 to acquire image 
data representative of both faces of each document passing 
through the imaging module 30. 

[0026] The cameras 32 and 34, image a document by 
scanning the document along a series of lines to determine 
the light intensity at various points or pixels on each line. 
The cameras are matched to the speed of the system trans 
port 75 to obtain an image resolution of at least approxi 
mately 80 dpi><80 dpi. The light intensity of each pixel is 
represented by a gray scale number ranging from 0 (black) 
to 255 (White). In step 2 the image data acquired for a 
document is communicated With an image processor 70. The 
image processor includes a microprocessor 72 and a 
memory 74 suf?cient to store the image data for at least tWo 
documents. The image processor receives the image data 
from the cameras 32, 34 and stores the data in memory 74. 
The microprocessor 72 analyZes the image data for a docu 
ment that is in the memory 74 to determine the orientation 
of the document as is further discussed beloW in steps 3 
through 16. While the microprocessor is analyZing the data 
in the memory, image data for the next document in the How 
of documents is received by the image processor 70 and 
stored in memory. Once the image processor has completed 
analyZing the image data for a document, the image data is 
overWritten by the data for the next image to alloW continu 
ous processing and storage of image data. 

[0027] In step 3, the image processor 70 begins analyZing 
the image data for a particular document by selecting a scan 
area. Scan areas represent areas of the image in Which the 
POSTNET barcode for a particular type of document may 
appear. The POSTNET barcode (“barcode”) represents 
information such as a Zip code that the United States Postal 
service uses to sort mail. Companies print the barcode on 
documents and envelopes because the United States Postal 
Service charges loWer postage rates When the barcode is 
preprinted on the document to be delivered. 

[0028] The scan areas are located so that the barcode for 
a particular document Will only appear in one of the scan 
areas, depending on the orientation of the document. There 
fore, once the image processor determines the area in Which 
the barcode is located, the orientation of the document can 
be determined. The scan area locations are based on the 

location of the barcode on the document, Which can vary 
from document to document. Therefore, the location of the 
scan areas is particular to the document being processed. For 
example, an invoice 100 from an utility company may have 
a barcode 102 pre-printed above the address so that the scan 
areas are located as shoWn in FIG. 3. An invoice from a 
cable company may have the barcode located beloW the 
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address. Therefore, the scan areas for the cable invoice are 
located in different positions than scan areas for the utility 
invoice so that the invoices from the utility company are 
grouped together and processed separately from the cable 
invoices. 

[0029] Referring noW to FIG. 3, the scan areas operate 
similar to a template de?ning areas in Which the barcode can 
appear. In other Words, if a template is placed over the 
document, the scan areas are WindoWs through Which the 
barcode Would be visible if the barcode is present on the 
document. Therefore, to de?ne the scan areas, the location of 
the barcode for a particular type of document must be 
knoWn. For example, referring to FIG. 3, a barcode 102 is 
pre-printed on the invoice 100 above the return address for 
the utility company so that for every invoice that the utility 
company sends to its customers on this form of invoice, the 
location of the barcode is ?xed. For the invoice 100 shoWn 
in FIG. 3, the ?rst scan area 110 is located in the area in 
Which the barcode is located if the invoice is oriented 
right-side-up facing forWard. The second scan area 112 is 
located symmetrically to the ?rst scan area about the center 
point 104 of the invoice. In this Way, the barcode 102 Will 
be located in the second scan area 112 if the invoice is 
oriented upside-doWn facing forWard. These tWo scan areas 
110 and 112 de?ne the areas that are analyZed for the image 
of a face of a document scanned by the ?rst camera 32. A 
similar pair of scan areas 114 and 116 de?ne the areas that 
are analyZed for the image of the opposite face of the 
document scanned by the second camera 34. The second pair 
of scan areas 114 and 116 are located symmetrically to the 
?rst scan areas 110 and 112 about the horiZontal 106 or 
vertical 108 center lines of the document. In this Way, if the 
document is oriented facing backWard, the barcode 102 Will 
appear in one of the second pair of areas 114 and 116. If the 
document is oriented right-side-up facing backWard the 
barcode 102 Will appear in scan area 116. If the document is 
oriented upside-doWn facing backWard the barcode 102 Will 
appear in scan area 114. All four of the scan areas 110, 112, 
114, and 116 are the same siZe and each area is larger than 
the siZe of the barcode 102 pre-printed on the document. The 
larger siZe compensates for variations in the position of the 
documents, Which leads to variations in the position of the 
barcode as the documents are processed. 

[0030] In step 4, the image processor 70 checks Whether 
all four scan areas 110, 112, 114, and 116 have been scanned. 
If all four scan areas have been analyZed and the barcode has 
not been identi?ed, then the image processor 70 indicates 
that the orientation Was not determined and communicates 
this information to the system controller 95. The system 
controller 95 then electronically tags the document as having 
an undetermined orientation and directs the document to a 
reject bin. If all four scan areas 110, 112, 114, and 116 have 
not been selected, then the image data for the scan areas 
selected in step 3 are analyZed by the image processor 70 to 
determine Whether the barcode is located in the scan area. 

[0031] According to step 5, the image processor selects a 
scan line 120 Within the scanned area selected in step 3. The 
scan line is a line extending through the scanned area that the 
image processor analyZes to determine Whether the line 
intersects the barcode. Although the orientation of the scan 
line can vary, in the present instance the scan line 120 
eXtends aWay from the upper edge of the scanned area 110 
at an angle of 45° as is shoWn in FIG. 4 Which is an enlarged 
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vieW of the scan area 110 in FIG. 3. The ?rst scan line in an 
area eXtends from the upper leading edge of the scan area 
and successive scan lines are spaced apart approximately 
one inch. AhoriZontal scan line can be used, but the spacing 
betWeen adjacent scan lines must be less than the height of 
the tall bars in the barcode to ensure that the barcode does 
not fall Within adjacent scan lines, Which Would result in a 
failure to locate the barcode. Similarly a vertical scan line 
can be used, but the spacing betWeen adjacent scan lines 
must be less than the Width of the bars in the barcode to 
ensure that the barcode does not fall Within adjacent scan 
lines. In addition, a scan line having an angle other than 45° 
can be used, but the number of scan lines required to scan 
an area is increased relative to When a 45° angle is used. 

[0032] In step 6, the image processor determines Whether 
the entire scan area has been scanned by scan lines. If the 
entire area has been scanned then the image processor 
selects another scan area as described in step 3. If the entire 
scan area has not been scanned, the image processor 70 
proceeds to step 7. 

[0033] The image processor analyZes the piXels on the 
scan line 120 in steps 7, 8, and 9 to determine Whether the 
scan line intersects a dark piXel Which Would indicate the 
presence of a mark. In step 7, the image processor identi?es 
the ?rst tWo piXels on the scan line and identi?es the gray 
level for the piXels. As described beloW in step 9 the image 
processor analyZes the gray level for the piXels to determine 
if the second piXel represents a mark. If a piXel does not 
represent a mark, the image processor progresses along the 
scan line analyZing successive piXels until a mark is detected 
or the end of the scan line is reached. If the image processor 
reaches the end of a scan line Without detecting the barcode, 
the image processor selects another scan line as described 
above in step 5. 

[0034] Step 9 identi?es Whether a piXel indicates the 
presence of a mark. A local area threshold is utiliZed to 
determined Whether a piXel is a mark. According to this 
method, the image processor compares the light intensity of 
a piXel With the light intensity of the adjacent preceding 
piXel along the scan line 120. If the light intensity of the 
second piXel is less than the light intensity of the ?rst piXel 
by a speci?ed parameter, then the second piXel is designated 
as a mark and processing continues according to step 10. 
OtherWise, the image processor continues along the scan 
line 120 to the neXt piXel, Which is then compared to the 
preceding piXel. The speci?ed parameter that is used to 
compare successive piXels can be set forth in terms of the 
numerical difference in gray scale levels or the percentage 
difference in gray scale levels. In the present instance, the 
speci?ed parameter is a gray scale difference of 30%. For 
eXample, if the gray scale levels of the ?rst and second piXels 
along a scan line are 150 and 140 respectively, the gray scale 
of the second piXel is not 30% less than the ?rst piXel, so the 
second piXel is not designated as a mark. If the gray scale 
level of the third piXel along the is 95, then the third piXel 
is designated as a mark because the third piXel is more then 
30% darker than the second piXel. 

[0035] After a mark is detected, the image processor 70 
attempts to ?nd the “bottom” of the mark. As illustrated in 
FIG. 4, if the diagonal scan line 120 crosses the barcode at 
point A, point Ais indicated as a mark. As Will be discussed 
later in steps 13-15, a horiZontal line 130 is scanned to 
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determine Whether the barcode is present. If the horizontal 
scan line is located at point A, then the horizontal scan line 
130 Will not pass through the small bars in the barcode. 
Consequently, the transition pattern Will not be properly 
identi?ed and the image processor Will determine that point 
A is not part of a barcode. Therefore, the image processor 
scans vertically in an attempt to ?nd the bottom of the mark 
to determine Whether the mark is part of the barcode. If the 
mark is a barcode, then by ?nding the bottom of the mark, 
the horiZontal scan line Will pass through the short bars as 
Well as the tall bars so that the transition pattern can be 
properly identi?ed. 

[0036] Whether the image processor scans up or doWn to 
?nd the bottom of the mark depends on Which scan area the 
image processor is analyZing. For eXample, referring to 
FIG. 3, if a document is in a right-side-up orientation the 
barcode 102 Will appear in either scan area 110 or 116 
depending on Whether the document is facing forWard or 
facing backWard. If the document is right-side-up then the 
barcode 102 is also right-side-up. Therefore, if a point on the 
barcode is identi?ed, the bottom of the barcode can be 
identi?ed by moving vertically doWnWard. Conversely, if 
the image processor is analyZing scan areas 114 or 116, the 
bottom of the barcode is located by moving vertically 
upWard. Referring to the eXample in FIG. 4, the scan area 
being analyZed is scan area 110. Therefore the image pro 
cessor 70 analyZes the data by progressing vertically piXel 
by piXel from point A toWard point B. 

[0037] In step 11, the bottom of the mark is identi?ed by 
using a local area threshold similar to that used in step 9. In 
step 11, the image processor progresses vertically comparing 
the light intensity of adjacent pixels. HoWever, the image 
processor progresses along the vertical scan line until a 
transition from dark to light is detected, Whereas in steps 7-9, 
the image processor progressed until a transition from light 
to dark Was detected. In this Way, the image processor 70 
compares the intensity of the piXel identi?ed as a mark in 
step 9 (i.e. point A) With the light intensity of the piXel that 
is vertically adjacent in the direction of the bottom of the 
mark. If the light intensity of the vertically adjacent piXel 
eXceeds the light intensity of the ?rst piXel (i.e. point A) by 
a speci?ed parameter then a dark to light transition is 
detected and the image processor determines that the piXel 
is the bottom of the mark. The image processor then 
proceeds to step 12. In FIG. 4, the transition from dark to 
light indicating the bottom of the mark is designated point B. 
Conversely, if the light intensity of the vertically adjacent 
piXel does not eXceed the light intensity of the ?rst piXel by 
a speci?ed parameter then the piXel is considered to be part 
of the mark identi?ed in step 9 (i.e. point A). The image 
processor then continues to progress vertically to the neXt 
piXel toWard the bottom of the mark as detailed in step 10. 
In this Way, the image processor proceeds from point A to 
point B, comparing the light intensities of adjacent pixels. 

[0038] According to step 12, once the bottom of the mark 
is located, the image processor shifts a predetermined dis 
tance horiZontally aWay from the leading edge of the scan 
area. The horiZontal shift is approximately one inch to a 
point designated C in FIG. 4. 

[0039] In step 13, starting from the point at Which the 
image processor horiZontally shifted, the image processor 
scans horiZontally in the direction of the point located at the 
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bottom of the mark, until the image processor reaches the 
edge of the scan area. In other Words, as illustrated in FIG. 
4, the image processor scans the image data proceeding 
horiZontally from point C toWard point B along line 130 
until the image processor reaches the edge of the scan area 
designated at point D. 

[0040] In step 14, the image data acquired during step 13 
is used to determine a transition pattern. The transition 
pattern re?ects both the Width of each mark as Well as the 
Width of the blank area or spaces betWeen the marks. For 
eXample, referring again to FIG. 4, if each of the bars in the 
barcode is three piXels Wide and each of the spaces is three 
piXels Wide, the transition pattern Would re?ect the Width of 
the bars and the Width of the spaces betWeen the bars. 

[0041] To determine the transition pattern along the hori 
Zontal scan line 130, the image processor 70 applies a 
modi?ed local area threshold to compare successive piXels 
along the scan line. The image processor analyZes the 
successive piXels along the scan line 130 to determine areas 
in Which the darkness is increasing. For this purpose, the 
image processor uses a pair of counters, one counter for 
monitoring areas in Which the darkness is increasing, 
referred to as a bar counter, and a second counter for 
monitoring areas in Which the darkness is decreasing, 
referred to as a space counter. As the image processor 
analyZes the data along the scan line 130, the gray levels for 
successive piXels are compared. If the gray scale number for 
a piXel is greater than the gray scale number for the 
preceding piXel along the scan line, then the image processor 
determines that the darkness is decreasing. In response to the 
decreasing darkness, the image processor increments the 
space counter by one. If the neXt successive piXel has a gray 
scale number that is smaller than the gray scale number for 
the preceding piXel, then the image processor determines 
that the darkness is increasing. In response to the increasing 
darkness, the image processor increments the bar counter by 
one. Further, if the darkness changes from being increas 
ingly darker to decreasingly darker, the image processor 
stores the number that is in the bar counter and then resets 
the bar counter. Similarly, if the darkness changes from 
being decreasingly darker to increasingly darker, the image 
processor stores the number that is in the space counter and 
then resets the space counter. 

[0042] The folloWing eXample illustrates the steps taken 
by the image processor to determine the transition pattern. 
Referring to FIG. 4, assume that each bar in the barcode is 
three piXels Wide and the spaces betWeen the bars are three 
piXels Wide. As the image processor analyZes the data for the 
barcode along the horiZontal scan line 130 from piXel to 
piXel the image processor detects a point of increasing 
darkness When it reaches the ?rst bar in the barcode. At this 
point, the image processor resets the space counter and 
increments the bar counter to one. As the image processor 
progresses to the second piXel in the ?rst bar, the darkness 
Will likely increase again because middle piXel in a bar is 
generally darker then the piXels at the sides of the bar. 
Therefore, the image processor increments the bar counter to 
tWo. The image processor then progresses to the third piXel. 
The third piXel is located at the side of the bar, so that the 
third piXel is most likely brighter than the middle piXel. 
Therefore, the image processor stores the number in the bar 
counter, ie 2, resets the bar counter to Zero, and increments 
the space counter to 1. The image processor then progresses 
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to the next pixel Which is the ?rst pixel in the space betWeen 
the bars. The space Will be brighter than the preceding pixel 
on the bar, so the image processor increments the space 
counter to tWo. The image processor continues along the 
horiZontal scan line in this Way to obtain a transition pattern. 

[0043] By using the above transition detection technique, 
a standard transition pattern for a barcode can be deter 
mined. The transition pattern for a series of characters, such 
as number and/or letter in an address, may be similar to the 
transition pattern for a barcode for a certain portion along a 
horiZontal scan line. For example, a series of characters may 
match the transition pattern that represent ten bars in the 
barcode. HoWever, if the transition pattern for a given scan 
line must match the transition pattern that represents tWenty 
bars in a barcode, it is unlikely that the transition pattern for 
a character string Will match the barcode transition pattern. 
In other Words, as the number of bars represented in the 
prede?ned transition pattern is increased, the likelihood of 
obtaining a matching transition pattern that is not a barcode 
decreases. 

[0044] In step 15, the transition pattern determined in step 
14 is compared With a predetermined transition pattern 
Which re?ects a barcode transition pattern. If the transition 
pattern determined in step 14 matches the barcode pattern, 
then the image processor proceeds to step 16. If the pattern 
does not match the barcode pattern, the image processor 
returns to step 7. More speci?cally, if the pattern is not a 
barcode, the image processor returns to point A on the 
diagonal scan line 120 and continues to proceed along the 
diagonal scan line to ?nd another mark. 

[0045] In step 16, the orientation of the document is 
determined. As previously detailed, the scan areas are 
located so that the barcode Will only appear in a single scan 
area. Therefore, the image processor determines the orien 
tation of a document based upon the scan area in Which the 
barcode for the document Was located. Once the orientation 
of a document is determined, the image processor commu 
nicates a signal With the system controller 95 indicating the 
orientation of the document. The system controller then 
electronically tags the document so that the document is 
processed accordingly. In this regard, if the apparatus 
includes a reorientor, the system controller monitors the 
progress of the documents to selectively reorient the docu 
ments by selectively reversing and/or tWisting the docu 
ments in response to the orientation information from the 
image processor. 

[0046] Wide Area Barcode Orientation Detection 

[0047] In accordance With the foregoing, the apparatus 
detected the orientation of a document based on the suppo 
sition that the barcode Was located in a ?xed position on the 
document. Based on this supposition, the image data for a 
given document can be analyZed at four discrete locations to 
determine the orientation of the documents rather than 
analyZing the image data for the entire document. HoWever, 
in many circumstances the location of the barcode is not 
?xed. For example, When a group of invoices from different 
companies are processed together or When different style 
invoices from the same company are processed together the 
location of the barcode may not be ?xed. In such instances, 
the data analysis is not restricted to predetermined portions 
of the image data. AWide area barcode orientation analysis 
(“Wide area analysis”) is applied Wherein the entire docu 
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ment is analyZed to detect the location of the barcode. Once 
the barcode is located, the orientation of the barcode Which 
corresponds to the orientation of the document, is then 
determined. In this Way, the orientation of a document can 
be determined Without knoWing the location of the barcode 
on the document prior to processing the document. 

[0048] The ?rst tWo steps of the Wide area analysis are 
similar to the ?rst tWo steps in the previously described ?xed 
position barcode orientation detection analysis (“?xed posi 
tion analysis”). The cameras 32 and 34 scan a document to 
acquire a set of image data representative of the document. 
The image data is communicated With the image processor 
70, Which stores the image data in memory 74. 

[0049] In step 3, the image data acquired by one of the 
cameras 32, 34 representative of a face of the document is 
selected. If both faces of the document have been analyZed 
and a barcode Was not detected, then the image processor 
indicates that the orientation Was not determined. The image 
processor 70 communicates this data to the system controller 
95, Which electronically tags the document as having an 
undetermined orientation and directs the document to a 
reject bin. If both faces have not been selected, then the 
image data for the face selected in step 3 is analyZed by the 
image processor to determine Whether the barcode is located 
on the selected face. 

[0050] Step 5 of the Wide area analysis is similar to step 5 
of the ?xed position analysis. The image processor 70 
selects a scan line 150 on the face selected in step 3. The 
scan line is a line extending through the selected face. The 
image processor analyZes the points along the scan line 150 
to determine Whether the scan line intersects the barcode 
102. Although the orientation of the scan line can vary, in the 
present instance the scan line extends aWay from the upper 
edge of the selected face at an angle of 45° as is shoWn in 
FIG. 6. When a 45° scan line is used, successive scan lines 
are spaced apart approximately one inch. 

[0051] In step 6, the image processor determines Whether 
the entire face has been scanned by scan lines. If the entire 
face has been scanned then the image processor selects 
another face as described in step 3. If the entire face has not 
been scanned, the image processor 70 proceeds to step 7. 

[0052] In steps 7, 8, and 9 the image processor analyZes 
the pixels along the selected scan line 150 to determine 
Whether the scan line intersects a mark. In step 7, the image 
processor moves along the scan line to the next pixel located 
on the scan line 150. In step 8, the image processor checks 
to see if it has reached the end of the scan line. If the image 
processor reaches the end of the scan line Without detecting 
the barcode 102, the image processor selects another scan 
line as described in step 5. 

[0053] In step 9 the image processor determines Whether 
the pixel identi?ed in step 7 represents a mark. To determine 
Whether the pixel is a mark the image processor uses a local 
area threshold as described in connection With step 9 in the 
?xed position analysis. 

[0054] In step 10, the image processor scans vertically in 
an attempt to locate the bottom of the mark detected in step 
9. Step 10 is similar to step 10 in the ?xed position analysis 
except that in the Wide scan analysis the image processor 
does not knoW Which direction to go vertically to ?nd the 
bottom of the mark. Therefore, in step 10 of the Wide scan 
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analysis, the image processor moves vertically in a ?rst 
selected direction. In the example illustrated in FIG. 7, the 
image processor moves vertically upWard form point A 
toWard point B. 

[0055] Steps 11 through 15 are similar for both the Wide 
scan analysis and the ?xed location analysis. The image 
processor proceeds vertically upWard comparing successive 
pixels using a local area threshold. Once the image processor 
detects a transition from black to White, the image processor 
shifts a predetermined distance horiZontally aWay from the 
leading edge of the image. FIG. 7 illustrates this sequence 
in Which the image processor moves upWard from point Ato 
point E Where a black to White transition is detected. The 
image processor then shifts horiZontally to point F. The 
image processor then scans along a horiZontal line 155 
toWard the leading edge as indicated by point G. As the 
image processor scans horiZontally the image processor 
detects the transition pattern. In step 15, the transition 
pattern acquired by scanning along the horiZontal line is 
compared With a prede?ned transition pattern indicative of 
a barcode, if the transition pattern matches the prede?ned 
pattern, the image processor determines that the mark is a 
barcode and then proceeds to determine the orientation of 
the barcode in step 16. If the transition pattern acquired in 
step 14 does not match the prede?ned pattern, then the 
image processor proceeds to step 18 to attempt to locate a 
barcode. 

[0056] In step 16, the image processor determines the 
orientation of the barcode located in steps 1-15. The process 
for determining the orientation of the bar code is detailed 
beloW in reference to step 25. Similarly, the veri?cation 
process in step 17 is detailed beloW in reference to step 26. 

[0057] In step 18, the image processor shift back to the 
point along the scan line at Which a mark Was detected in 
step 9. In other Words, the image processor shifts from point 
G to point A in FIG. 7. The image processor shifts back to 
point A to make a second attempt to ?nd the bottom of the 
mark. As explained earlier, in the Wide scan analysis, the 
image processor does not knoW Which Way to proceed 
vertically to ?nd the bottom of a mark, unlike the ?xed 
position analysis in Which the image processor knoWs Which 
Way to move vertically to ?nd the bottom of a mark. 
Therefore, When the image processor moved upWard in step 
10, the image processor may have located the top of the 
mark and then determined the transition pattern for the top 
of the barcode, as illustrated in FIG. 7, When the image 
processor moved upWard from point Ato point E. In step 18, 
the image processor moves doWnWard starting again from 
point A. 

[0058] In steps 19 and 20, the image processor moves 
doWnWard in an attempt to locate the bottom of the barcode. 
The image processor moves doWnWard from point A com 
paring successive pixels using a local area threshold to 
identify a transition as in steps 10 and 11. FIG. 7 illustrates 
the sequence for the transition detection, Wherein the image 
processor moves vertically from point A to point B. 

[0059] Proceeding to steps 21 through 24, once the image 
processor locates the transition from black to White at point 
B, the image processor shifts horiZontally to point C and 
then scans along a horiZontal line 160 from point C toWard 
the leading edge of the face, as indicated at point D. As the 
image processor moves along the horiZontal line 160, the 
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image processor analyZes the succeeding pixels to determine 
the transition pattern along the horiZontal line. If the tran 
sition pattern matches a prede?ned transition pattern indica 
tive of a barcode, then the image processor determines that 
the mark is a barcode and the image processor proceeds to 
step 25 to determine the orientation of the barcode. If the 
transition pattern for the horiZontal line does not match the 
prede?ned transition pattern, then the image processor deter 
mines that the mark is not a barcode and the image processor 
returns to step 7 and continues to move along the scan line 
150 to locate a mark. 

[0060] When using the Wide area scan, the barcode 102 on 
a document may appear anyWhere on the document. There 
fore, determining the location of the barcode is not suf?cient 
information to determine the orientation of the document. In 
step 25, the image processor analyZes the image data to 
determine the orientation of the barcode. The orientation of 
the barcode is indicative of the orientation of the document 
because the barcode is printed on documents in the same 
orientation as the documents. If the barcode is oriented 
right-side-up, the document is oriented right-side-up; and if 
the barcode is oriented upside doWn, the document is 
oriented upside doWn. 

[0061] The orientation of a barcode refers to the direction 
in Which the bars in the barcode extend. For example, as 
discussed previously, the bottom edge of the barcode in FIG. 
7 is the edge intersecting the line extending from point C to 
point D. When the bottom edge of the barcode is beloW the 
top edge, the barcode is oriented upright, as illustrated in 
FIG. 7. Conversely, the barcode shoWn in FIG. 8 is oriented 
upside doWn because the bottom edge of the barcode is 
above the top edge. 

[0062] To determine the orientation of a barcode identi?ed 
in step 24, the image processor scans each bar to determine 
Where each bar begins and Where each bar ends. The data 
acquired during the horiZontal scan in steps 22 and 23 is 
used to locate each bar in the barcode 102. The image 
processor then scans vertically along each bar using a local 
area threshold, as discussed in step 10, to identify the 
transitions de?ning the ends of each bar. In this Way, the 
image processor determines Which bars are short bars and 
Which bars are tall bars. By comparing the tall bars and the 
short bars, the image processor determines Whether the 
barcode is right-side-up or upside doWn. 

[0063] Step 26 is a veri?cation step that assures the mark 
identi?ed is a barcode. Because the Wide scan analysis is 
used to scan the entire face of a document, it may be possible 
for the image processor to encounter a group of marks or 
characters that have a transition pattern similar to a barcode. 
Therefore, When applying the Wide scan analysis, the image 
processor folloWs an additional step to verify that the mark 
is a barcode. This veri?cation step can also be included after 
step 15 in the ?xed location analysis to reduce the possibility 
of incorrectly determining the orientation of document. 

[0064] The image processor veri?es that the mark is a 
barcode by comparing the number of tall bars to the number 
of short bars to determine Whether the ratio of tall bars to 
small bars matches a predetermined ratio based on standards 
used for POSTNET barcodes. According to United States 
Postal system speci?cations, POSTNET barcodes are made 
up of a number of groups of bars. Each group of bars has ?ve 
bars and each ?ve-bar-group represents a single character, 
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such as a number in a Zip code. In addition, a tall bar 103a 
is located at the beginning of the barcode and another tall bar 
103b is located at the end of the barcode to indicate the ends 
of the barcode 102. These tWo tall bars, referred to as 
framing bars, are not used to represent characters, ie the 
framing bars are separate from the ?ve-bar-groupings that 
indicate characters. The United States Postal Service speci 
?cations further specify that each ?ve bar groupings must 
contain three short bars and tWo tall bars. This ratio of tWo 
tall bars and three short bars for each ?ve bar group is used 
as a parameter for verifying that a mark is a barcode. 
Accordingly, the image processor 70 examines the data 
identi?ed in step 25 to identify one of the framing bars 103a, 
103b. The image processor then groups subsequent bars in 
the barcode into ?ve-bar-groups. Each ?ve-bar-group is 
analyZed to determine the ratio of tall bars to short bars. If 
each ?ve-bar-group has tWo tall bars and three short bars, 
then the image processor veri?es that the mark is a barcode. 

[0065] If the ratio of short bars to tall bars varies from the 
3:2 ratio, the image processor may determine that the mark 
is not a barcode and then return to point A in FIG. 7 and 
continue scanning along the scan line as described in step 7. 
HoWever, When the image processor identi?ed the ?rst 
framing bar, it may have incorrectly selected a tall bar in one 
of the ?ve bar groups, instead of a framing bar, so that the 
?ve-bar-groupings Were improperly determined. This may 
occur if the horiZontal scan performed in steps 22 and 23 did 
not identify the entire Width of the barcode. HoWever, 
because the horiZontal scan in steps 22 and 23 most likely 
identi?ed at least one of the ends of the barcode, the image 
processor makes a second attempt to ?nd a framing bar if the 
?rst attempt led to a determination that the ?ve bar group 
ings did not have the proper ratio of small bars to tall bars. 

[0066] In the second attempt to locate a framing bar, the 
image processor 70 analyZes the data identi?ed in step 25 
from the direction opposite the direction used in the ?rst 
attempt. For eXample, if the image processor eXamined the 
mark from left to right in the ?rst attempt to ?nd a framing 
bar 103a then the image processor 70 examines the mark 
from right to left in the second attempt. Once the image 
processor identi?es a mark that it determines is a tall bar, the 
image processor designates that bar as a framing bar and 
then proceeds to separate the bars into ?ve bar groupings and 
check the ratio of small bars to tall bars. If the small bar to 
tall bar ratio is 2:3, the image processor designates the mark 
as a barcode and then proceeds to step 27. If the ratio is not 
2:3, the image processor determines that the mark is not a 
barcode and then returns to point A in FIG. 7 and continues 
scanning along the scan line 150 as described in step 7. 

[0067] In step 27, the image processor determines the 
orientation of the document based on the orientation of the 
barcode and the face on Which the barcode Was located. For 
instance, if the image processor locates the barcode on the 
face scanned by the ?rst camera 32 and the barcode is in the 
right-side-up orientation, then the image processor deter 
mines that the document is in the right-side-up facing 
forWarding orientation. The image processor then commu 
nicates the information With the system controller 95, Which 
electronically tags the document With the orientation data. 
The system controller then monitors the progress of the 
document through the apparatus and selectively reorients the 
document in accordance With the orientation data. 
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[0068] It Will be recogniZed by those skilled in the art that 
changes or modi?cations may be made Without departing 
from the broad inventive concepts of the invention. It should 
therefore be understood that this invention is not limited to 
the particular embodiments described herein, but is intended 
to include all changes and modi?cations that are Within the 
scope and spirit of the invention as set forth in the claims. 

What is claimed is: 
1. A method for processing documents comprising the 

steps of: 

A) imaging a document to acquire image data represen 
tative of the document; 

B) storing the image data for the document to provide a 
document image; 

C) scanning the document image along a selected line in 
selected symmetrical areas of the document until a 
mark is detected; 

D) scanning along a vertical scan line in a selected vertical 
direction from the mark until a selected light transition 
point is detected; 

E) scanning along a horiZontal scan line for a selected 
distance in a horiZontal direction toWard the transition 
point; 

F) determining the light transition pattern along the hori 
Zontal scan line; 

G) determining Whether the light transition pattern con 
forms to a predetermined pattern to detect the presence 
of a barcode image in a selected symmetrical area; and 

H) determining the orientation of a document depending 
on the selected symmetrical area at Which a barcode 
image is detected. 

2. A method for processing documents including the 
folloWing steps: 

A) imaging a document to acquire image data represen 
tative of the document; 

B) storing the image data for the document to provide a 
document image; 

C) scanning the document image along a selected line 
until a mark is detected; 

D) scanning along a vertical scan line in a selected vertical 
direction from the mark until a selected light transition 
point is detected; 

E) scanning along a horiZontal scan line for a selected 
distance in a horiZontal direction toWard the transition 
point; 

F) determining the light transition pattern along the hori 
Zontal scan line to detect the existence of a barcode 
image; 

G) determining the orientation of the barcode image; and 

H) determining the orientation of the document based on 
the determined orientation of the barcode image. 

3. An apparatus for processing documents comprising: 

A) a document transport for conveying documents along 
a selected path of movement; 
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B) a document imager for imaging a document conveyed 
along the selected path of movement to provide a 
document image; 

C) a system controller for scanning the document image 
along a selected scan line until a mark is detected, 
scanning the document image along a vertical scan line 
in a selected vertical direction from the mark until a 
selected light transition point is detected, scanning the 
document image along a horiZontal scan line for a 
selected horiZontal distance toWard the light transition 
point, determining a light transition pattern along the 
horiZontal scan line to detect the presence of a barcode 
image, and determining the orientation of the document 
based on the barcode image. 

4. An apparatus for processing documents comprising: 

A) a document transport for conveying documents along 
a selected path of movement; 

B) a document imager for imaging a document conveyed 
along the selected path of movement to provide a 
document image; 

C) a system controller for scanning the document image 
along a selected scan line in selected symmetrical areas 
of the document until a mark is detected, scanning the 
document image along a vertical scan line in a selected 
vertical direction from the mark until a selected light 
transition point is detected, scanning the document 
image along a horiZontal scan line for a selected 
horiZontal distance toWard the light transition point, 
determining a light transition pattern along the hori 
Zontal scan line, determining Whether the light transi 
tion pattern conforms to a predetermined pattern to 
detect the presence of a barcode image in a selected 
symmetrical area, and determining the orientation of 
the document based on the selected symmetrical area at 
Which a barcode image is detected. 

5. A method for processing documents, comprising the 
steps of: 

A) Scanning a face of a document to acquire image data; 

B) Examining the image data to determine the presence of 
a mark; 

C) AnalyZing the mark to determine the presence of a bar 
code; 

D) Determining the location of the bar code; 

E) Determining the orientation of the bar code; and 

F) Determining the orientation of the document in 
response to the determined location and orientation of 
the bar code. 

6. The method of claim 5 comprising the step of scanning 
a second face of the document and examining the image data 
of the second face to determine the presence of a mark. 
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7. The method of claim 5 Wherein the step of determining 
the orientation of the document comprises the step of 
determining Whether the document is in one of a pre-de?ned 
?rst or second orientation. 

8. The method of claim 5 Wherein the step of determining 
the orientation of the document comprises the step of 
determining Whether the document is in one of a pre-de?ned 
?rst, second, third or fourth orientation. 

9. The method of claim 5 Wherein the bar code includes 
an upper edge or a loWer edge and the method comprises the 
step of locating the upper edge or the loWer edge. 

10. The method of claim 5 comprising the step of selec 
tively reorienting the document in response to the deter 
mined orientation of the document. 

11. The method of claim 5 comprising the step of con 
veying the document along a document path, Wherein the 
document is scanned to acquire image data While the docu 
ment is conveyed along the document path. 

12. A method for processing documents comprising the 
steps of: 

A) Scanning a face of a document to acquire image data; 

B) Examining the image data for ?rst and second selected 
scanning areas of the document to determine the pres 
ence of a mark; 

C) AnalyZing the mark to determine the presence of a bar 
code; 

E) Determining the orientation of the document in 
response to the scanning area in Which the bar code is 
detected. 

13. The method of claim 12 Wherein the scanning areas 
are symmetric about the center point of the document. 

14. The method of claim 12 Wherein the step of examining 
the image comprises examining the image data for third and 
fourth scanning areas of the document to determine the 
presence of a mark. 

15. The method of claim 14 Wherein the third and fourth 
scanning areas are symmetric about the center point of the 
document. 

16. The method of claim 12 comprising the step of 
selecting a group of documents for processing Wherein the 
selected documents have a common characteristic. 

17. The method of claim 12 Wherein the bar code has an 
upper edge or a loWer edge and the method comprises the 
step of locating the upper edge or the loWer edge. 

18. The method of claim 12 comprising the step of 
selectively reorienting the document in response to the 
determined orientation of the document. 

19. The method of claim 12 comprising the step of 
conveying the document along a document path, Wherein the 
document is scanned to acquire image data While the docu 
ment is conveyed along the document path. 


