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A series of documents to be processed are optically inspected, and compared with a reference standard to identify the relative
orientation of each document. To this end, an image acquired from the document (preferably from each side of the document) Is
focused on an array of picture elements (pixels) for electronically converting the acquired image to digital form. This produces a
digitally encoded image, which can be enhanced If desired, defined by an array of pixels corresponding to the acquired image.
For each acquired image, two reference areas, which are preferably symmetrically located on the document, are inspected for
the presence of a pre-selected reference mark. Location of the reference mark in one of the two reference areas operates to
determine the orientation of the document. Upon locating the reference mark on the document, identifying the orientation of the

document relative to the apparatus, the document may then be mechanically re-oriented so that the documents are placed in a
uniform orientation for further processing, If desired.
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ARSTRACT

A series of documents to be processed are optically inspected, and

compared with a reference standard to identify the relative orientation of each
document. To this end, an image acquired from the document (preferably from each

side of the document) is focused on an array of picture elements (pixels) for

electronically converting the acquired image to digital form. This produces a

digitally encoded image, which can be enhanced if desired, defined by an array of
pixels corresponding to the acquired image. For each acquired image, two reference
areas, which are preferably symmetrically located on the document, are inspected

for the presence of a pre-selected reference mark. Location of the reference mark

in one of the two reference areas operates to determine the orientation of the
document. Upon locating the reference mark on the document, identifying the
orientation of the document relative to the apparatus, the document may then be

mechanically re-oriented so that the documents are placed in a uniform orientation

for further processing, if desired.
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An Appendix containing a computer program listing of 343 sheets is

submitted with this application.

The present invention relates to a system for determining the
orientation of a series of documents, such as checks and invoices, in the context of

the automated processing of such documents.

Highly automated apparatus for processing bulk mail in a continuous
procedure are known, such as in U.S. Patent No. 4,863,037, issued to the assignee
of the present invention. Such an apparatus typically includes an operative
combination of processing stations, such as an input station for receiving the
incoming mail in bulk and for separating the envelopes for individual delivery to the
remainder of the apparatus; a detection station for detecting irregularities in the
contents of the envelopes, such as the detection of metal items (staples, paper
clips), folded contents, etc.; a station for out-sorting envelopes rejected at the
detection station; a station for opening the envelopes along multiple edges; and a
station for extracting the contents from the opened envelopes, for subsequent
processing of the extracted contents.

A typical apparatus 1 for such automated processing of bulk mail is
shown in Figures 1 and 2. Figure 1is an isometric view of the apparatus and Figure
92 is a top plan view of the apparatus, showing the relationship among the various
stations of the apparatus. As shown, bulk mail may be taken directly from mail trays
92 in an off-load position 3, and placed on an input conveyor 4 which delivers the

received envelopes into the processing unit 9.
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Figure 2 shows, by dotted lines, the path of the envelopes (and later
the extracted documents) through the various stations of the processing unit 5. The
stacks of envelopes 25 in conveyor 4 are delivered edgewise from the stack and
passed through a scanning station 26. Scanning station 26 primarily operates to
identify envelopes which may include staples or paper clips, or envelopes not of the
desired dimension. Rejected envelopes are removed from the stream at sorting
station 27 and collected in reject trays 6,7. Accepted envelopes are passed through
an edge-severing station 28 which operates to sever edges of the envelopes,
preferably plural edges, to ready the envelopes for the extraction of contents. An

extraction station 29 is provided to receive the edge-severed envelopes and to
separaie the faces of each envelope, releasing the contents located between them.
After the contents are removed, the envelope faces are discarded, and the contents
pass from the extraction station 29. If the extraction procedure was unsuccessiul
for a given envelope, the envelope faces and contents are re-united, and diverted
from the processing path for special attention at out-sort tray 18.

Extracted contents, after passing through turnabout station 30 (which
serves to allow a more compact configuration of the apparatus), are passed through
a justification station 32 which a.hgns the documents for presentation to a detection
station 33 capable of determining the orientation of certain documents (e.g.,
checks), and then through a reversal station 34 and a twisting station 35 for aligning
documents according to signals received from the detection station 33. Further
detail regarding the functions of the aforementioned stations is provided in the
above-identified U.S. Patent No. 4,863,037, which is fully incorporated herein by
reference. At the end of the process, the separated documents are collected in
stacking units 12. If desired, different types of documents (e.g., checks and
invoices) can be stacked separately in different bins of the stacking unit 12.

The most common type of envelope to be opened by such an apparatus
will include a check and an invoice, such as would be sent 1o utilities or credit-card

companies. Often, the check is sent together with a pre-printed invoice which 1s



10

20

2077361

placed by the customer in a standardized window-type envelope. The customer
(paying a bill) must orient the invoice relative to the window of the envelope, so that
the return address printed on the invoice appears as the mailing address in the
window of the envelope. This not only saves the cost of printing envelopes, but
ensures that the invoices are all oriented in the same way relative to the envelopes.

Tt is for this reason that the apparatus disclosed in the aforementioned patent need

only operate to orient the accompanying check, to effectively orient all extracted
documents for stacking.

However, it has recently become desirable to extend such operations to
so-called "windowless" envelopes, where the invoice (and check) may now be

randomly oriented relative to the envelope since the expedient of a window for

orientation purposes is no longer available. In such case, after the invoices are
removed, each invoice can be oriented relative to the apparatus in one of four
positions; with the relevant (information bearing) side of the invoice facing front or

to the rear, and upright or inverted. The combination of these two factors creates

four possible orientations for an invoice passing through the apparatus.

In an automated, high-speed bulk mail processing system, the
orientation of a document is often 6f crucial importance. Very often the extracted
documents are to be scanned for various information-gathering purposes (e.g.,
machine code is read, numerical amounts are entered for data processing, to verify
proper signatures, etc.). Inorder to carry out such operations, it is essential that
all of the documents are uniformly oriented, generally with their top edges facing up

and with their front sides facing forward. For "windowless" envelopes, this was

previously not possible, even with the apparatus previously described.

It is therefore the primary object of the present invention to automati-

cally inspect a series of documents arranged in random orientations, to determine the

orientation of such documents relative to a given reference.

-3 -
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It is another object of the present invention 1o automatically inspect a
series of documents arranged in random orientations, to determine their orientation
so that documents may be mechanically re-oriented, as needed, for subsequent
processing in a uniform, desired orientation.

It is another object of the present invention to facilitate such inspection
without significantly reducing the speed of the bulk-mail processing system with
which it is used.

It is another object of the present invention 1o achieve the foregoing
objects with a system which may be easily incorporated into existing bulk-mail
processing equipment.

It is another object of the present invention to achieve the foregoing
objects without having to specially design or redesign the documents which are to
be processed, to accommodate the document-orienting systen.

These and other objects which will become apparent are achieved 1in
accordance with the present invention by optically inspecting each in a series of
documents being processed, and by comparing each optically inspected document
with a reference standard to identify the orientation of the document relative to a
specified reference. To this end, an image acquired from the document (preferably
from each side of the document) is focused on an array of picture elements (pixels)
for electronically converting the acquired image to digital form. This produces a
digitally encoded image, which can be enhanced if desired, defined by an array of
pixels corresponding to the acquired image. For each acquired image, two reference
areas, which are preferably symmetrically located on the document, are inspected
for the presence of a pre-selected reference mark. Location of the reference mark
in one of the two reference areas operates to determine the orientation of the
document.

Upon locating the reference mark on the document, identifying the
orientation of the document relative to the apparatus, the document may then be -
mechanically re-oriented so that the documents are placed in a uniform orientation

for further processing, if desired.
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Figure 1 is an isometric view of an automated bulk mail processing
apparatus, known in the prior art.

Figure 2 is a top plan view of the bulk mail processing apparatus of
Figure 1.

Figure 3 is a block diagram of the operative components of the optical

scanning system of the present invention.

Figure 4 is a schematic plan view of the optical scanning apparatus.

Figure 5 schematically illustrates a typical document for inspection in
accordance with the present invention.

Figure 6 is a view similar to that of Figure 5, which diagrammatically
illustrates the optical scanning techniques employed in accordance with the present
invention.

Figure 7 is a graph illustration of an arrangement of pixels in a
reference area which is produced in accordance with the present invention.

Figure 8 is a graph illustrating a cumulative analysis of a series of
documents being processed, which "can be performed in accordance with the present

invention.

In the several views provided, like reference numbers denote similar

structures.

Figure 3 is an overall block diagram showing the basic components of the
present invention. To this end, a series of documents 100 are passed through an

optical scanning system 300, along a path marked by dotted lines 302. The optical

'scanning system 300 includes a scanning apparatus 301 having a pair of cameras
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308a, 308D for optically inspecting both sides of each document 100. Images acquired

from the sides of each document 100 are accumulated in memory 310, for further
processing at 311 to determine the physical orientation of each document by locating

a pre-selected reference mark on the document. Once this orientation is determined,

means (such as the reversal station 34 and the twisting station 35 of Figures 1 and
2), can be used to mechanically reorient documents in the series so that all of the
documents are uniformly oriented relative to the associated apparatus.

Specifics regarding the mechanics of a reversal station (shown at 34)
and a twisting station (shown at 35) for reorienting documents 100 are described in
detail in the above identified patent incorporated by reference herein. The present
specification is primarily directed to the optical scanring and processing of images
acquired from each document, for determining the orientation of each document as
it passes through the apparatus with which the optical scanning system 300 is
associated. The various elements of the present invention will now be discussed in

further detail under separate headings.

The Optical Scanning Apparatus

Figure 4 shows a schematic plan view of the optical scanning apparatus
301. Such an apparatus is advantageously placed, for example, at station 36 in the
bulk-mail processing apparatus 1 shown in Figures 1 and 2. In any event, the
optical scanning apparatus 301 is preferably placed in line with the path 302 for the
extracted documents (the contents of the envelopes being emptied) which are to be
processed and placed in stacks by the bulk mail processing apparatus.

For example, the document 100 may be a check which has been extracted
from an envelope, and which progresses along the pzith 302. However, since the
detection station 33 of the disclosed bulk-mail processing apparatus 1 already
operates to orient checks (for windowed or windowless envelopes), further analysis

of the checks will generally be unnecessary in cases where a detection station 33 has
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been employed. Alternatively, and in the present case more importantly, the

document 100 may be an invoice which has been extracted from an envelope, and

~which progresses along the path 302. This is so because means for determining the

orientation of an invoice extracted from an envelope were not yet availabie in
conjunction with the bulk-mail processing apparatus 1. It would also be possible,
although generally not necessary, to use the optical scanning apparatus 301 of the

present invention to orient both the invoice and the check extracted from an
envelope, eliminating the need for the detection station 33 of the bulk-mail
processing apparatus 1 in such case.

In any event, the document 100 to be analyzed is caused to pass along
the path 302 and between a pair of light (preferably white light) sources 304a, 304b.
The light source 304a illuminates a first side 101 of the document 100 as it passes
along the path 302, for observation by a first camera 308a (in cooperation with a
reflective mirror 308a). A second side 102 of the document 100 is similarly
illuminated by the light sourée 304b, for observation by a second camera 308b (in
cooperation with a refiective mirror 306D).

Preferably, the light sources 304a, 304b are fiber-optic light sources,
themselves known in the art, wﬁi’ch operate to produce a relatively intense,
generally slit-shaped band of light for application to the respective sides 101, 102
of the document 100 as it passes along the path 302. The cameras 308a, 308b are
scanning cameras, also known in the art, for acquiring images from the sides 101,
102 of the document 100, which are preferably configured to acquire an image as an
array of picture receiving elements (pixels). In the preferred embodiment, the
cameras 308a, 308b are monochromatic and capable of discerning gray levels on a
scale of from 0 to 255, forming an array of 512 pixels by 1 pixel. Thus, each camera
operates to acquire a series of images corresponding to plural (very thin) lines
developed across the document 100 as the document passes (continuously) along the

path 302. The cameras 308a, 308D, in effect, take "slices" of the image of each side
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of the document, each slice being equivalent to one pixel in width. The number of
slices needed to acquire the image of the entire document 100 will vary depending
on the length of the document. Irrespective of this number, the acquired images
(slices) are converted to an electrical signal for application to and accumulation

within memory 310, also known in the art, to assemble what essentially constitutes

a composite picture of each side of the document.

The optical scanning apparatus 301 is also sensitive to sudden changes
in light intensity, for example, from a generally "dark" signal to a generally "light"
signal, corresponding to the passage of a leading edge 103 of the document 100
between the cameras 308a and 308b. This change in level can therefore be used to
initiate operations of the cameras 308a, 308b, and memory 310, to accumulate "slices"
of data from the passing document in order to acquire an image corresponding to the
sides of the document 100, and to initiate the processing of acquired data, at 311,

as follows.

The Optical Scanning Procedure

The optical scannjng" procedure can generally be considered to
constitute a combined analysis of whether the document is upright or inverted, and
an analysis of whether the document is facing toward the front or toward the back.
To simplify explanation of the overall procedure, determination of whether the
document is upright or inverted will first be addressed. Thereafter, determination
of whether the document faces toward the front or toward the back will be consid-
ered.

Figure 5 shows a representative document 100, in the form of an invoice
(such as would typically be submitted by a customer, along with a check, in
payments made to a utility or credit card company). As noted above, each document
100 has two sides 101 and 102. In this example, side 101 is shown as an "information-

bearing" side. Because the document 100 is an invoice {(which is provided by the
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company which is to receive the payment), there will be certain uniformities 1n each
document 100 resulting from the pre-printed markings which are used to convey
information to the customers. Typical among such uniformities is the return address
of the company, at 104, which is sometimes placed in a position to be aligned with a
window in the envelope which is supplied for return of the invoice (with payment)
to the company, and which is at other times simply enclosed in a windowless (pre-
printed) envelope. Other markings typically appearing on the document 100 might
include a company logo or symbol 106. Miscellaneous written information may appear
at various locations on the document 100, such as the customer's address, at 108, or
amounts due, at 109. Often, thereis machine-readable code printed on the document
100, such as at position 110. Many invoices include not only an amount due, which
has been machine-printed on the document at 112, but also a space at 114, where the
customer is asked to write (on the returned document) the amount being remitted,
which may or may not be equal to the amount due. Often such documents will include
special boxes, such as at 120 or 122, where the customer can mark special notations
such as a change in address or some other special handling request. Clearly, any
of a number of variations are possible.

Figure 6 shows an outline of the document 100 of Figure 5, overlaid with
two axes 130, 132 and two defined reference areas 134, 136. In determining whether
a document is upright or inverted (assuming for now that the apparatus is viewing
the front of the document), the following general analysis will take place. First, the
apparatus will accumulate an array corresponding to the optically scanned signal
taken from the entire (relevant) side 101 of the document 100. Then, the two
symmetrically-arranged reference areas, here shown as 134 and 136, will be analyzed
for the presence of "dark" areas indicative of the presence of a selected reference

mark R (in this case a portion of the logo 106). If the invoice 100 passes through the

apparatus while upright, as shown in Figure 6, the reference mark R will appear in

reference area 134 while reference area 136 will show a white space. If the document
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100 is inverted as it passes through the apparatus, the reference mark R will appear
in reference area 136 and reference area 134 will show a white space. The process
can be thought of as viewing the relevant side of the document 100 through an
opaque mask having holes corresponding to the reference areas 134 and 136.
Depending upon whether the reference mark appears in a "hole" corresponding to
the reference area 134, 136, the apparatus will recognize whether the document 100
is upright, or inverted. In the example shown in Figure 6, appearance of the
reference mark R in reference area 134 can be used to develop a signal (for
subsegquent application to an associated control system) which indicates that the

invoice 100 1s upright; whereas the appearance of the reference mark R in reference

area 136 can be used to develop & signal which indicates that the invoice 100 is

inverted.

To be most effective in determining the orientation of a document
passing through the apparatus, the reference areas 134, 136 must be effectively
selected. For example, it is important that the reference areas 134, 136 be arranged
symmetrically relative to both axes 130, 132, so that a single reference mark will
appear either in reference area 134 (when the document 100 is upright) or in
reference area 136 (when the d';i)cument 100 is inverted). More importantly,

placement of the reference areas 134, 136 is generally selected not only so that the

reference mark R will appear in one or the other reference area, but also so that

when the reference mark R appears in one reference area, the remaining (symmetri-

cally arranged) reference area will contain either no markings (a white space), or
as few markings as is possible. There should also ideally be & maximum contrast
(light to dark) between the reference area containing the reference mark and the
reference area which does not, for reasons which will be explained more fully below.

Thus, in the example shown in Figures 5 and 6, the reference area 134
is selected for detection of the reference mark R, in the form of a portion of the logo

1068. To be noted is that the reference area 134 does not encompass the entire logo

..10-
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106. The reason for this is that the corresponding (mirror image) reference area 136

on the document 100 should generally preferably include nothing but white space,
although in certain cases, useful selections of a reference area 136 including

markings may be made provided an adequate differential is maintained between the
corresponding reference areas 134, 136. If, in the present example, the reference

area 134 was selected to be large enough to encompass all of the logo 106, the
corresponding reference area 136 would then include some of the machine-readable
code 110, which could reduce the overall effectiveness of the analysis to be
performed. For example, the portion of the machine-readable code 110 which
appears in reference area 136 could conceivably cause the optical scanning system
to observe a dark area in both of the reference areas 134, 136, causing an error.
However, in other cases, a selection of reference areas 134, 136 which both include
markings may be useful, and at times even preferred.

Also to be considered in selecting the reference areas 134, 136 1s that

in operation, the placement of features on the document 100 will tend to vary due to
tolerances and variations in the markings which are printed on the documents, &s
well as each document's alignment relative to the scanning apparatus 301. However,
these variations are readily accommodated by adjusting the size and/or shape of the
reference areas 134, 136, as well as certain adjustments which can be made in
performing the processing steps which are 1o follow, and which will be described
more fully below (e.g., adjustment of the thresholds which are used to locate the
reference mark R in a particular reference area) .

In any event, selection of the reference areas 134, 136, and the
reference mark R, can be performed empirically, if desired. However, automatic
selection of the reference areas (and tihe reference mark) to be employed, is
preferred, and a method for doing so will be described more fully below.

Detection of the reference mark R (i.e., the portion of logo 106 in the

present example) in one of the reference areas 134, 136 is sufficient to determine

- 11 -
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whether the document 100 is upright or inverted. However, as mentioned above, it
is also necessary to determine whether the document 100 is facing toward the front
or toward the rear. To this end, both sides 101, 102 of the document 100 are
inspected, making use of similarly (symmetrically) selected reference areas, even
though only one side will bear the reference mark R. Different techniques are

suitable for accomplishing this analysis, depending upon the nature of the document

100.
For example, if only one of the sides 101, 102 of the document 100

incorporates markings, and the other side is blank, it is possible to analyze the
document by noting which of the cameras 308a, 308b has observed the side of the
document with markings, and then only analyzing that side of the document 100.
Alternatively, if both sides 101, 102 of the document 100 incorporate markings, an
additional two (symmetrically-arranged) reference areas 138, 140 are defined on the
second (remaining) side of the document, which correspond to possible locations for
the reference mark R on that remaining side (essentially the same as the reference
areas 134, 136, but as viewed by the camera on the opposite side of the document).
Thus, in such case, the optical scanning system will have 10 check for the presence
of the reference mark R in one of the four reference areas 134, 136, 138, 140, using
techniques which are in essence duplications of those described above. To be noted
is that in such case, care must be taken to ensure that in selecting the reference
mark R, remaining, symmetrically defined regions of the document will be blank, or
substantially so. If not, the (symmetrical) placement of the reference areas may
have to be adjusted in order to prevent error in identifying the desired reference

mark R due to markings found in other reference areas on the document.
Another possible alternative in analyzing the four reference areas 134,

136, 138, 140 is to transmit a bright light through the document 100, and making use

of the translucence of the paper forming the document, to observe both sides of the

document (and all four reference areas) with a single camera, thus scanning all four

n]_z..
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reference areas at the same time. In such case, however, proper symmetrical
placement of all four reference areas, as well as sufficient translucence of the paper

forming the document 100, is crucial to avoid error.

Analysis of a Reference Area

As previously described, each of the reference areas 134, 136, 138, 140
is optically analyzed for the presence of a desired reference mark R. To this end,
for each side 101, 102 of the document 100 to be observed, an image is acquired by
focusing the image on an array of picture elements (pixels) through means known to
those skilled in the art. With equipment currently in common use, such observa-
tions may take place with a resolution of 512 pixels across the width of the document
100, and fully along its length (which can vary), in unit intervals. On this scale,
a typical reference area 134 may have dimensions of, for example, 50 by 50 pixels
(although as will be explained more fully below, the reference areas may be selected
to have any of a variety of sizes and dimensions).

Figure 7 schematically illustrates how a given reference area 1341s sub-
divided into an array 141 of pixels for further processing at 311 (Figure 3). In
Figure 7, the previously postulated image of a portion of the logo 106, which serves
as the reference mark R in the example provided, is shown superimposed on the
array 141. This results from focusing the reference area 134 on the array 141 of
pixels so that certain of the pixels will be affected by the light which is received,
and so that others will not. Equipment currently in common use for the optical
scanning of articles is capable of discerning gradations of light (gray scale) on a
scale of from 0 (representing black) to 255 (representing white). If the selected
reference mark happens to be printed in a particular colbr, the reference mark will
appear to the array of pixels as a particular shade of gray since monochromatic
cameras are preferred in accordance with the present invention. To be noted is that

color cameras could aiso be used, if desired.

- 13 -
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To simplify subsequent data processing, the preferred embodiment of

the invention includes a system (which may be embodied in software) for converting
the image acquired on the array of pixels into a high-contrast, enhanced image, in
black and white. This enhanced image is obtained by thresholding for selected
shades of gray, and defining a pixel as "black" if the original image is sufficiently
dark to develop a gray level below a given threshold, or "white' if the original image
is sufficiently light to develop a gray level above that threshold. This results in a
high-contrast image, which in essence filters out intermediate shades of gray on the
original image. As a result, even if the reference mark R was originally printed in
blue, which would then register on the array of pixels as a particular shade of gray,
if the resulting gray level is sufficiently dark (i.e., below the threshold level), the
system will consider the pixel to be tplack". Otherwise, the pixel will be considered
to be "white".

The resulting (enhanced) image will then constitute an array of "black"
pixels 150 and "white" pixels 152, as shown in Figure 7, which fairly closely follows
the shape of the original image (other than spurious black pixels in an otherwise
white area, and spurious white pixels in an otherwise black area, due to stray
markings or printing inconsistencies). However, as will be explained below, these
snomalies are taken into account statistically, later in the analysis. Once the
enhanced imagés corresponding to the reference areas for a document 100 are
created, determination of the presence of the reference mark is accomplished by
counting the number of black pixels, in proportion to the total number of pixels in
a given reference area. If the observed reference area includes no markings, this
count will be very small (ideally zero). If the observed reference area includes the
reference mark, a significant number of black pixels will be counted. Proper
selection of the reference mark, and the reference areas, will lead to a significant
range (differential) of black pixels in a given reference area, enabling a clear

identification of the location of the reference mark.

- 14 -
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Figure 8 shows a graphical analysis of a typical "run" of a series of
invoices, which can be performed in accordance with the present invention. The
y-axis of the graph represents a count of the number of black pixels in a given
reference area, for documents passing through the system. The x~axis is divided
into four sections, one for each of the reference areas which have been established.
Each section of the x-axis, moving from left to right, exhibits a series of dots
representative of the number of black pixels counted in each reference area for a
given document passing through the system. Thus, in this graph, each document
100 passing through the system will produce up to four dots, one for each section,

representative of the number of black pixels counted in each reference area.
Looking at a typical pattern, shown in Figure 8, it can be seen that in
the first section, for the first three documents passing through the system, large
counts of black pixels are shown for the reference area 134. This is evident from the
first three dots shown to the left of the first section, which are relatively highly
positioned on the y-axis, as distinguished from the first three dots in the remaining
sections, which are relatively low. Because the number of black pixels in the
reference area 134 is relatively high when compared with the number of black pixels
in the remaining three reference areas of the three documents under analysis, the
system will recognize that the desired reference mark is located in the reference area
134, enabling an identification of that document's orientation relative to the
apparatus. This will then determine any inversions (front to rear or top to bottom)
which may be required to orient the analyzed documents relative to the apparatué :
For a fourth document to be analyzed, the reference mark is seen to appear in the
reference area 140, since the fourth dot in each section indicates a large number of
black pixels in the reference area 140, and relatively few black pixels in the
remaining reference areas on the document. This then operates to identify the
orientation of the fourth document under analysis, which differs from that of the

first three documents which were analyzed, and establishes any inversions which

- 15 -~
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might be needed to orient the fourth document relative to the apparatus (in the same
orientation as the first three documents).

Whether or not the count of black pixels in a given reference area for
a particular document is sufficient to constitute a detected reference mark is
determined according to a set threshold of black pixels. For example, in Figure 8,
the graph is shown with a lower threshold of black pixels marked by the dotted line
at 702. If the number of black pixels in a given area lies above the lower threshold

702 in one reference area, and below the lower threshold 702 in each of the three

remaining reference areas, this wili constitute a determination that the reference
mark lies within the given area, accordingly identifying the orientation of the
document.

In actual applications, primarily due 1o high scanning speeds or poor
physical condition of the documents, a clear difference between the presence or
sbsence of a reference mark in a particular reference area may not always be
possible. For example, for a fifth document depicted in Figure 8, each of the dots
lie just below the threshold 702, This may be the result of an improper or damaged
invoice, leading to an anomalous number of black pixels in the several reference

areas. Such a situation could occur when none of the reference areas have a

sufficient number of black pixels to exceed the threshold 702 or, alternatively, if
more than one of the reference areas 1s determined to include a sufficient number of
black pixels. Insuch cases, the anomalous documents may be marked, or out-sorted
for separate ireatment, as desired.

In addition to a lower threshold of black pixels 702, some applications
may also reguire the development of an upper threshold of black pixels, as shown at
704. This may be required for special applications, such as when the reference mark
has a color which requires the system to identify a relatively narrow range of gray
levels, or if the reference mark is of a somewhat complicated design which will

require the system to identify a specific range of black pixels in a selected reference

area.
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The foregoing describes an apparatus for determining the orientation

of a document relative to the apparatus, making use of identifying markings
associated with that document. The resulting data may then be used to re-orient the
document, as desired, depending upon its determined orientation and the orientation
at which it is subsequently to be processed. Any document bearing characteristic

markings may be subjected to such procedures, including checks, invoices, both
such documents, or even envelopes prior to the extraction of documents, as desired.

The following describes additional features, which may be achieved according to the

present invention, to further enhance such a system's capabilities.

Special Functions

In practice, it is common for an invoice to include one or more special
boxes which the customer can mark in cases where special treatment is called for,
such as a change of address, or to note an error on the document. These boxes are
typically pre-printed on the return invoice, and are marked by the customer in the
event that such special treatment is called for. Due to their uniform placement on
the invoice, such special treatment boxes can be inspected with the optical scanning
system 300 of the present invention, to identify documents which require special
handling, as follows.

Referring again to Figure 5, two such special-function boxes 120, 122
are shown on the document 100. Generally speaking, these boxes may be treated (by
the optical scanning system of the present invention) as though they were an extra
set of reference areas to be checked for a reference mark. However, in the case of
boxes which are to be marked by a customer, the reference mark to be searched for
will not be a standardized part ?f the printed document, but rather will be a hand-
written mark which will tend to vary from customer to customer. For example, the

reference mark placed by the customer may be made with anything from a fine pencil

- 17 -
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to a thick felt marker. Other variations will also occur. For this reason, in

searching for reference marks in special-function boxes, greater latitude is
necessary (in terms of selection of the threshold number of black pixels) in
determining whether a box has in fact been marked.

Another concern in searching for the presence of a reference mark in
a special-function box 120, 122 involves the particular orientation of the special-

function box (or boxes) relative to the document 100, which may be in any one of
four orientations. This is because the system must know where on the document 1o
search for the special-function box, to avoid searching incorrect regions which
might bear other markings. There are different ways of solving this problem. For
example, in considering a single special-function box on the document, the special-
function box could be in any one of four different positions on the images acquired
fpom the document, depending on the orientation of the document. Steps could be
taken to analyze all four possible positions for the special-function box, to search
for a check-mark, and to then interact with the previously described system for
locating the reference mark on the document to determine which of the four possible
positions actually contains the special-function box. Alternatively, after the
reference mark has been found, and the orientation of the document has been
determined, the special-function box could be located, and inspected for the
presence of a check-mark. Another possibility is to wait until after the reference
mark has been found and the document has been mechanically reoriented, to then
check the (now uniformiy located) special-function box for a check~-mark. However,
this latter method is somewhat more expensive in that a second optical scanning, or
analysis, will be required.

Once the location of the special-function box has been determined (on
the acquired image), the next step is to determine whether it contains a special
mmark. For example, the box may have been cbmpletely filled in with a marker, or

may have been only lightly checked with a pencil. The system must therefore be
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sensitive to a wide latitude of images which might appear in the special-function box.
For this reason, in the preferred embodiment of the present invention, when the
image acquired from the document 100 is first converted to an (enhanced) array of
black and white pixels, the thresholds (for example, the thresholds 702 and 704 in
Figure 8) for determining when a pixel 1s black (caused by the presence of a mark
in the special-function box 120, 122) should be set rather wide. For example, the
threshold corresponding to the threshold 702 in Figure 8 should be set relatively low
for special-function boxes, so as to detect lightly marked boxes, while the threshold

corresponding to the threshold 704 in Figure 8 should be set relatively high, up to

its maximum vailue.

In any event, when a given document 100 1s found to have a mark in one
or more of the special-function boxes 120, 122, the document 100 may be marked, or
oﬁt-sorted for special freatmeni, as desired.

Yet another special function of the apparatus of the present invention
involves the selection of an appropriate reference mark for efficient, low-error

operations to take place. There are numerous criteria for selecting an appropriate

reference mark for such purposes. For example, the mark should be reasonably
dark and distinet, and should be uniform throughout the entire series of documents
being processed. What is more, the area representing the mirror image of the
selected reference mﬁrk, through each of the axes 130, 132, must be relatively free
of markings so that it will not be necessary to make fine distinctions in gradation
(gray scale) between a reference area and its symmetrical counterparts. Ideally,
the peference mark should be rather dark, while the corresponding (symmetrical)
reference areas should have no markings at all. For the document 100, described
above, the reference mark R was selected so as not to correspond to the entire logo
106, but rather to only a portion of that logo. This is because, had the entire logo
106 been used, the corresponding reference area (in the other quadrant of the

document) would have included markings which could conceivably cause error.
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In the preferred embodiment of the present invention, an automatic

system is provided for scanning the entire image acquired from the information-
bearing side of the document, and for deciding the position and dimension of the
"best possible" reference mark. The process for finding this "best possible”
reference mark commences with a scanning of the entire document (by processing the
array of pixels in 1/4"-square boxes); correlating each of the scanned squares with
its corresponding reference area (symmetrically located about the axes 130, 132);
and comparing the relative number of black pixels for each established pair of sample

boxes. A select number, such as twenty pairs of sample boxes are then identified

‘which exhibit the greatest difference in the number of black pixels between them.

The selected series of paired boxes are then displayed for the operator, to select a
reference mark for use in subsequent analyses of the document under inspection
(which at times must be an empirical selection based upon experience with previous
"puns"). In addition to these basic operations, enhanced selections are made
possible, if desired, by manipulating (in software) the borders of the selected
(twenty) boxes in two dimensions, increasing their dimensions to include more dark
area and decreasing their dimensions to exclude white area. In doing so, attention
must be given to the corresponding sample box, which is similarly adjusted, so that
a minimal dark area is included in the (adjusted) corresponding sample box as the
primarily sample box is expanded to include more black area. Preference is given
to paired boxes in which the lighter box contains a minimum (preferably Zero)
amount of black area.

The foregoing describes a system for optically acquiring an image from
a document (in a series of documents), and for determining the orientation of that
document by analyzing the acquired image in a processor. In an Appendix which
follows, a computer program listing is provided for implementing the above-

described system, making use of the following system components.
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Vendor Part No.
Cameras 308a, 308b EG & G Corp. LC1901
Memory 310 Epix Corp. 1IMEGVID
Processor 311 Intel Corp. 302/20PC
Image Processing Cards Epix Corp. IMEGVID

Poynting Products, Inc. . RET4AMEG-LC

1t will be understood that various changes in the details, materials and

arrangement of parts which have been herein described and illustrated in order to
explain the nature of this invention may be made by those skilled in the art within

the principle and scope of the invention as expressed in the following claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An apparatus for processing documents having different
orientations comprising:

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

b) an optical scanner positioned along the selected path
for optically reading each of the documents, the scanner
generating a set of data corresponding to light levels at
discrete positions on the documents; and

C) an lmage processor responsive to the data generated by

the optical scanner for determining the orientation of the
documents conveyed by the document transport along the path
of movement, the image processor including a density
detector for determining the density counts of two selected
areas on each dccument, the selected areas being
symmetrically lccated about the center point of the
document, and the density counts representing the number of
discrete positicns in the selected areas having a light
level above a selected light threshold and wherein the
lmage processor determines whether the density count of
only one selected area of the documents is above a selected
minlimum orlentation density threshold and wherein the image
processor 1ncludes an orientation detector for determining
the orientation of the documents when only the one selected
area oI each such document has the density count above a
selected minimum orientation density threshold.

2. The apparatus as recited in claim 1 comprising stacking
units for receiving documents of desired orientations from
the document transport.

3. The apparatus as recited in claim 1 wherein the optical

scanner 1ncludes a light source for illuminating the

documents and a camera for viewing the illuminated
documents.

4. The apparatus as recited in claim 3 wherein the optical
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scanner includes a mirror for directing images of the
illuminated documents and wherein the camera is aligned
with the mirror in parallel with the selected path.

5. The apparatus as recited i1n claim 3 wherein the camera
has a reading element for capturing at least one line of
data for each document, the line of data being oriented
generally transverse to the path of movement of the
documents and wherein the optical scanner includes a
digital memory for storing the line of data.

6. The apparatus as recited 1in claim 5 wherein the optical
scanner includes means for detecting the presence of each
of the documents by detecting a leading edge of each
document along the path of movement, the edge detector
periodically reading a line of dam captured by the reading
element of the camera and initiating optical reading of the
documents when the leading edge of each of the documents is
detected.

7. The apparatus as recited in claim 1 wherein the optical
scanner comprises a pair of lights for illuminating each
side of the documents and a pair of cameras for viewing
each side of the illuminated documents.

8. The apparatus as recited in claim 7 wherein each camera
has a reading element for capturing at least one line of
data for each document, the line of data being orilented
generally transverse to the path of movement of the
documents and wherein the optical scanner includes a
digital memory for storing the line of data.

9. The apparatus as recited in claim 8 wherein the optical
scanner includes means for detecting the presence of each
of the documents by detecting a leading edge of each
document along the path of movement, the edge detector
periodically reading a line of data captured by the reading
element of either camera and initiating optical reading of
the documents when the leading edge of each of the

documents 1is detected.
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10. The apparatus as recited in claim 7 wherein the
orlentor 1includes a reverser for turning selected documents
about a vertical axis and a twister for turning selected
documents about a horizontal axis for orienting the
documents of different orientations to desired orientations
pased on the orientations of the documents determined by
the 1mage processor.

11. The apparatus as recited in claim 7 wherein the image
processor 1ncludes a density detector for determining the
denslity count of two pairs of selected areas, the first
palr of selected areas being symmetrically located about
the center point on one side of the documents and the
second palr of selected areas being symmetrically located
about the center point on the other side of the documents,
the density count representing the number of discrete
positions 1n the selected areas having a light level above
a selected oriertation light threshold.

12. The apparatus as recited in claim 11 wherein the
density detector determines the density count of the two
palrs of selected areas at equidistant locations from the
center point of the documents.

13. The apparatus as recited in claim 1 wherein the
document transpcrt delivers documents detected to be in the
selected orientation to a selected area.

14. The apparatus as recited in claim 1 wherein the density
detector determines a density count at a marking area on
each document, the density count representing the number of
discrete positions in the marking area having a light level
above a selected light level threshold and wherein the
image processor includes a mark detector for detecting the
presence of a mark i1n the marking area depending on the
density count in the marking area.

15. The apparatus as recited in claim 14 wherein the
document transport delivers documents having a detected

mark to a selected area for marked documents.

. .. . . * e e LU P e v R H > 3 AR A gt JUN Y TR T all AN L o Y
P ahem ety o b -0 R iy A Ao G b SR SRR YT V. SOPRHERN ity | S ¢ .- . Pote et Tt Bt gaets 2 nia 3ERINE VORGSR DDA 1 . R AN GRS ST LN L . . 1 el pMrdawn, B P N TR TN S, TIPS 7 N WGPV R T e e P A [SOF o XN F R LAY P N ¢

- IR IO 40 TSSOtk G s vl et de ¢ oy




10

15

20

29

30

35

T T 2077360

16. An apparatus for orienting documents having different
orientations comprising:

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

(b) an optical scanner positioned along the selected path
for optically reading each of the documents, the scanner
generating a set of data corresponding to light levels at
discrete positions on the documents;

(C) an 1lmage processor responsive to the data generated by
Che optical scarnner for determining the orientation of the
documents conveyed by the document transport along the path
of movement whereln the image processor includes a density
detector for determining the density counts of two selected
areas on each document, the selected areas being
symmetrically lccated about the center point of the
document and the density counts representing the number of
discrete positicns in the selected areas having a light
level above a selected orientation light threshold and
wherein the image processor determines whether the density
count of only one selected area of the documents is above a
selected minimumr orientation density threshold and wherein
the 1mage processor includes an orientation detector for
determining the orientation of the documents when only the
one selected area of each such document has the density
count above a selected minimum orientation density
threshold; and

(d) a document orientor along the path of movement
responsive to the image processor for orienting the
documents of different orientations to desired orientations
pased on the orientations of the documents determined by
the 1mage processor.

17. The apparatus as recited in claim 16 wherein the
orientor includes a reverser for turning selected documents
about a vertical axis and a twister for turning selected

documents about a horizontal axis for orienting the
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documents of different orientations to desired orientations

pased on the orilentations of the documents determined by
the 1mage processor.

18. The apparatus as recited in claim 17 wherein the

orlientor includes path selectors for directing the

documents of different orientations so that documents of a

first different orientation are directed to the reverser

and documents of a second different orientation are

directed to the twister and documents of a third different

orientation are directed to the reverser and the twister.
19. The apparatus as recited in claim 16 wherein the

denslty detector determines a density count of a third

selected area, the density count of the third selected area

grie

representing the number of discrete positions in the third

selected area having a light level above a selected mark

light threshold, and wherein the image processor includes a

mark detector for detecting the presence of a mark in the
third selected area when the density count of the third
selected area 1cs above a selected minimum mark density
threshold.

20. The apparatus as recited in claim 19 comprising a
document transpcrt for delivering documents with a
determined orlentation to the orientor and for delivering
documents with a detected mark to a preselected location.
21. The apparatus as recited in claim 16 wherein the
document transport delivers documents detected to be in a

selected orientation to a selected area.

22. A method for orienting documents having different
orientations comprising:

(a) transporting the documents along a selected path of
movement;

(b) optically reading the documents transported along the

—

selected path of movement;

(c) selecting two areas on each document symmetrically

located about the center point of the document and
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determining a number of discrete positions in each of the
selected areas having a light level above a selected
orientation light level threshold to provide a density
count representing the number of the discrete positions in
each selected area having the light level above the
selected orientation light level threshold;

(d) determining whether the density count of only a single

gy

one of the selected areas of each document 1s above a

selected minimum orientation density threshold;

(e) determining the orientation of each such document
having only the single one of the selected areas with the
density count akove the selected minimum orientation
density threshold; and

(f) orlenting selected documents of different orientations
along the selected path of movement to desired orientations
1n response to the determined orientations of the selected
documents.

23. The method as recited in claim 22 wherein the step of
orienting selected documents includes turning particular
documents about a vertical axis and turning particular
documents about a horizontal axis.

24. The method as recited in claim 23 including turning

—
—

documents of

a first different orientation about the
vertical axils, turning documents of a second different
orientation about the horizontal axis, and turning
documents of a third different orientation about the
vertical and horizontal axes.

25. The method as recited in claim 22 including:

(a) determlining a number of discrete positions in a third
selected area on each such document having a light level
apove a selected mark light threshold; and

(b) detecting the presence of a mark in the third selected
area when the density count of the third selected area is
above a minimum selected mark density threshold.

26. The method as recited in claim 22 including delivering
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documents detected to be in a selected orientation to a
selected ares.

2/. A method for orienting documents having different

orlentations comprising:

")

(a) transporting the documents along a selected path of
movement;

(b) optically reading the documents transported along the
selected path of movement;

(c) selecting two areas on each document symmetrically
located about the center point of the document and
determining a number of discrete positions in each of the
selected areas having a light level above a selected
orientation light level threshold to provide a density
count representing the number of the discrete positions in
each selected area having the light level above the
selected orientation light level threshold;

(d) determining whether the density count of only a single
one of the selected areas of each document is between
selected minimunm and maximum orientation density
thresholds;

(e) determining the orientation of each such document
having only the single one of the selected areas with the
density count between selected minimum and maximum
orientation density thresholds; and

(f) orienting selected documents of different orientations

g

along the selected path of movement to desired orientations

1n response to the determined orientations of the selected
documents.
28. The method as recited in claim 27 including:

g

a) determining a number of discrete positions at a third

selected area on each document having a light level above a
selected threshold to provide a density count representing
Che number of discrete positions in the selected third area

having the light level above the selected third light level
threshold; and
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L) detecting the presence of a mark in the selected third

area of each such document.

29. The method as recited in claim 28 comprising delivering
documents with the detected mark to a selected area for
marked documents.

30. The method of claim 27 wherein the step of determining
the orientation of a selected document includes determining
whether the document is in a selected upright position in

response to the set of data corresponding to the selected

document.

31. A method for orienting documents having different

orientations comprising:

(a) transporting the documents along a selected path of

novement;

(b) optically reading the documents transported along the
selected path of movement;

(c) selecting two areas on each side of each document
symmetrically located about the center point of the
document and determining a number of discrete positions in
each of the selected areas having a light level above a
selected orientation light level threshold to provide a
density count representing the number of the discrete
positions 1n each selected area having the light level
above the selected orientation light level threshold;

(d) determining whether the density count of only a single
one of the selected areas of each document is between

selected minimum and maximum orientation density
thresholds;
(e) determining the orientation of each such document

having only the single one of the selected areas with the
density count between selected minimum and maximum

orlientation density thresholds; and

(f) orienting selected documents of different orientations

along the selected path of movement to desired orientations

1n response to the determined orientations of the selected
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32. A method for orienting documents having different

orientations comprising:

(a) transportinc¢ the documents along a selected path of

5 movement:;
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(b) optically reading the documents transported along the

selected path of movement;

(c) selecting two areas on each side of each document
symmetrically lccated about the center point of the
document and determining a number of discrete positions in
each of the selected areas having a light level above a
selected orientation light level threshold to provide a
denslity count representing the number of the discrete
positions 1n each selected area having the light level
above the selected orientation light level threshold;

(d) determining whether the density count of only a single
one of the selected areas of each document is above a
selected minimum orientation density threshold;

(e) determining the orientation of each such document
having only the single one of the selected areas with the
density count above the selected minimum orientation
density threshold; and

(f) orienting selected documents of different orientations

along the selected path of movement to desired orientations
1n response to the determined orientations of the selected

documents.

33. A method for processing documents having different
orlentations comprising:

a) transporting the documents along a selected path
movement;

p) optically reading the documents transported along the
selected path of movement and generating a set of data for
each document corresponding to light levels at discrete
positions within two selected areas on each document

symmetrically located about the center point of the
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c) determining & number of discrete positions in each of
the selected areas having a light level above a selected
light level threshold to provide a density count
representing the number of the discrete positicns in each
selected area having the light level above the selected
light level threshold; and

d) determining whether the density count of only a single
one of the selected areas of each such document is above a
threshold wvalue;

e) determining the orientation of each such document having
only the single one of the selected areas with the density
count above the threshold value.

34. The method as recited in claim 33 including detecting
the leading edge of each of the documents along the path of
movement and scanning each such document after the leading
edge has been detected.

35. The method as recited in claim 33 including delivering

documents detected to be in the selected orientation to a

selected area.

36. The method as recited in claim 33 including:

a) determining a number of discrete positions in a selected
marking area having a light level above a selected light
level threshold to provide a density count representing the
number of discrete positions in the marking area having a
light level above the selected light level threshold: and
p) detecting the presence of a mark in the marking area
depending on the density count in the marking area.

37. The method as recited in claim 36 including delivering
documents having a detected mark to a selected area for
marked documents.

38. An apparatus for determining the orientation of
documents having different orientations comprising:

a) an optical scanner for reading the documents, the

scanner generating a set of data corresponding to light
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levels at discrete positions within two selected areas of

each document, the two selected areas being symmetrically
located about the center of each such document; and

D) an 1lmage processor responsive to the data generated by
the optical scanner for determining the orientation of the
documents, the image processor having a density detector
for determining the number of the discrete positions within

p—

each of the two selected areas having a light level above a

selected orlentation light threshold to provide a density
count representing the number of such discrete positions in
each selected area having the light level above the
selected orientation light threshold and wherein the image
processor determines whether the density count of only one
of the selected areas is above a selected density threshold
and wherein the image processor includes an orientation
detector for determining whether the documents are in a
selected orientation based on whether only one of the

selected areas of such document has the density count above
the selected density threshold.

39. The apparatus as recited in claim 38 wherein the
density detector determines a density count at a third
selected area on each document, the density count

F—

representing the number of discrete positions in the third

selected area having a light level above a selected light

level and wherein the image processor includes a mark

detector for detecting the presence of a mark in the third
selected area depending on the density count in the third
selected area.

40. The apparatus as recited in claim 39 wherein the
document transport delivers documents with a detected mark
Co a selected ar=a for marked documents.

41l . The apparatus of claim 38 wherein the image processor
includes document position determination means for
determining whether a selected document is in a selected

upright position in response to the data generated by the
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optical scanner.

42. An apparatus for orilienting documents having different
orientations comprising:

(a) a document transport for conveying the documents along

g

a selected path of movement;

(b) an optical scanner positioned along the selected path

for optically reading each of the documents, the scanner
generating a set of data corresponding to light levels at
discrete positions on the documents;

(c) an 1mage processor responsive to the data generated by
the optical scanner for determining the orientation of the

documents conveyed by the document transport along the path

of movement whereln the 1mage processor includes a density
detector for determining the density counts of two selected
areas on each document, the selected areas being
symmetrically located about the center point of the
document and the density counts representing the number of
discrete positions 1in the selected areas having a light
level above a selected orientation light and wherein the
lmage processor determines whether the density count of
only one selected area of each document is between selected
minlmum and maximum orientation density thresholds, and

wherein the 1mage processor includes an orientation

detector for determining the orientation of the documents
when only the one selected area of each such document has a
density count between the minimum and maximum orientation
density thresholds; and

(d) a document orientor along the path of movement

responsive to the i1mage processor for orienting the

documents of different orientations to desired orientations
based on the orientations of the documents determined by
the 1mage processor.

43. An apparatus for processing a document having a front
face, the document being receivable in different

orientations, comprising:
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a) a document transport for conveying the document
along a selectec path of movement;

b) an optical scanner positioned along the selected
path for optically reading the document, the scanner
generating a set of data corresponding to light levels at
discrete positicns on the document;

C) an lmage processor responsive to the data
generated by the optical scanner, the image processor

including a density detector for determining a density

count at a selected area on the document, the density count
representing the number of discrete positions in the
selected area having a light level above a selected light
threshold and wherein the image processor; and

d) an orientation detector responsive to the density
detector for determining that the document is in a first
predefined orientation, or that the document is in some
other orlentation different from the first orientation.

44, The apparatus of claim 43 wherein the orientation

detector 1s responsive to the image processor for
determining that the document is at least in a second
defined orientation.

45, The apparatus of claim 43 wherein the orientation
detector 1s responsive to the image processor for
determining that the document is at least in at least one

ol four predefined orientations, including: upright and

front face forward, inverted and front face forward,
upright and front face backward, and inverted and front
face backward.

40. The apparatus of claim 43 wherein the orientation
determination depends on the density count in the selected
area.

47. The apparatus of claim 43 wherein the image processor
compares the density count of the selected area with a
selected density threshold and the orientation detector

determines whethzr the document is in at least one of four

' e LA 10204 LN ML AL % RO aE 1y Sihaae T v e I - " - Coe b L madn s T I AR [GIA . A OMMTION AP H3E ¢ O WL 24 . T e L e it A RAR S BRI WL N G 4 8 SR - AR e m
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predetermined orientations based on the comparison of the
density county in the selected area relative to the
selected density threshold.

48. The apparatus of claim 43 wherein the density detector
determines a density count at a marking area on each
document, the density count representing the number of
discrete positions in the marking area having a light level

above a selected light level threshold and wherein the

lmage processor includes a mark detector for detecting the
presence of a mark 1n the marking area depending on the
density count 1n the marking area.

49. The apparatus as recited in claim 48 wherein the
document transport delivers documents having a detected

mark to a selected area for marked documents.

>0. The apparatus of claim 43 comprising a sorter
responsive to the orientation determination of the
orientation detector.
ol. An apparatus for processing documents having different
orientations comprising:

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

b) an optilical scanner positioned along the selected

path for optically reading each of the documents, the
scanner generating a set of data corresponding to light
levels at discrete positions on the documents; and

C) an 1lmage processor responsive to the data
generated by the optical scanner for determining the
orientation of the documents conveyed by the document
transport along the path of movement, the image processor
including a density detector for determining a density
count at a marking area on each document, the density count
representing the number of discrete positions in the
marking area having a light level above a selected light
level threshold and wherein the image processor includes a

mark detector for detecting the presence of a mark in the
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marking area depending on the density count in the marking
area.

52. The apparatus as recited in claim 50 wherein the
document transpcrt delivers documents having a detected
mark to a selected area for marked documents.

03. A method fcr processing documents having different
orientations comprising:

a) Cransporting the documents along a selected path
movement;

b) optically reading the documents transported along
the selected path of movement and generating a set of data
for each document corresponding to light levels at discrete
positions within at least one selected area on each

document ;

C) determining a number of discrete positions in a
selected area having a light level above a selected light
level threshold to provide a density count representing the
number of the discrete positions in the selected area
having the light level above the selected light level
threshold; and

d) determining whether each document is in a
selected orilentation depending on the density count in the

g

selected area of each such document.

o4. The method as recited in claim 53 including delivering
documents detected to be in the selected orientation to a
selected area.

0o>. The method as recited in claim 53 including
determining whether each document is at least in a second

predefined orientation.

06. The method as recited in claim 53 including
determining whetner each document is in at least one of
four predefined orientations, including: upright and front
face forward, inverted and front face forward, upright and
front face backward, and inverted and front face backward.

o7. An apparatus for orienting documents having different
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(a) a document transport for conveying the documents

orlientations conprising:

along a selected path of movement;

(b) an optical scanner positioned along the selected
path for optically reading each of the documents, the
scanner dgenerating a set of data corresponding to light
levels at discrete positions on the documents;

(C) an 1mage processor responsive to the data
generated by the optical scanner for determining the
orientation of the documents convevyved by the document
transport along the path of movement; and

(d) a document orilientor along the path of movement
responsive to the i1mage processor for orienting the

g

documents of different orientations to desired orientations

based on the orientations of the documents determined by
the image processor.

o08. The apparatus as recited 1n claim 57 wherein the image
processor 1ncludes a density detector for determining a
density count at a selected area on each document, the
density count representing the number of discrete positions
1n the selected area having a light level above a selected
light level threshold and wherein the image processor
includes an orientation detector for determining whether
each document 1s 1n a selected orientation depending on the
density count 1n the selected aresa.

09. The apparatus as recited 1n claim 57 wherein the image
processor 1ncludes a density detector for determining a
density count of a selected area on the document, the
density count representing the number of discrete positions
1n the selected area having a light level above a selected
orientation light threshold and wherein the image processor
compares the density count of the selected area with a
selected density threshold and wherein the image processor
includes an orientation detector for determining whether

the documents are 1n a selected orientation based on the
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comparison of the density count 1in the selected area 1n

relation to the selected density threshold.
60. An apparatus for determining the orientation of
documents having different orientations comprising:

(a) an optical scanner for reading the documents, the
scanner generating a set of data corresponding to light
levels at discrete positions within two selected non-

adjacent areas of each document, the two selected areas

being symmetriceally located about the center of each such
document; and

(b) an 1mage processor responslive to the data
generated by the optical scanner for determining the
orientation of the documents, the image processor having a
density detector for determining the number of the discrete
positions within each of the two selected non-adjacent
areas having a light level above a selected orientation

light threshold to provide a density count representing the

number of such cdiscrete positions 1n each selected area
having the light level above the selected orientation light
threshold.
61. A method for orienting documents having different
orientations comprising:

(a) transporting the documents along a selected path

givmy.

- movement ;

O

(b) optically reading the documents transported along
the selected path of movement and generating a set of data
for each document corresponding to light levels at discrete
positions within at least one selected area on the
document;

(c) determining the orientation of a selected
document 1n response to the set of data corresponding to
the selected area on the document;

(d) orienting selected documents of different
orlentations along the selected path of movement to desired

p—
—

orientations 1n response to the determined orientations of
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the selected documents.
62. The method as recited 1n claim 61 1including selecting
two areas on each document symmetrically located about the

p—

center polnt of the document and determining a number of

discrete positions 1n each of the two selected areas having
a lilght level above a selected orientation light level
threshold to provide a density count representing the

g—

number of the discrete positions 1n each selected area

having the light level above the selected orilentation light
level threshold.

©63. The method as recited 1n claim 61 1ncluding selecting

—

two areas on each side of each document symmetrically

located about the center point of the document and
determining a number of discrete positions 1n each of the
selected areas having a light level above a selected
orientation light level threshold to provide a density
count representing the number of discrete positions 1n each
selected area heving the light level above the selected
orientation lighkt level threshold.
64. The method as recited 1n claim 61 i1including:

(a) determining a number of discrete positions at a
selected area or. each document having a light level above a

selected light level threshold to provide a density count

representing the number of discrete positions in the
selected area heving the light level above the selected
light level threshold; and

(b) determining whether each document is in a
selected orientetion depending on the density count in the
selected area of each such document.
©6>. An apparatis for processing documents having different
orientations comprising:

(a) a document transport for conveying the documents
along a selectec path of movement;

(b) an optical scanner positioned along the selected

prath for optically reading each of the documents, the
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scanner generating a set of data corresponding to light

_40_

levels at discrete positions on the documents; and
(C) an 1mege processor responsive to the data

generated by the optical scanner for determining the

5 orlentation of the documents conveyved by the document
transport along the path of movement, the image processor
including a density detector for determining a density
count at a marking area on each document, the density count
representing the number of discrete positions in the

10 marking area having a light level above a selected light
level threshold and wherein the 1mage processor includes a
mark detector fcr detecting the presence of a mark in the

marking area deprending on the density count in the marking

area.

15 66. The apparatus as recilited in claim 65 wherein the
document transpcrt delivers documents having a detected
mark to a selected area for marked documents in response to
the mark detectcr.

o/. A method fcr processing documents having different

20 orilentations corprising:

(a) transporting the documents along a selected path
of movement;

(b) optically reading the documents transported along
the selected path of movement and generating a set of data

25 for each document corresponding to light levels at discrete
positions on each such document;

(c) determining the number of discrete positions at a
marking area on each document having a light level above a
selected light level threshold to provide a density count

30 representing the number of the discrete positions in the
marking area having the light level above the selected
light level threshold; and

(d) detecting the presence of a mark in the marking
area depending on the density count in the marking area.

35 ©8. The method as recited in claims 67 comprising
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delivering documents having a detected mark to a selected

area for marked documents.
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