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ENHANCED DATA CAPTURE FROM IMAGED DOCUMENTS

RELATED APPLICATIONS

[0001] This application claims a priority filing date based upon provisional
patent application Serial No. 60/224,837 filed August 11, 2000.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention relates to the general field of optical scanning to collect
data and digital images from documents, and within that field to enhanced methods and
apparatus for locating, identifying and interpreting such data and images. Although the
methods and apparatus described herein may be useful in other related tasks, the most
common usage is likely to be in the processing and scoring of standardized assessment

tests.
Description of the Prior Art

[0003] Optical and electronic technology has provided methods of effectively
and efficiently collecting data in digital electronic forms. To avoid the costs in time
and money of manual data entry, various methodologies have been developed to
capture data directly “on-line”. Nonetheless, much quantitative data are still collected
by being written on paper documents. In the field of education, students are routinely
asked to answer test questions on paper. Commercial institutions routinely use paper
forms such as application forms, claim forms, change of address forms, assignment
forms, and many others. Businesses survey customer satisfaction and employee
attitudes by having them respond on paper documents. Publicly held companies send

stockholders paper forms for voting. Other elections and lotteries use paper documents.

[0004] In order to avoid costly and sometimes inaccurate key-entry of data from

the paper forms to electronic format, automated systems have been designed to convert
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the marks on the form directly into electronic data. Some applications have been
highly successful, notably in the processing of lottery tickets and the processing of
student test responses, especially in the area of standardized tests. For both of these
applications, however, specialized machines and specialized paper must be used.
Machines for reading lottery tickets are highly specialized and have little potential for
applications outside their intended area. In the area of standardized tests, specialized
“OMR” (Optical Mark Recognition) systems scan data from the student response
forms. These “OMR scanners” are systems with hardware enabled resolution of OMR
marks, and typically require that the response documents be produced with extremely

tight tolerances for the paper, the inks, and precise location of the printing on the forms.

[0005] For broader applications, two optical reading approaches have been
taken. The first is based on using OMR scanners and forms printed specifically for
OMR systems. Customer satisfaction surveys and election ballots have been processed
using such OMR technology. Because of the high precision of the forms and the
machines, these applications provide accurate conversion of respondent marks into
data. Although early OMR systems required that the respondent use a “#2 pencil”, this
was largely overcome by visual spectrum read mechanisms which can recognize blue
or black pen, ballpoint, marker, and/or pencil as being intended marks. Two drawbacks

remain, however; the forms are expensive to produce and they often “look like a test”.

[00006] The second approach, used as an alternative to OMR systems, is based
on scanning systems designed for document storage and retrieval. In such systems, a
digitized image of the document is captured through the use of an “image scanner”.
Although some image scanners can capture shades of gray ranging from pure white to
black (gray-scale scanning) and others can capture shades of color (color scanning),
data collecting systems typically convert the scanned image of the document into a bi-
tonal (black and white)image in which each location or “pixel” within the image is

presented as on or off. Data elements are then extracted from the bi-tonal images.

[0007] Such bi-tonal imaging systems generally have éome means to locate

specific areas of a form, and then extract data from those areas. The extraction may
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include conversion of printed barcodes into text or numeric data (barcode conversion).
It may include conversion of machine printed characters into text (Optical Character
Recognition, or OCR). It may include writing the entire image or part of the image to
one or more computer files including data files which are part of a database. It may
include converting areas containing handprinted text characters into text (Handprint

Recognition). It may include converting areas containing discrete response areas into
data (a form of OMR).

[0008] The term “scanning” has many different technological meanings. In this
context, “scanning” refers to using optical scanning methods to extract data from sheets
of paper. Scanning can be accomplished with specialized hardware systems that
capture data from sheets using OMR. In such hardware-based OMR systems, a
specialized “read head” is used to recognize and record the presence of marks in pre-
determined locations as the paper progresses through the machine and passes the read
head. Scanning data from sheets of paper can also be accomplished through the use of

image scanners.

[0009] The following sections identifies problems that are associated with
locating marks in the scanned data, discriminating between intended and unintended or

spurious marks, and the requirements for precise and expensive forms.

Locating A Target Response Area:

[0010] Using OMR as an example, an “OMR response target” is a location on a
form indicating where to make a response mark for OMR processing. The target is
normally, but not necessarily, indicated by a preprinted circle, box or other shape on the
form. A major task for any scanning system to, process OMR marks is to locate each
response position in the image. While the printed target show the respondent exactly
‘where to make a mark to have it registered as an intended response, there must be a
means for the scanning system to locate in the image the area corresponding to the

target in order to examine that area for the presence of an intended response.
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Locating the Target with Traditional OMR:

[0011] In hardware-based OMR scanners, all response positions are located in a
fixed location along a vector at right angles to the movement of the paper. With
standard 8’2 by 11 inch documents, the paper moves along the 11 inch dimension, so
that the fixed positions are across the 8% inch dimension. One edge of the paper is
designated as the “reference” edge. As the sheet of paper is transported through the
machine, the reference edge abuts a guide or rail. The response positions are located in
absolute dimensions from that guide or rail to define a row or line of response positions
with the centers of the response positions aligned at right angles to the reference edge.

Positions within the row may be referred to as the “columns” of the response positions.

[0012] Successive rows of response positions are arrayed along the reference
edge. In some early machines, these rows are located by absolute dimensions from the
top of the sheet of paper. More recently, however, the rows are located by a printed
mark on the paper. A series of marks aligned with the reference edge of the paper
locates the series of rows, resulting in a matrix of multiple rows and columns of OMR
positions. Typically, the series of these marks are said to be located in the “timing
track”, and each mark within the series is referred to as a “timing mark”. Instructions
on how to prepare a form for traditional OMR are disclosed, if further reference is
wanted, in Pluta, et al. (U. S. Pat. No. 5,664,076). A constraint on the creation of these
forms is that the printed information on the forms must pfecisely match the

specifications for the form.

[0013] In traditional OMR systems, a special ink is selected to pﬁnt the targets.
This ink absorbs little or no light in the spectrum processed by the optical system so
that, if there is no other mark in an area printed in this ink, the system interprets the
area as not having any mark. Some OMR systems use the infrared spectrum for
processing since pencil lead absorbs much of the infrared light, while others use visual

spectrum light.
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[0014] For forms with timing tracks, a second, typically black, ink is used. This
ink absorbs light in the appropriate spectrum and therefore can be recognized by the
optical devices and processed by the system. This ink is used to print the timing tracks

and other marks which may identify the type of form and/or the particular document.

[0015] A problem with traditional OMR is that the mark made by the
respondent may not be recognized as an intended mark when the mark is not at the
precise location being processed by the system. This mis-alignment of the mark to the
process area can be caused by many factors. One possibility is that the respondent
made the mark outside the target position, but mis-alignment can also be caused by
discrepancies in the forms themselves, in the equipment processing the forms, or in the

manner in which the forms move physically through the equipment.

[0016] The potential for mis-alignment errors is a systemic problem associated
with the physical characteristics of the scanning system, as explained, for example in

Koch, et al. (U. S. Pat. No. 4,857,715).

[0017] Traditional OMR scanners have a low tolerance for offset,
misregistration, and poor print or paper quality in the forms. In particular, the timing
tracks on scannable forms for OMR scanners must be printed to high standards of print
quality and print alignment to insure that an acceptably high percentage of completed

forms can later be properly scanned and scored.

[0018] The systemic problems of the OMR scanners may result in the target
positions printed on the form to be shifted left or right of the locations or columns of
locations being processed by the hardware. As a consequence, the OMR system does
not “look” where the respondent was shown to make the marks, but looks instead to the
left or the right, increasing the potential that an intended mark will be missed. This
problem may be caused by the form pulling away from the guide or rail, or by the OMR
device being misadjusted so that the reading mechanism shifts the location at which
marks are processed closer to or further away from the guide or rail, or by printing the

response positions on the form too close or too far from the reference edge. All of
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these cause the system to process OMR locations that are shifted left or right from the

locations marked by the respondent.

[0019] A more insidious systemic problem occurs when the spacing between
columns on the form is larger or less than the spacing processed by the hardware
system. If this happens, some targets may be exactly aligned with the area where the
hardware processes while others are shifted left or right, with the deviations increasing
from one edge of the form to another. This can be caused by improperly printed
documents, but more often is due to documents expanding or shrinking as a function of
changing humidity and temperature. On individual forms, this can also be caused by

stress, folding, or other manipulation of the form before it is scanned.

[0020] OMR positions printed on the form can also be systematically higher or
lower than the locations processed by the scanning hardware. Since many OMR forms
utilize track marks, this can occur when the track marks are not in exact alignment with

the targets printed on the form.

[0021] Perhaps the most common and severe cause of mis-aligned response
positions is when forms are “skewed” relative to the reading mechanism. This
generally occurs when the reference edge of the paper is not perfectly parallel to the
guide or rail. Even small deviations from parallel can move the response positions
away from their correct position. The horizontal alignment of the response positions on
the form correspond closely to the locations processed by the system only at the top of
the form. As the reference edge of the form is further and further from the guide or rail,
the horizontal alignment of the target locations and the locations processed by the
machine are increasingly divergent. In a similar manner, the vertical locations of
response positions adjacent to the timing tracks correspond closely to the vertical
locations processed by the system, while response positions at the opposite edge of the
form are increasingly displaced. The effects of the horizontal and vertical mis-
alignment are cumulative, so that the misalignment is greatest for response positions at
the edge of the form farthest from the timing tracks and at the end of the form farthest
from the guide or rail.



WO 02/15170 PCT/US01/16966

-7-

[0022] Because of the extent to which skewed forms jeopardize the accuracy of
the OMR process, most systems are designed reject forms that are not almost exactly
paréllel with the guide or rail. Typically, forms that are not parallel to the guide or rail
cause the scanner to stop, or at least cause the form to be rejected, so that the form must

be read again.

[0023] Similar to skewed forms, if the optical read head is not exactly
perpendicular to the guide or rail, the vertical location of response positions adjacent to
the timing tracks will correspond closely to the vertical locations processed by the
system, while response positions at the opposite edge of the form will be in locations

increasingly different from those processed by the system.

[0024] Solution to the above problems have been proposed by Kamada, et al.
(U. S. Pat. No. 5,099,340) and by Kits (U. S. Pat. No. 5,291,592). Forms are printed
with timing tracks on both edges of the paper so that the vertical locations of all marks
are defined by the lines connecting corresponding marks on opposite edges. In a
similar manner, timing tracks are printed at the top and bottom of each sheet so that the

horizontal locations of all marks are defined by the lines.

Locating the Target with Bi-tonal Imaging Systems:

[0025] Some systems such as Keogh et al. (U. S. Pat. No. 5,134,669) utilize the
timing tracks on traditional OMR forms to locate intended response areas in the
scanned image. These systems are based on the general assumption that the digital
image is an perfect representation of the paper form, such that locations in the form and
image conform exactly. Such systems suffer from the potential problems with
traditional OMR systems and cannot overcome skew, stretch, or other distortions of the

document prior to or during the image capture process.

[0026] Others methods have been used to locate OMR positions within a
bitmapped, bi-tonal image. Systems such as that exemplified in Shepard (U. S. Pat. No.
5,140,139) start with a template derived from an answer form so that the target boxes

locating the response positions appear in the template in an ink that is read by the
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scanner. The template is scanned and the boxes located, and the coordinates of the
boxes is stored in memory. The forms are then scanned and software is used to align
the respondent’s form with the template. Once the respondent’s form is properly
aligned, the OMR response positions are established by their known locations on the
mask. This process suffers from the problem that, since the target is printed in an ink
processed by the scanner, any marks made by the respondent on the target itself can not

be used in determining whether there is an intended mark in the response area.

[0027] Still others processes, such as described in Reid-Green, et al. (U. S. Pat.
No. 5,001,769) use a series of “reference marks” and then transform the image of the
respondent’s form to correspond to the expected image. The computer performs a
bilinear transformation on each page. As a result, the stored data corresponding to all
of the field coordinates is transformed, so that the computer knows where those

coordinates are to be found in the data representing the scanned form.

[0028] Such a procedure effectively overcomes skew, stretch, and other
systematic distortions of the form or the image of the form, but may require excessive

computer resources to properly register the entire sheet.

Problems in “Reading” the Mark at the Response Position:

[0029] Another major task in processing OMR types of response positions is to
determine whether to record or read what may or may not be a mark at the response
position. This task is typically done through two processes: normalization and mark

determination.

[0030] The first process, normalization, ensures that marks are read uniformly
throughout the form. On some systems, such as shown by Apperson, et al. (U. S. Pat.
No. 6,079,624), normalization is achieved by calibrating the scanner. One or more
standard or reference sheets are read through the scanner, and manual or automated
review is used to ensure uniformity and accuracy in the values read. This process has
been used for both traditional OMR and for image scanning systems, such as shown in
Sakano (U. S. Pat. No. 4,760,464).
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[0031] On some systems, special hardware or software is used to examine each
sheet and ensure uniformity over the entire sheet. This type of normalization procedure
has the advantage of adjusting for the paper being read, i.e. if one sheet of paper is
darker than another, such as might occur from lots manufactured at different times, the
same mark might read differently on the two sheets if the normalization is only based
on an initial calibration. It is also possible to use a normalization routine which utilizes

an initial calibration followed by a refinement for each sheet.

[0032] Mark determination is the process used to make a determination of
whether a mark at the response position is an intended response. Mark determination is

best accomplished using the normalized readings.

Mark Determination with Traditional OMR:

[0033] Traditional OMR systems are set to recognize marks based on the extent
to which the entire response position is covered with a complete, dark mark. The
traditional OMR scanner determines the “darkness” of a mark at each defined position.
Typically, the darkness is rated on a numeric scale from 0 to 15, with no mark at all

stored as a 0 and a solid black mark stored as a 15.

[0034] Calculation of the “darkness” of a mark will generally be made for a
response area with some pre-determined height and width. Often the width of the
OMR area is determined by the light sensing hardware. The height of the OMR area
can be determined by the width of the timing marks, by hardware or software settings,

and/or by the characteristics of the light sensing hardware.

Mark Determination with Bi-tonal Imaging Systems:

[0035] For bi-tonal systems, detecting the presence of a mark in an OMR area is
generally based on counting the number or percentage of black pixels within the area of

a response position.
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[0036] One problem with such systems deals with the establishment of the bi-
tonal image. Smudges and apparent erasures are generally converted to white, while
solid marks are generally converted to black. However, there may be no difference
between a light pencil mark and a smudge or erasure, so that the conversion may be in
error. Since there is no discrimination between a light mark and a dark mark once the
image has been converted to a bi-tonal image, stray marks through a response position

can look the same as intended marks.

[0037] When the bi-tonal image is created, in many cases the printed target will
be converted to black, and will increase the apparent number of black pixels within the
response area if not otherwise compensated. One method of treating this situation is to
“mask out”, or change to white (i.e. no mark), pixels corresponding to the preprinted
target. This process, however, decreases the number of pixels being utilized in
determining the presence of an intended mark and removes entire sub areas within the

area of the response position from consideration.
SUMMARY OF THE INVENTION

[0038] The invention is concerned primarily with the processing of OMR type
marks identified from images captured by an imaging scanner. The invention relates to
methods of Jocating and identifying OMR marks through the interpretation of a
captured image of the document using a gray-scale or color captured image. The full
image of the sheet is captured, and then the “target” areas for possible responses are
located within the image based upon an expected location being adjusted as necessary

for certain error-inducing defects in the forms or scanning process.

[0039] In one embodiment, the invention includes a method of locating an area
of interest within a digital image of a form captured by an imaging scanner by locating
edges of the captured image of the form within a total pixel scan captured by the
scanner, then determining a sheet position parameter or parameters from the location of
the edges, then adjusting the expected location of the area based upon the sheet position

parameter(s).
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[0040] A similar adjustment of the expected location of the area of interest can
be obtained from locating key marks, tracking marks or speed marks in the image and
defining an adjustment parameter based on the image location compared to the

expected location of the key, tracking or speed marks.

[0041] The invention therefore provides a novel method of optical mark reading
(OMR) using a digital imaging scanner, by locating edges of the captured image of the
sheet or key or speed marks within a total pixel scan captured by the scanner, then
determining a sheet position parame;ter or key mark or speed parameter, then adjusting
the expected location of the OMR response target based upon the parameter(s),
interrogating the darkness value of pixels within a proscribed area determined from the
adjusted expected location, and making a mark determination based upon the darkness

values.

[0042] The invention further includes methods of normalizing the darkness
value of pixels captured from a form by an optical scanning device by defining an area
of the form to examine for determining pixel normalization parameters, identifying the
pixel darkness value corresponding to the least amount of light reflected within the
area; determining a normalization scale such that the pixel darkness value
corresponding to the least amount of light reflected corresponds to a darkness value
corresponding approximately to pure black, and applying the normalization scale to the
recorded darkness values to create normalized darkness values. A similar method can
be employed using the darkness value of pixels reflecting the greatest amount of light
in the area and determining a normalization scale corresponding to pure white.
Alternatively, both least and greatest vales can be used to create a normalization scale.

Similar methods can be used for color scale other than gray.

[0043] The invention further relates to methods to precisely convert intended
response marks to data through an analysis of the relative darkness of the pixels in the

target area to determine if a mark is an intended response.
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[0044] Although the invention is primarily directed at processing OMR marks,
the methods and apparatus can be used to provide bar code conversion, hand print

recognition, OCR, and storage of clipped images.
BRIEF DESCRIPTION OF THE DRAWINGS:

[0045] Figure 1 shows the steps used to resolve an OMR response position

using a preferred form of the invention.

[0046] Figure 2 shows two examples of “Predetermined Response Matrix”
specifications (PRMs); one PRM is appropriate for forms that have timing tracks, while
the other is appropriate for forms printed with a series of key marks to locate a matrix

of response positions.

[0047] Figure 3 shows improper responses made by respondents and an

alternative PRM response position definition that can permit identification of these

intended responses.

[0048] Figure 4 shows distortions in locations of OMR positions as a result of
skew.

[0049] Figure 5 shows various marks or items that can be used as key marks

including track marks.
[0050] Figure 6 shows a form with enhanced timing tracks.

[0051] Figure 7 shows the extraction of 120DPI rows and pixels from images

scanned at various densities.

[0052] Figure 8 shows proximity weights and corresponding pixel weighting

matrix used to determine total mark intensities.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0053] The invention is described in embodiments for processing OMR
response forms with an imaging scanner to identify and resolve intended response
marks on the form. The steps utilized in the preferred embodiment to process the form

for intended marks are summarized in Figure 1.

[0054] While this preferred embodiment uses the Figure 1 set of steps:
including locating the sheet, speed marks and key marks in the image to determine
parameters with which to adjust the expected location of an OMR target or other area
of interest, an adjustment to the expected location could be made from any of the
parameters alone or in different combination. Further, the steps for normalization of

pixel values described herein can also be used with a traditional OMR scanning device.

[0055] The invention provides methods to locate OMR response positions
within scanned images of a response form. The methods relate to the calculation of
parameters to locate the OMR response positions. In one aspect, the invention provides
a two-stage process for calculating the parameters. In the first step, the image of the
physical sheet is located within the total scanned image area and the physical “skew” of
the document as well as physical stretch or shrink in both vertical and horizontal
dimensions are calculated. The location, stretch/shrink, and skew are used to set the

“Sheet Position Parameters”.

[0056] In order to perform the second stage, the system must have some method
of knowing the “expected” location of critical pre-printed marks on the form and some
method of knowing the “expected” location of response positions that might be needed.
In the current preferred embodiment of this invention, these expected locations are
determined through the use of “Predetermined Read Matrix” specifications, or “PRMs.
These PRMs are based upon the intended format of the form and the concept of an
“idealized captured image” of the form. The idealized image assumes that the physical

form actually being scanned corresponds exactly to the dimensions and layout of the
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intended form , i.e. perfectly registered printing, exact sizing, and no shrink/stretch or
other distortion from humidity, crumpling or other source. The idealized image further
assumes perfect quality control of the scanning process, i.e. no sheet skew, no scanning
angle or distance errors, no distortion caused by scanning speed variances, and the like.
Thus, the idealized captured image corresponds to the image that would theoretically be
captured if the perfect form is scanned by the perfect scanning process. The PRM
specifications for the “expected” location of areas of interest in the captured image are

based upon this idealized image.

[0057] As used in this context, an “area of interest” is an area of the form or
image encompassing scannable information such as key marks, timing marks, bar
codes, OMR response targets, signature lines, machine printed text or handwritten

responses.

[0058] In the second stage, predetermined marks are located within the image.
These marks can be timing tracks such as used with traditional OMR, and/or location
marks or “key marks” to provide reference points anchoring the response positions.
While these timing marks and key marks are typically solid rectangles, the system can
utilize other printing on the form including text, graphics, or, in the case of color
images, even the targets printed to show the respondent where the marks are to be
made. Once these marks are located, the observed locations of these marks and the
“expected” locations of these marks are used to calculate parameters to show the
overall horizontal and vertical shift of the image relative to its expected location,
calculate parameters to show the “skew” of the image, and calculate parameters to
show the stretch or shrink in vertical and horizontal dimensions. Together these

parameters are referred to as the “Key Mark Parameters™.

[0059] The Sheet Position Parameters and the Key Mark Parameters are used to
adjust the expected locations of OMR response areas to the actual positions of response
areas within the image, in effect adjusting each location from its expected position to
its actual position within the image. In the preferred embodiment, the expected

locations are derived from information in the PRMs. The process of calculating the
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locations need not be done for all possible OMR locations within the form, but need
only be done when it is necessary to determine whether there is an intended mark in a

specific OMR response location.

[0060] In certain circumstances, such as when a document has been scanned
with unreliable uniformity of speed through the scanner, an extra step may be added.
In this step, the form is checked for inconsistencies in the number of lines scanned per
inch of the form. When a form is moving slowly, there are relatively more scan lines
per inch, and when the form is moving quickly, there are relatively fewer scan lines per
inch. By using timing tracks, multiple marks spaced from the top to the bottom of the
form, or by using evenly spaced “speed tracks”, calculations are made to identify non-
uniformity in the number of scan lines per inch, and special “Speed Parameters” are
calculated and saved to make appropriate adjustments in the expected location of OMR
response positions. Such an extra step is most likely to be required when the document ‘
has been scanned by an inexpensive scanner that moves the paper past the read

mechanism such as when the document is scanned by a facsimile machine.

[0061] While the preferred embodiment of this patent uses “Sheet Position
Parameters”, “Key Mark Parameters”, and “Speed Parameters” to adjust the locations
of the anticipated OMR response positions, other classifications of parameters can be

calculated and used to accomplish the same results.

Reading a Mark:

[0062] The invention provides a better system of determining whether the

respondent intended a mark.

[0063] In the preferred implementation, either before the locations are set or
after, normalization parameters are set for each hardware pixel used. If the hardware
provides uniformity in the pixels throughout the form and over all sheets processed,
normalization parameters can be set to default values. If the hardware and paper

provide consistent results from sheet to sheet, the normalization parameters can be set
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based on one or more reference sheets. Normally, however, the normalization

parameters are set by a normalization routine processed on each sheet.

[0064] During the normalization routine, the range of values is examined for
each pixel corresponding to the hardware image capture device. Covering, for
example, one inch of the form, the normalization routine identifies the “whitest white”
and the “darkest black” values for each pixel. These values are then adjusted to prevent
such parameters from being overly extreme and are stored as the normalization
parameters. For each hardware pixel, these parameters are used to convert the “raw”
values obtained from the hardware into “normalized” values. When applied to an entire
sheet, these normalization parameters make unmarked areas in the sheet uniformly

white while making the darkest marks uniformly black.

[0065] When 'pixels are processed for any function except locating the physical
document, the normalized values are used so that variances in the paper, light source,
hardware receptors, and the like are compensated for, leaving only variations due to the
relative presence or absence of a mark for each pixel. If bi-tonal values are required,
such normalized pixels can be converted into bi-tonal values through the use of a single
cutoff value: all normalized pixels “lighter” than the cutoff are set to white, and all

normalized pixels “darker” than the cutoff are set to black.

[0066] The system can use two inks in the same manner as with traditional
OMR. The first ink is used to locate the targets or response positions for the
respondent, and the second color is used to print the key marks, track marks, form
identification marks, and the like. When two inks are used, they must be in registration
with each other. Unlike traditional OMR, however, the two inks do not have to be

precisely aligned with a reference edge of the paper.

[0067] When the image is in color, the system ean utilize a single color both for
location key marks or tracks, and for defining the targets. For example, using a form

printed in red ink only, the identification of marks or tracks can be based on the
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absorption of red light while the determination of marks within the OMR response

positions can be done excluding consideration of red.

[0068] The system uses the located OMR response position to define the center
of the OMR response area. Then, using parameters to set the height, width, and other
characteristics of the response area around the center of the that same response area, the
system uses the pixels within the area to determine the relative “intensity” of the mark.
This intensity can utilize both the percentage of the pixels which individually indicate

the presence of a mark, and/or the relative darkness of individual pixels within the area.

[0069] The methods described herein permit significant savings in the design
and production of response forms This means that printed key marks and response
targets need only be relatively close to the locations defined in the Predefined Read
Matrix. In the initial implementation of this invention, deviations of up to 0.125 inches
are acceptable for the overall placement of the form and variations of 5% or more in
height/width of the overall image are acceptable. Across the columns of response
positions on a given line, the response positions should be uniformly spaced. When
timing tracks are used, each line of response positions should be at right angles to the
line of the successive timing marks. When timing tracks are not used, the lines of
response positions should be uniformly spaced within a section defined by a PRM.

When two colors are used, the design should have proper registration among the colors.

[0070] For traditional OMR, only specialized printing plants are capable of
consistently and reliably producing quality scannable documents because of the strict
requirements of registration and dimensionality. In order to meet the strict standards of
traditional OMR forms, almost all forms are printed using multi-station web presses
and special papers. With the improvements in this invention, standard printing presses
can be used. Most professional printers are capable of keeping two or more colors of
ink properly in register and a wide variety of multi-color printing presses can produce
forms applicable for this invention. Forms can be printed using continuous printing
techniques or cut-sheet techniques. Forms can be printed on paper already trimmed to

the final size, printed and trimmed to final size at the same time, or printed and
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subsequently trimmed to size. Forms printed on both sides can have both sides printed

during a single run, can be done by work-and-turn, or can be printed at different times.

[0071] For very small quantities of forms, inexpensive color inkjet printers
and/or color laser printers can be used in lieu of professionally printed forms.
Scannable documents are designed and printed with primarily red ink defining the
targets and ink with substantial blue, black, or green components used to print the key
marks. Respondents can then mark the form with blue, black, or green pen, ballpoint,
pencil or marker. Once the forms have been filled in, they are scanned using a
monochrome image scanner with hardware set to process visual spectrum light
excluding red. As a result, the response targets that are printed in red do not appear in
the digitized image of the form but the key marks and respondent marks do appear in
the digitized image. Alternatively, a color scanner can be used to read the form and
software used to filter out the red ink used to show the respondent where to make the

desired mark.

[0072] For larger quantities, most professional printers are capable of keeping
two or more colors of ink properly in register and a wide variety of multi-color printing
presses caﬁ produce forms applicable for this invention. With the use of color scanners,
even greater savings can be realized as the scannable document can be printed in a
single ink color, or in multiple colors with little regard to color registration. In the
preferred embodiment of this invention, both the key marks and the target response
positions are printed using a single color, specifically red or near-red. In the step to
identify the key marks, software settings are set so that red or near-red marks appear as
dark pixels in the set of normalized pixels. Once the key marks are located, and prior
to determining whether there are marks made by the respondent, the software settings
for normalization are changed so that the red or near red areas on the form appear as
unmarked pixels in the set of normalized pixels. While the preferred implementation of

this process is based on red, other colors can be used in a similar manner.

[0073] This process, then, means that there is only one critical color in the

document. If a second color is used, it need not be in registration with the first. Such
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forms can be inexpensively produced using any means above as well as with single
color presses. Even if two or more colors are required, the additional second colors can

be added at the same time or at a later time. All of the production options listed above

are available so that the least expensive printing techniques can be selected.

Barcode Conversion:

[0074] The same procedures used to locate the OMR response positions can be
used to locate barcodes to be converted into text. Once the area that should contain a
barcode is located, the OMR response positions within that area can be converted and
checked for the presence of a mark in that area as shown in Poor (U. S. Pat. No.
5,452,379).

OCR:

[0075] The same procedures to locate the OMR response positions can be used
to locate areas containing machine printed text characters to be converted into text.
Once the area that should contain printed text characters is located, the OMR response
positions within that area can be converted and checked for the presence of a mark in

that area as shown by Poor (U. S. Pat. No. 5,452,379).

Handprint Recognition:

[0076] The same procedures to locate the OMR response positions can be
advantageously used to locate areas containing handwritten characters that need to be
converted into text. Once the area that should contain handwritten characters has been
located, the OMR response positions within that area can be converted and checked for

the presence of a mark in that area as shown by'Poor (U. S. Pat. No. 5,452,379).

Clipped Images:

[0077] The same procedures to locate the OMR response positions can be
advantageously used to locate areas containing images that need to be saved. Such

“clipped” images can be used for a variety of applications including security such as
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verification of signatures, “key from image” data entry, and the scoring of open-ended
assessments as shown by Poor (U. S. Pat. No. 5,672,060). Once the area that should
contain the image is identified, the OMR response positions within that area can be
converted and checked for the presence of a mark in that area as shown by Poor (U. S.

Pat. No. 5,452,379).

PRM Specifications for Response Forms:

[0078] A preliminary stage in the assessment testing is to design the response
forms. The general characteristics of the form are specified by one or more PRM
(Predetermined Read Matrix) specifications. Then forms are printed corresponding to

the PRM(s) and the characteristics of the hardware that will be used to scan the forms.

[0079] Figure 2 shows examples of two basic types of PRM specifications. The
PRM in the left column defines “track-based” definitions, while the PRM in the right
column defines a matrix of response positions anchored to specific key marks
encompassing three sections of the form. The initial portion specifies global
information for the PRM including the size of the key marks and the size of each OMR
response area. Then, for each section within the PRM, a separate PRM Section is
defined specifying horizontal and vertical locations of key marks and OMR response
positions. For the track-based PRM, the number of rows is derived from the number of
track-marks identified and the vertical location of each response positions is defined
relative to the center of the corresponding timing track. For the matrix-based PRM, the
number of rows and columns are both specified for each section and a matrix of OMR

response positions is anchored relative to the key marks.

[0080] The initial implementation provides extreme flexibility in the definition
of PRMs. PRMs can be based on timing tracks and track-based rows of OMR
responses, key marks and matrix specifications of OMR responses, or a combination of
both on the same form. The number of OMR response positions across the form can

vary in different PRM sections within the same form. The same area can even be



WO 02/15170 PCT/US01/16966
221 -

defined as containing OMR response positions from two or more different PRM section

definitions.

[0081] Turning now to Figure 3, the first part of the figure shows improperly
made response marks that will not be recognized as intended marks by traditional OMR
devices or by an image scanning system when using only the PRM specified in
designing the form. However, a larger area of interest on the form can be defined with
multiple PRMs. The section of the form shown can be processed using a second PRM
with oversided OMR response areas. If no mark is found in any of the valid response
positions using the smaller response positions corresponding to the printed targets, the
oversize response positions can be interrogated using the second PRM to identify

possible intended marks such as those shown.

[0082] As shown in Figure 5, timing tracks and key marks may be rectangular
(6), or may be other printed elements such as text (7), logos (8), or decorative elements

©).

[0083] As long as the printed form corresponds to the appropriate PRM and the
dimensions are close (approximately +5%), the system described herein can
compensate for deviations from expected location in terms of overall placement on the
sheet, alignment to the sheet, and size of the printed form in horizontal and vertical
dimensions. When forms are printed on both sides, each side is treated independently

so that there are no constraints concerning the alignment of the front to the back.

Capturing a Digitized Image of a Sheet:

[0084] As shown in Figure 1, the completed form is scanned by the optical
scanner and a digitized image of the completed form is captured. In a preferred
embodiment, a scanner should capture pixels with at least 120 pixels across the form
and captures rows of pixels at at least 120 rows per inch down the form. In an
embodiment using infra-red scanning, each pixel is captured as a gray scale from 0 to
255, where 0 represents a pixel location where essentially all of the infrared light was

absorbed, and 255 represents a location where essentially all of the infrared light was
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reflected off of the form into the scanning device. In an embodiment using full color
visual spectrum, full color images are typically stored as triads of values with separate
values for red, blue, and green or for cyan, magenta, and yellow, with each value stored

as an intensity varying from 0 to 255.

[0085] The captured image is stored in RAM of the host computer or within
memory of the scanning device. Pixels are extracted as needed from the captured
images. A density of 120 DPI is preferred, although the hardware can scan and capture
the image in some other density such as 200 DPI, 240 DPI, or 300 DPI. When an
image is captured at 240 DPI there are four times as many pixels in the image as in the
preferred DPI, and when an image is captured at 300 DPI, there are more than six times

as many pixels.

[0086] When the image is captured at 120 DPI, the extraction routine merely
points to the first requested pixel within the captured image. If, however, the image is
captured at any other density, the extraction routine selectively sets a vector of pixels as
they would have been if the form had been scanned at 120 DPI and returns a pointer to
the vector. The process to extract such pixels uses standard imaging techniques, but,
because the image itself is not converted, this process ﬁses only a fraction of the time
that would be needed either to convert the entire image to a 120 DPI representation of

the captured image, or to utilize all of the captured pixels for the procedures.

[0087] In converting from one metric to another in image processing it is
desirable to use weighted or interpolated values. The process used in this invention
uses unmodified captured pixels as often as possible to reduce computational
requirements. Figure 6 shows pixel extraction rules for 120, 200, 240 and 300 DPI.
For 200 DPI, two sets of rules are shown. The first, the Raw Pixel Method, provides
rapid extraction with some distortion. The second uses weighting, or interpolation
procedures. A similar method could be used for 300 DPI, but the distortion caused by

using only the raw pixel method to convert to 120 DPI is minimal.
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[0088] If, for design or technical reasons, the form is designed to be read
through the scanner upside down, the system is notified that the form is “flipped”. For
flipped images, the system automatically adjusts the pixels that are returned to go from
the bottom up, from left to right, so that the image processed is upside up. However,
processing is significantly faster if the forms are turned upside-up with appropriate
PRM:s for upside up processing, rather than using the computational cycles to “flip” the

form. }

Hardware Skew:

[0089] Some scanners capture a slightly distorted image in which the right side
of each line represents a location on the original document slightly higher or lower than
that on the left side. This can be caused by a read mechanism that is not at right angles
to the path of the paper, or may be a function of the time it takes to sample the pixels
across one line of the image. In a preferred embodiment of this invention, such
hardware‘ skew is detected through processing of unaltered captured images, and then
an appropriate skew parameter is entered into the system to adjust the expected
locations of response targets. The default value of the skew parameter is zero. The
observed value can be entered in the control.INI file or manually entered into the
system settings as the number of pixels shifted up (positive) or down (negative) per
inch, which is equivalent to the number shifted per 120 pixels. This value is stored as a

Sheet Position Parameter.

Locating the Edges of the Form:

[0090] Unless provided directly by the scanning hardware, the first process
applied to a scanned image is to locate the image of the scanned sheet within the total
pixel scan, as shown in Figure 1 (3). Some scanners will start to store the image before
the start of the form and continue beyond the end of the form, while others will only
store lines of image data when the form itself is detected by the hardware. If not
available from the hardware, the top and bottom edges of the form are located using

standard imaging techniques, such as by interrogating the captured pixel values at
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approximately 17 intervals spread out from the middle of the captured image traversing
the captured image from the top down and from the bottom up. The location of the top

and bottom edges of the form are saved as Sheet Position Parameters.

[0091] After the top and bottom of the form are located, the left and right edges
of the form are located. Many scanners will store an image based on a fixed number of
pixels which normally extend beyond the edges of the form itself. The left and right
edges of the form are located using standard imaging techniques, such as interrogating
the captured pixel values for two lines near the top and also for two lines near the
bottom and traversing the captured image from the left edge to the right and from the
right edge to the left as shown in Figure 7 (11). Once the left and right edges have been
located, the leftmost and rightmost extremes (12 and 13) are saved as Sheet Position

Parameters.

[0092] The skew of the sheet is calculated and saved as a Sheet Position
Parameter for the left and right edges. For the left edge, the horizontal skew can be
defined as the change in the location of the edge from left to right in terms of the
number of pixels of change per inch which is equivalent to the number of pixels shifted
left or right per 120 lines. The vertical skew can be defined as the change in location of
the top of the firm from top to bottom in terms of the number of pixels per inch which
is equivalent to the number of pixels shifted up or down per 120 pixels. The horizontal

and vertical skew are stored as Sheet Position Parameters.

Speed:

[0093] In most cases, the scanning systems provide a fairly uniform speed of
the paper though the scanner. If needed, however, speed adjustments can be made as
shown in Figure 1 (4). In the preferred implementation of the invention, adjustments
for the speed of the paper are performed prior to normalization and the identification of
key marks, even though a given mark may be used for both speed and as a key mark or

track mark for a PRM.,
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[0094] If ‘adjustments for speed are required, the system locates the speed
indicators on the form using standard imaging techniques, primarily edge detection
based on a linear ramp traversing the form from the top line of captured image to the
bottom line of captured image. The line on which a speed indicator first occurs is
recorded. If the difference between the recorded lines is constant for each successive
speed indicator, then the speed of the form was uniform. If there are deviations, then
the speed increased or decreased as the form was scanned and speed adjustments are

needed.

[0095] If speed adjustments are needed based on the observed deviations, a
lookup table is constructed showing a row number within the captured images to be
retrieved for each “nominal” row within the captured image, and the table is stored as a
Sheet Parameter. When the image is captured in a density higher than 120 lines per
inch, this adjustment is made by adjusting which lines in the captured image are

retrieved to provide a 120 lines per inch equivalent.

[0096] - By determining any speed adjustment prior to normalization, the system
ensures that normalization processes will be determined by and applied to the same

retrieved captured pixels that will be used for subsequent processing.

Normalize Pixels on The Sheet:

[0097] Normalization is a process through which the darkness value of pixels
within the captured images are adjusted so that white paper is represented by the same
value throughout the form and black marking is represented by the same value

throughout the form.

[0098] If the hardware provides uniform pixel representation, this step can be
bypassed. Otherwise normalization parameters can be fixed using a configuration
process, or, as shown in Figure 2 (5), recalculated for each sheet. In the preferred
implementation, each sheet is normalized by examining a series of lines from near the
top for approximately one inch. Based on this investigation, the highest (closest to

white) value is calculated for each pixel within the range of pixels for which
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normalization is needed. This same process could be used to determine the black end

of the normalization range.

[0099] To perform the normalizafion, each pixel is assigned to a predefined
lookup table. Each lookup table has a different number of entries: the lowest entry is
zero for black, and the highest entry is 255 for white. A pixel is assigned to the table
with the number of entries corresponding to the difference between the highest and
lowest pixel values as determined above. To convert an observed pixel into a
normalized value, the deviation from the lowest value is used as an index into the table
and the value at that eniry is the normalized value. This process permits a rapid

conversion from captured images into normalized values.

[0100] It is only necessary to normalize those pixels that are actually used for
subsequent processing, and the actual conversion to a normalized value is only
performed when it is required. The preferred implementation determines the
normalization parameters, i.e. the lowest and highest values and the appropriate lookup

table, for all pixels within the range of pixels for which normalization is needed.

[0102] For the remainder of the operations, a special function retrieves vectors
of pixels from the captured images. In the preferred implementation, this function
returns a pointer to a vector of normalized pixels at 120 DPI using the extraction
procedures shown in Figure 12 and the normalization procedures outlined above. If
the scanner normalizes the pixels, the function returns a pointer based on the captured
images. Otherwise the function creates a vector of pixels which are captured image

pixels normalized as just described.

Calculate Area of Interest Location Parameters:

[0103] An aspect of this invention is determining the location of OMR response
areas and other areas of interest in the captured image. This process is controlled
through the stored PRMs. Locations within the PRM are specified relative to the top of
the form and relative to the right or left edge of the form. The top of the form is located

at position “0”, and most vertical positions are specified relative to the top in units of
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120 per inch. If relative to the left edge, the left edge is located at position “0” and all
horizontal positions are specified relative to the left in units of 120 per inch. If relative
to the right edge, the right edge is assigned position “0” and all horizontal positions are
specified as negative deviations from the edge in units of 120 per inch. Within the
PRM, there are one or more sections that are defined in terms of tracks or in terms of
multiple key marks that anchor any given area. Each section of the PRM is processed

separately.

[00104] Based on the active PRM, ‘expected’ locations are determined for key
marks or timing tracks, and the system adjusts these expected locations through the
Sheet Position Parameters as shown in Figure 1 (7), and then processes the captured

image to locate the key marks or timing tracks in the adjusted area.

[0105] Once the key marks or timing tracks are located, their locations are used
to set Key Mark Parameters which include overall deviation from expected location,
vertical skew, horizontal skew, vertical location stretch, and horizontal stretch.
Different Key Mark Parameters are calculated depending upon the characteristic of the

PRM section being processed.

[0106] If the section is based on timing tracks, the section typically contains
only one “key mark™ specification - that of the timing track. For the timing track, the
vertical position is specified as zero, indicating that it can appear anywhere vertically in
the form. The horizontal position sets the nominal distance (in 120 DPI) from the left
edge (positive value) or the right edge (negative value). Additional parameters set the
critical edge position of the track as its left edge, right edge, or center. Based on the
nominal distance from an edge, the system examines the captured image for the
presence of a timing track starting at the top of the captured image and traversing down.
The examination is done at several points to the left and right of the nominal location to
account for the possibility of the track being shifted to the left or right of its expected
position. When a track is located, its exact position is determined by standard image
processing techniques. Each time a track is identified, the expected horizontal location

is changed to the observed location prior to searching for the next track. Additionally,
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the skew in the Sheet Position Parameters can be used to adjust the expected location of
timing tracks by adjusting the expected location left or right based on the value of the

location skew.

[0107] Once all of the timing tracks have been located, the skew or tilt of the
captured image is calculated based on the change in the horizontal position of the tracks
at the top to the horizontal position of the tracks at the bottom. While there are several
methods to calculate such a skew, in the preferred embodiment, the skew is calculated
based to the first and last timing track only and this “track skew” is expressed as the
number of pixels that the tracks drift left (negative) or right (positive) per inch which is

the same as per 120 lines.

[0108] Once the “track skew” is identified, it is used in conjunction with the
hardware skew to determine the vertical skew. Since each line of OMR positions
should be at right angles to the line of timing tracks, the vertical positions should go up
(positive) or down (negative) at the same rate that the horizontal positions shift right or

left so that the total vertical skew is the sum of the track skew plus the hardware skew.

Enhanced Timing Tracks:

[0109] In the standard timing track processing, the vertical spacing of the OMR
response positions and other areas of interest are based on the observed locations of the
timing tracks. The horizontal spacing, however, is based primarily on fixed values. In
a preferred implementation of the invention, these fixed values are stored in the PRM
section specifications. Further, the vertical skew is derived from the horizontal skew.
An enhanced version of timing track processing includes methods to observe the

horizontal spacing and the vertical skew.

[0110] In the preferred implementation, these observations are based on the
additional key marks in the PRM section definition, typically located at the opposite
edge of the form from the timing tracks . As shown in Figure 8 (14a and 14b), these
additional key marks are typically mirror the first (15) and last (16) timing mark. The

vertical deviation from the first timing track to the corresponding opposite edge key
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mark is used to determine the vertical skew. The distance from the timing track to the
opposite edge key mark is used to show the horizontal deviation from expectation over
that distance, and is used to calculate a horizontal stretch adjustment. These calculated

parameters are stored as Key Mark Parameters.

Matrix Based PRM:

[0111] For a matrix based PRM, both the vertical and horizontal stretch and
skew are based on observations. Multiple key marks are specified, typically at the top
and bottom of an area and with marks near both the left and right edges such as shown
in Figure 6b. In the preferred embodiment, section definitions within the active PRM
specify the locations of the key marks relative to the top of the form and relative to the
left or right edge of the form. As with the track-based processing, based on the PRM
specified distance from an edge, the system examines the captured image for the
presence of the key marks starting at the vertical position specified in the PRM and
traversing up and down within the captured image to account for the possibility that the
mark may be in the captured image higher or lower than expected. The examination is
done at several points to the left and right of the specified location to account for the
possibility of the key mark being shifted to the left or right of its expected position.
When a key mark is located, its exact position is determined by standard image
processing techniques. Each time a key mark is identified, its deviations from its
expected horizontal and vertical locations are stored and the expected horizontal and
vertical locations of subsequent key marks are adjusted accordingly. Additionally, the
skew in the Sheet Position Parameters can be advantageously used to adjust the
expected location of key marks by adjusting the expected location left or right, up or

down.

[0112] Once the key marks are located, their observed locations and deviations
from the “expected” locations can be used to set the Key Mark Parameters including

horizontal and vertical stretch and skew.
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Locating OMR Response Locations:

[0113] As shown in Figure 1 (8), based on the appropriate PRM section, the
nominal location of each OMR response position is specified. Then this nominal
location is adjusted by using the calculated parameters so that the expected location of

the OMR response position within the captured image is known.

Timing Track PRM Section:

[0114] For timing track based PRM sections, nominal locations of the OMR
positions corresponding to each track mark are calculated based on the vertical location
of the timing track and the PRM section definition. For each OMR response position
corresponding to a timing track, the nominal vertical position is the vertical position of
the track plus the offset specified in the PRM specification. The horizontal position of
each OMR response position is calculated from the PRM definition in terms of pixels
(at 120 DPI) from the reference edge and adjusted right or left by the deviation of the
timing track from its expected position to its observed horizontal location. The same

procedures are used to obtain the nominal OMR locations for enhanced timing track

PRM sections.
Matrix Based PRM Section:

[0115] For matrix based PRM sections, nominal locations of the OMR positions
are based on the location of the upper-left key mark and the settings in the PRM section
definition. The horizontal nominal location of each OMR response position is
calculated from the PRM definition in terms of pixels (at 120 DPI) from the reference
edge and adjusted right or left by the deviation of the first key mark from its expected
position to its observed horizontal location. The vertical nominal location of each OMR
response position is calculated from the PRM definition in terms of pixels (at 120 DPI)
from the top edge and adjusted up or down by the deviation of the first key mark from

its expected position to its observed vertical location.
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Locating OMR Response Positions in The Image:

[0116] In the preferred embodiment, two steps are required to obtain a desired
“goodness of mark” for any specified OMR position. First the location of the response
area within the captured image must be found, and then the “goodness of mark” must

be calculated based on the normalized pixels within that located area

[0117] The “nominal” location of each OMR response position is determined
by the active PRM for the captured image as described above. Once the nominal
locations are located, for each OMR position, the actual horizontal and vertical
locations are set by adjusting the nominal locations by the calculated parameters
including the Sheet Position Parameters, the Speed Parameters, and the Key Mark
Parameters. These parameters permit adjustment for horizontal and vertical stretch and

skew as well as adjustments for the location of the form within the captured image.

[0118] The calculation of the nominal positions can be performed prior to
applying the location parameters, or the final expected locations can be calculated using
information from the PRMs and the location parametersv concurrently. The separate
calculation of nominal locations is provided for ease in explanation, and, in the
preferred implementation, only the final expected location within the image is

calculated.

[0119] The calculation of the final locations of each OMR response position
can be done for all OMR response positions at one time, or the calculation can be
deferred until a particular OMR response position is needed. In the preferred
embodiment, the final locations for all OMR response positions are set immediately
after locating the appropriate timing tracks and/or key marks. In applications with
sparse use of OMR response positions, it may be faster to defer such calculations until

needed.
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Determine Mark Values of OMR Response Positions:

[0120] In the preferred embodiment, each possible OMR response position is |
defined as a matrix of rows and columns and represented in a two-dimensional array of
values. Upon reading the sheet, each value is set to an “undefined” state. If the
application requires processing of a particular response position with the corresponding
array value set as undefined, its “goodness of mark” or “intensity” is calculated using
the methods shown below and stored in the array. Subsequent references to the OMR
position use the stored value. With this procedure, only those OMR positions that are
needed by the application program are converted to values. For most sheets processed,
then, only a small minority of OMR read positions ever get converted into “goodness of
mark” or “intensity” values, yielding significant computational savings. Once an
intensity value is determined, that value is saved and referenced if it is needed
subsequently rather than determining the value a second time. In applications where a
given OMR response position is rarely referenced more than one time, it may be more
efficient to not save the determined values but recalculate the OMR intensity value

each time it is referenced.

[0121] As shown in Figure 1 (9), the mark value is determined by the pixels
“near” the center of the OMR response position. Based on the PRM, each OMR
response area is defined as a sub matrix of pixels within the captured image, with the
width given as the number of pixels, and the height given as the number of consecutive
number or rows of pixels. In the preferred embodiment, the response area is centered

around the final response position within the captured image,

[0122] Pixels within this area are classified by their proximity to the center of
the OMR response area as shown in Figure 9 with the area composing a set number of
rows and columns. In the example, each OMR response position consists of 9 rows and
9 pixels. The count of the number of pixels in the response area define the “total pixel
area”. A vector of weights (17) is provided that is applied to each pixel’s horizontal
and vertical proximity to the center of the OMR position. In the example, pixels near

the center have more weight than those further from the center. One alternative table
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with all unity values would give all pixels throughout the total pixel area the same
weight. A lookup table is provided to convert each normalized pixel value (from O to
255) to an OMR contribution value (from 0 to 15). Each pixel within the response
position is converted to an OMR contribution value which is multiplied by both the
horizontal and vertical weight for its position relative to the center of the OMR
response positions. The product of the horizontal and vertical weights are shown for
the pixel weight table given for each pixel in the pixel area (18). The sum of all such
weighted contribution values is calculated. At the same time that the sum is calculated,
counters are incremented to get the number of pixels within predefined ranges such as
no mark, light, medium, and dark. The final “intensity” value for the OMR read

position can be derived from any of a multitude of formulas using these accumulations.

[0123] In the preferred implementation, the intensity determination utilizes only
the sum of the weighted contribution values as a percentage of the maximum possible
sum with the percentage converted to a final value through the use of a lookup table.
The size, weights, and lookup tables can be adjusted so that this procedure closely

approximates any traditional OMR device.

[0124] An alternative final value based on the extent of marks within the
response area utilizes counters of pixels that are medium or dark converted to a
percentage of the total pixel area and then converted to a final value through the use of
a lookup table. The size of the response, the specifications for what constitutes a
“medium” or “dark” pixel, and the lookup tables can be adjusted so that this procedure

closely approximates and bi-tonal image to OMR procedure.

[0125] The particular formula or procedure used to determine the final intensity
value for each OMR read position depends on the particular application, the
instructions to respondents on how to mark the form, the read characteristics of the
hardware, and other considerations. The advantage of the current invention is that it
provides a structure in which such determinations can be easily made and tested within

the software used.
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Locating Other Areas of Interest:

[0126] For other areas of interest, such as those containing barcodes, machine
printed text for OCR, handprint characters, or areas for clipped image storage, the
controlling program must specify the “expected” location of the area of interest. In the
preferred embodiment, the location information is given as the upper left coordinates
and the lower right coordinates. The vertical component is expressed as the number of
lines from the top of the form (in 120 DPI units). The horizontal component is
expressed as the distance in pixels from the left edge of the form (if positive), or the

right edge of the form (if negative) in 120 DPI units.

[0127] The system applies the location parameters to these expected
coordinates to derive the actual locations of the upper-left and lower-right coordinates

of the area of interest in the captured image.

[0128] Once the barcode area has been located as defined above, several aspects
of this invention can be utilized to reduce computational time needed to decode the
series of dark and white bars into text characters. The first aspect that saves
computational time is in having the controlling program limit the area of the sheet in

which a barcode may be located so that fewer pixels need to be examined.

[0129] If custom barcode processing is implemented, this invention permits
rapid identification of bars through normal image processing edge detection techniques.
Such a procedure can be applied to the raw pixels or to the normalized pixels.
Alternatively, the bars can be located by treating each pixel as bi-tonal, i.e. on (black)
or off (white). In addition to providing raw pixels and normalized pixels, the system
can provide vectors of bi-tonal representations of pixels. In the preferred embodiment,
pixels are quickly converted to bi-tonal format by applying a single value cutoff to the
normalized pixel: values at or above the cutoff being set as white and values below the
cutoff being set as black. The system, then, can provide vectors of pixels to be
converted into sequences of bars, and then the pattern of the bars can be converted into

text.
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[0130] An alternative procedure is to create an image suitable for a
commercially available barcode software to decode. Such an image can be created in
the host computer RAM and passed to a separate process to be converted into text.
Typically such commercially available software requires that the image containing the
barcode be bi-tonal. Using the single cutoff procedure described above, the system can
provide a derived black and white image of the area of interest. In the preferred
embodiment of the invention, the image will normally be created using the rows of
pixels and columns of pixels as found in the captured image. When there is any skew or
stretch in the captured image, the same skew and/or stretch will appear in the created

bi-tonal image.

Processing OCR Areas:

[0131] Once an area containing machine printed text for OCR has been located
as defined above, several aspects of this invention can be utilized to reduce
computational time needed to decode the printed material into text characters. The first
aspect that saves computational time is in having the controlling program limit the area
of the sheet in which OCR characters may be located so that fewer pixels need to be

examined.

[0132] In the preferred embodiment, the system creates an image of the area of
interest suitable for a commercially available OCR software to decode. The image is
created in the host computer RAM and passed to a separate process to be converted into
text. Typically such commercially available software requires that the image be bi-
tonal. In the preferred embodiment, pixels are quickly converted to bi-tonal format by
applying a single value cutoff to the normalized pixel: values at or above the cutoff
being set as white and values below the cutoff being set as black. In the preferred
embodiment of the invention, the image is normally created using the rows of pixels
and columns of pixels as found in the captured image. When there is any skew or
stretch in the captured image, the same skew and/or stretch will appear in the created

bi-tonal image.
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[0133] The system provides an opportunity for improved OCR. In some cases,
smudges or light areas within the printed characters result in unwanted black pixels and
desired pixels being white within the bi-tonal image. If the OCR process results in less
than certain conversion to text, the OCR process can be repeated multiple times using
different cutoff values to derive the bi-tonal values and the results of multiple
executions of the OCR process combined as the final result. Alternatively and
preferably, OCR processes can be developed to act on the normalized pixels directly so
that smudges and the like can be ignored, and light marks can be processed within the

OCR process itself.

Processing Handprint Areas:

[0134] Once an area containing handprinted characters has been located as
defined above, the system can control the conversion to text. In the preferred
embodiment, the system creates an image of the area of interest suitable for a
commercially available software to decode the handprint characters. The image is
created in the host computer RAM and passed to a separate process to be converted into

text.

[0135] Because the darkness of handwriting can vary significantly from
individual to individual and can vary significantly depending on the writing instrument
used, the preferred implementation of this invention includes the calculation of special
“image normalization” parameters for the area of interest. While the normalized pixels
based on the sheet will be appropriate for many instances, such as those with bold dark
marks made with a dark instrument, they may be inappropriate for others, such as those
with light colored pens, light pencil marks, and the like. Using the same procedures as
used to normalize the entire sheet, separate parameters can be used to determine the
“whitest white” or the “darkest dark” for each pixel or over the image area. In the
preferred embodiment, the white values from the sheet normalization are used on a
pixel-by-pixel basis, and a single darkest dark value is calculated for the image. This
process permits rapid adjustment of the normalization parameters for the image with a

minimum of computation.
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[0136] Typically commercially available software requires that the image be bi-
tonal. In the preferred embodiment, pixels are quickly converted to bi-tonal format by
applying a single value cutoff to the normalized pixels with the normalization being
based on the image normalization parameters: values at or above the cutoff being set as
white and values below the cutoff being set as black. In the preferred embodiment of
the invention, the image is normally created using the rows of pixels and columns of
pixels as found in the captured image. When there is any skew or stretch in the captured

image, the same skew and/or stretch will appear in the created bi-tonal image.

[0137] The system provides an opportunity for improved handprint character
recognition. In many cases, smudges or light areas within the characters result in
unwanted black pixels and desired pixels being white within the bi-tonal image. If the
recognition process results in less than certain conversion to text, the process can be
repeated multiple times using different cutoff values to derive the bi-tonal values and
the results of multiple executions of the process combined as the final result.
Alternatively and preferably, handprint recognition processes can be developed to act
on the normalized pixels directly so that smudges and the like can be ignored, énd light

marks can be processed within the recognition process itself.

Processing Clipped Image Storage Areas:

[0138] Once an area for clipped image storage has been located as defined
above, the system can write the desired image to the appropriate output device. In the
preferred embodiment, the system writes appropriate information to the output device,
typically a hard drive or display, on a line-by line basis. Alternatively, the image can
be created in the host computer RAM and passed to a separate process to be saved or

displayed.

[0139] The system provides options to save clipped images in several formats
including TIFF and custom formats. Images can be stored with 8-bit, 4-bit, or 2-bit
gray-scale representations of each pixel as well as bi-tonal representations. Other

formats can be added including other standard image formats and other custom formats.
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[0140] Except for formats based on raw image data, all clipped images are
based on normalized pixels. Within the area to be captured, the darkness of the
contents to be saved may vary significantly from sheet to sheet. For example, if the
area contains a handwritten material such as (a) a response to an open-ended
assessment, (b) a comment to an open-ended survey question, or (c) a respondent’s
name and address, the darkness of handwriting can vary significantly from individual to
individual and can vary significantly depending on the writing instrument used, the
preferred implementation of this invention includes the calculation of special “image
normalization” parameters for the area of interest. While the normalized pixels based
on the sheet will be appropriate for many instances, they may be inappropriate for
others. Using the same procedures as used to normalize the entire sheet, separate
parameters can be used to determine the “whitest white” or the “darkest dark” for each
pixel or over the image area. In the preferred embodiment, the white values from the
sheet normalization are used on a pixel-by-pixel basis, and a single darkest dark value
is calculated for the image. This process permits rapid adjustment of the normalization

parameters for the image with a minimum of computation.

[0141] For 8-bit formats, the normalized pixels are used. For 4-bit formats, the
high order nibble of the 8-bit normalized pixels are used. For the custom 2-bit images,
a special lookup table converts the 8-bit normalized pixels to no mark, light, medium,
and dark based on three cutoff values. For bi-tonal, 1-bit images, the single cutoff
procedure is used applied to the normalized pixels: values at or above the cutoff being

set as white and values below the cutoff being set as black.
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What is claimed is:
1. A method of locating an area of interest within a digital image of a form

captured by an imaging scanner, said method comprising the steps of:

a) locating edges of the captured image of the form within a total pixel

scan captured by the scanner;

b) determining a sheet position parameter related to the location of the
edges;

c) defining an expected location of the area of interest; and

d) adjusting the expected location based upon the sheet position parameter.
2. A method of locating an area of interest within a digital image of a form

captured by an imaging scanner, said method comprising the steps of:

a) defining expected locations of preprinted key marks in the image;

b) interrogating pixels within a proscribed area around key mark expected
locations to locate key marks in the image;

c) determining a key mark parameter related to the location of the key
marks;

d) defining an expected location of the area of interest; and

€) adjusting the expected location of the area of interest based upon the key

mark parameter.

3. A method of locating an area of interest within a digital image of a form

captured by an imaging scanner, said method comprising the steps of:

a) locating edges of the captured image of the form within a total pixel
scan captured by the scanner;

b) determining a sheet position parameter related to the location of the
edges;

c) defining expected locations of preprinted key marks in the image;

d) adjusting the key mark expected locations based upon the sheet position
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parameter;

e) interrogating the pixels within a proscribed area around each adjusted
key mark expected location to locate the key marks in the image; |

1) determining key mark parameters related to the location of the key
marks;

2) defining an expected location of the area of interest; and

h) adjusting the expected location of the area of interest based upon a key

mark parameter.

4. A method of locating an area of interest within a digital image of a form

captured by an imaging scanner, said method comprising the steps of:

a) defining expected locations of preprinted speed marks in the image;
b) interrogating the pixels within a proscribed area around expected speed

mark locations to locate the speed marks in the image;

c) determining a scanning speed parameter related to spacings between the
speed marks;

d) defining an expected location of the area of interest; and

e) adjusting the expected location of the area of interest based upon the

scanning speed parameter.

5. A method of locating an area of interest within a digital image of a form

captured by an imaging scanner, said method comprising the steps of;

a) locating edges of the captured image of the form within a total pixel
scan captured by the scanner;

b) determining a sheet position parameter related to the location of the j
edges;

c) defining expected locations of preprinted speed marks in the image;

d) adjusting the speed mark expected locations based upon the sheet
position parameter;

€) interrogating pixels within a proscribed area around adjusted speed

mark expected locations to locate the speed marks in the image;
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j) determining a scanning speed parameter related to spacings between the
speed marks;
g) defining an expected location of the area of interest; and
h) adjusting the expected location of the area of interest based upon the

scanning speed parameter.

6. The method of claim 5, comprising the additional step of adjusting the expected
location of the area of interest based upon the sheet position parameter.

7. A method of locating an area of interest within a digital image of a form
captured by an imaging scanner, said method comprising the steps of:

a) locating edges of the captured image of the form within a total pixel

scan captured by the scanner;

b) determining a sheet position parameter related to the location of the
edges; A

c) defining expected locations of preprinted speed marks in the image;

d) adjusting the speed mark expected locations based upon the sheet
position parameter;

e) interrogating pixels within a proscribed area around adjusted speed

mark expected locations to locate the speed marks in the image;

f) determining a scanning speed parameter related to spacings between the
speed marks;

g) defining expected locations of preprinted key marks in the image;

h) adjusting the key mark expected locations based upon the scanning
speed parameter;

i) interrogating pixels within a proscribed area around each adjusted key

mark expected location to locate the key marks in the image;

j) determining a key mark parameter related to the location of the key
marks;

k) defining an expected location of the area of interest; and

1) adjusting the expected location of the area of interest based upon a key
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8. The method of claim 7 comprising the additional step of adjusting the expected

location of the area of interest based upon the scanning speed parameter.

9. A method of locating an area of interest within a digital image of a form

captured by an imaging scanner, said method comprising the steps of:

a) defining an expected location for the area of interest based upon an
idealized captured image of the form;

b) locating the digital image of the form within a total pixel scan captured
by the scanner;

c) calculating a sheet position parameter related to the location of the

digital image of the form; and

d) adjusting the expected location for the area of interest based upon the
sheet position parameter.
10. A method of locating an area of interest within a digital image of a form

captured by an imaging scanner, said method comprising the steps of:

a) defining an expected location for the area of interest based upon an
idealized captured image of the form,;

b) defining an expected location of preprinted key marks based upon an
idealized captured image of the form;

c) interrogating pixels within a proscribed area around the expected
locations of a plurality of key marks to locate those key marks in the captured image of
the form;

d) determining a key mark parameter related to the location of the key
marks in the captu}red image; and

e) adjusting the expected location Qf the area of interest based upon the key

mark parameter.

11. A method of locating an area of interest within a digital image of a form

captured by an imaging scanner, said method comprising the steps of:
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a) defining an expected location for the area of interest based upon an
idealized captured image of the form;

b)  defining an expected location of preprinted speed marks based upon an
idealized captured image of the form; |

c) interrogating pixels within a proscribed area around the expected
locations of the speed marks to locate those speed marks in the captured image;

d) determining a scanning speed parameter related to the spacing of the
speed marks in the captured image; and

€) adjusting the expected location of the area of interest based upon the

scanning speed parameter.

12. A method of optical mark reading (OMR) with a digital imaging scanner, said

method comprising the steps of:

a) scanning with a digital imaging scanner a sheet with a plurality of OMR
response targets to capture an image of the sheet and any OMR response marks made
thereon;

b) locating edges of the captured image of the sheet within a total pixel
scan captured by the scanner;

c) determining a sheet position parameter related to the location of the
edges;

d) aeﬁning an expected location of an OMR response target based upon an
idealized captured image of the sheet;

€) adjusting the expected location of the OMR response target based upon
the sheet position parameter;

1) interrogating the darkness value of a plurality of pixels within a
proscribed area determined from the adjusted expected location of the OMR response
target; and '

2) making a goodness of mark determination based upon the darkness

values.

13. A method of optical mark reading (OMR) with a digital imaging scanner, said
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a) scanning with a digital imaging scanner a sheet with a plurality of OMR
response targets and preprinted key marks to capture an image of the sheet and any
OMR response marks made thereon;

b) locating key marks in the captured image of the sheet;

c) determining a key mark parameter based upon the location of the key
marks in the captured image;

d) defining an expected location of an OMR response target based upon an
idealized captured image of the sheet;

€) adjusting the expected location of the OMR response target based upon
the key mark parameter;

f) interrogating the darkness value of a plurality of pixels within a
proscribed area determined from the adjusted expected location of the OMR response
target; and

g) making a goodness of mark determination based upon the darkness

values.

14. A method of optical mark reading (OMR) with a digital imaging scanner, said

method comprising the steps of:

a) scanning with a digital imaging scanner a sheet with a plurality of OMR
response targets and speed marks to capture an image of the sheet and any OMR
response marks made thereon;

b) locating speed marks in the captured image of the sheet;

c) determining a scanning speed parameter based upon the location of the
speed marks in the captured image;

d) defining an expected location of an OMR response target based upon an
idealized captured image of the sheet;

e) adjusting the expected location of the OMR response target based upon
the scanning speed parameter;

f) interrogating the darkness value of a plurality of pixels within a
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proscribed area determined from the adjusted expected location of the OMR response
target; and

2) making a goodness of mark determination based upon the darkness

values.

15. A method of normalizing the darkness value of pixels captured from a form by

an optical scanning device, said method comprising the steps of:

a) scanning the form with an optical scanning device capable of producing
pixel darkness values related to a relative amount of light reflected from the form;

b) recording the darkness value of individual pixels in the scan;

c) defining an area of the form to examine for determining pixel
normalization parameters;

d) identifying the pixel darkness value corresponding to the least amount of
light reflected within the area;

e) determining a normalization scale such that the pixel darkness value
corresponding to the least amount of light reflected corresponds to a darkness value
corresponding approximately to pure black; and

f) applying the normalization scale to the recorded darkness values to

create normalized darkness values.

16. A method as in claim 15, wherein the optical scanning device is capable of
producing pixel darkness values corresponding to a standard scale of darkness
increments between pure black and pure white, and the step of determining a

normalization scale is accomplished by the sub-steps of:

a) providing a plurality of look-up tables each having a differentiated scale
of fewer increments than the standard scale, and

b) selecting a look-up table based upon the difference between the pixel
darkness value corresponding to the least amount of reflected light and the standard

scale value corresponding to pure black.

17. A method as in claim 15 wherein the standard scale has increments from 0-255

from pure white to pure black.
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18. A method of normalizing the darkness value of pixels captured from a form by

an optical scanning device, said method comprising the steps of:

a) scanning the form with an optical scanning device capable of producing
pixel darkness values related to a relative amount of light reflected from the form;

b) recording the darkness value of individual pixels in the scan;

c) defining an area of the form to examine for determining pixel
normalization parameters;

d) identifying the pixel darkness value corresponding to the greatest
amount of light reflected within the area;

e) determining a normalization scale such that the pixel darkness value
corresponding to the greatest amount of light reflected cbrresponds to a darkness value
corresponding approximately to pure white; and

) applying the normalization scale to the recorded darkness values to

create normalized darkness values.

19. A method as in claim 18, wherein the optical scanning device is capable of
producing pixel darkness values corresponding to a standard scale of darkness
increments between pure black and pure white, and the step of determining a

normalization scale is accomplished by the sub-steps of:

a) providing a plurality of look-up tables each having a differentiated scale
of fewer increments than the standard scale, and

b) selecting a look-up table based upon the difference between the pixel
darkness value corresponding to the greatest amount of reflected light and the standard

scale value corresponding to pure white.

20. A method as in claim 18, wherein the standard scale has increments from 0-255
from pure white to pure black.

21. A method of normalizing the darkness value of pixels captured from a form by

an optical scanning device, said method comprising the steps of:

a) scanning the form with an optical scanning device capable of producing
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pixel darkness values related to a relative amount of light reflected from the form;

b) recording the darkness value of individual pixels in the scan;

c) defining an area of the form to examine for determining pixel
normalization parameters;

d) identifying the pixel darkness value corresponding to the greatest

amount of light reflected within the area;

e) determining a normalization scale such that the pixel darkness value
corresponding to the greatest amount of light reflected corresponds to a darkness value
corresponding approximately to pure white and the pixel darkness value corresponding
to the least amount of light reflected corresponds to a darkness value corresponding
approximately to pure black; and

) applying the normalization scale to the recorded darkness values to

create normalized darkness values.

22. A method of normalizing the darkness value of pixels captured from a form by
an optical scanning device having multiple optical elements, said method comprising

the steps of:

a) scanning the form with an optical scanning device having multiple
optical elements capable of producing pixel darkness values related to a relative

amount of light reflected off the form to the element;

b) recording the pixel darkness values produced by each optical element;

c) defining a section of the form to examine for determining pixel
normalization parameters;

d) identifying, for each optical element, the pixel darkness value

corresponding to the least amount of light reflected within the section;

e) determining a normalization scale for each optical element such that the
pixel darkness value corresponding to the least amount of light reflected corresponds
to a darkness value corresponding approximately to pure black; and

f) applying the appropriate normalization scale to the recorded darkness

values to create normalized darkness values.
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23. A method as in claim 22, wherein each optical scanning element is capable of
producing pixel darkness values corresponding to a standard scale of darkness
increments between pure black and pure white, and the step of determining a

normalization scale is accomplished by the sub-steps of:

a) providing a plurality of look-up tables each having a differentiated scale
of fewer increments than the standard scale, and

b) selecting a look-up table based upon the difference between the pixel
darkness value corresponding to the least amount of reflected light and the standard

scale value corresponding to pure black.

24. A method of normalizing the darkness value of pixels captured from a form by
an optical scanning device having multiple optical elements, said method comprising

the steps of:

a) scanning the form with an optical scanning device having multiple
optical elements capable of producing pixel darkness values related to a relative
amount of light reflected off the form to the element;

b) recording the pixel darkness values produced by each optical element;

c) defining a section of the form to examine for determining pixel
normalization parameters;

d) identifying, for each optical element, the pixel darkness value
corresponding to the greatest amount of light reflected within the section;

€) determining a normalization scale for each optical element such that the
pixel darkness value corresponding to the greatest amount of light reflected
corresponds to a darkness value corresponding approximately to pure white; and

f) applying the appropriate normalization scale to the recorded darkness

values to create normalized darkness values.

25. A method as in claim 24, wherein each optical scanning element is capable of
producing pixel darkness values corresponding to a standard scale of darkness
increments between pure black and pure white, and the step of determining a

normalization scale is accomplished by the sub-steps of:
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a) providing a plurality of look-up tables each having a differentiated scale
of fewer increments than the standard scale, and

b) selecting a look-up table based upon the difference between the pixel
darkness value corresponding to the greatest amount of reflected light and the standard

scale value corresponding to pure white.

26. A method of normalizing the darkness value of pixels captured from a form by
an optical scanning device having multiple optical elements, said method comprising

the steps of:

a) scanning the form with an optical scanning device having multiple
optical elements capable of producing pixel darkness values related to a relative

amount of light reflected off the form to the element;

b) recording the pixel darkness values produced by each optical element;

c) defining a section of the form to examine for determining pixel
normalization parameters;

d) identifying, for each optical element, the pixel darkness value

corresponding to the greatest amount of light reflected to any optical element within the
section;

e) identifying the pixel darkness value corresponding to the least amount of
light reflected to any optical element within the section;

f) determining a normalization scale for each optical element such that the
pixel darkness value corresponding to the greatest amount of light reflected
corresponds to a darkness value corresponding approximately to pure white and the
pixel darkness value corresponding to the least amount of light corresponds to
approximately pure black; and

2) applying the appropriate normalization scale to the recorded darkness

values to create normalized darkness values.

27. A method of normalizing the darkness value of pixels captured by optically

scanning a form, said method comprising the steps of:

a) scanning the form with an optical imaging scanner having an array of
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optical elements capable of producing an image of the form and, for each pixel of the
image a gray scale value of light reflected off the form, the scale ranging from 0 for
pure black to 255 for pure white;

b) recording the gray scale value for each pixel;

c) defining an area within the image of the form to examine for
determining pixel normalization parameters;

d) detecting, for each optical element, the highest recorded gray scale
value within the area;

€) determining a normalization scale for each optical element based upon
the difference between its highest gray scale value and 255; and

) applying the associated normalization scale to pixels within the captured

image to covert gray scale values to normalized values.

28. A method of normalizing the darkness value of pixels captured by optically

scanning a form, said method comprising the steps of:

a) scanning the form with an optical imaging scanner having an array of
optical element capable of producing an image of the form and, for each pixel of the
image, a gray scale value ranging from 0 for pure black to 255 for pure white;

b) recording the gray scale value for each pixel;

c) defining an area within the image of the form to examine for
determining pixel normalization parameters;

d) detecting, for each optical element, the highest recorded gray scale
value within the area;

e) determining a white normalization scale for each optical element related
to the difference between the highest gray scale value and 255 ;

f) applying the associated white normalization scale to pixels within the
captured image;

g)  detecting the lowest gray scale value recorded within the area;

h) determining a black normalization scale for each optical element related
to the difference between the lowest gray scale value and 0 ; and

i) applying the black normalization scale to the white normalized values .
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29. A method of normalizing the color intensity value of pixels captured from a

form, said method comprising the steps of:

a) scanning the form with an optical imaging scanner capable of producing
an image of the form and, for each pixel in the image, a color scale value related to a

relative amount of light in a particular color band that is reflected from the form;

b) recording the color scale value for each pixel in the scan;

c) defining an area within the image of the form to examine for pixel
normalization;

d) detecting the highest color scale value of pixels within the area;

€) determining a normalization parameter related to the difference between

the highest color scale value of pixels within the area to the highest value of the scale;
and
) applying the normalization parameter to pixels within the captured

image to covert a pixel’s color scale value to a normalized value.

30. A method of normalizing a color scale value of pixels captured from a form,

said method comprising the steps of:

a) scanning the form with an optical imaging scanner capable of producing
an image of the form and, for each pixel in the image, a color scale value related to a
relative amount of light in a particular color band that is reflected by the form;

b) recording the color scale value for each pixel in the scan;

c) defining an area within the image of the form to examine for

determining pixel normalization parameters;

d) detecting the highest and the lowest color scale values of pixels within
the area;
e) determining a normalization parameter related to the difference between

the highest color scale value of pixels within the area to the highest value of the scale,
and related to the difference between the lowest color scale value of pixels within the
area to the lowest value of the scale; and

f) applying the normalization parameter to pixels within the captured
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image to covert a pixel’s color scale value to a normalized value.

31. A method of converting a gray scale scanned image to a bi-tonal digital image,

the method comprising the steps of:

a) scanning a form with an optical imaging scanner capable of producing
an image of the form and, for each pixel in the image, a gray scale value related to a

relative amount of light reflected by the form;

b) recording the gray scale value for each pixel in the scan;

c) defining an area within the image of the form to examine for pixel
normalization;

d) detecting the highest gray scale value of pixels within the area;

e) determining a normalization parameter related to the difference between

the highest gray scale value of pixels within the area to a value corresponding
approximately to a pure white sheet;

f) applying the normalization parameter to pixels within the captured
image of the form to covert a pixel’s gray scale value to a normalized value;.

2) selecting a cut-off value within the gray scale; and

h) converting all pixels with normalized gray values above the cut-off
value to the bi-tonal digit 0 (white), and all pixels with normalized gray values below

the cut-off value to the bi-tonal digit 1 (black).

32. A method of optical mark reading (OMR) with an optical imaging scanner, said

method comprising the steps of:

a) scanning a sheet printed with a plurality of OMR response targets with a
scanner capable of producing an image of the sheet and any OMR response marks
made thereon, and, for each pixel in the image, a scale value related to a relative

amount of light reflected from the sheet;

b) recording the scale value of reflected light for each pixel;
c) defining an area within the image to examine for pixel normalization;
d) detecting the highest scale value of pixels within the area;

€) determining a normalization parameter related to the difference between
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the highest scale value of pixels within the area to a value corresponding approximately
to a pure white sheet;

f) applying the normalization parameter to pixels within the captured
image of the form to covert a pixel’s scale value to 2 normalized value;

2) selecting a cut-off value within the scale;

h) converting all pixels with normalized values above the cut-off to the bi-
tonal digit O (white) and all pixels with normalized values below the cut-off to the bi-
tonal digit 1 (black); and

i) interrogating pixels within a proscribed area around an expected location
of an OMR response target for bi-tonal values of 1 as an indication of an OMR

response mark
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