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(57) Abstract: Methods and apparatus are disclosed for identifying intended response marks in an optically scanned image of a
response sheet having key marks and response targets printed in the same color. Pixel darkness values assigned by a digital imaging
scanner are used to locate key marks and response targets and to identify response marks. Areas of the sheet may be selectively
filtered to mask the response targets. Alternatively, a color imaging scanner may be used to produce a set of color values, such as
RBG values, for each pixel. Software can act as a virtual filter by using the RBG values to detect or to mask a color in the image.
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METHOD AND APPARATUS FOR SELECTIVE PROCESSING OF
CAPTURED IMAGES

RELATED APPLICATIONS

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 S

* This invention relates to the general field of optical scanmng to
collect data and digital images from documents, and within that field té the nigfe
specific field of scanning wherein the colors printed on a sheet may be
selectively processed so that key marks and response targets may be, ﬁréntéd in
the same color. Although the methods and apparatus described hereinhr'rnay be
useful in other related tasks, the most common usage is likely to be in the
processing and scoring of standardized assessment tests, and particularly for

OMR (Optical Mark Recognition).

Description of the Prior Art

Traditional OMR processes, in which respondents place marks on

forms or sheets, require that such forms be manufactured to precisely comply
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with very tight design tolerances. Most response sheets for use with traditional
OMR systems have targets printed, typically in the shape of a circle, with a
special ink to show respondents where to make marks. This special ink absorbs
little or no light in the spectrum processed by the optical system, instead
reflecting it to the scanning camera in close to the same intensity as a white area
of the sheet. If no response mark is made in the target area, the scanning system
produces a pixel image of the area as not having any mark, just as if the paper
were blank throughout the area. Many OMR systems use the red or infrared
spectrum for processing and red ink for the targets, since the red ink highly
reflects incident light in the infrared spectrum while pencil marks highly absorb

the infrared light.

Sophisticated OMR systems also use key marks for location and
orientation, including a special form of key marks known as timing tracks that
indicate the scanning speed by the distance between track marks in the image.
These key marks are printed in a second ink, typically black, that highly absorbs
light in the appropriate color spectrum and therefore can be recognized and
processed by the optical system. The ink used to print key marks may also be
used to print other marks to identify the type of form and/or to identify the
particular document. The various inks used for the targets, and other inks used
for key marks and identification marks, are well known in the art. However, the
requirement of using two separate inks on the Same form and the degree of
printer control necessary to ensure that the two inks are properly in register of

each other makes OMR form printing an exacting and expensive process.

An advantage exists, therefore, for an optical scanning method
and apparatus capable of OMR processing of sheets that have response targets
and key marks printed in the same color. This would allow the response sheets

to be printed on less expensive printers and with less exacting print control.
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SUMMARY OF THE INVENTION

This invention provides methods and apparatus for selectively
processing colors printed, by machine or by hand, on a response sheet so that the
same color may be used to print key marks and response targets for OMR or
similar processing. The selective processing may be performed using a physical
hardware filter to select the colors being processed in different segments of the
sheet by the scanner, or by using software to selectively process colors by
selectively interpreting color values, such as red, green, blue (RGB) values,

assigned by a full spectrum color scanner.

One embodiment uses a physical filter element located in relation
to the form to selectively filter a portion of the form during scanning. A
response sheet may have response targets and key marks printed in the same
color ink, with one section of the form containing the key marks and another
section containing the response targets. The section of the form containing the
key marks will be unfiltered and processed by the scanner in the normal fashion.
That is, unfiltered white light will be absorbed or reflected off the section
containing the key marks so that the section is processed by the scanner and
assigned pixel darkness values within a gray scale, usually 0 to 255. In a second
section of the sheet containing the response targets, a filter is positioned between
the light source and the scanner’s sensor so that the light incident on the second
section is the color of the response targets. thereby rendering the response targets
unreadable in that section. The gray scale values in the key mark section are
used to locate the key marks in the captured image which, in turn, can be used to
project the location of the response targets areas, but only a mark in the response
areas, made by the respondent in a color other than the color of the response

targets, will show up as dark pixels.

Another embodiment uses software to selectively process
captured images from response sheets having key marks and response targets

printed in the same color. There are currently available digital imaging scanners
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capable of capturing an image of a response sheet with pixel darkness values
assigned for three color bands, usually the primary colors red, green and blue
(some may use the complimentary colors cyan, magenta, yellow). The assigned
pixel darkness values for each of the three colors to each pixel enables a
software program to recognize the color of each pixel. This can be used to
provide a virtual filter when scanning a response sheet that has key marks and
response targets printed in one color. The scanner captures a digital image of
the sheet having RGB darkness values assigned for each pixel. That is, each
pixel will have a pixel darkness value for red, blue and green. Then using the
darkness value that corresponds to the color of the key marks, the system locates
the key marks in the captured image. From the key marks, the system can
locate, or project an expected location of, the response targets in the image.
Then, using the darkness value of another color, the system can identify an
intended response mark at the expected location of a target without processing

the darkness value of the target itself.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow chart of the method steps for using a physical
filter to perform OMR on a sheet having key marks and response targets printed

in the same color.

Figure 2 is a schematic diagram of a physical filter arranged to

perform selective filtering of a sheet being scanned by an optical scanner.

Figure 3 is a schematic diagram of the method steps for using
software to selectively process colors when performing OMR on a sheet having

key marks and response targets printed in the same color.
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DETAILED DESCRIPTION OF THE DEPICTED EMBODIMENTS

Throughout this specification the terms “sheet” and “form” are
used interchangeably, and both refer to a document containing one or more areas
for a person to respond to a question or instruction by making a mark in an
appropriate location on the document. OMR forms for standardized testing are
common, but not exclusive examples. As described earlier, these forms may
contain printed marks for location, orientation, determination of scanning speed,
or document identification by the scanner. These marks will be referred to
herein as “key marks”, with the understanding that the term includes, in its broad
sense, timing tracks and any other type of mark utilized to process, orient,

identify and interpret response sheets by optical scanning.

When reading this specification, reference is made to the colors
of the visual spectrum. While black is technically not a color, but rather the
absence of all color, when the term “color” or “visual spectrum” is used, it is
considered to include black. Similarly, white is also not technically a color, but
rather the presence of all colors, and is also deemed to be included when

reference is made to the term “color” or “visual spectrum.”

While the invention described herein will work with non-white
sheets, white sheets are used for purposes of describing the invention in this

specification.

The invention is described herein in different embodiments to
enable one skilled in the art to make and use the invention. No attempt has been

made to describe all of the possible embodiments.

Figure 1 shows the sequence of steps utilized in the embodiment
wherein a physical filter is used to perform selective processing during optical
scanning of an OMR form on which response targets and key marks are printed

in the same color. Such a form, for example, might have red key marks in the
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form of timing tracks along a side margin of the form, and red response targets

in areas of the form inboard of the side margin.

The first step (10) is to provide a digital imaging scanner having
a light source and sensor for detecting light reflected off the sheet. The scanner
should also be capable of assigning pixel darkness values within the gray scale
to the amount of light reflected from discrete areas (pixels) of the sheet. Such
scanners are well known, and usually provide a gray scale value to the various
colors printed on a sheet from 0 (no reflected light or “black™) to 255 (“white”).
The colors of the visible spectrum are each converted to shades of gray and
assigned a unique value between 0 and 255. For example, when a red, blue or
green mark is detected by a scanner, the scanner will assign a gray scale value to

the mark of somewhere between 0 and 255.

In a following step (20), a color filter is provided that is
appropriate for the color ink used to print the key marks and the response
targets. The filter may operate through absorption, reflection, scattering or other
principle, but its function is to filter the white light emanating from the scanner
so that the light directed onto the sheet (where the filter is positioned so that
light is filtered before reaching the sheet) or reflected off the sheet (where the
filter is positioned so that light is filtered after reflecting off the sheet) is the
same color as the key marks and response targets. The result is that the marks
having the same color as the light that passes through the filter are not
distinguishable from the sheet itself.

In the next step (30), the filter is arranged in a particular relation
to the sheet path through the scanner, such that light reflected from a section of
the form containing key marks is not filtered, and light reflected from the
response targets is filtered. In the example above, the filter may be placed such
that the light is filtered to allow red light to be incident on the section containing
the response targets, while white light is allowed to be incident on the margin
where the timing tracks or key marks are located. The red key marks will absorb

the green and blue components of white light and appear red. The scanner will
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then convert the red to a shade of gray and assign pixels corresponding to the
key marks a relatively low gray scale value indicating a darkness. The sheet will
reflect the red light and show up in the images as pixels with gray scale value
closer to white, enabling the scanner to accurately detect the key marks. In the
section containing the response targets, however, the red light causes the red
response targets to appear the same as the white paper, while any other color

marks made by the respondent will appear black.

Thus, the sheet is scanned (40) with the digital imaging scanner
to produce pixel darkness values for the pixels in the captured digital image of
the sheet by assigning a gray scale value to each pixel. The gray scale values are
used to locate (50) key marks in the captured image. Then in a following step
(60), the location of key marks in the image is used to locate or project an
expected location of response targets in the captured image. An expected
location of a target may be determined from the specification for the sheet and
the variations from the specification of the key marks in the image, as described
in pending PCT application PCT/US01/16966, the specification of which is

hereby incorporated by reference.

In a following step (70), the gray scale values of pixels in an area
at the locations calculated to be the expected locations of each response target
are processed to identify response marks. If a blue, green or black response
mark is present, it will appear dark, and if no response mark is present, it will
appear light. Although the response targets are printed in the same color as the
key marks, the filter is arranged so that the response targets appear to be the

same as the sheet and are ignored.

Figure 2 shows how an optical scanner can be modified by
placing a filter in an orientation that leaves one edge of the sheet exposed to
unfiltered light, while the remainder of the form is exposed to filtered light. A
filter (110) is placed between the scanner’s light source (112) and its camera or
light-sensing device (114). The filter covers most, but not all of the width of the

sheet (116) being scanned and will generally correspond to the section of the
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form having response targets. A light barrier (118) may be added to make a
sharp separation of the filtered and unfiltered light.

Using a red filter as an example, the filter (110) may freely pass
light in a red band, but absorb or otherwise block the transmittance of other
visible light. Then a form (116) can be printed with key marks and response
targets in red. The side margin (120) of the sheet that receives unfiltered light
from the source (112) can be used as the location of key marks, since, red ink
will absorb green and blue band components of the unfiltered white light and
appear dark in the image, enabling the scanner to assign it a gray scale value that

is distinguishable from the sheet.

The response targets are printed in the selectively filtered area
(122) of the sheet, where the filtered red band light reflected off the red ink will
be approximately the same as is reflected off the white paper, causing them both
to have approximately the same gray scale value. Marks made by a lead pencil,
blue pen, green pen, or other such mark that absorbs red light will cause such
marks to appear dark in the image and be distinguishable by their pixel darkness
values. Thus, the selective placement of a red light filter enables a scanner to
read the red key marks in the unfiltered section while ignoring the red response

targets of the filtered section.

When a selective filter is added to a scanning system as described
above, the filter will generally reduce the total light in the filtered area.
Consequently, it may be necessary to compensate by reducing the amount of
light in the unfiltered area so that the reflected light reaching the scanner’s light

sensor is roughly comparable over the form.

Referring now to Figure 3, an alternative to selective filtering
with a physical filter is to use software in conjunction with a color scanner to
selectively process the colors within a captured image. In this embodiment, the
various colors present on a sheet are assigned as set of pixel darkness values in

the primary or complimentary colors. This set enables a software program to
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selectively process particular colors in particular sections of the sheet. For
example, where key marks and response targets are printed in red, the software
may be programmed so that the color red is processed in the section of the form
having red key marks, while only colors other than red are processed in the
section of the form having response targets. Although the response targets are
printed in the same color as the key marks, the software is arranged so that the

response targets appear to be the same as the sheet and are ignored.

The first step (1000) of Figure 3 is to provide a digital imaging
scanner capable of capturing an image of a response sheet with a set of color
values, such as a set of RGB values, assigned to each pixel. Such a scanner
records and assigns pixel darkness values for the three primary colors, red,
green, and blue for each pixel on the sheet. Collectively, those values can be
referred to as a pixel’s RGB values. (The term “RBG values” should be
understood as a shorthanded expression for primary or complimentary color
values; so the complimentary color values would still be referred to as RBG
values.) In the case of red ink, the RGB values would show a high red content
and a low content for blue and green. Green ink would have a high green
content and low for red and blue. Blue ink would have a high blue content and
low red and green. A white pixel will have high content for all three primary
colors, whereas the RGB value for black marks will have low content for red,
green and blue. Examples of scanners capable of properly assigning RGB values

range from the HP ScanJet 5100C up to the SCAMA 000 by InoTec.

As in the physical filter alternative described above, the software
embodiment allows the key marks and response targets of a response sheet to be
printed in the same color ink, while providing even greater flexibility in the
amount of colors which may be properly processed as response marks. Step
(2000) of the process shown in Figure 3 is to provide a response sheet having
key marks and response targets printed in the same color. That color may be any
color in the visual spectrum, including black (or white where a non-white form

is used). However, the color selected for the key marks and response targets
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may not be used by a respondent to make response marks. That is, if blue is
used for the key marks and response targets, blue may not be used to make
response marks. For this reason, red may be the color of choice for the key
marks and response targets because then any color other than red may be used to

make response marks including black pencil, black ink, and blue ink.

In a following step (3000), the scanner captures a digital image of
the sheet with RGB values assigned to each pixel that corresponds to the color
of that pixel.. Then, using the RGB values for the color of the key marks, the key
marks are located in the captured image (4000).

The next step (5000) is to calculate, based on the location of the
key marks in the image, an expected location of response targets in the image.
Then in the following step (6000), the RGB values that correspond to the color
of the response targets are ignored. The expected target locations are
interrogated to determine the presence of RGB values that correspond to any
color other than the response target color. Accordingly, any mark in any color
other than the response target color made at an expected target location may be

properly processed as an intended response.

In this embodiment, computer software is used to selectively
process colors on a response sheet using the color’s RGB values enabling the
key marks and targets to be printed in the same color. The scanner calculates
pixel darkness values for red, green and blue so as to provide RGB values for
each pixel to locate key marks in the captured image. Based on the location of
the key marks, the software calculates an expected location of response targets.
The software then processes the RGB values provided by the scanner in any
color other than the color of the response targets to identify the presence of
marks made by a respondent at the expected location of a target. Again, those

marks may be made in any color other than the color of the response targets.

While the present invention is quite capable of scanning a sheet

having key marks and targets printed in two colors that are in close registration,
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implementation of the present invention enables the key marks and response
targets of response forms to be printed in the same color ink or in two colors not
in close registration with each other. Selective processing also facilitates the use
of printers that are not capable of keeping two or more colors in close
registration for printing response forms. Examples of such devices include
single color printing presses, digital duplicators, mimeograph machines, and

other devices that can print only one color at a time.

Although embodiments of the invention have been described in
detail, it is to be understood that the invention is not limited thereto, and that
varjous changes can be made therein without departing from the spirit and scope

of the invention, which is defined by the attached claims.




WO 02/15558 _10— PCT/US01/24464

CLAIMS

‘What is claimed is:

1. A method of identifying intended response marks in an optically
scanned image of a response sheet having response targets printed in areas of the
sheet apart from a section of the sheet containing key marks, the key marks and
response targets being printed in the same color, the method comprising the
steps of:

(a) providing a digital imaging scanner having a light source and
sensor for detecting light reflected off the sheet, the scanner being capable of
assigning pixel darkness values so that each pixel is assigned a gray scale value;

(b)  providing a color filter in the color of the key marks and response
targets,

() arranging the filter in relation to the sheet as it passes through the
scanner suéh that light reflected from the section containing key marks is not
filtered and light reflected from the response targets is filtered,

(d)  scanning the sheet with the digital imaging scanner;

() using the gray scale values to locate key marks in the captured
image,

® calculating from the location of the key marks in the image an
expected location of response targets in the image,

(g)  using the gray scale values to identify an intended response mark

at the expected location of a target.

2. A digital imaging scanner for performing optical mark
recognition (OMR) of a response sheet having response targets printed in areas
of the sheet apart from a section of the sheet containing key marks, the response
targets and key marks being printed in the same color, the scanner comprising:

a) a light source;
b) a sensor for detecting light reflected off the sheet; and

c) a filter disposed between the sensor and the light source
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so that the light reflected off the key marks is not filtered and light reflected off

the response targets is filtered.

3. A method of identifying intended response marks in an optically
scanned image of a response sheet having key marks and response targets
printed in the same color, comprising the steps of:

(a) providing a digital imaging scanner capable of capturing an
image of a response sheet with RGB values assigned to each pixel

*

corresponding to the color of that pixel,

(b) providing a response sheet having key marks and response

targets printed in the same color,

(©) capturing with the scanner a digital image of the sheet with each

pixel having RGB values assigned thereto,

(d) locating key marks in the captured image by processing pixels

having RGB values that correspond to the color of the key marks,

(e) calculating from the location of the key marks in the image an

expected location of response targets in the image,

) processing pixels having RGB values corresponding to any color
other than the color of the target to determine whether an intended response

mark was made at a response target.

4. A method as in claim 3, wherein the response sheet has key

marks and response targets printed in red.

5. A method of performing optical mark recognition (OMR) with a
digital scanner, said method comprising the steps of:

(@) providing a digital imaging scanner capable of capturing an
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image of a response sheet with RGB values assigned to each pixel
corresponding to the color of that pixel,

(b)  providing a response sheet having a plurality of response targets
printed in the same color,

(c) capturing with the scanner a digital image of the sheet with each
pixel having a RGB value assigned thereto,

(d)  using RGB values that corresponds to the color of the targets to
locate response targets in the captured image,

()  using RGB values that corresponds to any color other than the
color of the target to determine whether an intended response mark was made at
aresponse target.

6. A method as in claim 5, wherein the response sheet has response

targets printed in red.

7. A system for identifying intended response marks in an optically
scanned image of a response sheet having key marks and response targets
printed in the same color, comprising:

(@) a digital imaging scanner capable of capturing an image of a
response sheet with RGB values assigned to each pixel corresponding to the
color of that pixel,

(b)  computer software capable of processing the RGB values that
correspond to the color of the key marks to locate key marks in the captured
image,

© computer software capable of calculating from the location of the
key marks in the image an expected location of response targets in the image,

(d)  computer software capable of processing the RGB values that
correspond to any color other than the color of the target to identify an intended

response mark at the expected location of the target.

8. A system as in claim 7, wherein the response sheet has key

marks and response targets printed in red.
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9. A system for performing optical mark recognition (OMR),
comprising:

(a) a digital imaging scanner capable of capturing an image of a
response sheet with RGB values assigned to each pixel corresponding to the
color of that pixel,

(b)  computer software capable of using RGB values that correspond
to the color of response targets on the sheet to locate response targets in the
captured image;

() computer software capable of using RGB values that correspond
to any color other than the color of the target to determine whether an intended

response mark was made at a response target.

10. A system as in claim 9, wherein the response targets are printed

in red.
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Provide a digital imaging scanner having a light source and
sensor for detecting light reflected off the sheet.

Provide a color filter in the color of the key marks and

‘response targets.

Arrange filter in relation to the sheet as it passes through
the scanner so that light reflected from the section
containing key marks is not filtered and light reflected from
the response targets is filtered.

Scan the sheet with a digital imaging scanner.

Use gray scale values to locate key marks in the
captured image.

Calculate, from the location of the key marks in the image,
an expected location of response targets in the image.

Use gray scale values to identify an intended response
mark at the expected location of a target.

1/3

SUBSTITUTE SHEET (RULE 26)
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Provide a digital imaging scanner capable of capturing an
image of a response sheet with a RGB value assigned to
each pixel corresponding to the color of that pixel.

Provide a response sheet having key marks and response
targets printed in the same color.

Capture, with the scanner, a digital image of the sheet with
a RGB value assigned for each pixel corresponding to the

color of that pixel.

' Use a RGB value in the color of the key marks/respbnse

targets to locate key marks/response targets in the captured
image.

Calculate from the location of the key marks/response
targets in the image an expected location of response

targets in the image. ~

Use a RGB value cdrresponding to any color other than the
color of the target to identify an intended response mark at

the expected location of a target.

3/3

SUBSTITUTE SHEET (RULE 26)
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