
WO 2010/015930PCT/1B2009/006652 MACHINE-READABLE FORM CONFIGURATION AND
SYSTEM AND METHOD FOR INTERPRETING AT LEAST ONE USER MARK RELATED
APPLICATIONS        This application claims the benefit of United States
Provisional Application Scr. No. 61/086,180, filed August 5, 2008 and Greek
Application Ser. No. 20080100525, filed August 4, 2008, each of which is
incorporated herein by reference in its entirety. FIELD OF THE INVENTION
One embodiment of the present invention relates to a machine-readable form
configuration (and associated method).       Another embodiment of the
present invention relates to a system for interpreting at least one user
mark (and associated methods). In one example, a plurality of user marks
may be interpreted.       In another example, the machine-readable form may
be a lottery play slip, survey, test, or the like.       In another
example, the system may interpret user mark(s) made on a lottery play slip,
survey, test or the like.       In another example, the system may
interpret user mark(s) made on a paper or the like having non-planar
distortion(s).       For the purposes of describing and claiming the
present invention, the term "lottery play slip" is intended to refer to the
form upon which a user places marks to indicate desired selection(s).
Further, for the purposes of describing and claiming the present invention,
the term "lottery ticket" is intended to refer to a receipt indicating the
selection(s) made by a user.       Further, for the purposes of describing
and claiming the present invention, the term "fiducial mark" is intended to
refer to a mark defining a datum point or standard of positional reference
used as a basis for calculation or measurement.  WO
2010/015930PCT/1B2009/006652 Further, for the purposes of describing and
claiming the present invention, the term "user marking cell" is intended to
refer to an area on a form intended to receive an indication of a desired
selection by a user.         Further, for the purposes of describing and
claiming the present invention, the term "scale 5invariant" is intended to
refer to having one or more characteristics that will not change under 



different scales (or distances).       Further, for the purposes of
describing and claiming the present invention, the term "image sensor" is
intended to refer to that part of a camera which converts an optical image
into an electrical signal. 10Further, for the purposes of describing and
claiming the present invention, the term -interpreting user marks" is
intended to refer to identifying at least the presence and position of user
marks. Further, for the purposes of describing and claiming the present
invention, the term -planar position" is intended to refer to the
projection onto the image of the position of the center 15of an element of
the form (e.g. fiducial mark, user marking cell), under the assumption that
the form is planar. BACKGROUND OF THE INVENTION Forms intended for lottery
games, surveys and the like have traditionally been read by 20page
scanners, whose mechanical feeding mechanism also flattened the form with
the help of rollers and springs before presenting the form to the scanning
head. Subsequently, scanning was performed under controlled lighting
conditions that disregard a set of colors, termed "blind colors" (e.g., red
and its close hues). All the regions that are intended for user markings as
well as any information not required to be machine-readable have typically
been colored in these 25blind colors, so that there has been adequate
guidance for the user's placement of marks, but the guides themselves
remained essentially invisible to the scanning sensor. This cased the user
mark detection process. Additional machine-readable indices may have been
printed in machine-visible ink along a side of the form, separate from the
area allocated to user markings, to help the inference of the possible
marking areas (typically arranged in the form of a rectangular grid) by
30the machine. These machine-readable markings would traditionally allow
compensation for the 2 NY 239,665,071v1 7-28-09 WO
2010/015930PCT/1B2009/006652 image shift and/or rotation encountered during
the scanning process, but would not traditionally convey any other spatial
information (e.g. , scaling and/or position in the 3D space). The
traditional page scanner has complex and precise mechanical parts; hence
its 



dimensions are typically dictated by the document size and mechanical
complexity, increasing its 5overall size and manufacturing costs.
Additionally, regular maintenance is typically needed, further increasing
the ownership cost.       At least in part for these reasons, image sensors
have been proposed for the task. Of note, image sensors have been known to
be used in the art for reading barcodc symbols, but these bar code
applications operate under strict printing tolerances for machine printing
and offer 10designed-in redundancy that facilitates reading by such a
sensor. BRIEF DESCRIPTION OF THE DRAWINGS  Figs. 1-3 show systems according
to various embodiments of the present invention.            Fig. 4 shows
detail of a lottery play slip 400 according to an embodiment of the present
15invention (attention is directed in particular to fiducial marks 401 A
and 401 B).       Fig. 5 shows detail of a conventional lottery play slip
500 (attention is directed in particular to conventional fiducial marks
501A and 501B).       Fig. 6 shows a view of a larger portion of lottery
play slips 400 and 500 (of Figs 4 and 5, respective] y). 20Fig. 7 shows a
view of a large portion of lottery play slips 700A and 700B (lottery play
slip 700A incorporates various embodiments of the present invention such as
fiducial marks 701A,70IB and user marking calls bounded by a non-blind
color while lottery play slip 700B is of a conventional type).
Fig. 8 shows detail of a lottery play slip 800 according to an embodiment
of the present 25invention (attention is directed in particular to the grid
of user marking cells bounded by a non- blind color).       Fig. 9 shows
detail of a conventional lottery play slip 900 (attention is directed in
particular to the grid of user marking cells bounded by a blind color). 3
NY 239,665,071v1 7-28-09 WO 2010/015930PCT/1B2009/006652       Fig. 10
shows a view of a portion of lottery play slips 1000A and 1000B (lottery
play slip 1000A incorporates various embodiments of the present invention
such as user marking cells bounded by a non-blind color) 



Fig. 11 shows a view of a portion of conventional lottery play slip 1100
(attention is 5directed in particular to conventional fiducial marks 1101A
and 1101B and attention is directed in particular to the gq-id of user
marking calls bounded by a blind color).       Fig. 12 shows a view of a
number of conventional lottery play slips 1200A-1200D (attention is
directed in particular to conventional fiducial marks, attention is
directed in particular to the grid of user marking calls bounded by a blind
color, and attention is directed to 10the "clocks" (that is, the markings
along one or more sides of the forms).       Figs. 13A and 13B show a
flowchart providing additional detail regarding a detection/determination
method according to an embodiment of the present invention (of course, as
seen, the flow continues from (A) at the bottom of Fig. 13A to (A) at the
top of Fig. 13B). 15Among those benefits and improvements that have been
disclosed, other objects and advantages of this invention will become
apparent from the following description taken in conjunction with the
accompanying figures. The figures constitute a part of this specification
and include illustrative embodiments of the present invention and
illustrate various objects and features thereof 20 DETAILED DESCRIPTION OF
THE INVENTION        Detailed embodiments of the present invention arc
disclosed herein; however, it is to be understood that the disclosed
embodiments are merely illustrative of the invention that may be embodied
in various forms. In addition, each of the examples given in connection
with the 25various embodiments of the invention is intended to be
illustrative, and not restrictive. Further, the figures are not necessarily
to scale, some features may be exaggerated to show details of particular
components (and any size, material and similar details shown in the figures
are, of course, intended to be illustrative and not restrictive).
Therefore, specific structural and functional details disclosed herein are
not to be interpreted as limiting, but merely as a 30representative basis
for teaching one skilled in the art to variously employ the present
invention. 4 NY 239,665,071v1 7-28-09 WO 2010/015930PCT/1B2009/006652
As described herein, various embodiments of the present invention provide
systems with image sensors for reading human-marked forms. One or more of
such embodiments may reduce or eliminate certain limitations traditionally
encountered with conventional image sensors regarding form placement,
ambient illumination and/or form flatness. 



5Further, as described herein, various embodiments of the present invention
provide a configuration (e.g., a design) for printed forms intended for
users to put handwritten marks such that the forms are suitable for
scanning by a single camera. In one example, reliable mark interpretation
may achieved no matter the flatness of the form (in this example, as long
as the user marks arc not obstructed from the camera, the form can be
curved, folded or even 10crumbled).       Further, as described herein,
various embodiments of the present invention provide a system which
utilizes a form configuration that overcomes the distortions introduced by
out-ofplane distortions of the form, therefore allowing the interpretation
of the form markings from a single image sensor that can take a nth image
of the form. 15One embodiment of the present invention provides a form,
comprising: at least one user marking cell and at least one fiducial mark;
wherein the fiducial mark has a measurable property that is essentially
scale-invariant (for example, as described in more detail below, such a
measurable property may comprise a ratio of an area of the fiducial mark
over an area of an interior or "hollow" portion of the fiducial mark) 20In
one example, the form may be selected from the group consisting of: a
lottery play slip; a survey; and a test. In another example, the form may
comprise a plurality of user marking cells. In another example, the
fiducial mark may comprise a hollow outline printed in a color visible to
the image sensor (e.g., wherein the ratio of the area of the mark (that is,
the area 25encompassed by the outline (inclusive of the outline)) over the
area of the fiducial mark's interior portion (that is, hollow portion) is
predetermined).       In another example, the fiducial mark may comprise an
outline printed in a color visible to the image sensor and an interior
portion printed in a color that is essentially not visible to the image
sensor (e.g., wherein the fiducial mark thus appears hollow to the image
senor and 30wherein the ratio of the arca of the mark that is, the arca
encompassed by the outline (inclusive 5 NY 239,665,071v1 7-28-09 WO
2010/015930PCT/1B2009/006652 of the outline)) over the area of the fiducial
mark's interior portion (that is, hollow portion) is predetermined). 



In another example, the fiducial mark may comprise an outline printed in a
color visible to the image sensor and an interior portion printed in a
color that is also visible to the image  5 sensor, wherein there is
sufficient contrast (and/or other distinguishing feature(s)) between the
outline and the interior portion for the image sensor to distinguish
between the outline and the interior portion (e.g., wherein the ratio of
the area of the mark (that is, the area encompassed by the outline
(inclusive of the outline)) over the area of the fiducial mark's interior
portion (that is, hollow portion) is predetermined). 10In another example,
the fiducial mark may be of a shape that provides orientation information
(e.g., an isosceles triangle, a trapezoid, a shape shown in Fig. 4 as 401 A
or 401 B).       In another example, the fiducial mark may provide a
mechanism via which a distance of the image sensor from the portion of the
form upon which the fiducial mark is printed may be determined (e.g.,
calculated). 15In another example, a plurality of fiducial marks may be
provided.       In another example, one or more user marking cells (e.g.,
the outline of such cells) may be printed in a color that is visible to the
image sensor. In another example, indicia may be disposed within one or
more user marking cells. In another example, the indicia may comprise
numbers and/or letters. 20Another embodiment of the present invention
provides a system for interpreting at least one user mark on a form,
comprising: an image sensor; and a programmed processor in operative
communication with the image sensor; wherein the image sensor and the
programmed processor are configured to: (a) calculate a distance between at
least a first fiducial mark on the form and a second fiducial mark on the
form, wherein the first and second fiducial marks each have a 25measurable
property that is essentially scale-invariant; and (b) interpret at least
one user mark in at least one user marking cell on the form based at least
in part upon the calculated distance.       In another example, the system
may calculate a distance between the image sensor and at least one fiducial
mark on the form, wherein the fiducial mark has a measurable property that
is essentially scale-invariant. 6 NY 239,665,071v1 7-28-09 WO
2010/015930PCT/1B2009/006652       Another embodiment of the present
invention provides a method for interpreting at least one user mark on a
form, comprising: (a) calculating a distance between at least a first
fiducial mark on the form and a second fiducial mark on the form, wherein
the first and second fiducial marks each have a measurable property that is
essentially scale-invariant; and (b) interpreting at 5least one user mark
in at least one user marking cell on the form based at least in part upon
the calculated distance.       In another example, the method may calculate
a distance between the image sensor and at least one fiducial mark on the
form, wherein the fiducial mark has a measurable property that is
essentially scale-invariant. 



10Another embodiment of the present invention provides a form, comprising:
at least one user marking cell, wherein the user marking cell is in a color
that is visible to the image sensor. In one example, the form may be
selected from the group consisting of: a lottery play slip; a survey; and a
test.            In another example, the form may comprise a plurality of
user marking cells, wherein the 15plurality of user marking cells is in a
color that is visible to the image sensor       In another example, the
form may further comprise at least one fiducial mark; wherein the fiducial
mark has a measurable property that is essentially scale-invariant (for
example, as described in more detail below, such a measurable property may
comprise a ratio of an area of the fiducial mark over an area of an
interior or "hollow" portion of the fiducial mark). 20In another example,
the fiducial mark may comprise a hollow outline printed in a color visible
to the image sensor (e.g., wherein the ratio of the area of the mark (that
is, the area encompassed by the outline (inclusive of the outline)) over
the arca of the fiducial mark's interior portion (that is, hollow portion)
is predetermined). In another example, the fiducial mark may comprise an
outline printed in a color visible 25to the image sensor and an interior
portion printed in a color that is essentially not visible to the image
sensor (e.g., wherein the fiducial mark thus appears hollow to the image
senor and wherein the ratio of the area of the mark that is, the area
encompassed by the outline (inclusive of the outline)) over the area of the
fiducial mark's interior portion (that is, hollow portion) is
predetermined). 7 NY 239,665,071v1 7-28-09 WO 2010/015930PCT/1B2009/006652
In another example, the fiducial mark may comprise an outline printed in a
color visible to the image sensor and an interior portion printed in a
color that is also visible to the image sensor, wherein there is sufficient
contrast (and/or other distinguishing feature(s)) between the outline and
the interior portion for the image sensor to distinguish between the
outline and the  5 interior portion (e.g., wherein the ratio of the area of
the mark (that is, the area encompassed by the outline (inclusive of the
outline)) over the area of the fiducial mark's interior portion (that is,
hollow portion) is predetermined). In another example, the fiducial mark
may be of a shape that provides orientation information (e.g., an isosceles
triangle, a trapezoid, a shape shown in Fig. 4 as 401A or 401B). 10In
another example, the fiducial mark may provide a mechanism via which a
distance of the image sensor from the portion of the form upon which the
fiducial mark is printed may be determined (e.g., calculated). In another
example, a plurality of fiducial marks may be provided. 



In another example, one or more user marking cells (e.g., the outline of
such cells) may 15be printed in a color that is visible to the image
sensor. In another example, indicia may be disposed within one or more user
marking cells. In another example, the indicia may comprise numbers and/or
letters.       Another embodiment of the present invention provides a
system for interpreting at least one user mark on a form, comprising: an
image sensor and a programmed processor in operative 20 communication with
the image sensor; wherein the image sensor and the programmed processor are
configured to interpret at least one user mark in at least one user marking
cell based at least in part upon at least one user marking cell that is in
a color that is visible to the image sensor. Another embodiment of the
present invention provides a method for interpreting at least one user mark
on a form, comprising: interpreting at least one user mark in at least one
user 25marking cell based at least in part upon at least one user marking
cell that is in a color that is visible to an image sensor.       Another
embodiment of the present invention provides detected user marking cells
that are associated to the ideally planar user marking cells on the form by
comparing the detected locations of the centers of the detected user
marking cells with the ideally planar locations of the 30user marking
cells. 8 NY 239,665,071v1 7-28-09  WO 2010/015930PCT/1B2009/006652 In one
example, the association is done in a circular manner around the fiducials,
progressing from their nearest detected user marking cell, to their most
distant (this may be done to take advantage of the known scale in the
vicinity of the fiducials). The first center of the nearest detected user
marking cell in this example is associated to its nearest ideally planar
5location of the user marking cell if their separation is smaller than a
predetermined amount. In this example, a displacement vector between the
associated planar and detected location is calculated. Any consecutive
center of the detected user marking cells in this example is first
displaced by the amount indicated by the displacement vector of its nearest
associated neighbor. The displaced center in this example is then
associated to its nearest ideally planar location of the 10user marking
cells if their distance is smaller than a predetermined amount. In this
example, the 



process is repeated for all planar locations of possible user marking
cells. Any non-associated planar positions in this example have their
displacement vectors interpolated from their associated neighbors.
Of note, all feature(s) of the invention disclosed, for example, in the
context of the figures 15or detailed description, may be separately
combinable with any other feature(s) of the invention unless immediately
apparent from the context.       Referring now to Fig. 1, a system 101
according to one embodiment of the present invention comprises a form
resting surface 103, above which an image sensor (e.g., a monochrome image
sensor) is positioned (the sensor is inside housing 105). In one example,
the 20sensor may have its optical axis offset from the perpendicular to the
resting surface 103 by a few degrees. The resting surface 103 may be
recessed, bounded or otherwise include barriers or guides so that the forms
are placed completely within. One barrier 107 is shown in this Fig. 1; Fig.
2 shows another embodiment with two barriers 207A, 207B. The image sensor
may be equipped with a suitable lens, capable of providing images of the
form(s) placed on the form 25resting surface 103 and so designed and
aligned, for example, that the image sensor captures images of the full
extent of the resting surface 103 and any forms residing on it. An optical
filter may be placed in the optical path, for example, in front, behind or
inside the lens, so that hues of some specific color (for example red) and
its closely matching colors are rendered essentially invisible to the image
sensor. In another example, one or more light sources (e.g., Light Emitting
30Diodes (LEDs) and/or other light sources) may be utilized to provide
illumination in cases where 9 NY 239,665,071v1 7-28-09  WO
2010/015930PCT/1B2009/006652 the ambient illumination is not sufficient to
render the images on the image sensor (the light source(s) may be placed
inside housing 105, for example).       On the form resting surface an
a-priori determined pattern of machine visible marks with known dimensions
and relative locations may permanently be located (imprinted or otherwise),
5for example a set of small squares (see, e.g., marks 301A-301D of Fig. 3)
These marks may be "initialization" datum to allow, for example, for
estimation of the image sensor position with respect to the forms resting
surface and for the compensation of the projective transformation
distortions due to the relative placement of the form resting surface and
the sensor in 3D space. In operation, the system may monitor the form
resting surface for the existence of 10stationary forms (e.g., after a form
is moved into view and left by a user). Upon detection of such 



a situation, a high-resolution image may be captured and processed to
extract the user marks (e.g., from a single form which is placed on the
resting surface or from the topmost form in a stack of forms). This may be
done by detecting the form of interest in the image, extracting printed and
user marks in it and associating user marks with specific cells intended
for marking. 15Reference will now be made to form curvature, folding and/or
crumbling, resulting in non-planar distortions. When such distorted forms
are imaged by the image sensor, the distortions typically result in local
projective transformations that do not preserve the global scale and
orientation (as these may be estimated, for example, from the form resting
surface marks and the machine-readable markings on the form). As a result,
under these conditions the 20exact position of the user cells may not be
inferred adequately from the machine readable markings along one or more
edges of the form.       To aid in interpretation of the user marks on such
a non-planar form, a form according to an embodiment of the present
invention may carry thereon:            I. A plurality of scale-invariant
machine-printed marks (termed "fiducial marks") for the 25detection of the
form; and 2. Non-blind color border on each of the cells intended for user
marking.       Reference will now be made to an embodiment of certain
machine-readable markings, that is fiducial marks.            The detection
may be performed by checking for valid groups of printed fiducial marks
30that all need to be present in the image if the form under question is
the topmost one in the stack. 10 NY 239,665,071v1 7-28-09  WO
2010/015930PCT/1B2009/006652 In one example, a number of predetermined
machine-readable fiducial marks are printed on the form, and such fiducial
marks may be used to estimate the relative shift and rotation of the form,
as well as any scale difference (e.g., caused by stacking multiple (and
possibly non-planar forms) and hence reducing the distance of the topmost
(and/or non-planar) form from the camera). 5Location of these
machine-readable fiducial marks relative to the user marking cells must, in
one example, be known a priori -- but their absolute location on the form
is not critical. The design of the machine-readable fiducial marks may be
made specifically so that the shape of the machine-readable fiducial mark
conveys information of scale and orientation of the mark (and consequently
of the form it is carried upon) with respect to the image sensor. Special
care may be 



10given in the design of the machine readable fiducial marks to make sure
that they have a measurable property that is scale-invariant (typically,
under non-planar form distortions, size information is lost and shapes are
distorted). To be able to detect the fiducial marks under these
circumstances, the fiducial marks (see, e.g., 401A, 401B of Figs. 4 and 6
and 701A, 701B of Fig. 7) may be designed as hollow objects, e.g., where
the ratio of the area of the mark (that is, the 15area encompassed by the
outline (inclusive)) over the area of the fiducial mark's interior (or
hollow) portion is predetermined. In one example, the hollow objects may
comprise an outline only; in another example, the hollow objects may
comprise a machine readable outline with the interior printed in a blind
color ( in contrast to such hollow objects, see, e.g., traditional fiducial
marks 501A, 501B (essentially solid squares) of Figs. 5 and 6, and
traditional fiducial marks  20 1100A, 11001B (essentially solid squares) of
Fig. 11). Since this ratio of the area of the mark over the area of the
mark's hollow is invariant to scale changes, such configuration may allow
for the detection of the fiducial marks at any distance from the camera (in
order to determine distance from the camera). Reference will now be made to
the user area form design. As has traditionally been done, 25several small
cells are provided for the users to mark with any mark they desire (the
cells may be laid, for example, in a typical uniform rectangular grid
pattern). In the past, the user marking cells have been printed in a
machine-invisible color in order to reduce the detection burden for the
machine (see, e.g., lottery play slip 700B of Fig. 7, lottery play slip 900
of Fig. 9, lottery play slip 1000B of Fig. 10, lottery play slip 1100 of
Fig. 11 and lottery play slips 1200A-1200D of 30Fig. 12). In contrast,
under various embodiments of the present invention, the cells where users
11 NY 239,665,071v1 7-28-09  WO 2010/015930PCT/1B2009/006652 can place
marks may have their outline printed in some non-blind color, thus making
each individual cell visible to the machine (see, e.g., lottery play slip
800 of Fig. 8. and lottery play slip 1000A of Fig. 10). This aids in the
detection of each user marking cell under non-planar distortion. Of course,
due to the non-planar distortion, the detected user marking cells are no
5longer arranged on the grid originally designed for the form, i.e. the
expected cell locations. To correctly interpret the user marks, the
detected cells need to be associated to the expected cell locations. This
may be done, for example, by starting from the user marking cells closest
to the fiducial marks. Upon association to an expected cell location, a
displacement vector may be obtained for the detected cell. Adjacent user
marking cells may be subsequently detected using 10the displacement of
their neighbors as reference, the process being repeated to gradually
reveal the complete pattern of the cell layout of the form on the image
picture elements. Of note, following this arrangement the user marking
cells arc not restricted to being either on a uniform nor a rectangular
grid arrangement, but they can appear in any desired location that artistic
taste desires (in one example, the user marking cells may need to be
separated by a minimum 15predetermined distance). 



Any user marking cells that are not detected (e.g., due to adverse
illumination conditions) may have their displacement vectors estimated by
interpolating the displacement vectors of their neighbors. As a result, the
positions of all user marking cells on the image of the form, as it is
captured by the image sensor, may be either estimated if the user marking
cell itself is not 20detected, or discovered by detection of the cell
boundary.       The system may then proceed to extract any possible user
marks from areas of the image around the previously determined user marking
cell centers. As non-planar distortions can cause self-shadowing and
ambient illumination can cause other shadows, disturbing the user mark
detection process, it may be important to attenuate their effect prior to
finding candidate image 25pixels that indicate the presence of a user mark.
This may be done, for example, by estimating a two-dimensional linear
gradient of the luminosity based on the pixels outside the visible user
marking cell boundaries. The usage of these pixels may be beneficial, since
it is typically rare for a user mark to extend out of the user cell
boundaries. 12 NY 239,665,071v1 7-28-09  WO 2010/015930PCT/IB2009/006652
The linear gradient may then be compensated around the image region around
the user marking cell center. The existence of user marks may then
substantiated by examining the processed information inside each cell.
Table 1, below, provides additional detail regarding a
detection/determination method 5(e.g., a computer implemented algorithm)
according to an embodiment of the present invention. Table I I . Image
binarization for printed marks 2. Valid fiducial & ID stripe combination?
If no, discard. If yes proceed to 3 3. Horizontal & vertical filtering and
binarization for detection of the boundary of the user marking cells 4.
Morphological processing for the extraction of the centers of the detected
user marking cells 5. For every detected user cell 



5.a. Project from image plane onto form coordinate system using intrinsic
camera parameters   5.b. Displace detected center according to displacement
of already associated neighbors   5.c. Attempt association with a planar
position of the user marking cells. IT no, discard. If yes proceed to 5.d.
5.d. Estimate displacement vector  5.e. Loop to 5.a. 6. For every non-
associated planar position  6.a. Estimate displacement vector by
interpolating vectors of associated neighbors  6.b. Project displaced ideal
cell center onto image  6.c. Loop to 6.a. 7. For every user marking cell
center on image  7.a. Estimate local white level using empty arca between
user marking cell boundaries   7.b. Binarize the interior of user marking
cell using local white level estimate  7.c. Gather active pixels to form
evidence of user mark in cell 



7.d. Declare existence of user mark if evidence exceeds a predetermined
amount  7.e. Loop to 7.a.  Referring now to Figs. 13A and 13B, a flowchart
providing additional detail regarding a detection/determination method
(e.g., a computer implemented algorithm) according to the embodiment of
Table I is shown. More particularly, as seen in Fig. 13A this method may
begin 13 NY 239,665,071v1 7-28-09  WO 2010/015930PCT/1B2009/006652 with the
capture of an image (e.g., by an image sensor). Further, as seen in Fig.
13B this method may end with a report of user marks (e.g., a report in
digital form to a computer, printer and/or other device such that a lottery
ticket evidencing the user's selection(s) may be output, such that survey
results(s) may be output, or such that test result(s)/score(s) may be
output). 5In another embodiment, a method for detecting user marks is
provided, comprising: placing a form (see, e.g., form 400 of Figs. 4 and 6
and form 700A of Fig. 7) in a field of view of a camera (see, e.g., system
I 01 of Fig. 1, which may include a camera), wherein the form includes
thereon at least a first fiducial mark (see, e.g., fiducial marks 401A and
401B of form 400 of Figs. 4 and 6 and fiducial marks 701A and 701B of form
700A of Fig. 7) and a second 10fiducial mark (see, e.g., fiducial marks
401A and 401B of form 400 of Figs. 4 and 6 and fiducial marks 701A and 701B
of form 700A of Fig. 7), and wherein each of the first fiducial mark and
the second fiducial mark has a measurable property that is essentially
scale invariant; utilizing the camera to generate an electronic image of at
least a portion of the form, calculating with a processor mechanism (see,
e.g., system 101 of Fig. 1, which may include a processor 15mechanism) in
operative communication with the camera, based at least in part upon the
electronic image, a distance between at least the first fiducial mark and
the second fiducial mark; detecting with the processor mechanism at least a
first user marking cell on the form, wherein the first user marking cell is
bounded by at least one indicium that is visible to the camera (see, e.g.,
user marking cells of form 400 in Figs. 4 and 6, user marking cells of form
700A of Fig.?, user 20 marking cells of form 800 of Fig.8 and user marking
cells of form 1000A of Fig. 10), and wherein the first user marking cell is
detected based at least in part upon the calculated distance between the
first fiducial mark and the second fiducial mark; calculating with the
processor mechanism a displacement vector of the detected first user
marking cell versus an ideal planar position of the detected first user
marking cell; detecting with the processor mechanism at least a 



25second user marking cell on the form, wherein the second user marking
cell is bounded by at least one indicium that is visible to the camera
(see, e.g., user marking cells of form 400 in Figs. 4 and 6, user marking
cells of form 700A of Fig. 7, user marking cells of form 800 of Fig.8 and
user marking cells of form I 000A of Fig. 10), and wherein the second user
marking cell is detected based at least in part upon the displacement
vector of the detected first user marking 30cell; determining with the
processor mechanism evidence of at least a first user mark in the 14 NY
239,665,071v1 7-28-09  WO 2010/015930PCT/1B2009/006652 detected first user
marking cell based at least in part upon a degree of brightness similarity
between: (a) at least a portion of the electronic image surrounding the
indicium bounding the first user marking cell; and (b) at least a portion
of the electronic image included inside the indicium bounding the first
user marking cell; and determining with the processor mechanism  5 evidence
of at least a second user mark in the detected second user marking cell
based at least in part upon a degree of brightness similarity between: (a)
at least a portion of the electronic image surrounding the indicium
bounding the second user marking cell; and (b) at least a portion of the
electronic image included inside the indicium bounding the second user
marking cell. In one example, the method may further comprise: calculating
with the processor  10 mechanism a displacement vector of the detected
second user marking cell versus an ideal planar position of the detected
second user marking cell; and detecting with the processor mechanism at
least a third user marking cell on the form, wherein the third user marking
cell is bounded by at least one indicium that is visible to the camera
(see, e.g., user marking cells of form 400 in Figs. 4 and 6, user marking
cells of form 700A of Fig. 7, user marking cells of form 800 of Fig.8 and
15user marking cells of form I 000A of Fig. 10), and wherein the third user
marking cell is detected based at least in part upon at least one of: (a)
the displacement vector of the detected first user marking cell; and (b)
the displacement vector of the detected second user marking cell.       In
another example, the method may further comprise: determining with the
processor mechanism evidence of at least a third user mark in the detected
third user marking cell based at  20 least in part upon a degree of
brightness similarity between: (a) at least a portion of the electronic
image surrounding the indicium bounding the third user marking cell; and
(b) at least a portion of the electronic image included inside the indicium
bounding the third user marking cell.       In another example, the third
user marking cell may be detected based at least in part upon at least both
of: (a) the displacement vector of the detected first user marking cell;
and (b) 25the displacement vector of the detected second user marking cell.
In another example, the third user marking cell may be detected based at
least in part upon interpolation between: (a) the displacement vector of
the detected first user marking cell; and (b) the displacement vector of
the detected second user marking cell. In another example, the method may
further comprise: detecting with the processor 30mechanism at least a third
user marking cell on the form, wherein the third user marking cell is 
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indicium that is visible to the camera (see, e.g., user marking cells of
form 400 in Figs. 4 and 6, user marking cells of form 700A of Fig. 7, user
marking cells of form 800 of Fig.8 and user marking cells of form I 000A of
Fig. 10), and wherein the third user marking cell is detected based at
least in part upon at least one of: (a) a position of the detected first
user 5marking cell; and (b) a position of the detected second user marking
cell.       In another example, the method may further comprise:
determining with the processor mechanism evidence of at least a third user
mark in the detected third user marking cell based at least in part upon a
degree of brightness similarity between: (a) at least a portion of the
electronic image surrounding the indicium bounding the third user marking
cell; and (b) at least a portion of 10the electronic image included inside
the indicium bounding the third user marking cell.       In another
example, the third user marking cell may be detected based at least in part
upon at least both of: (a) the position of the detected first user marking
cell; and (b) the position of the detected second user marking cell.
In another example, the third user marking cell may be detected based at
least in part 15upon interpolation between: (a) the position of the
detected first user marking cell; and (b) the position of the detected
second user marking cell.       In another example, the method may further
comprise determining with the processor mechanism when the form becomes
essentially stationary after being placed in the field of view of the
camera. 20In another example, the method may further comprise decoding with
the processor mechanism identification information on the form.       In
another example, at least a first indicium bounding the first user marking
cell may form a closed boundary and at least a second indicium bounding the
second user marking cell may form a closed boundary . 25In another example,
each indicium bounding each user marking cell may be printed in ink. In
another example, each indicium may be visible to both the camera and a
human.       In another example, the processor mechanism may comprise a
single processor (see, e.g., system 101 of Fig. I, which may include a
single processor). 
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another example, the processor mechanism may comprise a plurality of
processors (see, e.g., system 101 of Fig. 1, which may include a plurality
of processors).       In another example, the form may be selected from the
group consisting of: a lottery play slip; a survey; and a test. 5In another
example, the camera may comprise at least one image sensor (see, e.g.
system 101 of Fig. 1, which may include at least one image sensor).
In another example, the camera may comprise at least one lens (see, e.g.,
system 101 of Fig. 1, which may include at least one lens). In another
example, the user marking cells may be laid out in a grid pattern, with
10essentially uniform spacing between adjacent user marking cells in at
least one of a horizontal direction and a vertical direction.       In
another example, the user marking cells may be laid out in a grid pattern,
with essentially uniform spacing between adjacent user marking cells in
both a horizontal direction and a vertical direction. 15In another example,
the user marking cells may be laid out in a non-grid pattern.       In
another example, the method may further comprise at least one indicium
inside at least one user marking cell (see, e.g., user marking cells of
form 400 in Figs. 4 and 6, user marking cells of form 700A of Fig. 7, user
marking cells of form 800 of Fig.8 and user marking cells of form 1000A of
Fig. 10). 20In another example, the indicium inside the user marking cell
may comprise at least one of a number and a letter, printed in ink
invisible to the camera and visible to humans (see, e.g., user marking
cells of form 400 in Figs. 4 and 6, user marking cells of form 700A of Fig.
7, user marking cells of form 800 of Fig.8 and user marking cells of form
1000A of Fig. 10). In another example, the steps may be carried out in the
order recited. 25In another embodiment, a system for detecting user marks
is provided, comprising: a camera (see, e.g., system 101 of Fig. 1, which
may include a camera); a processor mechanism (see, e.g., system 101 of Fig.
1, which may include a processor mechanism) in operative communication with
the camera; and at least one form (see, e.g., form 400 of Figs. 4 and 6 and
form 700A of Fig. 7), wherein the form includes thereon at least a first
fiducial mark and a 30second fiducial mark (see, e.g., fiducial marks 401A
and 401B of form 400 of Figs. 4 and 6 and 
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701A and 701B of form 700A of Fig. 7), and wherein each of the first
fiducial mark and the second fiducial mark has a measurable property that
is essentially scale invariant; wherein, when the form is placed in a field
of view of the camera, the camera and the processor mechanism operate to
carry out the following steps: generating, with the camera, an electronic
5image of at least a portion of the form; calculating with the processor
mechanism, based at least in part upon the electronic image, a distance
between at least the first fiducial mark and the second fiducial mark;
detecting with the processor mechanism at least a first user marking cell
on the form, wherein the first user marking cell is bounded by at least one
indicium that is visible to the camera (see, e.g., user marking cells of
form 400 in Figs. 4 and 6, user marking cells of 10form 700A of Fig. 7,
user marking cells of form 800 of Fig.8 and user marking cells of form I
000A of Fig. 10), and wherein the first user marking cell is detected based
at least in part upon the calculated distance between the first fiducial
mark and the second fiducial mark; calculating with the processor mechanism
a displacement vector of the detected first user marking cell versus an
ideal planar position of the detected first user marking cell; detecting
with the 15processor mechanism at least a second user marking cell on the
form, wherein the second user marking cell is bounded by at least one
indicium that is visible to the camera (see, e.g., user marking cells of
form 400 in Figs. 4 and 6, user marking cells of form 700A of Fig. 7, user
marking cells of form 800 of Fig.8 and user marking cells of form 1000A of
Fig. 10), and wherein the second user marking cell is detected based at
least in part upon the displacement 20vector of the detected first user
marking cell; determining with the processor mechanism evidence of at least
a first user mark in the detected first user marking cell based at least in
part upon a degree of brightness similarity between: (a) at least a portion
of the electronic image surrounding the indicium bounding the first user
marking cell; and (b) at least a portion of the electronic image included
inside the indicium bounding the first user marking cell; and 25determining
with the processor mechanism evidence of at least a second user mark in the
detected second user marking cell based at least in part upon a degree of
brightness similarity between: (a) at least a portion of the electronic
image surrounding the indicium bounding the second user marking cell; and
(b) at least a portion of the electronic image included inside the indicium
bounding the second user marking cell. 18 NY 239,665,071v1 7-28-09  



WO 2010/015930PCT/1B2009/006652       In one example, the camera may
comprise at least one image sensor (see, e.g., system 101 of Fig. 1, which
may include at least one image sensor).       In another example, the
camera may comprise at least one lens (see, e.g system 101 of Fig. 1, which
may include at least one lens). 5In another example, the processor
mechanism may comprise a single processor (see, e.g., system 101 of Fig. 1,
which may include a single processor).       In another example, the
processor mechanism may comprise a plurality of processors (see, e.g.,
system 101 of Fig. 1, which may include a plurality of processors).
In another example, the steps carried out by the camera and the processor
mechanism 10may be carried out in the order recited.       In another
example, the system may further comprise calculating, with the processor
mechanism, the presence of an immobile form.       In another example, each
of one or more fiducial marks may appear as essentially scale invariant to
an algorithm (e.g., an algorithm processed by a processor mechanism).  15
In another example, each of one or more fiducial marks may have a
measurable property that is essentially scale invariant (e.g., essentially
scale invariant to an algorithm processed by a processor mechanism).
In another example, a brightness similarity described herein may relate to
a white level (e.g., a local white level). 20In another example, an
intensity similarity may be utilized in a manner akin to the brightness
similarity described herein.       In another example, a luminosity
similarity may be utilized in a manner akin to the brightness similarity
described herein. For the purposes of this disclosure, a computer readable
medium is a medium that stores 25computer data/instructions in machine
readable form. By way of example, and not limitation, a computer readable
medium can comprise computer storage media as well as communication media,
methods and/or signals. Computer storage media includes volatile and/or
non-volatile, removable and/or non-removable media implemented in any
method and/or technology for storage of information such as
computer-readable instructions, data structures, program modules 30 and/or
other data. Computer storage media includes, but is not limited to, RAM,
ROM, EPROM, 19 
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memory and/or other solid state memory technology; CD-ROM, DVD, and/or
other optical storage; cassettes, tape, disk, and/or other magnetic storage
devices; and/or any other medium which can be used to tangibly store the
desired information and which can be accessed by the computer. 5Further,
the present invention may, of course, be implemented using any appropriate
computer readable medium, computer hardware and/or computer software. In
this regard, those of ordinary skill in the art are well versed in the type
of computer hardware that may be used (e.g., one or more mainframes, one or
more server computers, one or more client computers, one or more
mini-computers, one ore more personal computers ("PC"), one or more
networks (e.g., 10an intranet and/or the Internet)), the type of computer
programming techniques that may be used (e.g., object oriented
programming), and the type of computer programming languages that may be
used (e.g., C++, Basic). The aforementioned examples arc, of course,
illustrative and not restrictive. Of course, any embodiment/example
described herein (or any feature or features of any 15embodiment/example
described herein) may be combined with any other embodiment/example
described herein (or any feature or features of any such other
embodiment/example described herein).       While a number of
embodiments/examples of the present invention have been described, it is
understood that these embodiments/examples are illustrative only, and not
restrictive, and 20that many modifications may become apparent to those of
ordinary skill in the art. For example, certain methods may be -computer
implementable" or -computer implemented." To the extent that such methods
arc implemented using a computer, not every step must necessarily be
implemented using a computer. Further, fiducial marks of various
embodiments may be of any desired, hollow shape. Further still, fiducial
marks of various embodiments may be particularly 25useful when more than
one type of form may be detected and/or there is a stack of multiple forms
(wherein, for example, all of the forms in the stack arc not aligned).
Further still, user marking cells may be of any desired shape and may be
arranged in any desired pattern. Further still, the forms of the present
invention may utilize any conventional features (e.g., clocks), as desired.
Further still, fiducial marks and/or user marking cells may be printed or
otherwise 20 NY 239,665,071v1 7-28-09 



WO 2010/015930PCT/1B2009/006652  placed on the forms. Further still, the
various steps may be carried out in any desired order (and any desired
steps may be added and/or any desired steps may be eliminated). 21  Claims
1. A rnethed ler detecting user marksa Cementing: placing a form el a field
ot view eta camera. wherein the tome includesthereon at least a first
liducial mark and a second ilduclal mark, and weerain eachol the
firstliducla mark arid thesecond flducIal mark has a measurable property
thal is essentially smle invariant utilizing the camera to generate an
electronic in-age of at Iaazta pereon 01 We Tom'; calculating with a
processor mechanism in operative ccmmtrelcation with the camera, bases at
least in part upon the electronic image, a distance between at least tie
first Ilduclal mark Rea the second Vidal meet detecting with We processor
mechaniem at least a first user marking cell on the form, whenaln the first
user marking cells bounded by at leastone inoticium that is visible to the
camera, and wherein the first usermarking cella detectedbased at least In
pall upon the calculateddistance between the lirs t ("dude: mark all the
second liducial Mark; calculating wite the processor mechaelsm a
dleplimornem vectorial the delecied first USOF marking cell versus an ideal
planar position el the detected first user marking cell; detecting With the
processor mechanism at least a second user marking cell on the font,
wherein the second war marking cell is boundedby at loast one inricturn
that le visible to the camera, and wherein the second user markelgeall
isdetectedbased at least In part upon the displacementvector DI the
detectedfirst user markingcall; determining With the processor mechanism
evidence of at least afire t ueerrnark In the detecteelfast usermarking
milbased at least in pad upon a degree of brightens almiwity between: (a)
et least a portion of the electronic. Image aurrourting the indlciurn
boundingWe first user marking Gee; and (b) at least a portion of the
electronic Image included inside the indtclum bounding the first user
marking tee; and determining with the processor mechanism evidence of at
least a second user mark in the detected acetone uttermarking cell based at
least In part upon a degree of brightness airrdlerey between, (a) at least
a ponlun et the electronic Image surroundin 9 the indkalum boundirg the
second user marking cell; end (b) at toast a portion of the eledror ic
image Included Inside the Indlclurn bounding tne second user marking cell.
2. The method of claim 1, further ocarprising: calculating with the
processor mechanism a clisplarrreal vector of tee detected second user
marking cell verses en ideal Wane: position of the detected second user
marking cell; and detecting with the presser mechanism at least a third
user marking cal on the form, wherein the third user marking cell Is
bounded by at least orte indicium Met lavisible to the Guinea, and wherein
the third user marking cell is detected eased at le est In pert upon at
least one cif: fa) the dispiacemert vector of the detracted first user
marking cell; and (b) the displacement vector ot the aetected second user
marking cell. 3. The method of claim 2, further comprising: 



determinIng with the processor mechanism evidence of at least a third user
mark In the detected third user marking cell based at least in part upon a
degree ot brightness similarity between: (a) at least a portion of the
eledronto 'mega surroundingthe I ediclem boundlrig the third user marking
cell; and de) at learn portion of the eledrorec Image included inside
ihelndicium boarding the third user marking cat. 4. The method of claim 2,
wherein the third user marking cell is detected based at feast in part upon
at least both of: (a) the displacement vector of the detected first LIBBY
marking cell; and re) the displacement vectorial the detected second user
marldng cell. 5, The method of claim 2, wherein the third user marking cell
is detected based at least In part upon Interpolation between: (a) the
dieplacement vector of the defected flrst user marking call; and (b)the
displacement vecter cif the detected needed user marking cell. 6, The
method of claim I, further comprising: detecting with the processor
mechanism at least R third user marking cell on the term, wherein the third
user marking I.*1 is bounded try an iodic-rum that is visible to the
camera, end wherein the third user marking cell is detected based at least
in part upon at least one of: (a) a position of the detected first user
rnerking cell; end (a) a position of the detected second user matWng cot.
7. The method of claim 6, further comprising: detemlnirg with the processor
mechanism evidence of at least a third user mark in the detected third user
maddng cell based at least in part upon a degree of brightness simile/4
between: (a) at least a portion of the. electronic Image surrounding the
Indlclum bounding tee third user meeting cak and (b) at least a portion of
the elecironle Image Included Inside the Indiclum bounding the third user
marking cell,  4 The method at claim tl, wherein the third user marking
cell is detected based at least in part upon at least both of: (a) the
position of the detected I Ind user marWng cell; and (b) the position of
the detected second mar marldng cell. 9. The method of clairn 6, wherein
the third user marking cell le detected based at least In part upon
Interpolation between: (a) the position of the detected first user marking
nil; end (b) the position of the detected second user urethrae cell. 10.
The method of claim 1, further comprising determining with the processor
mecnaninth when the form becomes essentially stalfithary after being placed
In the field of view of the =mars. 11. The method of clam 7, further
comprthlag decoding with the processor mechanism identhicration information
on the 12. The method of claim 1, wherein at least a firer indicium bamaing
thofirst user Financing cell forms a closed boundary end at least asec:and
indicium bounding the second user marking cog forms a closed boundary.  13.
The method of clean 1, wherein each indithum hounding each user marking
cell Is printed In Ink. 14 The method of claim 1, svhereln each irtalclum
is viable In huh the camera and a human.  15. The method of claim I,
wherein the processor mechanism comprises a single processor,  16. The
method of claim 1, wherein the processor mechanism Comprises a plurality of
processors. 17, The rnethodur claire 1, Whe reinthe ronnisselectedfram
thegroup consisting oft a lottery play slip: a sulver. Br; la fact la, The
method of claim I, wherein the camera comprises at east one image sensor.
19. The method of claim 18, wherein the camera comprises at least one lens.
20. The method =claim 1, whetten the user marking cele stealth oth In a
gild padom, with essentially uniform epacIng between adjacent user marking
cells in at least one of a horizontal direction and a vertical direction.
21. The method of =ern 20, wherein theuser:marking cella are lald out in a
grid pattern, with essenlially unitorm spacing between adjacent user
maridng calls in both a horlsontal direction end a vertical direction. 22.
The method at chin 1, wherein the user marking seas are laid out in a
non-grid pattern. 23. The method of claim 1, further =uprising at least one
indthium Inside at least one user marking cell. 



24. The method of claim 23, wherein the Inilklam InWdri the neer mandng
cell comprises at least one of a numberand a Setter, printed In Ink
invisible to the camera and visibleCc humans. 25. The method of claim I,
wherein the steps are carried out i the order recited, 26. A system ter
detecting user marks, comprising: a cam wa; a process= mechanism in
operative communication with the camera; and at least one form, wherein the
form IncludeS thereon at (east a flat Modal mark and a ascend edictal mark,
and wherein each of the first fiduclid mark and the second Iducial merit
has a measurable property that Is essentially scale Invariant wherein, when
the form fit placed In afield of view of the camera, the camera and the
processor nathhanism operate to carry cat the following steps:  generating,
with the minters, an eisoironic image cut at least a portion of the form;
cakatating with the processor mechanism, based at teeth In part upon the
etectronio Image, a distance between at least the first Venda mans and the
second (Nodal markt detecting with the processor mechanism at heist a first
user rya rieng cell on the him:, wherein the first user marking cell is
bounded by at least one indicium that; visible to the owners, and wherein
the first user marking cell is detected based at !east in pert upon the
calculated distance between the first laluctial mark and the second
fiducial meta; calculating with the processor mechanism a displacement
vector of the detected first user marking colt versus an Ideal planar
politer) of the detected first atter rearldng cell; detectingwith the
processor mechanism at least a second user meriting cellonthe lama wherein
thc Moat user marking cell Is bbunded by at least one Indio:am beaks
visible to the camera, end wherein the second user marking cell is detected
based at least in part upon the displacement vector of the detected first
user marking cell; determining with the processor median teal evidence Of
at least a first user mark in the detected first user marking cell based at
least In pet upset a degree of brightness similarity between; (a) at least
a portion of the electronic image surrounding the indtium Coundingtha first
user marking cell; and (b) at tenet a portion S the electronic Irnage
included Inside the in olciurn bounding the flat user marking cell; and
determining with the processor mechanism evidence of at least a second user
mark in the detected second user marking eel( based at least in part upon a
degree of brightness simikeity behreent ist)st least a potion of the
electronic image surrounding the indidom boundhig the second user marking
cell; and (a) at least a portion of the electronic image included inside
the leaden bounding the second user marking cell. 21ci The system of claim
26, wherein the camera comprises at least one Image sensor. 26, The system
of claim 26, wherein the camera comprises at least one lens, 29. The system
of claim 26, wherein the processor mechanism comprises a single processor.
30. The system of claim 28. wherein the processor mechanism comprises a
plurality of processors, 91. The system of claim 26, wherein the steps
carted out by the cameraand the processor mectecnism are carried out In the
order recited. 32. The system of clalm 25, further comprialng calculating,
with the processor mechanism, the presence clan immobile form. 




