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(57) ABSTRACT

A variable skew correction system comprises a de-skew
application executable to transform scanned image data of a
document exhibiting a variable skew condition to an output
model representing a de-skewed image of the document by
transferring pixel data for each of a plurality of raster lines of
the scanned image data to the output model, wherein a vari-
able spacing between at least two adjacent raster lines of the
scanned image data is modified in the output model to correct
non-linear distortion of the scanned image data.
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VARIABLE SKEW CORRECTION SYSTEM
AND METHOD

BACKGROUND

[0001] In document scanners and other types of imaging
devices, an image of a document is generally obtained scan
line-by-scan line. For example, some document scanners
comprise a feed mechanism that feeds a document to be
scanned or imaged onto a platen and past a photosensitive
element where image content is captured on a line-by-line
basis as the document is fed past the photosensitive element.
Such feed mechanisms generally comprise rollers or other
types of elements that grip and/or otherwise engage the docu-
ment to feed the document past the photosensitive element.
However, during the feeding process, a variable skew or non-
linear distortion condition may result if the document inad-
vertently moves relative to the feed mechanism while the
document is being fed past the photosensitive element,
thereby resulting in an image that has a curved or banana-
shaped contour. For example, the variable skew condition is
especially prevalent if the document contains embossed let-
tering or images (which creates friction relative to a platen
across which the document is fed and/or results in uneven
pressure being applied by the feed mechanism, thereby caus-
ing slippage between the document and the feed mechanism)
or if the document is photo-quality paper, plastic or another
type of medium having a generally smooth or slippery surface
(which also results in slippage between the document and the
feed mechanism).

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 is a block diagram illustrating an imaging
device in which an embodiment of a variable skew correction
system is employed to advantage; and

[0003] FIGS. 2-9B are diagrams illustrating an embodi-
ment of a method of variable skew correction.

DETAILED DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram illustrating an imaging
device 10 in which an embodiment of a variable skew correc-
tion system 12 is employed to advantage. Imaging device 10
may comprise any type of device for generating a scanned
image of a document 14 such as, but not limited to, a copier,
a desktop scanner, a facsimile device, and a multi-function
device. Document 14 may comprise any type of object of
which a scanned image is desired such as, but not limited to,
a photograph, a text-based document, a credit card, and a
business card.

[0005] In the embodiment illustrated in FIG. 1, imaging
device 10 comprises a processor 20, a scan controller 22, a
scanner module 24, and a feed mechanism 26. Scan controller
22 is used to control a scanning operation for producing a
scanned image of document 14. For example, scanner module
24 may comprise a photosensor element, a light for illumi-
nating document 14, a lens assembly for focusing light
reflected by and/or transmitted through document 14 onto the
photosensor and/or other elements used for generating a
scanned image of document 14. Feed mechanism 26 may
comprise one or more rollers or other devices used to feed
document 14 past scanner module 24 for generating a
scanned image thereof. In operation, scan controller 22 con-
trols the operation of feed mechanism 26 and/or scanner
module 24 to generate a scanned image of document 14.
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[0006] Inthe embodiment illustrated in FIG. 1, system 12
comprises a de-skew application 30 executable to correct a
variable skew condition associated with the scanned image of
document 14 such that non-linear distortion in the scanned
image of document 14 is adjusted and/or otherwise corrected
to produce a scanned image representative of document 14.
De-skew application 30 may comprise hardware, software,
firmware, or a combination thereof. In FIG. 1, de-skew appli-
cation 30 is illustrated as being stored in memory 28 so as to
be accessible and executable by processor 20. However, it
should be understood that de-skew application 30 may be
otherwise located (e.g., even remote from imaging device
10).

[0007] In FIG. 1, memory 28 comprises image data 40
having information associated with the scanned and corrected
images of document 14. For example, in the embodiment
illustrated in FIG. 1, image data 40 comprises scanned image
data 42, a deformable model 44, and a de-skewed output
model 46. Scanned image data 42 generally comprises image
data acquired from a scanning operation performed on docu-
ment 14. For example, in some embodiments, scanning of
document 14 is performed by a linear photosensor array on a
scan line-by-scan line basis, thereby producing pixel values
or raster data 48 corresponding to each scan line. Deformable
model 44 comprises a model of document 14 generated by
de-skew application 30 based on scanned image data 42 of
document 14. As will be described in greater detail below,
model 44 is deformed to correspond with and/or otherwise
conform to the distorted and/or non-linear scanned image
data 42 associated with document 14. De-skewed output
model 46 comprises a model generated by de-skew applica-
tion 30 representing a de-skewed image of document 14 as a
result of de-skew application 30 transforming scanned image
data 42 from deformable model 44 to output model 46.
[0008] FIGS. 2-9B are diagrams illustrating an embodi-
ment of a method of variable skew correction using de-skew
application 30. In the embodiment illustrated in FIGS. 2-9B,
document 14 is illustrated as a credit card. However, it should
be understood that the described method may be used for
other types of documents 14. Referring to FIG. 2, the scanned
image of document 14 is indicative of a is non-linear and/or
variable skew distortion condition. De-skew application 30
accesses scanned image data 42 corresponding to document
14 and performs an edge detection operation on scanned
image data 42. In some embodiments, scanned image data 42
may be downsampled prior to being processed using de-skew
application 30 to facilitate faster image correction processing.
As illustrated in FIG. 2, the edge detection operation per-
formed by de-skew application 30 is used to locate high
contrast distinctions between various portions of scanned
image data 42. Thus, for example, the edge detection opera-
tion may locate transition indications 50,-50, (which may
represent a high contrast transition related to an edge of
document 14) as well as transition indications 52 ,-52, repre-
senting high contrast transitions within various areas of
scanned image data 42. Thus, it should be understood that the
edge detection operation is used to detect contrasting areas of
image content that may be subsequently used to determine
and/or otherwise identify the physical edges of document 14.
In FIG. 2, a small representative sample of transition indica-
tions are illustrated for ease of illustration and description;
however, it should be understood that the quantity of detected
contrasting areas may vary. Further, a variety of different
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types of edge detection methods may be used such as, but not
limited to, a simplified Canny edge detection method.
[0009] Referring to FIG. 3, de-skew application 30 per-
forms a linking operation using the high contrast transition
indications detected during the edge detection process (e.g.,
indications 50 and 52 of FIG. 2) to generate linear line seg-
ments 56, ,,. For example, in some embodiments, opposite
and/or extreme ends of a particular string of high contrast
transition indications 50 and/or 52 are joined by a linear line
such that edge points falling within a predetermined threshold
distance relative to the linear line are associated with the
generated linear line. Accordingly, if edge points for particu-
lar transitions 50 and 52 fall outside the predetermined thresh-
old distance, such edge points are split and/or otherwise asso-
ciated with a different linear line. Thus, in some
embodiments, the linear line segmentation process may be
performed by an iterative split and merge process such that
orthogonal distances between edge points and linear lines are
used to associate the various transition indication 50 and/or
52 points with particular linear lines. In FIG. 3, a small
representative sample of linear line segments 56 are illus-
trated for ease of illustration and description; however, it
should be understood that the quantity of linear line segments
may vary.

[0010] Referring to FIGS. 4A-4B, de-skew application 30
performs a partitioning and grouping operation using the
linear line segments 56 obtained as illustrated in FIG. 3. For
example, as illustrated in FIGS. 4A-4B, the linear line seg-
ments are partitioned and/or grouped by their relative loca-
tions such as top (FIG. 4A), bottom (FIG. 4B, left (FIG. 4C),
and right (FIG. 4D). Thus, referring to FIGS. 4A-4D, the line
segments 56 (FIG. 3) are partitioned and grouped by de-skew
application 30 into line segment groups 60,, 60,, 60,, and
60, corresponding to the top, bottom, left, and right portions
of'scanned image data 42, respectively. For ease of illustration
and description, various image features represented in FIGS.
2 and 3 (e.g., name lettering and number designations) are
omitted from FIGS. 4A-8).

[0011] Referring to FIG. 5, de-skew application 30 ana-
lyzes the grouped line segments 60,-60,, and groups those of
line segments 60,-60, that are generally collinear. For
example, in some embodiments, a method such as a recursive
depth-first tree search of the linear segments sorted horizon-
tally (for the top and bottom groups 60, and 60,) or vertically
(for the left and right side groups 605 and 60,) may be per-
formed to group those segments that are generally collinear.
In operation, various types of perceptual criteria may be used
to determine whether two or more line segments are collinear
such as, but not limited to, proximity relative to length, align-
ment of ends of particular line segments and/or the angular
orientation of such line segments. In FIG. 5, various line
segments determined to be generally collinear have been
grouped and are represented by grouped line segments 62, -
62,,. However, it should be understood that there may be a
greater or fewer quantity of collinear line segments.

[0012] Referringto FIG. 6, de-skew application 30 uses the
collinear groupings of line segments (grouped line segments
62, ,, of FIG. 5) to determine and/or estimate the locations of
the sides of document 14. For example, in some embodi-
ments, the linear segments (e.g., actual linear segments and/or
projected linear segments) of the various collinear line seg-
ment groups 62, |, are analyzed relative to each other to
locate and/or estimate the locations of the sides of document
14. In some embodiments, each of the various collinear line
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segment groups 62, ,, are used to determine and/or estimate
the locations of the sides of document 14 and the results
scored using different criteria. For example, in some embodi-
ments, one of each of the collinear line segments groups from
the top, bottom, left side and right side are used to calculate an
area formed by the selected collinear line segment groups.
The intersections of the various collinear line segment groups
may also be analyzed. The calculated areas and/or intersec-
tion locations may be scored (e.g., larger areas having a
higher score as being indicative of the boundaries or edges of
document 14) to determine and/or estimate the locations of
the sides of document 14. However, it should be understood
that other methods or processes may be used. Thus, for
example, referring to FIG. 6, the analysis of the collinear line
segment groups 62, _, ; are used to define linear line segments
64,-64, representing the sides of document 14, whereas the
intersections the linear line segments 64,-64, may be used to
define the corners 66,-66,, of document 14.

[0013] Referring to FIG. 7, de-skew application 30 gener-
ates a model 70 based on the determined locations corners
66,-66,,. For example, in the embodiment illustrated in FIG.
7, model 70 comprises linear lines 72,-72, having their
respective vertices located at corners 66,-66,. In the embodi-
ment illustrated in FIG. 7, lines 72, and 72, correspond to
edges of document 14 that were located perpendicular to a
scanning direction of document 14 indicated by arrow 74 in
FIG. 7 (e.g., if the variable skew condition had not resulted,
sides 72, and 72, would have been located and/or positioned
substantially parallel to a photosensor array during the scan-
ning process). Thus, based on the foregoing, de-skew appli-
cation 30 generates lines 72, and 72, of model 70 formed by
piecewise linear segments defined and/or joined by a prede-
termined quantity of nodes. Thus, for example, in FIG. 7,
lines 72, and 72, are each defined by a same quantity of nodes
76 having an equidistant spacing therebetween along the
respective line 72, and 72, (the spacing between nodes 76
along line 72, being less than the spacing between nodes 76 of
line 72, because the image data along line 72, is compressed
whereas the image data along line 72, is expanded resulting
from the variable skew condition). Thus, lines 72, and 72, are
formed having a plurality of line segments 78 having respec-
tive nodes 76 for endpoints thereof.

[0014] Referring to FIG. 8, model 70 is deformed to corre-
spond with and/or otherwise conform to scanned image data
42. For example, referring to FIG. 8, sides 72, and 72, are
deformed to correspond to edges of scanned image data 42
having a curvature and/or non-linear form by effectively tran-
sitioning nodes 76 and corresponding line segments 78 to the
outline or sides of scanned image data 42.

[0015] Referring to FIGS. 9A and 9B, de-skew application
30 transforms scanned image data 42 corresponding to the
deformed model 70 to an output model 80 generated by
de-skew application 30. Output model 80 is used to represent
and/or act as a placeholder for the transformation of scanned
image data 42 from deformed model 70 to output model 80.
De-skew application 30 generates output model 80 as a rep-
resentative indication of the size of document 14 based on
scanned image data 42. For example, in some embodiments,
de-skew application 30 computes an average height for out-
put model 80 as indicated by the direction corresponding to
arrow 82 based on an average dimension of lines 72, and
72,(F1G. 7), and computes an average width for model 80 in
a direction indicated by arrow 84 based on an average of a
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dimension of lines 72, and 72,(FIG. 7). However, it should be
understood that output model 80 may be otherwise generated
and/or determined.

[0016] Referring to FIGS. 9A and 9B, de-skew application
30 transforms scanned image data 42 from deformed model
70 to output model 80 by transferring pixel values for each of
a plurality of raster data lines 90 of scanned image data 42
from deformed model 70 to output model 80. For example, as
illustrated in FIGS. 9A and 9B, image data 42 located along
line 72, is generally compressed while image data 42 located
along line 72, is generally expanded resulting from the vari-
able skew condition during scanning of document 14. Thus,
as illustrated in FIG. 9A, the distance between adjacent raster
data lines 90 varies from line 72, to line 72,. In operation,
pixel values associated with raster lines 90 are moved and/or
transferred from deformed model 70 to output model 80 using
a one-to-one correspondence between models 70 and 80. For
example, in some embodiments of operation, the locations of
raster data lines 90 in output model 80 are spaced apart by one
pixel along a side 92 of model 80 such that a one-to-one
correspondence between raster data lines 90 from deformed
model 70 are established with the locations of raster data lines
90 and output model 80. Thus, based on the selected locations
for raster data lines 90 in output model 80, pixel values for a
corresponding quantity of raster data lines 90 are transferred
from model 70 to model 80. Thus, it should be understood that
the pixel spacing and/or pixel-to-pixel ratio between adjacent
raster data lines 90 in model 70 along a scan direction of
document 14 (e.g., as indicated by arrow 74 in FIG. 7) will
vary from line 72, to line 72,(i.e., the pixel spacing at oppo-
site ends of raster data lines 90 in model 70 will vary (e.g., the
pixel spacing along line 72, may be different, probably
smaller, than the pixel spacing along line 72,)) because of the
compression/expansion of the distorted image data.

[0017] Thus, in operation, de-skew application 30 acquires
pixel values for a particular raster data line 90 in model 70 and
transfers the pixel values to output model 80 at a correspond-
ing location of the selected raster data line 90 in output model
80. De-skew application 30 performs the image data trans-
formation by transitioning along a scan direction of the
scanned image data 42 to capture and/or otherwise acquire
pixel values for raster data lines 90 in model 70 and transfer
the pixel values to output model 80. Thus, it should be under-
stood that the transitioning process through the scanned
image data 42 in model 70 may be on a variable pixel-by-pixel
ratio based on the compressed/expanded data condition. In
FIGS. 9A and 9B, three raster data lines 90,-90, are repre-
sented; however, it should be understood that the quantity of
raster data lines will vary.

[0018] It should be understood that in the described
method, certain functions may be omitted, accomplished in a
sequence different from that depicted in FIGS. 2-9B, or per-
formed simultaneously. Also, it should be understood that the
methods depicted in FIGS. 2-9B may be altered to encompass
any of the other features or aspects as described elsewhere in
the specification. Further, embodiments may be implemented
in software and can be adapted to run on different platforms
and operating systems. In particular, functions implemented
by de-skew application 30, for example, may be provided as
an ordered listing of executable instructions that can be
embodied in any computer-readable medium for use by or in
connection with an instruction execution system, apparatus,
or device, such as a computer-based system, processor-con-
taining system, or other system that can fetch the instructions
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from the instruction execution system, apparatus, or device,
and execute the instructions. In the context of this document,
a “computer-readable medium” can be any means that can
contain, store, communicate, propagate or transport the pro-
gram for use by or in connection with the instruction execu-
tion system, apparatus, or device. The computer-readable
medium can be, for example, but is not limited to, an elec-
tronic, magnetic, optical, electro-magnetic, infrared, or semi-
conductor system, apparatus, device, or propagation medium.

What is claimed is:

1. A variable skew correction system, comprising:

a de-skew application executable to transform scanned
image data of a document exhibiting a variable skew
condition to an output model representing a de-skewed
image of the document by transferring pixel data for
each of a plurality of raster lines of the scanned image
data to the output model, wherein a variable spacing
between at least two adjacent raster lines of the scanned
image data is modified in the output model to correct
non-linear distortion of the scanned image data.

2. The system of claim 1, wherein the de-skew application
is configured to transform the scanned image data to the
output model at a variable pixel-by-pixel ratio between at
least two opposing sides of the scanned image data.

3. The system of claim 1, wherein the de-skew application
is configured to perform edge detection on the scanned image
data to generate the output model.

4. The system of claim 1, wherein the de-skew application
is configured to partition and group linear segments of the
scanned image data to determine sides for the output model.

5. The system of claim 1, wherein the de-skew application
is configured to analyze intersections of linear segments of
the scanned image data to determine sides for the output
model.

6. The system of claim 1, wherein the de-skew application
is configured to position the at least two adjacent raster lines
in the output model with a uniform spacing therebetween.

7. The system of claim 1, wherein the de-skew application
is configured to generate another model deformed to the
scanned image data to determine at least one dimension ofthe
output model.

8. A variable skew correction method, comprising:

generating an output model representing a de-skewed
image of a document based on scanned image data ofthe
document, the scanned image data indicating a variable
skew condition;

deforming another model to conform to the scanned image
data; and

transforming the scanned image data from the deformed
model to the output model to correct non-linear distor-
tion of the scanned image data.

9. The method of claim 8, further comprising transforming
the scanned image data to the de-skewed model at a variable
pixel-by-pixel ratio between at least two opposing sides of the
scanned image data.

10. The method of claim 8, further comprising performing
edge detection on the scanned image data to generate the
output model.

11. The method of claim 8, further comprising partitioning
and grouping linear segments of the scanned image data to
determine sides for the output model.

12. The method of claim 8, further comprising analyzing
intersections of linear segments of the scanned image data to
determine sides for the output model.
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13. The method of claim 8, further comprising transferring
raster lines of the scanned image data from the deformed
model to the output model.

14. The method of claim 8, wherein deforming the another
model comprises deforming at least one side of the another
model to a side of the scanned image data exhibiting a cur-
vature.

15. A variable skew correction system, comprising:

an imaging device having a de-skew application executable

by a processor to:

generate an output model representing a de-skewed
image of a document based on scanned image data of
the document, the scanned image data indicating a
variable skew condition;

deform another model to conform to the scanned image
data; and

transform the scanned image data from the deformed
model to the output model to correct non-linear dis-
tortion of the scanned image data.
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16. The system of claim 15, wherein the de-skew applica-
tion is configured to transform the scanned image data to the
output model at a variable pixel-by-pixel ratio between at
least two opposing sides of the scanned image data.

17. The system of claim 16, wherein the de-skew applica-
tion is configured to perform edge detection on the scanned
image data to generate the output model.

18. The system of claim 16, wherein the de-skew applica-
tion is configured to partition and group linear segments of the
scanned image data to determine sides for the output model.

19. The system of claim 16, wherein the de-skew applica-
tion is configured to analyze intersections of linear segments
of the scanned image data to determine sides for the output
model.

20. The system of claim 16, wherein the de-skew applica-
tion is configured to transfer raster lines of the scanned image
data from the deformed model to the output model:
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