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Algorithms that estimate the angle at which a document image is rotated (called adocument’s
skew) are surveyed. Four broad classes of technique are identified. These include methods that
calculate skew from a horizontal projection profile, a distribution of feature locations, a Hough
transform, or the distribution of responses from local, directionally sensitive masks. The basic
method used by each class of technique is presented and the contributions of individual ago-
rithms within each class are discussed.

1 Introduction

The digital image of a document may be rotated or skewed at an arbitrary angle be-
cause of how it was placed on the platen when it was scanned or because of a docu-
ment feeder malfunction. Thisresultsin askewed image such as that shownin Fig. 1
(b). Thisrepresents askew of only 5 degrees. In fact, askew of aslittleas 0.1 degrees
may be apparent to a human observer. Thus, a desirable function in a digital photo-
copier isthe automatic detection and correction of skew. Ideally, aninput such asthat
shownin Fig. 1 (b) would produce Fig. 1(a) as output.

A skew detection algorithm is given the digital image of adocument and it deter-
minesthe angle (possibly zero degrees) by which it was skewed when it was digitized.
It isassumed that there al so existsamethod for rotating theimage to remove the skew.

A simple solution for skew detection is to determine the location of at least two
cornersof the original document °* and compute the skew angle from them. However,
thiscan be error-prone because of non-linear distortions that occur when pages are not
flat on the platen.1® Also, the entire scan surface may be obscured by the input docu-
ment or the input may itself have been produced from a skewed original. In either
case, deriving the skew angle from the corners or edges of the page is problematic.

This paper surveys skew detection algorithmsthat derive the skew of adocument
image. In amost every case, the algorithms that are discussed assume that an input
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document contains some amount of text. Features are often extracted from the text
portion of the image that allow the skew to be calculated. This is done because the
text is usually structured into lines that are co-linear and aligned with the horizontal
(or vertical) axis of the page. Thus, detecting the skew of the text lines provides the
skew of the document. Characteristics of the surveyed algorithms are discussed that
are pertinent to their commercial implementation. These characteristics include their
run-time and algorithm architecture.

The rest of this paper considers several classes of skew detection algorithm.
Techniques described in the scientific and patent literature often use either projection
profiles on theimage datadirectly, analysis of the geometric distribution of connected
components, or a Hough transform. A less thoroughly investigated approach, also
considered here, utilizes measurements on the distribution of local features extracted
from the image. The general characteristics of each class of technique are discussed
and examples of how they are applied to skew detection are presented. The reader is
referred elsewhere for an experimental evaluation of skew estimation algorithms.5
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Figure 1: Origina image in correct alignment (a) and skewed by 5 degrees (b).
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2 Projection Profile Analysis

A straightforward solution to determining the skew angle of a document image uses
a horizontal projection profile. Thisis a one-dimensional array with a number of lo-
cations equal to the number of rowsin an image. Each location in the projection pro-
file stores a count of the number of black pixels in the corresponding row of the
image. This histogram has the maximum amplitude and frequency when the text in
theimage isskewed at zero degrees since the number of co-linear black pixelsis max-
imized in this condition. Thisisillustrated in Fig. 2 which shows the projection pro-
filescalculated from theimagesin Fig. 1. The peaksin the profile cal culated from the
unskewed image (Fig. 2 (a)) aretaller and more closely spaced than those computed
from the skewed image (Fig. 2 (b)).

This characteristic has been used in several algorithms. One way of doing thisis
to rotate the input image through arange of angles and calculate the projection profile
for each one. Then features extracted from each projection profile are compared to de-
termine which one is more peaked. A slightly modified version of thisapproachis ex-
pressed in the pseudo code shown in Fig. 3.

@ (b)

Figure 2: Horizontal projection profiles calculated from the imagesin Fig. 1
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for theta = -angle to +angle by resolution do {
for r = 0 to NROWS do
for ¢ = 0 to NCOLS do
if (imagelr] [c] == BLACK) ({
rotate(r, c, theta, &new_row) ;
++proj_prof [new_row] ;

}

angle measure[theta] = criterion function(proj prof[]);

}

skew_angle = choose_skew(angle measurel]) ;

Figure 3: Projection profile analysis algorithm for skew detection.

A complete passis made over the input image for each possible skew angle. The
coordinates for every black pixel arerotated by that angle and the corresponding cell
in the projection profile is incremented. Then a criterion function is calculated that
provides a numerical expression for the peaked characteristic shown in Fig. 2. The
choose_skew function is then called to determine the angle that maximized the crite-
rion function. Rotating the coordinatesinstead of rotating the bitmap savestemporary
storage and reduces the computation that would be required for a brute force imple-
mentation of this approach.

Postl proposed a method similar to that described above in which the horizontal
projection profile iscalculated at anumber different angleﬁ“z' 43 The directional cri-
terion he used was the sum of squared differencesin adjacent cells of the projection
profile.

This basic approach was improved by downsampling the image before calculat-
ing the projection profile (to reduce computational cost) and using the angle that max-
imized the variance of the number of black pixels in a scan line as an estimate a
document’ s skew.' 12 A novel method for downsampling was used that preserved
horizontal structure in the image.

An improvement used a search algorithm that first calculated projection profiles
over asequence of angles that have a coarse resol ution.!® The angle that maximizes
the criterion function is used as the center for a finer resolution search for the skew
angle. In between the anglesthat areimmediately |ess than and greater than the coarse
maximum, two additional projection profiles and criterion function values are calcu-
lated. Thisrecursive subdivision is repeated until the final decision is reached.
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V arious adaptations of the basic projection profile analysistechnique have been
proposed that deal with complex input formats without requiring an independent doc-
ument segmentation method. An example of such an approach includes amethod that
calculates projection profiles over a number of circular windows, 2% 30 A skew esti-
mation value is accepted only from awindow that produces a distribution of criterion
function values that is characteristic of atext image. Thisis done because areliable
measurement of the skew angle of adocument are best calculated from atext region.

Further modifications have been proposed that could help solve the problem
posed by multiple columns of text. Since lines of text in adjacent columns are often
not co-linear, a simple horizontal projection profile taken across the whole page
might never exhibit the amplitude and frequency characteristics shown in Fig. 2(a)
even if the projection is computed at precisely the correct skew angle.

In onetechnique adocument imageisdivided into anumber of vertical *‘ swaths'’
and aprojection profileis calculated within each one. 4 The rotation of the document
is simulated by shifting adjacent projection profiles by an appropriate amount. The
sum of the dot product between adjacent projection profilesis then used as the crite-
rion function and the skew is the angle that maximizes the criterion function. A sim-
ilar approach was used in another method that calculated the cross correlation
between vertical scan lines separated by afixed distance and summed the result over
all thecolumnsinthe image.52 Each rotation was simulated by shifting one of the ver-
tical scan lines before cal culating the dot product. This perfornamce of a similar tech-
nigue was improved by calculating the cross correlation over a number of small
randomly selected regions.15 A Monte Carlo sampling technique was used to reduce
the effect of noise in the estimation caused by graphics regions. Thisis heeded since
the technique isreliable only on text regions.

An optical method has also been proposed that essentially calculates horizontal
projection profiles over a range of angles. 7 This method uses a rectangular sensor
composed of anumber of parallel strips of light sensitive material that generate elec-
trical signals proportional to the amount of light reflected on them. The sensor is me-
chanically rotated and a criterion function is computed that measures the sum of
squared differences in the reflected light measured in adjacent rows. The skew of the
document is the angle of rotation for the sensor that maximizes this electrically com-
puted criterion.

3 Feature Point Distribution
Another class of technique for document image skew detection reduces the number of

memory accesses that are performed in a histogram approach by first extracting the
x-y coordinates of featuresin an image. All subsequent computations are performed
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on those coordinates. The image itself is not accessed after the feature extraction is
compl eted.

The number of memory accesses and amount of computati on saved by feature ex-
traction depends on the ratio of image pixelsto number of features and the algorithm
that determines skew from the feature point distribution. One method of feature ex-
traction that has been used in several techniquesisbased on first |ocating the connect-
ed components in the image. These are the groups of connected black pixels that
usually correspond to single characters. The x-y coordinates of one representative
point for each component (e.g., the centroid) can be used to determine the skew of a
document by analyzing their projection profiles at different angles.

The data reduction and retention of information provided by analyzing connected
components is illustrated in Fig. 4 where projection profiles of the centroids of the
components in Fig. 1 are shown. It can be seen that the distributions are visually sim-
ilar to those in Fig. 2 that were obtained directly from the image data.
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Figure 4: Projection profiles of connected component centroids calculated from the imagesin Fig. 1 (a)
and (b), respectively.

A pseudo code version of a feature point analysis technique that uses connected

component locations is shown in Fig. 5. First all the connected components are

located and the x,y coordinates of their centers of gravity (cog) are determined by

find conn_comp_ xy. This can be done with one pass over the image. Then a

projection profile of the rotated y values for the cogs is constructed for a given angle

theta. Thisis repeated for arange of theta values and the one that best describes the
45



skew of the document is determined by analyzing the distribution of criterion
function values. Almost the same criterion functions and methods for choosing the
criterion value that describes the skew of the document can be used as when the
projection profiles were extracted directly from the image data.

find_conn comp xy( image[], NROWS, NCOLS, &comp[], &ncomps ) ;
for theta = -angle to +angle by resolution do
for 1 = 0 to ncomps do {

rotate (comp[i] .center_y, comp[i].center_ x, theta, &new_row) ;
++proj_prof [new_row] ;

}

angle measure[theta] = criterion function(proj prof[]);

skew_angle = choose_skew(angle measurel]) ;

Figure 5: Feature point distribution algorithm for skew detection.

Baird proposed a method similar to that discussed above in which the feature
points are the bottom-centers of each connected component. 6. 7 The sum of squares
of the values in the projection profile are used as the criterion function and a novel
iterative sampling procedure is used to choose the skew angle. The projection profiles
arefirst calculated with aresolution of 0.7 degrees. The peak of the criterion function
isthen approximated by aleast squares procedure. Samples are then taken at a finer
resolution around that peak and the location of the peak is re-estimated. This process
is continued until the desired resolution of 0.3 degreesis reached.

A similar procedure added the width of each connected component’s bounding
box to projection profiles taken at severa anglas.36 The authors eval uated the perfor-
mance of four criterion functions and concluded that the simple solution of counting
the zeroes in the projection profile provides the best performance (0.1 to 0.2 degree
accuracy).

A similar method rotated the x-y values for the center of gravity of each character
through several angles.2* A projection profileis calculated at each angle and the num-
ber of entries that are greater than zero is used as the criterion function. The skew an-
gleischosen asthe onethat minimizes the number of non-zero entries.

A novel method for detecting feature points was applied to document images
compressed in CCITT group 4 (G4) format.*® 4% The x-y locations of white pass
codes in the G4 file are located and projection profiles are calculated from them.
White pass codes are often generated in the G4 datawhen ablack runinline N cor-
responds to no black run in line N+1. The x-y values are rotated through a range of
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angles and the one that approximates the skew of the document is the one that maxi-
mizes the sum of squares of the values in the projection profile. An interesting aspect
of this approach isits approximation of connected component location by the location
of pass codes. Thus, instead of making a pass over the full resolution image data to
locate connected components, a computationally much simpler pass over the com-
pressed image is performed. The speedup is at least proportional to the compression
provided by the G4 coding. The author comments that in certain cases the speedup
may be significant enough to warrant the compression of an uncompressed data
stream even if the compressed datais only used for skew detection.

Another technique has been proposed that is applicable directly to a run-length
compressed format.?*

A number of techniques have been proposed that take advantage of the internal
structure of a document and substitute computation in the connected component do-
main for the repeated rotation and projection of x-y coordinates.

One such technique calculated the nearest neighbor for each component and
computed the histogram of the direction of the line segments that connect them.?’
This method capitalizes on the fact that small connected components that represent
individual characters are often clustered together along lines of text.

A similar method partitioned connected components (called segmented blocks
(SB9)) into lines of text by fixed thresholds on the x-start and y-start locations of ad-
jacent SBs.%8 The skew of each line was estimated by aleast squaresfit to the bottom-
left of each SB. The skew of apage was estimated by averaging the skew of eachline.
A 0.1 degree accuracy was obtained on six test images.

A hierarchical method for skew detection cal culated a histogram of the angles be-
tween each connected component and its nearest neighbor and used this measure to
obtain a gross estimate of a document’s skew (with a 0.5 degree accuracy).37 After
the document is segmented into lines of text, the skew of the individual linesis esti-
mated by aleast squaresfit to the centroids of the individual components. A finer res-
olution estimate for adocument’ s skew is obtained by applying acriterion function to
the histogram of individual line orientations.

A similar hierarchical approach downsampled an image by a factor of eight in
both the horizontal and vertical directions before locating connected compo-
nents.21018.21 After segmentation into lines of text, the skew of each lineis estimated
by performing aleast mean squares fit to the x-y coordinates of the upper left corner
of each component in aline. The most frequently occurring angle among all the lines
of text in adocument is used as the estimate for its skew. A related method has been
used to correct for skew within individual text blocks.>* Another similar technique
groups connected componentsinto lines and performs aleast median squaresfit to the
components in each line.*” The skew angle of the document is computed as the me-
dian of the gradient of the fit lines.
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Another approach preprocessed an image with morphological operationsthat re-
move ascenders and descenders and merge adjacent characters.’® The effect is to
smear the image horizontally and produce one connected component for each line of
text. A lineisthenfit to the pixelsin each component using aleast squares technique.
A histogram is constructed of the angles of the lines detected in a document and a
search procedure is applied to the histogram to determine the skew of the document.
Thisis necessary since there may be significant disagreement among the angles of the
fitted lines. This algorithm places a significant emphasis on morphological opera-
tions. Whilethefitting of linesto pixelsin theimage domain may be more costly than
performing this operation on coordinates extracted from each component, this may
be offset if special purpose hardware isused that makes the morphol ogical operations
faster than locating connected components.

Another approach to skew estimation first locates columns of text in aninput doc-
ument.3% 4041 The skew of acolumn isdetermined by aleast squaresfit to the centers
of patchesthat span the column horizontally. The skew of apageis determined by av-
eraging the skews of its columns. This technique reduces the computation required
to determine skew by calculating the angle of acolumn as aside effect of its segmen-
tation.

A feature point analysis technique which might work well on images that contain
long runs of black pixels (e.g., forms) detected the difference between the minimum
x-position of the longest runs on adjacent rows.® The average difference was used to
calculate the skew angle.

One method combined aspects of the projection profile and feature point analysis
methods.*® Text line baselines were located in projection profiles extracted from 20-
pixel wide vertical swathsin a document. A least squares procedure was used to fit a
line to such baseline points. This provided an estimate for the skew of the document.

4 Hough Transform Analysis

The Hough transform isawell known technique in computer vision that has been used
to detect linesand curvesin digital images. It computes the values for the parameters
of all the curves of a particular type (e.g., straight lines) that can pass through each
black pixel. Votes are then cast for each such curve in a multi-dimensional accumu-
lator array. Each dimension of the accumulator array corresponds to one of the pa-
rameters. After the entire image has been processed, the accumulator array is
inspected for local maxima. Each such maximum indicates the existence of acurvein
the original image given by the corresponding parameter values on the axes.

The p—6 parameterization for aline provides a practical application of the trans-
form. 2 Itis expressed as:

p=XcosO+ysno, (1)
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where p is the distance along the normal from the origin to the line and 6 is the angle
that the normal to the line makes with the x axis.

In practice, an accumulator array is parameterized by arange of valuesfor p and
6. Thexandy values of each black pixel are applied inthe above equation over arange
of valuesfor 6. The value for p that results from Eq.1 is used as an index into an ac-
cumulator array, along with the associated value for 6 and the contents of the accu-
mulator array at that location are incremented.

The Hough transform has been applied to document image skew detection.°
This approach used the fact that the highest number of co-linear pixels are on lines
that are co-incident with the baseline of the text. This is similar to the characteristic
exploited by the projection profile methods. The Hough transform computes very
similar information.

A pseudo code expression for the Hough transform method for detecting docu-
ment image skew is shown in Fig 6.

for y = 1 to NROWS do
for x = 1 to NCOLS do
if (imagel[y] [x] == BLACK) then
for theta = -angle to +angle by resolution do {
rho = x * cos(theta) + y * sin(theta)
++accumulator [rho] [theta] ;

}

skew_angle = choose_skew(accumulator[]);

Figure 6: Hough transform for detecting document skew.

The choose_skew function is applied to the accumulator array. A heuristic
was proposed that measured the rate of change in the accumul ator va ues for each an-
ge 0.%0 The skew angle was set to the value of 6 that maximized this heuristic.

The run time of a similar technique was improved by sampling every twentieth
pixel horizontally and vertically transforming them as shown in Fig. 6.2 The skew
angle was chosen by summing over p for each value of 6 and choosing the angle that
maximized the square of the result.

Another Hough technique first applied preprocessing that segmented text into
blocksthat correspond to paragraphs.25 The Hough transform was cal culated from the
edges of the detected blocks.

Preprocessing has also been used to select pixels at the bottoms of connected
components and apply the Hough transform to them.3% 34 This technique was applied
to a sub-region of a document that determined to contain mostly text. As such, indi-
vidual connected components correspond to single characters and the bottoms of the
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components are aligned on a common baseline paralléel to the skew angle of the doc-
ument.

Other innovative preprocessing has been applied to reduce the computation even
further.28 In this approach the image was down-sampled from 300 pixels per inch
(ppi) to 75 ppi and compressed with arun length representation. That is, the termina-
tion of each horizontal run of contiguous black pixelswas replaced by a count of the
number of pixelsin the run. The run length counts were used to update the accumu-
lator array in the usual way. The Hough transform was computed for values of 6 be-
tween -15 and +15 degrees with aresolution of 0.5 degrees since these values bound
the skew of most document images. The skew angle was chosen asthe valuefor 6 that
corresponds to the cell in the accumulator array with the maximum value.

Another preprocessing method was used to reduce the computation of the Hough
transform by constructing a piecewise linear approximation (PLA) to the contours of
abinary image.35 Each segment in the PLA was then transformed using the coordi-
nates of its center point. Thelength of the segment was added to the accumulator array
location specified by the distance of the center point from the origin (p) and theangle
of normal to the segment (0). That is, each segment results in only one update of the
accumulator array. In thisway most of the computation is shifted over to the calcula
tion of the PLA. This technique is best suited for application to forms that contain
large numbers of horizontal lines. However, it is similar in spirit to some of the fea-
ture point analysis methods discussed earlier that fit line segmentsto lines of text and
use a voting procedure on the angles of all the fit lines to determine the skew of a
document.

Hierarchical approaches have also been proposed to reduce the computation of
Hough transform implementations for skew detection.®? In one technique a page im-
age wasfirst divided into 20x30 pixel rectangular bl ocks. 23 If the percentage of black
pixelsin ablock indicated that it might contain text, the Hough transform was cal cu-
lated from it for 6 between -5 and +5 degrees with aresolution of one degree. The
angle with the maximum sum over all values of p was used as the center for amore
detailed analysisin a second pass. The Hough transform was again calculated over a
range of -1 to +1 degrees with aresolution of 0.1 degrees around the angle found in
the first pass. The skew angle was the value for 6 that maximized the sum of its p
values. Another hierarchical Hough technique was applied to centroids of connected
components.53 This method was demonstrated on avariety of document typesinclud-
ing technical articles, postal labels, handwritten text, forms, drawings, and bar codes.



5 Orientation-Sensitive Feature Analysis

Another type of approach to determining the skew of adocument detectsthe pres-
ence of local orientation-sensitive features in an image and uses their angles to vote
for the skew of the document. Such an approach combines aspects of the feature ex-
traction techniques discussed earlier with the principle behind some of the prepro-
cessing used to reduce computation in the Hough transform methods. That is, by
extracting the essential information that represents skew using local characteristics of
the image, the processing applied to the extracted information is simplified. In this
case, the repeated rotation and projection operations characteristic of afeature point
distribution analysis operator are eliminated.

Pseudo code that showsthe basic operation of thismethod isgivenin Fig. 7. Each
entry in aset of masksisapplied to theimage. If themask *‘ matches'’ at that location,
avote is recorded for the angle represented by the mask. After the entire image has
been processed in this way, the skew of the document is determined by taking the
maximum over the accumulated scores for each angle.

for r = 1 to NROWS do
for ¢ = 1 to NCOLS do
for each mask in MASKSET do
if Match ( imagel],r,c,mask ) then
++angle_measure[ angle( mask ) ];

skew = choose_skew ( angle_measurel[] );

Figure 7: Algorithm for skew detection with local orientation-sensitive masks.

Thebasic principlein thistype of technique was used in a system that determined
the dominant angle at which handwritten text was printed.*® The three masks shown
inFig. 8 are shifted over all the pixelsin animage and the number of times each mask
matches is determined. At least one of the ‘1's in each column must match a black
pixel and al of the‘0’smust match white pixelsfor the masksto “match.” The masks
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inFig. 8 (a), (b), and (c) were designed to match text slanted at angles between 50
and 65 degrees, 65 and 75 degrees, and 90 degrees, respectively.
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Figure 8: Orientation-sensitive masks used to match handwritten text slanted at 50° to 65° (@), 65° to 75°
(b), and 90° (from %).

The mask that matched the image most frequently provided the skew of the docu-
ment.

Local orientation-sensitive masks have also been used to detect the general ori-
entation of a page of English language text.19 In this technique, the image was first
smeared horizontally with a 1x5 morphological dilation. Then an erosion was per-
formed with a set of masks designed to detect ascenders and the number of on pixels
are counted. The same operation was performed with a set of masks designed to detect
descenders, The number of ascender pixelswas compared to the number of descender
pixelsto determine whether the pagewasright side up, upside down, or aligned at 90°.
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A pair of ascender masks are shown in Fig. 9. These masks are must be applied
inparalel. That is, both masksin each pair are used at the same time.

e [Jo dd |e|
@ |+ @
o000 o000

Figure 9: Masks used in morphological erosions to detect ascenders (a) and descenders (b).19

6 Discussion and Conclusions

Over 50 published works on at least 25 different methods for document image
skew detection were surveyed. These included approaches that calculated projection
profiles at different angles directly from image data, methods that calculated projec-
tion profiles from image features, and algorithms that used the Hough transform. An-
other class of technique extracted features with local, directionally sensitive masks.

The performance of most methods reported in the literature range upto a0.1 de-
gree accuracy. While it isarguable whether thisfine aresolutionis needed in adigital
copier application, at least aresolution of 0.2 to 0.3 degrees should be achieved.

Only preliminary efforts have been conducted in comparative performance eval-
uation.® Further work in this area could help show the strengths and weaknesses of
individual algorithms.
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12. D. S. Bloomberg and G. Kopec, “Method and apparatus for identification
of document skew,” Xerox Corporation, U.S. Patent 5,355,420, October 11,
1994.

Patent related to 11,

13. D. S. Bloomberg, G E. Kopec and L. Dasari, “Measuring document image
skew and orientation,” Document Recognition |1 (SPIE vol. 2422), San Jose,
CA, February 6-7, 1995, 302-316.

An input image is downsampled by operators that “ reduce the randomnessiin
the result by maintaining some of the structure that exists at higher resolu-
tion.” The authors comment that this step preserves horizontal structurein the
image. After the reduction, horizontal projection profiles are calculated at a
number of different angles. Then two measurements are computed on the pro-
jection profiles: the sum of squared values in the projection profile and the
sum of squared differences between adjacent values. These are computed over
arange of angles and a search is performed to locate the angle which maxi-
mizesthem. This paper includes extensive experimental results on the Univer-
sity of Washington CDROM database.

14. R.H.Britt, “Optical chararacter reader with skew correction,” Lundy Elec-
tronics and Systems, Inc., Charlotte, N.C., U.S. Patent 4,941,189, July 10,
1990.

The X-Y coordinates of the center of each character are obtained. The coordi-
nates are rotated through a set of angles and the horizontal projection profile
iscalculated. The number of different “horizontal lines’ that occur at each an-
gle are determined and the angle that minimizes the number of horizontal lines
in the document is chosen asits skew angle. The number of horizontal linesis
equal to the number of binswith non-zero entriesin the projection histogram.
Thus, the centersin asingle horizontal line must be co-linear.

15. A. Chaudhuri and S. Chaudhuri, “Robust detection of skew in document im-
ages,” |EEE Transactions on Image Processing, v. 6, no. 2, February, 1997,
344-349.

Method closely related to Yan' s.52 A cross correlation function is computed
between vertical slicesin adocument and skew is estimated by finding a peak
in the cross-correlation function. The effect of graphics regions on the skew
estimate is reduced with a Monte Carlo technique that estimates skew from a
number of small randomly selected regions of the document. Only the result
from a subset of them are used in determining the skew of the document.
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16. S. Chen and R. M. Haralick, “An automatic agorithm for text skew estima-
tion in document images using recursive morphological transforms,” 1CIP-
94, Austin, Texas, November, 1994, 139-143.

Aninput imageis downsampled to 100 ppi and arecursive opening transform
(ROT) and recursive closing transform (RCT) are applied. They are designed
to remove the ascenders, descenders, and overfills from each character. The
desired result is one blaob for each text line. The connected componentsin the
resulting binary image are located and a least squares procedure is used to fit
alineto each blob. A search procedure is then used to determine the skew of
the document from the angles of the linesfit to each blob.

17. P. Chevillat and H. R. Schindler, “Arrangement for determining the opti-
mum scan angle for printed documents,” International Business Machines
Corp., U.S. Patent 4,338,588, July 6, 1982.

A mechanical-optical method for skew detection. An 8mm by 12mm sensor is
described that is composed of anumber of parallel strips of light sensitive ma-
teria that generate electrical signals proportional to the amount of light re-
flected on them. Four sums (A, B, C, and D) are calculated from every fourth
stripe and the value (A-C)2 + (B-D)2 is computed. This providesasinglevolt-
age that measuresthe amount of light projected onto the sensor at an angle par-
allel to the stripes. The sensor is connected to a drive motor that rotates the
sensor in a plane parallel to that of an imaged document. When a drop is de-
tected in the voltage output by the skew detection circuit (i.e., the peak in the
projection profile sum of squared differences has been located), the angle in-
dication islocked and can be read out by other circuitry.

18. J.F.Cullenand K. Ejiri, “ Skew detection and correction of adocument image
representation,” Ricoh Corporation, U.S. Patent 5,452,374, September 19,
1995.

Patent related to 2L,

19. L. Dasari and D. S. Bloomberg, “Rapid detection of page orientation, Xerox
Corporation,” U.S. Patent 5276742, January 4, 1994.

A document image isfirst dilated by ageneral purpose structuring element to
smooth local variations. Structuring elements are then applied that detect as-
cenders and the number of “on” pixelsare counted (N,). Other structuring el-
ements detect descenders and the number of “on” pixels are counted (Ng).
Testson functions of N, and Ny determine whether the image should be rotat-
ed by 90 or 180 degrees. Otherwise, the orientation is unchanged.

20. R. O. Dudaand P. E. Hart, “Use of the Hough transform to detect lines and
curvesin pictures,” Comm. of the ACM 15, 1 (January, 1972), 11-15.

Presents the p—6 parameterization for the Hough transform.
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21. K. Ejiri, J. Cullen, M. Tachikawa and K. Kojima, “Fast skew correction of a
printed document”, Proceedings of the 12th Annual Conference of the Insti-
tute of Image Electronic Engineers of Japan, 1993, 45-48.

Skew estimation performed with aleast squares fit to connected components.

22. G S.D. Farrow and C. S. Xydesas, “Detecting skew in digitised images,” Int.
Computers Ltd., London, European Patent App. 485,051, May 13, 1992.

A straight-forward Hough transform method. Every twentieth pixel horizon-
tally and verticaly is sampled. If that pixel is black, the accumulator array is
updated. The skew angle is estimated by computing an “energy” function at
each angle as the sum of squared values over p for each value of 6. The max-
imum of the energy function over theta provides the skew angle.

23. G S. D. Farrow, M. A. Ireton and C. S. Xydeas, “Detecting the skew angle
in document images,” Signal Processing: Image Communication 6, 2 (May,
1994), 101-114.

A multiple-pass Hough transform approach with an accuracy of 0.1 degrees.
A pageimageisfirst divided into 20x30 rectangular blocks and the percentage
of black pixelsin each block is determined. If that percentage is between 5%
and 25%, the block is considered to be non-noise and the Hough transform is
calculated from it with aresol ution of one degree over the range plus or minus
five degrees. The angle with the maximum response in the transform space is
used as the center for afurther Hough transform analysis at plus or minus one
degree with aresolution of 0.1 degrees.

24. B. B. Fast and D. R. Allen, “OCR image pre-processor for detecting and re-
ducing skew of the image of textual matter of a printed document,” U.S.
Patent 5,594,817, January 14, 1997.

A skew detection algorithm applicabledirectly to run-length compressed data.

25. Y. K. Ham, H. K. Chung, I. K. Kim and R. H. Park, “Automated analysis of
mixed documents consisting of printed korean al phanumeric texts and graph-
icimages’, Optical Engineering 33, 6 (June, 1994), 1845-1853.

A constrained run-length algorithm (CRLA) is used to segment a page of text
into paragraph-like blocks. A Sobel operator is used to find edges of the
blocks and the Hough transform is applied to the detected edges. It is assumed
that the document is skewed less than 10 degrees. The skew angle is deter-
mined by detection of alocal maximum in the p—0 space.

26. M. Hase and Y. Hoshino, “Periodic characteristics in printed document,”
Transactions of Japanese Institute of Electronics and Communications Engi-
neers, v. J65-D, No. 2, 298-299.

A two dimensional Fourier transform technique (as reported in 9)
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27.

28.

29.

30.

31.

A. Hashizume, P. S. Yeh and A. Rosenfeld, “A method of detecting the ori-
entation of aligned components,” Pattern Recognition L etters 4 (1986), 125-
132.

Given the connected components detected from abinary image, the histogram
of angles between nearest neighbors is calculated. The direction along which
the components are aligned is determined from a smoothed local maximum in
the histogram.

S. C. Hinds, J. L. Fisher and D. P. D’ Amato, “A document skew detection
method using run-length encoding and the Hough transform,” Proceedings
of the 10th International Conference on Pattern Recognition, Atlantic City,
New Jersey, 1990, 464-468.

An input image is downsampled to 75 ppi and reduced to horizontal and ver-
tical “bursts.” Every black pixel horizontally adjacent to another black pixel
is replaced with awhite pixel except the one furthest right which is replaced
by thelength of therun. An analogous processisdonein thevertical direction.
Page orientation (horizontal or vertical) isfirst determined by inspection of the
frequency of runs of length 1-4. The Hough transform accumulator isthenin-
cremented by burst values between 1 and 25 pixels. This emphasizes text up
to 24 points in size. The skew angle is determined by finding the (p, 0) accu-
mulator cell that has the largest value. The Hough transform is computed for
0 between +150C0O0ODO0ODODO0O0COO0O000000000° (or be
tween 75° and 105°) with aresolution of 0.5 °.

Y. Ishitani, “Document skew detection based on local region complexity,”
Proceedings of the Second International Conference on Document Analysis
and Recognition, Tsukuba Science City, Japan, October 20-22, 1993, 49-52.

The number of black-white transitions in each horizontal scan line are calcu-
lated as the input image is rotated through a number angles. For each angle,
the variance of the number of black-whitetransitionsis determined. The angle
that maximizes the variance is the skew angle. Because this method works
well only in text areas, the author applies it over a number of circular win-
dows. The skew angleis only calculated from windows that produce variance
distributions typical of text regions. An accuracy to 0.12 degreesis reported.

Y. Ishitani, “Document skew detection/control system for printed document
images containing a mixture of pure text lines and non-text portions,” Toshi-
ba, U.S. Patent 5,506,918, April 9, 1996.

Patent related to 2°.

K. Koga, K. Nakashima, K. Marukawa, Y. Shimaand H. Fujisawa, “ A meth-
od of skew detection of bar-shaped figure in binary image,” Proceedings of
the 1992 |EICE Fall Conference 6, 220.
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32.

33.

35.

36.

Reference reported in .

Y. Kurosuy, Y. Yokoyama, K. Nishikawa, H. Masuzaki and M. Fujinawa,
“Method for determining the amount of skew of image, method for correcting
the same, and image data processing system,” Hitachi, Ltd., U.S. Patent
5,181,260, January 19, 1993.

A generic hierarchical method for reducing the runtime of a skew detection al-
gorithm. Skew isfirst measured in a narrow range around one degree. Only if
no skew is detected in thisrange is skew measured in awider range of plus or
minus ten degrees.

D. S. Le, G R. Thoma and H. Wechder, “Automated page orientation and
skew angle determination for binary document images,” Pattern Recognition
27, 10 (October, 1994), 1325- 1344.

Document skew is estimated from a square sub-region of a document. The
bottom pixels (y value the same and maximum within the component) of the
connected components in the selected square are input to the Hough trans-
form. Document skew is estimated by finding a local peak in Hough space.
Tested on 250 page images. Accuracy of 0.5 degrees reported.

D. X. Le and G R. Thoma, “Document skew angle detection agorithm,”
SPIE Conference on Visua Information Processing, v. 1961, August, 1993,
251-262.

Conference version similar to 32,

Y. Lee, “Method of detecting the skew angle of a printed business form,”
Eastman Kodak Company, U.S. Patent 5,054,098, October 1, 1991.

A Hough transform technique. The contoursin a binary image are traced and
reduced to apiecewiselinear approximation (PLA). Each segment inthe PLA
istransformed using only its center point. The length of the segment is added
to the accumulator array location given by the obtained values of p and 6. The
skew of the document is determined by detecting peaks in the accumulator ar-
ray. An advantage of this approach isthat only one cell of the accumulator ar-
ray is accessed for each segment in the PLA.

Y. Nakano, Y. Shima, H. Fujisawa, J. Higashino and M. Fujinawa, “ An algo-
rithm for skew normalization of document images,” Proceedings of the 10th
International Conference on Pattern Recognition, Atlantic City, New Jersey,
1990, 8-13.

The connected componentsin adocument are located and the bounding boxes
that meet unspecified size constraints are processed. Thewidth of each bound-
ing box is added to aprojection profile taken at several directions. The“ sharp-
ness’ of each projection profile is measured and the angle that produces the
sharpest projection profile is taken as the skew angle of the document. Four
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37.

38.

39.

41.

measures of histogram sharpness are evaluated. The authors prefer counting
the number of zeroesin the projection histogram. Results show that an accu-
racy of 0.1 to 0.2 degrees can be obtained. This technique will perform better
as the amount of text in the document is increased.

L. O'Gorman, “The document spectrum for page layout analysis,” |IEEE
Transactions on Pattern Analysis and Machine Intelligence 15, 11 (Novem-
ber, 1993), 1162-1173.

Thefive nearest neighborsto each connected component in aninput imageare
located. The angles between nearest neighbors are accumulated in ahistogram
and agross estimate of skew is obtained by determining the angle that hasthe
maximum value in the histogram. This is accurate to a resolution of 0.5 de-
grees. Further processing in the docstrum system segments an imageinto lines
and the skew of each line is determined by aregression fit to the centroids of
the components within the lines.

M. Okamoto, H. M. Twaakyondo and H. Nishizawa, “ Skew detection, skew
normalization and segmentation of document images using segmented block
code,” Journal of the Faculty of Engineering, Japan, 1988, 9-18.

A document image is reduced to its “segmented block (SB)” coded format.
This is similar to calculating the bounding boxes of connected components.
The SBs of an image that correspond to isolated characters are determined
with tests that use fixed thresholds on the distances between the x-start and y-
start points of adjacent SBs. The thresholds are set such that the image is seg-
mented into lines of text. The skew of each lineis estimated by aleast squares
fit to the bottom-left point of each SB.

T. Pavlidis and J. Zhou, “Page segmentation by white streams,” Proceedings
of the First International Conference on Document Analysisand Recognition,
Saint-Malo, France, September 30 - October 2, 1991, 945-953.

Skew angle is calculated during document segmentation. A document image
issegmented into “columns” by merging the results of aseriesof short vertical
projections from over the document. The centers of a set of projections that
span the same column are determined and the least squares fit to those centers
iscalculated. The slope of the best fit line is taken as the skew of that column.
The skew of the page is determined by averaging the skew values of the col-
umns.

T. Pavlidisand J. Zhou, “Page segmentation and classification,” CVGIP:
Graphical Models and Image Processing 54, 6 (November, 1992), 484-496.

An expanded version of 39, skew detection algorithm is described in detail .
T. Pavlidis and J. Zhou, “Page segmentation with tilt compensation,” Re-
search Foundation of SUNY, U.S. Patent 5,285,504, February 8, 1994.
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Patent related to 3940, C source code included.

42. W. Postl, “Detection of linear oblique structures and skew scan in digitized
documents,” Proceedings of the 8th International Conference on Pattern Rec-
ognition, Paris, France, October, 1986, 687-689.

Brief conference version of 43
than the conference paper.

. The description in the patent is more thorough

43. W. Postl, “Method for automatic correction of character skew in the acquisi-
tion of atext original in the form of digital scan results,” Siemens AG, U.S.
Patent 4,723,297, February 2, 1988.

Two skew detection algorithms are described. The first technique uses a pro-
jection profile calculated over arange of angles from the wholeimage. A “di-
rectional criterion” is calculated at each angle to measure how well the
corresponding angle describes the skew of theimage. Thedirectional criterion
for the projection profile is the sum of squared differences between adjacent
cellsin the projection profile. Apparently the angle that maximizes the direc-
tional criterion isthe skew. The second method for skew detection uses a Fast
Fourier Transform (FFT). The coefficients of the power spectrum are calcu-
lated and stored in a buffer (spectrum memory). A directional criterion for
each of a number of anglesis then calculated. The angle that maximizes the
directional criterion is the skew angle of the image.

44. M. Rondel and G. Burel, “Cooperation of multi-layer perceptrons for the es-
timation of skew anglein text document images,” Proceedings of the Interna-
tion Conference on Document Analysis and Recognition, Montreal, Canada,
August 14-16, 1995, 1141-1144.

Two neural networks are used. The first outputs a rough estimate of the skew
that is used to initialize the weights of the second network. The second net-
work computes the skew of the document. This technique uses a formulation
similar to the angle of arrival theory solution proposed by Aghajan et al.1:23

45. A. Rundle, “Optimum scan angle determining means,” International Busi-
ness Machines, Inc., U.S. Patent 3,831,146, August 20, 1974.

A series of masks oriented at different angles (50 degrees, 75 degrees, and 90
degrees are shown) are compared to the image and the number of times each
mask matches is computed. The angle associated with the maximum counter
value isthe skew of the document. The detected skew angleis used to deflect
the scanning beam of a flying spot scanner on a subsequent “recognition
scan.” Thisinvention seemsintended for handwritten charactersthat haverel-
atively large amounts of skew.
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46.

47.

49.

50.

A. Schlang, “Text line bounding system,” Litton Systems, Inc., U.S. Patent
4,558,461, December 10, 1985.

A document image is divided into a number of 20-pixel-wide vertical swaths.
A binary projection profileis computed for each swath. The projection profile
with the most black-white transitions is the start for a search that identifies
points on the baseline of text rows. When enough potential baseline points are
accumulated from the document image, aleast squares procedureis used to fit
alineto them. The dope of thelineis used as the skew of the document.

R, Smith, “A simple and efficient skew detection algorithm via text row ac-
cumulation,” Proceedings of the Internation Conference on Document Anal-
ysis and Recognition, Montreal, Canada, August 14-16, 1995, 1145-1148.

Connected components are filtered and character-size components are seg-
mented into lines. A least median of squares fit is performed to the compo-
nents in each line. The median gradient of the fit linesis used as an estimate
for the skew angle of the page.

A. L. Spitz, “ Skew determination in CCITT group 4 compressed document
images,” Proceedings of the Symposium on Document Analysisand Informa-
tion Retrieval, Las Vegas, Nevada, March 16-18, 1992, 11-25.

The white pass codesin a CCITT group 4 fax image are detected. White pass
codes are generated when ablack runinline N correspondsto no black runin
line N+1. Black components typically generate at least one such pass code.
Aliasing effects may generate “false” pass codes but since these are often
aligned with the skew of the text anyway, they improve agorithm perfor-
mance. Then aversion of Baird's alignment measureisused. The x,y locations
of the pass codes are rotated a number of times and projected onto the vertical
axis. The rotation that maximizes a given statistical measure provides the
skew angle. The use of CCITT group 4 images avoids the need to locate con-
nected components.

A.L. Spitz, “ Determination of image skew angle from data, including datain
compressed form,” Xerox Corporation, U.S. Patent 5,245,676, September 14,
1993.

Patent related to 48,

S. N. Srihari and V. Govindargju, “Analysis of textual images using the
Hough transform,” Machine Vision Applications 2 (1989), 141-153.

A Hough transform method for skew detection. The Hough transform is com-
puted at all angles of 6 between 0 and 180 degrees. A heuristic measures the
rate of change in accumulator values at each value of 0. The skew angleis set
to the value of theta that maximizes the heuristic.
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51.

52.

53.

M. Yamada, “Image processing system,” Canon, U.S. Patent 4,802,229, Jan-
uary 31, 1989.

The four corners of a sheet of paper on acopier platen are detected. The skew
angle is determined from the corner points with an arc tangent lookup table.
The resolution of skew detection is 0.225 degrees.

H. Yan, “Skew correction of document images using interline cross-correla-
tion,” CVGIP: Graphical Models and Image Processing 55, 6 (November,
1993), 538-543.

A binary image is represented as ones for the background and zeroes for the
foreground. The cross-correlation between two vertical scan lines given a
fixed shift sin'Y iscalculated at afixed distance d between scan lines. A scalar
value R(s) is determined for each shift in Y by summing over X. The value of
the shift s that maximizes R(s) is used to calculate the skew of the document.
Thismethod wastested on two images and accuracy to 0.2 degreeswas report-
ed if the input image contained primarily text.

B.Yuand A. K. Jain, “A robust and fast skew detection agorithm for generic
documents,” Pattern Recognition, 29, no. 10, October, 1996, 1599-1630.

A hierarchical Hough transform method applied to centroids of connected
components. Demonstrated on images of technica articles, postal labels,
handwritten text, forms, drawings, and bar codes.

C.L. Yy, Y.Y. Tang and C.Y. Suen, “Document skew detection based on the
fractal and least squares method,” Proceedings of the Third International
Conference on Document Analysis and Recognition, Montreal, Canada, Oc-
tober 14-16, 1995, 1149-1152.

A two stage approach to skew correction. Whole-page skew is corrected first.

The skew of individual text blocksisthen estimated with aleast squares meth-
od that fits lines to text within the blocks.
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