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Algorithms that estimate the angle at which a document image is rotated (called a document’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 algorithms within each class are discussed.
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Introduction

The digital image of a document may be rotated or skewed at an arbitrary angle because of how it was placed on the platen when it was scanned or because of a document feeder malfunction. This results in a skewed image such as that shown in Fig. 1
(b). This represents a skew of only 5 degrees. In fact, a skew of as little as 0.1 degrees
may be apparent to a human observer. Thus, a desirable function in a digital photocopier is the automatic detection and correction of skew. Ideally, an input such as that
shown in Fig. 1 (b) would produce Fig. 1(a) as output.
A skew detection algorithm is given the digital image of a document and it determines the angle (possibly zero degrees) by which it was skewed when it was digitized.
It is assumed that there also exists a method for rotating the image to remove the skew.
A simple solution for skew detection is to determine the location of at least two
corners of the original document 51 and compute the skew angle from them. However,
this can be error-prone because of non-linear distortions that occur when pages are not
flat on the platen.16 Also, the entire scan surface may be obscured by the input document 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 algorithms that derive the skew of a document
image. In almost 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 the image data directly, 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

(a)

(b)

Figure 1: Original 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. This is a one-dimensional array with a number of locations equal to the number of rows in an image. Each location in the projection profile 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
the image is skewed at zero degrees since the number of co-linear black pixels is maximized in this condition. This is illustrated in Fig. 2 which shows the projection profiles calculated from the images in Fig. 1. The peaks in the profile calculated from the
unskewed image (Fig. 2 (a)) are taller 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 this is
to rotate the input image through a range of angles and calculate the projection profile
for each one. Then features extracted from each projection profile are compared to determine which one is more peaked. A slightly modified version of this approach is expressed in the pseudo code shown in Fig. 3.

(b)

(a)

Figure 2: Horizontal projection profiles calculated from the images in Fig. 1
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for theta = -angle to +angle by resolution do {
for r = 0 to NROWS do
for c = 0 to NCOLS do
if (image[r][c] == BLACK) {
rotate(r,c,theta,&new_row);
++proj_prof[new_row];
}
angle_measure[theta] = criterion_function(proj_prof[]);
}
skew_angle = choose_skew(angle_measure[]);

Figure 3: Projection profile analysis algorithm for skew detection.

A complete pass is made over the input image for each possible skew angle. The
coordinates for every black pixel are rotated 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 criterion function. Rotating the coordinates instead of rotating the bitmap saves temporary
storage and reduces the computation that would be required for a brute force implementation of this approach.
Postl proposed a method similar to that described above in which the horizontal
projection profile is calculated at a number different angles.42, 43 The directional criterion he used was the sum of squared differences in adjacent cells of the projection
profile.
This basic approach was improved by downsampling the image before calculating the projection profile (to reduce computational cost) and using the angle that maximized the variance of the number of black pixels in a scan line as an estimate a
document’s skew.11, 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 a sequence of angles that have a coarse resolution.13 The angle that maximizes
the criterion function is used as the center for a finer resolution search for the skew
angle. In between the angles that are immediately less than and greater than the coarse
maximum, two additional projection profiles and criterion function values are calculated. This recursive subdivision is repeated until the final decision is reached.
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Various adaptations of the basic projection profile analysis technique have been
proposed that deal with complex input formats without requiring an independent document segmentation method. An example of such an approach includes a method that
calculates projection profiles over a number of circular windows. 29, 30 A skew estimation value is accepted only from a window that produces a distribution of criterion
function values that is characteristic of a text image. This is done because a reliable
measurement of the skew angle of a document are best calculated from a text 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 one technique a document image is divided into a number of vertical ‘‘swaths’’
and a projection profile is 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 profiles is then used as the criterion function and the skew is the angle that maximizes the criterion function. A similar approach was used in another method that calculated the cross correlation
between vertical scan lines separated by a fixed distance and summed the result over
all the columns in the image.52 Each rotation was simulated by shifting one of the vertical scan lines before calculating the dot product. This perfornamce of a similar technique 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. This is needed since
the technique is reliable only on text regions.
An optical method has also been proposed that essentially calculates horizontal
projection profiles over a range of angles. 17 This method uses a rectangular sensor
composed of a number of parallel strips of light sensitive material that generate electrical signals proportional to the amount of light reflected on them. The sensor is mechanically 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 computed 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 features in 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
completed.
The number of memory accesses and amount of computation saved by feature extraction depends on the ratio of image pixels to number of features and the algorithm
that determines skew from the feature point distribution. One method of feature extraction that has been used in several techniques is based on first locating the connected 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 similar to those in Fig. 2 that were obtained directly from the image data.

(b)

(a)

Figure 4: Projection profiles of connected component centroids calculated from the images in 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. This is repeated for a range of theta values and the one that best describes the
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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 i = 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_measure[]);

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
are first calculated with a resolution of 0.7 degrees. The peak of the criterion function
is then approximated by a least 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 degrees is reached.
A similar procedure added the width of each connected component’s bounding
box to projection profiles taken at several angles.36 The authors evaluated the performance 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.14 A projection profile is calculated at each angle and the number of entries that are greater than zero is used as the criterion function. The skew angle is chosen as the one that 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.48, 49 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 data when a black run in line N corresponds 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 maximizes the sum of squares of the values in the projection profile. An interesting aspect
of this approach is its 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 compressed 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 data is only used for skew detection.
Another technique has been proposed that is applicable directly to a run-length
compressed format.24
A number of techniques have been proposed that take advantage of the internal
structure of a document and substitute computation in the connected component domain 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.27
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
(SBs)) into lines of text by fixed thresholds on the x-start and y-start locations of adjacent SBs.38 The skew of each line was estimated by a least squares fit to the bottomleft of each SB. The skew of a page was estimated by averaging the skew of each line.
A 0.1 degree accuracy was obtained on six test images.
A hierarchical method for skew detection calculated a histogram of the angles between 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 lines is estimated by a least squares fit to the centroids of the individual components. A finer resolution estimate for a document’s skew is obtained by applying a criterion 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 components.9,10,18,21 After segmentation into lines of text, the skew of each line is estimated
by performing a least mean squares fit to the x-y coordinates of the upper left corner
of each component in a line. The most frequently occurring angle among all the lines
of text in a document is used as the estimate for its skew. A related method has been
used to correct for skew within individual text blocks.54 Another similar technique
groups connected components into lines and performs a least median squares fit to the
components in each line.47 The skew angle of the document is computed as the median of the gradient of the fit lines.
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Another approach preprocessed an image with morphological operations that remove ascenders and descenders and merge adjacent characters.16 The effect is to
smear the image horizontally and produce one connected component for each line of
text. A line is then fit to the pixels in each component using a least 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.
This is necessary since there may be significant disagreement among the angles of the
fitted lines. This algorithm places a significant emphasis on morphological operations. While the fitting of lines to pixels in the image domain may be more costly than
performing this operation on coordinates extracted from each component, this may
be offset if special purpose hardware is used that makes the morphological operations
faster than locating connected components.
Another approach to skew estimation first locates columns of text in an input document.39, 40, 41 The skew of a column is determined by a least squares fit to the centers
of patches that span the column horizontally. The skew of a page is determined by averaging the skews of its columns. This technique reduces the computation required
to determine skew by calculating the angle of a column as a side effect of its segmentation.
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.8 The average difference was used to
calculate the skew angle.
One method combined aspects of the projection profile and feature point analysis
methods.46 Text line baselines were located in projection profiles extracted from 20pixel wide vertical swaths in 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 is a well known technique in computer vision that has been used
to detect lines and curves in 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 accumulator array. Each dimension of the accumulator array corresponds to one of the parameters. After the entire image has been processed, the accumulator array is
inspected for local maxima. Each such maximum indicates the existence of a curve in
the original image given by the corresponding parameter values on the axes.
The r-q parameterization for a line provides a practical application of the transform.20 It is expressed as:
r = x cos q + y sin q,
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(1)

where r is the distance along the normal from the origin to the line and q is the angle
that the normal to the line makes with the x axis.
In practice, an accumulator array is parameterized by a range of values for r and
q. The x and y values of each black pixel are applied in the above equation over a range
of values for q. The value for r that results from Eq.1 is used as an index into an accumulator array, along with the associated value for q and the contents of the accumulator array at that location are incremented.
The Hough transform has been applied to document image skew detection.50
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 document image skew is shown in Fig 6.
for y = 1 to NROWS do
for x = 1 to NCOLS do
if (image[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 accumulator values for each angle q.50 The skew angle was set to the value of q 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. 6.22 The skew
angle was chosen by summing over r for each value of q and choosing the angle that
maximized the square of the result.
Another Hough technique first applied preprocessing that segmented text into
blocks that correspond to paragraphs.25 The Hough transform was calculated 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.33, 34 This technique was applied
to a sub-region of a document that determined to contain mostly text. As such, individual connected components correspond to single characters and the bottoms of the
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components are aligned on a common baseline parallel to the skew angle of the document.
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 a run length representation. That is, the termination of each horizontal run of contiguous black pixels was replaced by a count of the
number of pixels in the run. The run length counts were used to update the accumulator array in the usual way. The Hough transform was computed for values of q between -15 and +15 degrees with a resolution of 0.5 degrees since these values bound
the skew of most document images. The skew angle was chosen as the value for q 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
a binary image.35 Each segment in the PLA was then transformed using the coordinates of its center point. The length of the segment was added to the accumulator array
location specified by the distance of the center point from the origin (r) and the angle
of normal to the segment (q). That is, each segment results in only one update of the
accumulator array. In this way most of the computation is shifted over to the calculation 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 feature point analysis methods discussed earlier that fit line segments to 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.32 In one technique a page image was first divided into 20x30 pixel rectangular blocks.23 If the percentage of black
pixels in a block indicated that it might contain text, the Hough transform was calculated from it for q between -5 and +5 degrees with a resolution of one degree. The
angle with the maximum sum over all values of r was used as the center for a more
detailed analysis in a second pass. The Hough transform was again calculated over a
range of -1 to +1 degrees with a resolution of 0.1 degrees around the angle found in
the first pass. The skew angle was the value for q that maximized the sum of its r
values. Another hierarchical Hough technique was applied to centroids of connected
components.53 This method was demonstrated on a variety of document types including technical articles, postal labels, handwritten text, forms, drawings, and bar codes.
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5

Orientation-Sensitive Feature Analysis

Another type of approach to determining the skew of a document detects the presence 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 extraction techniques discussed earlier with the principle behind some of the preprocessing 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 a feature point
distribution analysis operator are eliminated.
Pseudo code that shows the basic operation of this method is given in Fig. 7. Each
entry in a set of masks is applied to the image. If the mask ‘‘matches’’ at that location,
a vote 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 c = 1 to NCOLS do
for each mask in MASKSET do
if Match ( image[],r,c,mask ) then
++angle_measure[ angle( mask ) ];
skew = choose_skew ( angle_measure[] );

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

The basic principle in this type of technique was used in a system that determined
the dominant angle at which handwritten text was printed.45 The three masks shown
in Fig. 8 are shifted over all the pixels in an image 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 all of the ‘0’s must match white pixels for the masks to “match.” The masks
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in Fig. 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.

(a)

(b)

(c)

Figure 8: Orientation-sensitive masks used to match handwritten text slanted at 50° to 65° (a), 65° to 75°
(b), and 90° (from 45).

The mask that matched the image most frequently provided the skew of the document.
Local orientation-sensitive masks have also been used to detect the general orientation 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 performed 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 pixels was compared to the number of descender
pixels to determine whether the page was right 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
in parallel. That is, both masks in each pair are used at the same time.

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 projection profiles from image features, and algorithms that used the Hough transform. Another class of technique extracted features with local, directionally sensitive masks.
The performance of most methods reported in the literature range up to a 0.1 degree accuracy. While it is arguable whether this fine a resolution is needed in a digital
copier application, at least a resolution of 0.2 to 0.3 degrees should be achieved.
Only preliminary efforts have been conducted in comparative performance evaluation.5 Further work in this area could help show the strengths and weaknesses of
individual algorithms.
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