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Abstract
A simple stochastic approach to the detection of the skew
angle of a scanned document is proposed in this paper.
The method first estimates the undirected skew within
the range of -90° to +90°. I-dots and full-stops are then
used to determine whether the document has been
scanned upside down, yielding the directed skew. Only
a fraction of the information available in the document
is exploited, without assumptions as to the general
layout of the page. The method has been shown to be
robust and accurate for a variety of documents
containing both hand-written and printed text. The
average error of the directed skew angle was observed to
be 0.05° for a set of synthetic documents. For facsimile
images, however, the upside-down detection failed in
9.6% of the documents examined.

1 Introduction

The detection of the overall skew of an electronic
document is a vital early step in its analysis and
recognition. In the majority of documents, lines of text are
oriented horizontally. In a rotated document, skew angle
is defined as the difference between the dominant
orientation of the text lines and the horizontal. When a
document is scanned, skew might be introduced in several
ways. A relatively small skew might be added by
imprecise feeding of the paper into the scanner or fax
machine. A document in landscape orientation might
have to be scanned in portrait orientation if the size of the
scanner is insufficient. The resulting image is then rotated
by +90° or -90°, depending on the preferences of the
person that feeds the document. The document might
even be inserted upside down, resulting in an additional
skew of 180°. If a paper document is photocopied before
the scanning, these effects might accumulate further.

In this paper, the angle of the 'directed skew' (denoted
by ¢,¢ € (~180°,+180°] ) describes the total rotation that

has been applied to the original (right way up) document.
The 'undirected skew' (denoted with @, @ € (-90°,+90°] ),
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however, assumes that the document has been scanned
with a normal orientation. Most documents have a
uniform skew. If they are moved during scanning or
copying, or if the original contains curved or non-parallel
lines of text, the skew angle is not constant throughout the
document. This problem has been addressed in work
described in [6][3] and is beyond the scope of this paper.

Various methods have been applied to the detection of
a uniform skew. Projection profiles of connected
components have been used by [2]. The Hough transform
has been widely used, e.g. by [4], [1] and [9], even though
it is computationally expensive and usually requires an
assumption about the interval that contains the skew. A
multi-layer perceptron is used for cursive handwriting in
[5], whereas [8] applies a least square linear regression to
reference points found on the page. Most of these
methods, however, assume a right-way-up document, or
even require that lines of text can be identified correctly.

The method presented in this paper uses a simple
stochastic method to estimate the overall undirected skew
of the document. A second step aims to detect whether the
document has been scanned upside down, thus obtaining
the directed skew. These steps are described in the
following sections, followed by experimental results and
concluding remarks.

2 Detection of the undirected skew angle

The undirected skew detection algorithm is based on
the fact that elements of one straight line of text correlate
with each other. The directions between elements of the
same line of text distribute around the skew, whereas the
connection to other lines can appear in almost any other
direction. The histogram obtained from the angles of all
possible connections hence shows a maximum at the
desired skew angle. Elements might be black pixels or the
centres of regions of connected black pixels. The example
in Fig. 1a shows the connections from the centre of the
region that forms the letter 'n' to the other regions of the
page. Fig. 1b shows the resulting histogram with a clear
maximum at the document's skew.
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Fig. 1: Connections between black regions: a) Regions belonging to the same line of text appear
under the same angle, the regions of other lines can appear at any other angle. b) The histogram
shows a clear maximum around the undirected skew of the document.

This method, however, requires an excessive
computational effort if all possible connections between
regions or even pixels are considered. Furthermore, the
histogram is biased by the overall arrangement of the
elements. Elements in the corners of the document, for
example, 'see' the majority of the remaining ones in
direction of the opposite corner. This effect can be
observed in the secondary maximum around 25°, derived
from the document shown in the inset of Fig. 1b. The
extraction of regions of connected pixels can be
computationally expensive. If the document contains
many lines such as tables, forms or text written on lined
paper, only a few large regions can be detected. The
centre point then becomes a poor representation of the
region and the method becomes inappropriate.

To overcome these problems, the proposed method
uses pixels instead of regions. The black pixels Q in a
chosen distance r from a selected pixel P are considered
(Fig. 2a). The angles the points O appear at are computed
and the histogram is updated accordingly. If this step is
repeated for a number of different pixels P, the resulting
histogram shows a clear global maximum (Fig. 2b) at the
skew angle. Pixels P are selected randomly in order to
avoid the exhaustive observation of all elements in the
document without favouring a particular area. This allows
the computational cost to be reduced dramatically without
a substantial loss in accuracy. It also avoids the need of
assumptions about the general layout of the document,
e.g. the assumption that the lowest line on the page is a
stable feature in [1].

Secondary maxima in the histogram are caused by the
text lines above and below the line containing P,
particularly if the lines are equally spaced. With
increasing radii, these secondary maxima move closer to
the global one. In order to emphasise the global maximum
and to reduce the height of the secondary maxima,

histograms of different radii are superimposed (Fig. 2c).
The choice of the allowed radii is limited by the size of
the letters in the document and the total size of the

document. If r becomes too small, both P and Q might |

belong to the same letter (to or immediately adjacent
ones) and no clear maximum will be observed in the

histogram. If to large a radius is chosen, only pairs of that |

distance can be used, and observation is effectively
reduced to the corners and margins of the document.

In order to simplify the computation further, the city-
block distance is used instead of the Euclidean one. The
shapes described by the points O then degenerate from a
circle around P to a square rotated through 45°. The cells
of the histogram are denoted by h ;i=01)H-1; H being

the size of the histogram.
The complete algorithm for the detection of the skew
angle is:
1 initialise h;=0 ; i=0(1)H-1
2 for n randomly chosen black pixels P

3 choose a radius r € [Iin,'ma] randomly
4 for every pixel Q; ; i=0(1)4r-1 in
city-block distance r from P
5 if (Q; is a black pixel )
6 increment the histogram:
g ; ., H-1
h; =h +1 ;]=r0und(z* )(1)
4r-1
7 done
8 done

9 smooth the histogram by the weighted
sum of the § neighbours

hi‘ = Z [l—k—;ilJ*h(jmodH)

Jj=i-s

i =0()H -1 (2)

10 use the position of the global maximum
in the histogram to compute  the
undirected skew angle

98




radius r,

Maximum at -20°

>
{ o4

Frequency

——————————— -

different line of text

(a)

* varying
radius

(©)

Frequency

same line of text” -90

I 1 Do

-45 0
Angle (Degree)

45
(b)

™ Maximum at -20°

-90 -45

0

>
>

45 90

Angle (Degree)

Fig. 2: Observing pixels correlation: a) the black pixels in a chosen distance r from a selected pixel
P are investigated. b) The histogram of the angles of the lines they form shows a maximum at the
overall skew angle. The positions of the secondary maxima vary with different radii.
c¢) Superimposing the histograms of various radii further emphasises the global maximum.

3 Detection of upside-down documents

In order to detect whether a text document has been
scanned upside-down or not, two simple properties of text
are used. Firstly, the dots in the letters i and j are written
above their body and are usually closer to their body than
to the line of text above. Secondly, the full-stops
terminating a sentence or abbreviation are closer to the
preceding letter than to the following one. The first
property depends on the way i's and j's are written, i.e. on
the roman alphabet itself, while the second exploits the
correlation between consecutive characters, i.e. language
dependent conventions.

To detect the dots in the document, regions are
detected. A set of simple constraints is then used to
identify the regions that are most likely to be dot-shaped,
namely: aspect ratio, area to bounding box ratio,
circumference to area ratio, concavity to convex hull area
ratio (see Fig. 3 and Table 1).

A dot is ideally a filled circle. The aspect ratio of the
bounding rectangle is therefore expected to be close to 1.
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The ratio of the area of a circle and the area of its
bounding square is approximated by the number of black
pixels within the detected region and the area of the
bounding box. The ratio between the square root of the
region's area and the length of the region's boundary (i.e.
the circumference of an ideal circle) has to be within a
given interval. The length of the region's boundary line is
obtained by a simple edge following algorithm (Fig. 3a).
The region's area is expressed as the number of black
pixels therein. As an ideal circle is convex, the total area
of the concavities found in the region should be zero. The
concavities' area is expressed as the total of all areas that
have to be added to the polygonal region in order to form
a convex hull (Fig. 3b).

The above conditions do not exclude regions that
contain a white area, such as simple circles or the letters
'e’ or 'a' in poor quality printing. Rather than testing every
pixel within the region boundary, only the following ones
are verified: the centre of the bounding box should be the
centre of the dot and must therefore be a black pixel. The
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Fig. 3: Identifying dot-shaped regions: a) height/width ratio; black pixels/area of bounding box;
boundary length/region area ratio; b) area of concavities/convex hull area ratio c) no white pixels
are allowed inside the area (region has been scaled by factor 3 for ease of demonstration)

eight points halfway between the centre and the edges of
the box are also tested to check if they are black (Fig. 3c).

Of the remaining list of candidates, the top an bottom
1% are discarded in order to restrict the influence of noise
and dot-shaped pictorial elements of the page (e.g. 'bullet
points'). In some documents, clouds of well-shaped dots
can be observed, for example in scatter diagrams or as a
part of raster graphics. As these dots are usually not part
of a text line, they are ignored. Their identification uses a
simple proximity criterion: If two or more dot candidates
are located close to each other, all of them are discarded.
The proximity threshold has been experimentally
determined to be twice the average of the dot's diagonal
extent.

In printed documents, the remaining candidates are
mostly i- and j-dots and full-stops, with the exception of

those contained in punctuation marks (e.g. exclamation
mark, question mark, semicolon and colon). For the
i-dots, one can define the directions in which pixels of the
letter's body are expected to be "seen" from the centre of
the dot. If the document is in its original orientation, the
directions are within A, = [$ —-90°-0., ¢ — 90°+(x], the

parameter o controlling the width of the aperture A,
Under the hypothesis of an upside-down document the
aperture is A =[(p‘+ 90°_q,$+90°+a]. The body of
the letter immediately preceding the full-stop is expected
to appear within AL =[$+135°—oc,$+135°+oc] and
A* = [5 —45°—0,,p — 45°+a] without any further
pixels in A,, and A n.

The pixels at a common distance from the centre of the

down

down

Table 1: Criteria to identify dot-shaped regions of connected black pixels.

Criterion acceptancy range ideal value used value value observed
(circle) in Fig. 3
aspect ratio of height e[ 1 ] Y =1 Y e =0.75 =10
bounding box T Ly ’A’ o A
lack pi blackPixels ey - =yt = = 0. 19/ -
goal(l:ndli)rllxell)so:(oarea boundi Ae rea = [Y et ""] fota pl - BN
g el =T/ =079 ¥l =10
circumference to area JblackPixels e[ g ] Yo =y% Yo =02 V19 58
ratio circumPixels et S y\/_ ~028 Yt =10 17
T -
f iti concavityA i = b - = £
area of concavities ityArea G[Y W,Yw] VI =yi=0 Yo =00 %3~ 0.077
convexHullArea vt =03
white pixels inside no white pixels allowed test all pixels in | test selected all 9 pixels are
region the circle pixels only black
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dot candidate's bounding box are observed. Thrice the
length of the diagonal of the bounding box has been used
as the radius. This value has been found to be sufficient in
most cases (see Fig. 4b for illustration). Every black pixel
on the resulting circle (or diamond using the city-block
distance) that falls inside one of the four apertures
supports the respective hypothesis. This support is
accumulated in the variables up, down, up* and down*
respectively. If sufficient pixels are found in A, or Ao,
the dot is interpreted as an i-dot otherwise it is assumed to
be a full-stop. If the count of the winning hypothesis is
significantly higher, for example if

|up — down| 5 15%> 3)

max (up, down)

the dot as a whole supports the respective hypothesis.

Every dot in the document is examined separately and the

overall support for each of the hypotheses is calculated.

The one with the overall majority is accepted and the
directed skew angle is computed as

(e ; if right way up 4)

? =13 +180° mod 360° ; if upside — down

This process is demonstrated on two dot candidates in
the example of Fig. 4a. Around the i-dot (P;), three black
pixels were found in the aperture A,, , while none were
found within Ay, P; is therefore interpreted as a i-dot,
voting upside-up. The black pixels neighbouring the full-
stop (P,) are not found within the apertures for i-dots.
Under the full-stop interpretation, however, a majority of
five for the upside-up hypothesis can be observed. The

aperture A .,
(upside-down)

aperture Aup
(upside-up)

A*

down

(a)

overall vote therefore totals to 2:0 in favour of the upside-
up hypothesis.

4 Experimental Results

In order to evaluate the proposed method, 50 real-life
facsimile documents were scanned at 300x300 dpi into
bilevel images. They include letters, tables,
advertisements and forms with both printed and hand-
written text. Text sizes vary from 8 pt up to approximately
40 pt in various fonts. They were scanned in the correct
orientation and then rotated electronically through two
different angles (20° and 200°), to obtain an upside-up as
well as an upside-down version of the document.

The undirected skew was correctly detected for 90% of
the documents. Two documents were composed of two
areas of different skew, e.g. an unskewed form with an
area for hand-written remarks, written with considerable
skew. The method yielded the average of these two skew
angles. Two faxed advertisements in portrait orientation
contained large portions of reverse text printed along the
left hand corner, resulting in a skew error of 90°,
effectively interpreting them as landscape documents.
One document contained more noise than text, which
caused the method to fail completely.

The upside-down detection failed in 9.6% of the test-
documents. One document was entirely written in capital
letters and contained no dots except a single colon. Many
of the hand-written dots did not follow the above
constraints. The method therefore often failed in cases

(b)

Fig. 4: Upside-down Detection: Testing i-dots and full-stops. a): black pixels marked as filled
circles are within one of the hypotheses' apertures and therefore in support. Unfilled circles mark
pixels that satisfy the distance constraint but do not appear in any of the apertures. b) the
apertures in skewless script.



standard deviation
average error

0.16°
0.14°|
0.12°|
0.10°|
0.08°| |,
0.06°

0.04°]
0.02°f
0.00°

{ 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17
page nr
Fig. 5: Average and standard deviation of the

skew detection error

were the majority of text was hand-written.

Comparison of the observed accuracy with the results
reported for other methods is difficult, as different sets of
test images have been used that were acquired under
different circumstances. Furthermore, it is not always
possible to manually determine the accurate skew angle as
a reference. Following the method proposed by Yu[9], the
manuscript of that paper has been converted into its
electronic version without intermediate steps for printing
and scanning. Using the ghostscript software package, 17
images have been produced at a 200x200 dpi resolution.
These synthetic documents have then been rotated by -180
to +180 degrees in steps of 9°. The radius r was allowed
to vary between 600 and 1000 pixels (i.e. 7.6cm to
15.2cm); n=1000 black pixels were observed per page; the
opening of the aperture was set to 0=30°. The average
error of the undirected skew angles is shown in Fig. 5 for
each page together with the standard deviation. The
overall average error was observed to be 0.05° (compared
with 0.1° given by Yu) with no upside-down detection
errors. The maximum error was 0.28°. Pages 4,7,11 and
13 contained large portions of graphics and were
therefore excluded from the evaluation by Yu. The
presented method often failed for these pages. The upside-
down detection, however, failed only for the pages 7 and
13. On page 4, a page with a medium sized graphics, the
undirected skew was still detected correctly (i.e. with less
than 0.5° error) in over 75% of the cases after increasing
the value of n to 2000.

5 Conclusion

An alternative method for the detection of the skew of
an electronic document has been presented. The method is
capable of dealing with a variety of document types at any
skew angle. No assumption about the layout of the
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document has to be made nor has the detectable skew to
be restricted to a given interval. The accuracy of the
method has been demonstrated to be similar if not
superior to alternative approaches, even though the
complexity of the algorithm is considerably lower. The
proposed method for the detection of upside-down
documents, however, rests on the assumption of detectable
dots, which does not hold for all types of documents,
especially hand-written ones. Alternative methods have to
be developed to address this problem, exploiting
additional properties of text such as left-alignment of
paragraphs or the relationship between the number of
ascenders and descenders in the text.
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