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Abstract

When a document is fed to a scanner either mechanically or by a human operator for digitization, it suffers from some
degrees of skew or 61t Skew angle detection is an imporant component of ary Optical Character Recognition {OCR) and
decument analysis system. In this letter we consider skew estimation of Roman script. The method considers the lowermost
and uppermost pixels of some selected characters of the text which may be subject to Hongh transform for skew angls
detection, A fast approach is also proposed which works almost as acourately as Hough transfonn, Experimental results are
presented and compared with results on several other skew detection methods,
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1. Introduction

The study of Optical Character Recognition { OCR)
by machine has attracted more attention recently for
its applications in many areas including bank chegue
processing, postal ZIP codes and address recognition,
office automation, document and text recognition and
reading aid for the blind.

Whenever a document is fed to the OCR either me-
chanically or by a human operator a few degrees of
skew (tilt) is unavoidable. Skew angle is the angle
that the text lines of the recorded digital document
make with the horizontal direction. As part of the de-
velopment of a succegsful OCR (Pal and Chaudhuri,
1995} and document structure sy stem we have devised
a method, based on the lower pixels and upper pixels
of some selected characters, for the estimation of the
skew angle of the recorded digital document.

There exist three classes of skew estimation tech-
niques that are based on (a) Projection profile, (h)
Component nearest neighbor clustering, and {e)
Hough transform.

The horizontal (vertical) projection profile { Hou,
1983} is a histogram of the number of black pixels
along horizontal (vertical) scan lines. For a script with
horizonial text lines the horizontal projection prodile
will have peaks at text line positions and troughs at
positions in-between successive text lines. To deter-
mine the skew of a document, the projection profile
is computed at a nomber of angles and for each an-
gle a measure of difference of peak and trough height
is made. The maximum difference corresponds to the
best alignment with the text line direction which, in
turn, determines the skew angle. Baird (1987) pro-
posed a modification for quick convergence of this
iterative approach. Akiyama and Hagita (1990) de-
scribed an approach where the document is partitioned
into vertical strips. The horizontal projection profiles
are calculated for each strip and from the correlation
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Fig. 1. {a) An example of English skewed text. (b) Components selected from {a) whose bounding box height is less than J, (Note
that numerals, upper case characeers, punctuation marks and chacacters which do not [lie between the mean and base [ine as well as the
dots of i and | are removed by Step 2 of our approact. Selected base fine and mean line pixels are marked by * and - . respectively.)

of the profiles of the neighboring strips the skew angle
is determined. This methed is fast but less accurate.
Pavlidis and Zhau (1992) proposed a method based
on vertical projection profile of horizontal strips which
works well if the skew angle is small. Another method
using cross correlation between the lines at a fixed
distance s shifted by a variable amount 4 in a verti-
cal direction has been proposed by Yan (1993). The
correlation for all pairs of lines in the image are accu-
mulated, The shift for which the accumulated cross-
correlation takes the maximum is then used for skew
angle determination.

Hashizume et al. (1986) proposed nearest neigh-
bor clustering to skew detection. He found all the con-
nected components in the document and for each com-
ponent computed the direction of its nearest neigh-
bor. A histogram of the direction angle are computed,
the peak of which indicates the document skew an-
gle. O'Gorman {1993} generalized the approach in so
called ‘docstrum’ analysis.

Hough transform has been used by Sribari and
Govindaraju [ 1989 for skew detection. The basic
method consists of mapping points in Cartesian space
(x.¥) to sinusoidal curves in (g, #) space via the
transformation

pF=xcosd + vsinf.

Each time a sinusoidal curve intersects another at a
particular value of p and &, the likelihood increases
that a line corresponding to that (g #) coordinate
value is present in the original image. An accumula-
tor array is used to count the number of intersection at
various o and # values. The skew is then determined
by the # values cormresponding 1o the highest number
of counts in the accumulator array.

Modifications of the Hough transform based ap-
proach have been proposed with mainly two aims. One
aim is to discard the irrelevant data pixels so that the
transform peaks are accurate. The other aim is to Te-
duce the data so that less computation is necessary
o txecute Hough transform. For example, Hinds et
al, (19907 made some modification based on the run
lengih of black pixels to reduce the amount of data
to be processed by Hough transform. Li et al, { 1994}
vsed the information that characters of a text line are
aligned at the base line. Thus, they considered the bot-
tom pixels of each character for doing Hough trans-
form. However, characters like g, j. p, q and y have
fowermost pixels below the base line. Also lowermost
pixels of the dots of the characters like i and j, punctu-
ations marks like comma, hyphen etc. also contribote
to their data. These irrelevant pixels can create some
error in the tine approximation by Hough ransform.
One of the aims of cur paper is to clean the data au-
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tomatically so that only relevant pixels corresponding
to the mean line and base line (see Fig. 1(h} ) can be
used for skew estimation. Another aim of this paper is
o avoid Hough trapsform and devise a goick method
of skew estimation using these relevant pixels.

2. Proposed skew estimation algorithm

Assume that the document is in portrait mode. Since
Raman characters of a word are mostly separated,
the characters in a document can be detected by the
method of component labeling. Component labeling
is a process by which pixels of a maximally connected
component are marked by a single label.

Our method starts with component labeling, At the
time of component Tabeling, the extremne (both in ¥
and y) pixel co-ordinates are calculated for each la-
beled object and the bounding box is defined. For
faster processing we have used these co-ordinates in
future steps, The average height (H) of the bounding
boxes is found and only the components with bound-
ing box height less than H are considered. The upper
case characters, numerals and characters like b, d, f, g,
h.j. k.1, p. q. 1, ¥ do not participate in our algorithun as
their heights are more than the average height. Also,
we have debarred those components whose box height
is very small so that the dots of the characters like i
and |, punctuations marks like full stop, comma, hy-
phen, ete. are removed. For example, see Fig. 1(b).
Now, from each sclected component 1ts lowermost
pixel and uppermost pixel are chosen. [f multiple low-
ermost pixels are there then the rightmost among them
is selected. Similarly, for muitiple uppermost pixels
of a component the leftmost one is chosen. Selected
lowermost and uppermost pixels are shown by “+' and
4+, respectively, in Fig.1(b). Thus, we get the pixels
that lie on base lines and mean lines of the text image.
Let the set of mean line pixels (marked by *+" in Fig.
1{b}}) be Ly and the set of base hine pizels {marked
by '+° in Fig. 1{h)) be L.

Now we can use the Hough transform on abf pix-
els of L) and L3 to get a more accurate estimate of
the skew angle. This approach is better than that of Li
clal, ( 1994% because those pixels that can contribute
to noise are removed while those pixels that can con-
tribute to accurate estimation are nearly doubled {up-
permost and lowermost pixels are both considered).
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Fig. 2. Clustening of pixels of £ belonging to & single text line.
(Encircled pixels are at o distance & = ¢ from fni-lre, where e is
a very small real quantity, A and B are two [erthest pixels of the
samme clusfern, )

Fig. 3. The approach of choosing inl-tine. (Pisel O corresponds
0 a suffix character)

Tix reduce the processing time further, we propose
a quick approach as follows. We apply the approach
separately on pixels of L; and L. Consider the pixels
in Ly. Our idea is to cluster pixels corresponding to
individual mean lines, For example, we would like to
have the encircled pixels of Fig. 2 in one cluster and
find their furthest pixels A and B. The siope of line AB
gives an estimate of the skew for these encircled pixels,
In this way pixels of each mean line are clustered and
an estimate of the skew angle is obtained from them,
An average of these skew angles is considered to be
the estimate over L;. Similarly, an estimate from L
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can be found.

To cluster the pixels of each mean line we start with
a line calied ini-fine, The pixels on L, are scanned
rowwise and a 24 oeighborhood of the first pixel en-
countered is considered (see Fig 3.3, The neighbor-
hood of 2H is considered because the spacing between
two characters (hence the spacing berween two pix-
gls in £9) is usually less than H. Now for a pixel P
in L) we find its nearest neighbor pixel ¢ from L,
thit skays within a square of size 28 about P and the
slope of the line PQ lies within [--1,1] {at present
disregard the dashed square around (), The slope re-
atriction indicates that the expected skew angle is not
greater than £45%, The line joining £ and & could be
used as ini-fine but if g character has a subscript then it
would lead to an error. In order to ensare that & is not
a pixel from a suffived character we search around @
alsa, within a neighborhood of 25 (shown by dashed
square} and find & neighbor pixel R in a similar way.
If the angle between PQ and R is nearly 180, then
the line joining P and (2 may be accepted as ini-line,
In Fig. 3 we cahmal aceept PO s ini-line since the an-
ule between PO and GR is not nearly 180°. Now we
replace ¢ and & by P and @, respectively, and search
for a nearest neighbor pisel of the current @ to test if
the condition of ¢ni-fine is satisfied. This process may
be repeated i necessary, for tinding /ni-fine.

Finding pixels of different mean lines in different
clusters is simidar to filling parametric space bing as in
Hough transform. A bin corresponds 1o pixels having
nearly constant normal distance to inf-dise. Hence, for
an unprocessed pixel X in L, its normal distance to
frti-dine is computed and if this distance is within ==
{where & is a very small quantity} of the distance of
any existing bin pixel then X is placed in that bin for
clustering. Otherwise, a new bin is created and X is
placed in the new hin, The whole procedure can be
executed in single scan over L. In the end, £ bins
and hence & clusters are usnally produced if there are
K text lines in the document.

Now consider pixels in L7 and apply the same pro-
cedure, The final estimation of skew angle is the av-
erage of these two angles obtained from L) and ;. In
the next section it is shown that this fast approach is
nearly as aceurate as doing Hough transform on pixels
of I.[ and Lg.

In brief, our fast skew detection algorithm has the
following steps.

Algorithm SKEW

Step /. Find connected components in the binary
document image and compute average bounding box
height H.

Srep 2. Choose those connected components whose
height is less than A and remove very small connected
components so that the dols of the characters / and
J» punctuarions marks like foll stop, comma, hyphen.
cte. are deleted. Let the chosen set be 5.

Stepr 3. For each component in 8 find an uppermost
pixel and lowermost pixel o obtain £ and Lo

Step 4. From the pixels of L) find ini-line.

Step 5. For each pixel X in Ly find the normal dis-
tance of X to the ini-fine,

Step 6. Cluster the pixels of £ comesponding 1o
individual text lines. If the distance of one pixel of
a claster from imi-line is d, then the distance of any
other pixel in the cluster is less than & & &, where £ is
a very small quantity.

Step 7. From each cluster of pixels find the slope
of the fine joining two furthest pixels. The slope, in
turn, gives a local estimate of the skew angle,

Step 8. Find the average of such angles.

Step 7. Repeat Steps 4 to & for pixels of L.

Srep 1h Find the average of these two angles ob-
tained from L) and Lz as the final estimate of the skew
angle.

3, Results and discossion

For the experiment we considered more than one
hundred document images from different books, mag-
azines and journals, They were digitized by a flathed
seanner at a resolution of 160 dpi. The documents were
tilted by a prespecitied angle ranging between 0 and
+45°, This angle is considered as the true skew angle.
The documents were subject to both the Hough trans-
formed based approach as well as the quick approach
on pixels of L) and Ls. Typical results are shown in
Table | where other estimated technigques (' Gorman,
FOU3; Li et al., 1994; Yan, 1993 are also considered,
Please note the abbreviation of the methods A, B, C.
D, E, F in the table captions, which we shall use later
o,

Il may be noled from Table 1 that Hough wansform
on pixels selected by the proposed approach (i.c. pix-
els of Ly and L;) gives a better result than the Li et
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Table 1

Wean and Siandard Devistion (500 of estimated skew angles ohtained by different methods

(For each true skew angle 20 images have been tested )

True skow angls

hfean and SB of estimated skew angles using methad

fin deg) (manoal) A B |8 D E F
kil Meat 2948 249 40 KIVAT. 2085 20.11 2588
S 0.550 965 0313 0579 {1.RaS% (L5337
e Mean Leal] 19.25 LA 1052 149.14 1453
30 0777 1.013 365 (1.34% 0422 (CIR
11 Mean 1021 10,67 10,03 9.04 10.714 1046
ST 0,733 {1340 216 0233 0097 07T
3 Mean 471 324 5,18 A1 5704 501
S0y 3155 LART 1436 0,269 0,295 0,455
3 hean it 280 2HE 4 AR2 an
8D {079 (1534 (.224 n.aan 0,627 .38
A Hough tranaform over total image
B:  Hough transform on pixels selected by the Li et al. (1994 method
C:  Hough transform on pixels sclected by the proposed method, e, pivels of £ and L
D: Our proposed quick method
E:  Docsorunt mwethed (O Gorman. 1993}
F: Yao's (1993} melhod

al. (1994) method as expected becaose of deletion of
irrelevant pixels. The decstrum method (0"Gorman,
19937 1 less accurate for almost all skew angles. We
noted that the accuracy of the docstrum method could
be improved if the characters having ascender and de-
scender are deleted, as done in our approach. Yan's
{1993 method is guite accurate but it is computa-
tionally time consuming. Also, for its implementation
some a prioel knowledge abour the spacing is needed
to compute the correlation,

To test Lthe timme efficiency of our quick method
{method D) with respeet to Howgh transform based
methinds © and A, we computed the time of exeeu-
tion in these methods. The angular resofution used in
Hough iransform was 1. The average execution times
tor o document of 512 « 312 pixels on a SUN 3/60
{with Microprocessor MCAB020, and SUN O.S. ver-
sion 3.40) machine are 513.15, 30.07 and 1035 sec-
onds for methods A, C and D, respectively. Also the
average execution lmes of methods B, E and F are
3541, 11.95 and 40.21 seconds, respectively,

Ti test the skew angle estimation efficiency of the
methads we have done a statistical testing of hy-
pothesis using F-distribution obtained as follows. Let
X1, Xs.. ... X, be n independent observations from
a Gaussian distnibution with mean ¢ and standard
dexiation er, i.e.,

" (XJ"—‘EMEN 1
N

For independent true skew angles Viij=12,....m)
let X and Z (= 1,2,...,m:) be the independent
estimated angles for the fth observation by method D
and method C, respectively. We assume Xj; and Zj
follow Gaussian distributions with standard deviations
ey and oz, Tespectively.

Then
A I il M2 4
7= = ;;(fﬁ — ¥t~ oyl
and
A i LA
h== (Zj = Y ~ Xy
: !

= =i o=
Ohr nell hypothesis is Hy: e = orz under which

s T

T= ?_-2 ~ Fanamna-

We have seen from our estimated skew angles that
the value of T is 1.17, where m; =35 and n; = 20. The
5% cut off point of the F-distribution (with degrees
of freedom 1IN and 100) is 1,41 (obtained through
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mterpolabon ). Hence, we can say thal the methods C
and [} are statistically equally efficient,

For a complex document containing half-tone im-
ages, graphics and drawings the method would work
well if the text region is substantially more than the
non-text region and if A is chosen in & modified way.
The areas of the bounding box of individual compo-
nents are grouped in small hins to give a bar histogram
representation. Since according to our assumption the
text region is substantially larger, the mode of this his-
togram will represent the bounding box area of the
{ext characters. The bar corresponding to the mode
gives the value of 4 in an interval corresponding to the
bar width. If the compoenents corresponding to bound-
ing box area within this interval are retained then al-
most all non-text components are rernoved, The pro-
posed approach can be used on the remaining com-
ponents. However, it is better to use method C rather
than method D because the Hough transform is more
robust to noise while the guick method depends on
the right choice of ini-fire and clustering of pixels of
each text line which may nol be attained always [ora
complex document.
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