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Abstract

This paper presents two fast and robust algorithms for word
skew and slant corrections based on Radon transform. For
the skew correction, we maximize a global measure which
is defined by Radon transform of image and its gradient to
estimate the slope. For the slant correction, Radon trans-
form is used to estimate the long strokes and a word slant is
measured by the average angle of these long strokes. Com-
pared with the previous methods, these two algorithms do
not require the setting of parameters heuristically. More-
over, the algorithms perform well on words of short length,
where the traditional methods usually fail.

1. Introduction
In cursive word recognition, correcting the skew ( deviation
of the baseline from the horizontal direction–Fig. 1(a) ) and
the slant ( deviation of average near-vertical strokes from
the vertical direction –Fig. 1(b) ) is an important prepro-
cessing step. The slant and slope are introduced by writing
styles. Both corrections can reduce handwritten word shape
variability and help the later operations such as segmenta-
tion and feature extraction.

( b )(a)

Figure 1: (a) The original handwritten word image and after
skew correction, (b) the original word image and after slant
correction.

For the skew and slant corrections, the crucial step is
to detect the skew and slant angles correctly. In the liter-
ature, several methods have been proposed to deal with this
problem. In [1], image contour is used to detect those min-

ima. Morita et al. [2] proposed a method based on math-
ematical morphology to obtain a pseudo-convex hull im-
age. Then minima are detected on the pseudo-convex im-
age and a reference line is fit through those points. The
primary challenge in these methods is the rejection of spu-
rious minima. Also, the regression-based methods do not
work well on short words because of the lack of a suffi-
cient number of minima points. The other approaches for
the detection of the slope angle is based on density distri-
bution. In [3], several histograms are computed for differ-
ent y projections. Then the entropy is calculated for each
of them. The histogram with the lowest entropy will deter-
mine the slope angle. In [4], the Wigner-Ville distribution is
calculated for several horizontal projection histograms. The
slope angle is selected by Wigner-Ville distribution with the
maximal intensity. The main problem for these distribution-
based methods is high computational cost since an image
has to be rotated for each angle. For the slant estimation,
the most common method is the calculation of the average
near-vertical strokes [5]. These methods use different cri-
teria to select near-vertical strokes. The slopes of those se-
lected strokes are estimated from the contours. The main
disadvantage of these methods is that many heuristic pa-
rameters have to be specified. Vinciarelli et al. [6] proposed
a technique based on a cost function which measures slant
absence across the word image. The cost function is evalu-
ated on multiple shear transformed word images. The angle
with the maximal cost is taken as a slant estimate. Kavallier-
atou et al. [4] proposed a slant estimation algorithm based
on the use of vertical projection profile of word images and
the Wigner-Ville distribution. The approaches based on the
optimization are relatively robust. However, the above two
methods are computationally heavy since multiple shear
transformed word images corresponding to different angles
in an interval have to be calculated.

In this paper we propose a new algorithm for skew cor-
rection and a fast algorithm for slant correction. Both algo-
rithms are based on Radon transform [7]. Compared with
previous methods, they are not only robust but also com-
putationally more efficient while the principle of compu-
tational efficiency usually is not taken into account in the
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previous methods. In Section 2, a new algorithm for slope
estimation is presented. In Section 3 we describe an effi-
cient algorithm to calculate the average slant angle. The
experimental results are shown in Section 4. Finally, some
conclusions are drawn.

2. Slope estimation
Intuitively, it can be observed in Fig. 1 that a handwriting
signal oscillates most frequently in the writing direction.
When a handwritten signal is projected onto the axis orthog-
onal to the writing direction, its energy is also concentrated.
For a binary word image1, edge and foreground pixels char-
acterize the shape variations and image energy, respectively.
A global measure is designed to capture these two proper-
ties. The skew angle is selected, which corresponds to the
maximal measure. First we introduce some notations. The
2D image is denoted as f(x, y). The Radon transform [7]
of f is the integral of f(x, y) over a line in the xy-plane,
which is illustrated in Fig. 2. Mathematically, the Radon

f(x, y)

s

φ

x

y

s

g(φ, s)

θ

θ⊥

t

Figure 2: Illustration of parameters in the definition of
Radon transform.

transform of f is given by

R{f} ≡ g(φ, s) (2.1)

=
∫ ∞

−∞

∫ ∞

−∞
f(x, y)δ(s − (x cos φ + y sin φ))dxdy

With the change of variables defined by[
x
y

]
=

[
cosφ − sin φ
sin φ cosφ

] [
s
t

]
(2.2)

1A black/white image. The foreground is defined by black pixels.

(2.2) reduces to

g(φ, s) =
∫ ∞

−∞
f(s cosφ − t sin φ, s sin φ + t cosφ)dt

=
∫ ∞

−∞
f(sθ + tθ⊥)dt, (2.3)

where φ ∈ [0, π), s ∈ IR, θ = (cosφ, sin φ) and θ⊥ =
(− sinφ, cos φ). We define the Radon transform of gradient
flow by

g′(φ, s) =
∫ ∞

−∞
| grad f(sθ + tθ⊥) · θ⊥|dt (2.4)

This transform is depicted in Fig. 3. For a binary handwrit-
ten word image, the Radon transform of gradient flow is
mainly used to estimate the average frequency in the pro-
jection direction.

x

y

φ

θ

θ⊥

gradf

Figure 3: The Radon transform of gradient flow in IR2. The
gradient vector components parallel to the line of integra-
tion are used.

The angle φ∗ can be obtained by maximizing the follow-
ing function:

φ∗ = arg max
φ

∫ ∞

−∞
g(φ, s)g′(φ, s)ds (2.5)

Finally, when a handwritten word image is deskewed, θ∗⊥

should correspond to the x axis. Therefore, the skew angle
is π

2 + φ∗. In order to solve the optimization in (2.5), we
propose an efficient algorithm. First let us define some nota-
tions. The image width and height of image f(x, y) are de-
noted by w and h, respectively. f(x, y) is a black/white(1/0)
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image. We map the input image from the Cartesian do-
main to the polar domain, where x − w

2 = r cosα and
y − h

2 = r sinα, α ∈ [0, 2π) and r ≤ rmax. In order
to reduce the computational cost, we use zero-crossing to
replace | gradf(sθ + tθ⊥) · θ⊥| in Eq.(2.4). In the binary
image, zero-crossing occurs at the edge point. Then g′(φ, s)
represents the number of crossing points parameterized by
φ and s. Fig. 4 illustrates Radon transformation in the polar

x

y

x′

y′

(w
2 , h

2 )

φ

α

θ

r

Figure 4: Radon transformation in the polar domain.

domain. When the foreground pixel (r, α) is projected onto
the unit vector θ, its value is given by

(r cosα, r sin α) · (cosφ, sin φ) = r cos(α − φ) (2.6)

Now we propose the following efficient algorithm to detect
the skew angle.

Fast algorithm for skew angle detection

Input: Input image f(x, y), K = �rmax�. ma-
trix A[K][360], matrix B[2K][2K], vector v1[2K],
vector v2[2K] and vector v3[180]. The foreground
points {(xf

i , yf
i )}, i = 1, · · · , M 2; the edge points

{(xe
j , y

e
j )}, j = 1, · · · , N .

Output: skew angle

Initialization: Pre-compute the caching tables

1.1 For i =1 to K step 1
For j =1 to 360 step 1

A[i][j] = �i × cos( π
180 × j) + K�

End j
End i

1.2 For j = 1 to 2K step 1
For i =1 to 2K step 1

l = �√(i − K)2 + (j − K)2�
m = �(atan2(j − K, i − K) + π) ∗ 180

π �
B[j][i].r = l
B[j][i].α = m

End i
End j

2Note that the origin of the coordinate system is ( w
2

, h
2

).

Radon transform in the polar domain

2.1 For j = 1 to 180 step 1
v1[i] ← 0, v2[i] ← 0, i = 1, · · · , 2K .
For i = 1 to M step 1

x ← K + xf
i

y ← K + yf
i

r = B[y][x].r
α = B[y][x].α
k = A[r][(360 + α − j) mod 360]
v1[k] ← v1[k] + 1

End i
For i = 1 to N step 1

x ← K + xe
i

y ← K + ye
i

r = B[y][x].r
α = B[y][x].α
k = A[r][(360 + α − j) mod 360]
v2[k] ← v2[k] + 1

End i
Smooth v1 and v2 using moving window of size 5.
v3[j] ← 0
v3[j] ← v3[j] + v1[i] × v2[i], i = 1, · · · , 2K

End j

Calculate maximal value

3.1 i∗ = arg maxi v3[i], i = 1, · · · , 180.

3.2 return i∗ + 90.

In algorithm (2), most float operations are replaced with in-
teger ones. Although the precision of Radon transforms is
reduced, the detection accuracy of skew angle is not de-
creased. The reason is that in step (3.1) we need to ob-
tain an angle which corresponds to the maximum response.
High-precision Radon transform is not necessary in our al-
gorithm. In addition, the most expensive operations can be
pre-computed as look-up tables at the initial stage and the
number of evaluated angles can be much smaller than 180.

3. Fast algorithm for slant estimation
In our algorithm, the basic idea is to estimate the average
angular slant of long vertical strokes. Geometric justifica-
tion is provided in Fig. 5. In this figure, line segment AB
is a part of a long vertical stroke; CD and EF are parts of
two short vertical strokes, respectively. In order to classify
these two cases, we project AB, CD,EF onto the direction
θ⊥. Then we calculate the ratio of the projection length to
the maximal range for a fixed s in (2.2), defined by

r(φ, s) =
g(φ, s)U(g(φ, s) − τ1)

supt{t|f(sθ + tθ⊥) > 0} − inft{t|f(sθ + tθ⊥) > 0}
(3.1)
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where τ1 is a tolerance parameter and sup and inf are “least
upper bound” and “greatest lower bound” of a bounded non-
empty set, and the function U(.) is given by

U(x) =
{

1 if x > 0
0 otherwise

(3.2)

If this ratio r is large, then probably there exists a long seg-
ment for a fixed s on the current projection direction. For
example, for segment AB, the ratio is 1.0; for segments CD
and EF, the ratio is (CD+EF)/CF. Let I(φ, s) be an indicator
function, defined by

I(φ, s) =
{

1 if r(φ, s) > τ2

0 otherwise
(3.3)

where τ2 is a tolerance parameter. Then the following for-
mula is used to approximate the slant angle:

φ∗ =
∫ ∞

−∞

∫ ∞

−∞
I(φ, s)g(φ, s)φdφds (3.4)

x

y

θ

θ⊥

φ
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B

C

D
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Figure 5: Illustration of slant angle detection.

Fast algorithm for slant angle detection

Input: deskewed image f(x, y), K = �rmax�. matrix
A[K][360], matrix B[2K][2K], vector v1[2K], vector
v2[2K], vector min v[2k] and vector max v[2k], and
vector v3[180]. The foreground points {(xf

i , yf
i )}, i =

1, · · · , M 3; the edge points {(xe
j , y

e
j )}, j = 1, · · · , N .

Output: Slant angle

Initialization: Pre-compute the caching tables

3Note that the origin of the coordinate system is ( w
2

, h
2

).

1.1 For i =1 to K step 1
For j =1 to 360 step 1

A[i][j] = �i × cos( π
180 × j) + K�

End j
End i

1.2 For j = 1 to 2K step 1
For i =1 to 2K step 1

l = �√(i − K)2 + (j − K)2�
m = �(atan2(j − K, i − K) + π) ∗ 180

π �
B[j][i].r = l
B[j][i].α = m

End i
End j

Radon transform in the polar domain

2.1 totalSum← 0; AccumulatedAngle← 0

2.2 For j = 1 to 180 step 1
v1[i] ← 0, v2[i] ← 0, i = 1, · · · , 2K .
For i = 1 to M step 1

x ← K + xf
i

y ← K + yf
i

r = B[y][x].r
α = B[y][x].α
k = A[r][(360 + α − j) mod 360]
v1[k] ← v1[k] + 1

End i
min v[i] ← 0, max v[i] ← 0, i = 1, · · · , 2K .
For i = 1 to N step 1

x ← K + xe
i

y ← K + ye
i

r = B[y][x].r
α = B[y][x].α
k1 = A[r][(360 + α − j) mod 360]
k2 = A[r][(450 + j − α) mod 360]
if k2 < min v[k1] then min v[k1] ← k2

if k2 > max v[k1] then max v[k1] ← k2

End i
v2[i] ← max v[i] − min v[i], i = 1, · · · , 2K .
Smooth v1 using moving window of size 5.
sum← 0
For i = 1 to 2K step 1

if v1[i] > t1 × v2[i] and v2[i] > t2 then
sum ← sum + v1[i]

End
End i
totalSum←totalSum + sum;
AccumulatedAngle←AccumulatedAngle * j

End j

Calculate average slant angle

3.1 return 90 - AccumulatedAngles/totalSum.
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4 Experimental results

The experiments were conducted on IMDS cursive word
database. Presently the vocabulary comes from the words
of Collins Frequency Band 5, in which these words are most
frequently used in daily life. The size of this lexicon is 670.
Our samples are written by 78 people of different back-
grounds including Arabic, Asian, Canadian, French, stu-
dents and university professors, and company employees.
No constraints are imposed on the writers in order to get
most natural handwritten samples. Each writer writes sam-
ples in blank boxes on the form containing 670 words. This
means there are no two samples from the same writer for
each word. The training and testing sets consist of 38795
and 13733 samples, respectively.

In order to investigate how the skew and slant correction
affect the performance, we consider the recognition task in
two cases: with or without skew/slant corrections in the
phase of preprocessing. The experimental results are shown
in Table 1. It can be observed that skew and slant correc-

Table 1: Recognition accuracy with/without skew and slant
correction.

Skew and slant correction Test error rate
Yes 44%
No 47%

tions can improve the accuracy of cursive word recognition
system. We also visually inspected skew/slant corrections
in all images in the training set and have found that the
proposed methods perform very well, even on short words.
Fig. 6 shows some examples.

(c)

(a)

(b)

Figure 6: Some examples of skew & slant corrections. (a)
Original images, (b) after skew correction, (c) after skew
and slant corrections.

5. Conclusions
This paper presents two new algorithms for cursive word
skew and slant corrections based on Radon transform. The
two algorithms are not only robust but also much more effi-
cient than the previous ones. In both algorithms no heuristic

parameters require to be set. Moreover, they perform well
on short words, where the traditional methods usually fails.
Experimental results on IMDS cursive word database have
shown that the proposed skew and slant algorithms can en-
hance the recognition accuracy.
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