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A Method of Skew Detection and Correction
in Document Images for Personal Computers
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In order to normalize the skew angles of an input image using a personal computer, it be-
comes necessary to improve the processing rate and to divide an image into small segments
adjusting a limited memory. This paper proposes a new method of an automatic skew nor-
malization, comprising a high-speed skew detection and a distortion-free dividing rotation.
We have evaluated the proposed method from the viewpoints of the processing rate and the
accuracy for typed documents. As a result, the processing rate is 2.9 times faster than that
of a conventional method. A practical processing rate for software processed on a personal
computer can be achieved under the condition that the accuracy of a normalized angle is con-
trolled within 0.3 degrees. Especially, the rotation with dividing can have no error angle,
even when the work memory size is reduced to 1/100.

1. Introduction

Image filing systems are now widespread in
the fields handling documents as means for pro-
moting a paperless environment. These systems
store large volumes of document images in op-
tical disks and retrieve them by user’s request.
Thus, the systems are expected to improve the
business efficiency in sections where large vol-
umes of documents are produced. However, the
documents are scanned mechanically by a scan-
ner, often resulting in the input images that
may be skewed. The normalization thereof may
requires a lot of labor power. This has specif-
ically been called the bottleneck of an input.
The automatic normalization of the skewed im-
ages will be one of the most important problems
in the image filing systems.

On the other hand, the image filing systems
have been expensive, because these are config-
ured as many pieces of specialized hardware to
enable high-speed processing for a document
image. This reason is that the amount of im-
age data is very large, approximately 250 times
larger than that dealt with in a word processer.
It has been considered that it is difficult for
software to deal with the image filing on a per-
sonal computer. Today’s offices are filled with
various kinds of personal computers. It is de-
sired to employ low-cost personal computers for
image filing systems. Personal computers have
limited computing powers and limited memory
size. For software processed on personal com-
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puters, to achieve automatic skew normaliza-
tion in practice, improvement of the processing
rate and dividing of the image must be required.

With respect to a skew detecting process for
the input images, various methods!)? apply-
ing the Fourier transform and methods®®) on
the basis of Hough transform® have been stud-
ied and good results have been reported. The
former methods detect a skew angle using the
fact that the intensity of a spatial frequency
corresponding to the cycle of text lines forms
a peak. However, the amount of the calcula-
tion is so enormous that an optical processing
may be more suitable for these methods. The
latter methods obtain a skew angle using the
Hough transform of some parameters or black
pixels of characters, because text lines are con-
sidered to be printed on horizontal base lines.
The Hough transform can calculate faster than
the Fourier transform. But, for software pro-
cessed on personal computers, it is necessary to
improve the processing rate. Various methods
have been proposed to improve the processing
rate for the Hough transform®. By applying
these concepts, it is considered that the skew
detection can be made faster.

A rotation processing for an image can be
broadly classified into a method” which di-
rectly transforms by a rotation matrix and
methods®? which transform by a combination
of oblique axis transformations. The former
method calculates the coordinates for each pixel
of the image based on the rotation matrix. As
results, the image is inputted and outputted in
units of a pixel, so that it is difficult to speed up
the rotation processing. To solve this problem,
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the latter methods resolve the rotation matrix
into the combination of oblique axis transfor-
mations and processes multiple pixels at the
same time. This method is effective for re-
ducing the times of input and output. How-
ever, when the image is simply divided and ro-
tated using this method, local distortion may
be caused in the vicinity of dividing points. For
rotating the image on personal computers, it is
thought that a distortion-free dividing rotation
must be required.

In this paper, the property of the input
images and normalized image with dividing
will be mentioned in Section 2. The high-
speed method for the skew detection and the
distortion-free method for the dividing rotation
will be proposed in Section 3. Some experimen-
tal results with CCITT standard documents
will be described in Section 4.

2. Properties of Input and Rotated
Images

2.1 Properties of Input Images

In this section, we describe the statistical
properties of a skew angle, then we mention
the concepts on high-speed skew detection us-
ing the properties. In the following discussion,
the input images are defined as those of the
typed documents from B5 to A3 size.

After an auto-feed scanner feeds a paper doc-
ument into the sensor unit mechanically, it may
be scanned in a skewed posture due to an un-
balanced force applied to the paper. Figure 1
shows the distribution of the skew occurrences
when the papers are fed into the sensor unit.
This example shows the result of the test with
101 pieces of typed documents.
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Total 101 sheets
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Frequency (sheets)
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Input Skew Angle ( degree )

Fig. 1 Frequency of input skew angle by auto-feed
scanner.
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The skew angles of the input images are scat-
tered over a wide range, but the majority are
distributed within a narrow range near zero de-
gree. A characteristic is observed that 99% of
the skew angles of the fed papers are concen-
trated within +1.2 degrees. However, due to
the mechanism of the auto-feed scanner, the
maximum skew angle is restricted to the range
of £5.0 degrees. For the proposed algorithm,
it is necessary to detect the skew angle within
+5.0 degrees.

On the other hand, the text lines of an input
image are considered to be printed on horizon-
tal base lines, so the skew angle can be esti-
mated from text lines using the Hough trans-
form. By using some parameters of characters,
it is well known that the skew angle can be ob-
tained accurately within a certain range?. But,
applying the Hough transform would consume
much computing power. This is not practical.

In order to improve the processing rate, the
statistical properties of the skew angle is uti-
lized. In the first stage, the skew angle is
searched in the narrow range in which the skew
distribution is concentrated. If the skew angle is
determined at the first stage, the detecting pro-
cess terminates. If not, in the second stage, the
skew angle is searched in the maximum range
in which the skew distribution can exit. With
this two-step procedure, it is possible to im-
prove the processing rate sharply, compared to
the conventional method which searches over all
the ranges uniformly.

For software processed on a personal com-
puter, the image must be divided into small
segments. The above mentioned procedure does
not cause any obstacle. So, to simplify the ex-
planation hereinafter, the skew detection will
be omitted to explain the dividing process.

2.2 Properties of Rotated Images with

Dividing

In this section, we introduce the principle of
rotating an image briefly. we describe the prop-
erties of rotated images with dividing, then we
mention the concepts on rotating without mar-
ring an image quality.

Assuming that the coordinates of an original
image are designated (z,y), and the coordinates
after rotation are designated (X,Y), the rota-
tion at an arbitrary angle of 6 may be defined
as follows:

X | | cosf —sind z
[Y]A[Sine cose}{y} (1)

In this expression, an extended transformation
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Fig. 2 Relationship between required memory and
image size.

time must be required to process the image, be-
cause of calculating each pixel individually. It
can be also defined as follows:

X T
Y_:T3'T2'Tl[y] (2)
where
[ cos® 0
I = | 0 sec ] 3)
T, = é ~sm19c059] 4)
10
=1 tano 1 ()

Where in, the matrix T} represents a trans-
formation for scaling, and the matrixes Ts, T3
represent oblique axis transformations. In the
oblique axis transformations, the adjacent pix-
els are transferred simultaneously varying the
shift amount. The transformation for scaling
at high speed is obtained by an established con-
ventional technology. By applying these trans-
formation matrix to the original image, an im-
age rotated with the angle 6 can be obtained at
high speed.

In the above method, the coordinate trans-
formation is applied to the original image three
times in order to obtain the rotated image. So,
a memory is required to store an intermediate
image during each coordinate transformation
process. Figure 2 shows the capacity of the
required memory for the various sizes of im-
age. The maximum memory capacities of the
images with the inclination of 45 degrees are
plotted. It clearly shows that the capacity of
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Fig. 3 Examples of distortions caused by oblique
axis transformation.

the required memory for the skew normaliza-
tion is very large, for example, 17.4 Mbytes in
the input image of A3 size with 600 DPI (Dot
Per Inch). In order to process in a limited mem-
ory size, the image must be divided into small
segments.

However, in the conventional methods
the matching of the divided images have not
been fully considered. In these methods, lo-
cal distortions may be generated in the vicin-
ity of the dividing point. Figure 3 shows ex-
amples of the oblique axis transformation for
small segments divided into two. In the draw-
ing, a) shows an oblique axis transformation
without dividing, b) and ¢) show an oblique
axis transformation with divisions into two seg-
ments. In the drawing a), the image shifts 6
dots in the Y direction for each 1 dot in the X
direction. In the drawing b) and c), the two
parts of the divided image are independently
processed. Therefore, the image is shifted by
8 or 10 dots in the Y direction for each 1 dot
in the X direction for the transformation near
the dividing point. Thus, an error of 2 or 4
dots exists, respectively. Since the oblique axis
transformation produce an error value between
the real oblique axis and the pixel arranged in
a square lattice type, the shift amount in an
adjacent segment needs to be determined af-
ter the adjustment for this original error value.
But, in the conventional methods, the image is
transformed assuming that the error value in
the dividing point is 0, resulting in the shallow
inclination of the oblique axis.

In order to obtain a high quality rotated im-
age without distortion, the error value in the di-
viding point of a preceding segment is utilized.
The image is divided into small segments and

8),9)
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the rotation processing is performed for each
individual segment. Upon the completion of
one segment , any error value between the real
oblique axis at the dividing point and the shift
amount of the pixel is.transmitted to an adja-
cent segment, and the transmitted error value
is used as an initial value during the rotation
processing of the adjacent segment. This ro-
tation processing is applied to the divided seg-
. ments in sequence. In such a constitution, the
skewed image can be normalized in a memory
with small capacity without marring the image
quality.

3. Skew Normalization Method Using
Two-step Skew Detection

3.1 Basic. Concept

In this section, we describe an automatic
skew normalization method which can deal with
an input image even using software processed
on a personal computer. A proposed method is
called “skew normalization method using two-
step skew detection”. In order to normalize the
skewed image automatically, it is necessary to
improve the processing rate and to divide an
image into small segments. Therefore, in the
new method, for detecting the skew angle of
an input image with high speed, the statisti-
cal properties of a skew angle is utilized. For
rotating the skewed image without local distor-
tions, the error value in the dividing point of a
preceding segment is also utilized.

Figure 4 is a block diagram of the proposed
method. This method comprises 3 stages of
an image division process, a two-step skew de-
tection process and a dividing rotation process
broadly. In the first stage, the input image is
divided into small segments, so as to be stored
in a memory region with a limited capacity. In
the second stage, the skew angle of the divided
image is detected by a stepwise operation, so

( 2-Step Skew Detection Process )

1st skew i _]2nd skew
Input - detection detection
Image {Dividing
O— into ! Detected angle 0
segments
Rotating Assembling 0
segments segments {output
[ o - Image
Dlvndmg Rotation
rocess

A
IError data holdingl

Fig. 4 Skew normalizing method using two-step skew
detection.
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as to improve the detecting rate sharply, as fol-
lows. The skew angle is searched in a narrow
range on which the skew distribution of an in-
put image is concentrated. If the skew angle is
determined, this stage terminates. If not, the
next step starts. The skew angle is searched in
the maximum range which the skew distribu-
tion of an input image can exit. This is called
“two-step skew detection method”. In the third
stage, according to the detected skew angle, the
input image is rotated in sequence for small
segments At the same time, an error value of
the oblique axis transformation in the dividing
point is transmitted to an adjacent segment, so
as to eliminate the local distortions. This is
called a “dividing rotation method”.

3.2 Two-step Skew Detection Method

In this section, we describe an algorithm to
detect the skew angle of an input image from
text lines. Generally, in typed documents, a
base line of a text is aligned on a single straight
line. The skew angle of the base line may be
detected by the Hough transform.

Figure 5 shows the principle of the skew de-
tection, indicating that features are integrated
in the direction of § degrees from X axis. In
the first stage, the input image is scanned and
the bottom-right corners of characters are ex-
tracted as the features. In the second stage,
the features are projected on several integral
tables having variety of angles. The projec-
tions on the integral tables are calculated. In
the third stage, an integral table which gives
the sharpest projection pattern is selected and
the angle perpendicular to the integrated direc-
tion of § degrees is estimated as the skew angle.
Here, using the terms of the Hough transform,
the calculation of the integral tables S(y) in the

X-AXIS

— L

Integral direction

Xitan @

>

Integral table S(y)

Y-AXIS

Rectangle

A

Fig. 5 Principle of skew detection.
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Fig. 6 Procedure of two-step skew detection.

above procedure corresponds with the so-called
“voting” operation.

On the other hand, the majority of skew an-
gles are concentrated within a narrow range.
By using of this property, it is possible to
shorten the processing time of the Hough trans-
form.

The procedure of our method goes as follows.
Figure 6 shows the procedure of the two-step
skew detection process. First of all, the parame-
ters a, B and 7y are set. « represents the search
angle of the first step detection, 5 the search
angle of the second step detection, and v the
threshold value for verifying the effectiveness of
the first step detection. Then, the features are
extracted from an input image. During a raster
scanning, the target pixel is painted black when
both the adjacent left and upper pixels are per-
ceived to be black. The components satisfying a
condition, which is a certain range (for example
from 10 to 100 connected pixels per a raster),
are selected. By this selection, small noises or
large image elements such as figures, tables or
photographs may be excluded. The coordinate
(X1, Y1) of the bottom-right corner of black pix-
els is extracted as the features. This is called
“connected components feature”. Here, the op-
timum value of a and ~y are set to 1.0 and 2.0,
in accordance with the discussion in the next
chapter. That of 3 is also set to 5.0, in ac-
cordance with the discussion in the preceding
chapter.

In the first step detection, the skew angle is
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searched in a narrow range on which the skew
distribution is concentrated. The integral ta-
ble S(y) are calculated for the connected com-
ponent features within a range from —a to
degrees. This calculation can be considered as
the projection of the feature (X, Y;) for the
integral table S(y), as shown in Fig.5. After
all the features are processed, the integral ta-
ble S(y) for angle 6 is created. According to
the same procedure, the integral tables for the -
range from —a to a degrees are created.

Then, a integral table S(y) which gives the
sharpest projection pattern is selected and the
angle of the integral table S(y) is estimated as
the skew of the input image. Since the sharp-
ness of the integral table is proportional to the
number of addresses having a value of zero, an
angle of the integral table which has the max-
imum number of zeros is assumed as a skew
angle. In the next, the assumed skew angle is
verified. When an evaluation function of cer-
tainty is defined as an effective integral ratio
(EIR), it is expressed as follows:

in - Max {3 u(S@)}

Min (> u(5(s))) (©)
w0 ={§ {0 Z0) ™

If the EIR is larger than the threshold value
v, the angle giving the maximum sharpness a
as the skew angle 8. If the ratio is smaller than
the threshold value +, the second step detection
is executed.

In the second step detection, the skew angle is
searched in the maximum range which the skew
distribution of an input image can exist. The
integral tables S(y) are created within a range
from —( to B degrees. This means that the in-
tegral tables from —3 to —« degrees and from
a to 3 degrees excluding the search range in the
first step detection are created. The EIR is cal-
culated in the same way and the skew angle of
the image is determined based on the threshold
value «. If the ratio is larger than the thresh-
old value «, the skew angle is determined. If
the ratio is smaller, it can not be determined
and “indeterminable” is output.

With this two-step procedure, it is possible to
improve the processing rate sharply, compared
to the conventional method in which the skew
angle is searched over all the ranges uniformly.

3.3 Dividing Rotation Method

In this section, we describe an algorithm to
rotate a divided image without marring the im-
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age quality. After estimating the skew angle,
the divided image must be rotated to normal-
ized position. In order to obtain a high qual-
ity rotated image, an error value caused by the
oblique axis transformation must be transmit-
ted to an adjacent segment.

The procedure of our method goes as follows.
Figure 7 shows the procedure of the oblique
axis transformation for a small segment. In the
first stage, the parameters ED, XN, and YN are
set. Here, ED represents the error value of the
final raster in the preceding segment and XN
and YN represent the coordinates of the end-
ing point of the preceding segment. The ini-
tial coordinates of a whole image shall be X
and Yp. In the second stage, in order to trans-
form the segment into a parallelogram with an
inclination of tand, the following process is ex-
ecuted for each raster from the starting point
YN + 1 to the ending point Yinax. The inclina-
tion tanf is added to the error value e. If the
error value e equal to 1.0 or larger, 1.0 is sub-
tracted from e and 1 is added to the address on
the X axis. If not, the subtraction and the addi-
tion are skipped. Then one raster of the image
is moved from the starting point (Xo,y) to the
starting point (z,y) and 1 is added to the ad-
dress on the Y axis. This series of a process is

START ,

Set Error Data

e=ED
Set start point e=e+tanf
x=XNy=YN y=y+1 e=e-1.0
Y X=xX+1

Whie ysYmax [— e >1 <l

Hold Error Data Transfer one raster data
ED=¢e from source (Xg,y)
to destination{x,y)

Hold start point
XN=x,YN=y

STOP )

Fig. 7 Procedure of oblique axis transformation.

Transfering error data of y-axis

O\@
@\©
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repeated so as to complete the parallelogram.
In the third stage, in order to hold the error
value e of the final raster and the starting point
(z,y), each value is substituted for ED, XN and
YN, respectively.

Figure 8 shows an example of the divid-
ing rotation process using the aforementioned
oblique axis transformations. In the figure, a)
shows a original image, b) a scaling, c) the first
oblique axis transformation, d) a 90-degree ro-
tation, e) the second oblique axis transforma-
tion, and f) an inverse 90-degree rotation. Nu-
merals I to IV enclosed with circles indicate
small segments. The angle of the rotation is
—6 degrees.

In a), the original image is divided into small
segments from I to IV. In b), a segment is re-
duced and enlarged according to Eq. (3) and the
processing result is stored into a work mem-
ory. The process is executed for all segments of
the divided image, the results are used in the
next process for the calculated segments. In c),
the final error value of the preceding segment
is used as an initial value and the oblique axis
transformation is executed according to Eq. (4).
The error value of the final raster is held. In d),
the segment is rotated 90-degrees to execute the
oblique axis transformation in the scanning di-
rection. In e), the oblique axis transformation
according to Eq. (5) is executed in the same pro-
cedure as that in ¢) and the error value of the
final raster is held. In f), the 90-degree rota-
tion in d) is calculated by an inverse 90-degree
rotation. Finally, the rotated images in small
segments I to IV are recombined.

With transmitting the error value in the pre-
ceding segment, the skewed image can be nor-
malized in the memory of small limited capacity
without marring the image quality.

4. Experimental Results

4.1 General Description
The procedure to detect the skew angle has

®
@ e

Q)

a) Original image

b) Scaling

c) Oblique axis |
transformation

d) 90-degree .
rotation

) Oblique axis
transformation

Fig. 8 Example of dividing rotation.

f) 90-degree
rotation
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Table 1 Processing time of skew normalization methods.
A4/200DPI
Item No.l No.3 No4 No.5 No.6 No.7 | average

1 | Number of features 918 580 3659 1387 224 2451 1537

2 | Effective integral ratio 5.50 3.96 5.45 4.06 3.13 2.93 4.17

3 | Two-step skew detection (sec.) 1.40  1.16 3.34 1.73  0.90 248 1.84

4 | Conventional skew detection (sec.) | 443 3.39 1280 5.87 231 9.11 6.32

5 | Rotation (sec.) 0.53 0.53 0.53 0.53 0.53 0.53 0.53

6 | Proposal method (sec.) 1.93 1.69 3.87 2.26 1.43 3.01 2.37

7 | Conventional method (sec.) 4.96 391 1333 6.39 284 9.64 6.85
been implemented as a program on the Hitachi y .

. ~CCITT No.1,2,456,7 Max. T
FLORA3010DV personal computer equipped 12.0 H - Adsize  200DPI ) Average Time—
with a 32 bit processer Pentium/90 MHz. The . Poptumi ooz Mn | T
program is written in C language. Experiments [ 4
using CCITT standard document database!® 100 |~
are executed using this program. g T
The CCITT standard document database in- ® 80 -

cludes 8 samples whose sizes are 210x297 mm. e
No.1 is an English letter, No.2 a handwrit- = 608 T T ©
ten diagram, No. 3 a table, No.4 a French doc- 2 ’ 4 )/@'
ument, No.5 a technical article with a fig- 2 © T T ‘{@
ure, No.6 a graph, No.7 a Japanese publish- S a0 S -y O
ing printed vertically, and No. 8 a handwritten & 5 'D/k
memorandum and a white-on-black advertise- 20 Lol X Y T
ment. In these samples, Nos. 1, 3,4, 5,6 and 7 -11Y i+ =7
are typed documents and the others are hand- o0

written documents.

The samples are scanned with a resolution
of 200DPI by the Hitachi image file system
HITFILE Wn. To examine the ability of the
proposed method, the simulated skewed doc-
uments are generated by rotating the samples.
The skew angles are changed with an increment
of 0.05 degrees.

4.2 Processing Rate of Normalization

The processing rate of normalization com-
prises that of the two-step skew detection
method and the dividing rotation method.

In the two-step skew detection method, the
processing rate depends on a switching angle
« which is the search range of the first step
detection. First of all, the optimum value of
the angle « is evaluated. Figure 9 shows the
relationship between the skew detection time
and the angle a. The unit of detecting angles
is 0.05 degrees. The skew detection time is the
sum of a feature extraction time and the Hough
transform time.

The skew detection time is 6.32 seconds at the
switching angle of 0.0 degrees and it is reduced
to 1.84 seconds at the switching angle of 1.0 de-
grees. When the switching angle is larger than
1.0 degrees, the time increases again. It become
to 6.32 seconds at the switching angle of 5.0 de-

0.0 1.0 2.0 3.0 4.0 5.0

switching Angle ( degrees )

Fig. 9 Switching angle and skew detection time.

grees. It is considered that the probability that
the skew angle is detected in the second step
detection increases when the switching angle is
too small. This means that the total processing
time increases. On the contrary, even though
the number of samples for which the skew an-
gle is detected by the second step detection is
reduced for the larger switching angle, the pro-
cessing time of the first step detection increases.
The switching angle of the two-step skew detec-
tion is determined to 1.0 degrees.

Table 1 shows the results of the proposed
method using the two-step detection with the
determined switching angle and a conventional
method using a uniform search. Here, the
threshold value ~ is selected to be 2.5. The
other conditions are the same as those shown in
Fig.9. Item No. 6 and No. 7 are the entire pro-
cessing time of the proposed method and the
conventional method, respectively. Items No. 3
to No. 5 show the details of the entire processing
time. Item No. 1 is the number of features and
item No.2 is EIR. For the typed documents,
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the mean value of EIR is 4.17 and the mini-
mum value is 2.93.

The processing time of the two-step skew de-
tection method is 1.84 seconds, which shows
a 3.4-fold processing rate improvement over
the 6.32 seconds obtained by the conventional
method. It is considered that the latter method
executes the Hough transform for the whole
search range uniformly, while for the former
method almost all of the skew angle can be
detected in the first step detection in which
the skew distribution of the image is concen-
trated, resulting in shortening the Hough trans-
form time. On the other hand, the processing
time of the dividing rotation method is 0.53 sec-
onds, which is independent of the samples. The
time of dividing into the segments and synthe-
sizing rotated segments can be ignored, because
it is not found up to the second decimal place.

The entire processing time of the skew nor-
malization method using two-step the skew de-
tection is 2.37 seconds and improves 2.9-fold
as compared with 6.85 seconds for the conven-
tional method. In order to put the method
into a practical use for the image, the process-
ing time has to be less than the scanning time,
which may be 1.5 or 3.0 seconds per sheet, this
is to say, 20 or 40 sheet per minute. The pro-
posed method can achieve a practical process-
ing rate of 25 sheet per minute.

By the way comparing the processing time
for each sample, the processing time for No.6
is the shortest and No.4 requires the longest
time. The number of features is the least for
No. 6 and the most for No.4 in the same way.
This processing time increases in proportion to
the number of features. If the processing time
had become longer time than the scanning time,
it could be shortened to control the number of
features. The proposed method can achieve the
automatic skew normalization in practice even
for software processed on a personal computer.

4.3 Accuracy of Normalization

The accuracy of the skew normalization can
be specified from that of the skew detection and
the rotation to a normalized position.

The accuracy of the skew detection obtained
from the experiment are shown in Fig. 10. The
ordinate represents the error between the set
angle and the detected angle.

The accuracy of less than £0.1 degrees is
achieved for the typed documents consisting of
typed characters only, which are Nos. 1, 4 and
7. For the typed documents including graph-
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ical elements, which are Nos. 3, 5 and 6, the
skews can be detected with the accuracy of +0.3
degrees. However, the accuracy for the hand-
written documents Nos. 2 and 8 degraded to the
accuracy to £3.75 degrees, it is 12.5 times as
bad as that of the typed documents. Because
the proposed method detects the skew angle by
the base lines of the typed text. It is found
that the proposed method has sufficient accu-
racy for typed documents, but the accuracy is
insufficient for handwritten documents.

Next, the accuracy of the rotation is evalu-
ated. Figure 11 shows the maximum error
angles in the proposed method and the con-
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Fig. 12 Example of skew normalization of document image.

ventional method. The ordinate represents the
maximum value of the error angle and the ab-
scissa represents the segment size. The size of
the image is A4, the resolution is 200 DPI, and
the memory capacity is 483 Kbytes.

In the conventional method, the image is di-
vided into small segments and rotated with-
out transmitting the error value in the divid-
ing points. The error angle of 0.24 degrees is
generated when the image divided into 10 seg-
ments rotated. When the division number in-
creases to 100 or 1000, the error angle increases
to as 2.45 or 23.2 degrees. In the proposed
method, the image is divided into small seg-
ments and rotated with transmitting the error
value in the dividing points. The image is ro-
tated without error angle. It is considered that
the error value caused by the oblique axis trans-
formations can be transmitted accurately at the
dividing points. It is found that the proposed
method can achieve the rotation without dis-
tortion.

The example of the skew normalization is
shown in Figure 12. The image is divided
into 400 segments forming vertically horizon-
tal strips. In the figure, a) shows the original
image, b) and ¢) show the skew normalized im-
age.
4.4 Conclusions

An practical method is proposed for normal-
izing the skew angle of an input image for soft-
ware processed on a personal computer. It has

been essential in practice to improve a process-
ing rate and to divide in a limited memory size.
The input image is divided into small segments.
This method detect a skew angle in a two-step
process to improve the processing rate. This
method also normalize the segments with trans-
mitting the error data of dividing points to ob-
tain at high quality.

We have evaluated the proposed method from
the viewpoints of the processing rate and the
accuracy for typed documents. The optimum
switching angle from the first to the second step
detection is +1.0 degrees. It is confirmed that
the processing rate could be made 2.9 times
faster than that of a conventional method and
might be 2.37 seconds per sheet. It is also made
clear that the proposed method could achieve a
practical processing rate of 25 sheet per minute,
which is faster than a scanning rate.

With respect to the accuracy, it is confirmed
that the input image which consists of the typed
documents could be normalized within +0.3
degrees. Especially, the dividing rotation can
have no error angle, even when the input image
is divided into 100 segments, whereas the con-
ventional method cause the error angle of 2.45
degrees.

Some more effort must be made to extend the
object to handwritten documents and to pro-
mote the ease of restrictions on an input docu-
ment.
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