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Skew Detection and Skew Correction in scanned
Document Image using Principal Component
Analysis

Basavanna M, S. S. Gornale

Abstract—Skew detection and correction in a document image processing has become an imperative technology in the field of Digital
Image Processing and pattern recognition which will take vital role in automation of office documentation. Skew is in exorable introduced
into the scanned document during scanning, and it has direct effect on the reliability and efficiency of the segmentation and feature
extraction stages for various applications. Hence, skew detection and correction in document images are critical steps before layout
analysis. In this work a novel skew detection method is presented for skew detection and correction scanned document Images using
Principal Component Analysis (PCA). The experiments which we have carried out on scanned document images are satisfactory and the
performance of the proposed method is compared and analyzed in detail and the promising results and findings are presented.

Index Terms— Skew detection, skew correction, Principal Component analysis, Document image processing, PCA, Multi-lingual scanned

document images, document image.

1 INTRODUCTION

Document image contains different structural units such

as text, graphics, tables, images, etc. Documented image

analysis generally requires document image which
does not include any skew. The skew of the document
image can be global (all document’s blocks have same orien-
tation), multiple (document’s blocks have different orienta-
tion ) or non-uniform (multiple orientation in a text line) and
also includes accurate measure of skew, within-line and be-
tween-line spacing’s. Skew is an inevitable process and its
detection is an important issue for document recognition sys-
tems because it has a direct effect on the reliability and effi-
ciency of the segmentation and feature extraction stages. It
includes the information about the technique used to detect
skew which are introduced during the scanning of the docu-
ments.[11],[12],[13]. The skew of scanned document image
specifies the deviation of the text lines from the horizontal or
vertical axis. As a result, a document skew detection and cor-
rection is required before the actual analysis of the document
starts.[1][2].

There are various methods that are existing for skew
detection and skew correction based on the feature extractions
methods for a scanned document images and they are divided
into Irrelevant features Weakly relevant features, Strongly
relevant features and dimension reduction methods which are
divided again into Feature transformation, Feature extraction
and the optimal subset includes all of the strongly relevant
and  weakly relevant but non-redundant fea-
tures.[3],[13],[14],[15]. This work aims to remove the skew effi-
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ciently in a document image and the results are compared
with the existing methods and found to be satisfactory and the
performance of the proposed method is compared and ana-
lyzed in detail and the promising results and findings are pre-
sented.

The organization of the paper is as follows. We present the
related work and their algorithm in section 2. The proposed
methodology is presented in section 3. Experimental results
are reported in section 4. Discussion based on experimental
results is given in section 5. Conclusion and future work at the
end followed by references.

2 RELATED WORK

Sepideh Barekat Rezaei et. al., have proposed method for cal-
culation of skew in a document image and which is based on
connected components by smoothing algorithm and calculates
the document skew by finding the orientation of the minimum
area bounding rectangle of one or several connected compo-
nents. The algorithm works in detecting document skew for a
variety of documents with different levels of complexity [3].

Joost Van Beusekom, et.al. (2009) have proposed a one step
method of skew and orientation detection using a line finding
algorithm and which is resolution independent [4].

Manjunath Aradhya et. al. (2007) have proposed a novel skew
detection method for binary document images by selected
characters of the text which may be subjected to thinning and
Hough transform to estimate skew angle accurately. This
method also works various types of documents such as docu-
ments containing English Documents, Journals, Text-Book,
Different Languages and Document with different fonts, doc-
uments with different resolutions [5].
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S.Lu et. al. (2006) have worked on language and orientation
detection using the distributions of the number and position of
white to black transitions of the components in the line. The
performance of their method is reported on a partially non-
public dataset and achieves a success rate of 98.2% for docu-
ments with at least 12 text lines [6].

K Omar et. al. (2009) have proposed skew detection and cor-
rection technique for Arabic document images based on centre
of gravity; it involved inscribing the text in the document by
an arbitrary polygon and derivation of the baseline from poly-
gon’s centroid [7]

Zhixin Shi et al. (2003), have worked on skew angle estimation
and correction of a document page is an important task for
document analysis and optical character recognition (OCR)
applications. And they have proposed a novel method for
complex document skew angle estimation. The method is able
to detect the per-dominant direction of the text in the docu-
ment image. The text can be handwritten, machine printed or
mixed [8].

P Shivakumara et al, (2005) have proposed a novel technique
for estimation of skew in binary text document images based
on linear regression analysis The method uses the boundary
growing approach to extract the lowermost and uppermost
coordinates of pixels of characters of text lines present in the
document, which can be subjected to linear regression analysis
(LRA) to determine the skew angle of a skewed document. [9]

A. Alaei et. al. (2011) have worked on automated page orien-
tation and Skew Angle Detection for Binary Document Images
A new and fast approach is advanced herein whereby skew
angle detection takes advantage of information found using
the page orientation algorithm. Page orientation is accom-
plished using local analysis, while skew angle detection is im-
plemented based on the processing of pixels of the last black
runs of binary image objects. The detection accuracy can be
improved by minimizing the effects of non-textual data. The
performance of the Hough transform used to detect the skew
angle is sped up using data reduction procedure and page
orientation information.[10]

3 METHODOLOGY

Many methods are proposed and analyzed for the skew detec-
tion and correction which are based on Principle Component
Analysis (PCA), Project based, Hough-transform-based, Near-
est -neighbor-based method and Cross-correlations-based
methods by limiting their applications angle of skew in the
images and still there is room for developing a robust algo-
rithm for skewed images with texts, graphics, scenes and
many more in the document images [16],[17]. The steps in-
volved in the skew detection and correction is shown in below
figure-1. In proposed methodology, we are inputting the im-
age which contains skew, using MATLAB we have converted
the original image into binary image, after generating the bi-
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nary image we are finding the threshold value by plotting the
histogram. Threshold value is useful for separating the fore
ground and back ground of the given image. After that we are
finding the sobel edges to the binary image. Then we are ap-
plying Principal Component Analysis (PCA) to the first axis
(either x-axis or y-axis). PCA shows the skew angle of the im-
age; means skew is detected, after skew is detected, next step
is correction of the skew, After skew is detected we are add-
ing or subtracting the angle(skew) to the original image and
rotating the image to the requirement. This image is our out-
put image where skew is eliminated.

3.1 PRINCIPAL COMPONENT ANALYSIS

The Principal Component Analysis (PCA) is a standard tool in
modern data analysis - in diverse fields from neuroscience to
computer graphics - because it is a simple, non-parametric
method for extracting relevant information from confusing
data sets. It is also an efficient tool in identifying and high-
lights the similarities and/or differences in the data [18], [19].

Plotting histogram Finding sobel edges Apply PCA For 1st
= for finding = = axis
threshold value

Skew detection

Obtaining binary
image

|

Input Image
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Skew correction

Output Image
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Figure-1: Skew detection and correction

4. EXPERIMENTAL ANALYSIS AND DISCUSSION

In this paper we have carried out experiments on ICDAR-2003
database and also on our own database which is created using
mobile camera with 2 mega pixel resolution in which image
contains the skew. The skew detection and skew correction is
done through the following algorithm-1.

Algorithm-1

Input image: Skewed image.

Output image: Skew corrected image.

Step-1: Input the skewed image.

Step-2: Convert the gray image to binary image.

Step-3: Plot the histogram for the finding the optimal thresh-
old value.

Step-4: Find the edges using soble edge method.

Step-5: Apply the Principal Component Analysis (PCA) for
first axis.

Step-6: Detect the skew.

Step-7: Display the corrected the skew.

Firstly, the experiment is carried out on standard skewd imag-
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es database available on internet using the above algorithm
on 150 sample images, as a sample of a result the below figure-
2 show the various steps involved in skew detection and skew
correction. In this sample of image the 38.07° angle is detected
and the remaining images with skew corrected and displayed
in different angles.

Secondly, the experiment is carried out on our own database
using the above algorithm on 155 sample images, as a sample
of a result, the below figure-3 shows the various steps in-
volved in skew detection and skew correction. In this sample
of image the 53.81° angle is detected and the remaining images
with skew corrected and displayed in different angles.
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Figure-2: Sample result of ICDAR-2003

]
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Figure-3: Sample result of our own database

5. CONCLUSIONS AND FUTURE WORK
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In this paper we have proposed a method to detect and correct
the skew in the image using PCA. Skew is inexorably intro-
duced into the scanned document during scanning. So it is
necessary to detect and correct the skew of the object in the
image. PCA is applied to the edge image and skew of the ob-
ject in the image is detected. Detected skew is used to manipu-
late the angle of the object in the image. Extensive experiments
are carried out on standard skewd images database available
on internet database and our own data set. Experiments show
the good performance of the algorithm and the accuracy of the
estimated angle is very high and the results are satisfactory
and are more competitive.

Further this work may be extended to strengthen the perfor-
mance of the algorithm to get the higher detection rate with
more skewed angles with very complex background.
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