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Abstract 
Small libraries and community projects like Wikisource cannot afford expensive book scanners. They use digital 
cameras for book digitization. The images of pages of a textbook captured using a camera normally reflects the bends 
in open pages due to book binding. The existing methods includes the methods relying on local or global image 
transformation, those using 3D range data, those using shape-from-X techniques, those assuming a restricted shape for 
the curved page surface and those using multiple images taken from different viewpoints. But most of them have 
serious drawbacks restricts them from practical usage. Geometric Distortion Correction methods are available also for 
copyright protection in digital images, echo-planar imaging, images generated by a circular-scanning synthetic aperture 
radar etc. But these methods cannot be directly applied in our case. Here two new methods are proposed to restore the 
geometric distortion in document images. The first method is to detect the page edge and fit a curve along the edge of 
the page and map the curve to a straight line. In the second method we will detect the edges of the page and will find 
out the pixel's position difference with respect to a reference page in both x and y direction. Based on this we will map 
the pixels to get the restored image. 
 
  
Keywords: Content Extraction, Book Digitization, Geometric Distortion Correction. 

1. Introduction 

Digitalization of copy left books is a very recent trend in Libraries. This is also happening in projects like 
Wikisource in different languages. Commercial book scanners are very expensive and price start from RS 
50000 onwards. Such scanners usually contains a high quality digital camera with light sources on either 
side of the camera mounted on some sort of frame to provide easy access for a person or machine to flip the 
pages of the book. Some models involve V-shaped book cradles, which provide support for book spines 
and also center book position automatically. The local libraries and communities in wikisource like projects 
cannot afford this. 
 
The cost effective method of  digitalization of books involves taking photos using normal type of cameras. 
Digitalization using digital camera have various other advantages against normal scanners. They are 
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 portable, fast responsive, and able to capture document images from any viewpoint. They also offer a 
 contactless way for capturing historical documents that are fragile and cannot be pressed onto a normal 
scanner. The images of pages of a textbook captured using a camera normally reflects the bends in open 
pages due to book binding. So the image will be a distorted version of the actual pages. The letters and 
pictures near the binding end may not be clear for smooth data extraction. Since the pages of the book are 
not reasonably flat and part of the pages will be out of focus, the lines of text in the page will appear as a 
wave like curve. The distortion also may be due to defects of the camera. A perfect lens used in a camera 
would render straight lines as straight, no matter where they occur. But, consumer digital cameras are 
equipped with lenses that are not that good, and this results to changes in the geometry of the image.  There 
are different types of geometric distortion are classified into the two following categories. 
 
 

• Internal distortion: resulting from the geometry of the lens [3] 
• External distortion: resulting from the attitude of the lens or the shape of the object. [3] 

 
One solution to over come the above said geometric distortion is a image mapping algorithm that maps the 
curved lines of text to straight lines. So many methods have been already introduced in literature but most 
of them have serious drawbacks restricts them from practical usage. Some need images from different 
angles while some other need additional information about the surface where the book is placed. Here it 
will attempted to find a practical mapping algorithm for the image mapping to eliminate the distortion due 
to book binding which take minimum input. [1] [2] 

2. Proposed Method 

Two new methods are proposed here.  
First Method : Detect the edges of the paper and fit a curve through the edge. Then this curve will be 
mapped to a line. For that a relation will  be derived between the curve and the line and same will be 
applied to each pixels to map the pixel by pixel of the curved document image to a flat image where the 
text lines will be straight. 
Second Method : The second solution is to find the shift in x and y directions in each pixels. For this detect 
the edge of the document and find out the difference in the position of each edge pixels with the reference 
image. Then the reverse shift is performed in each pixel first in x direction and then in y direction. 

2.1 Page Edge Detection 

Here we use Canny Edge Detection Algorithm for detecting the edge of the page.  Then we find the outer 
most contour of the detected edges to avoid unwanted edges. The algorithm of the canny edge detection is 
explained below. 
The algorithm runs in 5 separate steps: 

1. Smoothing: Blurring of the image to remove noise. 
2. Finding gradients: The edges should be marked where the gradients of the image has large 

magnitudes. 
3. Non-maximum suppression: Only local maxima should be marked as edges. 
4. Double thresholding: Potential edges are determined by thresholding. 
5. Edge tracking by hysteresis: Final edges are determined by suppressing all edges that are not 

connected to a very certain (strong) edge. 
 

2.2 Curve Fitting 
 
A curve will be fitted along the page edge. Here we 
 use Polynomial Interpolation for curve fitting. In polynomial interpolation we assume a nth  degree 
polynomial as the curve equation with n unknowns. The curve fitting algorithm using polynomial 
interpolation is explained below. 
 

1. Pick the  n X,Y values from the edge detected 
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2. Define a polynomial of the form 
 
 

3. Put different values of X,Y in that to get n different linear equations 
4. Solve the n equations and find out the value of constants  
5. Put the values unknowns in the above equation 
 

2.3  Reference Line Plotting, Equation Solving and Pixel Mapping Module 
 
In this will figure 
 out a mapping function between the line and the curve. The mapping function will be based 
 on a weight factor. We use piece wise linearization  for this. The algorithm is given below.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
2.4 Pixel x,y position difference calculation 
 
The difference in the y coordinate of the pixels along 
 x direction and difference in the x coordinate of the pixels along y direction in the image with 
 respect to the reference image. The pixels are shifted in positive x and y directions and scaled in negative x 
and y directions. 
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3. Results 
By using the proposed algorithms, the curve document images have been restored. The algorithms 
 restores the perspectively distorted as well as curved document images. The results of the two 
 methods have been compared and found that the first method which uses the curve fitting is 
 better. The scaling in X and Y directions introduce some distortions in the final output of the 
 second method. The screen shots of the results obtained are given below.  
 
First Method 
 

   
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Second 

Method 
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4. Conclusions 

Here we have implemented the proposed two methods. In which first method which involves curve 
 fitting works well. The first method gives better output when we select higher degree equation 
 for the curve. But higher degree equations increase the time complexity and need complex data 
 structures to store it. In the second method the scaling in X and Y directions introduces some 
 distortions in the final output. The starting of the next page and the thickness introduced by 
 multiple pages also influences the final output. Solving this can be proposed as a future work. 
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