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Abstract 

Recently, high resolution digital cameras have 
made the digitization process more flexible and 
convenient than traditional scanning technology. 
Therefore, document image analysis techniques need 
to be extended to handle images captured using 
ordinary hand-held cameras under an uncontrolled 
environment. In this paper, we propose an image 
restoration technique that corrects various warping 
distortions such as rolling curl, binding curl and fold 
distortions in camera images of geometrically distorted 
documents. Our goal is to restore these arbitrarily 
warped document images to a planar shape so as to 
facilitate OCR. Our method uses Spline interpolation 
technique based on a ruled surface model constructed 
from text lines in the 2D document image. 
Comparisons on OCR performance using Microsoft 
imaging software with two existing methods show an 
encouraging improvement in terms of recall and 
precision. The OCR precision on the corrected images 
using our method is improved up to 21.8% comparing 
to original images with a resolution of 3 mega pixels. 

1. Introduction 
As we noticed that geometric distortions such as 

warping often exist when imaging non-planar 
documents using traditional scanning technology. This 
drastically degrades the recognition accuracy at the 
image processing stage. A typical example is when 
scanning thick bound documents. The binding area is 
often warped, shaded and blurred due to shape changes 
at the spine portion. This causes much problem both 
for human perception and machine recognition. To 
address this problem, Pilu [1] proposes a method of 
reconstructing the flat surface of a curled document by 
physically modeling the paper deformation with an 
applicable surface based on a set of 3D points and then 
unrolling it to a plane to produce the undistorted 
image. This method relies on a special 3D acquisition 
system to obtain a sparse set of 3D data and is prone to 
distortions if the calibration is not precise or if the 
polygon mesh for the applicable surface is coarse. 
Brown et al. [2] presents a general de-skewing 
algorithm for restoring arbitrary warped documents 

based on their 3D shape. It requires a special 3D 
digitization setup to acquire a 3D model using shape-
to-texture registration under multiple lighting 
conditions. Therefore, it is not applicable to simple 2D 
images captured using normal scanners or digital 
cameras. Similarly, Zhang et al. [3] presented a novel 
method of restoring warping in scanned images by 
estimating the 3D surface shape of the document.  

Nowadays with high resolution digital cameras 
widely available, digitization process becomes more 
flexible and convenient. However, it is observed that 
images captured using digital cameras often exhibit 
perspective distortions due to the camera optical 
system. In addition, geometric distortions such as 
rolling curl, binding curl, fold and skew also largely 
affect the recognition process. In recent years, many 
attempts have been tried to address these problems. 
Cao et al. [4] introduce a method to rectify warping 
distortions in camera images by constructing a general 
cylindrical model and using the skeleton of horizontal 
text lines in the image to help estimate the model 
parameters. Wu et al. [5] describe a method that infers 
the document’s geometric distortion by constructing a 
source mesh based on the text lines extracted from the 
original 2D image and generating its corresponding 
non-uniform target mesh based on character density. 
The correction is then performed using a two-pass 
document image de-warping algorithm [6]. These 
approaches assume that the targeted distortion only 
appear once in the image. Tsoi et al. [7] present a novel 
approach that uses document boundary interpolation to 
correct various geometric distortions and shading 
artifacts present in images of art-like materials. This 
approach relies on the presence of boundary curves 
which may not be available when only a portion of the 
document is imaged or when the document color is 
mixed with the background.  

In this paper, we propose a document-boundary 
independent approach to correct arbitrarily warped 
document images taken using ordinary digital cameras. 
Our method is based on a Gordon surface model [8] 
constructed from a set of text lines extracted from the 
2D image. The text lines are represented using Natural 
Cubic Splines interpolating a set of points extracted 
from connected component analysis. In addition, we 
compare our method with two existing methods in 
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terms of their OCR results on restored images. One is 
Tsoi’s boundary interpolation method and the other is 
Zhang’s 3D surface shape estimation method. The 
results show that our method achieves a higher 
precision than Tsoi’s method and meanwhile removes 
its boundary constraints in the input image. Our 
method also outperforms Zhang’s method in terms of 
OCR precision. In addition, Zhang’s method is 
particularly for cylindrical-like shapes near book 
spines and thus not applicable to arbitrary warped 
images such as internal warpings, folds, etc. 

2. Ruled Surface Modeling  
Due to geometric distortions such as those in folded 

paper or thick bound books, and perspective distortions 
of the camera, the captured images often end up with 
non-uniform curvatures along the text lines as shown 
in Figure 1. This results in poor OCR accuracy during 
recognition. Our goal is to rectify these various 
warping distortions and produce a flattened image for 
better OCR.  

 

  
(a) binding curl (b) folds 

Figure 1. Grayscale distorted images taken 
using normal digital camera  

As we notice in Figure 1, the images do not have 
explicit boundary curves for boundary interpolation. 
However, we can construct a ruled surface model 
based on the text lines present in the document. This 
can be visualized from Figure 2. Given a set of text 
lines  in the 3D document and 
two vertical text boundaries, we can construct a surface 
g that interpolates all these isoparametric curves 
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Next, we define the interpolating tensor product 
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Finally, the Gordon surface [8] can be represented as: 
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Figure 2. Gordon surface model for the 

distorted book surface. Its projection image 
can also be parameterized using the projected 

2D curves 
This Gordon surface model fits the definition of 

deployable surface and can be mapped to a planar 
surface without distortion. This model assumes that the 
book spines are along iso-parametric lines, e.g. g(uc, v) 
in terms of surface g, is the straight line parallel to v-
axis as shown in Figure 2. Consequently, this 3D 
Gordon surface model can be applied to the 2D 
projection image since straight lines are preserved 
under projection. The iso-parametric lines passing 
through  must also pass through 
the corresponding 2D projection points. Therefore, the 
projection of this Gordon surface model can also be 
parameterized using the projected text lines in the 2D 
image.  
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3. Warping Correction 

3.1 Text Line Extraction 
Given an image without document boundary curves 

as shown in Figure 1, boundary interpolation 
techniques are thus not applicable. One solution is then 

)
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to identify the curvature of the text lines by performing 
connected component analysis. First, a set of boundary 
points are extracted based on the bottom boundaries of 
the connected components. Then, an approximate 
Natural Cubic Spline can be constructed for each text 
line in the document. An example of the text lines 
detected for Figure 1(a) is shown in Figure 3.  

 

 
 

Figure 3. Text lines extracted  

3.2 Text Line Representation 
Given a set of boundary points extracted for each 

text line, the curve can be represented using a Natural 
Cubic Spline that defines continuous image 
coordinates along the curve. Spline is used because it is 
advantageous in representing various warping 
curvatures. Moreover, due to the oscillatory nature of 
high-degree polynomials and the property of 
fluctuation over small intervals, Spline is clearly better 
off than polynomial. Each Natural Cubic Spline can be 
written as , where t is the knot value 
ranging from 0 to 1. Each knot value is associated with 
one 2D point on the curve. In other word, if there are 
n+1 2D point on curve i, there will be n+1 
corresponding knot values. Therefore, given (n+1) 2D 
points (  and n+1 knot values 

( ) ( ) ( )( tytxtsi ,= )

)nppp ,,, 10 L ( )nttt ,,, 10 L  
on a curve i, a set of piece-wise functions are uniquely 
defined as follows: 

 

( )

( ) [ ]
( ) [ ]

( ) [ ]⎪
⎪

⎭

⎪
⎪

⎬

⎫

⎪
⎪

⎩

⎪
⎪

⎨

⎧

∈

∈

∈

=

−− nnni

i

i

i

tttts

tttts
tttts

ts

,

,
,

11,

211,

100,

M
 (6) 

 
 

where ( ) ( ) ( )( ) 1,,0, ,,, −== njtytxts jijiji L  and xi,j(t) 
and yi,j(t) are cubic functions. These piece-wise cubic 
functions can be derived easily if the n+1 2D points 
and the corresponding n+1 knot values are available. 

From section 3.1, a set of boundary points can be 
extracted for each text line. These constitute the (n+1) 
2D points. Intuitively, its corresponding set of knot 
values can be defined based on the Euclidean distance 
between these 2D points, i.e.: 
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This parameterization assigns larger t values for 
segments with more obvious curvature and thus allows 
more pixels to be mapped to the original image during 
restoration so that the characters in the warping area 
will not appear too squeezed after restoration. 

3.3 Text Line Interpolation 
After obtaining a set of Natural Cubic Splines that 

represent all well identified text lines, the restored 
image can be generated through a 2D mapping 
function derived from Gordon surface model in section 
2. The restored image is defined over the space u and v, 
where [ ]1,0∈u  and [ ]1,0∈v . For each point (ui, vj) in 
the restored image, its corresponding point (x, y) can be 
calculated by substituting the values of ui and vj to the 
function g(u, v) to compute the component x1(ui,vj), 
y1(ui,vj) and x2(ui,vj), y2(ui,vj) respectively: 
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For simplicity, we can also select only the top and 
bottom two text lines as the boundary curves for 
interpolation. A special case of Gordon surface model 
known as coons patch [9] can thus be applied to this 
four boundary interpolation problem as described in 
Tsoi’s paper [7].  

4. Experimental Results 
We tested our method on a set of 20 document 

images captured using ordinary digital cameras with 
resolutions of 2 mega pixels and 3 mega pixels 
respectively. The document images are of different 
font sizes and taken with different binding curvatures 
such as bindings on the left or right, folds and rolling 
curves. The images can be taken from any angle and 
the corresponding transformation will be reflected in 
the restored image. The restored image for Figure 1(a) 
is shown in Figure 4. As we can see that the warped 
text lines are rectified to be straight lines. Due to the 
shading problem in some images, the restored image 
may still look distorted. This can be easily resolved by 
a de-shading procedure as described by Tsoi [7] using 
a boundary interpolation method.  

In addition, both the distorted image and the 
restored image are fed into Microsoft OCR engine for 
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text recognition. Precision and recall defined in terms 
of the number of words correctly detected are used as 
the evaluation metrics for the OCR results. 

 

 
Figure 4. Restored image  

 

 
(a) 

 
(b) 

Figure 5. OCR output for: (a) original distorted 
image in Figure 1(a); (b) restored image 

It is shown that after restoration the OCR precision 
is improved by 13.1% and 21.8% respectively for 
images of 2 and 3 mega pixels resolutions. Generally 
speaking, higher resolution images with larger font 
sizes produce better OCR outputs. This mainly 
attributes to the accuracy of connected component 
analysis. Examples of the OCR results of the original 
distorted image and the restored image of 2 mega 
pixels resolution are shown in Figure 5.(a) and (b) 
respectively. As we can see in (a), most words in the 
warping area cannot be correctly recognized such as 
“objectives”, “quality”, etc. Although some words are 
correctly recognized, they are placed in the wrong 
position due to the curvature in the text line. This 
results in a misinterpreted context as shown in the 
highlighted portion. On the contrary, the restored 

image is much better recognized with a higher 
precision as shown in (b).   

To compare our method with Tsoi’s boundary 
interpolation method and Zhang’s 3D surface modeling 
technique, we chose a set of images with boundary 
curves for testing. As an example, the restored images 
for a portion of a page image in Figure 6.(a) using each 
method are shown in Figure 6.(b)(c)(d). The resulting 
images of our method and Tsoi’s boundary 
interpolation method do not exhibit much difference 
through human perception. However, OCR testing 
using Microsoft OCR engine shows an average 
increase of 2.1% in OCR precision whereas Zhang’s 
method does not improve much on the original 
distorted image. The OCR results on the restored 
images in Figure 6 are shown in Figure 7.  

 

 
(a)  

  
(b) 

 
(c) 

 
(d) 

Figure 6. Part of the restored images for a 2D 
page image using three de-warping methods: 
(a) original warped image (b) Zhang’s method 

(c) Brown’s method (d) Our method 
More specifically, a comprehensive comparison of 

OCR precision and recall among all three methods on 
images with or without boundaries is shown in Table 1. 
Generally speaking, Zhang’s method achieves a 
relatively lower precision but higher recall comparing 
to our method and Tsoi’s method. This is mainly 
because the cross section shape it models is particular 
for cylindrical-like book spines and is not well 
applicable to ordinary camera images. On the other 
hand, our method achieves a relatively higher precision 
than Tsoi’s method but with a slight lower recall due to 
the elimination of short text lines on the top or bottom 
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of the page. Nevertheless, our method is a more 
general method than Tsoi’s method in the sense that 
we accommodate the situation in which the boundary 
curves are not available or difficult to identify. 
Moreover, our method can be used to model Tsoi’s 
method by selecting the topmost and bottommost text 
lines as the two boundary curves for interpolation.  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 7. OCR results for the restored partial 
images in Figure 6: (a) original image (b) 

Zhang’s method (c) Tsoi’s method (d) Ours 

Table 1. OCR result comparisons on restored 
images using three de-warping methods 

5. Conclusion and future works 
In this paper, we presented an image de-warping 

method that corrects arbitrary image warping 
distortions such as rolling curl, binding curl, and folds 
present in document images captured using ordinary 
digital camera. Our method directly works on distorted 
2D images without the need of a special 3D acquisition 

system. A ruled surface model is applied to a set of 
Natural Cubic Splines representing the text lines 
extracted from the 2D document image. The method is 
a general version of Tsoi’s boundary interpolation 
method in the sense that text lines are extracted to 
reflect warping curvatures and Gordon surface model 
is used for a more accurate interpolation. This 
eliminates the constraint of Tsoi’s method that requires 
the original distorted image with clearly identifiable 
document boundary curves. The OCR results on 
restored images show an obvious improvement in 
precision over the original distorted images.  

On the other hand, our method relies on the 
presence of well structured text lines that are long 
enough to reflect the warping curvature. Therefore, in 
the case where the top or bottom text lines are too 
short, they will be eliminated and result in a low OCR 
recall. A de-shading process is also desirable to 
generate a high quality binary image for text line 
detection. Our future work is thus to find ways to 
address these problems. 
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