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ABSTRACT 

 

Recently, there has been research to use portable digital camera to recognize objects in natural scene images, including labels or 

marks on a cylindrical surface. In many cases, text or logo in a label can be distorted by a structural movement of the object on 

which the label resides. Since the distortion in the label can degrade the performance of object recognition, the label should be 

rectified or restored from deformations. In this paper, a new method for label detection and restoration in digital images is presented. 

In the detection phase, the Hough transform is employed to detect two vertical boundaries of the label, and a horizontal edge profile 

is analyzed to detect upper-side and lower-side boundaries of the label. Then, the biquadratic transformation is used to restore the 

rectangular shape of the label. The proposed algorithm performs restoration of 3D objects in a 2D space, and it requires neither an 

auxiliary hardware such as 3D camera to construct 3D models nor a multi-camera to capture objects in different views. 

Experimental results demonstrate the effectiveness of the proposed method. 
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1. INTRODUCTION 

 
 

In data acquisition phase of an intelligent system, image 

shape distortion is regularly produced. It makes some difficulties 

to generate the input data for an intelligent system. It has a great 

variety of forms according to the specific acquisition system.  

Image distortion, especially non-linear distortion, is one of 

above forms. An obvious example of nonlinear distortion can be 

found in a photograph taken by a camera at an oblique angle. If 

the angle between the plane which contains the object to be 

acquired and direction of camera is perpendicular, a standard 

digitized image is produced as shown in Fig. 1 (b). Since this 

condition is not always guaranteed, nonlinear distortion is 

caused as illustrated in Fig. 1 (c). 

In our application, which is depicted in Fig. 2, users use a 

portable camera to capture a rectangular label wrapped around a 

cylindrical object. When the camera’s optical axis is not 

perpendicular to the label plane, the label image is distorted. The 

general shape of this distorted image contains four boundary 

segments: two vertical boundaries, one upper-side boundary and 

one lower-side boundary. Due to the distortion of the label 

image, the objects residing inside such as text, company logo are 

deformed accordingly. For this reason, it is important to restore 

the distorted label to the original one in order to the recognition 

module can recognize objects correctly. 

There are two basic phases to deal with the restoration 

problem. They are the identifying types of the restoration and 
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restoration method. In the first phase, there have been several 

researches for the restoration related-problem. In [1], the text 

content resides on a rectangular board. So, instead of restoring 

text directly, the authors find the bounding box of rectangular 

board and then apply a restoration method for that bounding box. 

In the end, the text inside the rectangular board is also restored 

accordingly. In [2], the type of the restoration is classified into 

two main classifiers. The first one is horizontal slant which can 

be restored by a rotation method. The last classifier is the 

vertical slant which can be restored by a shearing method.  

In the restoration method, many researchers have 

progressively been working on this area. Image shape restoration 

based on shape transformation is a successful approach to 

nonlinear distortions. Some significant studies on it can be found 

in references [3-7]. A key problem of the image shape 

restoration based on shape transformation is to find an 

appropriate mathematical formula, known as shape 

transformation, to model the distortion function. However, it 

needs a priori knowledge of the distortion function already 

applied to original images. Unfortunately, the distortion function 

is often unknown or unclear. Even in the case of that when the 

function is known, it remains difficult to compute or estimate the 

parameters necessary for the restoration. Consequently, we 

should consider a more practical situation where we will manage 

distorted images directly without any knowledge of the 

distortion function. 

In this paper, we propose an algorithm to detect and restore 

the distorted label. The proposed algorithm has two major steps. 

First, the Hough transform is applied to detect two vertical 

boundaries. The upper-side and lower-side boundaries are then 

detected by analyzing the edge profile. Secondly, based on the 
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detected boundaries of the label in the previous step, reference 

points that are used as input parameters of the biquadratic 

algorithm are extracted. The experimental results attained in test 

images show the effectiveness of our algorithm. 

The remainder of this paper is organized as follows. In 

section 2, we will explain the method to detect two vertical 

boundaries of the label. In section 3, the upper-side and lower-

side boundaries detection is presented. The restoration method is 

discussed in section 4. Experimental results are illustrated and 

discussed in section 5. Finally, some our concluding remarks are 

given in section 6. 

 

 

Fig. 1.a) original shape, b) up-scaling transformation – linear, 

c)Biquadratic transformation – none linear. 

 

 

 

 

 

Fig. 2. Image based search system. 

 

 

2. VERTICAL BOUNDARIES DETECTION 

 

In our application, the rectangular label is wrapped around the 

cylindrical object. The obtained label in a 2D image includes 

two vertical boundaries that are straight lines. In this section, the 

method of detecting interest region of the label which is between 

the two vertical lines is presented. 

 

2.1 The Hough Transform  

The Hough transform (HT) is an approach for detecting 

straight lines in an image. In [8], the author explored the fact that 

any line in the xy plane, shown in Fig. 3, could be represented by 

the following equation. 

 

ρ=xcosθ+ysinθ,    (1) 

where ρ is the normal distance and θ is the normal angle of a 

straight line. Applying Hough transform for each point will 

produce a sinusoidal curve in the ρ-θ space, namely parameter 

space shown in Fig. 4. In the parameter space, curves of points 

lying on a same straight line will intersect at one point which 

presents the normal distance and normal angle in the xy plane 

and has the highest energy in parameter space.  

 

2.2 Straight Line Detection in the Image 

In our application, the HT method is used to detect two 

vertical boundaries that are almost parallel together in geometric 

relation. The overall of detecting two vertical boundaries of a 

bottle label is shown in Fig. 5. First, the binarized edge map 

shown in Fig. 5 (b) is achieved by applying the vertical Sobel 

operator C.10 [9] to the original image in Fig. 5 (a) for detecting 

vertical edges. HT is used to convert all pixels of edges to the 

Hough space. In the HT space, some peak points that have very 

high energy compared to that of other points will be identified as 

in Fig. 5 (c). Straight lines with ρ and θ parameters that are 

calculated from corresponding peak points are shown in Fig.5 

(d). Detected lines contain not only two vertical boundaries of 

the label but also other edges due to the complex background 

and light reflection. Thus, redundant lines must be removed. 

First, we remove the middle-lines, redundant lines in the middle 

of label generated due to the light reflection, by using the 

difference among intensity values of points lying on their two 

opposite sides. Whereas the intensity values of pixels on the two 

opposite sides of a middle-line are almost similar, those of other 

lines are much different. For this reason, those lines having small 

differences between two sides are removed. In the next section, 

the method of removing straight lines in non-interest region is 

explained. 

 

2.3 Detection of Vertical Lines  

Denote M as a centre point of the picture. We can categorize 

remaining lines into two groups. The left group and the right 

group contain all lines on the left and right of M, respectively. 

For example, in Fig. 6, the d2 and d3 are on the right of centre 

point M, whereas the d1 is on the left.  

For lines categorized in the left group, the line whose distance 

to M is the least is assumed as the left vertical boundary of the 

label. Similarly, the right vertical boundary of label is selected as 

a line of right group that has the least distance to M. 



8 GueeSang Lee: Label Restoration Using Biquadratic Transformation 

 

International Journal of Contents, Vol.6, No.1, Mar 2010 

 
Fig. 3. Representation of straight line by ρ and θ parameters. 

 

 
Fig.4. The result of applying Hough Transform for (xi, yi) and 

(xj, yj) points. 

 

 

 
(a) 

 
(b) 

 

 
(c) 

 
(d) 

 

Fig.5.  

a) The original image,  

b)edge map of a, c)Hough space of b, d) line detected based on 

c. 

 

 
Fig.6. The distance from centre point to each straight line. 

 

3. UPPER-SIDE AND LOWER-SIDE BOUNDARIES 

DETECTION 

 

To detect the upper-side and lower-side boundaries, first, the 

horizontal Sobel operator is employed to get horizontal edge 

information. Then, we analyse the edge profile to gain 

information of upper-side and lower-side boundaries. 

 

3.1 Edge Profile Extraction 

The colour image of the interest region is converted to a 256-

level grayscale image as in Fig.7 (a). We perform some pre-

processing steps to enhance the upper-side and lower-side 

boundaries. The grayscale image is applied 3 by 3 median filter 

to blur the background before generating edge image shown in 

Fig.7 (b). This step will blur the texts and small objects in the 

interest region whereas the edges of the upper-side and lower-

side curves are still remained.    

Since the upper-side and lower-side boundaries are usually 

aligned in horizontal direction, we will calculate the horizontal 

edge profile in the edge image to detect them. Before calculating 

the horizontal edge profile, we convert the grayscale image to 

edge image with Sobel horizontal edge-emphasizing method 

with convolution matrix of  

 
The Fig. 8 (a) shows the edge map when the Sobel horizontal 

edge-emphasizing method is applied on the image in Fig. 7 (b). 

And the Fig. 8 (b) illustrates the horizontal edge profile of the 

image in Fig. 8 (a). Each value of the profile is the total number 

of pixels of corresponding row of the edge image.  

 

3.2 Upper-side and Lower-side Boundaries Extraction  

We extracted the upper-side and lower-side boundaries based 

on the edge profile extracted in the previous section. As 

mentioned before, the curves are usually aligned in horizontal 

direction. Therefore, after applying Sobel operator, almost pixels 

belonging to a curve will be detected as an edge.  And in Fig. 8 

(b), they will form a range which is non-zero value in the 

horizontal direction. Furthermore, almost white pixels come 

from the curves. For this reason, the two highest values in 

horizontal direction of Fig. 8 (b) belong to two ranges of upper-

side and lower-side curves as shown in Fig. 9. 

 

  

 
a) 

 
b) 

Fig.7. a)The interest region of label, b)the blured version of 

a. 
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3.3 Upper-side and Lower-side Boundaries Approximation 

Bezier curve is a basic one for any curve representation. B-

spline curve is a generalization of the Bezier curve. In our 

algorithm, we used B-spline of degree 2 to define a curve. 

For curve pixels detected in section 3.2, we will use B-spline 

representation method to approximate the curves of upper-side 

and lower-side boundaries, named C1, C2 repectively. Fig. 9 

shows the result of  the two curves.  

Until this stage, four boundaries segments are successfully 

detected. Those information will be used to represent the shape 

of distorted label before applying biquadratic method to do 

restoration. In restoration phase, the most difficult work is to 

indentify reference points of the distorted image. The more 

exactly reference points are indentified, the more accurate the 

result is. Next section will explain this step in more details. 

 

 

4. LABEL RESTORATION 

 

Shape distortion always happens in the data acquisition phase. 

Shape distortion can be divided into two categories: linear and 

nonlinear. Linear shape distortion such as rotation, scaling, 

translation and reflection has been successfully solved in [10]. 

But correction of nonlinear shape distortions remains as the most 

challenging topic [11]. Many distortion models have been 

reported such as bilinear, biquadratic and bicubic transformation 

models [7]. In this paper, biquadratic transformation model is 

used to restore distorted label image. 

 

4.1 Nonlinear Transformation  

In nonlinear distortion, several approaches have been given. 

Image shape restoration based on shape transformation is a 

successful approach to nonlinear distortion. Some studies 

regarding to it can be found in [4,11]. The main idea of them can 

be described as follows.  

• First, the nonlinear distortion image is modelled by a 

shape transformation function. This shape function is 

used to transform the original image to distorted one.  

• Finally, for every shape transformation, they will find a 

corresponding inverse function which is used to transform 

back to the original image. 

To solve the shape function, presented by a mathematical 

formula, we need to know the original shape and some 

corresponding points between the original image and distorted 

image. In our application, we assume that the original shape is a 

rectangle.  

 

 

Fig.10. Patterns of Biquadratic transformation. 

 

 

4.2 Biquadratic Transformation  

Biquadratic transformation is one kind of nonlinear 

transformation [8]. The Fig. 10 shows show some patterns of 

distorted images from a rectangular shape. With different 

parameters of the shape function we will have different results of 

distortion. If T2 and T3 are applied to the original image, upper-

side of the rectangle is bended up. Otherwise, upper-side is 

bended down if T1 and T4 shape functions are used.  

The shape function of the biquadratic transformation is 

described as following equation. 

 

 

(3) 

 
a 

 
b 

Fig.8  

a) Edge map of  Fig. 7(b)  

b) histogram of a. 

 
 

Fig.9. An example of B-spline curve representation. 
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where (ξ, η) is coordinate representing the normalized image. (X, 

Y) is coordinate representing the distorted image. P1, P2, P3, and 

P4 are four vertices of the rectangle in a distorted image.  P12 is 

midpoint of line between P1 and P2. Similarly, midpoints P23, P34, 

P41 correspond to lines P2P3, P3P4, P4P1. The Fig. 11 shows the 

correspondence in shape between the original image and 

distorted one.  

Based on the above formula, the condition to apply 

biquadratic transformation is that eight reference points of the 

distorted image must be identified. We will show how to get 

those reference points in next section. 

 

 
Fig.11. the reference points in distorted model and original 

model. 

 

4.3 Choosing Reference Points in Distorted Label Images 

Before applying biquadratic algorithm [8], we need to know 

the eight reference points P1, P2, P3, P4, P12, P23, P34, and P41 in 

the distorted image. In section 3, we already got the upper-side 

and lower-side curves information. For the lower curve, we 

assign the most left pixel as P1 and the most right pixel as P2. 

Denote P(x) is a value of point P in x direction and P(y) is value 

of point P in y direction. P12(x) is calculated by averaging value 

of P1(x) and P2(x). And P12(y) is got from B-spline lower-side 

curve C2 in section 3.3. Similarly, as for the upper-side curve, 

we will assign the most left pixel as P4 and the most right pixel 

as P3. The way of calculating P34 based on B-spline upper-side 

curve C1 is similar with the way of calculating P12 based on C2. 

P23 is midpoint of P2P3 and P41 is midpoint of P4P1. By this 

procedure, we can identify eight reference points in the distorted 

image.  

 

 

5. EXPERIMENTAL RESULTS 

 

Our database that contains many images captured by camera 

under various conditions is used to evaluate the proposed 

algorithm. The experimental results in Fig. 12 show that the 

proposed algorithm can successfully restore distorted labels. 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
a 

 
b 

Fig.12.  

a) original images, b)restoration images 
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6. CONCLUSIONS 

 

In this paper, we propose an effective algorithm for restoring 

labels containing text and objects in non-linear distorted images. 

The Hough transform is applied to detect two vertical boundaries 

of the bottle label image. Then, upper-side and lower-side 

boundaries of the label are detected by analyzing horizontal edge 

profile. Finally, biquadratic transformation algorithm is 

employed to restore the distorted image to the original one. The 

experimental results shows that we can achieve good images 

from distorted ones by our method. 
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