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 Tilt correction is an essential step in the license plate recognition system 

(LPR). The main goal of this article is to provide a review of the various 

methods that are presented in the literature and used to correct different 

types of tilt that appear in the digital image of the license plates (LP). This 

theoretical survey will enable the researchers to have an overview of the 

available implemented tilt detection and correction algorithms. That’s 

how this review will simplify for the researchers the choice to determine 

which of the available rotation correction and detection algorithms to 

implement while designing their LPR system. This review also simplifies 

the decision for the researchers to choose whether to combine two or more 

of the existing algorithms or simply create a new efficient one. This review 

doesn’t recite the described models in the literature in a hard-narrative 

tale, but instead, it clarifies how the tilt correction stage is divided based 

on its initial steps. The steps include: locating the plate corners, finding 

the tilting angle of the plate, then, correcting its horizontal, vertical, and 

sheared inclination. For the tilt correction stage, this review clarifies how 

state-of-the-art literature handled each step individually. As a result, it has 

been noticed that line fitting, Hough transform, and Randon transform are 

the most used methods to correct the tilt of a LP. 
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1. INTRODUCTION 

A LP is used to identify vehicles while they are moving on the roads of transportation systems. 

The LP can be described as a collection of alphanumerics, that appears as a part of a metallic plate. 

The plate fixed onto the body of the vehicles. The LP is used by recognition systems to identify 

different types of vehicles. Usually, automatic recognition systems, process and store the LP in the 

https://doi.org/10.30684/etj.v39i1B.1839
http://creativecommons.org/licenses/by/4.0


Engineering and Technology Journal                          Vol. 39, Part B (2021), No. 01, Pages 101-116 

 

102 
 

form of a digital image. It is well known that any recognition system consists of three basic stages: 

pre-processing, feature extraction, and classification. The pre-processing phase of the LPR system 

must include a substantial phase called “Tilt Correction”. Tilt correction stage embraces the steps of 

detecting and correcting a tilt that appears in the digital images of the LPs while they are being 

captured by road cameras. 

One may think that documents share common factors with LPs. This similarity may be 

understood as both have a rectangular shape, and containing numerals and alphabets that are stand on 

a contrasting background color. Also, both documents and LPs have automatic recognition systems 

used to identify and recognize the numbers and alphabets that appear as part of them, and usually 

recognition systems treat the documents and LPs as digital images. In many of these recognition 

systems there exist a step of correcting the tilt that appears in the images of documents and LPs. 

There are many pieces of literature present reviews about how the tilt of documents is corrected. 

The work of Verma and Malik [1], Changming Sun, and Deyi Si  [2] represent two examples of 

document tilt correction surveys. In contrast, a researcher barely finds a complete state-of-the-art 

review for the methodologies used in literature to correct the tilt that appears in the images of 

vehicles’ LPs. So, based on that, the authors of this academic article believe that this is the first of its 

kind review of the literature to survey the different methods that are used to detect and correct LPs 

tilting issues. 

Many methodologies are documented in the literature and used to identify and correct the inclination 

angles of cars LPs. This survey reviews different methods, algorithms, transforms, steps, and models 

to allow the researchers to have an overview of how this problem was solved, so they can use or 

develop a previously proposed method, or use a combination of two methods or more, or even 

proposes a new one that is not stated in the surveyed literature.  

The autonomy of this paper is structured as the following: Section 2 clarifies how the term “tilt” 

appears in different kinds of literature. Section 3 presents the types of tilting. Section 4. Clarifies how 

the survey was conducted. Section 5 displays how sometimes the tilt correction stage is ignored or 

not explained in detail in other academic articles. Section 6 shows a review of different tilting 

correction methodologies. Section 7 presents the summarization and result tables. The conclusions 

and future work appear in section 8. 

2. THE TERMS RELATED TO “TILT” CORRECTION IN THE LITERATURE 

The term tilt correction of LPs comes in different variations in the literature. For example, the 

word "Tilt" correction” or “tilt rectification” appears in many references, such as in [3]–[9]. While 

the term "Rotation” appears in the references [10]–[12]. "Slant" is seen in [13], [14], and 

"Inclination" is observed in [15]–[17]. In addition to these terms, the word "Skew" is a very popular 

one and used in the references [18], [19], [28], [20]–[27]. “Orientation”  also referred to as another 

term to describe the LP tilting issue, and it appears in [29] while “Obliqueness” is seen in [30]. Table 

I. Summarizes the set of terms used to refer to “tilt” of a LP in the surveyed literature with its related 

correction terms, while Figure 1 shows examples of skewed LPs. 

TABLE I: The terms used to refer to “tilt” of the LP in the literature 

 
 
 
 
 
 
 
 
 
 

 

  

 

     
  

 

Tilt Terms Correction terms 

Tilt 

Detection, 

De-skewing, 

Correction, 

or 

Rectification 

Skew 

Rotation 

Inclination 

Slant 

Orientation 

Obliqueness 
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Figure 1: Examples of tilted LP. 

3. TILT TYPES 

  There are two types for the tilt cases for the images of the LPs: a horizontal tilt and a vertical 

tilt.  With the horizontal tilt, the plate will have a tilt angle about its horizontal pivot. While with the 

vertical tilting, the rotation angle comes around the vertical pivot of that plate. 

For both the horizontal and the vertical tilting, the angle may come greater or less than zero, or in 

other words, positive or negative. “No tilting case” means that a LP registration number comes with 

an angle equals to zero. The literature may denote the rotation angle by  ,    or sometimes  . 

A hybrid case means that a plate contains both horizontal and vertical tilt issues. Figure 2. depicts 

“no tilt case”, while Figure 3. depicts vertical, horizontal, and hybrid tilt of both positive and negative 

angles. The references may present similar illustrations for these figures are [3]–[5], [9], [17], [22]. 

 

 

Figure 2: No tilt case this means that the rotating angle equals to zero. 

 

  

Figure 3: Types of tilt (a) positive horizontal tilting. (b) negative horizontal tilting. (c) positive vertical 

tilting. (d) Negative vertical tilting. (e) Positive hybrid tilting. (f) negative hybrid tilting [31]. 

4. HOW THE SURVEY IS CONDUCTED AND HOW THE LITERATURE IS CLASSIFIED 

The researchers collect different kinds of literature that tackle the LPR system issue, where the 

keywords mentioned in Table I are included in their search for and within the related work. In 

general, LPR systems consist of three basic stages: preprocessing stage, plate detection stage, 

character segmentation, and character recognition stage. Actually, due to many factors, such as car 

movement, the LP image in LPR systems may appear in a rotated obliqueness manner, and if this 

obliqueness is not rectified then the character segmentation process will be affected, which leads to 

inaccurate character recognition result because of the distorted segmented characters, and here the 

importance of LP tilt correction appears, where it must be done and implemented before character 

segmentation process as part of preprocessing stage of any LPR system. 
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Since the LP title correction problem is solved through four basic steps as shown in Figure 4, 

then the authors of this article classify the surveyed papers according to these steps which include: 

detecting the corners of the plate, determining the inclination angle, then correcting the horizontal, 

vertical and mixed horizontal-vertical tilt cases. Before going deep with these steps, Section 5. 

represents another classification of the surveyed literature. 

 

 

     

 

 

 

 

 

 

 

Figure 4: general layout of the tilt correction stage 

5. CASES OF "FAILURE”, “LIMITED", OR "NO" INCLINATION RECTIFICATION IN LICENSE 

PLATE RECOGNITION SYSTEMS 

This section divides the literature based on whether they give a solution for the problem of tilt 

correction, but in a limited manner, or whether literature presents a system that fails when it faces the 

case of tilt in a digital image of a LP, or even, whether these systems simply do not present any 

solution for the tilt correction challenges. 

I. No rectification case 

Despite the fact regarding the importance of tilt correction stage, there are many authors present 

different solutions for the problem of recognizing LPs, but many of them do not present a recognized 

solution for the cases of rectifying the slant of the registration number plate, such as the authors of 

references [33]–[37]. Those researches can be referred to as “No rectification case”.  

II.  Limited rectification case 

Other researchers may set their systems to deal with cases of “limited” slants of angles, such as 

[38], where their system and deal with skewed images that come in    . In [39] the rotation angle in 

the system is limited to     . While a slight angle of      can be corrected in [40], [41] as shown 

in Figure 5.  In [8] the researchers document that the used method is sensitive less ability for angles 

less      

III. Failure case 

However, many other authors document that their system “fails” if there is any inclination in the 

angle of the LP image, such as [42]–[44]. 

No much detail about the tilt correction operation is explained in [45]–[47]. While in [48], the 

authors report that their system sustains little inclinations, and authors of [49] state that their 

recognition method does not need tilt correction, however, regarding the opinion of the authors of 

this article, it considers the ignoring of finding a solution for the tilt correction is considered as not 

reasonable manner.  

                             

 
 

 

 

An input Digital Image with Located Plate 
Find the plate corners 

Determine the plate tilt angle 

Tilt Correction 

Horizontal tilt correction Vertical tilt correction 
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Figure 5: Slight slant angle captured by a LPR  system [40] 

6. TILT DETECTION AND CORRECTION METHODOLOGIES 

The tilt of a plate in a digital image may appear due to many factors such as camera perspective, 

curvy or uneven roads. The importance of the tilt correction stage comes from the fact that it plays a 

crucial role in any LPR system. 

This section explores how the reviewed papers solved the tilt of the registration plate challenge 

through classifying the presented solutions into four basic steps which include:  I. Finding the corners 

of the plate II.  Determining the slant angle of the LP, III. Correct the horizontal tilt, IV. and 

Correcting the vertical and shearing cases of the plates.  

I. Finding the corners of the LP 

The corners of the LP are utilized by many authors to catch the plate, and then, perform the 

required inclination correction. Many of the methodologies used to specify the location of these 

corners are clarified below. 

A. Hough lines 

The corners, or the vertexes, of the rectangular plate, are extracted as the intersection of Hough 

lines as in [4], [50]. As illustrated in Figure 6, such lines present the output of applying edge 

detectors on image pixels, then, creating the Hough lines, and intercept these lines to determine 

corners locations.    

  

Figure 6: LP corner detection using Hough lines: (a) input image of the LP, (b) detected edges, (c) Hough 

line based on edges, and (d) detected plate’s corners [50]. 

B. Line equations 

Other authors utilize vertical and horizontal line equations, i.e. equation (1) and equation (2), 

where the partial derivatives and linear regression are used to collect the points that represent the four 

edges of the rectangular plate, as shown in Figure 7., then the intersections of these lines will define 

the four vertexes of the car plate [10]. 
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In equations (1) and (2) the   and   are the collected lines’ points,   and   represent the line slop, 

while   and   give the interception points. More details could be found in [10]. This method is 

considered as easy to implement math equations, but it is considered a time-consuming algorithm. 

 

Figure 7:  Four lines extracted from the LP image segment: (a) the top line, (b), the bottom line, (c) the 

left line, and (d) the right line [10], [11]. 

C. Corner Detectors 

Many Corners detectors are reviewed such as SUSAN which briefly represents an image edge 

and corner with structure and noise removing operations [9]. 

Another one is the Harris corner detector,  which is presented as a  proposed algorithm in [22], where 

it is considered as the Principal Component Analysis (PCA) method to detect the corners and finding 

the tilt angle. 

D. Certain Transformation 

Karhunen-Loeve Transform (K-L) is used in [31] to find plate corners. It finds the mean of the 

plate point, then calculates the covariance matrix, then eigenvalues are extracted to apply the 

orthogonal K-L Transform. 

 

Figure 8: Centres of blob characters are used to determine the tilt angle in [7]  

  

Figure 8: Centres of blob characters are used to determine the tilt angle in [7]  

 

E. Artificial Neural Network (ANN) Model 

The authors in [30] authors present five models to detect the LP corners based on deep ANN. The 

limitation of this method is that it needs memory to work efficiently. 

II. Determining the tilt angle of the plate 

Finding the tilt angle of the LP is the essential initial step in correcting the tilt of the LP in an 

LPR system. Usually, equations are used to determine the angle of the registration plate. Here are 

some of these equations. 

(c) The line of the left side 

which is gotten by 𝒙  
𝒄𝒍𝒆𝒇𝒕𝒚  𝒅𝒍𝒆𝒇𝒕 

(d) The line of the right side 

which is gotten through the 

equation 𝒙  𝒄𝒓𝒊𝒈𝒉𝒕𝒚  

𝒅𝒓𝒊𝒈𝒉𝒕 

(b) The line of the bottom side 

which is gotten through the 

equation 𝒚  𝒂𝒃𝒐𝒕𝒕𝒐𝒎𝒙  
𝒃𝒃𝒐𝒕𝒕𝒐𝒎 

 

(a) The line of the top side 

which is gotten through the 

equation 𝒚  𝒂𝒕𝒐𝒑𝒙  𝒃𝒕𝒐𝒑  
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A. Character-based angle 

In [7], equation (3) is used to find the correct inclination    angle between bounded characters. 

As shown in Figure 8. By the bounded character the researcher means locating the outer boundary of 

each character  of the LP. In this figure finding the tilt angle in is done by locating the Hough lines 

L1 and L2, then the plate angle is determined after determining the successive angles of the blob 

characters through finding the arctan of OD which represent the horizontal distance between the 

center positions of two neighboring characters divided by OH which represent the distance vertically. 

   
 

 
∑  

 

   

                                                   

Where    represents a set of angles for characters bonded boxes  . 

In [17] equation (4) is used to find the vertical angle of the characters of a LP  

       (
∑      ̅      ̅  

   

∑      ̅   
   

)                               

In equation (4)   and   are the image coordinates, while  ̅ and  ̅  are the mean values   and  . As 

the plate characters reflect the tilt angle of the LP, then, the overall plate angle  ; is determined for 

each extracted character from the plate. However, since some characters, like hyphens, may not 

reflect the correct inclination angle of the plate, the mean    and the standard deviation    of angles 

    are used to find the overall skew, in addition to that, a filter rule, as shown in equation (5), is 

applied to determine the case of including or excluding a calculated angle    for a certain plate 

segment  

. 

       
                
                 

}  
 |     |    

         
                             

  

B. Derived equation-based angle 

The authors in [10] define the segment that represents  a registration plate, then firstly, they 

determine its center point (  ,   ), using equations (6.a) and (6.b). 

   
 

 
∑                                 

 

   

 

   
 

 
∑                                 

 

   

 

Where   represents the number of points in a certain registration plate segment    , and   
represents a counter of a loop of pixels. After that equation (7) is applied as the second step to get the 

inclination angle   of the plate.  

  
  

 
     (

 ∑                

∑        
        

     
)                                

 

In [29] equation (8) used to correct the inclination angle of the LP 
 

         
∑ ∑            

   
   
   

∑ ∑           
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Where   and   stand for the rows and the columns of the digital image   respectively. This is 

considered an easy to implement math model but is considered time-consuming especially with large 

images. 

C. Line fitting based angle 

In the references [3], [4], [17] least square fitting with perpendicular offset is used to determine 

the inclination angle    estimated as shown in equations (9.a) and (9.b). 

 

  
 

 

∑   
  

      ̅  ∑   
      

   

  ̅ ̅  ∑      
 
   

                                   

     √                                                                         

Figure 9: Figure 9: Lease square fitting for a straight line: (a) Perpendicular offsets, and (b) vertical 

offsets [17] 

Where   and   represent the coordinates of the image pixels of the LP, while    refer to the 

number of processed pixels. Equation (10) shows how the tilt angle   of the LP is determined using 

least square fitting with a vertical offset 

  
 ∑      

 
    ∑   ∑    

 
   

 
   

  ∑   
  

    (∑   
 
   )

                                

 

Similar to equations (9.a) and (9.b), the equation (10), the     presents image coordinates with 

related   that refer to the number of pixels being processed. The researchers state that finding the tilt 

angle using line fitting with the least square fitting with vertical offset is better than finding the tilt 

angle using the least square fitting with perpendicular offset. Figure 9. Shows the two methods of 

least square fitting of straight lines. 

The linear fitting is used in [12], where the angle of a straight line with the level of the X-axis  is 

calculated using equation (11)  

 

              
   

  
                                              

Where    represents the slope of a line equation. While edge detection operators are adopted in 

[51]. Where the slope of the max length edges is calculated using equation (12), then, the tilt angle is 

determined through the use of equation (13). 

      
                       

                       
                                       

       
   

 
                                                          

In equation (12), the   and the   represent coordinates of the edge line, while equation (13)   

denotes the angle of the plate. 

D. Different image factors 

Choosing different factors extracted from the digital image is used to find the slant angle in [3], 

such as the center of area filtered as LP, and the axis of the least second moment.  The authors in [50] 
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and  [51] searching a bound box area that surrounds the LP segment, then, testing if one of the top 

corners represents a foreground pixel, then if so, the other corner is searched down until the 

foreground pixel is found.  The angle is found when Tan 
-1 

is calculated for the ratio between the two 

points. This method is considered a very simple method with a short time of execution because it 

does not navigate all of the segments’ pixels. 

A horizontal tilt correction for the plate, made through finding the center of the plate segment, 

followed by 2D rotation in [6], such rotation may lead to issues of adhesion between numerals and 

characters of the plate, that’s why finding the minimum projection to determine the vertical slant is 

adopted.  The overall width of the horizontal projection for the rotated large segments is found. A 

repeated pixel rotation processes are made for the pixels with angles ranges from      to     , while 

a comparison is constantly made between the first large horizontal projection with the obtained 

current one, until finding the minimum projection which represents the vertical slant angle. This 

process is clarified in Figure 10. 

 

Figure 10: 2D Horizontal tilt correction, and vertical tilt correction using minimum projections [6] 

In [54] the grey-scaled image is subdivided into     of non overlapped areas. The researchers 

found that the best values for   is set to 5. The domestic orientation of each area is counted using the 

gradients [     ] for the corresponding areas. After that, the histogram with values ranges from   to 

179 are found, in which these values represent probable angle directions. The inclination angle is 

determined through the extraction of the highest accumulated local value. 

E. ANN-based angle 

An Artificial Neural Network model can be used to get the tilt angle. For example, [13] used 

what so-called Self Organizing map (SOM). This model involves: creating the map, initializing the 

weight array, train it, then; finding the desired angle  . As documented the number of tested images 

is 200 and the researcher reports that the SOM model is a robust one. 

III. Correcting the tilt horizontally 

There are many methods mentioned in the literature and used to correct the horizontal tilt of the 

LP. Below is an exploration for a wide part of them: 

A. Hough Transform  

Hough Transform is used by many authors to correct the horizontal tilt of the LP, such as [20], 

[24], [27], [55]–[59]. Since the Hough Transform has the well-known characteristic to create 

connected straight lines, this transform was adopted in [15]. To correct the horizontal inclination of 

the LPs, as illustrated in Figure 11. Instead of using edge detection techniques and despite its 

computation and implantation complexity, the Hough Transform, usually used, to find the horizontal 

tilt, because it generates straight clear lines. 
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Figure 11: Inclination correction based on the Hough Transform [15]. 

The straight lines of the Hough Transform can be generated using equation (14): 

                                                           

Where a point can be represented as       in polar coordinate instead of       of cartesian 

coordinate.  

B. Randon Transform 

Randon Transform used to find the projection of a digital image in a certain direction in the 

references [14], [25], [26], [60], [61]. To find the total of absolute differences, the application of 

Randon transform for two times is adopted in [62] in which a wide range of values, the rotation angle 

of the two directions, horizontal and vertical, is determined through finding the two highest total 

values of the projection points. 

C. Line fitting methods 

To compare among them, line fitting methods were two of the three methods that are 

implemented in [4], [17] for the sake of correcting the horizontal tilt of LP registration number. The 

first method, is the least square fitting with perpendicular offset, while the second method is the least 

square fitting with vertical offsets. After a set of derivatives, the researchers used equations (10.a), 

(10.b), and (11) to obtain the inclination angle. Line fitting is also used in [12], [23], [63] to perform 

such correction. 

D. General rotation mapping 

The well-known rotation equation (15), or the 2D-rotation equation [6] adopted by many authors 

in many references, such as in [13], [23], [54].  

*
    

    
+  *

        
         

+ *
 
 +                                        

To get new points      and     . As shown in equations (17.a) and (17.b), the authors of [10] used 

the variety of equation (16) to perform the horizontal tilt correction about the center point of the plate 

(      . Figure 12 shows a set of original images of LPs with their horizontal tilt correction. 

                                                                     

                                                               

 

Figure 12: Examples of horizontal skew correction of LPs [54] 
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E. Other different models 

The Matchstick model is proposed and presented in [5], where the characters of the registration plate 

are abstracted through many operations. The operations include morphological erosion to create 

equal length sticks, in which these sticks intercept equidistant horizontal lines which strike these 

sticks, as depicted in Figure 13. For this model the researcher report that 500 images are examined, 

also the researcher document that this method gives better results than Hough Transform in about 

10%. 

 

Figure 13: The characters of the LP abstracted to “Matchsticks” and stroked with equidistant horizontal 

lines [5] 

For horizontal rectification, the reordering of adjacent binary pixels is utilized in [16]. These 

pixels are satisfying the condition of being connected in a single route in a plate from one corner to 

another. 

IV. Correcting the vertical shearing of the registration plate 

Many transformations are applied to correct the tilt LP vertically. This section presents a bunch 

of these techniques. 

A. shearing factors correction 

The vertical shear    is used in [7] as shown in equation (17). 

 

 

 

       [
   

       
   

]                                 

B. Affine transform 

Affine transform, which combines the basic transformations of translation, scaling, and shearing in a 

single transform, used by [4] to correct the vertical inclination of the registration plate, as shown in 

Figure 14.   

 

 

Figure 14: Affine Transform [10] 

 

This transform was also used by [10] to correct the shearing of the plates. Where, the new 

position of points   ̀   ̀   is obtained through the mapping of original points position         by 

using bilinear interpolation. In which the equations (18.a) and (18.b) are solved with partial 

derivative concerning each of the six unknown variables   ,   ,   ,   ,   ,   . Figure 15. present the 

effect of Affine transform. 

 ̀                                                             

 ̀                                                            
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C. Line fitting  

A Line-fitting method based on least square and K-mean used in [31] to correct the vertical slant 

of the LP. The authors compare their work with other works that use Hough Transform and Radon 

Transform, and they conclude that their proposed method a better correction method. 

 

 
 

Figure 15: The application of affine transform to correct plate shearing issues: (a) original image, and 

(b) obtained image after applying an affine transform. 

D. Other methods 

To correct the image in a vertical direction, the movement of pixels in horizontal directions are 

utilized in [6] by using equation (19). 

   (  
 

 
 )                                                      (19) 

Where    is the quantity of horizontal movement for a pixel in  ,   location, with an image of   

height, in which this digital image has a vertical slant angle of    
The Homographic Transformation, adopted in [64] to correct the inclination in the image of the 

vehicle registration plate. The Homographic Transformation is known as mapping one pint to 

another; in a certain space; in correlation with leas square minimization. The Homography 

Transformation is used in also for the same purpose of vertical correction. 

A Mapping process is used in [50] to rectify the image where equations (20.a) and (20.b) are 

solved to obtain 2D points of a LP from the real 3D coordinates. 

  
 

 
                                                      

  
 

 
                                                              

Where the point  (       is mapped to           with z equal to 1. The documented success 

rate for de-skewing process reached 25%.1. 

7.  SCOPE OF RESULTS AND SUMMARIZATION TABLES 

Tables II explores a summary of the used methods to detect LPs corners, finding the tilt angle, 

and the methods and algorithms used to rectify horizontal and vertical tilts. While Table III Displays 

some obtained results. 

TABLE II: Summary of title correction methods with pros and cons 

F
in

d
in
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e 

p
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te
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o
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m
et

h
o

d
s References Method Pros Cones 

[4], [50] Hough lines 
A well-known method to 

find straight lines 
Affected by LP edges deformation 

[10] Line fitting Easy to implement 
Cost time because it depends because 

it searches all image segment 

[9] SUSAN 

No noise reduction is 

needed Better than line 

fitting 

7x7 mask may costs time 

[22] Harris Need less time 
The complexity of eigenvalues 

implementation 

[31] K-L Transform Better than line fitting Burrs characters need smoothing 

[30] Deep ANN The ability to learn 
Needs enough memory to work 

efficiently 

d
et

er
m

in
in

g
 t

h
e 

ti
lt

 

a
n

g
le

 

[7], [17] 

Bounder 

characters or 

vertical angle of 

characters 

Accurate method Sensitive with motion blur  

[10], [29] Derived Easy to implement Needs time with large images 
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equations 

[3], [4], [12], 

[17], [51] 

Least square 

fitting with 

perpendicular or 

vertical offsets 

or line fitting 

Easy to implement Consumes time 

[3], [54] 
Different image 

factors 
Fast and simple Fails with a poor focused image 

[6] 
Minimum 

projections 
Present satisfactory results Needs illumination correction 

[13] ANN Unsupervised learning 
More implementations’ iterations 

mean more time 

H
o

ri
zo

n
ta

l 
ti

lt
 c

o
rr

ec
ti

o
n

 m
et

h
o
d

s [15], [20], 

[24], [27], 

[55], [56], 

[57], [58], [59] 

Hough 

Transform 

Good when speed is highly 

recommended 
Computation complexity 

[14], [25], 

[26], [27], 

[60], [61], 

Randon 

Transform 
Simple Need fixed size step 

[4], [12], [17], 

[23], [63] 
Line fitting Easy to implement Consumes time 

[13], [23], [54] General rotation Well known Consumes time 

[5] 
Matchstick 

model 

Better than the Hough 

method 
Not documented 

[16] 
Adjacent binary 

pixels 
Not documented Not documented 

V
er

ti
ca

l 
ti

lt
 

co
rr

ec
ti

o
n

 m
et

h
o
d

s [7] Shearing factor Not documented Not documented 

[4], [10] 
Affine 

Transform 

Well known and easy to 

implement 
Cannot rectify distorted images 

[31] Line fitting Easy to implement Consumes time 

[6] Pixel movement Present satisfactory results Requires high computations 

[64][65] 
Homographic 

Transform 

Better than Affine 

Transform 
Computation complexity 

[50] Mapping Robust method Consumes time 

 

 

TABLE III: State-of-the-art documented success rates of tilt correction methods 

References Method Success Rate% 

[5] Matchstick model 
10% better than Hough 

transform 

[50] Mapping 25.1% 

[26] Randon Transform 85.71% 

[25] Randon Transform 97.22% 

[65] Homography 97.61% 

8. CONCLUSIONS AND FUTURE WORK 

This article presents a brief, first of its kind, theoretical review for more than 55 papers from the 

past 25 years. The paper handled the issue of correcting the tilt of LP vehicles in LPR systems. 

Since the literature poorly documents the success rates of the de-skewing stage in LPR systems, then, 

the evaluation process for the different algorithms to determine which method is considered as the 

best tilt correction technique is considered to be a difficult task. Because, to obtain considerable 

reasonable results, a time-consuming implementation for each of the reviewed methods should be 

made, in companion with ideal conditions, such as the using of a unified dataset of tilted LPs.  

For future work, a researcher may program and implement a set of methods and algorithms that 

are used in a certain single aspect of rectifying LP tilting, such as implementing the algorithms that 

are utilized to find plate corners, or the methods used to find the angle of the plate, or the transforms 

and equations used to rectify the tilt of the plate horizontally or vertically, by using the same dataset, 

to determine which algorithm gives the best results. 
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