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ABSTRACT 
The distortions are aberrations that occur by the existence of a lens, mainly five aberrations occurred in cylindrically symmetric lens systems, and the 
distortion is one of them. The main type of distortion is the radial distortion, as the other types normally have less significant impacts than the radial. 
 This paper presents a new improved algorithm for calculating the inverse of 6th order radial distortion model using exact formula. The presented 
method provides a model of reverse radial distortion. Currently modeled by a polynomial expression that proposes another polynomial expression 
where the new coefficients are a function of the original one. Such a method uses two lenses with different focal length (190mm, 70mm) with a Sony 
G camera, and calibrating them using Zhang method which requires a chessboard pattern to be observed from various positions, and an exact 
formula to calculate the inverse radial distortion where the formula coefficients are a function of the original one. The lowest value of the distortion 
can be obtained after several iterations is - 4.16333e-17, and this is the best value can be obtained without losing the accuracy for the lens of effective 
focal length 30.64 mm, which generates low distortion appears as pincushion distortion, while that of effective focal length 21.81mm generates high 
distortion appears as barrel distortion. The new improved algorithm shows a good performance in obtaining least value for distortion coefficient. 

 
KEYWORDS: Radial distortion, Distortion correction, Model, MATLAB.  

 

INTRODUCTION 

 

The distortions are aberrations that occur by the existence of a lens. Mainly five aberrations occurred in 

cylindrically symmetric lens systems, and the distortion is one of them. The other four are spherical aberration, 

coma, astigmatism, and field curvature. Several kinds of distortions occurred in image systems, and these kinds 

in specific circumstances may effect on an image’s geometry without debilitating quality or diminishing the 

information existing in the image [1 - 6]. 

In this paper the radial distortion with its type will be addressed, the barrel distortion which appears in 

lenses of short focal lengths and the pincushion distortion in lenses of longer focal lengths, as the other types 

normally have less significant impacts than the radial [7-9]. 

As shown in Figure 1 the radial distortion types. 
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Fig. 1: Radial distortion types 

 

Methodology: 

Zhang's technique is utilized as motivation errand for its straight forwardness and known accuracy. In this 

paper, the technique is used for lens distortion model evaluation. It requires several images of a chessboard 

pattern to be captured from a different position with a known dimension. The algorithm calculates the camera 

calibration parameters using the relation between the checkerboard corners in a camera coordinate system and a 

world coordinate system attached to the checkerboard plane [10]. 

Zhang's calibration method used to obtain internal and external camera parameters. It uses calibration 

template for more than two images with shoot from different angles. 

A lot of experience after Conrady and Brown is made to treat the eliminating of distortion from images. 

And the problem of this eliminating has a complete review written by Atkinson for both photogrammetry and 

computer vision communities, we can back to several books including famous manual of photogrammetry [11, 

12]. 

Nevertheless, the inverse distortion problematic is evident in numerous applications, and it's sort of the poor 

relation of the distortion difficulties. Several arrangements to the back-projection issues can be found in 

literature, as exposed by Silvén and Heikkilä [11]. No analytic solution is found to the inverse planning as it 

realized. Furthermore, an additional invertible model in light of the Field-of-View is exhibited by Devernay and 

Faugeras [13]. Figure 2 shows the algorithm used to calculate the inverse radial distortion. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2:  Flow chart of the new proposed algorithm 

 

RESULT AND DISSCUSION 

 

Instead of using two cameras and compare them with each other, we used two lenses of different focal 

length( 190mm, 70mm)  with a Sony G camera of 25 mm zoom lens with 10x optical zoom. 
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And Chessboard Pattern with resolution 1830×1330 and point’s corner 8×11=88. As shown in Fig. 3 the 

experimental setup. 

 

 
 

Fig. 3: Experimental setup of Sony G camera with four lenses of different focal length and a chessboard pattern 

(1830×1330) 

 

The two lenses: the camera lens and the used lens which shown in figure 3 are separated by a distance as 

following: 

• For lens of 70 mm: the distance between the camera and the lens is 1.5cm, and between the lens and 

pattern was 31cm. 

• And for 190 mm lens: the distance between the camera and the lens is 6cm, and between the lens and 

pattern is 40cm. 

The effective focal lengths for both components (camera lens and the used lens) are computed by using the 

following formula [10, 11]. 

feff =       
𝑓1 𝑓2

𝑓1 + 𝑓2 − 𝑑
                                                              (1) 

 

Where f1 is the focal length of the first lens, f2 is the focal length of the second lens, and d is the separation 

distance. Therefore the effective focal length for: 

• lens of 70 mm →  feff =21.81 mm 

• lens of 190 mm → feff =30.64 mm 

The following polynomial equation symbolizes the 6th order radial distortion, used in this paper:  

rd = rf (r)= r (1+k 1 r2+k 2 r4+k 3 r6+….)                                     (2) 

The calibration result after optimization for both lens using Zhang's method is shown in table 1and 2 of [1, 

14]. 

 
Table 1: Calibration parameters after optimization using 6th order distortion model for lens of effective focal length 30.64 mm 

Focal Length 

fc pixel 
[ 3497.16913   3439.05741 ] ± [ 45.06745   47.24871 ] 

Principal point 

(uo,vo) pixel 
[ 1986.83840   1871.00992 ] ± [ 59.01859   62.30353 ] 

Skew 

alpha_c 
[ 0.00000 ] ± [ 0.00000  ]   => angle of pixel axes = 90.00000 ± 0.00000 degrees 

Distortion coefficient 

kc pixel 

[ 0.26567   -0.12787   0.04428   -0.03534  0.00000 ] ± 

[ 0.04273   0.11732   0.01093   0.00912  0.00000 ] 

Pixel Error err [ 1.93297   1.90527 ] 

 

Table 2: Calibration parameters after optimization using 6th order distortion model for lens of effective focal length 21.81 mm 

Focal Length 

fc pixel 
[ 4002.75059   3972.80155 ] ± [ 48.46161   59.49535 ] 

Principal point 
(uo,vo) pixel 

[ 2100.77295   2076.54307 ] ± [ 55.48550   86.64954 ] 

Skew 

alpha_c 
[ 0.00000 ] ± [ 0.00000  ]   => angle of pixel axes = 90.00000 ± 0.00000 degrees 

Distortion coefficient 
kc pixel 

[ 0.13760   0.45825   0.04221   -0.02409  0.00000 ] ± 
[ 0.09660   0.28594   0.01356   0.00739  0.00000 ] 

Pixel Error 

err 
[ 2.43221   2.35752 ] 
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The lens of focal length 30.64 mm generates low-distortion, while lens of 21.81 mm represent high-

distortion. In order to test the inverse formula for radial distortion the proper lens of focal length 30.64 mm is 

used. The following inverse formulas are applied iteratively within a loop to test the accuracy of the inverse 

formula on the lens of focal length 30.64 mm. 

Therefore, the inverse of the inverse radial distortion is calculated 10000 times and compared to the original 

distortion coefficients [9]. 

b1 =  −𝑘1     
b2 = 3𝑘1

2 − 𝑘2                            (3) 

b3 = −12𝑘1
3 + 8𝑘1𝑘2 − 𝑘3                                                                    

Table 3 shows the original radial distortion coefficient and the calculated inverse parameters. 

 
Table 3: The inverse value of 6th order radial distortion model with coefficients k1, k2, and k3 

Radial Distortion Coefficient 

Original Value 
Computed Inverse Value 

k1 0.26567 b1 - 0.26567 

k2 -0.12787 b2 0.33961 

k3 0.04428 b3 - 0.54106 

 

As the equations give a reverse formula for radial distortion we repeat it twice and a comparison between 

the final results and the original distortion is made. Then, we iterate this process 10000 times and also 

comparison between the final results and the original distortion is made. 

Table 4 shows the Delta loop (L=2) which represent the second inverse compared to the original distortion 

coefficients. Delta loop (L=10000) represent the 10001 inverse compared to the original distortion coefficient. 

We can realize that the coefficients k1 and k2 did not change while the delta on k3 is small with respect to the 

corresponding coefficient. 

 
Table 4: Radial distortion inverse loop after several inversions (L = 2 and L = 10000). 

Radial Distortion Coefficient 
 

Computed Inverse Value Delta loop (L=2) Delta loop (L=10000) 

k1 0.26567 b1 - 0.26567 0 0 

k2 - 0.12787 b2 0.33961 0 0 

k3 0.04428 b3 - 0.54106 - 4.16333e-17 - 4.16333e-17 

 

The main contribution of this paper is to minimizing the distortion as possible. this could help in 

manufacturing of lenses to be closer to ideal.  

 

Conclusion: 

 A complete inverse calculation of 6th order radial lens distortion using Zhang method is presented.  

The results showed that the lowest value of the distortion can be obtained after several iterations is - 

4.16333e-17, and this is the best value can be obtained without losing the accuracy compared with Drap 

calculations. 

This new improved method can be used in the manufacture of lenses to be closer to ideal depending on the 

inverse values. Also using of high order term of polynomial expression could achieve high stability of the 

inversion process as well as using a lens with low distortion is better to achieve accurate result in achieving 

more decreasing distortion coefficients.  
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