
2013년 7월 전자공학회 논문지 제 50 권 제 7 호
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 7, July 2013 http://dx.doi.org/10.5573/ieek.2013.50.7.231

논문 2013-50-7-28

Lens Distortion Correction of images with Gradient 

Components

Junhee Park and Byung-Uk Leeⓒ*

Abstract

Lens distortions have a significant impact on captured or projected image geometry. This paper proposes a lens 

distortion correction with gradient components for wide-angle lenses. In most cases, distortion coefficients are estimated 

using a distortion model by point correspondences. Corrected images using only point correspondences can be compensated 

excessively, therefore, producing bended lines into the opposite direction near the corners. To curtail these phenomena, we 

propose to adopt the gradient components in addition to positions to obtain the distortion coefficients. We verified the 

improved accuracy and the straightness of the proposed method through experimentation. 

      Keywords  : Camera calibration, Lens distortion, Gradient component

Ⅰ. INTRODUCTION

Geometric lens distortions are typical phenomena in 

camera images. The most common distortion is radial 

distortion, which is classified as barrel distortion, 

pincushion distortion, or a mixture of both types. 

Radial distortion displaces image points inward or 

outward from the ideal position. Negative radial 

displacement is referred to pincushion distortion, 

whereas positive radial displacement is known as 

barrel distortion. The camera aperture placed between 

a lens and an image sensor introduces pincushion 

distortion. Otherwise, barrel distortion occurs when 

the aperture is outside of the lens[1].

Much research on the correction of lens distortion 

has been conducted in the context of the camera 
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calibration. Hecht and Zajac[1] introduced various lens 

distortions. Tsai
[2]
 recovered distortion parameters 

utilizing known corresponding points in 3D space. 

Weng[3] extracted distortion parameters by employing 

calibration objects. These methods are based on 

distorted image coordinates to calculate distortion 

parameters using 3D information. Zhang[4] adopted the 

planar pattern taken from different orientations. 

Nonparametric radial distortion models have been 

proposed in [5].

However, most distortion models employ mapping 

from the distorted coordinates to the ideal undistorted 

ones. Therefore they require inverse mapping, or 

inaccurate approximations. Moreover inverse 

mappings are time consuming and not practical for 

real time applications. To eradicate the inverse 

mapping, Park et al.
[6]
 proposed a distortion model on 

undistorted coordinates. In this paper, we adopt this 

ideal coordinate distortion model to find the distortion 

coefficients and compensate for the distorted images.

Nonmetric lens distortion correction methods use 

geometric invariants such as lines[7～13]. These 

methods do not need the calibration patterns. Rather, 
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they need to extract lines using an edge detection 

method with a sub-pixel accuracy and edge linking 
[7～9, 11], Line Support Region (LSR)[10], plumb-line 

methods
[12]
, or a manual selection

[13]
. In addition, they 

optimize the lines using the slopes of lines[7], a 

line-fitting[8～9, 13], a line equation estimation[10], or 

estimation of circular arcs
[12]
. Finally they optimize 

the distortion parameters with various methods such 

as a nonlinear least-squares minimization method 

(Levenverg-Marquardt)
[7～9]
, least-squares linear 

regression[10], an algebraic approach[11], the Kukush- 

Markovsky-van-Huffel (KMvH) consistent conic 

fitting method
[12]
, or a constrained minimization 

algorithm (modified simplex)[13]. The main limitations 

of this class of methods are that straight lines must 

be obvious in the image.

We propose a lens distortion calibration with 

gradient components for wide-angle lenses. The 

compensated images using only point correspondences 

can be compensated excessively, therefore, resulting 

in bended lines into the opposite direction near the 

image corners. To avoid these phenomena, the 

gradient components of fiducial points are adopted to 

refine the distortion parameters. Our proposed method 

employs point grid patterns, therefore, we can extract 

perpendicular lines from the pattern, which is simple 

and easy to implement. 

This paper is organized as follows. Section Ⅱ 

describes distortion models. We present the proposed 

optimization method with gradient components in 

Section Ⅲ. Experimental results and conclusions are 

described in Section Ⅳ and Ⅴ.

Ⅱ. DISTORTION CORRECTION MODEL 

USING IDEAL IMAGE COORDINATES

In this section we describe the radial distortion 

model using ideal image coordinates
[6]
. Theoretically 

radial distortion is symmetric to the optical axis. We 

assume that the principal point, where the optical 

axis intersects the image plane, is the center of radial 

distortion
[14]
. Then we can model distortion 

parameters using the distance from the distortion 

center of a distorted image.

Let (Xd, Yd) be distorted image coordinates, (Xu, Yu) 

be ideal undistorted image position, and (Dx, Dy) be 

distortion defined by the following equation (1). 

Distortion is obtained by subtracting the distorted 

image position from the ideal, 

(1)

where the principal point is (0, 0). Each position 

distortion is calculated by subtracting the distorted 

image coordinates from the ideal undistorted image 

position.

Let the quadric and quartic distortion coefficients 

on ideal coordinates be , and . Then distortion 

modeling is defined as (2)
[6]
,

(2)

where    , This modeling does not 
need inverse mapping which is time consuming and 

is not practical for real time application. 

Since each data point provides two equations, we 

have 2N equations where N is the number of pattern 

features. Since there are two unknown parameters 

and the equations are linear, we can obtain a 

minimum mean square solution using pseudoinverse 

as the following equation(3):

(3)

where 

, , and 

The dimensions of D  and Y are  ×  and 
 × , respectively.

(1860)



2013년 7월 전자공학회 논문지 제 50 권 제 7 호 233

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 7, July 2013

Ⅲ. OPTIMIZATION OF DISTORTION 

COEFFICIENTS

When we compensate for the distortion using the 

above distortion model, the errors exist between the 

ideal coordinates and the compensated coordinates. 

To minimize these errors between the corrected and 

the ideal coordinates, we propose to optimize the 

coefficients. Position optimization makes the gradient 

errors prominent. Actually the corrected points using 

only position optimization can be compensated 

excessively, therefore, lines are bended near the 

image boundaries. To compensate for it, the gradient 

component must be included.

3.1. OPTIMIZATION WITH POISTION DATA

To minimize the error between the compensated 

and ideal positions, we optimize distortion parameters 

P  using the Nelder-Mead simplex method[15], where 
P  is the distortion parameters, P      . 
The distortion parameters to be estimated consist of 

distortion coefficients  , principal point (X0, 

Y0), and rotation angle  . The Nelder-Mead simplex 

method uses multidimensional unconstrained nonlinear 

minimization. We can find the parameters minimizing 

the norm between the ideal and distortion 

compensated positions. The objective function is 

represented by equation (4): 

(4)

where the position vector C       
represents compensated points, and U      
denotes undistorted ideal points.

3.2 OPTIMIZATION WITH GRADIENT 

  COMPONENTS

The corrected images using point correspondences 

between the distorted image and the undistorted 

points can be compensated excessively, therefore, 

(a)                       (b)

Fig. 1. Distorted image (a), and the compensated 

image using the position only (b). 

leading the images to be bent near the corners as 

shown in Figure 1 (b). 

To avoid these phenomena, the gradient of the 

boundaries must be included, then minimized to 

optimize the distortion coefficients P using 

Nelder-Mead simplex, as the following equation (5): 

(5)

where   and   are the vertical line and the 

horizontal line, respectively, ∥ P∥  is the 
vertical gradient component, and ∥P∥  
means the horizontal gradient component.

In Figure 2 (b), the inclusion of gradient 

components makes the corners straight. Finally the 

objective function of distortion coefficients that 

considers both position and the gradient components 

is defined as follows:

(6)

Fig. 2. Compensated image using both gradient 

components and position
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where   is the weighting factor. In our 

experiments, we set   to 100.

Ⅳ. EXPERIMENTAL RESULTS

We used the Canon 40D camera with Canon EF 

15mm f/2.8 fish eye lens. We employed 2D Gaussian 

circles as fiducial points, and apply correlation to 

detect the position automatically.

After extracting the feature position, the distortion 

coefficients are calculated using equation (3). The 

compensated images are obtained using the optimized 

distortion coefficients by the proposed method.

Distortion correction error is summarized in Table 

I. The RMS (Root Mean Square) error between 

image coordinates and the ideal coordinates is 23.01 

pixels, and maximum error is 107.66 pixels before 

correction. After compensation using proposed 

distortion parameters, the RMS error is decreased to 

around 1 pixel. From the table, we verify that the 

RMS error of our proposed method is less than the 

Alvarez et al. method[11]. Alvarez et al. method is an 

algebraic approach to the estimation of the lens 

distortion parameter based on the rectification of lines 

in the image. They provide an online demonstration 

and exploits user assistance in identifying points on 

straight lines. We test the distorted pattern image as 

shown in Figure 3., and selected the same number of 

points to compare our method with their method. 

The experimental results of distorted and 

compensated images are shown in Figure 4. We verify 

that the proposed method restores the distortion of real 

(a)                       (b) 

Fig. 3. Gaussian feature pattern (a), and the distorted 

feature image (b).

Fig. 4. Distorted images (left column) and compensated 

images (right column).

Table 1. Distortion correction errors.

images, resulting in natural looking images without 

excessive compensation.

Ⅴ. CONCLUSTION

We propose a lens distortion calibration method 

with gradient components. The corrected images 

using only point correspondences can be compensated 

excessively, leading the images to be bent near the 

corners. To curtail these phenomena, we propose to 

add the gradient components in addition to position 

error to estimate the distortion coefficients. We 

verified the accuracy and the straightness of the 

proposed method through experimentation. The 

proposed method can compensate for the extremely 

distorted images in a simple and efficient manner.

(1862)



2013년 7월 전자공학회 논문지 제 50 권 제 7 호 235

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 7, July 2013

REFERENCES

[1] Hecht, E., Zajac, A., Optics. Addison-Wesley, 

(2002).

[2] R. Tsai, IEEE J. Robotics and Automation, 3, 4, 

(1987).

[3] J. Weng, R. R. Cohen, M. Herniou, IEEE Trans. 

Pattern Anal. Mach. Intell., 14, 10, pp. 965980, 

(1992). 

[4] Z. Zhang, IEEE Trans. Pattern Anal. Mach. 

Intell., 22, 11, (2000).

[5] R. I. Hartley, S. B. Kang, IEEE Trans. Pattern 

Anal. Mach. Intell., 29, 8, (2007).

[6] J. Park, S.-C. Byun, B.-U. Lee, IEEE Trans. 

Consumer Electronics, 55, 3, (2009).

[7] M. Ahmed, A. A. Farag, IEEE Trans. Image 

Process., 14, 8, (2005). 

[8] F. Devernay, O. Faugeras, Mach Vision Appl., 

13, (2001).

[9] G. Y. Song, J. W. Lee, Int. J. Control Autom., 8, 

(2010).

[10] B. Prescott, G. F. McLean, CVGIP, Graphical 

Model and Image Processing, (1997).

[11] L. Alvarez, L. Gmez, J. R. Sendra, J. 

Mathematical Imaging and Vision, (2009).

[12] F. Bukhari, M. N. Dailey, J. Mathematical 

Imaging and Vision, (2012).

[13] R. Swaminathan, S. K. Nayar, IEEE Trans. 

Pattern Anal. Mach. Intell., 22, 10, (2000).

[14] A. Harltey, A. Zisserman, Multiple view 

geometry in computer vision, CUP, (2003).

[15] J. A. Nelder, R. Mead, Computer Journal, 7, 

(1965).

(1863)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


