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Calibration of Camera with Rational Function Lens Distortion Model
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Abstract

increasingly demand for accuracy in visual measurement, improvement of the accuracy of camera model and

Camera imaging model is a key factor to determine the accuracy of vision measurement. With the

calibration are primary means to solve the accuracy problem. A new model of the rational function lens distortion
model is introduced into the camera imaging model, which can better correct the errors caused by lens distortion, and
thereby, it can improve the accuracy of the camera imaging model. Moreover, a two-step and step-iterative
optimization method is proposed to precisely obtain the parameters of camera imaging model and to solve the problem
that the parameters of the rational function lens distortion model cannot be solved directly. The experimental results
demonstrate that the accuracy of the camera imaging model with the new distortion correction model is better than
the conventional model and the new model can also effectively reduce the large errors. Therefore, the new camera
imaging model and calibration method can improve the accuracy of visual measurement comprehensively.
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Fig.1 (a) Diagram of an arbitrary imaging system; (b) lifting of the image coordinates to a three-dimensional ray surface
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Table 1

Comparison of camera calibration performance between two types of lens distortion model

Optimization residuals / pixel

Type of lens distortion Time /s v
Average Standard Max Average Standard Max
a8 deviation (absolute) a8 deviation (absolute)
Rational function model 69. 89 0.2564X107° 0.0314 0.1072  0.6779X10°° 0.0423 0.1618
Radial and tangential model 34.79 0. 0001 0.1562 0.7886 —0.0048 0. 1459 0.6119
2 PIRPEE Sk AR Y oy )R A B
Table 2 Accuracy test of two types of lens distortion model in & and y directions

Rational function model /mm

Radial and tangential model /mm

Position Av Standard Max A Standard Max
crage deviation (absolute) verage deviation (absolute)
x 0.0028 0. 0051 0.0163 0.0018 0.0239 0.0527
2= —40 mm
y —0. 0050 0.0073 0.0234 —0.0041 0.0207 0.0526
x 0.0064 0.0047 0.0187 0.0064 0.0231 0.0546
z=—20 mm
y —0. 0084 0. 0069 0.0283 —0.0077 0. 0206 0.0533
x 0.0078 0.0071 0.0243 0. 0090 0.0239 0. 0598
z=20 mm
y —0. 0089 0. 0068 0.0303 —0.0084 0.0197 0.0476
x 0. 0050 0. 0080 0.0238 0. 0050 0. 0256 0. 0750
=40 mm
y —0.0071 0.0063 0.0289 —0. 0066 0.0201 0.0467
L x 0. 0055 0. 0066 0.0243 0. 0056 0.0242 0. 0750
Statistics
v —0.0074 0.0070 0.0303 —0.0067 0.0203 0.0533
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