Correction of a Minor Error in the Implementation Software and the Original Paper of Tsai’s Calibration Method

Yongbao Zhang

Center for Image Technology and Robotics Tamaki Campus, The University of Auckland, Auckland, New Zealand

Abstract. This note reports about a minor error in the original paper on Tsai’s calibration method and in the corresponding implementation software available for free downloads on the Web. Tsai’s camera calibration method allows a determination of eleven camera calibration parameters. There is an incorrectness in the formula for calculating the X-component of the translation vector T . This report corrects this minor problem.

1 Introduction

Camera calibration is an important task in computer vision, see [3]. Tsai’s method is the most widely used calibration technique. It has been proposed by Roger Y. Tsai in [1] and [4]. There is a corresponding implementation software which can be downloaded from the website [2]. For both of the original paper and the implementation software, the formula of calculating the X-component of the translation vector T is erroneous. In this little note, we will discuss this minor error and how to correct it.

2 Error in the Original Paper

We address line 2 in the right column of page 333 in [1], i.e. the equation for calculating the X-component T_x of the translation vector. It is clear that the X component T_x of the translation vector should be calibrated after calibration of the horizontal scale factor S_x, because the fourth transformation parameter a_4 is defined as follows: a_4 = T_x · S_x T_y , (1)

and, obviously, the X-component T_x of the translation vector should be obtained by T_x = a_4 · T_y S_x (2) rather than T_x = a_4 · T_y . (3) The original paper misses the horizontal scale factor S_x.

3 Error in the Implementation Software

The implementation software of Tsai’s calibration method can be downloaded from the website [2]. It has been written by Reg Willson in 1995. This software is freeware and is widely used in the computer version field and the robotics field.

The minor incorrectness reported above is also existent in this software. In function ncc compute T x and T y() of file cal main.c, the X-component T_x of translation vector should not be calculated here. It should be calculated after the calibration of the horizontal scale factor S_x and the formula of T_x should be Equ. 2 rather than Equ. 3

In order to correct this error, we remove the command of calculating T_x from the function ncc compute T x and T y() and put it into the function ncc compute sx() of file cal main.c. We calculate T_x after calculation of S_x.

Sensors of CCD cameras are mostly square nowadays. Therefore, the horizontal scale factor S_x is nearly 1 for most of all cameras, and the reconstruction error caused by the reported implementation error is very minor consequently.

References

1. R. Y. Tsai: A versatile Camera Calibration Technique for High-Accuracy 3D Machine Vision Metrology Using Off-the-Shelf TV Cameras and Lenses. IEEE Journal of Robotics and Automation, Vol. RA-3, No. 4, August 1987, pages 323-344.

2. R. Willson: Tsai Camera Calibration Software (1995), http://almond.srv.cs.cmu .edu/afs/cs/usr/rgw/www/TsaiCode.html (last visited: 22^{nd} May, 2001) 3. R. Klette, K. Schlüns, A. Koschan: Computer Vision: Three-dimensional Data from Images. Springer, Singapore (1998).

4. R.Y. Tsai: An efficient and accurate camera calibration technique for 3D machine vision. Proc. Internat. Conf. Computer Vision and Pattern Recognition (1986) 364–374.