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Abstract
Camera calibration is a necessary and critical step in 3D object analysis. The accuracy of calibration results will
affect the object’s position in world coordinates, especially for 3D object tracking. In this paper, we present a new
camera calibration approach, and discuss its accuracy. We use 3D marks instead of 2D marks for calibration. Our
experimental results show that our approach has the potential to improve the calibration accuracy.

Keywords: 3D reconstruction, camera calibration.

1 Introduction

In the context of three-dimensional machine vision,
camera calibration is a process for determining the
internal geometric and optical camera characteristics
(intrinsic parameters), and the 3D position and
orientation data of the camera frame relative
to a defined world coordinate system (extrinsic
parameters). A calibration technique is based on
known 3D coordinates of geometrically configured
points. Here the 3D coordinates are usually referenced
to the world coordinate system. The configured points
are commonly referred to as calibration points which
are physically realized by calibration marks on a
calibration object.

Common calibration methods are DLT (Direct Linear
Transform) and Tsai’s method [1, 2]. The latter one
also models lens distortion coefficients and the map-
ping of sensor elements to an image buffer matrix; it
requires at least seven accurately detected calibration
points in an arbitrary but known geometric configura-
tion. Using Tsai’s calibration method, we can transfer
3D world coordinates into image coordinates. But even
using the same calibration method, differences in im-
age acquisition environments may affect the accuracy,
such as distances between camera and object, the size
and number of calibration marks, or the size of calibra-
tion objects. We evaluated Tsai’s method with respect
to such variations, where 3D marks are used instead of
the common 2D calibration marks. Section 2 reports
about improvements in calibration accuracy; Section 3
specifies this new alteration of Tsai’s method; Section
4 presents further experimental results, and Section 5
contains our conclusions.

2 Accuracy Improvement

Calibration accuracy will affect calculations of object’s
position and tracking parameters. We summarize four
methods for evaluating camera calibration accuracy:

1. Image Coordinates Error Statistics: This
measurement method analyzes the distorted error
statistics on the image plane. Steps are: convert
world coordinates into camera coordinates, then
into undistorted sensor plane coordinates, then
into distorted sensor plane coordinates, then into
image coordinates. After all these conversions,
determine errors between ideal image coordinates
and actual locations of data points.

2. Undistorted Image Plane Error Statistics: This
measurement method analyzes the undistorted
error statistics on the image plane. Steps
are: convert world coordinates into camera
coordinates, then into undistorted sensor plane
coordinates; convert from 2D image coordinates
into distorted sensor plane coordinates, then
into undistorted sensor plane coordinates. After
converting, determine the error between ideal and
actual location of the data point.

3. Camera Coordinates Error Statistics: This mea-
surement method analyzes the error statistics in
object space. Steps are: convert world coordi-
nates into camera coordinates; convert from 2D
image coordinates into distorted sensor plane co-
ordinates, then into undistorted sensor plane co-
ordinates, then into 3D camera coordinates. Af-
ter converting, the error is defined by distances
of closest points to ideal projection rays in 3D
camera coordinates space.
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