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ABSTRACT 

Accurate full pose measurements (position and orientation) of robot end-effectors in Cartesian space 

are frequently required for identifying robot kinematic errors during the calibration process. This paper proposes 

a new method for measuring the full pose of robot end-effectors for calibration. The features of a set of target 

points (placed on a rotating end-effector) on a circular trajectory are analysed in this method. The Puma robot's 

computational simulation results validate the precise measurement. Furthermore, experimental calibration and 

validation results for the Hyundai HA-06 robot demonstrate the proposed method's effectiveness, correctness, 

and reliability. This method can be applied to robots that have entirely revolute joints or to robots for which only 

the last joint is revolute. 
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1. INTRODUCTION 

This study proposes a new method for measuring the full pose of end-effectors for robot calibration. Based 

on a set of discrete points on a circular trajectory measured by a non-contact 3D coordinate measuring device, 

this method provides a robot's full pose (e.g., a laser tracker). Laser interferometry devices are widely used due 

to their high accuracy, quick measurement, large measuring range, and ease of use [14–17]. The trajectory of a 

target fixed on a robot end-effector (tool) is measured when the end-effector is rotated uniquely; in this way, an 

arc of a circle and its centre point O located on a rotation axis can be obtained. The z axis of the coordinate 

frame assigned to end- effector E is determined by an orthogonal vector of the rotation plane            
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figure1. Basic principle of the measurement method. 

(which contains the arc of the circle). The x axis of frame E is determined by a vector connecting an initial point 

O to a terminal point P1 (Figure 1), and the y axis completes this orthogonal coordinate system. The proposed 

method takes advantage of the high accuracy of available 3D point measuring devices and can be automated; 

thus, the method's application is simple, relatively fast, and simple to set up. It also does not employ any 

specialized tools that incur additional manufacturing costs or necessitate calibration. The measurement accuracy 

of the method is evaluated by comparing the deviation between two fixed frames E and E' on the robot end-

effector, where frame E is computed by the proposed method and frame E' is obtained by robot forward 

kinematics. The proposed method's accuracy is evaluated using simulation on a Puma robot and demonstrated 

using experimental calibration on a Hyundai HA-06 robot. 

In Section 2, the principles of the measurement method are presented and the plane and center points of rotation 
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are identified. Section 2 presents an evaluation of the measurement accuracy of the method via a simulation on 

Puma robot, while Section 2 presents experimental calibration results for an HA-06 robot with full-pose 

measurements obtained by the proposed method. Section 3 presents our conclusions. 

1.1 Principle of the Measurement Method 

The proposed measurement method must determine two features: the rotation axis of the last robot joint and 

rotation centre for the acquired position, and the orientation of the robot end-effector (i.e., coordinate frame E) 

at each robot configuration. The measurement method's fundamental principle is specified in three steps (Figure 

1).  

1.2Application of the Measurement Method in Practical Calibration 

We must first measure the position and orientation of the robot end-effector in order to identify robot kinematic 

errors. The proposed measurement method was used in an experimental calibration for a Hyundai HA-06 robot 

in this study.  

1.2.1 Kinematic Model of the HA-06 Robot 

The nominal model of the HA-06 robot was established by using the D-H convention [21]. Theframes are 

assigned from the robot base to the end-effector as in Figure. 

 

 

 

 

  

 

 

Figure 3.Schematic ofrobotHA-06andattachedlinkframes. 

Table 1. Absolute position and orientation accuracy of the robot over these to f56robotposes Q1. 

 Mean 

Value 

Std. Max. Value 

Absolute position accuracy[mm] 
Before Cal. 3.6573 1.5509

0 

7.0433 

After Cal. 0.12933 0.0661

8 

0.32229 

Absolute orientation accuracy about 

xaxis:αEuler angle[deg] 

Before Cal. 0.33022 0.1844

1 

0.86927 

After Cal. 0.00864 0.0059

3 

0.02649 

Absolute orientation accuracy about 

yaxis:βEuler angle[deg] 

Before Cal. 0.67187 0.3682

9 

1.4892 

after Cal. 0.01658 0.0116

4 

0.0470 

Absolute orientation accuracy about Before Cal. 1.4004 0.2213 1.7003 
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zaxis:γEuler angle[deg] 3 

after Cal. 0.01286 0.0096

2 

0.0452 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 A. Robot position accuracy before calibration (poseset Q1) .B. Robot position accuracy after 

calibration (posesetQ1). 

 

 

 

 

 

 

 

 

 

 

Figure5.Robot’s absolute position accuracy before and after calibration(posesetQ1). 

 

 

 

 

 

 

 

 

 

Figure 6 (A)Robot orientation accuracy before calibration(poseset Q1). (B)Robot orientation accuracy after 

calibraton (posesetQ1). 
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Figure7.Robot position accuracy(validation, poseset Q2). 

 

 

Figure 8. Robot orientation accuracy(validation,posesetQ2). 

 

 Figure9.Robot’sabsolute position accuracy (validation, pose setQ2). 

 

 

 

 

 

 

Figure10 . Absolute position accuracy at calibration posesQ1 and validation poses Q2 

CONCLUSION 

This paper proposes a new method for the full pose measurement of an end-effector for robot kinematic 

calibration. Full pose measurements could be obtained by analyzing the features of a set of target points 

(designated on a robot end- effector ) on an arc of a circle, such as an orthogonal vector of a rotation plane 

and a rotation center. These points are measured by using external point sensing devices. This method 

benefits from the accuracy of available point measurement devices, such as Laser Tracker. The 

measurement procedure is simple, fast, easy to set up, and can be automated. It also does not use any special 

apparatus with an arrangement of intermediate measured points; therefore, no additional manufacturing 
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costs or pre-calibration steps are required. 
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