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Abstract: Aiming at the working characteristics of the end-effector of the gantry robot with only three translational
degrees of freedom, a method for calibrating the point cloud coordinate system of the 3D vision sensor and the tool
coordinate system of the robot actuator is designed, on the basis of the traditional two-step method of hand-eye
calibration. In this method, only three calibration target pictures and three sets of point clouds are collected by two
orthogonal translation movements of the robot, the rotation matrix and translation vector of the hand-eye relationship
can be calibrated by measuring the base coordinates of mark points on the target through the TCP contact of the
actuator. The method is simple to operate, and the calibration target is easy to make with low cost. The XINJE gantry
robot and 3D vision sensor of structured light was used to build an experimental platform for experiments. The
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results show that the method has good stability and is suitable for field calibration, with calibration accuracy within

+0.2 mm.

Keywords: vision guidance; hand-eye calibration; gantry robot; 3D vision sensor; point cloud
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Fig. 1 Schematic diagram of the robot hand-eye vision system
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Fig. 2 Schematic diagram of contact measurement
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Fig. 3 Schematic diagram of sub-pixel interpolation ratio
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Table 1  Calibration results under different interference amounts
T AL E X 4 3 4 1 3 4 1 2 3 4
N X+0.5 X+0.5 X+0.5
T E/mm Y +1 X-1 Y+1 V+0.5 Y-1 X+1 V+0.5 71 Y-1 X+1
0.99989  0.01180  -0.00902
cTRFRELE R 0.01012  -0.99992  -0.00769
-0.00911  0.00760  -0.99993
114.1502 114.1451 114.1268 114.1495 114.6041
cTThRESLs R -218.4688 -218.4568 -218.4495 -218.4418 -217.9572
54.2915 54.3208 54.2906 54.2698 54.3115
0 0.0051 0.0234 0.0007 -0.4539
T SIE R
0 -0.0120 - -0.0270 -0.5116
SRR 0.0193
0 -0.0293 0.0009 0.0217 -0.0200
FLISA T /ms 3 4 2 P 5
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Schematic diagram of the robot hand-eye vision system

Overview: The gantry robot's actuator only has three translational degrees of freedom, which makes it impossible to
operate the linkage between the camera and the actuator to rotate, so that the calibration information of different
shooting angles cannot be obtained in the hand-eye calibration. In this paper, we improve the two-step calibration
method of Tsai and design a new solution. In the first step of the proposed method, the robot actuator is operated for
two orthogonal translational motions, and the matrix of hand-eye relationship can be calculated, according to the robot
motion parameters and the data of the visual sensor. In the second step, the actuator is operated for contact measure-
ment, and the base coordinates of at least one mark point on the calibration plate are measured by the TCP of the robot,
which can calculate the translation vector of hand-eye relationship combined with the rotation matrix got by the first
step, thus acquiring the complete hand-eye matrix. In this paper, a 3D structured light measuring instrument is used as
the vision sensor. We introduce in detail the method of obtaining calibration data from the 3D vision sensor and use an
interpolation method based on area ratio to calculate the exact correspondence between 2D image pixels and 3D point
cloud coordinates. An effective optimization method is adopted to suppress the possible interference of industrial cali-
bration. This method only needs to use the printed 2D calibration plate, which reduces the cost of calibration. At the
same time, we give the image of the calibration plate. XINJE gantry robot and structured light 3D vision sensor were
used to build the experimental platform for the real experiment. We sampled 16 test points and compared the absolute
errors of the test points with the interpolation method or the weighted optimization method, and the experimental re-
sults show that the interpolation method can improve the precision, and the weighted optimization method can im-
prove the anti-interference performance. When we use both optimization methods, the average absolute error of 16 test
points is 0.119 mm and the maximum absolute error is 0.174 mm, indicating that this method meets the welding pro-
cess requirements of industrial robots. To sum up, the method in this paper has the advantages of simple teaching, high
precision, and applicability for field calibration. It provides useful ideas for hand-eye calibration of robots with limited
degree of freedom and calibration of robots with 3D vision sensors.
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