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Abstract: This paper proposes a robot manipulator and hand—eye kinematic calibration method using an RGB camera attached to an
end effector. For in-hand configuration, sensing objects with the camera allows for simultaneous kinematic calibration of the
manipulator and hand—eye calibration, which is more effective than performing them separately. Thus, the camera measures the
chessboard’s 2D corners at different robot arm postures. These corners are reprojected to all images, and a calibration is performed
with a bundle adjustment method by reducing 2D reprojection errors. Additionally, the chessboard is placed at multiple positions so
that the manipulator can have any posture without limitation. The transformation between chessboard positions is included in the
optimization process. This method is validated through exploratory experiments, with results compared to a laser tracker,

demonstrating its effectiveness.
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Table 1. Performance comparison between only Hand-Eye calibration

and Whole (Hand-eye + Arm) calibration.

Only Hand-eye | Hand eye+Arm
calibration calibration
2D error (px) 9.15+4.51 0.76 £ 0.46
3D error (mm) 7.39+3.18 0.64 + 0.38
2D RMSE (px) 10.20 0.89
3D RMSE (mm) 8.05 0.73
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Fig. 5. Projection of chessboard corners into 3D space.
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Table 2. Performance comparison between using RGB-D images
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Table 4. Performance based on the number of parameters and

optimization time.
Small Medium Full
2D error (px) 1.30 1.07 0.76
+0.81 +0.79 +0.46
3D error (mm) 1.35 1.32 0.64
+0.73 +0.73 +0.38
2D RMSE (px) 1.54 1.40 0.89
3D RMSE (mm) 1.65 1.51 0.73
Opt. Time of 38 o 30+ ok 10A)7F
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Fig. 6. The experimental setting for the real robot.
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Fig. 7. The experimental result of using the real robot.
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