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Analysis of calibration error propagation in the kinematic chain of a

six-DOF robotic manipulator’s end-effector pose
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Abstract: To study the nonlinear impact of calibration errors on the positioning accuracy of a robot’s end-effector, a
linkage analysis of end-effector pose calibration errors for a six-degree-of-freedom robot was conducted. Using the modi-
fied Denavit-Hartenberg model (MDH) constraints, a kinematic parameter model for a six-degree-of-freedom robot was es-
tablished to analyze the spatial geometric relationships of the end-effector’s pose transformation. The sources of robot cali-
bration errors were examined, and the functional relationships between the coordinate systems of the measurement system
were derived. Based on this, a calibration error propagation model for the robot’s end-effector pose was constructed. A
calibration system for a six-degree-of-freedom robot was set up to conduct experiments. Experimental results indicate that
the primary sources of calibration error in robotic end-effector positioning include link length errors, joint offset errors,
joint twist angle errors, and zero-position errors. The combined calibration error was measured as 2.66 mm, with relative

uncertainties in the «, y, and z directions of 0.09%, 0.37% and 0.46% respectively. The research findings provide techni-
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cal references for achieving precise positioning control of the robot’s end-effector.
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Fig.1 Structural diagram of the manipulator’s zero position state
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Fig.2  Overall workflow diagram
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Fig.3 Measurement system diagram
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Tab.1 DH parameter calibration results
e A6/(") Ad/mm  Aa/mm  Aa,_ /(") B/(")
1 -1.514 -0.343 -0.014 -120.240
2 -0.155 -0.343 0.004 -174.960
3 0.303 -0.343 -0.006 -63.000 -0.127
4 0.159 0.166 -0.002  -14.400 -0.002
5 0.031 0.7733  -0.0017 78.840
6 -0.508 0.2411 0.640 4 1.080
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Tab.2  Evaluation of the uncertainty in end-effector position

AhRl RO B AFAE /mm RSO B AL X/ mm ARMEATE R /mm P RATEE /mm AN B %
x 748.714 (747.725, 749.685) 0.28 0.67 0.09
y 325.056 (323.494, 327.101) 0.49 1.21 0.37
z 329.829 (328.625, 331.035) 0.61 1.50 0.46
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