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Abstract

To address the engineering challenges faced by traditional industrial robots, such as high manufac-
turing costs of physical prototypes, long cycle times for kinematics verification, and the inability to
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effectively prevent singular points and collision risks, this paper selects a six-axis serial industrial
robot as the research case and proposes a full-process digital modeling method based on the Sim-
Real intelligent manufacturing virtual simulation platform. The method follows the workflow of
“CAD import—coordinate system calibration—template matching—parameter calibration”. Multi-
dimensional verifications, including forward/inverse kinematics solution, reachable workspace
analysis, and motion smoothness evaluation, are conducted to achieve high-precision motion con-
sistency between the virtual model and the physical manipulator. Combined with the platform’s
data acquisition module, key indicators such as joint velocity, time-series response, and trajectory
repeatability are quantitatively analyzed to complete motion cycle optimization and impact sup-
pression. The experimental results show that the motion transmission error of the constructed vir-
tual model is significantly reduced, abnormal jitter and dynamic offset are effectively mitigated, and
the joint response characteristics are highly consistent with the physical robot. The proposed method
enables pre-verification and trajectory optimization of the robot body without a physical prototype,
providing strong support for industrial robot teaching experiments, trajectory planning, and engi-
neering applications.
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Figure 1. Technical roadmap of robot modeling and simulation
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Table 1. Modified DH parameters of six-axis industrial robot
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Figure 2. Experimental process of robot modeling
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Figure 3. 3D reachable workspace of the robot
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Figure 4. Comparison of end position error curves of the robot before and after optimization
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Figure 5. Comparison of joint velocity curves before and after optimization
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