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Abstract

In high-precision robot tasks, traditional trajectory optimization methods mainly rely on integer or-
der calculus models, which have inherent limitations in accurately capturing and optimizing the in-
herent nonlinear dynamic characteristics and long-term memory effects of trajectories. To break
through this performance limit, this paper proposes a novel trajectory optimization framework that
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integrates fractional calculus theory. This framework constructs a composite objective function that
innovatively incorporates fractional norm and fractional derivative for smoothness, and is solved us-
ing the fmincon optimizer. To comprehensively verify its effectiveness, the proposed method, Compo-
site Fractional Objective for Trajectory Optimization (CFOTO), was rigorously benchmarked against
three classic and cutting-edge trajectory planning methods in published literature. The results in-
dicate that our method not only achieved top-notch comprehensive performance scores, but also
demonstrated comprehensive superiority in trajectory smoothness and algorithm convergence
speed.
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Figure 1. Simplified 3D model of drilling arm
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Figure 2. Drilling arm link rod coordinate system
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Table 1. List of drilling arm parameters

=1 BB

e ai-1 0i-1 di 0 AR B
1 0 0° 0 o —35°~35°
2 80 90° 0 6> —50°~50°
3 60 90° ds 0° 1549~2989
4 0 -90 330 04 —35°~35°
5 0 90° 0 0s —50°~50°
6 252 90° ds 0° 1200~2700
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Figure 3. The overall framework of Composite Fractional Objective for Trajectory Optimization (CFOTO)
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Figure 4. Analysis of the theoretical optimal fractional order a
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Figure 5. Rankings of various metrics
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Table 2. Cost component comparison analysis

2. BALARLER ST LA AR

A B SPTP RTJ-PCO PSO CFOTO
Workspace 15.23 13.45 12.34 11.23
Velocity 12.45 10.23 9.12 7.89
Smoothness 8.67 7.89 6.78 5.45
Jerk 4.32 3.45 3.12 2.98
Total 40.67 35.02 31.36 27.55
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Figure 6. Trajectory smoothness comparison
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