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help to soften sharp turns and sudden velocity changes, thereby improving trajectory executability and control 
system stability. As for PL, MC-DWA produces a trajectory length of 37.97, which is slightly longer than some 
other methods such as EDWA and pred-DWA, but comparable to classical DWA and fuzzy-DWA. This result 
is closely related to the dual heading guidance mechanism implemented in MC-DWA, which improves the 
stability of the robot’s directional consistency and goal orientation, while reducing oscillations and heading 
deviations. Although the path is a bit longer, this compromise is acceptable, given the substantial gains in safety 
and controllability. In terms of TS, MC-DWA completes the navigation in 380 control cycles, which is slight-
ly higher than classical DWA and fuzzy-DWA, while EDWA is the most time-efficient. Although MC-DWA 
is slightly behind in time efficiency, the smoother and safer trajectories it generates make it more suitable for 
dynamic or high-risk environments, emphasising the balance between control stability and trajectory quality.

Thus, MC-DWA surpasses existing algorithms in several key performance metrics, in particular, in trajectory 
smoothness and obstacle avoidance safety. These improvements stem from its trajectory evaluation mechanism, 
which integrates multi-dimensional control constraints and global guidance strategies. This design effective
ly eliminates the limitations of traditional DWA in trajectory continuity and dynamic feasibility, significantly 
improving the algorithm’s robustness and adaptability in complex dynamic environments and providing a more 
practical and reliable solution for high-quality path planning in real-world applications for mobile robots.

Visualisation. To further provide an intuitive comparison of the path planning performance across different 
environments, the experimental results were visualised. Figure 2, a, and figure 2, b, illustrate the paths generated 
using the proposed MC-DWA algorithm, classical DWA and improved A* algorithm under normal and dense 
obstructed environments, respectively. To avoid visual clutter, only these three representative algorithms were 
selected for comparison.

Fig. 2. Visual comparison using classical DWA algorithms and the global A* algorithm on different maps: 
a – normal environment; b – dense obstructed environment

From the visualisation, it can be seen that under normal conditions, although the classical DWA is able 
to successfully reach the target, its generated path tends to closely follow the boundaries of static obstacles, 
which creates a higher risk of collision. In more difficult environment with dense obstacles the classical DWA 
often fails to complete navigation, which often leads to an interruption of the path or a complete stop of the 
robot due to the lack of effective global guidance and dynamic obstacle avoidance strategies.

In contrast, the proposed MC-DWA successfully completes the navigation task in both environments. Its ge
nerated trajectories ensure good adherence to the global path and constant maintenance of a safe distance from 
surrounding obstacles throughout the motion process (greater than the predefined minimum safety distance), 
demonstrating excellent adaptability to difficult environmental conditions and increased path safety.

Furthermore, figure 3 shows a visual comparison of the proposed algorithm and several representative al-
gorithms in two typical complex environments. The purpose of this experiment is to evaluate the robustness 
and planning capability of each algorithm when solving problems such as long-distance obstacle interferen- 
ce and densely cluttered obstacle fields.


