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Fig. 3. Visual comparison using different DWA algorithms in complex environments: 
a – environment with a distant obstacle; b – environment with densely distributed obstacles

As shown in fig. 3, a, the scenario involves a distant obstacle that creates a critical impediment to the planned 
path. The results demonstrate that, except MC-DWA, all other algorithms fail to navigate around the obstacle and 
eventually become stuck. Further analysis reveals that this problem is primarily related to the lack of effective 
target-oriented guidance, causing traditional algorithms to lose directional cues near the obstacle. In contrast, 
MC-DWA uses an exponential attraction mechanism in trajectory estimation, which enhances the goal-directed 
driving force while maintaining safety, allowing the robot to traverse complex terrain and move smoothly toward 
the target. Figure 3, b, shows an extremely complex environment consisting of densely distributed obstacles. 
In this scenario classical DWA and other improved methods are generally limited by local information and tend 
to fall into local minima, halting progress. However, MC-DWA introduces a global path keeping constraint, 
which allows for better alignment of local planning with global navigation objectives. This mechanism allows 
the robot to avoid local traps and successfully reach the goal. Throughout the entire process, the generated path 
maintains safe distances from obstacles, while demonstrating good continuity and dynamic stability.

Figure 4 illustrates the dynamic behaviour of various path planning algorithms during execution. The left part 
of the fig. 4 shows the trajectory followed by each method, demonstrating their obstacle avoidance performance 
and convergence behaviour near the goal. The right part depicts the time-series variations of linear and angular 
velocities throughout the planning process, which serve to assess motion continuity and control smoothness.

Fig. 4. Dynamic behaviour of various path planning algorithms during execution: a – comparison  
of path planning algorithms; b – visualisation of changes in linear and angular speed during the planning process


