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Global path adherence constraint. To solve the problem in classical DWA, where local path planning 
may deviate significantly from the global reference path, which causes the robot to fall into local minima, 
we are introducing a global path adherence constraint. Specifically, let the global path generated by a global  
planner (e. g., A*) be denoted as P P P PLglobal � � �1 2, , , ,  where each P x yi i i� � �,  represents a waypoint on 
the global path. At each control cycle the algorithm first identifies the index i* of the global path point closest 
to the robot’s current position X x yc c c� � �, . A local segment Plocal of the global path is selected, consisting of M 
consecutive nodes starting from Pglobal. Then given the predicted trajectory consisting of T points, denoted as 
T t t tNpred � � �1 2, , , ,  the path adherence metric is defined as the maximum deviation between the predicted 
trajectory and the selected local global path segment. The calculation process is described in equations
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Here ⋅
2
 indicates L2 distance (Euclidean distance). By focusing on path consistency within the local range and  

avoiding interference of distant path points in the local evaluation, the accuracy and stability of the local tra
jectory can be significantly improved.

Trajectory smoothness and dynamic stability control. In classical DWA the lack of temporal continuity 
in decision-making often leads to abrupt changes in velocity and steering, resulting in trajectories intermittent 
and unstable robot motion [4]. To solve this problem, MC-DWA introduces a penalty term based on the va
riation in motion state from the previous time step during candidate velocity selection. In addition, MC-DWA 
enhances the trajectory evaluation function by incorporating constraints on trajectory curvature variation and 
jerk (i. e., the rate of change of acceleration), optimising trajectory smoothness and dynamic stability from both 
spatial and dynamic perspectives. Specifically, the curvature variation is defined as the average absolute se
cond-order difference of consecutive trajectory points in the lateral direction, serves as a lightweight yet highly 
effective heuristic proxy for lateral oscillation:
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where ε is a small constant to prevent division by zero. This expression captures the local bending intensity 
of the trajectory. Furthermore, jerk metrics, which are introduced for both linear and angular velocities to sup-
press control shocks during execution, can be calculated as follows:
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Fig. 1. Illustration of orientation consistency angles


