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Abstract: This paper presents Continuous-time Conflict-Based Search with Velocity Profile and Rotation Cost (CCBS-VP-RC) for
multi-agent path finding under kinematic constraints. Continuous-time Conflict-Based Search (CCBS) is a two-level algorithm that
resolves agent conflicts through constraint generation in continuous time domains. However, CCBS does not consider real-world
kinematic constraints such as velocity profiles, angular velocity limits, or a rotation cost matrix for differential drive robots. The
rotation cost matrix precomputes the rotation time for all heading transitions, enabling efficient cost retrieval during path planning.
The CCBS-VP-RC integrates velocity profiles with rotation costs to generate physically feasible trajectories that satisfy kinematic
bounds. Simulations were conducted on grid-based environments with varying obstacle densities and agent populations. Compared to
traditional Multi-Agent Path Finding (MAPF) algorithms, the CCBS-VP-RC has slightly longer makespan and flowtime due to
kinematic constraints. Nevertheless, the proposed method achieves higher success rates in complex environments, demonstrating its
effectiveness for practical multi-robot systems operating under real-world kinematic constraints.
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Fig. 1. Comparison of the theoretical CCBS time cost and the time costs incorporating kinematic constraints (velocity profile and rotation cost) for
the same path (Start—Turn—Goal). (a) Theoretical CCBS time cost. (b) Integrated time cost considering velocity profile (VP). (c)
Integrated time cost considering rotation cost (RC). (d) Integrated time cost considering both VP and RC.
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Algorithm 1: Velocity Profile Temporal Cost

Input: Sgpart, Sgoal: start and goal states of an agent
c: Euclidean distance between sgpart and sgoal
at,a: acceleration and deceleration (a* = a™)
st distance needed to reach vy with a™
Output: g(sgea1): updated cumulative cost of sggal
if ¢ > 2s} then

trapezmdal case < area of trapezoid:
tiotal < T+ +tonae + ta-

else

triangular case + area of triangle:

ftol al < 2‘u* T fu’

.{](sgm\l) £ (]( Sst: u() + f(ulal

return g(sgoal)
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Table 1. 8-Direction Rotation Cost Matrix (Unit: steps).

trot(1,) | 0) 1(7)| 2(1) | 3(N)| 4| 5()| 6()) | 7(Y)
0 00| 05| 10| 15| 20| 15| 10| 05
1 05] 00| 05 1.0} 15| 20| 15| 10
2 1.0 05] 00| 05| 10| 15| 20| 15
3 1.5 10 05 00| 05| 10| 15| 20
4 20| 15| 1.0 05 00| 05| 10| 15
5 1.5/ 20 15 1.0f 05 00| 05| 1.0
6 1.0 15] 20 15| 10| 05| 00| 05
7 05 10| 15| 20| 15| 10| 05| 00
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Fig. 3. Obstacle configurations of Sparse, Medium, and Dense 16 >< 16 environments.
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