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Feasible Trajectory Generation for Autonomous Vehicles

Based on Quartic Bézier Curve

CHEN Cheng'? HE Yu-Qing' BU Chun-Guang' HAN Jian-Da'

Abstract For practical autonomous vehicles, the generated trajectories should ensure the feasibility imposed by kine-
matic, dynamic and actuation. To generate a locally feasible trajectory from the initial state to the target state, a
trajectory generation algorithm based on quartic Bézier curve is proposed. Firstly, the original problem is decomposed
into shaping the trajectory and executing the shape. To satisfy the kinematic constraints, initial state and target state
constraints and continuous curvature constraint, a quartic Bézier curve defined by 3 parameters is adopted to shape the
trajectory. To further ensure the feasibility of steering, optimization is utilized to resolve a set of parameters to generate a
trajectory that has a minimum curvature change. For velocity generation, an interval of executing time is firstly generated
to ensure a continuous velocity, continuous acceleration, bounded acceleration and side-slip avoidance at the target state.
Then, the executing time that could avoid side-slip at every point is resolved by adjusting the time. Finally, the executing
velocity of the trajectory at each point is generated based on the executing time. To verify the algorithm, trajectory
generation based on real environment data and simulations on search space generation, driving on road and path tracking

are conducted.
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Fig.1 Front wheel steering model
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Fig.2 Quartic Bézier curve example
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Fig.4 Trajectory search space generation (Front wheel steering angles are: (a) —21.6036°; (b) 0°; (c) 21.6036°.)
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g il A TR 1) £ AT (55) SFEA () BUTFERT (s) FIEA (IK) THIFERT (s)
—0.15 —21.6036° 102 54815 20.951 522 0.200
0.0 0.0° 102 87349 34.096 832 0.325
0.15 21.6036° 102 56 268 22.320 536 0.213
One-step trajectory gencration
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Fig.5 Histogram of iterations and time consumed to

generate the search space
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Fig.6 One-step trajectory to keep and change lane
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Three-step trajectory generation
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Fig.7 Three-step trajectory to keep and change lane

One-step trajectory curvaure on distance travelled
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Fig.8 One-step trajectory curvature changes with

respect to distance travelled
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Table2 Iterations and time consumed to generate

one-step trajectory

ik 0-1 0-2 0-3 0-4 0-5 0-6

B (K) 641 223 205 1000 1002 1000

KN (ms) 227 75 73 366 362 375
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Three-step trajectory curvature on distance travelled
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Fig.9 Three-step trajectory curvature with respect to

distance travelled
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Table3 Iterations and time consumed to generate

three-step trajectory

E7/RUS 0-1-2-3 0-1-2-6 0-1-5-3 0-1-5-6 0-4-2-3 0-4-2-6 0-4-5-3 0-4-5-6
AR (K) 560 2113 1240 1370 504 1052 1098 597
FEWS (ms) 221 790 453 507 192 368 414 217
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Fig.10 Path tracking simulation
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Fig.11 Curvature and front wheel steering angle changes
in path tracking simulation ((a) Curvature change with
respect to distance travelled; (b) Front wheel steering

angle with respect to distance travelled)
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Fig.12 Velocity and acceleration changes in path
tracking simulation ((a) Velocity and maximum allowed
velocity change with respect to distance travelled; (b)
Velocity change with respect to time; (c) Acceleration

change with respect to time)
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Fig. 13 Scene 1 and corresponding point cloud model
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Fig.14 Elevation grids of Scene 1 and

generated trajectories
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Fig. 15 Scene 2 and corresponding point cloud model
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generated trajectories
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