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Abstract : In recent years, studies on natural behavior planning for autonomous vehicles have been popular in both the
academia and the industry. This study proposes receding-horizon control, framework-based vehicle speed planning. Using a
sufficiently long prediction horizon, our approach is aimed at a smoothed velocity trajectory, reducing the entire trip time by
passing the traffic light properly. Moreover, the proposed method mimics a human driver naturally in terms of driving styles
(i.e., conservative, general, and aggressive behaviors). In the view of the social norm, the planned speed from our approach
sometimes exceeds the specified speed limit, but it does not violate strict traffic rules. In this manner, the controlled,
connected, and automated vehicle behaves as human drivers do in their daily driving. Specifically, we impose a slack variable
to the proposed control framework when upcoming traffic information is available, so that the vehicle can pass the traffic
signal at the yellow light phase. By relaxing state constraints, the test results in this paper show a reduction in trip time and
fuel consumption.

Key words : Deviant behavior($] ¥} 8-5), Social norm(A}3] 4 1), Signal phase and timing(21 35 9173 2 A1),
Model predictive control( =2 <= #|©]), Connected and automated vehicle($1 2 ¥ &858 2} 2)

Nomenclature Au : incremental control input of system
K : vehicle position, m ¢ + slack variable
v : longitudinal vehicle velocity, m/s
a, : longitudinal vehicle acceleration, mls® Subscripts
A, B, C, D :state-space system matrices d : discretized state-space matrix
x : state variable T : transposed
y : output variables 0 : first order element
u : control input k : K™ time step
O, R P, K u: gain matrices N : N" order element
XU : augmented state and control input vector min : minimum constraint
e : error max : maximum constraint
r : set-point signal mpc : calculated from controller
E : state-space matrix for error term X : augmented value
z : augmented states of system * : optimal value
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