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Abstract
Robots need to predict and react to human motions to nav-
igate through a crowd without collisions. Many existing
methods decouple prediction from planning, which does not
account for the interaction between robot and human mo-
tions and can lead to the robot getting stuck. We propose
SICNav, a Model Predictive Control (MPC) method that
jointly solves for robot motion and predicted crowd mo-
tion in closed-loop. We model each human in the crowd
to be following an Optimal Reciprocal Collision Avoidance
(ORCA) scheme and embed that model as a constraint in the
robot’s local planner, resulting in a bilevel nonlinear MPC
optimization problem. We use a KKT-reformulation to cast
the bilevel problem as a single level and use a nonlinear
solver to optimize. Our MPC method can influence pedes-
trian motion while explicitly satisfying safety constraints
in a single-robot multi-human environment. We analyze the
performance of SICNav in two simulation environments and
indoor experiments with a real robot to demonstrate safe
robot motion that can influence the surrounding humans.
We also validate the trajectory forecasting performance of
ORCA on a human trajectory dataset.
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