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[Abstract] Nonlinear Model Predictive Control (NMPC) method—based motion control has attracted considerable
attention in the field of autonomous driving. However, the steady-state error problem has not been comprehensively
investigated, especially for nonlinear MPC. This paper seeks to solve the steady—state error problem based on Offset-Free
NMPC (OF-NMPC) with a lateral-longitudinal coupling structure. The proposed OF-NMPC uses an Unscented Kalman Filter
(UKF) to observe the states and disturbances and incorporates them into the prediction model and reference calculation to
eliminate the steady—state error. One of the challenges of OF-NMPC is the need to use optimization methods to obtain
reference values, which will obviously increase the considerable computational burden. Based on the appropriate
simplification, we get the reference analytical solution without solving nonlinear optimization problems online in real-time.
Simulation and real vehicle experiments show that the proposed OF-NMPC can effectively eliminate the steady—state error and
improve the system’s dynamic performance.
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