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Efficient Implementation of Non-Linear Model Predictive Control on
an Embedded ECU for Automated Driving in Urban Environments

TEPPEI HIROTSU™ ATSUSHI YOKOYAMAT!

Abstract: In order to realize automated driving in urban environments, we need vehicle motion control which can avoid the
collision against moving obstacles and have a smooth ride. In this paper, we show the vehicle motion control for automated
driving in urban environments and the efficient implementation on an embedded ECU. For the vehicle motion control, we use
Non-linear Model Predictive Control (NLMPC) based on the prediction of the positions of moving obstacles and the motion of
ego-vehicle. In this NLMPC, the evaluation function, which has arguments of control outputs and measures the control
performance such as collision probability and smoothness of the vehicle motion, is designed and the optimization problem for the
evaluation function is solved. The evaluation function is optimized with Avrtificial Bee Colony (ABC) algorithm to gain the
robustness against the non-linearity of the evaluation function and the initial value of the arguments. By using ABC algorithm,
we realized stable vehicle motion control which can avoid collision under the complex conditions where multiple obstacles move
at a time. In addition, we achieved the performance gain of the ABC algorithm to implement the algorithm into the embedded
ECU whose performance is limited. We elaborated the ABC algorithm and found that the calculation of the evaluation function
spends the large potion of the execution time of whole ABC algorithm. Therefore, we developed the dedicated hardware block
with FPGA for the calculation of the evaluation function. Its calculation is parallelized by using multiple hardware blocks.
Finally, we realized 100 millisecond control period on the embedded ECU for the NLMPC based vehicle motion control.
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Figure 1  Problem setting for intersection environment.
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Figure 2 Block diagram of autonomous driving system
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Figure 3  Calculation of collision probability.
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Tablel  Comparison of optimization problem solver.
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Parallelization X O O O

GA: Genetic Algorithms
PSO: Particle Swarm Optimization
ABC: Artificial Bee Colony optimization
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Figure 4  Speed and position of ego-vehicle.
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Table 2  Breakdown of the calculation time.
Function Ratio(%)
Initialization 1.03
ABC Evaluation function 98.92

Update x value 0.04
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Figure 6 Calculation for Hrisk.
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