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Abstract

Mazda is taking up the challenge to evolve vehicle performance by utilizing machine learning in addition to
the MBD process that we have continued to work on. What we specifically have done to solve the issues related
to the sensors mounted on the engine is “virtual sensor development” that replaces sensors by predicting
physical quantities with a Neural Network model. This paper introduces the process of developing the Neural
Network model to predict the intake manifold temperature and the turbocharger rotational frequency of a diesel
engine. Additionally, this paper shows how to deal with the situation when the input parameter falls outside the

learning domain, assuming practical applications to vehicles that will be used under a wide variety of conditions.
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Fig. 1T MBD Process in Mazda
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N,: engine speed  Mpegr: high pressure EGR mass flow rate (calc)
e

My: intake mass flow rate (calc)

THy: thermocouple (¢1mm) values of the intake manifold (target)
Py intake manifold pressure (sensor)
0y: 0Xygen concentration in intake manifold (calc)

Fig. 2 System Diagram of SKYACTIV-D 1.8
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Fig. 3 Procedure of Virtual Sensor Development
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Fig. 5 Prediction for Training Data by LSTM
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Fig. 6 Real-Time Prediction by LSTM
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Fig. 7 Prediction for Outside Learning Domain by LSTM
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