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Mathematical Sciences for Self-Driving Car

OIF #HE —BF™Y, T4 73 A R 28R R
Ichiro HAGIWARA™!, Luis DIAGO"! Hiroe ABE""!
T BIIRRY: Meiji University

We considered what kind of mathematical science is necessary for the realization of autonomous driving.
There are common tasks such as high-speed/precision image processing technology and machine learning technology where
causality one is especially important at all levels. For level 3, it is effective to generate models that reproduce the accidents so
far and to make accident avoidance technology using energy optimal control theory. For level 4, the mathematical science is
important which maximizes the number of remote-controlled vehicles per person and for level 5, mathematical science is
important which gives occupants a sense of security By blocking the vibration in the vibration region that affects the ride

comfort.

Key Words : High-speed/precision image processing technology, Energy optimal control theory, Remote-controlled

vehicles, Sense of security, Bistability structure
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Automated Driving Vehicle for Regional Revitalization

&Y, OF
Yoshimi FURUKAWA
UBRTR RS A EhEIS A SR AT Meiji University’s Institute of Autonomous Driving

For the regional revitalization in Japan, Automated Driving Vehicle is developed as the convenient mobility for
elderly people. In this paper, the problems for the realization of Automated Driving services to domestic society are

analyzed and the solutions for the problems are proposed.

Key Words : Automated Driving Srevice, Reginal Revitalization, Safety Assuarance, Bussiness Sustainability, System

Design
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Mobility for elderly driver
(About the Use of ADS technology for elderly mobility)
EFZENFIS NN
EFEENFIS SANE I DA
Yasuhiro SHIRAISHI™

Yasuhiro SHIRAISHI *!, and Jessica RYU *!
OBk ZYm—s3L e 77 & Global Axis Co., Ltd.

Use of Automated Driving technology for elderly driver’s mobility shows possibility to reduce risk of unwilful

acceleration caused by pedal mis operation

Key Words : Automated vehicle, Automated driving, Pedal mis operation, Elderly driver, ADAS,ADS
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Derivation of Energy Optimal Control Law for Autonomous Driving of Hybrid Electric Vehicles
NH 5T, OIF
Hiroshi Uchida™!

"I fEILUKY: Fukuyama University

A method of applying energy optimum control (EOC) when the hybrid electric vehicle performs position control has
been developed. As a method of deriving an optimal control law suitable for position control, we attempted a method of
adding a virtual drive system driven by a position error signal in the model to be controlled, adding its power consumption
to the evaluation function and deriving an optimum control law. In the simulation of the preceding vehicle follow-up,
good trackability was not obtained in the rule-based control (RBC) of the comparison, but good follow-up results were
obtained in the EOC. The engine energy consumption for EOC was only 85.7% of RBC. In the simulation of the target
position stopping, energy consumption was effectively suppressed by the function of the efficiency function of the engine

and the motor in the EOC. As a result, the EOC consumed about 92% of the RBC's engine energy consumption.

Key Words : Hybrid Vehicle, Energy Regeneration, Optimal Control, Energy Flow
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Energy-Based Modeling and Simulation Framework Based on Deep Learning

WE 22", O/ 0 PERG

Takashi MATSUBARA"™!, Takaharu YAGUCHI 2
T RPRAS:  Osaka University
2 K5 Kobe University

In recent years, neural networks have made remarkable progress in various fields. In particular, a method called
Hamiltonian neural network has been developed to construct a model for data that is obtained by observing a phenomenon
considered to follow classical mechanics, while preserving the physical properties of the phenomenon. The method has
been extended in various ways; however, no discrete-time model that preserves energy conservation and dissipation laws
has been proposed. In this study, we propose such a model by combining a method called the discrete gradient method
with deep learning. In general, research on deep learning involves not only building models, but also making predictions
using the models, which in this case corresponds to physical simulation. Therefore, the proposed framework can be used

not only for modeling but also for simulation.

Key Words : Energy Conservation, Energy Dissipation, Hamiltonian Neural Network, Discrete Gradient, Deep Learning
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Causality Neural network for Understanding Situation of Occupants

OF 4 7 3 JuA A" 25 1A, FiJR — AR
Luis DIAGO™, Hiroe ABE"! , Ichiro HAGIWARA™
"L HIVE RS Meiji University

For autonomous car it is also effective to use machine learning. It is important for the machine learning to be
short calculation time and to get smarter with training. And in several cases, it is mandatory to give causality. It is difficult for
CNN(Convolutional neural network) which leads the 3™ Al boom to get smarter with training because it has long calculation
time. HNN(Holographic neural network) is the one that meats these requirements. Here it is compared the original Sutherland’s
with the modified Hagiwara et al ‘s and it is shown that the latter is better without overfitting peculiar to neural network.

Moreover, some examples are shown.

Key Words - Holographic neural network, Overfitting, Moore-Penrose pseudoinverse, Convolutional neural network,

Penalty coefficient
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Brain waves, Facial expression
(a) Data acquisition module (b) Analysis module

6 Basic Facial Expressions

Fig.1 Neuroface Lab Architecture Fig.2 Comparison between facial expressions
extractedin real time and brain waves of plural persons
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Cooperative Control Usage Example
OIE 2 k™, 7473 A R, FIRE —Rp™
Hiroe ABE™ , Luis DIAGO™, Ichiro HAGIWARA™!
BB RS Meiji University

While proceeding with the examination of Level 3, we came to think that the concept of cooperative control is effective for
Level 3. In Level 3, when the system cannot stand, the driver receives Request to Intervene(Rtl) from the system. This will be
only possible if the system itself understands why it requests Rt to the driver and the system can the driver what to do.
Before that, it is important to grasp the degree of concentration from the driver's facial expression. To gain cooperative
control and thus for Level 3 success, Here it is described the examination of grasping the degree of concentration from facial
expressions

Key Words - Level 3 autonomous car, Request to intervene, Degree of concentration, Facial expression, Regional

revitalization, Driver monitoring system, Brain waves, Face monitering
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