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Special session: 
SICE-JSAE-AIMaP Advanced Automotive Control and Mathematics

            Organizer:
                 Taketochi Kawabe (Kyusyu University, SICE-JSAE Automotive Control and Modeling) 
                 Yoshihiro Mizoguchi (Kyusyu University, AIMaP)
            Co-organizer
                 Junichi Kako (Toyota Motor Cooperation) 
                 Masakazu Mukai (Kogakuin University) 
                 Yuji Yasui (Honda R&D Co., Ltd.)

Background
    The automotive industry is currently undergoing a once in a century transformation aimed at reducing 
traffic accidents, realizing carbon neutral society and providing new values of movement. Because the au-
tomotive technologies have to be significantly evolved in order to meet new requirements such as carbon 
neutral, CASE, etc., the expectation for AI (artificial intelligence), machine learning, advanced control, 
optimization and mathematics has been increased year by year. Consequently, SICE-JSAE Automotive 
Control and Modeling Technical Committee established by SICE (The Society of Instrument and Control 
Engineer) and JSAE (Society of Automotive Engineers of Japan, Inc.) has conducted various activities with 
AIMaP (Advanced Innovation powered by Mathematics Platform). In this special session, the collabora-
tion of latest automotive technology and mathematics will be introduced and discussed.

Program
SICE-JSAE-AIMaP Advanced Automotive Control and Mathematics I

            Chair: Taketochi Kawabe (Kyusyu University) 
    8th September 2021 (Wednesday)
    14:15-14:45 (30min) “Efficient Lightweight Solvers for Real-Time Embedded Nonlinear MPC”
    Andreas Themelis (Kyusyu University)
    14:45-15:15 (30min) “Application of Energy Optimal Control to Hybrid Electric Vehicle”
   Hiroshi Uchida (Fukuyama University)
    15:15-15:45 (30min) “Research of the Optimization Methodology for Advanced Powertrain Control 2”
   Masato Hayasaka (Toyota Motor Corporation)

SICE-JSAE-AIMaP Advanced Automotive Control and Mathematics II
            Chair: Yoshihiro Mizoguchi (Kyusyu University) 
    8th September 2021 (Wednesday)
    16:00-16:30 (30min) “ Expectations for Mathematical Science Researchers in the Field of Autonomous 

Driving Technology”
   Ichiro Hagiwara (Meiji University)
    16:30-17:00 (30min) “Topological Methods for Causal Inference from Time-Series Data”
   Shizuo Kaji (Kyusyu University)
    17:00-17:30 (30min) “Automated Driving and Driving Assistance Systems Using Cooperative Intelligence”
   Yuji Yasui (Honda R&D Co., Ltd.)
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Speaker and Presentation Information

Andreas Themelis

Associate Professor
Kyusyu University

Presentation title: 
Efficient Lightweight Solvers for Real-Time Embedded Nonlinear MPC

Abstract: 
Model predictive control (MPC) has become a popular strategy to implement feedback control loops for a 
variety of systems. Since most systems are nonlinear by nature, nonlinear MPC offers a more accurate 
modeling, but it leads to nonconvex and much more complicated problems that need to be solved at every 
sampling step. In “embedded” applications such as autonomous driving, the resulting problems easily be-
come of large scale and the sampling time can be as low as few milliseconds, thus imposing an imperative 
demand for algorithmic speed and efficiency. In this talk we show how the scalability properties of “proxi-
mal algorithms” can conveniently be employed to design certifiable, fast, and lightweight algorithms per-
fectly suited for embedded applications.

Hiroshi Uchida

Professor
Fukuyama University

Presentation title: 
Application of Energy Optimal Control to Hybrid Electric Vehicle

Abstract: 
The stability of energy optimal control (EOC) when the hybrid electric vehicle performs self-driving with 
speed control is verified by simulation and numerical calculation. As for the effects of the dead time of ac-
celeration and velocity feedback, simulation that add dead time stepwise to both feedback results in negli-
gible control error even if the dead time up to 40 ms (equivalent to 4 cycles of control loop) is given. As for 
the convergence of control, since the necessary and sufficient condition for the solution of the Euler-Pois-
son equation gives the minimum value of the evaluation function is that the second variation of the evalu-
ation function is positive, the second variation of the evaluation function for both control law of engine and 
motor are calculated. As a result, it was shown that the engine control law is positive over the whole op-
eration area on the torque-angular velocity plane, and it is the optimum solution over the whole operation 
area. Regarding the motor control law, although a part of the locus passes through the negative region, most 
of it exist within the positive region, indicating that the motor operated generally under the condition that 
the evaluation function had a minimum value.
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Masato Hayasaka

Project Manager
Toyota Motor Cooperation

Presentation title: 
Research of the Optimization Methodology for Advanced Powertrain  
Control 2

Abstract: 
Vehicle powertrain systems tend to be electrified in order to achieve carbon neutral. And development and 
the choice of various systems are necessary to meet different economic environment and energy policy, 
industrial policy and the needs of the customer every country, area. For advanced powertrain planning, we 
have to choose the best powertrain system from among many candidates expected by evaluating their po-
tential correctly. Recent years, it has been clarified that some optimization methodologies are effective for 
potential evaluation of powertrain systems by obtaining optimal input time trajectory without any tailored 
controller. In this study, existing optimization methodology is improved to have wider coverage of pow-
ertrain system configurations. With proposed optimization methodology, the best input time trace is suc-
cessfully achieved for fuel economy optimization of  parallel-hybrid system.

Ichiro Hagiwara

Distinguished professor emeritus
Meiji University 

Presentation title: 
Expectations for Mathematical Science Researchers in the Field of Autonomous 
Driving Technology

Abstract: 
Cars are now so popular that even from the general public, you can see what is being actively researched 
and developed now in the automobile industry. That is exactly the self-driving. Recently level 3 car was 
released where the system is responsible for driving until the system becomes difficult to drive. And at that 
time , the system entrusts driving to the driver. In this case the driver must keep getting more nervous than 
driving himself although it should be automatic driving for relaxation which gives the birth to the public 
opinion that level 3 is difficult in the first place. To realize the level 3 that should be, the system must ex-
plain the driver what and how the driver should do which necessitates to be installed causal machine learn-
ing system on the self-driving car.
 It is expected to achieve level 4 quickly for regional revitalization where the self-driving is limited location 
and time. For level 4, remote monitoring system is used in such way that it can be easily monitored multiple 
self-driving cars by one person because one of the biggest expectations for the self-driving is to carry out 
transportation infrastructure with a small number of people.  It also necessitates the causal machine learn-
ing and high-speed, high-precision image processing technology for this remote monitoring system. 
As far as level 5, there is a problem “Safe but not relief” which requests technologies to achieve a higher 
level of ride quality. Among these technologies, it can be listed up origami engineering for realizing vibra-
tion isolation in the frequency band that affects ride comfort and generalization of energy control method 
for real time optimal control method. And also it is expected relief can be unraveled from deep mathemati-
cal point of view. The lecture will focus on the above. 
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Shizuo Kaji

Professor
Institute of Mathematics for Industry, Kyushu University 

Presentation title:
Topological Methods for Causal Inference from Time-Series Data

Abstract:
The real world consists of a lot of inter-related systems that evolve over time. Understanding and modelling 
such relations is the main topic of (data) science. Given two systems, detecting causality between them is 
an important task. It is particularly difficult when we cannot intervene in the systems but can only observe 
their behaviours. In this talk, we give an overview of causal inference from observed data. There are 
mainly two approaches in causal inference that differ in the fundamental assumption for the system; deter-
ministic or probabilistic. We mainly focus on the former case. We discuss the idea of topological methods, 
including the widely-used “convergent cross mapping (CCM)” and its variants, that do not require the un-
derlying model identification and are applicable to complex non-linear systems.

Yuji Yasui

Executive Chief Engineer Honda R&D Co. Ltd
Innovative Research Excellence

Presentation title:
Automated Driving and Driving Assistance Systems Using Cooperative Intel-
ligence

Abstract:
Honda has developed advanced driving assistance and automated driving vehicles (hereafter, AD/ADAS 
vehicle) in order to realize
“collision-free society” and to provide many people “joy and freedom of mobility. The vehicles with auto-
mation functions were released as driving support system for highway, and its autonomous level has been 
updated from Level2 to Level3 step by step while keeping wide operational design domain (ODD). How-
ever, there was huge technical gaps between Level2 and Level3. Honda released the AD/ADAS vehicle 
equipped with Level3 function for traffic jam situation on highway. In this session, how Honda broke the 
technical gaps through will be introduced. The level3 automated driving cannot be realized by only the 
application of AI (Artificial Intelligence), machine learning, and advanced control technologies.
Moreover, there are many tough subjects when the driving areas for automation functions are expanded 
from highway to city roads. The AD/ADAS vehicle has to coexist with other traffic participants in city ar-
eas. Of course, it has to avoid collision with them, even if it goes through congestion areas. However, if it 
indicates only passive movements following other traffic participants, it falls into dead-rock situation (con-
tinuous stop situation). The AD/ADAS vehicle has to become significantly smarter than current one in or-
der to avoid the dead-rock situation by indicating cooperative behavior like a human. Honda expects AI and 
machine learning technology in order to realize the cooperative behavior of automated vehicles, and calls 
them “Cooperative intelligence: CI.” Honda’s latest research results for CI also will be introduced.

v































































































































Main activities Since the establishment of MIAD
❶ JSMEAnnual convention Special plan Workshop：Role of of Mathematical Sciences
for IndustryーRole of Mathematical Sciences for Selfdriving：AIMaP Plan 11th
September,2018

❷ TUMUT GermanJapan Workshop / Symposium: Technische Universität München
AIAccountability and Autonomous Car Driving/Invited speech:
Autonomous Driving & AI～ Take advantage of the human skills

❸ Transdisciplinary Federation Science and Technology ConferenceOS Mathematical
Sciences of Automotive industry such as autonomous driving：AIMaP Plan 9th of
October ,2020.

❹ JSMEAnnual convention Special plan Workshop：Current status and issues of
Mathematical Sciences to realize highly automatic driving
：AIMaP Plan: 7th September,2021

❺ SICEJSAEAIMaPAdvanced Automotive Control： 8th September,2021
❻ JSSTAutonomous driving special feature plan
❼ MIMS Joint research meeting/ Current status and issues of Mathematical Sciences to
realize highly automatic driving Conducted once a year since 2018

Abstract(2/2)
It is expected to achieve level 4 quickly for regional revitalization where the selfdriving is
limited location and time. For level 4, remote monitoring system is used in such way that
it can be easily monitored multiple selfdriving cars by one person because one of the
biggest expectations for the selfdriving is to carry out transportation with a small number
of people.

It also necessitates the causal machine learning and highspeed, highprecision image
processing technology for this remote monitoring system.
As far as level 5, there is a problem “Safe but not relief” which requests technologies to 
achieve a higher level of ride quality. Among these technologies, it can be listed up
origami engineering for realizing vibration isolation in the frequency band that affects
ride comfort and generalization of energy control method for real time optimal control
method.

And also it is expected relief can be unraveled from deep mathematical point of view. The
presentation will focus on the above.
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MIレクチャーノートシリーズ刊行にあたり

本レクチャーノートシリーズは、文部科学省 21世紀 COEプログラム「機
能数理学の構築と展開」（H.15-19年度）において作成した COE Lecture Notes 
の続刊であり、文部科学省大学院教育改革支援プログラム「産業界が求める
数学博士と新修士養成」（H19-21年度）および、同グローバル COEプログラ
ム「マス・フォア・インダストリ教育研究拠点」（H.20-24年度）において行
われた講義の講義録として出版されてきた。平成 23年 4月のマス・フォア・
インダストリ研究所（IMI）設立と平成 25年 4月の IMIの文部科学省共同利用・
共同研究拠点として「産業数学の先進的・基礎的共同研究拠点」の認定を受け、
今後、レクチャーノートは、マス・フォア・インダストリに関わる国内外の
研究者による講義の講義録、会議録等として出版し、マス・フォア・インダ
ストリの本格的な展開に資するものとする。

平成 30年 10月
マス・フォア・インダストリ研究所

所長 佐伯修

SICE-JSAE-AIMaP Tutorial

Advanced Automotive Control and Mathematics

発 行  2021年12月27日
編 集 Taketoshi Kawabe, Yoshihiro Mizoguchi, Junichi Kako, Masakazu Mukai, Yuji Yasui
発 行 九州大学マス・フォア・インダストリ研究所

九州大学大学院数理学府
〒819-0395 福岡市西区元岡744
九州大学数理・IMI事務室
TEL 092-802-4402 FAX 092-802-4405
URL https://www.imi kyushu-u.ac.jp/

印 刷 城島印刷株式会社
〒810-0012 福岡市中央区白金 2 丁目 9 番 6 号
TEL 092-531-7102 FAX 092-524-4411
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Issue Author／Editor Title Published

COE Lecture Note Mitsuhiro T  NAKAO 
Kazuhiro YOKOYAMA

Computer Assisted Proofs - Numeric and Symbolic Approaches - 
199pages

August 22, 2006 

COE Lecture Note M J Shai HARAN Arithmetical Investigations - Representation theory, Orthogonal 
polynomials and Quantum interpolations-  174pages

August 22, 2006 

COE Lecture Note Vol 3 Michal BENES 
Masato KIMURA 
Tatsuyuki NAKAKI

Proceedings of Czech-Japanese Seminar in Applied Mathematics 2005  
155pages October 13, 2006

COE Lecture Note Vol 4 宮田 健治 辺要素有限要素法による磁界解析 -機能数理学特別講義  21pages May 15, 2007

COE Lecture Note Vol 5 Francois APERY Univariate Elimination Subresultants - Bezout formula, Laurent series 
and vanishing conditions -  89pages

September 25, 2007

COE Lecture Note Vol 6 Michal BENES 
Masato KIMURA 
Tatsuyuki NAKAKI

Proceedings of Czech-Japanese Seminar in Applied Mathematics 2006  
209pages

October 12, 2007

COE Lecture Note Vol 7 若山 正人 
中尾 充宏

九州大学産業技術数理研究センター キックオフミーティング  
138pages

October 15, 2007

COE Lecture Note Vol 8 Alberto PARMEGGIANI Introduction to the Spectral Theory of Non-Commutative Harmonic 
Oscillators  233pages

January 31, 2008

COE Lecture Note Vol 9 Michael I TRIBELSKY Introduction to Mathematical modeling  23pages February 15, 2008

COE Lecture Note Vol 10 Jacques FARAUT Infinite Dimensional Spherical Analysis  74pages March 14, 2008

COE Lecture Note Vol 11 Gerrit van DIJK Gelfand Pairs And Beyond  60pages August 25, 2008

COE Lecture Note Vol 12 Faculty of Mathematics, 
Kyushu University

Consortium “MATH for INDUSTRY” First Forum  87pages September 16, 2008

COE Lecture Note Vol 13 九州大学大学院 
数理学研究院

プロシーディング「損保数理に現れる確率モデル」 
― 日新火災・九州大学 共同研究2008年11月 研究会 ― 82pages

February 6, 2009
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COE Lecture Note Vol 14 Michal Beneš,  
Tohru Tsujikawa 
Shigetoshi Yazaki

Proceedings of Czech-Japanese Seminar in Applied Mathematics 2008  
77pages

February 12, 2009

COE Lecture Note Vol 15 Faculty of Mathematics, 
Kyushu University

International Workshop on Verified Computations and Related Topics  
129pages

February 23, 2009

COE Lecture Note Vol 16 Alexander Samokhin Volume Integral Equation Method in Problems of Mathematical Physics  
50pages

February 24, 2009

COE Lecture Note Vol 17 矢嶋 徹 
及川 正行 
梶原 健司 
辻 英一 
福本 康秀

非線形波動の数理と物理  66pages February 27, 2009

COE Lecture Note Vol 18 Tim Hoffmann Discrete Differential Geometry of Curves and Surfaces  75pages April 21, 2009

COE Lecture Note Vol 19 Ichiro Suzuki The Pattern Formation Problem for Autonomous Mobile Robots 
―Special Lecture in Functional Mathematics― 23pages

April 30, 2009

COE Lecture Note Vol 20 Yasuhide Fukumoto 
Yasunori Maekawa

Math-for-Industry Tutorial: Spectral theories of non-Hermitian 
operators and their application 184pages

June 19, 2009

COE Lecture Note Vol 21 Faculty of Mathematics,  
Kyushu University

Forum “Math-for-Industry” 
Casimir Force, Casimir Operators and the Riemann Hypothesis
95pages

November 9, 2009

COE Lecture Note Vol 22 Masakazu Suzuki 
Hoon Hong 
Hirokazu Anai 
 Chee Yap 
Yousuke Sato 
Hiroshi Yoshida

The Joint Conference of ASCM 2009 and MACIS 2009:  
Asian Symposium on Computer Mathematics Mathematical Aspects of 
Computer and Information Sciences  436pages

December 14, 2009

COE Lecture Note Vol 23 荒川 恒男 
金子 昌信

多重ゼータ値入門 111pages February 15, 2010

COE Lecture Note Vol 24 Fulton B Gonzalez Notes on Integral Geometry and Harmonic Analysis 125pages March 12, 2010

COE Lecture Note Vol 25 Wayne Rossman Discrete Constant Mean Curvature Surfaces via Conserved Quantities  
130pages

May 31, 2010

COE Lecture Note Vol 26 Mihai Ciucu Perfect Matchings and Applications 66pages July 2, 2010
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COE Lecture Note Vol 27 九州大学大学院 
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Forum “Math-for-Industry” and Study Group Workshop 
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October 21, 2010
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COE Lecture Note Vol 29 木田 雅成 
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COE Lecture Note Vol 30 原 隆 
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201pages

January 31, 2011 

COE Lecture Note Vol 31 若山 正人 
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Study Group Workshop 2010 Lecture & Report 128pages February 8, 2011

COE Lecture Note Vol 32 Institute of Mathematics  
for Industry, 
Kyushu University
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Provision for the Future 90pages
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Homogenization Method and Multiscale Modeling 72pages October 28, 2011
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107pages
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穴井 宏和 
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ショップ 拡がっていく数学 ～期待される “見えない力”～ 
154pages

February 20, 2012
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Study Group Workshop 2012 Abstract, Lecture & Report 178pages November 19, 2012
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for Industry, 
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MI Lecture Note Vol 51 Institute of Mathematics 
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October 30, 2013

MI Lecture Note Vol 52 佐伯 修
岡田 勘三
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若山 正人
山本 昌宏

Study  Group  Workshop  2013 Abstract,  Lecture  &  Report
142pages

November 15, 2013

MI Lecture Note Vol 53 四方 義啓
櫻井 幸一
安田 貴徳
Xavier Dahan

平成25年度 九州大学マス・フォア・インダストリ研究所
共同利用研究集会 安全・安心社会基盤構築のための代数構造
～サイバー社会の信頼性確保のための数理学～ 158pages

December 26, 2013

MI Lecture Note Vol 54 Takashi Takiguchi
Hiroshi Fujiwara

Inverse problems for practice, the present and the future 93pages January 30, 2014 
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