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Regarding real-time algorithms of nonlinear model predictive control (NMPC),

we succeeded in improving the efficiency by parallel computing and by exploiting structures of
problems such as systems including discontinuities, nonlinear partial differential equations, and
multi-link systems. For the algebraic approach, we obtained a new method for the maximum posterior
probability estimation problem, new optimality conditions for constrained optimization problems, and
an analysis method for Markov processes by the holonomic gradient method. In terms of applications,
we demonstrated the effectiveness of NMPC in systems such as heat conduction systems, robot arms,
fault-tolerant control, target tracking and obstacle avoidance of drones, climbing control of
humanoid robots, and blade-pitch control of floating offshore wind turbines.



1)
2)
3)
4)
5)

D

2)

3)

4)

5)

D

horizon

receding horizon

KKT

recede

KKT

KKT

1/4



o N B O

N=16 N =24 N =48 N =96
[ | 3

| IIII IIII I|II llh:‘
N=8
| | 1 | |

] 2

1 1

2)

KKT



3)

4)

SymPy

5)
NMPC

NMPC

1

SymPy

Matlab
C++
OpenMP
Python
Jupyter Lab
C++
NMPC

NMPC



53 51 2 43

Tomoyuki lori, and Toshiyuki Ohtsuka -

Limit Operation in Projective Space for Constructing Necessary Optimality Condition of 2020
Polynomial Optimization Problem

Journal of the Operations Research Society of Japan (to appear) -

DOl

Sotaro Katayama, and Toshiyuki Ohtsuka 21

Efficient Solution Method Based on Inverse Dynamics of Optimal Control Problems for Fixed-Based 2020
Rigid-Body Sysems

Proceedings of the 21st IFAC World Congress (to appear) -

DOl
Sotaro Katayama, and Toshiyuki Ohtsuka 21
An Automatic Code Generator for Nonlinear Model Predictive Control with Jupyter 2020

Proceedings of the 21st IFAC World Congress (to appear) -

DOl
Haoyang Deng, and Toshiyuki Ohtsuka, 58
An lIterative Horizon-Splitting Method for Model Predictive Control 2019
Proceedings of the 58th IEEE Conference on Decision and Control 4304-4310
DOl

10.1109/CDC40024.2019.9030071




Tomoaki lori, and Toshiyuki Ohtsuka 58

A Recursive Elimination Method for Moving Horizon Estimation of Discrete-Time Polynomial 2019

Systems

Proceedings of the 58th IEEE Conference on Decision and Control 1076-1082
DOl

10.1109/CDC40024.2019.9029816

Yuga Okada, Ken Haneda, Toshiki Chujo, and Toshiyuki Ohtsuka 52

Parameter-varying Modeling and Nonlinear Model Predictive Control for Floating Offshore Wind 2019

Turbines

IFAC PapersOnLine 382-387
DOl

10.1016/j .ifacol .2019.11.810

Sotaro Katayama, Masahiro Doi, and Toshiyuki Ohtsuka 30

A Moving Switching Sequence Approach for Nonlinear Model Predictive Control of Switched Systems 2019

with State-Dependent Switches and State Jumps

International Journal of Robust and Nonlinear Control 719-740
DOl

10.1002/rnc.4804

Haoyang Deng, and Toshiyuki Ohtsuka 109

A Parallel Newton-type Method for Nonlinear Model Predictive Control 2019

Automatica 108560
DOl

10.1016/j -automatica.2019.108560




Vol.31, No.4

Receding-Horizon 2018
150-157
DOl
10.5687/iscie.31.150
Tomoaki lori, Yu Kawano, and Toshiyuki Ohtsuka Vol. 11, No. 3
Algebraic Approach to Nonlinear Optimal Control Problems with Terminal Constraints: Sufficient 2018
Conditions for Existence of Algebraic Solutions
SICE Journal of Control, Measurement, and System Integration 198-206
DOl
10.9746/jcmsi.11.198
) ) ) ) Vol. 32, No. 4
2 2019
168-176
DOl
10.5687/iscie.32.168
Yusuke Aoki, Yuta Asano, Akihiko Honda, Norizumi Motooka, and Toshiyuki Ohtsuka -
Nonlinear Model Predictive Control of Position and Attitude in a Hexacopter with Three Failed 2018
Rotors
Proceedings of the 6th IFAC Conference on Nonlinear Model Predictive Control 262-267

DOl
10.1016/j .ifacol .2018.11.018




Haoyang Deng, and Toshiyuki Ohtsuka

A Highly Parallelizable Newton-type Method for Nonlinear Model Predictive Control 2018

Proceedings of the 6th IFAC Conference on Nonlinear Model Predictive Control 426-432
DOl

10.1016/j . ifacol .2018.11.058

Sotaro Katayama, Yasuyuki Satoh, Masahiro Doi, and Toshiyuki Ohtsuka -

Nonlinear Model Predictive Control for Systems with State-Dependent Switches and State Jumps 2018

Using a Penalty Function Method

Proceedings of 2018 IEEE Conference on Control Technology and Applications 312-317
DOl

10.1109/CCTA.2018.8511448

Sotaro Katayama, and Toshiyuki Ohtsuka -

Scenario-based Nonlinear Model Predictive Control for Switched Systems with Externally Forced 2018

Switchings

Proceedings of the 2018 SICE Annual Conference 1098-1103
DOl

10.23919/SICE.2018.8492568

Haoyang Deng, and Toshiyuki Ohtsuka -

A Parallel Code Generation Toolkit for Nonlinear Model Predictive Control 2018

Proceedings of the 57th IEEE Conference on Decision and Control 4920-4926

DOl
10.1109/CDC.2018.8619035




Anan Tabata, Yasuyuki Satoh, Hisakazu Nakamura, Kiyotaka Kato

Adaptive Fault Tolerant Control of Quadcopter by Using Minimum Projection Method 2018
Proceedings of the 44th Annual Conference of the IEEE Industrial Electronics Society 2201-2206
DOl
10.1109/1ECON.2018.8591587
Kota Ohno, Yasuyuki Satoh, Hisakazu Nakamura, Kiyotaka Kato -
Disturbance Rejection Control of Rigid Body Attitude based on Nonsmooth Control Lyapunov 2018
Function
Proceedings of the 44th Annual Conference of the IEEE Industrial Electronics Society 2293-2298
DOl
10.1109/1ECON.2018.8592731
) ) ) ) Vol. 30, No. 9
2017
356-365

DOl
10.5687/iscie.30.356

Yu Kawano, and Toshiyuki Ohtsuka

Vol. 62, No. 12

Nonlinear Eigenvalue Approach to Differential Riccati Equations for Contraction Analysis

2017

IEEE Transactions on Automatic Control

6497-6504

DOl
10.1109/TAC.2017.2655443




) ) ) ) Vol. 54, No. 2
2018
156-166

DOl

10.9746/sicetr.54.156

Tomoyuki lori, Yu Kawano, and Toshiyuki Ohtsuka

Algebraic Approach to Nonlinear Finite-Horizon Optimal Control Problems of Discrete-Time 2017

Systems with Terminal Constraints

Proceedings of SICE Annual Conference 2017 220-225
DOl

10.23919/S1CE.2017.8105543

Tomoyuki lori, Yu Kawano, and Toshiyuki Ohtsuka

Algebraic Approach to Nonlinear Finite-Horizon Optimal Control Problems with Terminal 2017

Constraints

Proceedings of the 2017 Asian Control Conference 1-6
DOl

10.1109/ASCC.2017.8287093

Kai Fukushima, Yasuyuki Satoh, Masahiro Doi, and Toshiyuki Ohtsuka

Optimization of Limb Reaching Movement for Climbing Humanoid Robots 2017

Proceedings of the 2017 Asian Control Conference 1292-1297
DOl

10.1109/ASCC.2017.8287357




Sotaro Katayama, Yasuyuki Satoh, Masahiro Doi, and Toshiyuki Ohtsuka

Nonlinear Model Predictive Control for Systems with Autonomous State Jumps Using a Penalty 2017

Function Method

Proceedings of the 2017 Asian Control Conference 2125-2130
DOl

10.1109/ASCC.2017.8287503

Kazuki Hirota, Yasuyuki Satoh, Norizumi Motooka, Yuta Asano, Shota Kameoka, and Toshiyuki

Ohtsuka

Nonlinear Receding-Horizon Differential Game between a Multirotor UAV and a Moving Object 2017

Proceedings of the 2017 Asian Control Conference 2137-2142
DOl

10.1109/ASCC.2017.8287505

Hashimoto, T., Satoh, R., and Ohtsuka,T. Vol. 3, No. 2

Receding Horizon Control for Spatiotemporal Dynamic Systems 2016

Mechanical Engineering Journal 15-00345
DOl

10.1299/mej .15-00345

Kawano, Y., and Ohtsuka, T. Vol. 7, No. 4

Algebraic Geometric Approach to Output Dead-Beat Controllability of Discrete-Time Polynomial 2016

Systems

Nonlinear Theory and Its Applications, IEICE 460-467

DOl
10.1587/nolta.7.460




Kawano, Y., and Ohtsuka, T.

Vol. 19, No.

Observability Conditions by Polynomial ldeals 2017

Asian Journal of Control 821-831
DOI

10.1002/asjc.1436

Kawano, Y., and Ohtsuka, T. Vol. 80

PBH Tests for Nonlinear Systems 2017

Automatica 135-142
DOI

10.1016/j -automatica.2017.02.027

Yasuyuki Satoh, Hisakazu Nakamura, and Toshiyuki Ohtsuka -

On Robustness of Lyapunov-Based Nonlinear Adaptive Controllers 2016

Proceedings of the 10th IFAC Symposium on Nonlinear Control Systems 229-234
DOI

10.1016/j - ifacol .2016.10.168

Yasuyuki Satoh, Hisakazu Nakamura, and Toshiyuki Ohtsuka -

Inverse Optimal Controller for Nonlinear Systems with Convex Input Constraints 2016

Proceedings of the 10th IFAC Symposium on Nonlinear Control Systems 754-759

DOl
10.1016/j .ifacol .2016.10.254




Tsuyoshi Yuno, and Toshiyuki Ohtsuka

Rendering a Prescribed Subset Invariant for Polynomial Systems by Dynamic State-Feedback 2016

Compensator

Proceedings of the 10th IFAC Symposium on Nonlinear Control Systems 1060-1065
DOl

10.1016/j .ifacol .2016.10.305

Ohtsuka, T. Vol .8, No.3

A Recursive Substitution Method for a Class of Nonlinear Optimal Control Problems 2015

SICE Journal of Control, Measurement , and System Integration 189-194
DOl

10.1109/TAC.2014.2321231

Kawano, Y., and Ohtsuka, T. Vol .86

Stability Criteria with Nonlinear Eigenvalues for Diagonalizable Nonlinear Systems 2015

Systems & Control Letters 41-47
DOl

10.1016/j -sysconle.2015.10.001

Jaiwat, P., and Ohtsuka, T. Vol.8, No.3

Recovery of Vehicle near Rollover by Nonlinear Model Predictive Control 2015

SICE Journal of Control, Measurement, and System Integration 380-389

DOl
10.9746/jcmsi.8.380




Kawano, Y., and Ohtsuka, T. Vol .89, No.2

Commutative Algebraic Methods for Controllability of Discrete-Time Polynomial Systems 2016

International Journal of control 343-351
DOl

10.1080/00207179.2015.1076939

Noga, R., Ohtsuka, T., de Prada, C., Blanco, E., and Casas, J. -

NMPC for Superfluid Helium Cryogenics 2015

Reprints of the 5th IFAC Conference on Nonlinear Model Predictive Control 441-446
DOl

10.1016/j .ifacol .2015.11.318

Yuno, T., and Ohtsuka, T. -

Local Realization of a Vector Field by State Feedback 2015

Proceedings of the 54th IEEE Conference on Decision and Control 7125-7130
DOl

10.1109/CDC.2015.7403343

Tomiyama, K., Kawano, Y., Hashimoto, T., and Ohtsuka, T. -

Real-Time Price Optimization for Local Frequency Control in Electric Power Systems with Wind 2016

Farms

Proceedings of the SICE Intenational Symposium on Control Systems 2016 2A2-1

DOl
10.1109/SICEISCS.2016.7470164




65 22

MBD

2020

2020

SICE ,

2019

2019

2019

I-site

2020




62 ,

2019

Tomoaki lori, and Toshiyuki Ohtsuka

A Symbolic-Numeric Penalty Function Method for Parametric Polynomial Optimizations via Limit Operation in a Projective Space

The 6th International Conference on Continuous Optimization (ICCOPT 2019), The Technical University of Berlin, Berlin,
Germay

2019

62 ,
2018
2

62 ,

2018




61

2018

13 ICT

2019

Deng Haoyang,

13 ICT

2019

2019




2019

2018

2018

2018




2019

Receding-Horizon

61

2017

61

2017

60

2017




2017

12

ICT

2018

12

ICT

2018

2018




S0(3)

60

2017
5

2018
5

2018

59

2016




HJB KKT

59

2016

2017

2017

2016




2016

2016

2016

2016

58

2015




10 ICT

2016

Yu Kawano, and Toshiyuki Ohtsuka

Nonlinear Eigenvalue Characterization of Solutions to Differential Riccati Equations for Contraction Analysis

2016

2015

4  Mathematics for Industry

2015




AutoGenU MPC

4  Mathematics for Industry

2015

MathWorks Japan (MPC)
2015
27
2015
, C/GMRES FN

2015




, C/GMRES

2015

2015

, C/GMRES

2015

2015




2015

2017

240

2015

592

http://www. ids.sys.i.kyoto-u.ac.jp/~ohtsuka/index_j.htm




(Yuno Tsuyoshi)

(10756232) (17102)
(Yasuyuki Satoh)
(40738803) (32657)




