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For combustion engines, efficiency of the energy transformation is strongly
depending on the ignition-timing and the combustion profile in cylinder of engines. Recently, the
progress of ECU enables us to improve the efficiency by real-time controlling the fuel injection,
ignition-timing etc. However, these actuations are limited to a range and the most efficient
set-point is near by the boundary. To avoid abnormal combustion, the actuations are normally
pre-calibrated with sufficient margin. This research aimed at control methodology for efficiency
maximization by dynamical control near by the boundary. First, the behavior of boundary is
experimentally investigated. Then, from the view of system control, the existence of extreme is
proven and design approaches to construct the control algorithm are developed using extremal
learning and stochastic control theory. Furthermore, the proposed control design methods are
validated based on gasoline engine test bench.



EGR

ECU




28

[1] Jun Yang, Tielong Shen and Xiaohong
Jiao,Model-based stochastic optimal
air-fuel ratio control with residual
gas fraction of spark ignition
engines, IEEE Transaction on Control

Systems Technology, Vol. 22, Issue 3,
2014, pp. 896-910, DOI: 10.1109/TCST.
2013.2272832( )

[2] Jun Yang, Tielong. Shen and Xiaohong
Jiao, Stochastic adaptive air-fuel
ratio control of spark ignition
engines, IEEJ Transactions on
Electrical and Electronic ngineering,
Volume 9, lIssue 4, 2014, pp 442-447,
DOI: 10.1002/tee.21991( )-

[3] Mingxin Kang, and Tielong Shen, Model
predictive control of gasoline
engines with nonlinear feedback
linearized model, Proceedings of the
18th International Conference on
System Theory, Control and Computing
(ICSTCC), Sinaia, Romania, 17-19 Oct.,
2014, pp. 369-374,D01:10.1109/1CSTCC.
2014. 6982444

[4] Mingxin Kang, Tielong Shen and
Xiaohong Jiao, Continuation/GMRES
method based nonlinear model
predictive control for IC engines,
Proceedings of the 19th world
congress of IFAC, Cape Town, South
Africa, 2014, pp. 5697-5702, DOI: 10.
3182/20140824-6-2A-1003.00488(

)-

[5] Mingxin Kang, and Tielong Shen,
Nonlinear model predictive torque
control for IC engines, Proceedings
of the 11th World Congress on
Intelligent Control and Automation
(WCICA2014), Shenyang, China, 29 June
- 4 July, 2014, pp. 804-809, DOI:
10.1109/WCICA.2014.7052819. (SUPCON
Best Paper Award on Industrial
Automation, )

[6] , Mingxin Kang, Madan Kumar,

’ , Vol .53, No. 8,
2014, pp.669-676

[7] .,

JSAE, 45(4) , 2014, pp.
645-650, SAE20144607( ).

[8] Xiaohong Jiao, Tielong Shen, SDP
policy iteration-based energy
management strategy using traffic
information for commuter hybrid
electric vehicles. Energies, 2014,
Vol.7, No.7, pp. 4648-4675,
DO1:10.3390/en 7074648( )-

[9] Xiaohong Jiao, Tielong Shen, An
adaptive servo control strategy for
automotive electronic throttle and
experimental validation, IEEE
Transactions on Industrial
Electronics, Vol. 61, No. 11, 2014, pp-
6275-6284, DOI: 10.1109/TIE.2014.
2311398( )

[10] Xiaohong Jiao, Jiangyan Zhang,
Tielong Shen, Junichi Kako, Adaptive
air-fuel ratio control scheme and its
experimental validations for
port-injected Sl engines,
International Journal of Adaptive
Control and Signal Processing, Vol.
29, No.1, pp.41-63, 2015 DOI:
10.1002/ acs.2456( ).

[11] Kumar Madan, Tielong Shen,
Estimation and feedback control of
air-fuel ratio for gasoline engines,
Journal of Control Theory and
Technology, Vol.13, No. 2, pp.
151-159, 2015, DOI:
10.1007/s11768-015-4148 -9( )

[12] Mingxin Kang, Fatima Tahir, Tielong
Shen, and Toshiyuki Ohtsuka,
MPC-based speed tracking control
design for spark-ignition engines,
SICE Journal of Control, Measurement,
and System Integration, Vol.8, No.3,
pp- 201-208, 2015, DOI:
10.9746/jcmsi.8.201( ).

[13] Jiangyan Zhang, Tielong Shen,
Junichi Kako and Riccardo Marino,
Design and validation of a
model-based starting speed control
scheme for spark ignition engine,
Asian Journal of Control, Vol.17,
No.4, pp. 1255-1266, 2015 DOI:
10.1002/ asjc.979( ).

[14] Jixiang Fan, Jiangyan Zhang,
Tielong Shen. Map-based power-split
strategy design with predictive
performance optimization for
parallel hybrid electric vehicles,
Energies, Vol. 8, pp. 9946-9968, 2015,
DOI: 10.3390/ en8099946( )

[15] C. Khajorntraidet, K. Ito and T.
Shen, Adaptive Time Delay
Compensation for Air-Fuel Ratio
Control of a Port Injection Sl Engine,
Proceedings of the 54" SICE Annual
Conference, Hangzhou, China, July




27-30, 2015, pp- 1341-1346, DOI: 10.
2991/msam-15.2015.30( ).

[16] Jiangyan Zhang, Jinwu Gao and
Tielong Shen, Nonlinear adaptive idle
speed control design for Sl engines,
Proceedings of the 54 SICE Annual
Conference, Hangzhou, China, July
27-30, 2015, pp. 1583-1586, DOI:
10.1109/S1CE.2015.7285450( )-

[17] Jiangyan Zhang, and Tielong Shen,
Real-time Fuel Economy Optimization
with Nonlinear MPC for PHEVs, IEEE
Transactions on Control Systems
Technology, Vol.24, 1ss.6, pp.
2167-2175, 2016 DOI:
10.1109/TCST.2016.2517130( )-

[18] Yuhu Wu, Madan Kumar, and Tielong
Shen, A stochastic logical system
approach to model and optimal control
of cyclic variation of residual gas
fraction in combustion engine,
Applied Thermal Engineering, Vol. 93,
pp 251-259, 2016, DOI: 10.10
16/j .applthermaleng.2015.09.045(

)-

[19] Yuhu Wu, and Tielong Shen, Policy
Iteration Approach to Control
Residual Gas Fraction in IC Engines
under the Framework of Stochastic
Logical Dynamics, IEEE Transactions
on Control Systems Technology,
published online. DOI: 10.1109/TCST.
2016.2587247( )-

[20] Madan Kumar and Tielong Shen, Cyclic
model based generalized predictive
control of air-fuel ratio for
gasoline engines of 4-stroke
combustion engines, Journal of
Thermal Science and Technology,

Vol .11, No.1, pp 1-12, 2016, DOI: 10.
1299/jtst.2016jtst0009( )-

[21] , D-

, 2016, DOI: 10.1299
/transjsme.15-00688( ).

[22] Andreas Thomasson, Haoyun Shi,
Tobias Lindell, Lars Eriksson,
Tielong Shen, and James C. Peyton
Jones, Experimental Validation of a
Likelihood-Based Stochastic Knock
Controller, IEEE Transactions on
Control Systems Technology, Vol.24,
Issue.4, pp 1407-1418, 2016, DOI :
10.1109/TCST.2015. 2483566, ( )-

[23] Mingxin Kang, Tielong Shen,
Receding horizon on-line
optimization for torque control of
gasoline engines, ISA Transactions,
Vol .65, pp. 371-383, 2016, DOI:

10.1016/j -isatra.2016. 06.012(
)-

[24] Jinwu Gao, Yuhu Wu, Tielong Shen.
Comparison Research of Hypothesis
Test and Moving Average based
Combustion Phase Controllers. ISA
Transactions, Vol.65, 2016, pp.504-
515, DOI:

10.1016/j .isatra.2016.09.00 (

)-

[25] Jinwu Gao, Yuhu Wu, and Tielong Shen
A statistical combustion phase
control approach of Sl engines.
Mechanical Systems & Signal
Processing, Vol. 85, 2017, pp.218-235,
DO1:10.1016/j .ymssp-2016.08.007, (

)-

[26] Jiangyan Zhang, Jinwu Gao and
Tielong Shen, Adaptive idling control
scheme and its experimental
validation for gasoline engines,
Science China Information Sciences,
Vol. 60, 2017. 2: 022203, DOI:
10.1007/s11432-016-0296-3, (

).

[27] Jinwu Gao, and Tielong Shen.
Cylinder Pressure Sensor Based
Real-time Combustion Phase Control
Approach for SI Engines. IEEJ
Transactions on Electronics,
Information and Systems. Vol. 12,
Issue 2,2017 pp. 244-250, DOI: 10.10
02/tee.22371 ( ).

[28] Yuhu Wu, and Tielong Shen, Policy
Iteration Approach to Control of
Residual Gas Fraction in IC Engines
under the Framework of Stochastic
Logical Dynamics, IEEE Transactions
on Control Systems Technology, Vol.
25, Issue 3, 2017, pp-1100-1107, DOI:
10.1109/TCST. 2016.2587247( )-

26

[1] Madan Kumar, and Tielong Shen,
Cycle-to-cycle transient model of
4-stroke combustion engines,
SIMULTECH- 2014(Position Paper),
Wien(Austria) 28-30 August 2014

[2] Jiangyan Zhang and Tielong Shen,
Nonlinear MPC-Based Equivalent
Consumption Minimization Strategy
for Power-Split Hybrid Electrical
Vehicles, SICE Annual Conference 2014,
Sep. 9-12, Hokkaido University
(Sapporo), 2014, pp. 209-212

[3] Xun Shen, Tielong Shen, Xiaoming Zha,
Kunihiko Hikiri, State-of- Charge
Estimation of Super-capacitor Using
Dual Extended Kalman filter,



Proceedings of 33rd Chinese Control
Conference, Jul. 28-30,
Nanjing(China), 2014, pp. 227-232

[4] Jiangyan Zhang and Tielong Shen,
Nonlinear MPC-based power-assist
scheme of internal combustion engines
in plug-in hybrid electric vehicles,
2014 European Control Conference, Jun.
24-27, Strasbourg (France), 2014, pp-
1164-1169

[5]Jiangyan Zhang, Tielong Shen, Sawada
Takanobu and Kubo Masaaki, Nonlinear
MPC-based power management strategy
for plug-in parallel hybrid
electrical vehicles, Proceedings of
the 33rd Chinese Control Conference,
Jul. 28-30, Nanjing(China), 2014, pp.
280-284.

[6] Xiaohong Jiao, Tielong Shen and
Masakazu Sasaki. Policy iteration
algorithm-based energy management
with battery lifetime consideration
for commute hybrid electric vehicles,
Proceedings of EVTeC & APE Japan 2014,
Society of Automotive Engineers of
Japan, May 22-24, Hotel
Pacific(Yokohama), JSAE Paper No.
20144117

[7] ., ,MPC PHEV
5 21
( ), 2014.
[8] , ,
HE
,5 21
( ), 2014.

[9]Mingxin Kang, Yuhu Wu, and Tielong
Shen, Logical control approach to f
uel efficiency optimization of auto
motive engines, Proceedings of the
SICE Annual Conferenc, Hokkaido
University (Sapporo), Sep. 9-12,
2014. pp. 484-487.

[10] M. Toyoda, T. Shen, Y. Mutoh, F.
Koshino, Case study for stochastic
systems: from Pontryagin to receding
horizon optimal
Control, Proc. of 33rd Chinese
Control Conference, Jul. 28-30,
Nanjing(China) 2014, pp.5419-5424

[11] Jiangyan Zhang, Jixiang Fan and
Tielong Shen, Optimal torque-split
map design with consideration of
vehicle dynamics for HEVs,
Proceedings of the 2015 JSAE Annual
Congress (Spring), Hotel Pacific
(Yokohama), May 20-22, 2015,pp. 1351
-1355.

[12] Mingxin Kang, Tielong Shen,

Nonlinear model predictive control
for engine torque tracking problem,
Proceedings of the 2015 JSAE Annual
Conference (Spring), Hotel
Pacific(Yokohama), May 20-22, 2015,
pp. 461-467

[13] Jinwu Gao, Yuhu Wu, Tielong Shen.
Combustion Phase Control of Sl
Gasoline Engines Using Hypothesis
Test. The 4th IFAC Workshop on Engine
and Powertrain Control, Simulation
and Modeling, Colombu(USA), 2015:
153-158

[14] Jinwu Gao, Tielong Shen. Feedback
Combustion Control with CPS of SI
Engines. 2015 IEE-Japan Industry
Applications Society Conference,
Oita University(Oita), 2015:
11-93-96

[15] , , , ,

DoE-Ildentification

JSAE2015

, , May
20-22, 2015,

[16] C. Khajorntraidet, Kazuhisha Ito
and Tielong Shen, Adaptive Time Delay
Compensation for Air-Fuel Ratio
Control of a Port Injection Sl Engine,
Proceedings of the 54" SICE Annual
Conference, Hangzhou(China), July
27-30, 2015, pp. 1341-1346.

[17] Tielong Shen, Applications of
Real-time Optimization Algorithm in
modeling and Control of Automotive
Powertrains, Advanced Control
Science and Engineering Forum,
Changchun(China), May 28-30,2015

[18] Jinwu Gao, Yuhu Wu and Tielong Shen,
Real-time Optimization and Control of
Combustion Phase of Sl Engines Using
Statistical Analysis, Proceedings of
the 35th Chinese Control Conference,
Chengdu(China), Jul. 27-29, 2016.

[19] Mingxin Kang, and Tielong Shen,
Modeling and optimal control for
torque tracking of spark-ignition
engines with low pumping loss,
Proceedings of the 35th Chinese
Control Conference, Chengdu(China),
Jul. 27-29, 2016.

[20] Yuhu Wu, Ximing Sun, Wei Wang,
Tielong Shen, Finite convergence of
value iteration algorithm for
discounted infinite horizon optimal
control of stochastic logical systems.
Proceedings of the 35th Chinese
Control Conference, Chengdu(China),
Jul. 27-29, 2016.



[21] Yahui Zhang and Tielong Shen,
Stochastic Approximation for
Combustion Phase Optimization of Sl
Gasoline Engines, European Control
Conference, Aalborg(Denmark), June
29 - July 1, 2016.

[22] Yahui Zhang and Tielong Shen, Model
based Combustion Phase Optimization
in SI Engines: Variational Analysis
and Spark Advance Determination, the
8" IFAC International Symposium on
Advances in Automotive Control,
Vol.49, Iss.11, pp. 679-684,
Norrksping(Sweden), June 19-23,
2016.

[23] Xun Shen and Tielong Shen, Knock
Limit Controller based on Exponential
Moving Average of Knock Intensity,
the 8™ IFAC International Symposium
on Advances in Automotive Control,
Vol.49, Iss.11, pp.691-695,
Norrksping(Sweden), June 19-23,
2016.

[24] Madan Kumar and Tielong Shen,
Cylinder Pressure-based NOx
Measurement with Cycle-to-cycle
Transient Model for Gasoline Engines,
the 12" IEEE International
Conference on Control & Automation
(ICCA 2016), Kathmandu(Nepal), June
1-3, 2016, pp. 353-358

[25] Mingxin Kang, Mazen Alamir, and
Tielong Shen, Nonlinear constrained
torque control for gasoline engines,
the 10" IFAC Symposium on Nonlinear
Control Systems (NOLCOS 2016),
California(USA). August 23-25, 2016.

[26] Yahui Zhang and Tielong Shen,
Extremum Seeking Approach based Spark
Advance Control of Spark-ignited
Gasoline Engines, Proceedings of SICE
2016, Tsukuba University(Tsukuba)
20-23 September, 2016

1

[1] Tielong Shen, Jiangyan Zhang,
Xiaohong Jiao, Mingxin Kang, Junichi
Kako, Akira Ohata, Transient Control
of Gasoline Engines, CRC Press, 2016,
p.297 (1-181).

@
SHEN Tielong

70245794

@

MUTOH Yasuhiko

90146803
(SUZUKI Takashi)

20206494



