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Strategic International Collaborative Research Program (SICORP)

Japan-China-Korea Joint Research Project

Executive Summary of Final Report

1. Project Title : lInnovative Energy Efficient Engine-Powertrain Control Technology
for Road Vehicles |
2. Project Period : April 15t, 2013 ~ March 31, 2016
3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Tielong Shen Prof. Sophia Univ. Control
Co-PI Yasuhiko Muto | Prof. Sophia Univ. Control Theory
Co-PI Takashi Suzuki | Prof. Sophia Univ. Combustion
L PD : . Control
Collaborator | Mingxin Kang Researcher Sophia Univ. Algorithm
Collaborator | Akira Ohata Manager Toyota . Engine
AutomotiveCo. control
_— . Toyota Engineer
Collaborator | Junichi Kako Engineer AutomotiveCo. Control

Total number of participating researchers in the project: 12
China-side
Name Title Affiliation Role
Pl Hui Xie Prof. Tianjin Univ. Engine
Co-PI Yan Zhang éfsfoc' Tianjin Univ. Combustion
Co-PI Jinhui Zhang Lect. Tianjin Univ. ECU Algorithm
. PhD _ . System
Collaborator | Ying Yan Student Tianjin Univ. Analysis
PhD o . Engine
Collaborator | Denggao Huang Student Tianjin Univ. control
Collaborator | Xin Xia PhD Tianjin Univ. ECU Algorithm
Student
Total number of participating researchers in the project: 9
Korea-side
Name Title Affiliation Role
Pl Choongsik Bae | Prof. KAIST Combustion
Senior Combustion
Co-PI Jeongseo Park Researcher. KAIST Analysis
PhD Combustion
Co-PI Heechang Oh Candidate KAIST Engine
Collaborator | Donghoon Kim PhD . KAIST Combustion
Candidate
. . PhD .
Collaborator | Kihyun Kim Candidate KAIST Combustion

Total number of participating researchers in the project: 5
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4. Scope of the joint project

The purpose of this study is to develop a new energy efficiency engine-powertrain
system technology for automobiles. The research focused mainly on the design approach
and innovative engine system control theory for the efficiency improvement of the next-
generation of automotive powertrains, such as hybrid electric vehicles, and aimed at
innovative technology by the joint research of multi-academic areas. Furthermore, creation
industrial fundamental technology is aimed by providing full-scaled experimental verification
results for the developed theoretical results.

5. Outcomes of the joint project
5-1 Intellectual Merit

The three research teams are from the academic field of system control, internal
combustion engines, respectively. The collaboration between the teams expended the
academic opinion across multi-fields and provided innovative knowledge generated from the
across academic fields. Also, the experimental research on the energy consumption and
emission carried out in collaboration with Chinese team obtained very important experiences
and effective data since the targeted issues is very timely challenging issue in China. The
successful graduate student workshops held in Sophia University, Tianjin University and
KAIST, respectively, provided opportunities for younger researchers to promote the research
activity in global sense. The lectures by the top level researchers from the world and the
visiting research activities increased globalization of the status in research and education of
the three teams.

5-2 Synergy from the Collaboration

As the research aimed at technology creation for energy efficiency improvement of
powertrain system, the research is carried out in the following three phases: dynamical
system control technology for real-time decision of actuation engine and power devices,
modeling route traffic flow and the driver behavior for real-time energy management, and
optimization of combustion engine actuation and the power devices. The main contribution
of the research is as follows:

(1) Developed a framework for modeling and control of combustion engine with
consideration of uncertainties and variations in cyclic combustion.

(2) Proposed optimal fuel injection strategy by investigation of injection effort and
fundamental experiments.

(3)Created advanced experimental validation system of engine-in-the-loop and
demonstrated model-based powertrain testing system technology. A design method
for optimal real-time energy management strategy is presented by modeling driver
behavior and the environment.

5-3 Potential Impacts on Society

The collaboration between the top-level research teams from Japan, China and Korea,
especially the collaborative activities including the industrial experts from Toyota Higashi-Fiji
Research Center, promoted the research level in automotive powertrain system technology,
and contributiond to industrial innovative technology developing can be expected in the near
future. Moreover, the results on modeling and control of combustion engines, hybrid electric
vehicles, and the framework to deal with the man-vehicle-environment system for energy
efficiency improvement of the next-generation powertrain will expand the research effort to
the technology such as networked social system, networked energy system and the network
of things etc. Finally, the collaboration experience in serving the examination committee of
PhD dissertation together by Pl researchers of the three teams demonstrated the potential
of further globalization in education.
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2013 2013/9/8 University, KiK. [Workshop on Evotr 44—, EBHK 70 R20HZE1To1-. SMEIFXIHE. 708, BB ERMAEITOI S LIZS L
KAIST Automotive Controll [(EFE-BA) LB RE, RKEXKZRUKIASTHSFH 0D RXERMNITTHON . RS FHD
JAVTAT7—MREBILERBAVLL, RFOARERICOWNTEEEZT o=,
KBRS E - . S s SSe =S s A
e - AR RNl BANSDIZDHAREE (FARAF—LAVN=2Z) BRIV UETYITE
2013\ 201877729\ KBRS W= ZEmRRERR 0B oN TR ot BRE SRS FRE . AFIRE0EEE,
P ERKEREREERRIZ, KTHDProf HUEIB UL\ TEE B S E To1-. IEET
2013 2013/7/4 tEXE HER FEXRZEE -BX) 35 AEDATLOFEHIBERORFTOERIZTOVTHENLTES LY, RIAEHEE
D=-HIZBB/HBE L ELNT-,
FERBERFEEEFTRIZ, Yang ShiEFBLTEEBESFITL . BISEERF
MZEEHEIV AT LOHEBEBICOWTERXRBREIT o=, BIERYNT—V%
2013 | 2013/12/19 |LE&EHXZE HER LTEXRZEE-BX) 30 ML= HIE R ER [ CEEARFE PERORDAIGRIZDOWNT ., FTOATRE
ERBALTESL, CANBEIZEB IV UHIHRICE T LB ES DX E
2D, &t E1To7=,
_ o ] — N S— 40 i2h - 24 s 5 - [ 71
2013|  2013/7/8 | EEXE #ER FEXPERBF) 30 Eégzéé:”aéié‘/ /fﬁfﬁjﬂ(ggﬁig’fﬁﬁgﬁ‘z;ﬁ‘ggigﬁﬂ““
JST, Sophia Graduate Student KERERIERME
2014 2014/11/29  [University, Xi&K. |Workshop on REREREXZE- 30 B3 F— LML RERBEENFIDIZH>THEREKREZTo-.
KAIST Automotive Controll |FR[E)
= —_ BI| 5 — S N— 40 o it - 24 i . - n
2014| 201498 |EBRE s T -E ol L [ e MRS i AR O b kv
hEAIFE AR EHU Xie K EEEHI{X R E Choongsik Bae KM ERFZTED,
ik o PRV BEEIOUFIEGIEE M ODWTEERZTo-. LEFERETTIIA
2014\ 2015/1/8 | EERF BER LERFERR-BE) B EEEOAZERE, FISABE, TUARL R EOHEESL S CHEL
1=.
Linkoping University@Lars Eriksson KZF$BALL, IOV /NT—hL AV DE
2014 2015/1/30 | E8BXKZE HEHES FEXRZEE -BX) 26 FTULG ERIEIZDONT, FEETL, BEAREF—LDAVN—LEERKM
#11o1=.
T2 KSR R T A URTY LIEHEEF—LARERET IEE VRO ILT, BRNS
0014 | 2014/11/35~ KERZMRIFEZER |Advanced Engine %’Eﬁ%gg(ffi_ 160 NDEBERAREEZBAVLITIMARUNTHS. SEIEL, BERBID A /\—H
2014/11/27 |EHERE Contro Symposium 4@5“‘ " ‘ HEELKEPRBALSN, FHIEEEZTL, BRAIF—LMSIEERI Y

RO LIZEML, KiREToT=.




Workshop for Korea—
China—Japan Joint
Project Development

RT—=02avTFAMHEL TV -BE-EORERELZPLESTHT—Y
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2015 2%%}?6}?7 K;‘;SLJ: R X of Innovative Energy |KAIST(8&E-T3) 36 2avT T, REEXBEOKAISTHHEREL, ZHhERRF—LKERE
! + Efficient Engine PHAERREITo-. HBAMIGIIHE 1B ERFERE10ZHSHLT-.
Technology for Road
Vehicles
752 AMDGronobel KEMBA. MazenZ 2 E0.Sename IR EHEEIEL TGUAE
2015 2015/12/11 |LEEX%E EER EFEXRFERE-BAF) 20 TILFRIGHERORHEAICOVT, FEZTL, BATAF—LDOAY
N—ELERRX|ETOI-
3| A == H Hi=1 4 A = -
2015 2015/12/3 |E®EX#% #ES FERBER-BE) 37 f%g;gg&?j 'ainyp%%f h%“%féf;;g%ﬁ;ﬁl@ﬁmwﬁﬁﬁjﬂ'“
— = — 0 —Fn : = o $ 4 A
2015| 2015/12/14 |E&XZ HEES LERZER-BX) 23 io&l%?g,g%;orj—] YRR FMinyue FUBIRERIBL, 0/ SAHIBIER
DUAR—IVEEE T K ¥ Lihua Xie#i%, FEF X KF Jie HuangBiz, /\—
:\‘_ r&ﬁ 1 . ﬂ —_ ':J.ﬁ . =7 qbl-'ﬂ - -~
2015|  2015/1249 | k&ak oo bk B ) 13 =7 K¥Zong-Li Lin¥$%, JLRE I KF Jie ChenBURZMREICMZ, Hl

RS EFOMBERICOVNTEBREEZEZEEOL, TP UHEIZDNT
ERXHBEITOT .




4 BFEIZFDE{ERecord of Research Exchanges

4.1 BXRAINSHEFEHEEA~DFBEIZEDREIERecord of Visits by the Japanese Side to Partner Institutions
4. 1.1 [BEXR-#5] (BREFEF—LAV/IN\—DH)(Japan—Overseas) Only those by Japanese Research Team Members

- = - . P AL (B4, #h4aA. o HakH
FE HHEH fRE B K4 P BB R (31 L ) BEOAR %
Chinese Control CCCIZ#I1%0rganized SessionZ 1l
2013 2013/7/26 2013/7/30 hod fti— FME2EFHE MEE Conference(FA%R), KiE |REFBKRZICHITHFEHEHVICHEITH 5
pN= Eht
Chinese Control CCCIZ#I1%0rganized SessionZ 1l
2013 2013/7/26 2013/7/30 KXEBA FME2EFHE HE Conference(FA%R), KiE |REFBKRZICHITHFEHELVICHEITH 5
pN= Ehe
2013 | 2013/12/23 2013/12/26 A8k AE LEXZE iz KEKZE HEFEHE 4
2014 2014/5/29 2014/6/1 A8k AE LEXZE iz KAIST(82E) BERRBEOMEITEEDLE 4
2014 2014/6/27 2014/7/13 Mingxin Kang | LE& K% fT4 KEKZE H R ZEE 17
2014 2014/7/16 2014/7/19 A8k AE LEXZE Hiz KEKZE HI—RI—)LEERELT 4
— o = - Chinese Control Conferencel ZHE M Tf
2014 | 2014/7/27 2014/8/3 kER% (ME2EBE HEe |E=R thE R A/ \— 5 35 i 8
_ o = - Chinese Control ConferencelZHi FEI TN
2014 [ 2014/7/27 2014/8/3 I hES2EEE HRE |Em thEAI A s \— B3R 3T i 8
2014 2014/8/22 2014/9/1 Mingxin Kang | E& K% 5z r—J487 > (IFAC) EfEsfHEBERRETHXFER| 11
2014 | 2014/10/23 2014/10/25 A8k AE LEXE Hiz Il ICASERELLUIZHFEITEEahE 3
2014 | 2014/11/24 2014/11/26 KEH F42BEE BE KEKE #EE 3
2014 | 2014/11/25 2014/12/4 Mingxin Kang | E& K% e KEKE HET—5 avTSm 10
- s = N DURTYY LAECSIZBITAEERUK
2014 | 2014/11/26 2014/11/30 EAEKRE LEXE iR KiEKRZE A Ao 5
Chinese Control
2015 2015/7/26 2015/8/1 Ny ft— FM42BEE MEE Conference(#1JH). #Jl [CCCHIRE, OSSN 7
PN
Chinese Control . "
- . - ooy e [Chinese Control Conference (A1),
2015 2015/7/26 2015/7/31 A 8% EE LEXZE % (j:sgerence(mmx AL JCK Organized session. 24— i 6
2015 2015/10/1 2015/11/3 =ESS EXE Bi% KAIST(§2[E) HEMHE 34
2015 | 2015/10/15 2015/10/18 Mingxin Kang | E& K% MEa KAIST(3& =) D=9 av7Em, XRME 4




= . IFAC NMPCHFE, /ALY T REZEIVD
P £0 - rith N Sl , 1
2015 2015/9/13 2015/9/22 A8k EE LEXZE Hi% ARAY e e 0
3 ) > =
2015 | 2016/2/26 2016/3/11 FAE%AE EXE % ?Ef%% REBRIER HEHZE 15
4. 1.2 [BER-#EH] (BREFEF—LAV/A—LI5L) (Japan—Overseas) (Excluding those by Japanese Research Team Memebers)
o = = P A#%x(E4a. #mha. e HiEH
5’5 N —_F Y Z S =
2014 | 2014/11/24 2014/11/30 [’ &=— LEXE fe4E KiEKE ﬁ;os,nu&uv T2avIIiB % 7
5’5 N —_F Y Z S =
2014 | 2014/11/24 | 2014/11/30 KhC.ha”V“t. PN st Kk AESCBMRUT—72avTIohIT oM@ 7
ajarntraide /8
2015 2015/7/26 2015/8/1 Shen Xun EX® e CCC-SICEM#i M) SICE 20155 N/ 3 FH K 7
2015 | 2015/10/15 2015/10/18 Madan Kumar |E&EHXZ fe&E KAIST JCKI+—0avTHERR 4
2015 | 2015/10/15 2015/10/18 R &=— LEXZE 5323 KAIST JCKIA—DayTHERR 4
2015 | 2015/10/15 2015/10/18 Shen Xun EEX=E 5z KAIST JCKIA+—0avTHERR 4
2015 | 2015/10/15 2015/10/18 IR E LEXZE 5323 KAIST JCKIA—DavTHERR 4
2015 | 2015/10/15 2015/10/18 Z@m3x LEXZE 5323 KAIST JCKIA—DavTHERR 4
2015 | 2015/10/15 2015/10/18 IMNIAER D LEXZE 5323 KAIST JCKI+—0 avTHERER 4
2015 | 2015/10/15 2015/10/18 PN A LEXZE 5323 KAIST JCKIA—DavTHERR 4
2015 | 2015/10/15 2015/10/18 ZE<) LEXZE 5323 KAIST JCKIA—DayTHERR 4
4. 2 HFEAHISBRAADOFEFDOEE
Record of Visits by Partner Reserach Teams to Japan
4. 2.1 [BN—BX] GEFARARF—LA/IN—DH)
= 3| 4) 3 Fﬁ?%f'ﬁ(@%~%ﬁl_ﬁ%\ ks, o ngEE
FE H%H IRER K% FriErRE (434 S ) BAHEOAR %
H FRFZE
2013 |  2013/9/5 2013/9/10 Hui Xie P N Hiz I PN-) ;Eﬁﬁ’” + Graduate Student Workshop 6
H FRFZE
2013 |  2013/9/5 2013/9/9 | Denggao Huang |FKizk2 HKRROHES | FExs ﬁﬁﬁﬁ’” Graduate Student Workshop 5
2013 2013/9/6 2013/9/9 Heechang Oh |KAIST RAROHRE [LBEKE Graduate Student WorkshopZ: /il 4
2013 2013/9/6 2013/9/9 Kihyun Kim  |KAIST EHLERERERE | EEXEF Graduate Student WorkshopZ /il 4
. = . AREERRMEESER. REEWE
£n = T 1

2014 2014/3/13 2014/3/13 Choongski Bae |KAIST iz FEXE S e




2015 2015/1/4 2015/1/13 Hui Xie REKRE #Hi% LEXE HEME, BE BLFNREEER 10
2015 2015/1/5 2015/1/15 Choonsik Bae |KASIT #Hi% LEXRE HREFE. FHE ELREXER 11
2015 2015/5/13 2015/5/24 Jiangyan Zhang |KEREXZE AR LEXZE HEMHE 12
4.2 2 [B5S—-BEX)] (BFRIFEF—LAVIS—LHL) (Overseas—Japan) (Excluding those by Partner Research Team Members)
= = 4, 19 m?%i(@%sgﬂm%s o ngEE
= L R
_ HERFZe
2013 |  2013/9/6 2013/9/10 Hong Chen  |E#kAzE #ig A ;};Eﬁ . Graduate Student Workshop 5
_ HERFZe
2013 | 2013/9/6 2013/9/19 Haibo Ji  |mhERISH A iz FEk ;Eﬁ %L, Graduate Student Workshop | 14
2013 2013/9/8 2013/9/21 Yuanzhang Sun |EEXKZ Hi% FEXRE HEFE 14
_ +t [FFRZe
2013 | 2013/9/5 2013/9/9 Kang Song | KK BTRERE | LEXP ;,;EB} % Graduate Student Workshop | 5
. H*ERFZ
2013 2013/9/5 2013/9/9 Hongjie Ma | XKiZk% RARSHREE | EEKE ;EEJ} %u. Graduate Student Workshop 5
2013 2013/9/6 2013/9/9 Ilya Kolmanovsky The University of Professor FEXE Graduate Student Workshopi&Efi&L T 4
Michgan(USA)
2013 2013/9/6 2013/9/9 Giorgio Rizzoni (Tuhg A?h'° State University |5, e csor tExy Graduate Student WorkshopZZEfi&L T 4
2013 |  2013/9/6 2013/9/9 Christopher  |ETH, Swiss Federal Institute |, . IRDN- Graduate Student Workshop=&Efi&LT 4
Onder of Technology(Swiss)
—— ~ prapp—
2013 | 2013/9/3 2013/9/13 | Riccardo Marino |11€ University of Rome “Tor|p o o or TP HEBZ, Graduate Student Workshop |4
Vergata” (Italy) EEmELT
2013 | 2013/12/19 2013/12/20 Yang Shi %‘;‘;Z:fgy of Victoria Professor tExy HBESHEELLT 2
2013 | 2013/7/3 2013/7/6 Xiaoming Hu  |K1H Royal Institute of Professor ks HESEMELT 4
Technology (Sweden)
2013 2013/7/8 2013/7/9 Luigi del Re EJ:S:t”r?:)S Kepler University |5 tecsor X DN HBESHEELLT 2
2014 2014/5/26 2014/5/31 ®B E REKXKZE % LEXRE HRERFE 6
2014 | 2014/7/3 2014/7/12 A. Ramesh 1T”d'a” Institute of Professor IXpN-- HEHE, EE 10
echnology
2014 2014/8/6 2014/9/13 Jiangyan Zhang |XKiER&FE B FEXZ HEMR 39
2014 2014/9/7 2014/9/13 Guangren Duan |[/\JLED T K% % LEXE EESHEMMELT 7




2014 | 2015/1/27 2015/2/17 Lars Eriksson |Linkoping University Professor i N2 R, AE 12
2015 2015/4/4 2015/4/13 | Carlos Guardiola |[/\L> S 7 T K% Professor tERE " EE 10
2015 2015/4/5 2015/4/12 Daizhan Cheng | E#ZR 6 EEXZ R HBE 8
2015 2015/12/8 2015/12/14 Almamir Mazen |Grenoble University Professor EEXE , RE 7
2015 2015/12/9 2015/12/14 Olivier Sename |Grenoble University Professor EEXE , RE 6
2015 2015/12/2 2015/12/4 Tianyou Chai |ERIL K= Professor EXE 3
2015 2015/12/13 2015/12/14 Minyue Fu New Castle University Professor EEXE 2
2015 | 2015/12/18 2015/12/20 Lin Huang |BEHXKE Bz EEXZ R HE 3
2015 | 2015/12/18 2015/12/20 Lihua Xie EFEIKRE Bz EEXZE R BE 3
2015 | 2015/12/18 2015/12/20 Jie Chen EREBIXZE iz EEXZ . BBE 3
2015 | 2015/12/18 2015/12/20 Zong-li Lin |N\N—CZ7 K2 iz FEKRE . A 3




5 4Y%EFHHFE Patent Applications

5. 1. BAFfI0BEHHEE Independent Applications by Japanese Research Teams
MRS | HEES D& R B HHBEA A ) S i FEEE
L
5. 2. "{HHFE"HOBEIEHE Independent Applications by Partner Countries
AR | WEES S DL B B HEEA AR ) s R
EF—REZFIZE NI yFEEFEREL R sz, Hui Xie, Denggao ” ”
2014 [CN2014107458237 | o 5 S22 20 0 O S R 2014/12/8| Rz A% Huang, Qiane Sun HFE
2014 |CN201510028605 |BENEA/\T—rL A2 DTAMGZE(ER) 2015/1/20| K& K= CN104596770 A Hui Xie, Qiang Sun "HFEE"
IN—F v JLERIZEIYTILBEYA9ILT R Hui Xie, Ruichang " ”
2014 |CN 201510028507 AT AT LS % (BR) 2015/1/20| R;EKE CN104614187 A Zhang, Qiang Sun WHFEH
2014 |oN 201510028608 |EBBNLATLTFAMEENLFONRA o151 0| sz A CN104618203 A Hui Xie, Qiang Sun. | »4g g
O—iEE Denggao Huang
5. 3. ZFBEHEE Joint Applications
= rHES
HEEFE HFEES DL HFEH HFEA (kAR ZEH) HEAE H FE =]
L




6 ZEZ Awards

6. 1 ZE Awards
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6. 2 HEHE Newspaper Reports
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