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Kouji Gotou

Kazuhiko Shirota
Abstract

From the viewpoint of CO, reduction and energy
security, we started mass production by converting
fuel system parts to LNG based on existing Giga CNG
vehicles with the aim of enhancing light oil alternative
fuel vehicles.

In addition, the product appeal has been improved by
horizontally deploying the safety devices and comfort
equipment installed in the latest Giga diesel vehicles.
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Application of Electromagnetic Simulation in Full Vehicle Development
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Abstract

With the recent enhancement of ADAS and
autonomous driving technology, the number of electrical
and electronic components in vehicle is going to
increase, so it is required to evaluate the influences
of electromagnetic radiation from and to them in
terms of not only the component level, but also the
full vehicle level. Electromagnetic simulation has been
expanding to vehicle developments using full vehicle
model. This paper represents some of the techniques
of electromagnetic simulation applied to vehicle
developments by the validated commercial software
based on Moment method.

1 12UBIC

ADAS KU HBHEEOFEMFHRE 2 F 5. Hf
X T B OB K D Hilj & LD 2% < B
BREGIIE L 2 &2 B L C05, IS, AEH OB
P (AT, [EMCJ &B83) (2B 2 [EFERHE T H 5 [H
FEHHIZE 10 5 (UN Regulation No.10) DI 6 d¢
I (LAF, [R10.06 ] &Wg$) #32019 FI2¥Exh &
N, SR ETOEFERIZR10.06 DRRGES BT L
55ZET, B LEOKIEZLEMS PR IhS, i
KROEMIELI v a VB TIE, TV P VRT#%AH O
DOHM A DE 2 T OARDEHHITH - 7=DIZKF L,
R10.06 TIXEHHI7 v FF DY — AlE A Hl D £ X &
D/NSWIGE, iRk E 7N =35 K5I Hil %
Kol 9 5 iR AN EEH XD, 2O K ETH
ETHEEROREOWKIMHEOSA, JEFHIZE <D
S TORERDSDE L85, £ BRIEA I 227+«
MERIZBWTE, Bl R &5 EXE TR mAE A
2 ERD . B TR OKIE A REAIZHD . i
MHZ &K BRHli D= — X3 & - 722 & TR AT
MOMRIZRF L > TC0Db, 2T T.EMC 213U,
BRI IZ B 5 & & K& i MERE D T IIEE O B 78
BT, B o7 o IR/~ KT |5 -7 DO HEijlj
il F8 L EE R & i FH L QB

2 BB OBEAICOVT

W s TR E RSB D B B EGE A M 213 Hilj o
WEMEZ XL, BITIC & 25 I % 17 > Thd, 20D
hTeREMNLEEDELT, EMC OEBMIHTI v Y 3
VRMT & BRGIEA S 2 =T 4 TSI A. 24 Y 2ER
EE=4) 7Y 27 AT (LUF. [TPMS fi#th] &
Ws4), F—L ALY M) = AT A (LU, [F—
LARENT] EBEE), Sy VTV E) & AX— VA
T L@ (LUF. [PESS f#8r | &8%4) 12D TR
35,

21 BRBRII VY a @

BRI LI v ¥ g v &k, Hilih S OBERPEOFS
DI LT, ZOBS LI ERIZX D BRRE DR
JEMEAHUE ST, BREIETI v ¥ 2 VBTt
H2 6  & b 30 (MHz) ~1 (GHz) OJEH
Bowr OBEREN A ZHA 7 > 7 THlE U, BREE(E % #3568
LV iitEd 95,

fEMT TR DM 2 17 5 W56, Bl & GHl7 > 77
DETMEIC A, BREBEFREROET AL S REEL
%%, BIIZIZZIE L RO BRI & 5 BXE
%nBuuVJ fAEL. TNENEGH R 7 — v s

BB 32\ 28 BRGNS A DY i Tk
%ﬁmbﬁﬁ%ﬁofwéo

*CAE 7 ¥ & LB S HEHE SR



WIS HE 1345

2.1.1 BHEREEREOETIVILERBITHE

BWITI v Y g VOBEMIEFERESLT, 747
=X A, BRELHMANOT v T7F ., BXE IR
A DEFED 3 DITKH S, TN T % 5 @t Tk
WL NS,

TAVIN= X206 fhh S5 FERGI O T I.
TAXYN—22AEZDFEEETNMTEDTIEEL,
Multiconductor transmission line % (BA'F, [MTL
B LER) ZwEM LEFLET S, MTL i, /h—
PA 1 REFERELLTETIL, ZThE K $5#
KOBHFRPTROELR, & — )L K| #Eaigkik 2 E O Wik
WEEHRL, VAN =X 2ORKIAT~T 4 w2
FIZEFZ TS FETEM s NIRRT T Vo H

HBomend BE1),
L
— A\ —— ‘ : ;

e e

O

(a))\—+ABfm BIAT=Favy
1 TAYN=ZADETI T

BXETEBMANOT V7 KOS S B &b
BREEOITIZOWTE, Thth7YyT+ 3D 57 —4
& 3D s N — v OFEHIT — 2w FHOTET VL%
79, HiREZED7=DIZ7 v FF 3D ¥ — 2 AT-H A
I A. CT 2% v VAR LTT — 21L& 170
(®2). 3D st $52 — i 2D gt s& — v haas
fili H 5 BRGILIARNT Y 7 OFEHE & FIT 3D e S
a— v (R3) #HMF25ZLTRIBLTNS,

=

2 CTAx v &fERLAETIVE

e

3 3D W /NZ — R

21.2 I3y a A7 TFOEFIVE

B EZETAITI v a VTV TFDETL
12OV, FEERCHH Shs 7 v T X HE S &
123D F— 2 &R L., 7VTF T 7oz nFE e
FERSETHBIEAER LTS (B4),

G
5 — B
P — Sl
L
s
™
+
I\
A
N FEE (M)
(A7 /FTFEFIL (b)7 7 F 77090 HEE

4 Iy a A7 THETI

213 TIE—IIVICLBII v a @ir
TGRS CHWS Hilj 7 LIE, Hiilj CAD 7 —
A06EmEIEEBOIMIEN L, BREEOME
by ISR DAL BRI OAERAND BTN
X, BIBEROATETLOI/ERA1TS (B 5).,
ZHITI v v g VIRFTIZER &3, PR FEW R B
GHz LU O THAUL 4 CO BRI AT T4
BETNMACLFETH B0, 1 BOHET I & FERK
FTHUSMMOEREIFEITIHH T2 &0 TE S,

X5 EHKETAERSERETIV

I3y g VRN, B 5 OFEMET BRI
AP AEI U R 7Y 7 F & 3BE S5, PR RS
7 DY I3 R10.06 1ICHTD . g sl A5 /245 3 m,
Hh b5 1.8 m ORLEIS, T 3 M. A4 Tt
6 FTaRE T 5, FHIZKETI v ¥ 3 VikBRTIE, K
SR & R OBE LMD B 720, 516 X 2 =12
F—=2OMEETHIZTEIZEZDIZR L, BIFTIE6
fFr O TOMNEIZT VT T 2EZ, 7T T
T OMBEEIEETB7-012, BEDAV, BPNAES
7 VT HIAKE R & RIS A 9 F 952
ET27 —Z2DEFLTRI0.06 IZXIBETES KIS
LT\, 72, 7VT T OREIZEO R ULEXERS
=, vorursurssLckoEHEYy T4 VoL, E
TNV TEEETILIZOHIRETT>T0D (K6).
ZOEINLTHEONETI v Y 3 VTR (K7)



7IVE — 7 IVEBRGK R OB M FERADEA

75, R10.06 THIE XN TS A LNILDZ 545
DFISKT B HESTTRETH Y . BRI 2 AT
BETCIE. akBREL A A CTEE TG %2175 Lok
Mo, BT TR 2T A5 &5k 72Ty
Ve =74 v iR AREE & o 72

FoTFHEE
AAvF

R6 IIviar@rtEriL

EFIN2

EFN

gjtﬁﬂﬂ i 5 Py i
CI

Sl A b
ﬁ B () 7543

Hidaahi?
s | :

TTFh

FTTFE

VIV

K7 IIva @R

~
N
\.l

~
i

BRAE (B V/n)
= f
=

2.2 EWRAI 1T 1R

BRIEA 2 2 =7 1 &id, 26 Bl AS$
B BN T B Bl OB EOZET, 4322
7 4 kB TIZ 20 (MHz) ~2 (GHz) DA D
BN % T VT 25 il ~\FGH L. B I
PMAREI D E U AR5, 7V T 5 g
N-EBHIICK D, HDZRMINLE TOE RRE 2
THUEXINTED, HliHA L IREETZDOHEM 2%
L7V TFFDOF v VTV =Y 3 YAV ThbR, KL
BRI H A& BUE L CRER M T DS,

A3 2 =T 4 fRITICINWTE . kB A BT 5720,
FIRED FIEIZED ., FFET7VyFFHAETEF ) TL —
v g VO AT, ZOREE TR & 3
NGB IR A 4T 5 T,

221 A32=F1RA7>7FOETIVE
FNDA 2 2 =7 4 B CTHWSNET Y TF D 2D
KGR A2 &2 3D F— 2 A{ER L7z, k. 13 2
=T 4 |7 VT ERREE TR LY. ThTho
JHBOI IG5 7 Y T FETIL AR L, VSWR
(BB Eg S5 — v BN EREEIHERS% T
HBHTLEMERAL TS (K18),

fe. %

= FUFIERE
— P OF RRE
(b)) $ 2 — R

K8 A3Ia=F1HA7>TFHETI

@7 /7FETI

222 FrFFOxxUIL—2al @R
MR TR T VT T HEDOF v VT — 3
fEMT 24T S . BilinsaWIRETT YT ICHNE N %
AJIU. BUEDNE TOEREE %45 (F9).
ZDFFNTRER A5 B RGRIE % BUEEIS T 57201
EIMEER T,

K9 A32=F A7 FFOF+vUTL—a>

223 ZIWE—7IVCKBMI 1T 1R

43 2 =7 1 kBRI H ] 2 BRI ICHE L2 IRRE T
HAE TS EE NN LA MERET B0, R T
BXE TR OWEEOZM £ TIETE 072, GF-ll
RROBEXE FHFmAHLICHlE S 2B Z, BEOR
BRI % i & U CRRE L7z H A & e i T
FORE DK E L EERTHEE L L, 8GE O BE M
R LT3 (R10), Lo L, BXE MO E
REINPE AR 2 &k > THRE D720, AkkoBisZ e
IO HAEEE 2 32§ ANETHY . SHROBET
Hbo



WIS HE 1345

— MESA
— AE=B

ERAEE (V/m)

JEL B ()
10 1327 ¢ FRER

2.3 TPMS &

TPMS &, HEHOZA Y R5E L2 HIFE=2Y
YU, BEPELCSEHIRENFSEEY ZT LT,
BA Y RA — I HE SN R ERD &t O
ORUE SN RO BRI A RS L. #Hili 7L —
LIZHEFH SN ZEHTERIEDEREZE TS,
TPMS %2 EMHRERERIZ, B A4V 1 MliEd 5%
T, [Bl#Ef 10 BT L2824 R4 — L Ricdss sh-
REE»OBEKER L, ThEZEBLEZTYTTO
ZEBNOKEITRZEMEBRED BT % FllHr 4
2EDTh5b, D728, KT w7 DK 5 ZfilE,
ATNEAY T, 24 Y GEERE) X 36 (#4Y
IR fAE) X ZEEEORIK ORI EN DL 55,

Sl 3, 44 VYAEI0 KO NT » o &5
ERARRICEEMME 35 &, 10 X 36 X 2D 720 & — |2
K SRR L5, F 2T TIE. & 24 Yk
4 =L EORER S B A RIS L CRIES
NEFHETE FEEMEL, Tt &SRO %
HEIL 4% Z & CTRET T K KR 2 Ml ik 2 281 L.
TPMS X525 MRERHT % 17> T,

2.3.1 TPMS XZ{EHDETIVL

REW L ZEWD 3D 7 — 2 5T NI 375,
T =2 D AF NG 2D XEE#E s LI
ETIMET B0, CT ZF v VT — 2 EHNTTHZ
BETHIDL TS, WThDGHE & B IrET L
LFEETOT VTR L kG Sa — v B R L. K
FERERR A AT - CHMETLIZHBAA TNS,

2.3.2 KBRSy 70O TPMS EZ{EHRESHE

BAAYOREH 1 Hh o BRI LT LZER1
HTOZEBNEHETZRDIZ, 224 Y2EH
W A RRRZ R L. 22 hO R ER— 2 EHB OIE
EEETHD S /3T A4 — 2 %KD, kOO Y % H
W n FREGHE» SO m BZEEOZEE &5
L. SBIEVERE A i 729 &5 & Ik 45,

SEA(mB) = EREN(B) x T - D)

ZHZXD, 720 r — ZADZIEE S & &4 VAR
KB RAEHATEE D 36 7 — ZDEE THE T
%, F72. 36 7 — ZADREEAEEVOET VL, &
AV A 10 ZLiIChiEXEsvrarasr s3I 07 7C
HEML L. ZEENOBEMEERI I 7 74 vh6 |
RAEMOCHB THN TV AT L E/ME L, Th
2RO, PEk. BRI IR 2N EE LA 5 72 Ll o
TPMS WEVERHE A TR L 20 . (S HED L
K OBRE T EOELIZL D ZEEBIIOWEHEIZONT 3
HFEE TR TE B &1k 72 (R 11),

70 +& A A {SHEB

20 b5 A ESHEA

24y EYOEREEST
™ o ,..../f-m‘\.
g 2L BN
W '..‘ F L
El¥nf B (des) El¥xF B (des)

(a XS EOFEEED (bAGEBD SOFEEH

— REEAV TN L AT
— ZEEL 1T I EE

11 ZERLATINERICLDIZEEHNOSRE



7IVE — 7 IVEBRGK R OB M FERADEA

2.4 X— LRI

F—LZ2LiF, F—T+ TOEMEICEDFHISEEN
7L C R 7 OliagE M OBSE AT DV AT LT, F—
T T EHEBNICHDT VT FOXBIZEHBNT, (LA
Mo FE WL THUE SNz RIS X B BRI TR
E0frbhs, ¥ —L 2B TIL, ¥ — L 22MEH)$
% Hifj 2 6 OFRAREE % FEAG L. g0 5 550
BNz X A B L. 2O E EICHlE S 5720, 1
[\l O TOMEMBUIIERIZZ k5,

F— VAR OV, ZERS B ISR S —
THHREMVEIANE THEIE, RZEHMIH
% G b A 2E R 20 IAL L TV TS O R
PEN D B FRER L § 5 Z &5 TPMS S L i
B0 ZAZT VT A O BRI A A5, B 2 54
M H 2 B DB 2 ET AL L7z 2 €T
LEWAZ LT, 2 MORR B 1 Blos)
HTEMT2ZENnaHEE RS,

241 X—LRARET7 U TFBEEADORBEREE

fiEe e A & 2 2 Z G A R ICET L& AT
W, ZFT VT MR TRERGEE Eha 5 (R12),
ISR RNZ L AR Lh &, BMjAER, 7
LY — 2L TR %475 o

@ { @ 5 CXB

— FUFFERE
— FUFFERE

12 RET7ITTRENG - ERER

242 F—LZ{EBEBOESE

REMAL SO TEHIZONT, EEHSS 3 m
FEORGHEINIHE SN TOBGEN L, K%
B4 N &2 TET L LI 2 7 bk 8 .
ZiEHA FOAETIALL, HxEHE #5568 %
W, Bl HEOAEEOLA £72132EHOL A4
7Y b DAEHDOLGE L, BB O W wEIZ D
X, ZERUETLNLEA YT T L1201 522 MEk L
L FE O DB AR IE AL 720 & FHE UM AT §h
RO, BIZEERLA-ESIZ, F-L23%RZEMD
HEHZEB A+ 2R . ZZRITOHEE S K EN20,
FERH 20 RBRIE DZEAL Sy &L 2 RIS I 2 B
& M 2> 5 D G O A I & B B RAEE Dk
OB AET UL (DIT@R) Lz 23 ET L

AHH>ZET (R13). BHlgE RO+ — L 2fFH)E
HeAETAZEnTES (K14),

3 D hy X h
{Efi#EES(dB) = 20log 10 (4—1‘[ X I) + 20log 10 (2 sin (271' X ; o Dz))

D : KA () @
AR )

hy 1 EEFT TR E ()

hy AT TR E ()

= 2R (SRR
CEmMAOTFENREE
©@FmBO FEhrEk

ERAE BuV/m

HjAL BOEREEOT LS

#EEfE (m)
13 2BETNVERAVW/-1ESEROE T

- s ) | e
|
7R
44
EC1R _Bﬁl.\
EFREEB 1 /) 180
(a)EREEST (b){FEhibsEt

14 EvIF7 v 77y I70DF%—LABIAER

2.5 PESS &

PESS &, HENIMIERE SN2 EHED Low
Frequency 777+ (A F.JLF 7V 7+ &0%$) O
JEPIZBCA kHz OB OBAR 2 B S8 F— 7 +
THRRETEHIET, F—%2HIfHTF2FF4 3D
i IEREICHIr L, RN C Y O U REI R R T
DIige. WMEEAITIV AT L THD, D=0, LF 7
VT EDRDIANO J7 K OZ D58 & i R <
THIT 2T ROEND, FEHRFE TTHENIO
T Ao AT 2 JIE U, BEAR RIS 1 E TR OFFEA v B —
£V 2.376.7 (Q) ZRCZUTOORTEINS%
filli 72 B S AR TR 35 o

MR B (dBuA /m)
= TR ORI (dBuA /m) + 20log 10(376.7)



WIS HE 1345

PESS @M #4722z, ¢4 RLC B2 5%
% LF 7 VT FETIILORESEP ST, Sl 2258 Ak
JERHNE & kS —B B &R Lz, T LT, 2D
LF 77 ZHiAEH L, 7L — 2L O %
f152&TC, LF 7V 7T Oz A 77 b DIREH
e L7z,

2.5.1 LF 7oFFETILOIEE

LF ?/Tﬂi\ T4 M4 vE2 A2 L (H)
DIAANELEEZ T, Fy/80202C (F) oavys
YO LC EA|NEE 2 IR X5 2T, /NEOER
TR ELRMRRE & FETHIENTES, Tl
ETMIZT 2 74 MERETANDEZ T EHBIL,
F )V A YA C EFIIST X — 2 IZHIREED) 7o
AYZAX=0 (Q) ISEDKETHDELIHBEETS,
Z ORI T S S5l 72 FE AR I I & k< —3K
THZLaffER L (B15),

ZxTA - =
B 2
A &
= b
= g
<0 =

R

EF AR ¥ LF7 7 RFAEIOEE (m)
(QLF7 73 EFI  (bIFHEFEEOREEEIEE

X 15 LF 7277 BEEOHENR

2.5.2 LF 7>5TFOLA 77 MESTROER
HENTET %B@@m\ BHgET 570D LF 77 F
DLA T MRETTIE, BEROVA T bSg — v &g
BrL. ZOHns F7oNy FIULE O Sl 25 8 Ham
AHEE 2T 504 7Y b &2RETS, LF 7 VT
#%?ﬁﬁ#%ﬁ%‘ ko T, FEOHIKD R B E 7
P, AR MK UL MRES IR T
%tcbmé:éabé IR SO ThAe R 32
TEMMEDIK T 2L (B 16). Hikmk2»5073
mvl\t,c« LF 77+ OMWEEN+ I TE | %
fili 2 BERBRE DK E XL 334 — 3 HEE A i E
TELHLF 7V/7 Ol ANED 2 /o5 Zeh
TE (®17),

LF7 »FF @ LA 72 g
ABCDEFGHI

S
/ "‘ Ha i
o Y N
Il L} [ Y ]
! v I n
/ t B e

ot
; .

= 1) F 5 ADTH(CAE)
O FHROET G

U792 Z0O3h (CAE) EEBROET (A

UFHRLAThE(Q)}
EROIETE W

X116

Hb_F580cm
(@LAF27FA

3D f#m

(b)L-A 72D

17 RPN RIVHEOFME RS E TR

3 &HUIC

AR Cid, H R\ L5 B AT
IZDWTHRE U7z, W % BiliG LT 6 72 HiZdkn
AS, G ORI M R OB E ORI, Sl
AR TH Y, D 7uy ta—7 1 V7
KRELEHBNTEA AT THEZ L EMERE LTS, 5%
& BRSO 1 & 5535 | HefhiRaFE & B HH e~
DIER X0 | il e K& ORI E FI285 0
ESAURN

SEW

(1) Ralph S. Carson: High Frequency Amplifiers, 2nd Edition,
Chapter 6, 1982

EME E—EB

H* Bz



$§Aﬁ’\02()NﬁEH%
— LR I'EIEHb RIFTEE

REHER &7

h

Effect of Blending OME with Diesel Fuel on Fuel Property and Engine Performance

HH H-* A ™ W RS AN A Al
Shinichi Morita Takeshi Okamoto Takeshi Seto Akira Komatsu Naoya Ishikawa
£ F Abstract

A=KV =Za—=FIFNREDO D& L THEFX
N5 OME (RVAFIUAFLYIAFILL =TI
Polyoxymethylene Dimethyl Ether) (. iR T
TR THD . 22 MG < T 4 — BB DR
B L THWAZENBETH S, FAETRET AILF —
HISR O B BB O BAZENT T BRFEOT 4 — BB
BEIZ R LTEEAD OME IRAFIHAEE &hd, K
X TlE. OME IRAEHOBEMEIR, T8z 5- %

BB K OT 1 — BB ND B & A L7z,

Synthetic fuel derived from renewable energy is
expected as a means of reducing CO; in internal
combustion engines. OME (Polyoxymethylene
Dimethyl Ether) can be handled like a diesel fuel
because its specification of distillation is almost same
with it. Therefore, it is expected to be introduced in
the market as alternative or additional fuel. In this
report, fuel properties, engine performance, combustion
characteristics and exhaust emission of OME and its
diesel blended fuels were investigated.

1 F

2

HERIEBEAL PRI D720, NIRRT 26 PEH 2 h b
TR FE (COy) DRI BBOMETHS ., BIE
WEIHEM OB A DHEE XN THD, Tank to Wheel
DB RITIE. COLKIRICKREARN TH B4 WdHo
Wheel OB TIE, & %%F®cmﬁﬁ$é
nBZ Lo BURDLLIRE & VW= R8Tt &
$T%C%ﬁ%$?%aﬁ;ﬁ§%%%ﬁbﬁﬁﬁ
T B REHE T \N/?U—@L?w¥ ﬁﬁ@
K& 6 M EADOHEILH TN, FALED
/77Eﬁéﬁgf%5_aﬁemm%%®ﬂﬁﬁﬁ
WEEZONS,

INIRFEBE D COo (IR0 —DI2 CNIRE (7 —
Ar=a2—FIURED OFHSH S, CNBRRHIIZ
m%m%@ﬂ4i%ﬂ&0ﬁiﬂ%liw¥—m%®

KaHOTKEBLR MU THEELL-AKE (Hy) &
I%&&#B%&éhé&%%%mfi&f%é&
Bkl k5 Y, Zhbid Well to Wheel TD CO, I
WA THY . BIE X F XL MZEHEIT CN BB
IZOWCDOIE A B Z b Tng P, CN REHD—
T35 OME 3K THD, k2 U firmanle
POEHKMEIZENT 4 — LTV VISR & L
THANTHETHS Y, 7. GBEBBTHLZ L
N5, ¢ (LLF “SO0T” L &idd3) REDOPEH
2K G WIfFTX %, LAaL OME & #i7=5 8k & L

THIHZHRATRIZZ, Hilzsd Y 7 I RESOME
DHY ., KEICEGE T2 Z 2138 Ly, 20728, OME
@ﬁkyfuwé%iék %fiﬁ@%ﬂ>1%a
#FH Uz ~ORA B EE Shb, £72, OME
SRR ﬁﬁéhénAM% Al X5 O
Y NBH0 | FHN RN A ARE YD B
OME Oxv Y v WREIZ K4 5 8803, &m&o¢
[El % HuO I iFZE AT b T0 B, Pellegrini 5 @12
%ﬁ§L9L@§ﬁﬁ?4—t»1y>W'(mm
% 12.5 %. #0150 % IZURA X7 BEOMEATERE K O
Wﬁﬁ%%ﬂﬁbtdwmzn_ibPM%&E#
ﬁ?utﬁﬁ‘ﬁ%%ﬁﬁwﬁﬁ‘wﬁmﬁﬁié
N3, £7-. Wang 5 7 i3#uhi2 OME % 10 %
K20 % &AM E KDL X[y oy
THA L. NOx HEEOHME L 312 SOOT, ik
Lk (CO) KRURILAZE (HC) PRV EILT. AbE
R OFEEIZ LD . RN B B O R BEh 2 03 3%
L7zd, —H TTALF —EE K M2k B XRRE
FEL LTz, L LS, OME 288iICiRA L
SRR D ARG 2 B B R O E A ST A
PEICES 2 RBMEIR 2 8 & B0 RAMIZZ Yy D Ut
BEAND B A R TTRE LT B 52D .,
AT, CNBREITH5 OME O K7+ %
L. OME % #HIZARRA L7z BEOMRBHEIR 2 B
WMEIZLU7z B¢, T8N E £ 5 5228 & REAAREES ~
F U7z BE D BB R e OSSR L2 RIS B 4 3R

SR NG A



WIS HE 1345

TLAEREBRNRS,
2 fEms

2.1 5 OME O#AFHER R U EEERZZ#ALE

OME 1&g = AL ¥ — & F|F L CHELE N RE T
B FEIAILE-F VT ELTHEHIN TS @,
OME & CH;0 (CH,0) ,CH; T#£L. *#FL AFL
V3 (CH0) O% (n) 12k, OME, &#§, fitidL
72 OME D#LER Je OBl G2 R I A R 1 12§, itk
OME 3. OME; 75 OMEg £ C&ATEHD., OME;
& OME, B EBK 5 Th 5. OME IZEBBEROZ
IZPHERZRIR L MR < BB & 225 0 TR A T
xhs 9,

F1 OME QR RUVIEIRZTLALL

T2, OMEL00 TIE v ME & 28 > Thd, 20
HHIZAHTH 52, SHOFHAE TIE JIS K2280 O
FHHF R THRMMU7ZETH D, BEEURIZHI T [EAk D
{5, STk PO Tid e 2 il OME; T
72 L5 OFHHE KD EVMETH D, TO LR T
ASG #1810 AFIDA % T RO ki@
k3D XN,

PR 1X OME100 TEEHNC IEREWNMETH D |
OME % iRA LIRS HIAICIB U EE Lk -
7o BRI T AR M & 75 5 72, B R OE)
i 1X OME ORAHEIAH 20 & ASE JIS2 5
B ORI R & 25 > 72,

x2 HMHHERBEE JISHBE—E

HAEE BB/ HBEH
IEALFEEE JIS K2279

Wit% A/Fst SR O A B R AT T R ORI A HEE 1S
OME, C;H50, 0.3 7.22 T4 JIS K2280
B2 5 AT, 28 AT 2 AR ORD I
OMEZ C4H1003 07 647 %ﬂﬁ)ﬁ JIS K2249
OME; CsH ;204 74.3 6.05 JECH S OV — B EE 3R 7
Eaipiiyics JIS K2283
OME, CeH 1405 21.1 5.79 SRR O TSRS B OIS EGE
OME;5; C7H 1606 2.9 5.60
OME;s CgH 1307 0.3 5.47 50
OME 5.97 )
S 40 -
Diesel (ref) 14.61 =
g 30 -
Tg 20
2.2 OME EAMRFIOIEHER 3
IZU®IZ. OME ZHilRD JIS2 SRS L7z g 10 -
BE DB IR ND FE B A Gl Tz, T 2 I2PEIRAA T - 0 .
= JIS Hkg O /5 K O FR &2 R, B 1 IKAT Diesel OMES OMEI0 OME20 OME100
FEGE, B2 Al R3ITKEIEE, B4 ‘ n o e
R FE O ISR 4 73, SR R DR IR B1 EERME EHAER
®D OME ORAHIGZHREHAET54 %, 10.8 % &
U215 %IZRALEZEDEL., ZhFh% OMES. 70
OME10 XU OME20 &IFFfd %, F7z iR e L _ 60
T, BHOAR K OME DAL 1l % Fii L 7=, OME é 50 1 .
DADZAE1E OMEL00 & FFFRT 3, 3 40 -
OME100 (F#&h & ik U BB MK < . OME 2 30 -
e U2 BHIZRA A 120 UK B #E & g 20 -
%57z, OME IRAHIG # M3 I T T —FE 10 A
MEL B2 En5, [Al—DWESFRET T, VoV g4
HHDIEK T PAEINS, Diesel OME5 OMEI0 OME20 OME100
N > [ VA N
‘Eﬁ /ﬁﬂiliﬂél\‘( JISZ 77$¢/EE7J§E1‘§ 45 UJ:ON'IE’% 2 t?}{ﬂﬁ E’i“;ﬂ"ﬁ%

L7z, OME REEHIA A LT3 w2 U iliidE Vil



FEMAD OME RENRFMEIR &7 « — EIVIERIMREIC R T § &

-t
—t
o

=y
o
o

e
o
=3

Density [g/cm?]

o
@
o

Diesel OME5 OMEI0 OME20 OME100
X3 #MHEE AR

1.0

Kinetic viscosity [mm2/s]

e
o

OME5 OME10 OME20 OME100

X4 EpRsE FHAESR

Diesel

3 OME ER&#FOREEHER

3.1 BREEHRBREE

OME (Z#ARHALE IS4 2 T A M 2 i <2 5 52
BWbHHZ NS, OME &iRA U7z 2 REk 1
i L7220 T LMD B % FAR5 72017218 E iR
%N U7z, AT JIS K6258 (NI = 4 K O E ]
YAVE T A—TIEPEDRD F7) 1I2HDE IR E R A
FhE L, A& HEE &5 R K OMARE R
#WE Lz, T8 GRBRFY) EFEISTHIROT 4 — X
IV HBIHEOBRBHECE WS TS 7 v FHT s (B
TLFKM” £F59) & NBR (2 MYLTAVT/T4:
Nitril Butadiene Rubber) @ 2 fdffi% Fv 7z, GRER
Fr OIZIK SRR R EH D72 JE X 2 mm OREHE
(20 X 50 mm) KOBIREEFHOZ®IE X 2 mm
DEY/RIIVIR 3 T L Uiz, ikl 137 7 2 |t
ERMICTICRE LS ORISR, HT 2
Wi Z & I E 23 T HE 7 P e oD TE A L BREL L7z
B EIFNG 144 BERE. 480 BERE R OF 720 BERE & L
R EHTOG AR & ARFEIZRRIZ DN T IR L7z,
FRIE PR AR DI (35 [R5 & IRRERE SR A 2
MR XE57-8, 51 KL D 50 CIZEE L7z,

3.2 REEHBRER

5. K612 FKM & ' NBR Dzt %= ikEi O
SRR K O REIZ AR E DR R &2 /R, 128 % R
144 B 05| 5EE 132 FKM & U0'NBR & 12 OME
RARE 26 U T L7245, NBR D5 |5EME O
TEAWE FKMIZHARTNEOD, WFhg 144 B
DIR I35 R 1o K & & i3 5 7z, £72. FKM
ORI IERIZ OME RAEREII LTEWE & &
0. 144 FEIDIRIC K 2 52 i3 %sh - 72 NBR Ok
RiaRRIE, 144 BER RIS T () L. OME
ARG Lziladgm () L7z, 480 I T
FIAREIME T L2Db—E L 55,

7 13 FKM &% O° NBR O & fil5 55 % & OME iR
BHEIG %I Lz AR ALY — Jd 2R Y
EBEITREN R — 2O REEEE LT, KREZEL
O LRR%E 14 % &95L . §FA Shs OME IRE#HIAE
10 %FE LR85, 72720, BPEELODIZIZA - v
FOY —VEREW G ESBER U T3 L5 bH 5,

—a—Diesel —e-OME5 -—+—OME10 -+-OME20

=
= el ————§
B0 4 ~ s
c b - -
5 5
2
g0
(1 - 30 —
2 — 25 R
» ® * 1208
. - 15 2
s & —A._L 0 &
DAt @ e L5 J
f:-..... - . Lo
1 1 1 1 1 _5
0 150 300 450 600 750
Immersion Time [h]
5 FKM OZREEHRBREDFREERY
FRERREER
—a—Diesel —s~OME5 —+~OME10 -+ OME20
g 15 1
Beg=
"510 ] 'B%'é
Q
=
@ 57
g0 . : : : — 30 _
L 20 &
STTT————— 10 o
L2 » = 2 -
T“'""_ —= a | 0 %
il L L 'l 1 _10

0 150 300 450 600 750
Immersion Time [h]

6 NBR DRt EHEBRED5[IRME
ROFRREIRERHR



WIS HE 1345

30
®25 - M
20 4
8
?15 -----------------
=10 A
% 5 O FKM-144h
0 m NBR-144h
-5 1 1 1
0 5 10 15 20

OME brending ratio [%]

7 FKM RUNBR O{FfERIEEE
OME BE&EE D

4 IUVHRKERUHRGE

4.1 #HEEEARVHRES
OME DRGHIG DN L BTy v PERE K Ok
HH ZNDE LTS 5720, 2RfFTyY/IZT
RER AT 57 IRV YV DB tAR 312, BEKX
ZE 8 IR, TV U VIR B IERE S 4 K
T A =BTy DV M Uz, PR RN, A
AR G CNEFHIgS 13, FP-224) #HHw
TatliL7=, 252y x 7 MICEUSH =7 v Ty
a—4% (AVL 8, 365C) ULz &HEHEIZ, ¥
VIEBATE S (KISTLER #H#L, 6052C) % H
WTTRNIE ) &2 %GR U RBEAT 2 17 - 72,
SUBEIITHER #7253 i E (Horiba 18, MEXA-
1600DEGR) &~vA 2 uz— by 4 (AVL #H#L
483) wHUSH . P A AR ORI A 25y & SOOT
Pidicaaed i [ Oy
x3

Engine Type

HEI T DFET
Direct injection diesel
375/1600-2800

Maximum Torque [Nm/rpm]

Rated Power [kW/rpm] 110/2800
Bore x Stroke [mm] 095.4 x 104.9
Number of Cylinder 4
Displacement [L] 2.999

Fuel System Common Rail
Variable vane turbocharger

hargi 1
Supercharging system with charge air cooler

&
2
e
=
)
2
o

8 HHIIUBIER

4.2 IOV UHBREHRVEE

ICHIZ, VoY OEEMmMEGEHIZT. OME O
BHEIGAEB Loy Oy T ENO B %
NIz, oy MEEE X 600 rpm 225 3200 rpm
FT 200 rpm ZEIZEFHHIL 72, 22 VIO @ A
IR EMA S E L, # — by HOE IR ER S
(2800 rpm) (ZTHERAIE UL 712 CHItFERER S (12
L7,

WIS, IRAEZ R B - W= 558 ORI TE
BE. PESURE R OYRBENO BB T3 IR A 15 5
ZEaHMELT, Bf&RMFICKD EGR (HEHIE
B8 : Exhaust Gas Recirculation) 34 2585 L #xh=
E PR T A VEREAND 2B & A U7z, PR RN £ —
FC, JEOS OESHEDRMALADT YV Ml
1500 rpm. LYY Y ML 200 Nm % kB4 v
PROE U7z, BORHE SR B0 1 A, WEs 24 3V 23 bk
SERAHT 3 ° . WESHEIZ 130 MPa IZ3%E L. LR
200 Nm & 785 K5 ICBORHE S & & fIlE U7z, S~
=7 4 —LFEE 53 kPa 2B K28 —FN—V
PAEE LI L7z, EGR %50 %. 5 %. 10 %. 15 % &
V20 %12785%5 EGR /LT RS & FHE L=,

5 IYUVHBRERRUEE

51 2AFHRER

OME DA #IA % 8N <872 556 O 2B ik
W EZR 9I1Z/”8T, OME DRAHIA#HPTI L
T, VUV AR E 4T MLy DK T &R L7z,
K10 STy YV B #EE (2800 rpm) 12H61)
%, OME {RAEIAZ R LB, REHARRY 720
DIER F B DZLR L Ly OIK TR 4R, KX
£ OME RAHEGENNZEDS Py DIKT &, R
TRFE Y 72 DA R B DAL BRI BB R A b 5 2 &
Db, BAMENCEE—EAE A2 W57z
B, NHE—E DR R ORI IES XNE Z b,
BABEDMETLZEE Z 605, OME IRAHIEGA
BWSRIETIE, REGEOZLER L ML KT RIC T
b5, ZHUIHEB T2 BGhEOM T 25— K & HEll T
x5,

Bl EITHEDO K438 ) 7 1 OB 5 . ML K
TH5 %FEEEFTHAETEZSETHL, OME OHEIA
1310 %FEE L TRAETE THS,



FEMAD OME RENRFMEIR &7 « — EIVIERIMREIC R T § &

400
300
E
<
) 200 4
o -a-Diesel
e 100 -o-OMES5
-+ 0ME10
--0OME20
0 L L L L Il
500 1000 1500 2000 2500 3000
Engine speed [rpm]
K9 £2ATHRER
= 0 ]
& Y NN N L Low heat value difference
E % —o— Torque drop rate
R B B .
s ]
g3 :
2 ©
= _: -10 4
&
- _12 1 1 1 1
0 5 10 15 20
OME brending ratio [%]
10 OME E&EI&ICHTS. MLV ETERY

BRERI Y ORMIEREOE(EE

5.2 BAAEHBRER

REE B L R AR 25, OME O#IA1E
RARKTI10 %I TRAEWVETHEZ Wb 572, ZZ
T, S MO EGR §&4 FIZT, OME % 10 %iRA
L7zBEnxy o U WRE. PESCRIME B OMRIsE R 4 ki
LIl U7z BEED Y Y V2 OME 2 REG L-BE
HRE U, WS S5 X — & K OSEAE AR o fit 12 [
i#. EGR ZAZH L NOx Rt E A2 2L L7=8E D
BTE (IEM#45h# : Brake Thermal Efficiency).
SOOT. HC KU CO HEH &% bk L 7= 5 R A B 11
1ZRd,

OME %ZiE&95Z LT, [— NOx i & T g
$3&, SOOT. HC RO CO HEHRIZE F L=, &
TUZ OME 2 &R R Ch B Z LI 5 & &5
X, SOOT. HC KO CO DK F i it ©© & [l
RO TH S, — N TERIRIZME T Lz, Bk
OME10 Ot % EGR15 % & T4 &, NOx
PEHVRIZH 10 %L, IEBREGIEIX 0.6 %K T,
SOOT HEHIEIZH 45 % & KMEIZ{K T L=,

g 20 ~0-Diesel
v -~ OME10
S 10 A
-4
g 51
0 : : : : . - 41
:W g
- 398
38

SOOT [g/h]
o o
2 8

L X
B
L J‘
HC [g/h]

e
o
(=]

-t

CO [g/h]
oN OO

4 6 8 0 122 14 16 18
NOx [g/kWh]

EGREZEL NOx BHEEZEXE LAROD. E
BR#&HZE, SOOT. HC RV CO HHHEHRER

B 11

1212 EGR20 %5&McHir5. mRNETI, @A
SR, B, BRAEMBEE LA VY 2
S BRE RIS DV TERH & OMEL0 D5 R % Mg L
ORT, 720 ZOBROARKRR OB 75 5 L
7 4 R OFEY DCV (FRNE : Degree of Constant
Volume) #E 1312, EVO (HEX, VL7 5H % B -
Exhaust Valve Open Timing) FTDR»TDREFE
B L RABGE DS RO, 4 KO EGEK
HAEEE 14189, OMEL0 3 ARY 720 O Fe st
IMEL BB ZEn6, 4 VY o 4 BRBEIR AR 31
GHHB AR & 572 — TR IR THEREN S
W& 572, OME BERERRITHD ., ok sy
fili 23 EnNZ A s BEHIC He B BE 3 WG T8 b U sE ]
BIBEELS B2 B A5,

L L, HES UL 7 B & ] & o BdE 2 HE)
BRI L7z, B TG FAL U722 & TRIPRE 28 |
L. BdBInBmLzL B8R 45, ZOBGERDOH
mzko., BhEMET Lz HETE 5, 5%, 2
TR ORMIF K %2 B L3572, RRHIES SF 4 — 4
K OEAGITE & i/ 87 X — 2185 UC bl st 3
BRENRHY, VI a2l —¥ 3 VEMHOIE S BE
15,



WIS HE 1345

+-| ——Diesel

§
5 ~---- OMEI0
3 :
$ | |~
£ 0 - N T - 2000
Lg
LA+ I~ 1 L1s0d g
E E
”‘»__/ 1200 & ¥
£ g
-
3120 800
90
§ 211
330- \K\\
) O-—J
€ 30
/—— 1200

£°588
Heat release [J]

L
|

?_\ _ __I :

=20 -10 0 10 20 30 40 50 60
Crank angle [deg.ATDC]

12 BEAEH. GRFEERE. #FEEFE SRE
BEE. RO D 1 7 2BEIERDOER
(EGR20 %)

Injection pulse
current [a.u.]

_ 098
> 0.96

(a]
0- 94 .
0.92

Diesel

OME10

13 Z3RE (Degree of Constant Volume)

18

N
o

-
(%2}
1

Heat loss EVO [%]
=}

5 4
0 .
Diesel OME10
14 BE/NIVITREE (EVO) £TO

BMIERES

AWZETiZ, OME ##HIC A EiRa L7z BBk
PEIRZPRAEICL . T8I E 2 5 5228 & AR B
W FH U 7= BE OB BI R S O SR 12 RIE T B %
A L TR OMR A 572,

(1) REHMEIRFEORER. BHIC OME 2 1RE 352
ETIRAREE MK T L7, 725 OB & Y
%b*ﬁr%mﬂi?éﬁﬁ; L. OME % 20 %L gz

BHETDE. JIS2 SRGHOBUSHIPH Y & 25 > 72,

(2) OME RABMEZHOT, TAB0REEGRER

%I L7558, OME ORAHIG 12 [
JEIK T U, R RE D & < - 72,

(3) OME #RA La®imZ ki ¥ v IZHWT,

] —MEE G S CRBR L7255, OME 1RA #14

OEEANMZPEN ML MK Lze PLZKTFOH]

BB OIS Y 720 DR EE B D - 77,

(4) ﬂ# ML ATy Y v ERE R O A 2 R

DR L FIFER, OME #88HISIRA TS

_f‘:’C\ SOOT. HC KU CO HEHEAMK T L7z,

U OME 2 EREBMRECThH 2 Z LITER T2

LBETED, — T CEGHEME T LIRS
EGRLORNMZ& 2 DL HEHITE 5,

ARSI 2250 S 20-00374 1238k S =G
XEMEBIED L#HET2EDTHS,

SEIW

(1) VEBY¥: h—Rr=2— FINICANTEZEEY T 1 OBRKL
JSAE ENGINE REVIEW, Vol.12 No.2(2022)

(2) Fourin, efuel K OHEEMEEA V2327 + (2020)

(3) Z.Wang, et al.: Homogeneous charge compression ignition
(HCCI) combustion of polyoxymethylene dimethyl ethers
(PODE), Fuel, Vol.183(2016), pp.206-213.

(4) K. Gaukel, et al.. OME2: An example to pave the way to
emission-neutral vehicles with internal combustion engine,
International Vienna Motor Symposium 2016(2016)

(5) L. Pellegrini, et al.: Combustion behavior and emission
performance of neat and blended polyoxymethylene dimethyl
ethers in a light-duty diesel engine, SAE, 2012-01-1053,
(2012)

(6) L. Pellegrini, et al.: Emission Performance of neat and
blended polyoxymethylene dimethyl ethers in an old light-
duty diesel car, SAE, 2013-01-1035, (2013)

(7) 7Z. Wang, et al. Performance, combustion and

emission characteristics of a diesel engine fueled with

polyoxymethylene dimethyl ethers (PODE3-4)/ diesel

blends, Energy Procedia, Vol.75(2015), p.2337-2344.



FEMAD OME RENRFMEIR &7 « — EIVIERIMREIC R T § &

®)

1D

W. Maus, et al.: OME1: A potentially sustainable diesel fuel,
International Vienna Motor Symposium2014 (2014).
AERRARTT © TR I XU 5005 OME OMFERHE, 4 30
[FINBRFERE > KD 4 (2019), session95.

L. Lautenschutz, et al.: Physico-chemical properties and
fuel characteristics of oxymethylene dialkyl ethers, Fuel,
Vol.173 (2016), pp.129-137.

L. Lautenschutz, et al.: Corrigendum to “Physico-chemical
properties and fuel characteristics of oxymethylene dialkyl
ethers”, Fuel, Vo0l.209(2017), pp.812.

A IR T O — G A2 5 B2 R S 2 OB BOR
INEEZ B ARBEKREY — %0720 — TR,
(https://warp.da.ndl.go.jp/info:ndljp/pid/243519/www.
meti.go.jp/committee/summary/0002070/0001.html),
(ZHH 202049 F 21 H) .

i

#FHE E—

Rl

OWg sEBRO—C_%

BX40 Hix/ A (1938 F£=3)



Transient Model-Based Calibration for Engine ECU Maps
Using a Big Scale Multi-Objective Optimization Solver
Running on the Cloud

Yifan Wei* Yicheng Hu*

Bruce Vernham*

Abstract

Steven Haines™*

Vaibhav Kadam™  Waiting Li*

Future 2024 and 2027 year’s low NOx regulations require heavy-duty diesel engine trucks to drop the NOx
emission from current 0.27 g/kW-h to 2024 year’s 0.068 g/kW-h, and 2027 year’s 0.027 g/kW-h . This imposed
significant challenges to diesel engine automakers. The demanding emission regulations and customer fuel economy
requirements call for the needs of model-based design and model-based control development to satisfy product
requirements. In order to increase calibration development efficiency, we proposed a method in this article to
calibrate engine control unit (ECU)’s control targets’ set-point map utilizing a novel optimizer running along with
engine and ECU models on AWS cloud. The calibrated maps were tested on 4HK1 engine and showed good match

between testing and simulation.

1 Introduction and calibration

formulation

problem

Model-based development and validation processes
have been widely used in automotive industry from
hardware prototyping to calibration and validation
stages ”” Even though different types of simulation
could significantly reduce physical testing work, they
usually require extensive computational resources
and could be time consuming to find ideal solutions
for complex or nonlinear problems @ Therefore,
optimization algorithms are frequently coupled with
simulations to search for solutions. This demands
solver’s capability to solve problems effectively,
called
“weighted-optimization framework non-dominated
(WOF-NSGA-II) .

Additionally, running on local personal computer or

therefore we proposed a new method

sorted genetic algorithm
a cluster limited CPU"-cores can be time consuming,
thus, we tested an architecture on cloud with
demanded number of cores for better parallelization.
The optimization and simulation generated calibration
maps were finally tested on engine, and simulations

were compared against tests.

Note” CPU: Central Processing Unit

2 Intro to general optimization algorithms

Simulation software were black-box to optimizers,
therefore derivative-free methods, such as PSO
(Particle Swarm Optimization) and GA (Genetic
Algorithm), were popularly selected to solve these
and highly non-linear problems
® © " Such

methods are effective for small-scale optimization

multi-objective

regarding engine development aspects

problems (limited number of design variables), but
engine control and calibration applications were
large, due to various subsystems for high-level and
low-level controllers, and many parameters were map-
based to account for engine and emissions’ transient
behaviors. A novel derivative-free method which can
tackle multi-objective and large-scale simulations was
urgently needed to capture multi-objective tradeoffs

like fuel consumption against NOx emission.

In the field of derivative-free multi-objective
optimization, there is a well-known algorithm,
NSGA-II (Non-dominant Sorted Genetic Algorithm),
which is efficiency in generating the trade-off pareto
front for small and medium scale problems *” and is
able to capture pareto fronts with different shapes.
For example, it can successfully generate concave,

discontinuous pareto front, which cannot be found

* Isuzu Technical Center of America, Inc.

** Optecon Consultants LL.C
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by weighted-sum method. However, computational
experiments show that for large-scale problems,
NSGA-II has a slow convergence rate due to the large
design space and the ineffectiveness of the genetic
operator ™. Studies have reported several improved
algorithms to deal with large problems, such as co-
evolution, differential evolution, ete. "%, Recently,
Zille et al. proposed a framework to solve large-
scale multi-objective problems based on problem
called the
optimization framework (WOF) "9 Compared with

transformation, which is weighted-
other methods, this framework allows users to input
their expert knowledge explicitly by defining design
variable groups considering variable interactions. In
this article, we implemented WOF with NSGA-II and
proposed WOF-NSGA-II to solve ECU target set
maps to achieve different BSFC"/BSNOx” trade-

offs on a hot HDT? transient cycle.

Note” BSFC: Brake Specific Fuel Consumption
Note? BSNOx: Brake Specific Nitric Oxide Emissions
Note® HDT: Heavy Duty Truck

3 Intro to engine optimization and calibration

For based

calibration and optimization problems,

traditional steady-state engine
because
both the engine thermal mass and ECU controller
responses plays marginal effects once engine reaches
steady-state criteria, dyno testing or model-based
calibration tends to optimize selected speed-load

steady-state points.

However, the controller responses and engine
thermal inertia could play huge role in transient
cycle calibrations, and many control and calibration
strategies involved transient correction maps.
Therefore, during final validation stage calibration
process, engine calibration engineers have to
consider these effects while satisfying all engine
design and planned requirements. By utilizing
proposed framework by authors, engineers can
optimize calibrations based on transient cycles, and
optimization and calibration can be move forward to

earlier phases of engine design and planning.

In this article, the authors picked in total 7

control target maps in order to optimize injection

control timing and quantity, exhaust gas recirculation
(EGR) rate and variable geometry turbocharger
(VGT) boost. Due to the nature of transient based
calibrations, each of the 7 maps were divided into 18
fueling levels - by - 25 speed levels grids as shown
on Figure 1. The optimizer would optimize every
individual points on the grid. Therefore, the solver

needs to solve 3150 input variables, which represents

7 maps.
M
150 |ap
250
200
2 100
=
3 150
g
Lﬂj: 50 100
50
o
[1]
0 500 1000 1500 2000 2500 3000
Enaine Speed (RPM)
Figure 1 Example of a control target map with
18-by-25 grids
The final developed calibration maps and

simulation results were validated against test results
on MilL simulation for their hot HDT cycle based
BSFC and BSNOx numbers and compared to those
of a set baseline manual calibration maps with same
MiL simulation. In the following context, the authors
will later refer a group of 7 control maps as 1 set of

optimized calibration.
4  Problem Formulation

The authors introduced the optimization problem
formulation for the engine calibration application.
The decision variables were 3150 points from the
7 calibration maps, where each map had 450 points.
This work used X;; to represent the jth element
(individual grid point) in 7th map, where 0 < j < 450
and 1 <i<7. The collection of decision variables
can be reorganized into a 7X450 matrix X. Each
calibration map might have upper and lower value,
therefore, the upper and lower bound for each x;;
was determined, denoted by ¥;; and x;;, respectively.
The smoothness of the maps were also given as
constraints 0x;j. Given some maps design X, the
simulation would evaluate two objective functions
of interest, BSFC and BSNOx, denoted by fpsrc(X)
and fpsnox(X), respectively. Both of the objective
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functions were highly nonlinear and nonconvex and
could be treated as black-box functions. In addition
to that, the simulation would also output some
other engine states/metrics, such as temperatures
and pressures, which could have hard limits, such
us turbo inlet temperature, and can be captured as
optimization constraints. The authors used M, (X) to
represent the kth metric in the output. And similarly,
each metric had some predefined feasible region,
denoted as M, in order to capture the physical

limitations of the engine.

The optimization problem can be summarized in
the following mathematical function evaluation (FE)

form:
min {fysrc(X), fosnox (X}
s.t.xy < Xy < xyj, VY (0,))
0x;j < 0xyj < 0x;;, V (i,))
me(X) € M, Vk

The FE is expensive since the simulation is

computationally intensive, and the minimization
objective and constraint violation can be detected at
the same time, which means the optimization problem
cannot generate feasible points before sampling, but
could be known if one point is in the feasible region
after the FE. In order to remove infeasible samples
in a consistent manner, this work reformulated
the above problem into the following FE form, by
converting the engine states metric constraint into a

set of penalty terms in the objective functions:
min {fbsfc(X):fbsnox(X)} + Zlkﬂmk(x) EM
K
s.txy < x < x5, V(1))
0x;j < 0x;; < 0x;5, ¥V (0, ))
Here A, was the penalty coefficient for violations
of hardware limits of engine state/metric %, and it
was picked so that when the engine hardware or

operating condition constraints were violated, the

penalty term would dominate two objective functions.

5 Implementation of Algorithm and Simulation
Architecture

5.1 WOF-NSGA-Il Optimization Framework

The authors implemented a framework that fused
both WOF and NSGA-II algorithm, and a brief
overview of the framework was provided. For more
technical details and definition of terms, readers can
refer to the original papers ™ ™ % A figure of
the fused WOF-NSGA-II framework was shown in
Figure 2.

‘ Solver Initilization Simulation ‘

v

]
’| NSGA-Il solver for ny generations ‘

}_‘L

select g best points from main
problem's best population §

subproblem 1 ; * |subproblem 2
‘divide 3150 design variables into 7 groups [maps)‘
‘ NSGA-Il solver for n; generations ‘ e em .k
+ subproblem g |
‘ this subproblem’s best design s ‘
|4 )

merge best designs from subproblems 1~ g
and update main problem best population 5

main loop = 10 loops

if main loop finish

| NSGA-Il solver for n; generations |

Figure 2 WOF-NSGA-Il optimization problem
solver overview

5.2 The NSGA-II Part

The framework was initialized with a population
size of V. Each individual in the population represents
one design. Without any prior information, a random
initialization was used. If users have good baseline
calibration maps to start with, the proposed solver
can include that map in the initial as well. The
population was updated using NSGA-II algorithm for
some generations, which is shown in Figure 3. Inside
the NSGA-II update, the current population would
be evaluated via simulation, and then ranked using
non-dominant sort algorithm. For individuals having
the same rank, a metric called crowding distance was
further calculated to represent local point density.
The population was then filtered to keep elites only
by comparing ranks and crowding distance (lower

rank and larger crowding distance are favored).
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A parent pool would be formed subsequently by
random selection and binary tournament. Children
generation would be generated by randomly selecting
parent pairs and applying genetic operators including

crossovers and mutations.

Function evaluation (FE)

v

Fast non-dominant sorting

v

Crowding distance calculation

v

Parent pool from best designs so far

v

Child generation for next generation

Figure 3 Standard NSGA-Il optimization solver
workflow chart

5.3 The WOF Part
After updates via the NSGA-II solver, the
population were moved into the WOF phase. Firstly,
g best designs from the population would be selected
by comparing ranks and crowding distance as well. We
X
This represents g best calibrations found so far.

denoted the corresponding designs as Xq,Xj, ...

And then, ¢ corresponding subproblems, each with
population size n, would be formulated and solved
simultaneously in parallel using NSGA-II solver.
This means that for each best calibration in q designs,

the optimizer would do a further exploration.

To define a subproblem, this framework firstly
took some design X, and divided the design space into
v groups. For engine calibration application, since it
has 7 independent calibration maps, it was natural
that the authors picked y=7, and it means grid points
belonging to the same map were grouped together.
The authors noted that this was problem-specific
prior knowledge of this optimization problem, and

the WOF could properly handle this information as

an input. For now, the problem has 7 variable groups
to represent 7 maps, denoted as x{,x5,...,x% . For
each group g, a weight variable w, was assigned.
For the subproblem, the framework viewed the
7 weight variables, wj,w,,...,w;, as new design
variables. One way to construct the design in the
original design space was to perform the following

operation (which was called product transformation):

wyxi
X, = W, X3,
Wy,

For product transformation, it could be observed
that by setting all W;=1, the center solution X, that
defines the current subproblem could be represented.
And for the subproblem, by optimizing weight variable
Wy, the algorithm was actually tuning the optimal
levels of each calibration map while keeping the
shape fixed (and for the previous NSGA-II update,
it was more of shape tuning). Apart from product
transformation, other transformation methods to
construct design in the original design space were
also available; examples include value transformation
and interval-intersection transformation. It was also
worth mentioning the shape gradients were imposed
on the map discretization to ensure maps were

smooth.

After solving g subproblems for some iterations
using NSGA-II, the solver generated nq points from
the union of population of subproblems, where n is
subproblems’ population size and q is the number
of subproblems. Together with all simulation FE
evaluations, a population filtration was conducted to
keep NN best points only. Then, the previous steps
(NSGA-II solver and WOF) were repeated for some
iterations. Finally, the WOF-NSGA-II solver had
some extra generations with NSGA-II algorithm
until all available FEs had been used or there was no

observable improvement of the Pareto front.
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6 Simulation and cloud architecture

The WOF-NSGA-II optimization algorithm shown
in Figure 2 was implemented in Python 3.8.10. It
was coupled with model-in-the-loop (MiL.) transient
engine cycle simulations. The MiL. (Figure 4) consists
of the following parts: 1. V.22 4HK1 Engine Model
in GT-Suite” 2. ECU Controller Model in Matlab/
Simulink” compiled executable 3. Calibration maps
in ASCII”? file 4. C Code to read calibration maps
from ASCII file and pass it to Simulink ECU model.
For each optimization FE with specific calibration
design X,;, a MiLL evaluation was performed. Due
to the nature of the NSGA-II solver and WOF
framework, the developed WOF-NSGA-II solver can
be implemented to run simulations for objectives’
FEs in parallel manners. To further increase the
simulation efficiency and reduce actual real world
time, the solver were coupled to submit simulation
evaluation jobs to the cloud with AWS as backbone
computational resources. Number of CPUs to run
are on demand depending on the optimization solver’s

request. The structures were shown on Figure 5.

Calibration
Maps

generate

C-code «
| read

pass caJibration

Optimizer

f
function eva?luation (FE)

simulate |BSFC / BSNOX

ECU | controll Engine ;
Engine States

Model Model

Figure 4 MiL Components Integration

Submit jobs to cloud
Optimizer

Cloud service
(Amazon Web Services) >

BSFC / BSNOx
Engine states

CPUs on demand
N number of simulations in parallel

Function evaluation (FEs)

Figure 5 MiL, Solver and Cloud Integration

Refer to Figure 3, the WOF-NSGA-II setting
has 300 random initialization points, q = 5 sub-
problems to represent further exploration on 5
chosen calibration maps from population S = 20,
y =7 for 7 calibration maps. For each sub-
problem, NSGA-II solver setting has a population
size s=10 to capture 10 best calibration maps in
a generation, n2 = 10 for 10 generations. Pre-
subproblem NSGA-II solver setting has S=20
populations to capture 20 best calibration maps in
a generation, n1=10 generations. For post-big-loop
wrap-up phase, NSGA-II solver has same setting as
pre-subproblem NSGA-II of S=20 and n3 = 10. The
big loop shown on Figure 3 runs 10 times, this setting

results to total 7500 simulation runs.

Each hot HDT simulation evaluation took around
20 minutes to complete, therefore total CPU time
for 7500 simulation runs is around 2500 hours. If
running on a serial manner, it would take more than
100 days, however running on the cloud with CPUs
on demand, we finished the evaluation around 5 days.
Note” GT-Suite: Gamma Technology’s Engine Simulation

Software
Note? Matlab/Simulink: Engine Control Unit Simulation Software

Note® ASCII: File Format to Store Data

7 Calibration Map Validation

After running the optimization solver, the
following BSFC vs BSNOx trade-off pareto Figure 6
were achieved by using simulations. For validation,
calibration engineer picked 3 different BSFC/
BSNOx levels and tested on actual engine dyno
meter. The comparison between dyno test data and

simulation data were shown as the following Table 1

and Table 2.
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Figure 6 Pareto Front Achieved by using
optimization and simulation

Three calibration were selected at the following
fuel consumption v.s. NOx levels. Table 1 showed the

prediction results coming from simulation platform.

Table 1 Engine performance states predicted
using MiL
Calibration 1| Calibration 2 | Calibration 3
Total Power (kWh) 9.47 9.56 9.73
Total Fuel (kg) 2.15 2.20 2.35
Total Nox (g) 28.62 22.46 15.95
BSFC (g/kWh) 226.37 230.22 241.76
BSNOx (g/kWh) 2.98 2.32 1.62

The calibrations were output into ETAS INCA
calibration files and loaded into ECU hardware to be
tested on actual engine dyno meter. Table 2 showed
the actual calibration performance and differences

compared to simulation predictions.

Table 2 Engine performance states tested on

engine dyno
Calibration 1 | Calibration 2 | Calibration 3
Total Power (kWh) | 9.39 (-0.85%) | 9.36 (-2.14%) 9.25 (-5.19%)
Total Fuel (kg) 212 (-1.42%) | 2.16 (-1.85%) 2.3 (-2.17%)

Total Nox (g)

26.12 (-9.57%)

20.72 (-8.40%)

14.04 (-13.60%)

BSFC (g/kWh)

225.46 (-0.40%)

230.61 (+0.17%)

248.69 (+2.79%)

BSNOx (g/kWh)

2.75 (-8.36%)

2.19 (-5.94%)

1.5 (-8.00%)

It was noted that accumulated fuel, accumulated
NOx, BSFC and BSNOx are well captured in both
trend and quantitative values. As in Table 2, the
prediction of power had some deviations, because

simulated torques seem to be more sensitive (around

20 N-m deviation) to calibration changes, while
actual engine dyno results showed less sensitivities

to calibration changes.

Fuel flow rate, airflow rate and boost pressure
are well captured in simulations compared to
testing results, as shown in Figure 7. There are
few challenges remain in some operating regions
where the feedback EGR valve angle (Figure 8)
and feedback VGT position value deviates against
test data. Potential improvements could be made by
improving turbocharger maps accuracy and further
validate Simulink ECU controllers. The NOx value
at idle region are also not perfect Figure 9 due to
NOx sensitivity, small deviation in EGR prediction
could cause gaps between simulations and predictions.

Additionally, Soot predictions had some missing

spikes.
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Figure 7 AirFlow Rates Comparisons [Zoom in]
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Figure 9 NOx [ppm] Comparisons [Zoom in]

Even though there are some aspects in the
simulations to be further improved, but between
simulation and testing results, air-path Figure 7 and
NOx Figure 9 emission related changes and trends
were well captured between different calibrations
sets. Calibration and validation engineers could
pick desired BSNOx and BSFC levels and generate
early development calibration efficiently based on

design targets using simulations, and further fine
tune the calibrations for problematic regions with
expert knowledge. This guided testing engineers
with improved efficiency, and also could enable
early calibration and validation at system design
and development phases, where models could have
been developed and re-purposed for calibration and

validation purposes.

This article also demonstrated the proposed
optimization solver was capable to solve big scale
and highly non-linear problems and generated model-
based calibrations for engine ECU target set point
maps. The on-cloud simulation architecture made
running large number of simulations in parallel
feasible, and therefore, tremendous simulations can
be finished in a reasonable amount of real-world
time. By utilizing this architecture, we demonstrated
the new simulation based approach to increase
calibration development efficiency and showed good

match between simulated results and testing results.

8 Conclusion

The authors proposed a fused optimization
framework, called WOF-NSGA-II, by combining
weighted optimization framework (WOF) and genetic
algorithm NSGA-II.
platform, including engine plant models and ECU

A model-in-loop simulation
control models, was utilized and coupled with
WOF-NSGA-II solver. Simulations were running on
the cloud in parallel and made reasonable simulation

The

framework along with the MiL. simulation platform

time achievable. optimization solver or
proved to provide test-ready calibration maps and
successfully generated BSFC vs BSNOx trade-offs

for ISUZU 4HK1 diesel engine.

The future works will focus on further improve
modeling methods and accuracy for ECU controls,

engine plants and emissions models.
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Abstract

There were many market problems with vehicles
destined for the United States. It was presumed that
the cause was rust generated inside the fuel tank, and
various countermeasures were taken. However, similar
complaints continued after the measures were taken,
and it was suspected that the cause might be different
from before. In addition, since similar problems have
not occurred in markets other than the United States,
we conducted investigation from a different viewpoint.
This paper reports causes and countermeasures which
occurred only in the U.S.A market.
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B2 Y 2 OWNER i, SMBL A 2SRl L 72 R

WitEM St Sz (B 2), (HEYE. #5 L1
B XM B ZENTE, &V O M OVEET
E— MR EE AR LT WE IR X T
WZERS, MRATEIZR LI HE N RBELTNET
EWREEDNIz, AT, B2 7 EEIZERAT LT

SIREHZIE. TR OK R ORI O B & ERE Sz
(®3).

BN SIRA Lz & b s BN BT 5720,
BREL T 4 L2 DA PR & A | X85 kbR & 2 L.
FIT7ARNL - WIIAREREDREEMABLZ ENTE
7zo UL, BREL 2 Y 2 B B RIS E§ 580
KB MEMIIONTUL, B A RE L., HEEKMRIC
DEIMB I D B728 . FeE A =X L DN NS
R DFFE % Fhii L7z,
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3 ZLURE R (FEKQIEERMSHY))
2 KRENGSHEIRGEOHAE

Hits &0 B L=k 2 > 2 o FiiittEY (K4).
T OB D 53 0T % Fhi Lz WIhe FiE (X -
BERR) Akt . MPIEHE & B 2T KD &
&S Z < OEEE AR L7 (B5), KEK
BHE, fho[E % & Hoil LT 8 Bk 2 e P A i
HO. HELRL TR TH 5720, BRI BLS1L
L7zBRIS R AE T2 AR M R L, 4V IR CREEE.
KR L L7 Z & TREMM A LD TidR e
HEHI L Qe SO AHHER TR R O R
BAFE L@ Nz ehs, BB omkBHLrEIA
TldaL . DJRIK A D % M REVEA RIE Xz, ZD7-
B, KIE TR OBBHERE SO TR % S L 7=,

X4 MPEVAFEER FEVIBEX

u B m A2 IR
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= 4000
a
23000

2000

1000
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5 FARESTHER

3 REWHEOHRHIRE

3.1 HEERH

KIETHETIE, 2007 1B RS (5 15
ppm DUT) MEA Xhiz, EMALENL, BEEAEDH
i3, MARITRB AT 5T 4 02 D&
PR LT (F6), £72000F s OHjIZHNTE
RIREHAIC 7 4 L2 BAZED BRI F8 A LTl 0 . i IKHTE
WPEHPE A ISR B B HURE Sz, — . HARERN
IZBWTE BICHTE B (FEHE 4 10 ppm KLF) 1338
AINTOBE, AR AR TE LTz, K
ElHiss A ORI & & 5 Z EAURE X, KEHiH
Tix, RN M 754 v Tlk Sh T, V)V
KEDRLAMMENA V&2 —T 2 — A& LTHERL
T3 (7). BRELISHZ G KEER LTS 5A
HD, Zhohary s3I L TRATSAREMENSH 5 Z
ENG 57,

g
X6 KEMH TR

TR 27 RER

7 BENATI(

3.2 KETSRFHIRERS T 227 RKR7)

2007 412K BB ASEA XN TH S 5HFE LT
WBKEHBOM T %7 OFEIZONT, EPA CKk
[E|ERBEPA# )5 : Environmental Protection Agency)
TIIEK6 HFTOH T 227 OFEAFEL T3 P,
P LT RTOM T 2 27 N#EICiE, R61I2nd &
IS EORENER SN TS, N2y 7 Rk
DM AIZONTE AL XN, L EOH M
(FrICHEmR) AR L7z, 72, WA 2 513, BERO
FAVR &2 B Tl 2 OBFEE & B 2 Tng, KEIT
AV ) IR ) =L EENED, & ou—
) — Tk A EICBIc T2 ) — LR A L, HF
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82 0 SR O A AFAE T 2 BB IR D IR R & 7%
. R % RE X e B0 TIIEV D E OB X
Teo HUN 200 OMGEZTER TS L. WX A B X
NTHD., WS KM OWELRENRALRTNT
ENGE o Tz FENHENIGE L KR LK<,
EHBRNEWI L FKEZ 2L oMz, 2O 5Kk
BEA, BB U, R E R R 2o
iRl HlgOBEL 2 v 2 N TERETEZen
B aIhiz, — ., HATIZ, HHEYRE LT, &
WL 2 v 2 OINIERER S T S hTind, 2V
I RFELTOB56 ., INHEREBAEA 1225 nTRelk
AEL . BRI EBIIN ST XS Xh T
W5, 207280, KEITSO LS s I FEE LTk
We#z5,

4  REAREORFHRE

T 4 LA PAZEEE SR Lz Mgk Hitg L B L 7=
PRBHZOW TR A2 2N L7z (1) [RIUREHHIZIE,
WINE M AR AREGE L. T4 7 —LiZOn T3
SN S 7=h, AR (RRICHERE) 2 Ml L7z,

o, MAEVRAELEFERLZEZA, WIhE |
EHERR TR SN au=—-0 %t (R8) %
R L. EPA#ERMIC. FEBFHO -DOThHS
Gluconacetobacter liqgufaciens (E9) it Eh
7z B 5 & T I 2 o 2 [RIR S WERS R 23R Y &
NTHD .| BFRERE K2 B ERAEDTREMEA R iz,

F1 HEER

BHR FE1TIEBE [ km]
@ | JALCAW164H 11,920
@ | JALC4]J160H 29,910

8 WEMHAE (AO=—R4E)

X9 FHEKOWEMHESR (DNA )
5 BEAXHZ=ZLA

51 22U WN#HEKERAVEERHE

Hig A & FRE U722k (B &) &
U TRzl 2 926 L7z, BERE &1k, =4/ — )L
% B IS 23 A M ORRFR T, HRPIZIAL oA
T3, MDA Fh-EE (K10) Ic&k->Tx
8 =BT X N TILTR NICIR{L S, BEER\& 2 i
L. BB #5598 35, 20778, oMY
DEIETE LW AD AL EbNT5S,

_ BYEEREEE
FPENPATER

I5)-l i34

RUTFZ

ALDH 2

10 HMBREORBESEERI,1TIRICRE (EHR
)

EVADH (7 v 2 — v ik % % 2 ¢ Alcohol
dehydrogenase)

FEPALDH (747 b FBEAKFEEESH  Aldehyde
dehydrogenase)

B, H P 2 v 2 NEBICIRA L2k ) —
A RFEPE LTCOB LN THN TN, FEHf
B A SIZT & 7 — LdRH S g, Jicog ) —
DIFAEL TR Z EIFE AN ens, BRI ST
U L T2 ATREME AR X7z,

ZFZC, FEWIIT A ) — L RO A R ZE L
T, B2 F20E L7z, WiEisid, 22 Ko L7
WHREARZMAZ, FWRIST 7 HERES OB E#R O
R LR R OWE & 17 - 72, ikBRAT ORI I35E M
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E 1500 3
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6 XEMICOWVT

6.1 XIRMDIRES

AT DRRERAE R A6 | (KRR LIc & D Babrh Chlkg
FARG L., BEES L < EREIh3Z 82k >T, M
BHay 2 NICEEPRETHZEDRHOIE K - T,
ZOxPR E LT, K0 BEEfRIZ 5RO R R 2 MG L7z,

F72, B2 T3S LR OBRENESS
BUTHDR & IR 1225 KO ISR Lz,
BUTOMEL 2 v 7 TR XN TR MR, digh—
TTH > ELMMADMARDETH S, ZOMEHE.
RO IR E . TN TEHOADHET
O EERFE IS, LaL, KETOBRE 4~
2 D& sk LB Tl BAL OO 8238k .
FTFON) TAEH G R ANEL > TLE S, F72, #k
e B LT, DS NIEEBM GO, $EFR
HrASFEH L= A ISR A2 I LT L, s
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ZD18 . RTINS B R 7=
RS R0 BB OO A T2 %
et L7z,
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BEFIZOWTOIEEEN 2 WET5720, kb
HNE L7z, sRBR L LT, B 2 v o R &
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EFERELE, BRELTIRA7 IR TERD, i<
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ZDZEMNSRARMTIE, WE—TT0 > ZEH»5
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N=BEThH B2, FEIE RN ERE L. B
OHFROIE B A IHIT 22 L WfF N5,
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IREESAR SR + EiR-9'HoF

X 18 #HAFER 750 B (FiR) TO7 v/N\—fID

By TIREE



KENICHIZEHDHIE BB 2 T REBBERICSDWNT

7 BHYIC

KIE T BRE LCRAE L=, sl 2 > o
PRI N AHE O FAE RN, M), HEHI LT
WD IRIL AL T U2 A HEER I KB &
. BB 2 NIZIRA U= R O EHZ X 0 Ak
L7-BfBI kBB Th b &I L2,

KETHIGOAFAE LB E LTI, O 2007 LU
R A X7 RIS & - T DARTE Rk
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AWFE A FhETHI2 Y720 HARBLIEE AR
IZEREDTHINENZZH S #7202 b 2
ZITHBEA KT,

AR AR NENE BV 2 B OMEHR
[%F 65 IRkt & Bl Rt am 2= | SO 155 66 [nlipfh & 2R
Finfim el PRECERINZNE 2 INEBLED b
HRET2EDTHS.

SEW

(1) Tanknology : Tank Trouble Tuesday, September 4, 2018 ,
https://www.tanknology.com/tank-trouble-Tuesdays

(2) Battelle Memorial Institute: “Corrosion in systems storing
and dispensing Ultra low sulfur diesel (ULSD), hypothesis
investigation.”, p.14-19, p.32-33(2012). https://clean-diesel.
org/pdf/ULSDStoringSystemCorrosion.pdf

(3) RO FEA, % AR ICH T 2 DB & EBONE 2%
WZOWT, 5 65 [BIAPRF & BRET T a2 il 4 (2018),p.211-
214

(4) RO KA, %, A, @ ADROBM AT v 025 B
U7z W 1A O PEIR & SR OB T EIZDONT, 55 66 R4k
& BB 2 R (2019), p.353-356

g
i

<355;~ ﬂmk

BE ORE hE A

OWg sEREOD—_%




A7y R« T—52%EA UEEREITARE SCRD
KEH{EEHETE

Estimation of Hydrothermal Aging of SCR Catalysts for Heavy-Duty Vehicles Using Connected Data

KL w1 B B SN - N 1/ Al EA
Ayako Honya Kohei Oka Keiko Shibata Kazuhiro Enoki Naoya Ishikawa
£ K Abstract

7 4 — L KAYH 4 555 ALEFE SCR % MY
L. O NOx HHbERE % allkatfli L7z, %72, SCR ®
FEAFHENTH B AMACBRIZEHED L, Hiljoa
207y K7 =20 FHTRE R KBS LIE R e &
F LT, 914,000 5D SCR KREFHAHESTIE % HEE
U7z, [RIRRIS, ARG ALOHEAT IR 2 7387 L B =2 Al
Raliii Lz,

We evaluated NOx purification performance of in-
service SCR catalysts collected from four diesel heavy-
duty vehicles. In addition, we devised a new SCR
hydrothermal aging index that can be calculated from
connected data of vehicles. And by using the index, we
estimated the progress of SCR hydrothermal aging for
about 14,000 user vehicles.

1 [FU&IC

HLAf RS EN I CHEAE B S T BB gk
HZAEIIANDOBH O AR E D . FETIZKDEWT 1 —
YL Pk 77 2GR AR 54 2L pvE A Sz Y, [l
120 FERGEFR I 5 PR A 2 3L ERE D MERS & SRk ®
SNTHD . HATIIEHEN A & salse fil 1 (i A B
HEBRLTNS POz, FHHLETOPER
H Z BB D FACHEITIZDONT R A KDDL L
L PR 2K A B 2D L TR TEHEETH S,

PR SCR CGEIRMMEETE - Selective Catalytic
Reduction) 1. 7 4 —¥ILPEH H ZhD NOx (=
RK) %HACT2HCTh 5, SCRAMEED T 7%
FACERNE, KX E & A ERPE 7 2 12§ 5E 5
ZZLIZEBKREFALEEZEAONTNS, 2D,
SCR OKREGACIRGIZEH L THR TR A EATE
n WO EH S KB IZ X B LR T 4 FBL
L ARBFALET L AL, fil 10T
U7z, Ml D SR e 7 2 NOBEFE & 5817 5 Z &1,
SCR B (4 L7z RALAKR OBRF Sl v g 7
BIehENGHFEENHETHS, 2D, H6WS
Hiflj CARBBIIZE S NOx L HEREIC T & &h
BZLmb, i aEkE R e UTHHER SCR O
KREFALDHEITE R WEFANRD BE DS,

ZZT, EHOIEATH C OABBLET LA LI
SCR KEFHAE DML L 65, [KEASHILIEE]
AERL, ZORMICaxsT 9 F - F =2 2HWSZ
&T. PPNLT (RZ b - R b HrRIHPE 7 2 5 -
Post-Post New Long-Term Emissions Standard)

WA T 4 — YL RIHE 14,000 B D SCR AKES1L
T ZHEE Lz, 720 B L KBS LiE L a %
5y K- F — 2 EHAHETHTT5Z LT, it
REMHEO SCR KEFICEIK % #eE Lz, Afellk
F5ax07 9 K - F=2&iF 2y b= iR SR
S N XN TF — 2 2464, Wi s TiE, 74
ML ~7 4 229 - 20 “MIMAMORI”, KU
“PREISM” ZHWTC, Z—H—Hlj2ns6I%x 77T v
F-F =2 Z2ELTEY ®, A% CldZONET —
ALz,

2 RBRRUSNFE

2.1 SCR 148EF M B

2.1.1 HEEFHEX REM

FHEHSEMETHOWS 2 SCR Ofilii:HE % Sl 4
57-0I2, 2—H—Hijij A, B. C, XU°'D Dit 4 B»
5 SCR #MIUN L7z, 12—V —HOFEITLE.
R 122 — 5 — Bl O Pk 7 2 RBE Y 2T 4 D F
A ERT, £72, F2IIHKHEO SCR MIUERIZEH
T RAET IR L P A R T, B ISR e
0. ZOPEH AR 27 203, EFIZ DOC
(1 1L filt 88 : Diesel Oxidation Catalyst) & CSF
(F¥ZIF4 XK+ ZA— b+ 74L& :Catalyzed Soot
Filter) 226 % DPD (P! 77 2 H{LEEE © Diesel
Particulate Defuser) #. T #ifilic SCR filidf &
WASC (7vE=7 2 » 7filifiE : Ammonia Slip
Catalyst) 2565 SCR 2 ZNZhBlE L7k &
%o TCW5,

Ry s e gERT o UERL - RRAEER
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7 — 2 &iEA L KRETAEE SCR DKL LEHTE

K1 AEXNREHOFET
Area Japan
Engine type Heavy-duty diesel engine 9.8 L

Emission regulation

PPNLT

2.3 SCR OK#EILEFFMHIS &
2.3.1 XREFHLBHBOESR
AffFFECld. SCR OAFAGLHETTE DR FE I &

SCR catalyst type

Cu-SSzZ-13

Exhaust aftertreatment system

DBPD SCR
engine | {poc]| csk |+ scr |asc .»C:}

H1 BFEARBRNED 27 LOBER
X2 HAEMNREMOMBEITERRVTFHER

Vehicle
A B C D
Mileage [x10" km] 241 | 243 | 434 | 438
Average velocity [km/h]| 54.4 34.2 57.6 59.3

Diesel

2.1.2 MReFHEEER M

MUY L7251 4 54530 SCR Ml 2 | byidmimhoo A
5130 mm FHiiCH 725 M E THE 20 mm X & X 20
mm &745 K5 ZNENYI0 U, PERERHA AR & L
7zo Yl 6 —E DR AR & > 720i%, B3
Fr) e e D Al geME @ 23db 0| i AR O MERED R
RKETHUI FRBOIZINID S EbLWEE £ 727
DThbd, 72720, R sCH TIEEIZ 528 i % &
& EIREBISOWTE M ERE RN 2 170, 4 e 61k
BEIK P i3A S e - 7z,

FEBL U 72 GORE D PEBERTA (21, AREETEAT & 2 7 4
CATA5000 (<2 I flgtE) & fiH L7z, & 312
BERFA 512797, 150 CC NH3 % il X, filli
DEIFICE 12 L= 2 L A2 sk, 600 CEXTZT v
7 i U S RE Rl & AT 5 720 BFMliRUE. AR 2
Ty TN T AREEE 8 7% D H 2 YR AT NEIE
RREIZEE L2 &Lz, AARTIEFT-IR (7 —
V) T RAY 3 - Fourier Transform Infrared
Spectroscopy) 12X ERIIL 7=,

% 3 SCR M4REFHEZRA

2.2 SCRMEEYIaL—Y 3 F&E

LT, R © 0O SCR ABBLEF L B EIZ, KIZ
WD [KESIER] 2 E#K L7z,

KREFACET AN T, FEGRE T, 128650 5 KEL
PAL IS D E R k; 13 Arrhenius B A {RE L. X
(1) TERBIL7, 72, S L% O NH; S F =N
133 (2) L LTCENR L,

E
k; = A X exp (— ﬁ) (@Y)

N =0, Xexp <—Z kiti> )
Z kit; = Z {A X exp (— RiTl) X ti} 3)

ki RS T 12860 2 ARESALIIS O SIS 8, T;: SCR OHzEk
W, A REGACSILDHIE R T | E: KBRS OGP 4
¥ — RUSARER, 0 SO NHy s &R, 00 k%51
SCR O NH; W&, ¢, W T; 4 N TSR

X (3) TEENDB S kit 13, SCR KEHLDHELT
EERTIBEE L 52 52N TES, ZOATITHT
DR, PEGRE T, & PSR ¢, OATHD . 5
SCR DS kit; 1%, 70 SCR OWEGRE , K OHEE
Mo tuE T 3,

A7 iR, X (4) IR T &S, G5 SCR O
S kit; &, BB 23617 5 SCR MEEE FRROH
BT (LUT THEEER | EFR9) DS ki, (P
T RPTE “a” EFT) TERRUZAEZ [KESLIE
¥ (Aging index) | &7EFE L7z, KREFALIEEIZ 0 L)
LOFEAETHD . KM SCR OAREE ML 0.
PALHEEHRER T 1 £2%55, AR ZTNEE, SCR 23K
DR ELKREBEM A2 F T LE2EERTS,

ikt

Test condition NHz+NO+O, Aging index = Y 4)
Temperature [degC] 150 = 600

SV [h] 60,000 n

NH;3 [ppm] 300 2.3.2 *?&%1[:?‘6?&0)1%2&%]@

NO [ppm] 300 231 TCEHZLZAN @A) 12, K1 —F—Hlizh?
o s 1D SCR AT, KO BRI — 4
N o EASI L. ABBIRA S L, AT — 213,

22 LHMRICT LT 4 7 AWK & T LCREE L 722
e A A bl 3 [ 2 O

A © CHESE L 72 SCR KEFB(LEFLIC,

l__.

KEFALFERDOFMNIT, 2.1 8D SCR MERERAT %

W —Hilj 4 B ZhFho B SCR A O # B
&, ROBEEREERE T — 2 2 AL, [ SCR @
NOx {bMBEY S 2L —Y 3 v afTo72, AT —
2%, Hli OGS SCR M4 % T
B2 0.5 s [EIFE RIS LUNEE L7-,

To728ilj 4 BI2A,. Zho 4 B & BHljEITA R
— 7589 14,000 5O —H —Hilj (LT, [2—H—#H
WEE ] EFRT ) I2DWTERIT» 72, ks, AWFZEIlE
PR CHEST 95 SCR KBGO &2 H & L
THD . SRR COWTIRER % Fhi L7z 9,
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3 RRRUBE

3.1 EFEHEHETHVWSN/- SCRDKHLLE
HE

3.1.1 [EUX SCR @ NOXx &{bi4BESTM

9. 2—-¥—Hiflj 4 HENThA, S M L7 SCR
D NOx AL ERERHAMG 2 17 > 720 B 2 I DR AR
T, “Fresh” 3K, “Aged” 13HLILUET A3
T, PEREETIMFEHE (X, Standard SCR &4, IGIRE
250 CE L7z, 4 BVTHhD SCR &4, 72D NOx ¥
LRI PCFEAES L ETHY . +4 7% NOx i bikag
EHER L QB ZEAIR ANz, £72. AdwscrhTid#E
950, F 31N LA RIBHRE 150-600 COHi[H
T NOx WL IEREA Sl L. 4 & & 3 BUGHEE 250 C
DAt oz HILREHES DL D NOx # Lk

BECHBH I LalfEald Lz,
__ 100
S Loy ®-
o 9%
g ————— Fresh
o8 | e Aged
] A
E- 70 A B
S 60 * ¢
5 ® D
Z 50

0 10 20 30 40 50
Mileage [ X 10* km]

2 a—H—Hfl4 50 NOx #biREs il R

RIZ, B3I NOx i bMEREDY I 2L — ¥ 3 V4
A FEHNRE R & i U3, Ml kB a5
EL7z, 41T, KL SCR OAREGLIEE DM
AT, R3DYI oL —3 g VEEROEGENS, K
BPALIEB DA K E L K B1IZ2290 NOx HHLE DY
Jab—¥a VIERRADTEDRbAS, £, FEHl
fHevIab—vaVlizltEdsL, 4 B550THho
HEIZOWTE L —F L= eh 6, Hi© ok
PALET N ORUMAEREETE 2, /2, ¥4I12KD
&L A BRDD BARBBAIRE A R & Fh - 7=DI3 Hifl
A TH32, ZOHIZ 0.024 LKL, HILILHES (K
B biEf=1) 2KEIC TR S, 2OZEn5, 4
BOWTHhOH g, SCR A% 7= KEE R IZ 1L
FEUER K DB NN 52 EZBNS,

100

= X 2R =

o 90

2 80 = A

y_l A B

<

s 70 ¢ C

£ @ D

S 60 —%—Simulation

=

Z 50 .

0 0.01 0.02 0.03
Aging index
3 NOx #EZROFAIE & RAED LEE

x4 1-Y-Em4BOKBRELER

A B c D
Mileage [x10* km] 241 | 243 | 434 | 438
Aging index 0.024 | 0.009 | 0.018 | 0.020

3.1.2 1—H-—ERBEOKMSHLEHRT

BATHEOK RN G, KES I BIL T FH &4
1236175 SCR O RESALE HERE IG5 &b
L7z 22C, 2—¥—dilfFO L (5 14,000
B) ATDOWTKREFS e A T L. SHIbHEUES &
B U7z R4, 22— — B o & fil O K ES
iz 7a v F UORT, BifldiEr e U,
3.1.1 1T SCR @ NOx L MERE % 3Fffi L 7= 4 I
DNWCE AR L7z, ZOMPE, 21—+ — Bl
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Exploration and Sweeping for Autonomous Sweeper Truck
in the Geofence Scenario

Weifan Zhang* Wenbo Yu™ Qian Jia™ Yi-Chen Zhang™*

Abstract

Autonomous road sweepers are an enabling technology in addressing cleaning tasks at public open spaces
with both commercial and social values. In this paper, we investigate exploration and sweeping tasks in geofence
scenarios (e.g., a parking lot) using autonomous road sweepers. We firstly design an autonomous truck system
including sensors and software modules. Then, to solve the exploration and sweeping tasks, we develop algorithms
with latest artificial intelligence (AI) technology. Finally, we validate the whole system by finishing a demonstration
in the parking lot of Isuzu Technical Center of America (ITCA) using an Isuzu MY21 truck. The demonstration
simulates the tasks that given an unknown geofence area, the sweeper truck explores the environment, builds the
map, and follows the generated path to clean and coverage most of the areas. The effectiveness of the proposed

approach is verified.

1 Introduction

With the continuous improvement of artificial
intelligence, self-driving technology has become the
trend of automobile development in the future. The
combination of high-tech self-driving technology and
daily sanitation sweeper is a bold, innovative, and
practical trial. Capable of working overnight without
human interventions, the autonomous road sweeper is
a promising solution to effectively clean public open

Y@ To finish cleaning

spaces with a reduced cost
tasks in different scenarios, road sweepers should
have two main functions: exploration and sweeping.
Exploration is required if the map is unknown,
and in such case, exploration should be executed
at least once before assigning the vehicle sweeping
task. While driving through the area, simultaneous
localization and mapping (SLAM) enables the vehicle
to build a map as localizing itself in it. To decide
where to go during the exploration, a goal point
could be decided through algorithms to search on
the current frontiers. Then path planning algorithms
take effort to generate a path for the control module
to follow. In the whole process, the perception
module works to detect static and dynamic vehicles,
pedestrians, etc. The detection result could either
be utilized to improve map quality by removing the
obstacles marked on map caused by dynamic vehicles,

or to help the planning system for dynamic avoidance.

Sweeping task requires the map which is built
through exploration as an input. Apart from the
same modules during exploration, a decision-making
module is added to decide when to switch between
exploration and sweeping missions.

In addition, the decision module also monitors
the vehicle state and surrounding objects to react
for emergency. For the planning module, a cost-
effectiveness coverage path planning (CPP) algorithm
need to be appended. However, designing the path
planning algorithm for the sweeping stage is harder
compared with the exploration stage for two reasons.
First, the sweeper needs to turn more frequently to
cover the geofence area; however, road sweepers are
typically large in size ©, leading to a large vehicle
turning radius. Second, since the coverage radius of
autonomous road sweepers is close to half the vehicle
width, the vehicle needs to operate near obstacles

“ making the coverage

to maximally cover an area
path sensitive to the map uncertainty. As a result,
to ensure safe sweeping in an obstacle-cluttered
environment, the coverage path planning algorithm
should take into account the vehicle dynamics and the
uncertainty in the map from the perception system.
To solve these problems, we develop a complete
autonomous truck system with sensor configuration and
software modules including perception, localization,
planning, decision, and control. We adopt ROS system

(Robotic Operating System) to mount different parts

* Isuzu Technical Center of America, Inc.
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together. For the exploration and sweeping tasks,
we design original path planning algorithms and
compare the performance with other benchmarks. To
validate the effectiveness of the proposed system, we
accomplish a demonstration which simulates the tasks
that given an unknown geofence area, the sweeper
truck explores the environment, builds the map, and
follows the generated path to clean and coverage
most of the areas. It was done in the parking lot of
Isuzu Technical Center of America (ITCA) using an
Isuzu MY21 truck.

Based on the discussion above, the novelties
and contributions of this paper are summarized as

follows.

® A complete autonomous truck system is built
and presented for real-word application.

® This paper provides a hierarchical planning
system. It can highly efficient build the map at
the same time avoid dynamic and unforeseen
objects with considering vehicle constrains.

® The paper presents newly developed CPP
algorithm for autonomous road sweepers in
the obstacle-cluttered environments.

® The effectiveness and robustness of the
proposed method in real-world applications

are validated by the experiments.

Core Sensor
Flir g]

Perception

synsors sync R

The remainder of this paper is organized as
follows. In Section 2, we provide the hardware and
software system developed for the road sweeper. The
detailed algorithms are then introduced in Section 3.
In Section 4, the proposed approaches are validated
through a demonstration. Finally, conclusions and

future work are given in Section 5.

2 System Description

In this section, the setup of the testing vehicle is
first introduced. An overview of the road sweeper
system is shown in Figure 1.

2.1 Hardware

In our case, the test truck is equipped with three
mechanical LiDARs and three industrial cameras.
Figure 2 gives the sensors layout of the truck. The
long range 40-channel mechanical LiDAR is mounted
on the top of the truck head to have a board view, and
two short range 64-channel mechanical LiDARs are
placed on each side of the truck head to avoid blind
spots. All LiDARs are running at the rate of 10 Hz.
Three industrial cameras are installed in front of the
truck to achieve approximately 150 degrees of field

of view. All cameras are running at the rate of 15 Hz.
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Figure 1 An overview of the systems involved in the perception, localization, planning, and control

of the autonomous road sweeper.
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Figure 2

Illustration of the sensors layout
of the truck.

2.2 Perception and Tracking
As the “eye”
perception algorithm is designed to intelligently
which

provides 3D information of surrounding objects to

of autonomous vehicles, the

perceive the surrounding environments,
the downstream modules of the autonomous driving
system. Moreover, by using 3D perception results as
inputs, the tracking algorithm is implemented to track
multiple objects over time. The tracking results will
be the inputs of the downstream modules for decision

making and planning algorithms.

2.3 Localization and Mapping

The important characteristic that could assist in
autonomous navigation is the ability of the vehicle
to concurrently construct a map for an unknown
environment and localize itself within the same
environment. This computational problem is known
as SLAM.

To achieve the online SLAM task, we make use of
the combination of the measurements from LiDAR,
IMU, and GNSS to estimate the vehicle state in
an unknown environment and output the vehicle's
pose (i.e., position and orientation). The vehicle’s
pose and the lidar measurements are further used
for registration of the point cloud to build a 3D
occupancy grid map. In this work, the size of each
grid in the occupancy grid is set to be 0.5 m X 0.5 m.

2.4 Decision Making

As the “brain” of autonomous vehicles, decision-
making system is significant for the safe and efficient
driving of vehicles. Decision making is the transition
between the perception module and the motion
planning module. In general, the inputs of decision-
making system are environmental clues and status
of ego vehicle, while the outputs are a series of
strategies including high-level behaviors and low-
level control commands that are fed into the motion

planning module.

2.5 Planning
To solve the task with

abstraction and simplification, we break the task

optimal planning
up into a hierarchy of optimization problems. By
doing this, we can tailor the inputs and outputs
of each optimization problem to the correct level
of abstraction. At the top of this hierarchy is the
mission planning, which focuses on solving the
autonomous driving mission of navigating to the
destination at the map level. The next level is the
behavior planning, deciding which behaviors the
vehicle should take. We then adopt a local planner to
calculate a collision-free path and a velocity profile
to the required goal state. Finally, the computed
motion plan is passed to the controllers to follow.
Each of these optimization problems has different
objectives and constraints to solve it, which we will

discuss in detail in the next section.
3 Methodology

In this section, the exploration and sweeping
mission are firstly introduced. Then, the detailed

algorithms for each module is formulated.

3.1 Tasks

3.1.1 Exploration

When the sweeper enters an unknown area for
the first time, the exploration task is activated. The
missions of the exploration task are fully exploring
the designated area and constructing a map in the
meantime. While exploring, obstacles like parked
vehicles, curbs, and other static objects are plotted on
the map. Dynamic obstacles, such as moving vehicles
and pedestrians, won’t be recorded into the final map,

but they will be used for collision avoidance.
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To explore continuously, the sweeper needs to
update its target and plan paths at a fairly high
frequency on the constructing map. Once the quality
and completeness of the map reaches the desired
level, the exploration mission is finished and the

update of the map is terminated.

3.1.2 Sweeping

The sweeping mission requires the exploration
mission to be completed at least once. The goal of
the sweeping mission is to cover the designated area
by the width of the sweeper cleaning system. At the
beginning of the sweeping mission, a path optimizer
generates a relative optimal sweeping path with high
coverage rate and short traveling distance. Then,
the sweeper follows the path and avoids any dynamic
obstacles. The sweeping mission ends when the entire

path is executed.

3.2 Perception and Tracking

3.2.1 3D Perception

As mentioned in Section 2, three LLiDARs and
three cameras are installed and need to be calibrated
together. We use the open source ROS camera
calibration package to get the intrinsic value for the
camera and the Velo2cam © to get the extrinsic value
between cameras and LiDARs. These calibrations
are only needed to be done once unless any sensors
layout changes.

As shown in Figure 3, the perception process has
three steps. First, three LiDARs fusion is done to
increase the density of the point cloud on objects.
Second, using calibration parameters, the modified
MVX-Net © fuses multi-modal low-level features
from 3D LiDARs and industrial cameras to generate
3D information of surrounding objects in the local
coordinate frame, including locations, dimensions,
orientations, and confidence scores of the objects.
Finally, combined with the localization information,
these outputs in the local coordinate frame are
converted into the global coordinate frame as the

inputs for tracking component.

LA Resnet —>» FPN [—>| =g
Camera Features
Point
Fusion
- Points Dynamic Points
CEtLERR Cloud | | VFE | ’| Features
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Middle Lidar Anchor3D — SECOND —j Encadar
Objects Info in
Right Lidar )

Local Map

Figure 3 Structure of deep learning based
neural network

3.2.2 3D Multi-Object Tracking
To generate dynamic and static objects, the
AB3DMOT

includes 4 modules, which are 3D object detection,

algorithm is adopted. It mainly
3D Kalman filter, data association, and birth and
death memory. 3D object detection accepts the point
cloud to generate perception results. 3D Kalman
filter predicts the state of object trajectories from
the previous frame to the current frame for state
estimation. The Hungarian algorithm is utilized for
data association. The Birth and death memory module
is used for adding new trajectories or removing lost
trajectories. After all these processes, dynamic and

static objects can be differentiated.

3.3 Localization and Mapping

To achieve online SILAM task, we make use of
the combination of F-LLOAM ® and OctoMap “ to
localize the truck and build the surrounding map in
an unknown environment at the same time.

For the LiDAR odometry, F-LOAM formulates
the SLAM problem as scan-to-scan match and scan-
to-map refinement. The idea is to extract edge and
planar features from the laser scan, and then the
features are used to estimate the optimal pose of the
truck between the current frame and the global map by
minimizing point-to-plane and point-to-edge distance.
In addition, we also modify the F-LOAM package
and make it capable of receiving sensor data from
IMU and GNSS. The estimated LiDAR odometry is
then fused with the odometry from IMU and GNSS
sensors to have a better 3D pose estimation and at
the same time keep low computational cost.

The localization results are then passed to
OctoMap for constructing a 3D map. The mapping
approach is based on octrees and uses probabilistic
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occupancy estimation. It explicitly represents not
only occupied space, but also free and unknown
areas. The resulting 3D occupancy map is then used
to generate multi-layered projected 2D maps, which
allows the planning component to plan a drive-able

path as well as avoiding any collision.

3.4 Decision Making
We adopt finite state machine (FSM) to implement
FSM

representative rule-based method. With discrete

our decision-making module. is the most

inputs and outputs, corresponding actions are
generated depending on the responding to external
events and states of agents are then transited from
one to another.

Based on our tasks, we design a mission state
machine as shown in Figure 4. There are two main
phases: exploration and sweeping. First, when the
vehicle is started, the current state directly moves
forward to the exploration state and sends out signals
to the planning module to start the exploration
task. Then it waits for the exploration finish signal
and changes to sweeping state. After entering the
sweeping state, it will generate a signal, which
triggers the planning module to generate coverage
path.

-

started

goto_wait_order

> bl state_mission_initialized
eceived_mission_order

e

mission_is_compatible

Exploration
engage
DriveReady

mission_aborted

Figure 4 Mission state machine

goto_wait_order

Mission
Complete
" work_done

Sweeping

4

mission_aborted

Besides of the mission state machine, we also
design a vehicle state machine and a behavior state
machine. The vehicle state machine monitors the
hardware’s health status and generates alarm if
anomaly features appears. The behavior state machine
monitors whether there are unexpected vehicles or
pedestrians appear. And if such case happens, it will
generate signals to interrupt the current mission and

trigger the planning module to generate a safe path.

3.5 Planning
3.5.1 Exploration Planner

As indicated in Figure 5, the task for the
exploration planner is to analyze the map and vehicle
state, and then provide a global reference path.
The planning space of the exploration planner is
an occupancy grid map, in which each node contains
the position information (x, y) and the probability of
whether it is occupied by an obstacle.

In the Figure 6, the exploration planner firstly
detects frontiers, which form the boundary between
known and unknown spaces. To be more specific, the
unknown space has a value of -1 and the known space
has a value from 0 to 100, indicating the possibility
of occupancy. A frontier is a region of interest where
the goal is set for the vehicle to reach. The position
of the goal is obtained by calculating the distance
between the frontiers and the vehicle state, and

selecting the closest one.
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Canvas Coordinates State Grid Map State
T
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Global || Local local goal |— D,agf‘:r” :
Path Goal Cost H
C
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Vehicle N Ci I Cost Update
State sdindow [ |Trajectories || ltrajectory [ > Local Path
Calculate
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Object Info

Figure 5 Planning flow chart
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Figure 6 Exploration planner

To reach the goal position through a collision-free
path, we implement a sampling-based path planning
method based on the RRT-Connect algorithm *”
both of the steering constrains and nonholonomic

,where

kinematics are taken into consideration.

The method works by incrementally building two
rapidly- exploring random trees (RRTs) ™’ rooted at
the start and the goal configurations. While extending
nodes, a sequence of points are inserted based on
the kinematic model. The junction condition for both
trees is checked at every iteration and the path
is found once the condition meets. Notice that the
junction condition also considers the vehicle model.
Therefore, the exploration path is always feasible
for vehicle maneuver.

The main challenge of the exploration planning
is the update frequency. Although RRT-Connect is
a relatively fast planning algorithm, the computation
time scales up when the map grows. To stabilize the
update frequency and speed up the planning process,
we limit the sampling space using a time-varied
ellipse, inspired by the batch informed trees (BIT)
algorithm "?. The sampling space is an ellipse whose
focuses are the goal position and the vehicle position,
while the eccentricity of the ellipse is decided by the
BIT algorithm and changed with the iteration times.

3.5.2 Sweeping Planner

To cover the designated area, we propose a novel
coverage path planning algorithm, which includes
three steps, as shown in Figure 7. First, the map
is post-processed with morphological operations
and convexification to reduce the uncertainty in
the map. Second, based on the post-processed map,
the boustrophedon cellular decomposition (BCD) is
modified to generate path segments that cover the
sweeping area considering vehicle dynamics. Finally,
a generalized traveling salesman problem (GTSP) is
formulated and solved to connect the path segments
for a CPP path with the minimum length.

The optimization problem of the CPP has two
objective variables: the coverage rate and the
length of the sweeping path. The coverage rate of
a sweeping area is defined as the ratio between the
number of covered grids and the number of total
grids. The algorithm maximizes the coverage rate
and minimizes the length of the sweeping path to

reach that coverage rate.

olae RRT RRT RRT
State »| >
Configuration Sampling Extension
Occupancy T i
Grid Map
; Mo
Executive - Connect
Timer Path
Goal
Position Yes
Global Path

Figure 7 Sweeping planner

3.5.3 Behavior Planner

Behavior planner deals with unexpected objects.
The inputs are the mission path and a list of the
surrounding objects from the perception module
and the tracking module. It monitors whether the
surrounding objects (cars or pedestrians) block
the path or tend to collide with the ego vehicle.
If such case is detected, the behavior planner will
start to replace the unsafe part of the mission path
with the safe path. Our planner uses the hybrid
A* algorithm to generate avoidance path. The
hybrid A* is a robust path planning method for
non-holonomic robots such as autonomous vehicles.
Compared with the original A% algorithm, it also

considers the limitation of the turning angle.

3.5.4 Local Planner

To increase the robustness of the system, a local
planner is implemented between the global planner
and the control module. The local planner is designed
to generate a flexible and smooth path. For this
purpose, the dynamic window approach (DWA) ¥ is
adopted. The DWA 1is capable of planning in real
time and generating collision-free trajectories.

Compared to the regular DWA which has goals,
obstacles, and speed costs, we add new cost functions
to cope with our scenario. The cost functions are the

following:
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® Speed cost:

Frequent velocity changing, including speed
changing and steering oscillation, is undesirable
and may cause uncomfortable maneuvers. This
cost penalizes velocity changes. The cost value is
proportional to the absolute difference between
previous velocity state and new velocity state.

® Static obstacle cost:

A newly introduced cost measures the
distance from the considered trajectory to
the static obstacles. The cost is zero when all
obstacles are located out of the safe region
along the trajectory.

® Dynamic obstacle cost:

Similar to the static obstacle cost, this cost
measures the distance from the ego vehicle
trajectory and the trajectories of dynamic
obstacles. The cost is zero when all trajectories
of dynamic obstacles maintain a safe distance

from the trajectory.

3.6 Control

In order to execute the path, we implement a PID
controller as shown in Figure 8. First, the controller
selects a sequence of way points from the local path
and find a continuous fitting curve. Next, the input
of the PID controller is the steering angle error
and the lateral deviation, which are obtained from
the fitted curve. Then, the PID controller with the
dynamic vehicle model sends out a steering angle
command in order to correct those two deviations.
Finally, a discrete steering filter is introduced to the
system, considering the thermoelectric property of

the steering column.

g Tadus | Feed
ehicle Forward
s Setpoints
Path ,| Curve
Preview Fitting
Local
i Lateral Lateral
202 Calculation
Feed forward angle|
5 Discrete Update Lateral angle
CSteeﬁﬂﬂd# Steering . Steering |
omman Filter ISIG&'FTHQ Command

Figure 8 Control flow chart.

4  Demonstration Result

4.1 Maps and Experiment Settings

To access the performance of the proposed

road sweeper system, we perform the test at the
ITCA’s parking lot as shown in Figure 9. The
boundary highlighted in red in Figure 9 represents
the designated area of the exploration and sweeping

missions.

1

Figure 9 A bird s eye view of the parking lot

at Isuzu Technical Center of America.
The truck on the road at the bottom is
the testing vehicle.

4.2 Exploration Results
421 3D Map

The map built through the exploration stage is

shown in Figure 10. The 3D map is then compressed

to occupancy grid map.

hota GBS &«

B R

Figure 10 3D Map



Exploration and Sweeping for Autonomous Sweeper Truck in the Geofence Scenario

4.2.2 Object Avoidance

As is shown in Figure 11(a), during the
exploration stage, an unexpected moving vehicle the
exploration path. Though the exploration planner
fails to generate a collision-free global path in time.
The local planner detects the possible collision and
generates a short collision-free path to avoid the
moving vehicle Figure 11(b). It enables the vehicle to
pass the object when the exploration planner finds a
new path for vehicle to follow Figure 11(c).

4.3 Sweeping Result

In this section, the CPP algorithm proposed in
Section 3 is validated. To demonstrate the dynamic
feasibility of the proposed approach, a test-bed
vehicle is deployed in the explored parking lot to
evaluate the path. The coverage radius of the vehicle
is set as 2 grids. The number of iteration for genetic

algorithm is 1500 Figure 12.

® Evaluation of the executed CPP path

To further validate the proposed approach, the
test-bed truck is employed to follow the CPP path
planned by the proposed approach. The executed
vehicle path is given in Figure 12. The coverage rate
and the path length of the executed path are 83.01 %
and 2924 m, respectively. As shown in Figure 12, the
planned path can be well followed by the vehicle, and
all the obstacles in the parking lot can be avoided.
Meanwhile, the loss in the coverage rate is minimal

(i.e. 1.61 %) between the planned and executed paths.

Figure 11

(a) Path following

(b) Local planner reaction

(c) Global planner reaction

Object avoidance example. The
unexpected moving vehicle is
represented in the red box in (a)

and (b). The crimson line represents
the global path planned by the
exploration planner. The pink line

in (b) represents the collision-free
path planned by the local planner. (c)
shows the avoidance path planned
by the global planner.
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Figure 12 Executed path by following the CPP
path planned with the proposed
approach

5 Conclusion

In this paper we focus on exploration and sweeping
tasks for autonomous driving system. We develop a
hierarchical planning system which is highly efficient
in building the map at the same time avoiding dynamic
and unforeseen objects. We develop an original CPP
algorithm with three steps: map post-processing,
decomposition and optimal. A complete autonomous
sweeper system is built for validation. The system
contains sensors configuration and software modules
including perception, localization, planning, decision
making, and control. During the validation experiment,
the sweeper truck is able to build a 3D point cloud
map of the designated parking lot. Some designed
behaviors have been tested during the exploration
process that includes making right angle turns in a
single lane, dodging incoming moving vehicles, and
avoiding static obstacles. In the sweeping mission
experiment, an optimal sweeping path with about 80
percent coverage rate is generated and successfully
executed. The results show that the sweeper truck
meets the design requirement. The proposed system
can also be extended to complete other sweeping
related tasks thanks to the modularized component

design.
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Abstract

Due to the shortage of truck and bus drivers due to
the declining birthrate and aging population in recent
years and social problems such as the plight of local
transportation and social changes such as the
significant expansion of e-commerce, the practical
application of autonomous vehicle operation of logistics
and mobile services has been strongly desired. After
organizing the state's response to this and introducing
the technologies used in autonomous driving, I explain
focusing on the demonstration experiment of the
Fukuoka Airport bus conducted by Isuzu on the current
state of automated driving of trucks and buses.
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Model Predictive Control for Autonomous Driving System of Medium Duty Truck
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Abstract

The practical application of automated driving
technology for commercial vehicles will improve the
efficiency of logistics. Furthermore, it can solve various
social problems such as collision accidents, traffic
congestion, and driver shortage. For realizing practical
application of automated driving technology, we develop
automated driving commercial vehicle for Isuzu “ELF”.
The control system is based on model predictive
controls. Our automated vehicle can be tracked to target
paths with no needs for operations of drivers. In this
report, we introduce our automated vehicle.
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Abstract

Vehicle development in accordance with ISO 26262 is
becoming increasingly important as electrical/electronic
systems become larger and more complex.

This paper describes the origins of ISO 26262,
outlines the requirements of the standard, and
summarizes its application to Isuzu Motors' Ltd.’s
vehicle development process and approaches specific to
commercial vehicles.
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Vehicle Inspection Equipment Wireless Interface and Software Development

2 F
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=1 T s A E*
Sota Takaichi Toru Hatta
Abstract

Recently, with the enhancement of advanced safety
device, the number of EOL (End of Line) writing and
inspection items has increased in the vehicle inspection
equipment, which has caused the waiting time for
completion of EOL writing in the process. In this article,
we introduce an example in which the waiting time for
completion of EOL writing was eliminated by newly
developing wireless vehicle communication interface
and inspection software along with the construction of a
wireless inspection system.
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Improvement of Packing and Logistics for ELF Series CAB
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Naoto Kimura

Abstract

KD parts are packed and shipped in marine
containers to be assembled at overseas plants. We
improved packing and logistic KD cost for North
America, where the number of units is large and the
logistic cost is high. We carried out the shipment of the
stacked cab for the first time. In addition, in the case of
railway transportation, packaging was also carried out
in the cab, which was not adopted because of the risk
of transportation quality. As a result, the number of
containers was reduced.
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High Cycle Casting Method for Aluminum Die Casting
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Takeshi Endou Kohei Yoshimoto
Abstract

The challenge to the high cycle which greatly
contributes to the cost reduction was carried out as
a competitiveness strengthening technology of the
aluminum die casting product. This paper introduces
examples of mold release agent coating technology
and mold internal cooling technology developed as key
technologies for high cycle, and examples of internal
cooling technology verified by CAE
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Occur at the Outlet of the Camshaft Oil Passage Crossing Hole
Burr Suppression and Removal

® K
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IR

Keita Hirakawa

Abstract

In the camshaft processing line of the Tochigi No.3
factory, burrs generated at the intersection between oil
holes and the shaft center were carried out manually.
Since manual deburring work becomes the neck process
of the line, for the purpose of abolishing manual
deburring work, we succeeded in suppressing the burr
generated by drilling and removing it by automatic
equipment.
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The Trend of Policies toward Carbon Neutrality in Europe and Japan
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Abstract

Today, countries all over the world are implementing
policies to achieve carbon neutral (CN) society by 2050
to maintain the global warming not more than two
degrees Celsius since the Industrial Revolution.
The automotive industries are also required to delete/
decrease GHG (Green House Gas). This summary
describes the trend of policies in Europe and Japan.
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122 °CTI37%< 1.5 CUMIC ERA2MA 2 Z L4 &
HigdZ ek o7,

%72, COP26 B 12 & bH T 202145 H IC
IEA (FEEf L% — BB : International Energy
Agency) (32050 HICANT CREE DB ZEICHIET
NE CO HE 3 v bYu~pua—Fv oy 7O &R,
HEJE R I LT 2030 123 FEHHEOIRER
D60 %%BEH, 2035 A ITIXNIRIERT % DR
ok, EREEY 050 %4EHHIFEES, B
s HEE AR L (B1), k. ZOHBIH
REKRELELTOHETH 720, EILiTnsrits
R0 s HEERRE N BB B LR S Qs

EDEBRHLIGVWIStHOKE N DT &,

ML - RRRETR
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2035

50% of heavy truck i
sales are electric

No new ICE car sales ||l

60% of global car
— sales are electric g

2020 2025 2030
Other m Electricity and heat

1 2050 FICMEITFERIED CO BEEx v b
Oma—Kv v 7 (IEA DT — 4 &TTITIERK)

3  BXMD CN ICMT=BREIM

2035 2040 2045 2050
Industry m Transport m Buildings

2018 4F- 11 AL, TPCC D 1.5 cﬁﬂﬂ*ﬁiﬁ @
23T, EHEI% Y 3 2 “A Clean Planet for all”
BN U7z, ERERED 2050 K12 GHG80 %Ik (1990
AE1E) 205 2050 42 CN % HIE BRI ANE Th - 72,

2019412 AIZIZ 2030 4-12 GHG55 % Il (1990
1), 2050 4212 CN # HY5 L. EU & fi v ez fE
it AL L 158 “European Green Deal” 7 23
N ENTz, 2T FIELEBMNTT2 158138
FoTndas, MM OMEIZH:H 9% & 2050 4
12 GHGY90 %HIWz HEEE U, Zhusmid 7= FE
ELTHBUEDRE LEMED 75 % % K0 BR A O
INEVWPEZIZE— ALY T M TR EINR ST
%, o BATHTEARVEBHITS LTI, AR
HADRDIAZ L ZDA V7578 RIEKREDRD SN
W5,

2020 4F- 3 H1ZiZ 2050 -0 HEEZ B AT RN
AIRCRENE A% i A TTHEME 37578, HrEEEZ XML
72BN S “European Climate Law” ® 23 A%

(2021 4 7 HIchiEfy) &, ZAuckD 2030 44 T°
2050 -0 HH 'Zzﬁﬁ#@ﬁimw‘*iehto
2021 -7 A 12 12 “European Green Deal” D

2030 # GHG55 %I%J'J(UZ ZIAN) 72 555 B 0 HLAR IR 75 HY
DAL TGS (Directive) 7213 (Regulation)
¥ LiAEh, BUR Sy r =2 & LT “Fit For 557
MAFK Iz, “Fit For 557 13X F IR BORMEE
FAMENICHBFICEEE METAR 5> Tk
D, LIFED 3.1 x5 3.3 B CHENHICBH 32 BOR
EEindT5,

3.1 HEE CO, RE Nt

e FH /NI RG L 035 E B e C O, BllaRAL
MAIEREN, 2021 0 EU &1k D CO, HEH H il
HEUEAE & LT, ZAUSHT S 2030 fF-. 2035 -0
CO, HlidEA R &Nz (T 1),

x1 FAE (a)/MEFEAE (b) D CO, RHR{LBIE

e AR B
(a) (b) (a) (b)
2025 4 15% 15% 15% 15%
2030 ¢ 37.5% 31% 55% 50%
2035 - — — 100% 100%

SIS & D Hi 7212 2035 412 CO, HIIE 100 % &k
LWBRIEAMER S THED . MO 723 T
137 . ZLEV (Zero and Low Emission Vehicle :
CO, P & 50g/km L FOHE)EH) D51k 5T
5z6M5 %4 —51—0 CO, HlkENDAL VYT 4
7% 20304 ICBIE T2 EFE B EFNINETH - 72,

KA HE (35 FH - /R R FH o &R T RS O B
FUENRED720, HELKRDITDOL TS, Fill
HlOAZE 2022 411 H & THD ., it Lk
THIXNBH, B A — 7 — 13RI R FREERE Ok
TUHL 20092 5 tBha 2 32 BB D 5,

3.2 HEWREIXILX—ES

HEjHE AR 2 & 3oL F — 5P o ik R AL
e d 5729, RED (HARRETZ AL¥ — 454
Renewable Energy Directive) '” O &UE MR &
. 2030 FFEFTOIRILF — 3 w7 22 D5 FA ]
ErALE— (LUF, [Hxx] &0gd) RO i
WERD 32 %25 40 %iZiRfb U, EISEERIBMOHE
HTHEE[2030 FFOH A IHE 14 % IS L. KD
i 725 B ORI & e 4572012, 12030 0
IAHHIZKS GHG HIE 13 % | L LT, Z

AUTE B EHL 3 U TR 2 R U 72 5 SRR 2R
FRERTHD . OHBIHOEHL imlJ/kFl'chr)dJ%
& LTt % o iy 22 K SERBE O BGE & W
Nn5728, ﬁlfﬁﬂﬂﬂWﬁEj}ﬁ)ﬂﬁi%é?j}%ﬂ'ﬂ&%F&“
ThHEL TS,

3.3 REME (75388
Bz 250 REBRO% R I3y st v 7598
i DA UETHS728., AFIR (FRIEFREA » 7 5 Bl

Alternative Fuels Infrastructure Regulation)™"”

NIRE XN, BS54 D DAFT ((RIFREA v 7564

Directive on Alternative Fuels Infrastructure)?

IR L. L (Regulation) b &h7=Z & TRRIN 4k
DA V77BN B AE R A THE TS Ek5,
Fz, SNERBOT I EH LD, ThETHE
WP v 7 7% K A HED T CNG  (FEMER R
JiZ : Compressed Natural Gas). LNG (LKA
# Z : Liquefied Natural Gas),LPG (b4 4 A :
Liquefied Petroleum Gas) {Zxf L Tid. 4 7713
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BRICHRE L DDOH B E LTBUIRMEF & s 5 720 KEK
CEXICH LI, BEAKITS FCV (RBERE
¥ :Fuel Cell Vehicle), BEV (/¥ 7V —FH#)H:
Battery Electric Vehicle). PHEV (7724 v 4
7Y FEBH : Plug-in Hybrid Electric Vehicle)
IS 57200 B A R L7z,

KEAVTF1E 2030 4T HAE & UC RN A W iy
¥ty b7—2 (IR, “TEN-T” &F:9) 12150 km
Bk TAT =3 2 V2 $H IR SNz,

BXA V7713 TEN-T EEIITH UT/NH
KL 2L, RERmOR I L. Sl EE IR
IR L7277 780 (RlKEE B RS 1) © BEYEA
figxhr (&2),

%£2 TEN-TEEZHICHIZERI75BE

B 7NEER RIUHL
TEN-T F%5 60km Z& 60km Z&
Wi 300kW 1400k W
2025 4 —
755 1 KX 150kW |1 X 350kW
BH 600k W 3500kW
2030 4 .
T55 2 HXx 150k W |2 2 X 350k W

3.4 FRMDOBERIRR

AETIE EU & LTO KGR OBORBEE D 5
R U7z BESREROCIENT T EU N 27 5 E Z
I AT —FE E 3 REEESEOR N EL S
72, KEIZE O s FEP R ENS, £/, Th
S5~ E (Proposal) THO ., EHIZAK S REM: S
b5, BlZE, oI FEFREZT, 202245 HIC
EU a7 EIILF — 2604 HIZ, =31
F—FEXDO LA, FadE T EFHIIFHOME
HEDOHD M AZEER Sy r =2 £ LT “REPowerEU
Plan” " %2 2% L7, “REPowerEU Plan” 1 “Fit
For 55”7 TOHDMAEZBILL72EDTHD., ZD 1
DIZ 2030 FFOF A LR 40 %55 45 %I
W5 b A L2 D2H 5,

HEJH 2 — 7 — 25 XN E B #H 132 (ACEA)
FEUBCRICAT3EANAE SN TED, Kz
2021 412 HIZAEINZ RED IZ9 5KV Y 3 v~
R= 8, BREAEZTTEL L BLAE %
WH2Z e THH 2T Ch< MHLEFEHE S CO, B
OEBBATBEE D, FHIZBEEA V75 2T 52
ETHBRHEHBE L G BT A M Z e npE L
LT, MBI O M % b3 H O sRAb K U0 1
RHO HEREDEE % EU BIFIZERA TS,
72 A E I IZ 0 B B LA o BRI 2 fe 8t
DTN TR, BN YT Tank to Wheel
124> TR K ITHIAHI, ACEA DFF A % KRIN Y

JIHE S Z T IEDTABIESE DS IR TIED
Bh, ZTOBETHBIE X — ) — ZBGRZH ICHIE T
&9, »o5WDFE A U TN A 72 B
FICHD A TS,

4 HZAE®D CN (CMEIT7=BIERENHE

41 BROCNEE

HA TiZ 2020 4 10 HIZ# TCHR B B AN E 2T
S RPN T 2060 FICCN #HIETZ L4 E
S L, BAREOHWEAAMIEINE L=, ZhET
2SR IZEGT S HAD 2050 4£0 GHG HIUE H i
2013 - 1L 80 % Hllk & P L TRV v — FILTlds
Mo 7z, HBLTO [HEBENR AT ZOPE &2k L
TEIZT5 | LS F—T— FiFHMIckE<HD
RS Y (VMU (SN AR 3 SEARL AL R g EARY &3
W RAT DD Z &0 &, YA ARG
B =RV VHA B0 S 7= BRI %505,
IXBEOEHA I N—=2 3 YHAEETHD L RN
NIz, $72. KT BEEOHEE L L RI12, ZhETD
AR KITFEE DOBUR % AR R & D J ¢t %R
L7,

4.2 2030 D GHG &gk B1Z51t

2B A 1 R K2 0F 2030 4F- %8 1 H o 50k %
X 5T T, HAS 2030 40> GHG Hiljk H =
filiZ51% FiF7=, 2ERI12 2013 4F 2 H 26 % HIKTH -
7= G A, 46 % HIWkic @it X7z 10, 2050 4E0
CNII Sy 7% ¥ A DEATHRITION-HIETHBD
WAL, 2030 400 HEZIE AT EE 2 MR A F A B
57 T7F v AMNERENASTED., XDBERD
SETCEREEICB DB Z Lk B, R T L0 HEE O
LIz Tid. 4.4 O HERERE LR EOEE ¢
N

4.3 JV) -l RERE

BIURIEEKRLD CN HE #5220, RFEXAITHE
FRAT &M LT 2020 4512 A2 [2050 45 — RV
Za— FIIPES 2 — v kRS | & T L,
BICBE 6 ik Bk LzgDa &R L, T
DUEEE TIX 14 OFEBESFHREDHLNTED, HEH
PET [©OEBIH - FEMPEYE | ICBOREMICH SN
720 B TEOHERB T O, BEE S %OELD
AL XN, TEL Bl BRSO - BEvE(b, [EIR
HEETHOWIBORZ KD IAALZFTH A LD S
AR

2021 4 6 A O BMALEIZIZ A B - EEMpEEIC
B 5rHEOREENLHEE,F 3 O BHEE Sz,
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X3 JU-CERREBICHTIIEHEOCEIMLER

x4 BEAOREDRAAHFHERR

2030 4 2040 -
8t LIF Hrailiksed A & R AR
20~30% EEH RIBHSHET 100%
8tk 5000 HETEA 2030 FF-FTISRE

2020 4 12 H DY AT [ &8 2030 4%
FiFFE s, EHEHHIRSE TEEE 100 % 38
TEDED AR AREEAZH#C 5. BEHEICDOWNTE
FHEICHEL T 2021 FH I TICHET A DS | L&
NTC=h, 2021 FRPEICBUG AT 726 7)) v %
IZBWC, ERNEDSEHEOEO LM X, BEt
DL X, 4232 N OB EBITIZHRANT 24
RBOHENRE L XN, LELERS, Thbldkik
EWHEETHD, 7 GVW 8 t #2040 £ H f
R EINTOHBZEDE, SHRORNKE TRL
WHEEDBGE ST R H 5. A —H —2xHen]
HEZs HEERE 215 2123 AR L ] & = 4L — DI
H OFTHERE & IS % 2 226 . BRI OE K UA
T DR EE TH S,

Fz, T ANF —HOW KIS R FEIHA 7
SOHEEWE XN, EV (PHEV 2 &b B X EHB)
HART) 120V UL, AMHOZEAER 3 k%
BLHEA 7715 TRERETSHIET, 2030 4
FTITHY ) VHEAEAORENE 2 T35 & T
%, FCVIZoWTid, 2030 %2 1,000 BEAEED
KREAT — 3 3 v #iEbdE T 5 & Shiz,

HIZTAILE =200, Thih (O B -
KK - HEApESE (RIARHE TR = 3L —) ||
[@QAKFE - B 7 v E=7 %], [OWIRE L
¥ -] LI PIOMMMAZLEAH D, ZheD
HEREME T EMEEHL TR BELRH S,

4.4 IRIEE HECEBEEXRETE

4.2 B CRLEL L7= GHG HIlpk H RIS PR, BREEE
132021 4 10 H IS HEERURBE AL O6 SR T E & 5 250D 12
gz 1Y L, B L OHRREHIE (F4) ARELE,

) Tt & ik 2 =0k, 39 %A S 66 %
HIBEIZ 51 & B o= RESMICk 5, FEESM S
7 %A S 38 Bl E kXL FE EFohkic
RABH, ZOHMIZ 2019 41213 16.5 %N E H
09 2 LTS IR T TosfbTth b, LT
FHEEBMIZ 27 % HIRA S 35 % MWD L TH B H3,
2019 FEDFEREN 7.7 %HIIK TH D Z Lh o5t D
BAVEKRENE S AS, ThoD HIEAERT5720
IZEBM O G AT o, HEEM T (a) ~ () F
TDEF10 DHLD fADIR SNz, KD 4.41IEPS
4.4 3ECHBHICKEZBDINEE 3O T 5,

B w2 e - ppin e |2013 BRHERHE| 2030 BEHE | MU REXREER
(7148 t-CO,) 14.08 7.60 A 46% A 26%
THILFE—#2R CO, 12.35 6.77 A 45% A 25%
EXE 4.63 2.89 A 38% A%
%ré EBZOM 2.38 1.16 A51% A 40%
il REE 2.08 0.70 A 66% A 39%
Bl E 2.2 1.46 A35% A27%
THLF — i 1.06 0.56 ALT% A27%
ETRLF—ECO, A5, N,0 1.34 1.15 A14% A 8%
HFCZ 4 Az (70248) 0.39 0.22 A 44% A 25%
BRI - A0.48 - (A 0.3718-CO,)
BEREE C2030EE £ cnRFT 11Et-CO,
ZEE/LY Y MIE (| ZEOEBROSHEHEIR - RINEZ BEY,
ucm) HAEE LTEBLEZ LYY FaHAE
D NDCERDT=HIHYNCH T +T B,

L B [HERBIE (L T o iz | @)
(https://www.env.go.jp/earth/211022/mat02.pdf) X0kl
g s FEIE ST LR

4.41 (b) BEVEB{AXIE

HEEHRATEIE. ShlodeE Ttk EBELo b
Pessgi S hiz, ZhETCXRIMRASH & BRI T
Wz [2)—=vF 4 =¥ & [CNG H] 134582
BAN A, NS ER OEFENECE ., BTG R
DO 4%, SEERAHOA vy T 4 755,
KO BEAA A BENUAER 2B X7z, FCV IZDW0©
TEHEZDHElO—Tu baE . Bk a7 2 3
VAZOWTO R A B L7z, WIRSRE 12D
TUIRBFLAE R E Az, FlE i E R &1 vy
7 4 T HIEOMEEE AT AL L. EHATIES
FD AN SN TAROEIR S D 5734 A HEROREHZ
DNTE, CN DFNEFTHTEAED TR L7,

4.4.2 (h) BERFBHROHE

Ji e SR D M TREFH HLIC DO TOHEEF AR &
Nz, HUENELA L EV, REREERX T FCV L EE)
LDMER G TR S, Piihiad K OBk D 459
b, W EOARE AL, R EEEL TS,
F7-. EC (BTHHG] : Electric Commerce) 723
MUTHIRIEF D728, FHECE D HI & 032 BLD
HEDBRIZONTE F K Iz, 4.41 HTIEb
RoENEDP 572K CNG FF v 2 ROETILEGE -
T 712N TY, ZOHPIZEE I 5,

443 ()EBER-#-BEOEIZ—HyTIT

BR B BEIORSZ—F ) TR, L
X7 WAAHEDOD D 1B NEA TS, -
FOLE — O HPE Y F 223 R A EE S L, A5
HIY M =L O LN T UC IR A TR E MK
VAL =V LT, EVEUFCV BMERTENT
Wb, 73y 7)) =L EV FIZOWTE ZDIHE
IREMT S, FEERICBR A I K2 FLREREE TD
N5,
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4.5 BFHREEE FO6RIFINX—EAXRETH

4.4 OMERIRDZ AL KA & R H ., FRFEEEH I
THLE —FERGHE O 6 REGE %17 72 Y, 2050
. CN & 2030 fFE O HEORRIZE & XD, 1R
1) 75 H BRI Z (LR SRANDEL O A% 15 5 & L7 %4
EIEL —iZiknT, HAPFE T M Z L g H
P LTS, 7z, BURRICHANT TO KR E L2
FXLT%.S+ 3E (Safety+Energy,Security,Economic
al efficiency,Environment) 735 | i % T )L — B
WOKHHRIZHEA BN TS,

BHIIOWTT, B OFEF LA RELE L,
KF -7 VEZTHEE/21Z CCUS (Carbon dioxide
Capture and Storage) * 7 — KV VI A 7L & HifE L
L7z KNEBEDA ) R— 3 v &b E L2, A

THEREHSA P, R L-EATILE—SBKRLT
nz) R I A XN 2030 SEZFLF —FAE DO R,

WMLE 2019 FIWE SNZR DS EEESN TS

(K2), £/, B EIFZ22~24 %75 36~
38 BT EABIEINTED., KK - 72T 34K

DOBEFREKD 1 % & Xhi=,

#110,650 {EkWh
719,340 {EkWh

20194F-HEE DFEFE & HOUR )L X — S ARG ]
nKF-TUEZ7 nGH mAR wINGEEFHRBEIR

2 2030 FIRIF—FHRAELOEL

HEEIZOWTEH AT — (L2212 10650
& kWh 25 9340 & kWh IZHIE L2 EIB IR &
720 72720, ZHudEa HEUCE TR DIIC . Toh
72 WGl LT, REMHE A bk S sk D@ £7-
34 IV e+ REETHESIN TS, B, 36~
38 %D LKA 14~16 % . KITH 11 %,
JBSINE % A A~V ZHEN 5 %, HED 1 % &L,
— B L B OB RBIESP KIS KEHICE X%
bHBEHE . THENI=,

ARFEIZOWTILEMISIZIAT T, B> 5O A
& ENE IR 2 15 H U7z 8UE S O 23 A byl
NoNiz, BERMIZIZEBEARRS T 74 F 2 — v Ok
B RIS A WG U722 KB R E ek R
ORI, GERBRNTNS, AEEE R Mz
WTE 2021 FEBIAE 100 FI/Nmd Th 523, 2030 471

30 FI/Nmi., 2050 412 20 FH/Nd (3% X1, 4G &
IZOWTRBAER 200 H t/ D EZ A 2030 12
X300 7 t/ 4, 2050 4R 2,000 5 t/ fEICHk X
2L Th D, KFEDRGHERNEIIEAGH OAL S
FTHREMOH D MARAH K THD, FCV TOFIH
DAL TAELE KB THONEZ L RAFN TS,

EI BB T3 ILE — 12U TR E B0 K 1
K. BREFLUEDIESF 121 2= 8T b, & x ik
VB A 32 - R EH ORI OLE D G, AT ToT
(Artificial Intelligence / Internet of Things) %%
WM L2z ek o @ik, 2ERBRENh,
72, BFEE TR ICX B HREO Rl LIz 3L
F— & FUHIR S U265 R, BB AR IEIhET
? 939 5kl 75 990 Jj kl LfEMZIIL, 5w
R ORI OB THEZ N,
47 5kl 05 425 J7 kLIS KIS Emxh, KEa
FnfE-hns (X3),

m [ ) SR

= 7 v TR

= AR R .
TaARTIAT A= =T VT

mfifize

= S

= Z DA

A F+23005kL

471607 kL

[SRERZY

HEE
EmSffDE IR —ERABALOZEL

X3

46 EX3EE ELZEIV-—FvLY
BRI, RFEEAOKRARIZE S, FE LR
WEIE 2021 47 A “E L@ —vF v LY
AR L7z PP, ZIUIDE R [ 58 58 A S M 48 B
JRETE & [FE @ B R E A A, ) — VR
G IS U TR L7282 D Th 5, 2030 4E/E £ CICH
RIIZE #Er 6 DO70Y = 7 b AdHD, HE)EIC
’)L\’Ci [EBHEOEFH I3 U7z 285 - %ﬁﬁ 4V
TIVATLDER] L [FURLES) —Vickd
el BE A A3 - Wi — E A DR | 1ZE0#E X,
E B AR 265 sk Io oW Tid, IR IECE D
EV1t. Eff#i#%o0 FCV L, Zhs kit asE)H
~OHEF S, BEILUEDR o5 2NE S,
DOBGR L R ICEEHR XN TS, EV IS 45 @l
WAIHIEDA V2T 4 7, ETHPRE Y 2T LD
iFA e 4%, EV I D A ERE &0 - 2 NE I
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HBERURBE AL XS G & A L Q0B hy, 22 TIER
AV 77 ICBbHINED L SNz, /2L V) T2
OBE»S KERHCEHHEIS(FRICEE AT
% V2H “Vehicle to Home”, #8785 DAl i D
W KB FEDX HTND BB IS S E P& T H B i -
BRAETHEOMGIHEE, ¥ T7VHERE NS v 7 O RE
IZXB RO WA v b — 2 OLEXSZ LS
FLEL X7z, AB DA T DWW TR A T A8 58 D Fl| AR
MRS, LRT (RIAAUE A : Light Rail
Transit)s BRT (2 -5y K+ b5V b :Bus
Rapid Transit)., EV. FCV OEA ¢TS5 %
AL LT B,

[+ 52 & & BRI E O B B R IR 2530
EEHDETED., CNIZB U TRE Sh-BERIZEBANT
SHBELLZNELZL<HD. MHBERPHEAS, £7-.
KA A B HZDWTO Al BY 3 S O F i 6 252
BE. MEEL T > TOE30M L 0D R
Thb,

4.7 BERDHEERR

AT CO HAD HEJHEBGRIE. RRNOEGRIC
FeCCRHBEOBIL A KEZITHH LTS,
FEHHLIZOWTE EV IS 69 & F XA FrAIC b
W XN EKBUZE 5 Td, FCVIZEBAANDT L,
BB FO 7= IR & 2 Dl RgMED 1 D& LT
MiERHYehz, %72, é%@@b%ﬁﬁ%f%ék
HBHEYAOBEILOAL ST, FIHORhFEIZ
HIFILF — ﬂ%ﬁﬁ%@ﬂ%%%ﬁgkﬂﬁﬁéo

IRILF —BOERED 6 W5 L i AN - 72 K018
TNRGFE LB B, S . KD FZAEEOENE
TR AD A HI69 720, 22895 {51205 al
BB OB R NE L XN TS, EV XU FCV
WEENFERNO -8 L2 BEOE A 7213400
R 5 2 BEDOI AT A TE S L5 64 E
FEEINRDEN TS,

KFIZOWTI R TE P IEARMRES % 5K E L.
Fefi A s LT =205, FRICRIFEE A 5L
it L BAbMal 2 5.

ARFETHAR HRDEGRIZFEER L2 IC K ERN
PO AV N BHTHRRINEIT A, FHATC
EROBEAABHEZR 725, CN &) — F$25R0
ORTFHEMRLENS, BAMITHN ShzNEIC
BoTRNEA, MERELTHBH A - —DERA
Z<HD AMSh T3, %72, BHHIZB DS 6
IZDWTE, AT —EERE L RGH 4 — 7 —FDOIRN
EHEADD, BURDEL LEZAZREEIHE S THS
P THD,

5 HbHYIC

HARENZ CN IS TEOI & HEEA BT T05
N, 2L OETIEEZZO B35 BARR 2 B0k -
Fi$tE T RK LTSI Th 5, RRINIEEBER) 2 8 %12
WHERHHR U, AR T F SE LR R A2
HLTHD, ZHUTH L TBET2ERB I AV 2T
BZET, FEBMER S ZNRICHEE ShODH 5, i
DE% & AFE L —HE A2 ZELZBORE LR L
TOBH, WINDBORICEBEAZ 37807 % <. HA
LR IR THS (BORARER 4 1277,

53]

| Clean Planet for All ]

| 2050 CNEE ][ 2030 469813 |
(2050 CNI=f¢ 3 5 1) — > LB |

‘ EU Green Deal \

Fit for 55 BHTDAHBIE
[ semamtszitm |
RED [ zxnx—sxstm |
[(Ezz@EsU—Frioy]
) |
m—: )

X4 BAOREMRHAZBHEBRRE

F7o, BHERSEIEAAERICAHEhEZ &
5. 12078 BIAXEEL) 1S - 726 bTidk
<. HB&EIZIB U8 — ) — Z DR E4T 5 LD
D, HRLEZ A EIRTEZ 1T > TG s FEjH
LIS TII, Al TIEHAD CN O—¥mza#E7T L
7o, B L2 BORIZAEZEITHD . 5%, TAV I K
OHEZORFF KIE DO CN sz HEngEd -
TRBZEDDHD, ZD7=8, 1EHEL R HEADXIE %
To7-0IC5| EfE @Mz ER L. BUEH LT
WENDHD,

SE K
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Introduction of Yokohama New Head Office
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Abstract

On May 9, 2022, ISUZU Motors moved its
headquarters from Shinagawa Ward, Tokyo, to
Yokohama, Kanagawa Prefecture. The construction of
the new office was carried out to embody them, and I
will introduce how it was done.
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Automotive Engineering Exposition 2022 Hosted by JSAE
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L OFETCHENE L7z,

AR TE W s OIENFIZONTIHITY %,

LI &

Masatoshi Hirukawa

Abstract

“Automotive Engineering Exposition 2022” hosted by
the Society of Automotive Engineers of Japan, Inc. was
held. It was the first venue exhibition in three years due
to the COVID-19 pandemic, and it was a hybrid with
the online exhibition started last year (2021).

In this article, I introduce the contents of the exhibits
at this event.
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B, MIMAMORI Ok & FpOI ST L7z,
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fEL7zz7a T 4 L — 2 U N BBl &
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FBRE N T - — 23T, BRE IS E
BEV (Vv 7)) —AEXEH B H : Battery Electric
Vehicle) Z L CLNGV (WAL KR A 2 H 8 # :
Liquified Natural Gas Vehicle) Z#4/T L7z, B,
e il - B, MIMAMORI O3 42
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