ISSN 0916-7501
CODEN : TTEREB

TOYOTA

Techmcol
AReV|ew

[FE5-FoZAL-LE1—]

2016/4 23 2




[FRIRDFT Y1 ]
[TNGA D& EH1F] & UTERTRUBIILRICETNED S FU DR,

D7 RFOBEROFRZERICHEEL, K FEFZITEWY,
FEREZETIBEIC LB SR LI U DADTILY DLW ZRIBLTVET.



TovoTAa Technical Review

Vol. 62 Apr. 2016 2 3 2



B X

BEE
CHEEETF U ZD DNA v sseessssass s EHRE SH OFE... 4
D45 [PUDX]
BHFR]  TUDIAEDDIE I BIIBED DIE ] s snnecssesienn 88 EZT/EBEH M. 6
TFATDZWD - E 2=V T YT e RE BE/BH8 BF/BER |H TR #%F.... 12
TINGA[LED B2 ENNTIUT T e ensssssssss s e TR XFORE OBE.. 23
BELUTRELV] ZERUHETUDAORT—EE......OF 2048 ZF /108 8% 0% £=—.. 27
A EBR DREIDEY ~FETLUIADY v —BF
FHOBEBDS EN/BR B HT BEOBER OBE. . 34
RIDTRENZIEFDHEN ~ AHBRBERA T L —F 2 AT LD
TR MIBERA BT KS RO BB BE.. 42
oy EkE ~IELTU O XOMRERIF
FE B— 8 BR/-EN XIE/BE BONE S-S0 RAAES Al 48
ESTEC 2ZR-FXE TV YV D¥AEM LRl .. RE 176/ Fik BN BH/EE B2/ MR BET.... 55
FETPU D ZDINA T RET
AR BN/ 80 B/ B2 Son/Fth BT /R B85 HE/ 20 SR 61
BERREBICIED  ~FBITU D ADESIMHRERIFE
R =N FPY B BRI NE/H% MA/HP —E.... 71
INBLE-Four VAT LADBIF e, AR &7 /BT Mt /8 Bth/FR BB 8K BZ.... 78
FEUERID ~FBITU D RDIE DMHEBERIFE oot WA EE..... 83
FEUEBOHD  ~FETU O X DOEMEEHRERR..... KE BALE B 8L 88588 5—EB...... 87
BEETD ~FETUDADOIREES R
Bk EXEB/fRK RE/ SR RHE/BR FHALT MF/BlE A=/£08 &E—E5.... 95
‘GOA Dl ~FETUORDERZ SR .2 B 1K #&%/8F &83/FH 208, (C...101
‘Toyota Safety Sense P MBAFE ...ooovevevrevrenrrenrenens OB ED B8R HEEE —BE ... 105
> 53 BFER
R 2L BV 4 KRB ESTEC D-AT Ty
RE 86/ HL A BE /0 BAIE BCME 5. 110
AL 1AL BRI 4 |KE ESTEC 7o —BIL LYYV DB
A FBERI BEAEH KXW EBR/ N7 SR/ D-FT4I LIR.L117
-FREY 2.8l B%1) 4 K& ESTEC o —CBIVIT VI DBREHE
BEA BRI BEBN BEIN BE/€F LEFE/EH BEH 0B 48...123
BEBR A U NEEGE TSWIN LK DT VYV Ed8KERE
No g\E /N 210 B8 U BERBR ER 8T #5..128
TOIT A THEEBWEI Y VT DI RDTH A 2 et eee s M O%...136
ERERESTFREY AT L [Toyota Safety Sense C| (DBEH
RO BE/2E BR/-TH M5/t EB/UE =8)..142
=S VRIS DRBESE RS A /RS A ST OFRNDGE
TIVIrPY JAJV /8 BB/ sh— /BN w58 BEXB/FE #5)...149
O—=RYAVT VXD oo g & TUANDT IU/ ML SATY /S %B7..... 156
TARUVITZ b~y PERAETREEREN Y FU—TRX—I AV NV AT I
WK BE/EF FHEHE &6...161
BUBBHDBEN D EIFEDARRT LUDBEFE oo, BH BRUN RBHE L3166
BHTERFHR VAT ARHERICHIT DT RIVF—TRI XY b F L EDMS DRI
=0 WK e HH BN TR BhPE REEH KB 171
‘MIRAI ZZZ B BHERE FC AT W I —ZDBAFE oo — /M E/HRT — /BB ... 176
EBRTL A 7O MEB(ICHIGT 2BRFEC R w
BTN S HE EAR BB RSB 12187
D BB ERTITHIER ..o 186
= = 190



Contents

Preface

* The Prius DNA: Overcoming Impossible Challenges
Moritaka Yoshida, Senior ManagiNg OFfICET ...t esas s st et en b e 4

> Special Feature: The Prius
- Introduction: Brand New Prius, Brand New Toyota

KOJi TOYOSNIME/SRINSUKE SUZBBNO .ccrvicireriicvrnrieniineieetiesccoecsensseviosessserassstses st cesssssse s ssasesssessmesesaessses s eesssessnessnsenssssssasssnssssnsesssssanss 6
- ICONIC Human-tech

Shunsaku Kodama/Toshiya Takahashi/Noriaki Takemasa/MOmOoKO OKAMOLO .o sssensssessssissones 12
+ Making Ever-Better Cars through the TNGA

Motoo Kamiya/Nobuko ShIChIr/TOMONIKO ADE ...ttt ara st 23
- Innovative and Fun-to-Drive Body Structure of the New Prius

Akira Nishino/Toru Okamoto/Toshinao Wada/KeliChi KONUO ... reaercencssesesesessesssseessessesssnsssnsssssasssssessons 27
- Impressive Vehicle Dynamics that Exceed Expectations: Chassis Development for the New Prius

Toru Asai/Yusuke Washitani/Hiroyuki Suzuki/Takashi tsuji/Yasutaka FUKUMOLO ...cocvcerconerircnnerrneeesreseesseeens 34
- Reliable and Economical Vehicle Brake Technology: Development of AHB-R Cooperative Brake System

Masakuni Suzuki/Kenji Sakamoto/Yasuji Mizutani/Katsuhiro KanamMOri ... eoceermieeniecssscescesssesscssrisesssincsons 42

- Constant Challenge: Development of Fuel Efficient Technologies for the New Prius

Keiichi Okabe/Yuha Nakajima/Mitsumasa Fukumura/Hiroshi Majima/Toshio Murata/Akihisa Aoyama/Kazuya Nishiuma.....48
* Fuel Economy Improvement Technologies of the ESTEC 2ZR-FXE Engine

Yukinori Ota/Yoshiaki [to/Akihiro Kawamura/Hiroyuki Nishiura/Shinji MatSuo .......cnrnenennennseceseeeseeens 55
- Hybrid Technologies for the New Prius

Shunsuke Fushiki/Makoto Taniguchi/Keiji Takizawa/Takaji Kikuchi/Koji Hara/Takanori Kumagai/Koichiro Muta...61
+ Impressive Coefficient of Drag: Development of Aerodynamic Performance for the New Prius

Yusuke Kitazawa/Susumu Terakado/Hajime Ichikawa/Kazuhiro Maeda/Yuta Hino/Kazunobu Tanaka ..ceeen. 71
- Development of Compact E-Four System

Shunsuke Fushiki/Masaya Michishita/Hironari Toyoda/Shinichiro UKi/Satoshi SRIMIZU ..o 78
- Fun-to-Drive: Development of Dynamic Performance for the New Prius

ST IMBESUMIOTO ... oot s bbbt bt b e84 48R R ARttt 83
* Optimized Handling: Development of Vehicle Dynamics Performance for the New Prius

Keita Oba/Hirofumi Sato/Toshiaki Takayama/KOIChiro MULE ... eiecescoessees s sesssecsssssesissssssssassesesesens 87

- The Sound of Silence: Development of Noise and Vibration Performance for the New Prius
Kotaro Fukunaga/Yasunobu Suzuki/Chikara Imaizumi/Masaaki Wakahara/Kazutaka Yamashita/Daizo Miyazaki/Koichiro Muta .....95
+ Evolution of GOA: Development of Passive Safety Performance for the New Prius

Yasuaki Kosugi/Toshiya Kudo/Shogo Sakai/Manabu Hiraoka/Hitoshi KONAO.........oesrecenirnessccnenisavenn, 101
- Development of Toyota Safety Sense P
Wataru lke/Atsushi Watanabe/Kunihiko Toyofuku/Ichiro Aizawa/Masayasu Tanase..... e enmcenersecessesiesenns 105

> Technical Papers/Technical Articles
- The New Toyota 1.2-liter Inline 4-Cylinder ESTEC D-4T Engine

Shinji Harada/Tomohiro Shinagawa/Tetsuo Kondo/Kyosuke Togawa/Masahito Kudo/Wataru Matsubara............ 110
- The New Toyota 1.4-Liter Inline 4-Cylinder ESTEC 1ND-TV Diesel Engine
Hideo Sakamoto/Naohiko Oikawa/Eiji keda/Masaaki Kobayashi/Thiebault Paquet/Regis Gauthier........cccee. 117

- The New Toyota 2.8-Liter Inline 4-Cylinder ESTEC 1GD-FTV Diesel Engine

Gaku Kishimoto/Nachiko Oikawa/Yoshihiko Hamamura/Akio Kawaguchi/Hirotaka Kaneko/Keisuke Manabe/Tomoyuki Kogo.... 123
- Engine Heat Loss Reduction by Thermo Swing Wall Insulation Technology (TSWIN)

Akio Kawaguchi/Manabu Tateno/Naoki Nishikawa/Chikanori Yamashita/Yoshifumi Wakisaka/Toshio Horie ...... 128
- Engine Sound Design Applying Active Sound Control

TAKESNT HAYASN 1.reetrtreereitecerrinciiesecs it st sasesssssssen s bss st e s bs 5843405848828+ be e s AR RS s 136
- Development of Toyota Safety Sense C

Atsutoshi Sakaguchi/Takahiro Adachi/Kazumi Chida/Masaaki Uechi/YuKinori Yamada ..o 142
- Study of Driver Total Perceived Risk Estimate and Application to Driver Braking Timing Modeling

Quy Hung Nguyen Van/Hiroshi Kishi/Hirokazu Kikuchi/Hiroki Okamura/Shintaro Yoshizawa/Shoji ItO ... 149
- Development of Road Sign Assist System

Tomoya Kawasaki/Christophe Gillet/Tom Rycken/Yusuke FUJIMEKI ..o csnessssssessesessesssersens 156
- Driving Environment-Adaptive Battery Management System for Vehicles Installed with Idling Stop System

Kohei Tochigi/Michihiro Miyashita/TOmMONAru MaBAE ..ot s oo caonissecsanes 161
- Development of Smart Phone Application to Enhance Driving Technique and Enjoyment

Tadahiro Kashiwai/Takeshi Matsumura/Hiroki OKada.. ..o cssesssessssesscssesesseesas 166

- Development of Community Energy Data Management System (EDMS) in the Toyota City Low-Carbon Society
Verification Project

Jun Koreishi/Masayuki Kawamoto/Tatsuya Morii/Tetsuya Hirata/Koshi It0/Daigo FUjili oo 171
- Development of High-Performance Fuel Cell Stack Case for the Mirai Fuel Cell Vehicle
Hiroshi Ichinose/Hajime MOrimoto/Ken SArURGSHT ...t cssrsasessarsessssssenasesseseesees 176
- Parts Delivery Robot with Instant Learning Technology Capable of Responding to Layout Changes
Hidenori Yabushita/Tadashi Odashima/Takemitsu Mori/Akinobu FUjii/Minoru Tanaka ..o 181
D TECHNICAL AWAIA INEWS....c.ooecosesesesesesesssesssssssses oo 186
D AWArd-WINNING PAENTS ...ttt 190

tovota Technical Review Vol. 62 Apr. 2016



PREx C Z
TUD XM DNA

FHRE

= B T 5 ‘

FPUDZDIETH D HY VAT LOERFEMORMAFEIF 1990 £FI(C
WBERUFELU. AEZODDOEIEHDERCHY, [FELTENTHRL
THh 5 49 HEUK U EBEIN RN >I2] EVWDDEFERBETI,
SIROBHRFIEERZAREENSINZEDITT. TOLIIC, IR
D AFEKHMZEDNT, &HZHEFTHEUIHARCLE. ZULT,
LLDIVIZTOEPEN T, FMLTUDRIF 1997 FIC [21H
fICEICEVWE L] VW SF vy FIU—XTRELF L.

HNHMS 184, 2X8, IREBEBUTTUIRENATUY RY
AT LFHITELRUFEITE U [TUDXEEAEHV], [HV S
AETUDRX] EEODNBEECKHY, FIIDREBETEA A2
FRELS|IELEFTEF L. TOLT, FPUDRDORFEEHIFIRET
B340 HEZEBA, IRV IAAFVITRTIUIINSIIEREKT D
EREICHKRULIZDTTY.

RAEOHRZRETL, BEEMRNRACIDERERR, HLHEOAK
B, IR F—REEE MIRRENETDE AN EERICH IS
9. S, FEEOREREECAOENICK)—BFEAITDIENTIE
N, BEEEFRELUTCOHSFTTLUEICRERMARICRUBET RIS
RUFEBA. BEE N BICTFIFTREF v 20501 ELTHDDF v
L2781, RNRUEUE. 2050120 [#iE CO, BOF vl Y]
THY, BURIRTNL 2050 FICEFHEDOETH HY, PHY, FCV,



EVEDRIEBEEWVWSZEICRUET. HADANSUIEUIE [50 FITZ
AIBIFRNDKZDN?] EEPNET. [R<HNSRRL] EWDDOHAS
TN, BERTLIE, fFRZREUT [37EE CO, BO] OEMBEFEICT v
LY g2 ERBDTY. (EROMRZE —ZES BRERIGHEIFARISH S
Ere<, FRICEFEENMDIMIERT. I—T v b Z—XHHETH S TIHE
< FUKWIINHRORBZEIEUC, BRZHR > CTHREL U781
NERBRIEBA. ©B52A, HEITRNET—TEFRIFELITITIERL, BF
EE A THIEER EHZ<HHUFT.

ARBOFESUDZAN I B EAMIELUe. TUDIXTINSST VhYD
BEBTIRIINE, PERFRITHELCVEIEITEEA. T, NMMTUvR
PMEEURIICRSIES, 9 VNYDREREIITIIEERITHE LTV
FIENTU&D. Y NYOBRBLIHIRTUDRDB7ZRIZT DRI,
TNGA BBRULELTELDFEMZERAFE Uz, TIE, FETUDE
ERMEENDITIRDTEDTULEDID?

BULIEESARICERF

[&, Technical Review Z5tAT, F|OTHREpHNORBRWVIFERA.
FATKICADEA, FOTCHCREIZRR U ECBAZRST LTS
V). FLFBEEZEFRF >THENDHLEFT.

49 HEU' K W EBEHIED o o BTUD R
MRTY D RFELITE

Tovota Technical Review Vol. 62 Apr. 2016



TUDZAQZEDb-o! FIIHhEDH-HI!

Brand New Prius, Brand New Toyota

[SE i

Shinsuke Sugano

=25 BT

Koji Toyoshima

1 FUSHIC

1997 FTU D ZADFETEE 17 £BI(ICTO—
NILTH 350 AEZRELE. ZD/-, 21XE,
3REESH SIIDNA T U v REFHEZES| Uik
WoNA T Uy REQER(ICAETSEMUTES.

UMD DNA T2 EEINRERIEILRE = &
LIgh'5 [B>E0WIILY] ET2BIC TNGA (~
9 a—2J0-NILT7—FF7TF¥) EWVWST)
VHEFEOBENZEICL DY NI —LPNAT
Uw RYZTFT L, g XT% [ALL NEW PRIUS]
EUCRHREZEDT.

HE USRS [FifciR HY (N4 U w REE) O
LA A=Y & [FIIDTILIYHED ] &
WD [FfeREENS] OFEE LTEENHLDS.

2 FPUDREWVWSTILR

PUDRGSTVET [SEHF], 1997 &£(C
2T HIRRICEENFIRTU DRFF ST HV D
IENF], HRYDEENATUw RA—&EULT
SELUE. 288l MREDVLWIILYDRY A )L
DEENTF] ELT, bSATFVTIVVILIY hE
KAL, ZORDREEDY)VIT Y MMIKTHREE
ZE5 AT

3RBRFREEGFEEUVUCCZHREMTES.
HV OELN - H2READIENTF] &EULTHV
ERICKELE@MLU, STIEEEAODHERED 108IC
18ETUDREVDIETY DR EBEDL L (C
KEL<EBLTERE (B1).

—HF CRHRREBEDHTHS PHV (FZT4
UNATUw RE) HEDLRBICEFR [&F
M7 ZESHEN G .

1,000 TUHR @ =

HVOER - &8 707810
- ADTENF y A
¥ 387
ATDLVWNTILI D s == )
k 800 Z2IAIDEENT ff"'ﬂ:
fé PAR=! 't'&'
E 400 HVOE EHF . e /
=4 0 Ze ! S|
& il o’ =
fre A
B 00— e .
ﬁ AT Ay
g A D b 3 IHV
T — 0

'97 '98 '99 'OO ‘01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11I'12 13 (&)

1 3% HV £HFERTS

3 HBEITUDRADREFE

3.1 FEITUIZRDOE(LERE

U 2D DNA TH 2 [EEIM R EE AL (& ik
AUDD [B2&0LWWIILY DL Y] OB ENE
TNGA EDRIGICELWUIET—RTh>ZLVTFH
A, BED - ARV Y 3> - GRERT—I(C
KBDEWDRULUE, BRLZEE, TEDZLD - T2
ERODIFEBEICLINATU Y RAO—DEHEFTS
WAFEEE LUTEEL, FETU D RAZRI— T
[PUDZAHED2/z ! FIIWED-z ]| =it
FRICHEEBELTHLREZDIE>TWVS.

3.2 BHEEIVETH

BHE It ~E Beautiful HV (EELWVHIER -
ELWVWIILY) &UTe. ERANRMERENRE [
EHNULL (Fun)] ZE8IC [h>ZLWL (Fun),
D00 RERFD [EUHLLY (Fun)l, =
[CWLLY (Fun)] @4DDFun T [ELVLWIILYH
EULEYFNHDELWVHIIRZEID 12| 2OV
tPhEURE (®2).



TUDZAED Sz MIIREDOE !

ave7t: BEAUTIFUL HV
ELWER - ZELLWIILY
W TRLEERICEIIILT

B JURERIIIHBICEITTZ
SolTERIM (TSSP)

L

B IOH—OREERTEEORLS
B BHBER
W EELPT LR

i g R\ R ERD7OR— 3 2 OMH
hozhity

W SRR
W SN OBV O T LIE - BRI
s \  B4WD (&EFour)
7= ya i ATA \ W R by UL
\ BFEHVZRT A

\

M2 =EmIvEIh

3.3 E@Nvs—Y
BNy —I TERELEDFZEDERE S
KEMETHSD (BA3). Lb—T7E—J0"IEL
(170mm) EEEE NFD I & TESIRTRE (Co)
CHIR®REEREWA) ZEALETFILAE L.
HV N\wF Uz —RNTICEBI 2 & TRZE
BEMNMEK (+560) U, EEOMbEHITHIISE
fe. FRENCKVWRERRSAEVIIRIY 3
DA, EwvTRA Y NETFRASHHIERELL ED
BRETDBREEFO/N VT —IEFIR U

IL—oE—7/IHU
I707xIbA

R L

20 [GESTPN
™ 29(x0)  |[502L(+56L)
BEo—R 2 —
= - : o
\w3=|
E Al le, s
FatY S N\ W /] [ | 2
HVYZF L N} 5o8 i T1i0 =
TS e, S Cé % g
Tt—LI
950(+25) 2,700(=0) 890(+35)

4,540(+60)

3 E@ENvs—Y

3.4 B&EHLVL (Fun)

2K, 3B AL SOREDL LEENK
10% CTHZDICH U THEIT(E JCO8 E—RT
32.4km/L 15 40.8km/L (LT L—R=>ETL—
B) O SRAZEBAICERINFEREZRIT LI
ZOMI L —RTH 30.4Km/L 5T 37.2km/L
ERVANDIEREN S 20% U EDREIRIT A
BteEm tERRE LU (R4).

Tovota Technical Review Vol. 62 Apr. 2016

gim

1= P g

] o
2 3B __AfitHveEe h3ITHVEA
£ 288 Prasto < S
[<5) =g
8l \:’7&?““- ]
— fiptHVER ittt HVED ——
.~ Oivec
[ TERHVEA
‘00 ‘02 ‘04 ‘06 ‘08 10 12 14 16 (%)

4  FRIRAEHER

3.4.1 EFEIBGNATU v Ri%EE
FRITLUDZATIENA T R AT LE—HU
(®5), TVIVOEMED L, ND—1>~O—
WIZwv bk, bSURFIRI, SHORIE LN
BRE{t, EEXMEETVERNMEREZEIR
Ufe. BH/NEUEE 12V N\wTU—DI Iy
IW—LEBHEEGHETST v IBEDIHKAICEU
. X, EVBT7I7RIVFEORELLICK I ZA—>
EBONMCEDTHFBVWVWILERERIE UTE.

<IVIV> <K<hSVAFITZI>

B5 FNATUYRIZFTLA

<HV&Eit>

3.4.2 ZESMEEE

RERITTCRBEMEBSHER DS, ZHMED T
My PLUARILD Co B 0.24 #RIBUTz. Z=HMEE
[CEFIBSNIEVIVI Y hETBDEHICHETU D
ADHEEICELEEIHEE Y 1 VEERREZHEA
FeFRAREEEAL, 94 7R PR NDERD
EHNERET I, X7 T—DEBEVLERETHY
RTF2AZ 75w MIUZEAE EICZESDE (H6).

®M6 HKRFLA7Dh

i



3.4.3 12/N7 b~ E-FOUR
EXRMOBEHRNSREFELDGH >z HV-4WD
EHRELRE. BRTE—9—N4AWD VY RTLE
LEMmUvEY (L5142 IN—9, UVE—9F—,
NSVAT O X)EFER (B7), E—9—0DIEE
FALIC KRB 34km/L EERE (FF) £WUB
EREEZRIREURE. FlEFF NNy —I%ER—-2Z(C
U@ ICTV/INT MNCEEB T 2 & TRESEY
ITANR—IAHIC, FFREZFLANILVZEEIR U,

FIEFFFRIEY 1 X

Uy AVIN—9

HV/\y 5 U—

(FF37E) \ 9

7 E-FOUREmE

FIERENVW (Fun) ZRIBTDH, X—9—
(CFIdDxLv~RE8), TI947U—(H9),
IOVvwI%E, BHOIIRSATHELLZED
SfsBn L.

0 5000 10000

TRIPA BIE
1000.0, 6250
km &)

TRIPB HBig
500.0f 3125
A

km

CTRIPSY 953

K8 IduzxlLwhk

EERE TIgRE
Bfd km km/L

12/14 13.5 29.2

12/13 298 223
12/12 135 19.8%

<TEERITTS,

[ D3

K9 IJga47U—

35 pH-o>22Lin

FTHAIVETNNE [PAOIZwIbEa—<
Twad] U, ELLWIE—YavDHEI=—7
BESUHEROFYA vEBELE. ILLW TS Y
NOF—LZFHNL, EHORSORE CHBHIKE

VeI 2 [TE—Y3FIVgEE] ZRIREUIC
(B10). XcbSA7 VTV I)VTy b EEICHE
fEEBZE=AEREICEDFSNEHLLD A R
Ty bhZglHLTWVD (B 11).

1M1 YA4FJLIvEH

A VT U7 FEZHEIETE S UcHRN TRE
BREEZRIH, B<BAca Y /\2EEXEZR7 b
ULFRTY—LUVRICRITS, REZBLIEIHA
CERETDIETHROHIZEBZELE U
(E12).

12 4FU7FYA1Y



TUDZAPED >z | hIINEbHofz !

3.6 FEUHLLY (Fun)

EUDUVLY (Fun) ZSRIET 2RI >TzDIE [A
DENICRBEICEATLND] & [LBR] TH3.
FE U DX TCIEEBHRENEB NS Y —VEEE
LTZENZENDY—V T4 RICH> TRE U
(E®13).

OE@IDOEEME (ZILYDHRMERL T D)

QORBGFRSAEVITRIV 3

OTIFBERVW\Y RU VD, BREEWLEY DIt

@EHREN

(mmEnsOmE - ERET)

(5 G
Y= EUTED

13 =2 &F—T—FitaE

3.6.1 EHmDEELME

RE, Btk& YARVY3Y, V—hERY
PRDEBEZIF TR 2 TORRDOREECHF N 1T
FIEINSK 20mm OELET UV ERR UL

3.6.2 REBRSAEVIRIVaY
JO7h5Ey RSy hETOESZE, B,
B, TNTNomaBosng<ngd ENIC<L)
BtEL, ATFUVITOBEPAEDREL LG
PORBREETCHENICKVIRYY 3V & Uk,

3.6.3 SIHBRV/\YRUVD, BREL
==L Ny

(1) BEBRT—B4&
FrEVERER (M14) PUVYRT—BRSE
& (B15) [CRURTF—RUVEIEZE 60%[ L
STl (B16). Ffc bIIIRBEOBERIM LSW
(L—=Y—=2RTUa—01)L7« V7)) ZBEBHIC
RAUITRZH 30%1EB L, SHRELTOBESHIEZ
S, BNCEMETEEE VIR Ph7gE) Dith7ES
HUk.

Tovota Technical Review Vol. 62 Apr. 2016

B 15 UVRT—RIKEE

BMNmA BMEA ¢ #ay
-y =
<=
> ’—.hasmc
BUNEA / ragmA S Lexus@iB
iy

=
r35mB T

RTF—R Ul

O
5

‘00 '05 10 15 (5F)

B16 RF—RUUEIE

(2) Lizvopca< xRy 3y
JOVMJVPEICUARYY 3 VEHRBER UL
(E17).

17 20Yk - UPHYRAXRY Y3

BICUVPHIARY Y3 VEITID 4 vya
A—VRERBL (EREM—Y3avE—LAR) B
BAEEADY3vIZRINLYILTDAE ~—U
ITTP—=ILTwoatA X7 vwIPIA X NUDEH
BIEIC K Y 3w ITDMEVEBNEEY Db ERE
ROB DML ZERIT RIS Ee. RESE
WA DY 3 v IIFIRTED 1/3 &89 &ikE
ABEZEEETDMHEZEIRLI: (K 18).




10

v3vIs

OfsE  #E=

g | EONE  EBME
B2 A A B EV  (PHV)

E18 EBERVHEBABOYavT (UV)

3.6.4 BENIGEN

FEROITA LT MRRERKRUDDIEHEPRERL
[FTRV. TILVICERANT R 7 ZESDTROR
e (FREERR) PEAXW B VILVICERVAALE
[CERZERCDNA Y N THD. FMETEF N7 ZE
DIEDEN S ZERmAEICEOBFRIEE Ui
(B 19).

@

)

_mimini;

. | R ~358 BREE
|B3Y #had A B B

19 R7ZESHTBFDEERM

WM CERML RO LS E D5, EENRCHEY
BENICERICEN AT B ZBHE. EVH
ULTH EDEREICHBY EVETHODI VI Y
BERFDOAL—AEPERETCOIVIVEIFE
Uy ImRAa > hEUTRERERRICH >z, Sk
AB[CBEZT VI VBTY—LUVRIGIEE 7B
Ule EERINERZRRB U (K 20).

3.7  #=IlCLW
3.7.1 FhRreHsE (M3a9tE—774EVZP)
SURL—I—EBBHXSICLDBMERER Y
ISy at—TJT 4 VAT LICNABE T L—F
HlEgEDH D L —F—27)L—X 3> ~O—=)b, R
FPUTHIEEEED D L — T 4 IN—F v —TF
S—b, —bIYFvINAE—L, FTERA
BREDNIIE—TFT4EVAP (B21) ITHA,
BSM (7SS4 YRRy hEZY), JUVFIPA
AVFTUITVIN—F VT TIRN) & 25
I CHEMER T FRLEMEZ 7V A MU,

U=5=9l)=2
0=l
Dynamic Radar Cruise
. Control )

JYI59918-754
Pre-Collision System

i 41377 /\ME=L
AutomaticHigh Beam

U=Y74l=F0-75-b B
Lane Departure Alert

®21 FIIE-TFT4EVAP

3.7.2 BERZEM4EE
FEPUDXTE REMERE] [Z2etEE] Zza0
KT CERT E, RN TURNILDEREZEE
¥ GOA ZEESEEA L. ELUEEETIEN
KOBHIER2F T U — I EERDE Y IAHFEF
Ei1ole (B22). FleNATUw REOFEEY
AT LMREDER, BEEICEEDAGWVIEICEE
ERAPBEEBSEDEDOTHREBZT o2

WINS v TRIZR F7U—TR1%R
(Narrow Object) (Car To Car)
EZ&RE (kph) 64 90
40mph
NN 56mph  35%
(90kph) @ ;QJ
i 28 B Tror
P @' (AMS0)
Bl (AM50) “-‘;@ 3 il
"z [IHS SOL/NU 7 NHTSA-RMDB
g ->vFE (%) 25 35
TyhEE() 0 15

322 FIEERHERAZEOH



FUDZARZED- ! hIIHED ST !

3.7.3 S\EpEE

HNEHEB OIS DR DEBGEEETHD. &
HAAEXLPEZHMOKEICLDEE - 4751
DEEERBL, 54 T5A4 VPR UEBORES
EUT B8] TR [IRILF—] OFED
FEAESNDDH D, KERICHIEHTEROARICTILY
NERYA VDT SICEBFRRIGETCESINEHEENDE
IDPFERICEE >TWVD. 2013 FEICIFEBESH

NDENEMIET DRIAIERZER L ZDEMMEE
BsRUe (B23). HEL U DA TIIIEREGES
E—REREUHBRBE—RPEIDLUVIICALE
WERICU TR ZS I,

BEESHNEXZHIGT S

PHV/Y kA—

23 {ES#IC/NbA— (PHV) 88

4 RIGMEEE, YYCT)L

4.1 LCA (SATHATILTERAXU )
7°U DASEMBE, BHRE, FET, XVTF
A, EZE, Uﬂ%ﬂ)b@%ﬁﬁﬁ%%’:%@éi/f?ﬁ
A Z)VTHET D CO, ZAMRICERI L, =t 2.0L
AYUVEICHERTNA T U w RRTH — 45%
EHLTWD (F24).

CO;

XUTFIA BE UYL

FUsz lm/ KRR $9—45%
(2015&EHFTETIV)
FUDBR

(2009FHFZETIV)

%342 0L
HyUvE

0 0.2 0.4 0.6 0.8 1

24 FUDZAD LCAZHR

TovoTa Technical Review Vol. 62 Apr. 2016

42 USA47)L

MU DRFEFELER, bIIEHMED HV /Ny

FTU—ERRY D =T ZEEUSREN Yy T U —

DUTATIVICEYUBATWVNS. 2012FEH1 51
HV E—9 -G (L77—XR) ZEERcEUD
ATV AT L7ZRY—bhEHETE.

UEI S/ UI—-RDO—fl&E L THRENSEIN
URBRBEULEZ v T ILKRNNy TU -2 EERE S
EUTHEMA, KEX/INZILPH—MR— K~ BEMS
(Building Energy Management System) &#Ed
GHhEDCETEIR/BIIR /BIXRICEYEA
TW3.

5 BhYIC

[BH2EVWVWTILR DLW CEIF TSy DT #—
L©PHV Y RFTLZEBDET D, FEETOIBE
ZODSIENIRS LTHETU O X ZEEN LT,
EOTCHEINLE, [TNHH&DOTUTRBON 2!
CEVWTCIEF2DDEEELTVS. —ATHEL
DHRIC, —BTHELZOHETU DR Z4EE L
TIETEL.

BEICCOBEFEICED SN, RolfEZTIEEICER
BASH>EVWWVWTILT, FEITU DR ZMEY EIF
EETOBETAICKRBIDEZ CDEZE) THIGA
g 3.

m=E

11




12

A1 wD -Ba—~XVFTwvI
ICONIC Human-tech
BE EE*

Shunsaku Kodama

HE =~

Noriaki Takemasa

=g &R
Toshiya Takahashi

A HF

Momoko Okamoto

25

FTUDRBERETIVOEMERT, /\ATUw REHNER - —BR(EVHEVURIERSIRBEE, TUDXR
DF v STI—FEFWICHFBELTND. OULHLKNAT Uy REQHTHUII7A IV EULTEE
BEZEBSTIZICEF, RECITENGMESRZR OO (RIBLER) ODICEEFR DT ENFOR
THd. CITlF RIEBZXYICTDIETHRICEMURZV] EVWSITVAILBHBERDMEERZT )L
VICRDEIFITEESRRTE, NDOZ3 UESEHROANTHERERINETI 7y atJILBS A TRIA
JVITHEIS ULV WEERER D ENBFSINEHE U D ZADTH A VICDVWTEBN T 3.

Abstract

Thanks to the succeeding generations of the Prius, hybrid vehicles (HVs) have entered the
mainstream and become an everyday presence on roads around the world. As a result, the impact
of the Prius itself has relatively faded. Therefore, to reinforce the identity of the Prius as an eco-icon in
the fierce HV market, it is necessary to make a strong appeal to environmentally and technologically
conscious customers. These customers see vehicles as the self-expression of an ethical desire to
contribute to society through environmental friendliness, while also expecting the Prius to make a
strong impression that reflects an intelligent, sophisticated, and fashionable lifestyle. This article

describes the design of the Prius from these varied standpoints.
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Abstract

This article describes Toyota’s vision of making ever-better cars through the Toyota New Global
Architecture (TNGA). The TNGA was created through a strong desire across the whole of Toyota
to enhance the vehicle making process by achieving dramatic improvements in basic performance
and product appeal. The ultimate aim of the TNGA is to bring a smile to the faces of customers by

exceeding expectations.
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Innovative and Fun-to-Drive Body Structure of the New Prius
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Abstract

The new Prius is the first model to be based on the Toyota New Global Architecture (TNGA) and
its vision to make ever-better cars. An innovative and fun-to-drive body structure was developed to
achieve dramatic improvements in basic performance and product appeal. This article describes
the objectives of the platform and upper body development of the new Prius, as well as the body

structure adopted to achieve those objectives.
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Abstract

Following the guiding principle of creating ever-better cars, the chassis of the new Prius was
developed with the aims of achieving an enjoyable driving experience that exceeds customer
expectations of environmentally friendly vehicles while demonstrating the progress of the Toyota
group. Using a platform based on the Toyota New Global Architecture (TNGA), the front and rear
suspensions and steering system were completely refreshed, enabling both enhanced handling and
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refined ride comfort. This article outlines the details of this chassis development.
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Reliable and Economical Vehicle Brake Technology:
Development of AHB-R Cooperative Brake System
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Abstract

This article describes the electronically controlled brake (ECB) system installed in the new Prius
called the active hydraulic booster regenerative (AHB-R) cooperative brake system. AHB-R is the fourth
generation ECB system, which has been re-developed for each succeeding generation of the Prius. In
addition to functioning as an ECB system, the AHB-R system also recovers energy when the brakes
are operated through cooperative control with the hybrid vehicle (HV) system, thereby contributing to
higher fuel efficiency. A new regenerative cooperative master cylinder was developed for the AHB-R
system, which achieves superior braking feel and lower noise than the previous system through a
regulator hydraulic servo mechanism that uses pilot pressure. This article details the configuration and
action of the AHB-R system, its brake control modes and functions, and describes the hydraulic brake
control performed in actual driving.
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Constant Challenge: Development of Fuel Efficient Technologies for the New Prius
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Abstract

The Prius has adopted advanced fuel efficient technologies since the first generation and each
succeeding model change has delivered unsurpassed fuel economy. The new Prius features a range
of the latest fuel efficient technologies, including a more efficient hybrid system, substantially improved
aerodynamics, as well as parts and controls that incorporate intensive loss reduction measures. This
article describes the fuel efficiency of the new Prius and the technologies that were newly developed
to achieve this performance.
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Fuel Economy Improvement Technologies of the ESTEC 2ZR-FXE Engine
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Abstract

The engine in the new fourth generation Prius carries over the same basic structure as the 2ZR-FXE
used in the third generation and incorporates various refinements to enhance fuel economy. Called
the ESTEC 2ZR-FXE, the new engine incorporates various fuel efficient technologies to improve
combustion characteristics, knocking, and heat management, while also reducing friction. As a result
of this meticulous approach to enhancing fuel economy, the ESTEC 2ZR-FXE is the first gasoline engine
in the world to achieve a maximum thermal efficiency of 40%. This paper describes the technologies
incorporated into this engine to improve fuel economy.
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Hybrid Technologies for the New Prius
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Abstract

This article describes the latest generation hybrid system installed in the new Prius, its performance,
and the new technologies adopted for each system component. Every component was newly
developed to maximize the potential of the Toyota Hybrid System Il (THS II), resulting in higher
efficiency and lower friction, as well as a smaller and lighter system than the previous generation.
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Impressive Coefficient of Drag: Development of Aerodynamic Performance for the New Prius

R T 5 & il Bl
Yusuke Kitazawa Susumu Terakado  Hajime Ichikawa
Al AR * HE X Hop  —fg =
Kazuhiro Maeda Yuta Hino Kazunobu Tanaka
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Toyota New Global Architecture (TNGA) ZEW AN Sy hTx—L4 (P/F) OIEHUERE
ERRBHETU D RDEAEEERRICHTZY, [B2E0VWWVWIILT I ] BESI(ICEBNICHED BT,
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FRTE, FEBETUDADESEREOELICDOVWTIRET 3.

Abstract

As the first model created using a platform based on the Toyota New Global Architecture (TNGA),
the aerodynamic performance of the new Prius was developed with the aim of actively advancing
Toyota's vision of making ever-better cars. Substantial progress in aerodynamic performance
was achieved compared to the previous model through repeated and extremely realistic air flow
simulations using state-of-the-art wind tunnel and instrumentation facilities. As a result, a world-class
coefficient of drag (Cp) of 0.24 (in-house measurement) was accomplished, helping the new Prius
to achieve fuel efficiency of 40.8 km/L in the JCO8 test cycle, a value that will keep the Prius at the
forefront of Toyota’ s vehicles into the future. This article describes the aerodynamic performance

development of the new Prius.
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Abstract
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This article describes the E-Four electronic four-wheel drive system that was developed for compact
hybrid vehicles (HVs) and installed in the new Prius. Based on the existing E-Four system installed on
vehicles such as the Estima Hybrid (Japanese market only), the development aimed to reduce the size
of the system to enable adoption in small hybrid vehicles and to meet the need for four-wheel drive
(4WD) performance mainly in the Japanese market. This article focuses on the performance of the
E-Four system and the new technology adopted for each component.
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Fun-to-Drive: Development of Dynamic Performance for the New Prius
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Abstract

The new Prius was developed with four distinguishing characteristics: (1) impressive fuel efficiency,
(2) eye-catching design, (3) fun-to-drive dynamic performance, and (4) social responsibility. This article
describes the development of the fun-to-drive dynamic performance of the new Prius through the
Toyota New Global Architecture (TNGA), the dynamic performance keywords that were set assuming
actual driving scenarios based on the TNGA, the value that this performance provides to the customer,

and the means adopted to achieve this performance.
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Optimized Handling: Development of Vehicle Dynamics Performance for the New Prius

KEE =K~ £k 18X~

Keita Oba Hirofumi Sato
Sl #EE £l E—Ep*

Toshiaki Takayama  Koichiro Muta
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Abstract

This article describes the vehicle dynamics development of the new Prius. Built on a new platform
based on the Toyota New Global Architecture (TNGA), the chassis. body, and powertrain of the new
Prius all feature a large number of parts that were redesigned to enhance basic dynamic performance.
This development adopted the approach of enhancing dynamic performance through the basic vehicle
architecture. Various improvements were incorporated into the basic specifications, including a lower
center of gravity, optimized weight distribution, a high-performance chassis, a lightweight and highly
rigid body frame, and a next-generation hybrid system. The development focused on achieving an
easy-to-drive, stable, and natural driving feeling.
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The Sound of Silence: Development of Noise and Vibration Performance for the New Prius

~FBTY U A DIRENES EREF R

@K [EXER* #RK FME* SR OBE" SR IR
Kotaro Fukunaga Yasunobu Suzuki Chikara Imaizumi Masaaki Wakahara
Wt #=E =2l K=+ FH BE—HE

Kazutaka Yamashita Daizo Miyazaki Koichiro Muta
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FRITU D ZDIRENEES (NV : Noise and Vibration) 14BEBIFICDWVWTBNT 3. N1 T U w RE
(HV) [CBVTERIEE, BEHOBFECNIMED—DOTHS. KETR, BBENERINZ Y-
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Abstract

This article describes the development of noise and vibration (NV) performance for the new Prius.
Quiet performance is one of the key expectations of customers for hybrid vehicles (HVs). First,
NV target values were established in accordance with the usage scenarios of the vehicle. Specific
measures were then adopted to greatly improve body transmission loss, isolating the users from NV.
One of the merits of an HV is the excellent acceleration feeling using a combination of engine and
motor control. This article also describes how the development reduced electric and magnetic noise
from components particular to HVs, and the improvement of constant high speed noise performance
through the adoption of a new door structure.
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Evolution of GOA: Development of Passive Safety Performance for the New Prius
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Abstract

According to the World Health Organization (WHO), traffic accidents resulted in approximately 1.24
million fatalities around the world in 2010, a figure that is predicted to increase to 1.90 million in 2020.
This article describes the development of the passive safety performance of the new Prius to help
protect occupants in the event of a collision. The new Prius uses a platform based on the Toyota New
Global Architecture (TNGA), which satisfies the world's top-level safety performance goals defined
by Toyota's Global Outstanding Assessment (GOA). Through this approach, a high level of passive
performance was achieved by adopting an energy-absorbing front body structure with multiple load
paths, a high-strength cabin, and various occupant restraint systems.
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Toyota Safety Sense P DFF
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Abstract

Toyota Safety Sense P, one of Toyota Motor Corporation’s two new active safety packages, was
developed based on real-world accident analysis to help reduce frequently occurring types of
accidents. In addition to achieving both high detection performance and reliability through a sensor
configuration that combines a monocular camera and millimeter wave radar, Toyota Safety Sense P
also includes a Pre-Collision System capable of detecting pedestrians crossing the road in front of the
vehicle. This was accomplished by widening the field of view of the monocular camera, incorporating
the millimeter wave radar into the emblem on the front grille, and developing a collision judgment
algorithm that factors in pedestrian movements. The algorithm was calibrated based on real-world
driving data from regions around the world, resulting in a system with high safety performance that is
compatible with global active safety assessments.
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Abstract

A new 1.2-liter inline 4-cylinder downsized turbocharged direct injection (D) gasoline engine using
D-4T fuel injection technology has been developed following the ESTEC (Economy with Superior
Thermal Efficient Combustion) development concept. Called the 8NR-FTS, this engine incorporates
various fuel efficient technologies, such as a cylinder head with an integrated exhaust manifold, the
Atkinson cycle using a center-spooled variable valve timing with mid-position lock system (VVT-
iW), and high-speed combustion. The D-4T fuel injection technology is a special version of the D-4
system for turbocharged engines and carries out only direct in-cylinder injection. In combination with
a single-scroll turbocharger, high torque is achieved from low engine speeds by cooperative control
with the VVT system. The engine can be mated with either a 6-speed manual transmission (6MT)
or continuously variable transmission (CVT). Especially with the CVT, turbocharger lag duration
is reduced by shifting control, achieving both fun-to-drive dynamic performance and excellent fuel
economy.
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The New Toyota 1.4-Liter Inline 4-Cylinder ESTEC 1ND-TV Diesel Engine

R FE- 2l BEE SRR

Hideo Sakamoto Naohiko Oikawa Eiji Ikeda

IR EBR S TR D—F T DYR
Masaaki Kobayashi Thiebault Paquet Regis Gauthier
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F=IVFU U ARRE, BT7UIYaviEliRe, BRENEEUIBIRATETET, “Fun to
Drive” &{ERE, 1&1\\//3/72 RITCHILSEE. AETIEID IND-TV(ESTEC) TVIVDH
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Abstract

Toyota Motor Corporation has developed a new 1.4-liter inline 4-cylinder diesel engine called the
IND-TV to meet European legislative and market requirements. Based on the ESTEC (Economy with
Superior Thermal Efficient Combustion) development concept, the 1ND-TV engine features a small
high-efficiency turbocharger and a tandem layout NOx storage and reduction catalyst system that can
be installed in small spaces. A tapered lipless combustion chamber reduces combustion cooling loss
and various low friction technologies were adopted to help reduce CO, emissions. The result is a fuel
efficient engine with fun-to-drive dynamic performance and low emissions. This article describes the
technologies adopted on the ESTEC TND-TV engine.
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The New Toyota 2.8-Liter Inline 4-Cylinder ESTEC 1GD-FTV Diesel Engine

Fr B 2 B2 B BE noa - s

Gaku Kishimoto Naohiko Oikawa Yoshihiko Hamamura Akio Kawaguchi
TF LF* =L R 1S (<11 R
Hirotaka Kaneko Keisuke Manabe Tomoyuki Kogo
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Abstract

Diesel engines are particularly popular in emerging markets and for commercial vehicle applications
due to the excellent economic (fuel efficient) and low-end torque dynamic performance of these
engines. Toyota Motor Corporation has developed a new 4-cylinder diesel engine under its ESTEC
(Economy with Superior Thermal Efficient Combustion) development concept to comply with
increasingly stringent emissions regulations and respond to the expectations of customers. Rather
than simply refining the previous 1KD-FTV engine, the basic specifications of the 1GD-FTV were
substantially modified to comprehensively reduce loss, increase thermal efficiency, and lower fuel
consumption. This new engine also incorporates Toyota's first ever urea selective catalytic reduction
(SCR) system, and meets both Euro 6 and Japan’s post-new long-term emissions regulations for
passenger vehicles.
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Engine Heat Loss Reduction by Thermo Swing Wall Insulation Technology (TSWIN)
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Abstract

Cooling loss accounts for a large proportion of the losses in an internal combustion engine. Although
many studies to reduce cooling loss by insulating the combustion chamber walls have been carried
out in the past, most failed to resolve the drawbacks of this approach and were not successful. This
article describes a new concept called Thermo Swing Wall Insulation Technology (TSWIN), which
helps to prevent the adverse effects of insulation on performance by quickly changing the temperature
of the combustion chamber walls in accordance with the transient in-cylinder gas temperature. It
also details the development of an insulating material with low thermal conductivity and low heat
capacity to realize the proposed concept. The results of engine tests after applying a thin coating of
the developed material onto the combustion chamber walls confirmed that this technology reduced
cooling loss while increasing brake work and exhaust loss. TSWIN is the world’s first mass-production
example of this type of heat management technology to improve fuel efficiency.
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Engine Sound Design Applying Active Sound Control

MO
Takeshi Hayashi
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Abstract

In this development, the functions of engine noise were considered from the standpoints of the
perception of overall vehicle dynamic performance (such as acceleration feeling) and the perception
of the engine sound sources (such as intake and exhaust sounds). As a result, an engine sound was
designed using a digital signal processor (DSP) and software to create acoustics that emphasize
the provision of information to the driver. The developed technology generates interior sounds
that combine original sounds with acoustics, mainly based on synthetic waveforms created using
the sine wave composition method and time control of frequency filter parameters. Electro-
acoustic transducers were placed in the vehicle to perform appropriate acoustic image localization
in the interior in accordance with the engine sound type. Since the type of engine sound varies in
accordance with the engine speed range, the designed sound emphasized the changes in timbre and
pitch that occur at different engine speeds. The design also accomplished a spatial engine sound by
shifting the acoustic localization. This system is installed in a sporty sedan with a V& gasoline engine.
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Development of Toyota Safety Sense C
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Abstract

Toyota Safety Sense C is a multi-aspect active safety system for compact vehicles with a sensor
configuration that combines an infrared laser and monocular camera. This system consists of five
functions to help enhance safety, including a pre-collision braking system capable of reducing the
speed of the vehicle by 30 km/h. In addition to achieving both high detection performance and
reliability, the combined sensor also features a built-in electronic control unit (ECU) that allows the
system to be adopted in the limited installation space of compact vehicles. This article describes
the hardware technology that integrates the functions that were previously configured over multiple
sensors and ECUs into a single component, and the system control technology capable of decelerating
the vehicle by 30 km/h.
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Study of Driver Total Perceived Risk Estimate and Application to Driver Braking Timing Modeling
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Abstract

Toyota Motor Corporation is developing driving support technology to notify drivers at an early timing
when a collision risk with a pedestrian crossing a road occurs. As part of these efforts, a perceived
risk estimation method for crossing pedestrians was developed. Two hypotheses were formed to
describe the mechanism of the driver’s risk perception based on (1) longitudinal risk perceived from
the approach of the subject vehicle toward the crossing pedestrian and (2) lateral risk perceived from
the approach of the crossing pedestrian toward the subject vehicle. The total perceived risk estimate
index (T_PRE) was then formulated based on these hypotheses. The T_PRE index was evaluated by
analyzing braking data from actual vehicle tests involving 9 drivers. These results confirmed that the T_
PRE index is capable of modeling the usual and delayed braking timings of individual drivers in normal
driving conditions. These findings should enable the personal adaptation of system support, thereby
notifying individual drivers of a collision risk at an early timing without causing annoyance.
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Abstract

In Europe, speed limits change frequently and drivers often cross national borders into areas with
different speed restrictions. For these reasons, drivers have to pay close attention at all times to the
posted speed limits. In response, Toyota has developed Road Sign Assist, a driving support system
that uses the front camera to recognize speed limits and other road signs, and then provides this
information to the driver via a display in the instrument cluster. In addition to speed limit notification,
this system also encourages safe driving by displaying no-overtaking signs and alerting the driver
through a display or sound if the driver unintentionally disregards the restrictions posted on the
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detected signs.
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Driving Environment-Adaptive Battery Management System for Vehicles Installed with

Idling Stop System
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Abstract

Idling stop and charging control systems are entering widespread use as technologies to help
improve fuel efficiency in vehicles installed with conventional powertrains. In vehicles installed with
a lead-acid battery, a charging control system can improve fuel efficiency by controlling the battery
state of charge (SOC) at a low level, thereby increasing the amount of electricity regeneration. In
contrast, an idling stop system can improve fuel efficiency by controlling the battery SOC at a high level
to maximize the duration of system operation. Since these systems have opposing requirements for
lead-acid batteries, it is difficult to apply the functions of both systems at the same time. Therefore, a
method to help improve fuel efficiency was developed that allows the application of both systems by
managing the SOC to an appropriate level depending on the driving environment.
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Development of Smart Phone Application to Enhance Driving Technique and Enjoyment
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Abstract

This article describes a smart phone application that gives feedback to drivers about braking
and stopping performance using virtual vehicle information created within the smart phone. This
application helps to enhance driving technique, while providing a more enjoyable driving experience
by creating connections between multiple drivers. Evaluation results confirmed that the application
helped to enhance the driving skill and safety of the drivers that used it.
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Development of Community Energy Data Management System (EDMS)
in the Toyota City Low-Carbon Society Verification Project
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Abstract

Over a five-year period from April 2010 to March 2015, the Toyota City Low-Carbon Society
Verification Project was carried out under the auspices of the Next Generation Energy and Social
System Demonstration Project led by the Japanese Ministry of Economy, Trade and Industry (METI),
with the aim of establishing low-carbon social systems in regional towns and cities. The Toyota City
Low-Carbon Society Verification Project involved the development and testing of various systems
to accomplish the following goals: local energy generation for local consumption by households,
the establishment of low-carbon transportation systems, and the optimization of energy usage by
companies, public facilities, and the region as a whole. This article describes the development and
verification of a demand side-focused community energy management system, which enables users to
manage energy usage in a proactive and sustainable manner.
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Development of High-Performance Fuel Cell Stack Case for the Mirai Fuel Cell Vehicle
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Abstract

Two critical measures for widening the appeal of fuel cell vehicles (FCVs) as a next-generation
environmentally friendly form of mobility are the achievement of enjoyable appealing dynamic
performance that exceeds the expectations of the customer and the reduction of cost to a
commercially viable level. Toyota Motor Corporation is aiming to realize these objectives by
developing a more compact fuel cell (FC) stack and taking a thorough approach to reducing the
number of parts in the FC system. This article describes the development of a lightweight, high-
strength, and dimensionally accurate aluminum die-cast FC stack case with a high degree of design

flexibility, and the measures that were adopted to reduce the size and cost of the case.
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Parts Delivery Robot with Instant Learning Technology Capable of Responding to Layout Changes
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Abstract

Toyota Motor Corporation is developing robots capable of supporting aspects of peoples’ life and
work, with a particular focus on the elderly and physically disadvantaged. Two of the main results of
these efforts have been autonomous mobility and image processing technologies. These technologies
have now been applied to a parts delivery robot for plants. This robot memorizes a map of the
surrounding environment, delivery routes, and the positions of shelves in delivery locations using
instant learning technology that allows an cperator to teach a new task to the robot within 20 minutes
simply by moving the robot to the destination shelves. This article describes the instant learning
technology that simultaneously performs map creation and route memorization, the robust localization
technology capable of responding to changes caused by other mobile objects, and the highly accurate
positioning technology that enables the robot to feed parts onto a shelf.
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