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Rate (frequency)

of Innovation

Abernathy-Utterback Cycle “Long Tail”
Invention
Dominant Ford Dhigitfll
Design N Technology
(Ford T) System Toyota Downsizing
Sloan System of US cars Alternative
Emergence Engines
. Lean
: System
: Safety/Energy/ Diffusion
: Environmental :
Regulations
v SpEEEEEEN]
Time
1880s || 1890s || 1900s || 1910s || 1920s || 1930s || 1940s || 1950s || 1960s || 1970s || 1980s || 1990s || 2000s

Note: The author’s subjective estimation based on Abernathy (1978), Cusumano (1985), Womack et al (1990),
Clark and Fujimoto (1991), Fujimoto (1999), and other sources.

T. Fujimoto, Univ. of Tokyo
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SEIEEXRDH E-{E22- EZ2 54T

1 REL/T—FL A2 (EV, FCV, Hybrids --) -- #1 E

2  ECU &#3AA YT (for Engine, etc.) -- i E[Z5ELY

3 HBHEEER @I/ BB, REMRERE) - thL-{€22- L2
4  AVITATAAVMAVE—RyNEDER) - EZEITHEL

5 EEYFToY—EX(Trip Shared/Not; Vehicle Owned/Not) -- £Z&

Vehicle to Internet
Mobility Service, Infotainment

High Sky

Google (Android Auto)
Apple (Ca ; i0S)

Vehicle to Vehicle/Infra.

Low Sky V2V, V21, v2x
DSRC (Dedicated Short Range Comm.)
LTE-V2X, ITS-Connected
MEC (Mobile Edge Computing)

Physical Motor Vehicles

Complex Physical Products (1 ton, 30K parts)
Ground Safety, Energy and Environments Matters
EV, FCV, Hybrids — Energy Density Matters

Modularization of Integral Products

20+ ECUs; Software 10M+Ins; Wires 50 kg

©Takahiro Fujimoto, University of Tokyo



—AELDDRAGIEBEELN
BEEOHAHAHEF LGV HADES - PPOILNRRIC

21tH$2IE, LTDODED. 2DDE R ZEL ., HEEYDEELLY,

QEE DL weightless’F R (1F3R- B FOREERIHZED)
o RYRD—H4E,. EVa—I)LIE. ZHRIEDIRFEHICED

QEEDH S weghtfuliEF (ME - TRILF—OYEERIAZER)
R IR — BRIBOHFHNEESNBELLIGY, BRETZEHE
EUDIT., FlERDEHIES, £RICESTKRESLEF YLD

DEGOF, ERERSCEOIEEA ]
RETEEIL. AN, RETE. REIF. BR)HIE--



S ORIDELLVER

-EVORARNICIZET, FYE. BEMIEOHEETEHS --- 2

EVIZARVIAVERICKIRERRFTEROOA—T - ED15—RBRITLEDT
REHBLEOBXABBEA—H—EERRENERS - ?

ABEEE—SISLALS (RFRELAER) AERTD - 2

cAFEZAN)—40TRAYIZBEE BN aARITYRI7OR) =LY
BRENEENHD, BXRIIERENTHS - ?

“10TTC, i EDE/DORESNIEYT T—RELT
A B—2RIRDISIRPAITREEINE ES5(2HE - 2

‘AlIZBEET. BRIEOEBREISIV1. BFETELORYMETS == 2

B/ (i) Hhoab(—ER) ADERR, T4DUDoTIZADRERIZENIE,
MEXIEEMRZRS - 7

INRDITIVIHAERLT, HAODBHELEESRITBLBEICAS - 2

-AATIEERICHEIREFENARZEFEEL., KEIEELST=,
NIEBERDBEFHANRELTINSEDFERSE === ?

RAKF BAER



REAFREBEG T

O Q

_BWREH

BE - HSOFEHE




HHMRENET —FXT V3

FrDE S D ERF NEE

By

TR-E=X-BHOEIFOEHNLTITHRR

A

EDIKYD
NS fH#EE D

(FE Mg (<R TE)

A

oI
T—xTIOF¥

(WA EIRER)

i -EED
HEE-ORXFER

HEHERT
HIRIR - 38

& D F TR -
G R

TOMOREEY . BAER. i




e NEZENICIBERE L © [XTRIE] » [FFHEHR] b

—— — —  —
® FTREHBELS---[RBH=BZJ/ASIFFZROAKREREE

@ EITHBBEENG - - TR =ERZES IRRKT (P ER) B

fihzt A B Bl TR BEMNDRALL BEAEEY 3
BB TEZoEDLAIL BB ORNENSIER 85 DE %R DHE PO

BEEE- R £EME, AP,
RIEfER . s EEY—FE L, jgfﬁﬁ;;ﬁfgfﬁ; al

BASU—FS1L, HiELT7 . BEOBRE




BARAOESEMITHEOEEM
(IPESWIFEERLY)

SENE DAL EE MR LIS L

JP/IP US/NA EU/EU Developi
ng Cont.
m1989 m 1994 m 2000

10ETCTEEHSSED /YA IELERIZIEZHS !

Source: IMVP Survey



IMVP S k4
77 BEVETIF 0 E I - Hhisk Al & EE T R

IMVP S k4 7OTEEBEIIGOER -t £ EELREED
GE) N7 7 — A THRERT

SEMEECHBE(—EHE=YDEERRM: N BE/E)

KEE - A, MMRC-DP



3500000
3000000
2500000
2000000
1500000
1000000

200000

BEEORAREEEY: BRIIFKD2{EHIE THR

BEAOBBERRERGOEEM
(IpESNFEERLY)

—

Period 1 Period 2 Period 3 Period 4
1980-84 1985-89 1990-94 1995-99

BEA. L. Thomke, 7 A—/NILEBERSFEEME IO 7 FER GERER)




%

—
HARVARD BUSINESS ECHOOL

EE(BIEFA T O#R

BOO0000=

5000000

4000000

3000000

2000000

1000000

Regions

el T g
5 SR

Western
Eastern

|
1980-1985

© D. Heller
(HBS-MMRC)

|
15990-1995

Decades

|
2000-2008



)

BISOHBREN (FANEYT1) LEENBE

TR-E=X-BHOEIFOEHNLTITHRR

‘ A
Nes |

i -EED
HEE-ORXFER

HEDIHKYD HE 7 slE. T
4R ) F—%55F% AT
-> I SR
(¥ TE b8 (IR TE) (BRI EISER)

" 5.5 0 Feffi R -
T FEE-FERmD HE R HIH

‘ L L

ZTOMOIRESE. BAER, fth




[SREHEHROENE - SsE AT L1ELTHT-
MEB DR - £EMRBEE D raszusp)

EE.TTEMABABAD, BE-BEOBVHHEROEE
-+ ERETEE (FINEE) ZHFHRICE T TI KEHGELA—2 LT

WA (R THENERERRYI A IILDE]
o RERMEROBFEREMEROL., [KERLER—ETRT

S I5AN—-RT L
[RAARERSIITDHEMOBEENEERFITELHTELES]
- BREHERASAY TSAV—LDBTRALELTND

BRE-H—ER - RTL
BERIC. BELTH—S147E8%E, EEMNDOFIAL)—IZRIETS
o BREMBER (PINEE) B FRRICR T TRAESHENETESN S

EIR--THOHSYD RN THS

RRAF BARER



TNl fEIXERETRIRICHE S
BUR LI B D IR = FH B SN D TH S

TIbVEFIVARMTLR

IR

BN AT T) =M

FFFADFE -5T7I0
TUYRbFLR - - - (@Y RY) =FH GEHER) +E8 (GHE)



N30 <Y RNEEE O RWLFIhZ 8P REIERE T
R = BEE [ ARMTHRAHFRSARNSIE

B = SREtERoRlE TR =3 BB

HaFAR=HGRHRAFEROEE

EM=EK(AT147T) THE=EK( AT+ 7) RE=HEFRFEH+ &A&

AR ( A T4 7)




BESAN
vl | RVAY NERIETHDHEFR
BHotTti{hb

D DEHETHDONERE
(BREHEREFRMICEEETHL)

;I ,(, " 9.
s qa,

ES0. 831 D&tk NZE-TKADHREE

RRAF BARER RRKRY BARRER



TJL AL

5

LD CLVDH -+ -

Nl TR

SR =TH>ZV\WVRTAIDREHERMSBORMD PIZHHAFETNTINVS,
121 0ELELR—R T, ZDIEHRAS.
1000,V EBZDIRILF—EF->T, BIRICTEE 1SS, HIRIERLC,
DFY, FUREEL, €S> TV IREHEFREZKIRICEE I 55E8),
%ﬁ\bs SFELPLELNE, RTINS, DT, LHhh KD, DFEVEEESANEC

LWHZEL, B, EREICEEET 30D, WIGOBMOAEESH |

)!(\—" ~ >

”~

"

[HI
STasare: 0=
| 1M s :
et ) A . ‘Jg
L5 —~ SR =
L B it “- -
= ¥ )
e -
% L
~

EH: M ASELENRSE



HRMNEE DFDRETIBEHRZIRIUNL .
DILIDYANRTAIZEE TS

2FY., FEAHN #’Juﬁn'l"liiﬁ"é ﬁ*#&c‘:b\')ﬁﬁl-ﬁu'—ﬁ-?’éo

ER:FMSEXRZMNLSE



RETERD =2 GREIRZRST D& LD DKY
- AR

S (EEA) |
K (Z D)

vEES

MR

_ g Eib ?aﬁ:ﬂi
| ! H 4

— — — —
£E £E Q iR Q HE

=) LR LR H—EX
s (f#5E) (*ﬁﬁ) (#8E)




BXREESREERE)—

[ ERkfEEEER (ERSIRER)
[ ] Emkirrsr (EHR2IEHM)
B (55025 E DL
B = s 8 G0

M HEERIR

( %Eﬁll(i@ﬁ))

@zrﬁu(u If’;‘l«f.L\)

— ;324 L=

F1TIEOEE |$
(1 EdHi=t) T

@lj

—
YAOILEA L

)

"21*$0)$Jﬁ'|$
(1{E&HT=Y %

@lj

ﬂ'/(b)l/}'l/(A

EE

S A

T

! | ik
©) = l]

eI

e ]

l] £ [ ]

YA7IWEA L

YAIIEA L

EE)—F32M L




SLRIILDFBRE NS

(1) DI YEES

BAEICL >ToffifEZEA TLWS M (EKEREER) Z2FICER,
BAEERTIHIDIFY, 7RAEXDFENZES,
IERERIFRIORALL (AXDRIME) Z2tHICER,
Thbb, REHFROEEEE - EEREDRFNE,

(2) KEFES
EESER I (L5, S2) HLOPTOMELT ST WELLRZSML) .

MEEfRIR : V— W TERREFN—F bt (T . V—ILHEEORE,
28T, FELSIh-FREFERY1 7L (PDCAYAM 7)) ZET,

(3) ELESD

Bl [HEBR] & [HRN] z5#Ts88<eH0 [OEX] (F3%-7xqM),
HEYVRDZ L ZL2B8THEMIC - - [7xR—7v 7| [EREH] [EiEH ]| [1RE]
fAXxH->TH (BEDHBETYH) REE [EHBEE] T71=2v>ad3KIE

RRAF BARER



RKERICH, BORGANENEIND

inaustries
“[JISasters




REBICHT DY TSI/ F—UDRIEEK

£ ﬂnn TSN FP—XTIOFvDIHE.
L TR ti 4
2~35@F51_G @, l(_a.__v)b_ lllBl:ll:l n'l'[iﬂnn##ﬁmt sOEE AR
2HEIBEZHEZFIZ TaTIL-Y—oy
RI<@YAT? 1 I& BAENTELE OBE,
a‘l' .&.:‘I' [&RAERIFIRY (FE DTN
= L=Y—IJs
S TaTn )T DO MR EE ST
/<‘y77‘y7’ $
RiEE
@ EEZEPT?

C 7 Q_> :; — O OREREI 2

@ S4v./ HFS5(—DFaF7 N2 ¢
A @ EBEHRZD
v N—Fv LEFBRIE

@ BREBER>MOBENAIE
(IN—=F X)L -TaT7ILY—I4)

HRKE BAER




Affected Lower-
Tier Suppliers
(Head Office, Top

Management)

ap———pp- : Communication & Coordinateion between Recovery

Surrounding ;
Communities

Damaged Area

Affected 1st-Tier
Suppliers (Head
Office, Top
Management)

Surrounding
Communities

FMEE2EBIEDY T4V — i
IR R st

Non-Damaged Area

Toyota Top Management

//’I A

|

I

|

I

|

| Related Divisions at the
i Headquarters
I

|

I

|

I

|

(Personnel, General Affairs, Purchasing, etc.) Related Car

Assembly
Subcontractors

Assistance Team and Recovery Assistance Center

at Toyota
4—— Assist

<+ : Emergency provisions distribution

—* : Communication & Coordination among stakeholders

Division Related Paris
Unified Information Suppliers
Sharing

Related Plant

Engineering Firms

T

I
| : :
| Toyota's Car Toyota's Component Toyota's Plant '
| Assembly Lines Production Lines Engineering™ !
! H T H !
L] ] L] ]
i i i i
| ¥ ' ' 1
I : i i i
............. —————— ! H !
i L] ]
..................................... H H
| L) L}
-.-------.----T--. ----------------------------------------------- ] ]
1
.......... o

* Including Preventive

r
|
|
| Maintenance Teams
|
|
I
|
I
|
I
|

Fujimoto and Heller, Forthcoming 2017
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Basic Types of Product Architecture

Integral Modular

small cars
mainframe computer

motorcycle
machine tools
game software

— ct consumer electronics GO (building-block toy)
RSB (WBALSHOMETEZS)L10%T —

bicycle

PC software

internet
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Basic Types of Product Architecture

Integral Modular

mainframe computer
machine tools

LEGO (building-block toy)

bicycle

PC software



T—XTIOF R CTERADL G . BEAIE-
(M ohlxE'/av0x (FRER; SV TITII)L)

ELERZEHICBYEDOERFLT. 2HTRE -RItZHT)




(2)EFxcnbE/avoxX FERHER, JYI1TITIII)

(—RFSYIEA, RIEFRAELRILEE ., ELV KR TTHETLSD)

= CDIMTELEEREELFE



LOLINERT1-F2-TL—LRK (VIR &KYED2T—)

(EEIEI \=| !Iﬂtd)i"‘d)J:vaj’)bfﬁFT»m‘io'C Lv3)

ey S 3 - e —
T \ Ny s A Ao a

ccccc

CDFLTETA)ATEENEE



hEMEEROFRE (BLUA—T2-ED25—FY)

Basic Types of Product Architecture

Integral

small cars
mainframe computer

motorcycle
machine tools
game software

compact consumer electronics

personal computer (PC)
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parts)
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Vehcles Heavier; Wire Harness 50 — 100 Design Pessimism
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1 REL/T—FL A2 (EV, FCV, Hybrids --) -- #1 E

2  ECU &#3AA YT (for Engine, etc.) -- i E[Z5ELY

3 HBHEEER @I/ BB, REMRERE) - thL-{€22- L2
4  AVITATAAVMAVE—RyNEDER) - EZEITHEL

5 EEYFToY—EX(Trip Shared/Not; Vehicle Owned/Not) -- £Z&

Vehicle to Internet
Mobility Service, Infotainment

High Sky

Google (Android Auto)
Apple (Ca ; i0S)

Vehicle to Vehicle/Infra.

Low Sky V2V, V21, v2x
DSRC (Dedicated Short Range Comm.)
LTE-V2X, ITS-Connected
MEC (Mobile Edge Computing)

Physical Motor Vehicles

Complex Physical Products (1 ton, 30K parts)
Ground Safety, Energy and Environments Matters
EV, FCV, Hybrids — Energy Density Matters

Modularization of Integral Products

20+ ECUs; Software 10M+Ins; Wires 50 kg

©Takahiro Fujimoto, University of Tokyo



1. EXBBELFERD/NT—F 1Y

ESBEEBEV) :RRAEELZL, N\yT)—ELE—2—DH
EEE(BHEM) : T—42—HY. /\1T)YFE, REERE,
LTI HORTIOE— . T340 TS35 42N\ AT)IREED,

BEVIZEMHZLINRBRTREFELZ L, RPEE, 201758 HFREED 1%,
- MRERENEONNYTI)—DIRILF—EBEHIEL)
- RERENARVEEREHFE ~2FEFXET20~305LLE)
-BHOLIEGEER YIS ERHEEREIET . A—h—IFRET - |EX L)
- ZEHOBER (TRILF—EBEOEVEEIIERDOEIR)

VFILAAVBMDIRILEF—BEIET72ITEHLEL,
SEOMLERMEBOINS? (1.3FFET?) RHKN\YTI—DBHAE?
EhOMBETIHETIIGEN . EBEHL K. (kWh HF=U1FAIEILND?)

RETIRILF—ZFEOFLRIER/ N NYT)— - 2EEKEDLH?
LOHLREEDN —FA LV, EELGRHARENSDLE , 10FLUEOREE
IRNF—BEMEORELGR M /N\YTI—DOHBRIX2030FE5?
2030FDEVD /YT ) —BNAFHEETIZ2030FEFEFRHERM. 5% ? 10%? 20%?

PEBFIXEVIEZEAICHE, LOALERERBEROBENEL, TR0 RIEERA
LHL. hELS RS RKODEVEEEICGAHC EXMENENSS(50%LLE ?)



Types of Green Vehicles (High Performance)
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Functional Requirements of Green Cars

Energy consumption: Advanced ICVs have performance limits in the long run.
Acceleration: Electric motors and diesel engines have advantage vs. gasoline ICV
Maxi. speed: Low specification vehicles, (e.g., low performance REV) have limits.
High performance driving range: Evs & REVs may have limits after batteries are out..
Energy refueling/recharging time: Recharging time disadvantage for EVs / PHVs.
Density of refueling/recharging facilities: FCVs (hydrogen ) have disadvantage
Quietness: EVs and FCVs may have advantage. Keys for product differentiation.
Emission gasses: Diesel -- NOx problem. EV/FCV depend on power generation.
Safety: Relative safety of batteries, fuel cells end fuel tanks is key.

Fun to drive: Keys for product differentiation. Not so different between types.
Vehicle cost: FCVs and long-driving-range EVs may be expensive.

Operating Cost: EVs may have

- ---And others

C Fujimoto and Ge, University of Tokyo



Performance Gaps (High Performance)

Functional Gap = Market/Socially Required Levels of Functions — Current Performances

G-ICEV

D-ICEV

HEV

PHEV

ICE-REV

FC-REV

=Y

FCV

Energy efficiency

Acceleration:

Maxi. speed:

High perf. range:

"Recharging time

“Station Density

XXX

"Quietness:.

Nox PM Emission

Safety:

Fun to drive..

Vehicle cost:

X

Operating Cost:

C Fujimoto and Ge, University of Tokyo

X = significantly negative




What Design Theory Predicts

Critical Function

May Make

Total Vehicle (Macro) Architecture Integral Inside

Critical Modules

C Fujimoto, University of Tokyo

that Deal with Critical Functions

May Have to become Integral Inside

When the Total Vehicle is Modular



Connecting Functional Gaps and Modules

Gasoline ICEV

FUNCTION STRUCTURE CHALLENGE

Fuel Efficiency

High perform. range

Transmision

recharqging time

Density of stations
Vehicle cost

Operating Cost

Gas Tank

Chassis

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto, University of Tokyo



Connecting Functional Gaps and Modules

Diesel ICEV

FUNCTION STRUCTURE CHALLENGE

Nox-CO2 Trade-Off
Fuel Efficiency

High perform. range

Density of stations

Transmision

Gas Tank

Chassis

Vehicle cost
Operating Cost

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto, University of Tokyo



Connecting Functional Gaps and Modules

FUNCTION

BEV
STRUCTURE CHALLENGE

Energy consumption Motor

Emission gasses

Operating Cost

.
. *

Density of stations @&

Energy Density
Variable Cost Reduction

>
*
*

§_Booy

.
.

.

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto, University of Tokyo



Test Driving BEV — Low Spec. and High Spec.




Connecting Functional Gaps and Modules

HEV (Parallel Hybrid)

FUNCTION STRUCTURE CHALLENGE

Fuel Efficiency & Power
Precise Engine-Motor Fit

o, Energy Density
5% Variable Cost Reduction

3
—

I !‘

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto, University of Tokyo



Connecting Functional Gaps and Modules

PHEV (Plug-in Hybrid)

FUNCTION STRUCTURE CHALLENGE

Energy consumption Fuel Efficiency & Power

Energy Density
Variable Cost Reduction

Density of stations

Emission gasses

Bod

Operating Cost

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto, University of Tokyo



Connecting Functional Gaps and Modules

FCEV (Fuel Cell)

FUNCTION STRUCTURE CHALLENGE

Energy consumption Motor

High perform. range

FC Cost Reduction
Fixed route

.

Operating Cost _
Hz Station

L
*
*

Emission gasses

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto, University of Tokyo
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Connecting Functional Gaps and Modules

ICE REV (Range Extender)

FUNCTION STRUCTURE CHALLENGE

Energy consumption g Motor

‘ FC Cost Reduction
Fixed route
Density of stations
Vehicle cost
Operating Cost

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto, University of Tokyo



Connecting Functional Gaps and Modules

FC REV (Range Extender)

FUNCTION STRUCTURE CHALLENGE

Energy consumption Motor
High perform. range
FC Cost Reduction

: : Fixed route
Density of stations X
Emission gasses f

Operating Cost

H2 Station

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto, University of Tokyo



Fuel Cell Range Extenders — Modular
Chances for Start-ups

|\
1 S

&

W’ Electric Hydrogen LCV >300 km =

Standard 5kW Hydrogen 350 Bar: 1.8 kg H,
Electric Vehicle Range Extender 700 Bar: 2.03 kg H,




REREDEMSHRME ST —XTIFrEHRMESEXRSHIE

T—FTI9F% « AR bV

FC-ice- FCEV  BEV PHEV G-ICEV HEV D-ICEV
REV REV i : : : : :

5 : : : : : e.g.,
e.g., é.g., e.g., .e.g., e.g., e..g., European,
Symbio GM  Toyota TESLA  Mitsubishi Japanese, \YETalY
Fcell & Volt (Mirai Renault- European Many e.g., others
EET ) Nissan others  loyota
Chinese Honda
See Figures 7 where === point 1.0  ======= Point 0.5

C Fujimoto, University of Tokyo
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ECU, Vehicle Computer, Server, Cloud (Internet)
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B/ EBE REGHRAAYTR(10005 1T E , RITHEL Y 45 2)
YIMTE: REE#EES= 1; HEV 1.5; EV 0.5, T HEOBISAKREL

KA Y8 (BOSCH)I%. 2000 LI . /\—F1Y IR TS5V T4 —LEBE ~
N—=L /D5 A—N\IVTF5YR T4 —L(REN—F YT ERR)
BEES1—I)LOLINAEHET O—HILRITOHRELERETHZ X
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HEEDIY—L T LEEEAUTOSAR) ?2 RAYBDRE,
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AVER—=F Vb YT 74V —-DT7—F T 7 F v EEg

a7y -
AVR—2V b - YTV — .

(BOSCH, DENSO, etc.) (gag%)éw ;;;zg;;w
DZENIHLK ) i

HBmIREW., 77 v b7+ — LEER, Closed/ Open/
YRAHRZLLDOEAEHE Integral Modular

Closed/Integral-inside Iosed/lntegral-inside

Closed/Integral-outside Open/Modular-outside

Discrete electronics
sub-components for autos
(e.g., switches; BOSCH)
Embedded software parts

pen/l\/lodular-insid Open/NModutar-inside
Closed/Integral-outside |\ Open/Modular-outside

Closed/ - o al ohvsical
onventional physica

Integral automobile components

(profit rate rather low)

RP—*77F %
(EHBRNBOT—%7 5 F v)

Custom-Designed Conventional standard

Open/ Electronic Component ts t
MOdUlai’ (Power window switches, etc.), components for autos
ECUs (DENSO) (Not so many)

Software solutions for
owertrain, chassis, e

©Takahiro Fujimoto, University of Tokyo
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Smart Phone Platform Leaders (Google, Apple)
vs

Infotainment Coalition of Auto/Electronics Makers (SDL)

ngh Sky Google (Android Auto)

Apple (CarPlay ; iOS) Platform Competition —— Vertically Connected
SDL (Smart Device Link) But No De—facto Standard yet
IR e LR e e oM Cloud Computing by Digital/Physical Firms

ITS Intelligent Transportation System
V2V, V2I, V2X
LOW S ky (Vehicle to Vehicle, Vehicle to Infrastructure) Non-Internet V2V, V2I, V2X

DSRC (Dedicated Short Range Comm.) Horizontally Connected

LTE-V2X, ITS-Connected Edge/Fog Gomputing
MECE I ) between Cars and Infrastructures

Still Closed-Integral and Complex!
Some Closed Modularization (VW)
Ground Complex Physical Products (still 30K parts) But NOT Open Physically

Modularization of Integral Products Evolution, Relatively Non—Disruptive
On Average Heavier; Wire Harness 50 — 100 |b C
’ ' Product still Matters, but

Many ECUs; Software 10M+ lines
Platforms Emerge?

Cars, Trucks
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High Sky and the Ground (Vehicle Hardware/Software)
Started to be Vertically and Horizontally Connected

E2Z0: RKTSYFIF—LEBEFT1E: Google (Android Auto), Apple (CarPlay )
versus SDI (by Alliance of Manufacturers — Toyota, Ford,— )

Mi_E: Cars (Weighty, Heavier, Complex, Stricter Constraints —— 21k !
Difficult to Design! New Entrants Possible but NOT So Easy.
“Disruption” Much Less Likely in Manufacturing than in Service

{EZ8: Horizontal Connectivity (V2X)
Regional Difference B RKEXH7ZZEICKYENDH S

(US:DSRC; EU: LTE-V2X + DSRC; Japan: ITS—-Connected + DSRC; China: LTE-V2X )

(£ 10OYYIDAHTHT—EREDMRR X PSR —T 12T

i)
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Toyota: AGL-SDL Architecture

Smart Smart
On-Board Phone Phone
Apps Apps Apps
isual
Middleware Middleware

On-Board OS Smart Phone

AGL L9
(i0S, Android)

(Automotive Grade Linux)

Hardware

Toyota, Ford, Mazda, Subaru, Suzuki

©Takahiro Fujimoto, University of Tokyo

Honda:Android/iOS

Smart Honda
Phone Link
Apps Apps

Extended
API

Android/iOS

Hardware

Honda, Hyundai, VW, Ford --
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KXOBRAEDA —F—FFA4/\—IZK5EEEIL.
LWbhIEDTZ)L 7 —ER - - FFFNICIETNEE]

GGGGGG

cnZxHFE A, trip/vehicle sharer, operator, behicle ownerD A S1H BT
VIT)OTEEOEWREEE) T4 Y—EXDNRELSS,

(M XRADSYHRADR)YTHODEREERTIEFAZIMRICLI-IGE:
(2) ZOR)yTEHEFT Strip sharerlTHEMN ?
L, Rk, PHEAELT  DEFSAM\— KA BEME FHEEME
3) COR)YTIFHEFELLGEW A DL IZEHEE L F I Bvehicle sharerlLFED:
(L, Rk, RN BFEhE, A HEhE
(4) 2Dy T DIEEEE operator | HEH
BE Rk, PHREEF , £EFSM4/\—; KRN FEME . BEHEIR
(5) CHOEMDATHE H (vehicle owner)IXEEH

UEDHAEHEIZEST., BHEEE) T —ERDEENREZLNDS,

ZFDELIF ICT 13—y EFRALEHEE) T4 Y—EXTHAIN., F2IZlFO—
DIV ERT 5. O—hIL R EMRB O LS, T O—/\LICREGZN MY S |4
% (=& A [XUBERA LYFT) AAHHEIR T M ESH &, FLBAREICIZHIBFrTELLY,

©Takahiro Fujimoto, University of Tokyo



EEVUF 1 - U—EXADZ 4R
REAN, X ERY OO MNYITERZEGTVSILZRIEICTHE - -

Type of Mobility

Trip Sharer

Vehicle Sharer

Operator

(Fh% - R A SEHFEEDTzHERR)

Vehicle Owner

Owner’s Car Driving

None

None

Passenger A

Passenger A

Car Leasing

None

None

Passenger A

FirmF

Car Rental

None

Unlimited Others

Hiring Chauffer

Chauffer C

None

Passenger A

FirmF

Chauffer C

Passenger A

Hirer

Pro. Driver D

Limited others

Pro. Driver D

FirmF

Taxi (Firm)

Pro. Driver D

Unlimited Others

Pro. Driver D

FirmF

Taxi (Individual)

Pro. Driver D

Unlimited Others

Pro. Driver D

Pro. Driver D

Uber, Lyft, etc.

Registered. Driver D’

Registered Others

Registered. Driver D’

Registered. Driver D’

Commercial Car Sharing

None

Registered Others

Passenger A

FirmF

Employee Car Sharing

None

Other Employees

Passenger A

Employer Firm E

Individual Car Sharing

None

Individual B, etc.

Passenger A

Individual B

Ride Sharing

Individuals Bi

Individuals Bi

Passenger A

Passenger A

BlaBlaCar, etc.

Individuals Bi

Individuals Bi

Individual B

Individual B

Ride Share Taxi

Limited Others

Unlimited Others

Pro. Driver D

FirmF

Hitchhiking

Friendly Others

Others ?

Friendly Others

Friendly Others

Public Transportation

Unlimited Others

Unlimited Others

Pro. Driver D

ZHRBEEVT A - B—EXAN, COMASDORICLOTHIRULSS

©Takahiro Fujimoto, University of Tokyo
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Old Old and New New

HEMNERELGADH?

Some

_ gﬁﬁ?ﬁ\ _*ﬂjl\wiqﬂb\'? VERY,
- BELENFRSALED?
- BB ED, TSYRTA—LEEN, A7 DY TS5V —5H\?

— EDQRICEAHEMKD - LM EZEHN, #bEH

- J:E—cs(j:b*n —/ “)l’ " 75“/ Fjd-_A - I) _9‘_0) Vehicle to Internet I
%”% 75“ gﬁl' \ High Sky Mobility Service, Infotainment

Google (Android Auto)

Ll ETIIZ#HMENRY ., BFEXIFERZHRD ]

Vehicle to Vehicle/Infra.

INT—FrLAY: BHRIEOEBR, BELEELHE2HE LOW Sk N,

LTE-V2X, ITS-Connected

ﬁE sZ Ji‘}j I‘: : 7 . : ?/7'_:_*?/ I\ﬁ% Q#E @7“}7 MEC (Mobile Edge Computing)

BHENERE: ZEHITRETRSHHCS o Vs
A2 TATA A b TSI TA—T—LDOEHELE wo e
EEYTFAH—E X A S HEIcLY SRR 7 o Sl Pt

M b 1ET EZIDF(F3Sv I THREGCHEERIESEEHES,
©Takahiro Fujimoto, University of Tokyo 85 Bb\w_ﬁmfiﬁgﬁ 'j: Fﬂﬁgi “bj—l'\o
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