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Yi-jing basic principles:
Change, Periodic, Balance, Unity of Opposites

Straight Forward Approach Holistic, Dialectic Approach

P EVes” is “Ves” “Yes” can be turned into  “No”
“No” is “No” “No” can also be turned into “Yes”

Leonardo da Vinci's Vitruvian Man, an example of
the blend of art and science during the renaissance



Open Mind

* A closed Mind Can Not Change!

 Saw Beyond What Was, to See What is!

Renaissance Scientists & Engineers

Renaissance Scientists & Engineers are
those not only understand WHY and
HOW THINGS work but also on WHY and
HOW the WORLD works!



Characters of Renaissance Scientists & Engineers
Think the World and not just the THINGS

Global thinking instead of local thinking;

Harmony thinking between human and nature;
Circle thinking instead of linear thinking;

Closed loop thinking instead of open loop thinking;
Life cycle thinking instead of partial life thinking;

3R thinking (Reduce, Re-use, Recycle).

EV Development



Mobility is
Freedom.

Mobility Is the
most apt
expression for our

Historical Document Signed at EVS.9
Committing Support to Formafion of World Electric Vehicle Associntion
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articipants from Top left: B. Fijalkowski (Poland), R. Atanassov (Bulgaria), H. Payot (France), C. Hayden (U.S.), Z. Feng (China),
W.A. Adams (Canada), Bottom left: M. Chiogioji (US). R. Leembruggen (Australia), . Lea (Korea), L. Secord (Canada), C.C.
Chan (Hong Kong). F. Dierkens (A.V.E.R.E.), A. Ananthakrishna (India), T. Matsuo (Japan). The above gentlemen signed the
memorandum of agreement for the formation of a World Electric Vehicle Association during EVS.9 last November. Cliff Hayden
(US). Ferdinand Dierkens (Europe) and Dr. C. Chan (Asia) have been appointed a steering committee.



Government, Industry and Market

\/

Key Issues

Three Goodness Factor :
Good Products; Good Infrastructure; Good Business Model

E
Market

Success Business
' models




Good Products:
High Performance @ Reasonable Cost

I: Integration of Automotive Technology and Electrical Technology
A: Alliance among Auto Makers and Key Component Suppliers

Powertrain
Technology

Chasis& [|4+A | Energy
Body Storage
Technology Technology

Executive Summary
* The train of EV commercialization has taken off. We are

seeing the dawn. Key challenges of success: Cost; Usage
Convenience; Energy Saving and Emission Reduction.
The market will not do it by self. Government incentives

are essential at the beginning.

* Innovative Regulatory Leadership is essential. Technical
solutions are available. The shake hand and compromise
between auto industry and electric power industry is

crucial.



Key Issues — Three Goodness
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The success of commercialization of electric vehicles depends on
the satisfactory tackling of four factors:

Initial cost; F{ 7~ ;

Convenience of use; F1{&;
Energy consumption and exhaust emission. T3 g i HE -

Therefore, we need three goodness factors:

« 1. Availability of Good Products at affordable cost; 4F F= 5
2. Availability of Good Infrastructures that is efficient and
friendly to use; §F HY B fili 1% it

3. Availability of Good Business Model to leverage the cost of

batteries. JFHY Ml fE T

internal Combustion Engine Car

Engine, Gasoline

9
A

g
7 !:f‘ By

Assemble
Parts

Materials

Long Span R&D
About 30,000 Parts

Battery, Motor

R
— |De5ign| Y
\& Trad|t|0 el J
g e B
Body Q/Iatenal,' Art & Craft) i e
Cr_.\ass[s Customizable PC
\ - ;
Energy i ’-; gwlce?“éir;{ﬁ;ﬁ
; EES&?{E?—‘ ﬁﬂ ‘-gramng-.l
\ o Lompa
| Battery ;' iy
\_ _~“ | Motor
"‘"-1 Relalll
\_,/

i Assemble |

Pt

e

acto Standard)

Venture, Speed
About 5,000 Parts



History of Electric Vehicles: Rise & Fall 1828 -1932

* Early Inventions—Horseless Age

e Early Commercialization & Infra.

Thomas Parker EV, 1884, Morris & Salom Electrobat

England 1895, U.S.A City Taxi, 1901, Charging Station, 1900’s
» Lessons to Learn: Key Issues: New York, U.S.A GE, US.A
* Cost,

* Convenient Use
* Fuel Consumption,

* Environment Impact.

* Philosophy of Engineering: System Integration and Optimization
Key Points: Open mind; Courage; Yes, It Can Do!

Electric Key Components Play Vital Role in EV/HEV

Powertan  __
Controller

. Battery Controller
Hgh Voltage - = 1 y
Power Distnbution '
. g L g

High Veltage
‘Connection

Elgctrical AC
Compressor



EV Key Technologies

* Three Big Electricity :
Motor
Battery
Controller

* Three Small Electricity :
Electric Steering
Electric Air-conditioning
Electric Braking

Global EV Development Status



Global EV Population

A\ |n 2014: Total 500,000
 USA No.1; Japan No. 2; China No.3

* Norway per capita No.1, 4EVs/1000 persons,
Nation wide charging stations, quick charge

along highway per 30-60 km.

A\ |n2012: Total 380,000
e Japan No.1; USA No.2; China No.3

Global Electric Vehicles Population

PEV market PEV market

e PEV fleet (Cum Population| penetration per| share of total CormmEnts
sales or| as of December 1,000 people| new car sales
registrations) 2013 (Dec 2013) in 2013

_ 172,000 320,050,716 0.53 0.62% (a)
_ 74,124 127,143,577 0.58 0.85% (b)
_ 38,592 1,385,566,537 0.03 0.08% (c)
_ 28,673 16,759,229 1.71 5.37% (d)
_ 28,560 64,291,280 0.44 0.65% (e)
_ 20,486 5,042,671

Note: Plug-in electric vehicle fleets include only highway-capable vehicles except where noted in comments. French

and Norwegian registrations do not include plug-in hybrids.

Comments: (a) Sales between 2008 and December 2013. Includes only plug-in electric passenger cars. (b) Sales since July 2009 through
December 2013. Kei cars not included for market share estimate. Includes plug-in electric cars and all-electric utility vans. (c) New
energy vehicle sales between 2011 and 2013. Includes a significant number of all-electric buses. (d) Registrations between 2009 and
December 2013.Includes plug-in cars and all-electric commercial vans. (e) Registrations between 2010 and December 2013. Includes
only all-electric cars and 11,304 utility vans. Market share is 0.49% if only all-electric cars are considered. (f) Registrations between 2003
and December 2013. Includes only all-electric cars, vans and over 1,500 heavy quadricycles.



EV Market Share

Top 10 countries by market share of new car sales in 2013 by electric-drive segment(@

: PEV market BEV market PHEV
Ranking Country Country Country market
share (%) share (%) share (%)
(]

1 Norway 6.10% Norway 5.75% Netherlands 4.72%

Netherlands 5.55% Netherlands 0.83% Sweden 0.41%

Iceland 0.94% France 0.79% Japan 0.40%

Japan 0.91% Estonia 0.73% Norway 0.34%

0.83% Iceland 0.69% United States 0.31%

Japan 0.51% - Iceland 0.25%

France

Estonia 0.73%

7 Sweden 0.71% Switzerland 0.39% Finland 0.13%

United States  0.60% Sweden 0.30% United Kingdom  0.05%

Switzerland 0.44% Denmark 0.28% France 0.05%

Denmark 0.29% United States  0.28% Switzerland 0.05%

Note: (a) Market share of highway-capable electric-drive vehicles in the corresponding segment as percentage of total new car sales in the country in 2013.
Source: Zachary Shahan (2013-03-07). "Electric vehicle market share in 19 countries". i

Sales of highway-capable new electric cars in China by model between 2011 and March 2014

m zJ::-a:ll ;azlgsl , Market share” Totazlosla;ﬁ? 1Q Total Sales 2013¢1 Tozt(a)llialles Total Sales 2011
11,528 25.4% 2,016 4,207') 5,305

6,731 14.8% 163 2,500 2,485 1,585(0
4,287'9) 9.4% 619 1,544 2,091 401
3,284 7.2% 1,005 1,201 613
2,526 5.6% 2,384 142

1,354 3.0% 710 644

845 1.9% 845

648 1.4% 4 406 238

354 0.8% 220 134

246 0.6% 30 216

197 0.4% 107 90

142 0.3% 142

142 0.3% 142

100 0.2% 100

52 0.1% 52

11 0.02% 11

8 0.02% 8

2 0.004% 2

2 0.004% 2

otal sales@mamomy | |

Notes: (a) Market share as percentage of the 45,445 new electric vehicles sold between 2011 and March 2014.(b) Only includes sales between January and October 20135 (c) Includes units sold during 2010 and 201116 (d) BYD e6 total includes 33 units sold in 2010. F3DM total

includes 417 units sold in 2010 and 48 in 200911911 (e) Total annual sales figures include all-electric bus sales.

Sources:

[1] China Auto Web (2014-05-20). "6,853 PEVs Were Sold in China in Q1 2014". China Auto Web.

[2]Staff (2014-01-10). “Plug-in EV Sales in China Rose 37.9% to 17,600 in 2013”. China Auto Veb. Retrieved 2014-02-09.

(3] Colum Murphy and Rose Yu (2013-11-27). “China Hopes Cities Can Help Boost Electric Car Sales”. The Wall Street Journal (China Real Time). Retrieved 2013-11-30. A total of 4,207 QQ3 EVs, 1,005 F3DMs and 1,096 e6s were sold
between January and October 2013.

[4] China Auto Web (2013-03-25). “Chinese EV Sales Ranking for 2012". China Auto Web. Retrieved 2013-04-20.

[5] Mat Gasnier (2013-01-14). ”Chi H i ”. Best Selling Car Blog. Retrieved 2013-04-21. A total of 613 F3DMs and 401 e6s were sold during 2011 and 1,201 F3DMs and 1,690 e6s in 2012.

[6] China Auto Web (2012-09-30). ZJAC Delivers 500 I3 EVs (“fevs”)”. China Auto Web. Retrieved 2014-05-31. A total of 1,585 of the first and second generation models were sold during 2010 and 2011..

[7] Jiang Xueqing (2014-01-11). “New-energy vehicles ’turning the corner’”. China Daily. Retrieved 2014-01-12,

[8] China Association of Automobile Manufacturers (2012-01-16). 75,579 electric cars sold in China in 2011”. Wind Energy and Electric Vehicle Review. Retrieved 2014-01-12,

[9] Cars21.com (2013-02-13). ] i i ina i - i i 7. Cars2l.com. Retrieved 2014-01-12.

[10] “BYD Delivered Only 33 Units of e6, 417 F3DM in 2010°. ChinaAutoWeb. 2011-02-23. Retrieved 2014-05-31.

[11] 7 *. Bloomberg News. 2010-03-08. Retrieved 2014-05-31. 48 F3DMs were sold in 2009.



China EV Development Strategy

Pressure on Energy & Environment

Beijing Tian 4

Oil Consumption
& Energy Saving

27/11/14



IChina Road Map of New Energy Vehicles

Now~20204F 20204£~20304F 20304E~20504F

Driving Force  PM2.5/F Mainly Energy Mainly CO2
Mainly PM2.5 Conservation Reduction
Reduction
Land Mark Gas production exceed
oil
Strategy Focus on Bus, Taxi, EVs in various Large scale
Logistic, Small EV, applications hydrogen fuels and
fuel cells; Increase
in biofuels
Penetration % 2% 10% - 15% 50%

By 2020 focus on emission; By2030 on fossil fuel consumption.

Chinese Electric Mobility Achievement

Chinese Transportation System Structure
“Points-lines-Areas” model

Points—larger city
«New energy bus.

#25000 vehicles -4
eNumber1 in the world F- o ® { \ |
. .-

Lines—city-city
+High-speed train

Areas—town
s E-bike

‘ T R
| : #9356km electric railway
*200 millions units s ’ ) v *Number 1 in the wor'.:
*Number 1 in the W
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— 4@ Contribution of New Energy Vehicles to Energy Consumption
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In 2017 if New Energy Vehicles penetration
will be 3 % , it will contribute 13% of total
vehicles emission




Outlook of China Various Vehicle
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Vehicle Population and Fuel Consuption

Under the constrain of CO2 emission, considering various
fuels, sedan annual production maintain at 300 million. If EV
popular, than China can afford 100 million more vehicles.

HEV/EV Architecture



Typical Hybrid Powertrain

v’ Planetary Gear Power Split

Planetary

P

i
g I

gear set

battery

i
|
']
i
N
1]

| rerrsrs s |

mator

Electrical Connection

Intermediate

Ford FHS

Gasoline engine g & B
[eee® y——
Sungear - ;-’/D,-' % Reduction gear unit
(genérator) e . connected to
o o the final drive

Planetary - leon gear ||
carrier o Ring gear
(engine) 7 " (motor/output axle)

ower split device
Planetary gear)

Courtesy: Toyota Motor Corporation

Toyota THS

Power—splitZ¥H. #IFHNERME LR, CSEZHHEVERE=, FHHET ZIPHEV,

Typical PHEYV Powertrain

v Four wheel drive

PSA 3008 PHEV BMW i8 PHEV

Volvo V60 PHEV

Volvle V60 PHEV

Gross Weight 1724kg
Engine 160kW/440Nm
Real Axis Motor 52kW/200Nm
Battery 12Wh
Electric Range 50km

P OIREAF SR SZRARRM, HARAPSART], GRS TPHEVIL;
P ERBREARER EMABIREFEIPHEY, LEEAESESMRIEARER.



Typical Sedan PHEYV Powertrain

v Two Electric Machines Drive

Batter
H Generator

Honda Acxcord

Plug—in
ICE E E Gross Weight 1724kg
Engine 105kW/165Nm
Motor 124kW/307Nm
i—MMD Structure Generator 105kW
Generator Gear Ratio 8. 38
Motor Gear Ratio 2.74
Features: Battery 6. TkWh/41kW
1) Integration of Transmission & Motor/Gen;| Electric Range 20km
2) Motor & Generator different gear ratio; | Fuel  CDFfvER 2. 03L/100km
Consumpion
(FTP75) CSHYER 5. 06L/100km
* J=EI XD R ;

VISR AR BRIk~ BE

Typical Chinese Hybrid Bus Powertrain

Without AMT

£zh#Hl Engine

2100Nm

Traction
Motor

EWAL

RHAREKHFE YDA RS, ERER, AREE
R L B IR BT 4525 A A e IR B 3R A8 2R

e R Y ERR S
SERHLB TR RS W A

12 m Bus 0il Consumtion 20L/100 km, oil saving over40%



Range Extender Bus

Range Extender Configuration

Motor
Drive

Pure Electric Mode APU Assisted Mode | APU Mode
SO0C: 30%

S0C: 100%~60% SO0C: 60%~30%
Ultra Cap A
J P
i U

|

[ Motor Drive ] | [ Motor Drive ]

B3|
o>

[ Motor Drive ]

Mini EV Architecture

light electric vehicle =9 small battery electric car = full function electric car

) | o S (T
ﬁ%%%isﬁﬁ




- Spectrum of New Energy Vehicles

A Cruising
! Speed

TAE » UV DLV Avan N
{5 ul \/ / \rea FCH Hrea Heavy duty w ~\ \
T e : — ™

- \ e S

- il ™ "l ol ] Express tran

) SARGE TRE S
N T o T e Railway
\.
o

Passenger car [F S 5 SRR
|| FCHV-adv |

TOYOTA PHV

Delivery
truck

Driving
distance

Gasoline/Diesel/Bio-fuel
Fuel |  Electricity \ JONG/GTL/CTL etc. \ Hydrogen Gl

Battery Technology



JTREIRIN A A T E’J&ﬂii’ii@%

—, N
~

y
A e
4000 ;
& &R EMH 5 Nl
v Hit: 990Wh/kg, 3000Wh{l £ L: Challenge for
E 2000 10 new-type batteries
2 B[ b & B R AR £
Hif: 880Wh/kg, 3700Whyl F o
> 2500 i
i3
FB & HEEEM 5
il 560Wh/kg, 1700Wh{l £ 2000
5
3
E%&NI Mn, Fe EEAR Z
Eif: 400Whfkg, 1400Whyl g 190
IE‘T 150Wh/kg, 250Wh/I 2
v . B & 1000
B
3
. - . o s00
auuiﬁi $1D 000 ~300f {F, 55 oog mn&aﬁ: 53 oo it
FHE\/ E
ek 2015 202 70100 150 200 <250 Il 500 700
Energy density per weight in battery system [Whikg]
H 5 1 B A g 9
USA 5[5 75 & HL Tt it A B 2 ] Japan Az /7 & ribi 2k &

HER)NREMA BRI
> BEURARERTE. R, STHEARSIRAER . BEEAMMRNEEHERAMIZE
%xm ERRE . BREMMESSEENNRBORER, RS TRRHT AR
T,

> BEENRN E’]%E@Eﬁﬁ'ﬂﬂﬁ g ﬁﬂzﬁa&AﬁEa&ﬁ 1&%§§%E%¥IE&I$&M *4%DLX%E¥A%EE/HJ

. BT . T Bz
—REMATRL R T%xqﬂﬁ/ﬁﬁlﬁ’]mmﬁ?ﬂ

4 Li / Li-lon: “New” Anode and Cathode Materials:
Larger Capacities and/or Higher Voltage

6- Cathode materials:
Lithium/Li-ion
57 xLi,MnO4/(1-x)LiMO, (M = Mn, Ni, Co,...)
n LiCoPO,
; 4 B LiNi0_5Mn1_502
- LiMnPO,
E Li,FeSiO,, organic cathodes
o
c
2 .
9 Anode materials:
2 - Lithium/Li-lon
B, Ti.O,, - Metal oxides (displacement-type)
1 - Graphite

Carbon Sn/C

Li Si
. ComposlteS I Si/C composites metal
1 ] R

0 250 500 750 1000 1250 1500 1750 3750 4000

Capacity/ Ah kg™

Battery Anode Research in MEET | Pengfei Gao | November 2013
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EV Battery System Research

uran

t

Capacity |Resistance |Self Discharge Thllal Others
[t ‘ |

500 1 1
|- S0CHE ‘
SR8
: : 2
3
. /
‘ i
e 5! E |
iz 8
Al L 0

Research on Battery Safety

E Composite Separator & Short Circuit
Protection

E Voltage Sensitive Separator & Over Charge
Protection

E Safety Electrode Materials & Self
Temperature Protection

E Ionic Liquids & Safety Composite
Electrolyte

B Battery Safety Design

46



Motor Drives Technology

Typical Torque-Speed Characteristics

Output torque/N.m

225

150

82 84

7500



Electromagnetic Design Rotor Stress Analysis

e LA B N 1A

Structure Analysis

P 5 4 A

Tmax=1695C
34 - 3 Mobility Analysis
Fluid Analysis/ it 5524549787 Thermal Analysis/# 4147 7 b A 2 AT A B

e —— #ﬁg@ —_— ——JJING -JIN ELECTIRIC —
New Energy Vehicle Forum 2013, Shanghai

EV Infrastructure



Features of EV Charging

Complex Systems: Involved science, technology, engineering, industry,

finance and business model.

-

Connected: The charging plug is connected to the grid, affect the grid

at various levels. Unlike the gas station is decoupled with oil pipeline.

Dynamics: The charging has instant impact to the grid, unlike the gas
station has no impact to the pipeline.

Interactive: The mode of charging, the status of the grid and the status

of the batteries are mutually interactive.

Integration: V2G, Active Distributed Power Systems, Smart City.....

:

Key issues: Integration of energy and information, win-win situation to

:

grid, battery and user.

Good Infrastructure: Efficient & Convenience

area

AT HOME PUBLIC AREA WORK PLACE
45' : 5 :
ol b s
Town living : Ef(@ I/r Supermarkets :
S.u.burban : Gasone 7t |
living i station ! l"'" » Public parking i

Parking 14 hrs per day 2 hrs per day 7 hrs per day
Durations

Charging 1 charging point per < 0.5 charging point per vehicle 1 charging point per
Points vehicle vehicle

Power & Low power and High power and quick charging Low power and
Charing time | normal charging (e.g- 22 kW, 2 hrs) normal charging
Requirements | (€-9- 3kW, 10 hrs) (e.g. 3kW, 7 hrs)




EV Charging Infrastructure Solution

© ABB Group
November 27, 2014 | Slide 53

Comparison of Gas Station & Storage Quick Charging

Advanced Battery Pack Electric
Storage Banks

Available for Peak Load Demand
Using Renewable and/or Off Peak
Power

Traditional Petroleum
Underground Storage Tanks




EV Charger

_ EV Charger
— Power . —_— AC
I Generation
100V / 200V
= O Power Grid
— DC

AC200V
(TOYOTA INDUSTRIES
CORPORATION)

Rapid charging

=

Slow Charge LV AC

DC 500V
(HASETEC Corporation)

AC charger: (100V/200V) for daily use

DC charger: (rapid charging) for emergency use




Smart Battery Charging, Swapping, Delivery Network

AC charging

— Long charging time

DC charging

— Battery technology does not
support fast charging

—  Grid cannot sustain fast
charging
Battery swapping
— Immediate replenishment of
electricity

—  Easy battery maintenance
and longer life

> SRRFF

Inductive Charging for Passenger Cars

NS \
%ﬁ*ﬂ'ﬁ'f — TE:P* « Operation in Chang An EVs,

—

* Max power 107 kW.

» Operation in Cherry eQ Evs,

+ Range 250 km. Q ZTEh3¥% |

© ZTE Corporation. All rights reserved.




> HARF

Inductive Charging for Commercial Vehicles

@ ZTEq:B!é | + Operation in Chengdu;

- * Operation in short distance van;

|

» Operation in mid size commercial vehicles C/ 3\
y [#

> AT

Inductive Charging for Buses. Unit Power 30kW, Max 300kW.

* Power: 30kW

* Gap: 20cm

 Efficiency: 90%

* Space: 1square
meter




Intelligent EV Integration
Motivation

i

Smart charging
Charging is delayed or advanced in time based on e.g. energy cost or
renewable contents.

Time—>
Charging l

Energy backup
Advance or postpone charging in time and to deliver the energy back to the grid
at a later time,

_\—I_—\ e e Time =
Charging

Ancillary services
Continues short-duration charging and discharging operations to balance the grid.

5 DTU Electrical Engineering, Technical University of Denmark 27 August
2013

Two Integrations

* Integrate EV with Smart Grid

* Integrate EV with Telemetic / ICT



Smart House:

B Increasing low carbon electricity and reduce peak electricity consumed
B Management of electricity storage by EV and/or Lithium ion battery

Converte

DC

Sell AC |
T ) o [} pe—
. ; Back up o «/(0 F -[ —
— Smart ?‘30 | | II II Il ll—
Meter S - — T B
B idnight zc QP = . °
electricity Y AC o e
- L ppliances
Grid I

EV Battery (LiB)

AN

Energy & Information

RETR NS B,




Human
Behavior

Infolfmation
> /> E

21 - Various Information
> £ - Various Energy C.C. Chan 2012

Energy and Information

{(AF =W )/1bit} < kyT In2

AF - Free Energy difference between states
W - Work done on the system
k p - Boltzmann constant
T - Environment Temperature

— C.C. Chan 2013 at IASS



Energy & Information

Not only understand the upper and lower bounds of
information,

But also understand the complex interdependence
between the physical limitations of thermodynamic
boundaries of energy transfer and the human dimensions
of economic, social, and political decisions should be

crucially considered.

Low Range Small Electric Vehicles



China Low Range Small EV Specification

Max Speed: 80 km/h

Acceleration :0 - 50 km/h, 10s
Climbing Gradient > 20%

Range : 50 km (Urban Driving Cycle)
Vehicle Mass < 1200 kg

Battery Weight: < 30% Vehicle Mass

Mini EVs are most cost effective
Small EVs: Range, Energy & Weight Relationship

Range Energy

ICE Li Battery
\

300k
150km

|
|
l
80km :
:
\ : Weight
A 4 + A 4

Power - /
Weight Difference
Determined by Resistance & Speed

Lead Acid Battery




Technology Roadmap_ BEV Miniaturization

Through downsizing to realize scale commercialization

light electrie vehicle = small battery electric car = full function electric car

Typical Chinese Battery Electric Vehicles

Great progresses have been made 1n small electric cars.

Series products and models have entered industrial stage.

Maximum speed
0~50km/h Acceleration
time

Battery type

Energy

Peek power

Driving range
Normal-charging time

Quick-charging time

Martar

100km/h

65

LFP Li-ion

18k\Wh
50kW
150km
6~8h
30min

i

" Charging Equipment

Charger

Battery I

EV of CHANGAN

EV of SAIC motor

EV of FHC-Mazda
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Human being versus intelligent EVs

.- Human being (intelligent Future intelligent EVs Note on intelligent EVs .
life

System Essentially identical but Diverse at current development  Potentially to be

CIEE T evolving stage optimized for given
applications

Brain One Three: driver; vehicle-oriented; Emerging demands in

(controller) ITS/IV-oriented coordinating the 3
‘brains’

Energy Internal (control management, Internal (control management, Preliminary stage &

L EER L regen) + external (food, regen) + external (charging) potential to optimize

drink,etc)
Thermal Internal control + external Internal (control management for Highly challenging

L E L (clothes, air conditioning, etc)  different subsystems
requirements)

Health Evolution: millions of years Very new topic; hardware & Emerging & critical
L EEEEL (physical & mental) software (control systems)

LG | Clear performance envelope  Clear performance envelope &  Advances in key

envelope & limitations while in slow limitations while in rapid components & system
evolution development integration
Status of Optimal & evolving Very preliminary at current Significant potential &
development stage benefit to be synergised

Unmanned Ground Vehicles (UGVs) in DARPA (Defense
Advanced Research Projects Agency) Grand/Urban Challenge

"

) .
' ~16 Sensors total

Velodyne
multi-plane lidar 180° FOV, Continental
i - G S 360°x26° FOV, 60m multi-plane, multi.echo  ISF 172 lidar
*Grand Challenge 2005 ' 14°, 150m
-
*Stanford Stanley J:‘EPPPSII:II;

Tt SICK Scanning Lidar

atechnical, cultijrli;?'and industrial . -,
Labotkie g . 90/180° FOV, 40m
s !
w s’ EEEm— T

*Urban Challenge 2007
*CMU, Tartan




Intelligent Vehicle

Smart Mini EV




Internet of Vehicles

2O SRR
White Paper of Internet of Vehicles (loV)
1. Concept of loV

The Internet of Vehicles (loV) is an integration of three networks: an inter-
vehicle network, an intra-vehicle network, and vehicular mobile Internet.

2. loV Technology Leads Industrial Revolution

The convergence of technology encompasses information communications,
environmental protection, energy conservation, and safety. It will become the
largest Internet of Things (loT) infrastructure. The collaboration and
interconnection between the transportation sector and other sectors (such as

energy, health-care, environment, manufacturing, and agriculture, etc...) will
be the next step in loV development.
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White Paper of Internet of Vehicles (loV)
3. Opportunities and Challenges of loV

The research and development, as well as the industrial application of loV
technologies will promote the integration of automotive and information
technology. Lack of coordination and communication is the biggest challenge
to loV implementation. Lack of standards make effective V2V (vehicle to
vehicle) communication and connection difficult and prohibits ease in scaling.

4. Reflection and Suggestion about the Development of loV

* Staged development and deployment of loV systems

 Strengthen policy guidance and support from governments.

* Promote deep integration of loV and vehicles.

» Cooperate to improve standards and industrial specifications.

* Plan for loV data to be accessible as a resource to enable broader research.

Evolution to Autonomous Vehicles

Autonomous

Vehicles

ordinated ©

- Cooperative

- Coordinated Collision Avoidance

Routing _
on r.‘eCtedOptlmlzed Traffic - Transitaware
Flow Signal Preemption

- Mobile
Communications

- Instant Asset
Tracking
-Real Time Traffic Info
2013 © Connected Vehicle Trade Association
- Electronic Tolling

27/11/14 82



In-\/ehicle
Infotainment

(VD

Advanced Driver Assist  Autonomous

Systems (ADAS) /Self Driving

Visit us at
www.intel.com/automotive
Follow me on Twitter @Intel_Joel

: i SRS BPY ]
Computing -
Information Processing & —
e Distributing
i et . -l

Access . -

*Wireless & Seamless ]

Accessing

Sencors g i *Information Collecting
e s ] A | o

~ ‘@‘ - l
|

T St i

http://wm.tongji.edu.cn



Smart Cars & Autonomous Driving

Electric vehicles and Smart Grid integration

Smart Grid




. Road condition sensor
. Magnetic sensor

. Vehicle distance sensor

. Forward obstacle sensor

. Blind spot monitoring camera
. Drive recordar

. Side sbstacle sansor.

Air prossure sensor

). Inside door lock/unlock

. Rear obstacle sensor
. GPS sensor

Remote diagnostics

12. Airbag.

13. Road-to-Vehicle / Vehicle-to-
Vehicle communication system

14. Rear view camera

15. Witer repelling wind shield

16. Seatbelt pretensioner

17. Driver monitering sensor

18. Headup display

19. Steering angle sensor

20. Electronic control throttle

21. Electronic control brake

4,

. Fire detection sensor

. Vehicle speed, acceleration
sensor

. Collision detection sensor

25. Pedestrian collision injury

reduction structure.
. Electronic eontrol staes
. Message display system
. Hands-free system

Smart Transportation Systems




Intelligent Traffic Management

Internet of Carsrs\ /—Vehicle User

Service Provide
$ 550 .
)

6 o

Auto OEM/OES 0 $300 ¢ Society




/FORT
Creating enriched and comfortable car : / Optimizing energy use for the entire society and -
utilization experiences for customers by | / realizing stress-free and environmentally considerate [ dry
providing a range of services that address | living with a high quality of life

various driving l
situations

Support of enargy-eficiant Life:

High-efficiency power
generation system

8| F-Grid CEMS
7

Buidance based on driving histary | . - .. 3 5=
and understanding of ériver intentian . ) Yy

Toyota Friends

e ‘,;'__,_ i
§ Enriching Lives 3}
{ of Communities

Traffic congestion farecast,
s probe-based traffic infarmation

ceesett T _CONVENIENCE

Toward the realization of Toyota's ultimate goal: Building a stress-free traffic
zero casualties from traffic accidents 17 :/: ‘iA environment where everyone can move
I\ q‘ 'z around smoothly, exactly as they wish

.«.Lu] For further infermation on Toyota's safety initiatives, Dtk psEng
nleace cea nn 77-77 and alen tha wahnane halow ey

rser sawn

SUCCESS

SUCCESS




Inspiration

Imagination

Innovation

Integration 4

Implementation =g

Investment 2

Thank you!




