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This Mobility Research Special Repowas prepared at the request of an
automotive client. Information contained in thipoet has been assembled soley
by the author, and statements made in this reppresent the author’s personal,
professional views on the subjects.

The Special Reporincludes the following points in detail:

0 Mid-term and long-term technological developmentsd deaps in
technology, as well as state-of-the-art activiileghe technology field
“Intelligent Transportation Systems”, and the imptions of the most
important of these developments for the automadbdestry.

O The relative positioning of the international cotifien with respect to
the above-named technology field.

o A list of centres of excellence in research andhnetogy worldwide in
the above-named technology field, as well as tlst-ipeclass companies
active in this field.

Specifically:

Q

Perspective on the introduction of future ITS syse (both
autonomous and telematics-based) expressed iny likellout
schedules.

Identification of major roadblocks and obstaclesgbns learned).

Assessment of the current government initiativéisglihood of
regulatory changes as a consequence of them.

Assessment of the competitive strengths and weaksesf the
individual OEMs in the ITS field.

Assessment of the developments in the triad mafketsarticular to
the availability of infrastructure, seed funds, teys deployment
incentives).

Assessment on the applicability of ITS solution€hina
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I. ITS Technological Developments and their Implications for the
Autombile Industry

1.1. Background

Intelligent Transportation Systems (ITS) apply mfiation technology to the
interaction between humans, all forms of transpiomainfrastructures and
vehicles, and the environment in which these intévas take place, in order to
improve the safety, convenience and efficiency efspnal, collective and
commercial mobility. The term ITS came into geheise in 1994 with the first
ITS World Congress in Paris, France, but it wasrduced earlier in the US.
The Intelligent Transportation Society of Americasrvestablished as a not-for-
profit organisation in 1991 to coordinate the depetent and deployment of ITS
in the United States. ITS America quickly developalliances with ITS
organizations in other countries, most notably imrdpe and Asia. Japan
founded VERTIS in 1994 as an equivalent to ITS Aoser The name was
changed from VERTIS to ITS Japan in 2001. The\edeant European industry
organisation, ERTICO (European Road Transport métics Cooperation
Organisation) also uses the term ITS Europe, antyroauntries in Europe and
other parts of the world have their own ITS industssociations.

There are eight major areas in which developmemtisdeployments of ITS are
taking placé These areas and some examples of applications are
a Traffic Management
= Optimisation of traffic flow
= Provision of traffic restriction information
= Electronic toll collection systems
o Road Management
= Maintenance
= Road access
= Roadway hazard provision
o Public Transportation Operation and Management

= [nformation provision

! Prepared with the assistance of the ITS Handbook 2003-2004; Highway Industry Development Organization; Japan
Ministry of Land, Infrastructure and Transport.
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= Intermodal transfer
o Commercial Vehicle Operation
= Automated platooning
= Fleet and freight management
o Emergency Vehicle Operation
= Automated emergency notification
= Route guidance for emergency vehicles
= Disaster relief
o Assistance for Safe Driving
= Provision of driving and road conditions informatio
= Danger warning
= Advanced driver assistance systems
= Automated highway systems
a Support for Increased Driving Convenience
= Navigation systems
= Provision of traffic information
= Provision of destination-related information
a Support for Pedestrians
= Pedestrian route guidance
= Vehicle-pedestrian accident avoidance
Addressing each of these areas is beyond the sxdpis Special Report What
will be covered are the vehicle- and driver-centfimictions within ITS,
specifically advances in the interaction betweenvbhicle and the infrastructure

services, the vehicle and other vehicles, and éécle and the driver. The table
below provides a sample of these functions.

MICHAEL L. SENA CONSULTING AB
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Car to Car Car to Driver Car to Services
Wake-up Call Theft Notification
. . Intelligent Speed Adaptation| Automatic Emergence
Collision Avoidance Steering Assistance Assistance
Breaking Assistance Toll Payments
EAviNRhehe1 (Calirol Driver to Driver | Driver to Services
i i Signal Driver Intentions
if:izg%tisgeakmg - ?‘f' Warni Manual Emergency Assistance
e raffic yarnings Information Request
Shifting Location Identification e

AudioControls

Seniges oG | SEEs g river]  Services to

Remote D(_)or Un_lock Navigation Ambt§a§0rev ICeS
Remote Dlagqstlcs Weather Alerts Roadside Assistance
Remote Repair All Mobile Services Fire

Remote Database Update InformationDelivery Police

The termTelematics is used to describe many of the functions incluhethe
above table. Telematics is two-way communicatibasveen a vehicle and a
service center. Data communications are a presiggudor all services. Voice
communication is necessary for some functions,rdeks for others, and non-
essential for most. Adding a positioning devicetlie vehicle and mapping
capabilities at the service center enables a rahggcation-based services to be
provided.

Telematics services can be vehicle-centric, drogrtric and/or passenger
centric, but in all cases telematics refers to isesswhich are delivered ta
vehicle to enhance safety, security and comford, fsom a vehicle to provide
information about the vehicle, its passengers enthicle’s interaction with the
transportation infrastructure. Updating softwarethie vehicle; reporting faults
that can be fixed by such updates; delivering imftion from the car on the
surrounding traffic situation; providing the lateshformation on the
transportation infrastructure to the vehicle for A functions; sending out a
mayday in case of an accident; unlocking the caerwtine keys have been left
inadvertently inside: This is a sample of wha¢medtics is all about.

Many of the vehicle- and driver-centric ITS functilisted in the table above
will be available in most new vehicles by the effidhis decade. Whether the
drivers of the vehicles will be aware of this famt,whether the functions will be
integrated in an increasing number of systems dhatinvisible to the driver,

remains to be seen. Many companies will make legsis out of delivering
systems and services to the automotive OEMs andahewners. However, for
the automotive OEMSs, these systems and servicébavihcorporated into their
vehicles as part of the evolution of the vehideplemented to stay competitive
and sell to more cars or trucks or buses, or toptpmuith increasingly stringent

government regulations. Cars and trucks and bwfiebe safer, both for their

occupants and pedestrians, they will be easierite tby an increasingly elderly
population, and they will be more convenient to asra result of the addition of
these new functions.

2 ADAS — Advanced Driver Assistance Systems

MICHAEL L. SENA CONSULTING AB
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Between today and when telematics devices areadlaiin all vehicles there is
much that needs to be done. One of the major t&sk® improve the
telecommunications infrastructure It needs to provide reliable service
everywhere at affordable prices. It does not ddosiay There are too many
gaps in service, too many uncertainties when omgabtpr hands off to another,
too few well-adhered to standards at the operatieved, and all at a cost that is
still too high for the many applictions that wilepend on the infrastructdrelt

is likely that some government regulation will beeded to accomplish both
functionality improvements and cost reductions.

Further, the IT platform in the vehicle needs todiee more standardised, more
stable, less brand-specific. When cars were isblatgects that could function

with only the input of the driver, everything couté purpose-built if the buyer

could afford it. Now that the car companies haeeided to replace electrical

systems with electronic, the car manufacturersgaiag to have to figure out

how to get paid for fixing cars remotely ratherrthia their dealer's workshops.

With 80% of today’s profits derived from parts, assories and service, the car
companies cannot afford to give anything away their customers had paid for

previously.

1.2. Perspective on the introduction of future ITS
systems—autonomous and telematics-based—expressed
in likely rollout schedules

1.2.1. Market Drivers

There is a business context for making improvemeatsany product, and
vehicles are no exception. Between 1996 and 20@At automotive OEMs
either had initiated operational telematics prograrar had evaluated the
requirements and decided to wait for a more oppertime to implement these
new systems. Companies with active telematicsrprog in Europe were: GM,
DaimlerChrysler, BMW, Fiat, Audi and Volvo. In NbrAmerica, they were:
GM, BMW, DaimlerChrysler (Mercedes), Saab, Nissafinlty, Toyota Lexus,
Honda Acura, Subaru, Audi, Jaguar, Lincoln and ¥olVhose who had started
and then halted their programs included Renault Bodd. Ford’'s highly
publicised investments in Wingcast, its rival to GNDnStar, and its peremptory
closing before services even started, signallecer@og when the automotive
OEMs took a step back from the hype of the dot.amam That was when
telematics was going to “change the automotive gggra’ and propel car and
truck manufacturers into distributors of very laigéormation appliances (i.e.
their vehicles).

The automotive industry has its own dynamics. Camgs involved in it make
(or lose) money as a result of selling (or notisg)l a sufficient number of
vehicles at prices that are suitably high to cdkeir costs. This sounds like any
other industry that sells products, and to a ceretent it is, but it has very
particular qualities that dramatically affect itdildy to invest in new
developments like ITS functions.

3 During the implementation of telematics services, it was found that base station systems from different manufacturers (e.qg.
Nokia and Ericsson) handled calls differently and required special software fixes in order to provide smooth transitions of
voice calls in a moving vehicle.

MICHAEL L. SENA CONSULTING AB
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Car Manufacturer's Perspective

The automotive industry does not normally inveshigh risk projects because
the payback for success is minimal and the regutfailure can be catastrophic.
Payback for breakthrough investments is minimakbee the number of people
buying cars in the three major markets is relayivahable, and the probability is
very low that one company will be able to take detdigit percentages of sales
from rivals. The automotive industry is characted by low or negative growth
that is cyclical. Car and light truck sales in \t¢es Europe increased in 2000
and 2001 over the previous year by only 1%. Theyaebsedy 1% in 2002 over
2001, and they are projected to decrease by 8o in 2003 over 2002. Sales
are projected to rise again in 2004 as the wor@themy emerges from war and
recession. Some automotive companies have beem affected than others by
economic conditions, but for different reasons.at’Bi sales have plummeted
because it simply stopped building cars that pewagaeted to buy, compared to
its closest competitors, Renault and Peugeot/Gitres well as the Japanese
small car companies. Jaguar produced more carshéeompany has neglected
one of the most important drivers in the automoiigustry today: cost control.

Product development cost control and operationsrealsictionare the two most

important considerations for car manufacturers yoa they desperately try to
increase shareholder value. As Fiat’s currentggles show—and in the past,
those of companies like Chrysler, Jaguar, Rover randy others bare witness
to—profitable companies survive, while the non-fiedfle ones are acquired or
forced out of existence by unhappy shareholflerslhe global economic

recession between 2001 and 2003 has put pressweal@s) and car companies
have used financial incentives (rebates, low isteend no interest loans) to
compete for the available buyers. Margins on caid during this economic

downturn were razor thin. GM was making only arrage of $350 on every car
it sold. It actually lost money on most of its agd sold in the US. Volvo made
an average profit of $435 per vehicle, but madedditional $1800 per vehicle

on parts, service and accessories. To use anmdher analogy, the car has
become the razor, and parts, services and acoesduaive become the razor
blades.

Car manufacturers have pressed their Tier One mupmxtremely hard during
the past ten years, and there is little more tlaygive in price reductions. The
main areas left to cut costs are in the marketimdj\warranty areas. One area of
possible savings is warranty breakdown assistatide.a large marketing outlay
for every car company, between €20 and €50 per geavehicle for the life of
the vehicle’s warranty. The car manufacturers wdike to halt the practice,
which was started by Volvo in the US less more thaanty years ago and
eventually was adopted by all car companies an@asbrto Europe. But
consumers have come to expect it. One companydcaootl drop it without
putting itself at a huge competitive disadvantage.

As a driver for telematics investments, cost pressis both positive and
negative. It is positive because telematics candioectly related to future
warranty cost reductions by enabling remote diaticmsand remote software
upgrades. It is negative because short-term @mhiction decisions might be

4 Vehicle manufacturers collectively have had a negative shareholder value creation of —20.8% during the period of 1998.
This was during the period that the overall market was increasing.

MICHAEL L. SENA CONSULTING AB
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made by cost-conscious platform managers, with rdgult that telematics
applications are reduced or eliminated

Next to cost issues, market share protection is Highest priority for car
manufacturers. They have found that the best wamgdintain market share is to
promote brand loyalty, that is, to keep existingtomers rather than investing in
acquiring new ones. They have to match or belteir ttlosest competitors in
customer satisfaction surveys, and they have tachmat better their closest
competitors in the consumer reports surveys—vatrenfoney and the most
features for the least amount of money.

Standing out in a crowded car market is not easye@ally since the automotive
industry is characterised by homogeneity. Carsldifferent styling, different
feature packages, different prices, but at the,dbey are all basically the same
producf. Companies compete within narrow buyer bracketome; age; life-
style; location. They compete to keep market shak possibly to steal a few
fractions of percentage points from their compegitoCompanies rarely have a
monopoly on features for more than a car seasoaulsectheir competitors adopt
and adapt them as soon as they know about themthaydknow about them
usually because auto companies are keen to investnpetitive research. More
importantly, their Tier One suppliers are sellihg same products to all of their
competitors. They all purchase from the same Tre suppliers. Cars have
achieved a level of sameness because there amefewds for sticking out from
the crowd. No one wants to be first with somethiegv unless they are almost
certain that their competitors will follow shortifter. If competitors do not
follow, it means that the feature has been a failand their investments
worthless.

The implications for vehicle- and driver-centricSTfunctions are clear._ No
automotive OEM wants to be first with a pan-Europdelematics service
because the costs are extraordinarily high arglnbt enough of a differentiator
to drive sales.On the other hand, when one or two companies halieved it,
all of the companies must follow. As long as Darhrysler, BMW and Volvo
had working systems in their home markets onlyreghgas no pressure on the
lower-end manufacturers to develop systems. WHethgee manufacturers
announce new market openings in 2004 (BMW annoubadghi on January 21,
2004), it is likely that many of the other manutaets will begin to roll out their
own products. These products are already undezlal@went, even though they
are not discussed publicly.

| have found the diagram below to be useful forcdeig the decision factors,
“hot buttons”, driving the auto industry. Auto cpamies invest in cost reduction
and better information systems and processes tiewacltost reduction. They
invest in what their competitors invest in, andytlievest to learn about what
their competitors are doing. They have not nonmafivested in shared
infrastructure projects to achieve competitive adage, and when they have
(e.g. Wingcast) they have been major failures. fisle of failure is too great.
Unlike other industries, like pharmaceuticals, ¢hé& no possibility of major

® In one example of this cost cutting mentality, the Volvo On Call system was eliminated from Volvo's flagship vehicle, the
XC90. This means that Volvo's introductions of Volvo On Call in new markets cannot be sold on its most important product.
¢ “General Motors and Coca-Cola (have) enjoyed a relatively stable product paradigm—for more than a century, cars have
had four wheels and a combustion engine and consumers have sipped caffeine-laced soft drinks.” Gary Hamel and Liisa
Valikangas: The Quest for Resilience; Harvard Business Review, September 2003.

MICHAEL L. SENA CONSULTING AB
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growth in the existing markets. If anything, witie demographics of Europe
showing population contraction, fewer cars willsgmd. Emerging markets for
vehicles, like China and India, are growing at stda pace than Europe, North
America and Japan, but they have started from ehrfawer base. New, local
competitors in these markets are being establitshedheet demand. Unlike
pharmaceuticals, where there are thousands ofreiiffeillnesses that need
treatment, the car industry builds one basic prothat is very similar to all of

its competitors’ products.

What this means is that those trying to sell theaidf telematics into the
automotive OEM boardrooms, whether from the ingiddom the outside, must
position telematics as a feature that first andrfurst will reduce costs, keep
customers loyal, and will be a feature that alleotbars in its class will have in
the near future They should not be promoting telematics as awtjro
opportunity. The growth component is as a non-targiness, which even at its
best, does not add significantly to the core’s sewf revenue for car sales and
sales of parts, services and accessbries

Investment Decision Factors

Growth - The degree to which

Risk - The degree to which
investments involve high risks.
Risk averse companies, like
those in the automotive sector,
invest in cost control and
competitor information.
Companies that are not risk
averse make large investments
in shared infrastructure and
projects that attempt to
achieve competitive
advantage.

Automotive

A Growth

investments provide an opportunity
to achieve significant growth.
Companies in sectors that have
minimum or negative growth, such
as the automtive industry, invest in
efforts to protect market share,
while growth sectors, like
pharmeceuticals and energy
exploration, invest in expanding
capacity.

Pharmeceuticals

Risk

Complexit
> p %

Complexity - The degree to which investments can increase

complexity and create greater product

differentiation. Companies in

industries that are highly complex can work in very narrow niches and
develop new products that solve particular problems and satisfy
specific market needs. The automotive sector creates variations of

the same product with the same basic

performance objective. There

is very little complexity. Investments are made in identifying which
features that are introduced by competitors are likely to be required

by the market.

Automotive companies are highly risk averse, have low growth and low complexity.

In contrast,

pharmeceutical companies take large risks because the rewards are great, are in a high-growth field,
and operate in specific medical niches that are largely independent of one another.

” As an example, General Motors’ OnStar, which had approximately 3 million paying customers at the end of 2003 had 1200
employees and $300 million in turnover. This is less than one percent of GM's global earnings.

MICHAEL L. SENA CONSULTING AB
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The principal reasothat an automotive OEM will bear the cost of ilisig a
telematics system in its vehicles is to get a comioations device into the
vehicle to_achieve cost reductigresd to enable better communications with the
customerto promote brand loyalty and improve customerséatiion. Providing
safety, security and convenience services, likeghmeing offered today by some
companies, and the advanced driver assistancensydieing planned for the
future, are necessary responses to competitive egorand government
regulations, and to the extent possible, the autom@EMSs will try to get the
customer to pay for them. Is the customer intedkst paying for them?

End-user Perspective

According to a recent survégonducted in Europe of 55,000 car drivers, the top
reasons for buying a new car are:

a Price
0 Reliability
o Comfort

Beyond the top three reasons, other reasons vamatignality and stage in life.
Quoting from the survey results:

« Germans worry least about safety or car style
e The French value security
e The British and young buyers in general, care rabsut style

e Speed ranks among the lowest considerations obuwjkrs, but it is
important to the under 35-year-olds age group,@afhe men.

« Women are most influenced by safety and security.

An automotive product planner or marketing exeautivll be hard pressed to
find a clear indication from available research th@onsumer will choose to buy
their brand because it has a telematics systemijliopay real money to have a
telematics system and its services. There areungegs of which | am aware
that show either telematics or other in-vehicletesys or services as a reason for
making a certain car purchase. There are conssuneeys that have been made
by organisations like J.D. Power which have trieddetermine which ITS
features consumers might like to have, and thee&mi@l for purchasing vehicles
with these systems. The top four items on their wish list were roalgsi
assistance, vehicle diagnostic information, raaktitraffic information, and
navigation information.

However, if we go beyond the model of telematicsadsox with buttons, and
look at how the fundamental components of telemadicstems will be used in
delivering a better, safer, more convenient andhaes, less expensive driving
experience, there are clearly areas where consuwittraccept these systems
even though they may not ask for them specifically.

8 Survey conducted by TGI Europa 2003. Data analysed by Nick Hiddleston, international research director at media buying
and planning specialist Initiative Media. Report in Automotive News Europe, July 28, 2003.
° JD Power 2001 Automotive Emerging Technologies Study — Wave | & 11
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There is growing support among the public for spesfééty systems. A market
research report funded by the Federation Internatiode I’Automobile (FIA),
indicates that “70% of those surveyed would supportaudible in-car warning
or a dashboard display that alerts them to thel Isgeed limit on residential
roads and on trunk roads in built-up are¥s.This result is consistent with
results reported by the Swedish National Roads Adnation following their
tests of ISA (Intelligent Speed Adaptation) in Seed

Support for tolling schemes is mixed. Residensidia toll zones are in favour,
while those immediately outside oppose them siheg are the ones who will be
most affected by them. Surveys of London residéaitswing the institution on
road user charging in Central London confirm thfaseings. Proposals by the
Mayor of London to extend the zones have shown ttherte are split feelings.
Those inside the new areas welcome them becaugavith@ay lower fees (10%
of the total £5 per day), and those in the newaatjaareas dislike them because
they will have to pay to drive into areas that jpoegly were free. The
technology used in London does not require anyeimiste systems. It is all
based on cameras photographing vehicle registraiates and comparing the
numbers to a database of those who have paidféesifor the day.

As traffic congestions worsen in large urban arease tolling schemes will be
implemented, and the technology for tolling wiltieasingly be via telematics
devices installed in vehicles, rather than witheotmethods. This has already
started in the commercial truck arena. A new seéhé@mGermany for heavy
truck tariff payments is based on telematics desvliing installed in every truck
that drives in and through the country. Theseasvare being installed for free
by a consortium that is charged with managing titee2operation and collecting
the tariffs® When the German government announced the winhehe
competition that was held to select tolling operatioere was an organised effort
by competitors to each of the winning team compande prevent them from
having a monopoly on delivering telematics servic&$e objectors eventually
prevailed, and the consortium has established araep company that will
manage all third party telematics services delideocthe in-vehicle devices.

1.2.2. Recent Trends

The automotive industry has already started torseélimentary advanced driver
assistance systems (ADAS) that function with thieddivision systems, usually
radar. Automatic headlight steering to guide kghtound corners is one of the
first such systems, and it is being heavily adsedion billboards and in the
media. The next generation of these systems, ablailnear the end of this
decade, will use geographic data to provide arctedaic horizon” to the ADAS
applications. The road of travel with a positiormacuracy that is ten times
greater than what is available today and with mhigher levels of attribute
richness, will be used to guide these next germratystems.

Today, map data in vehicles is used for navigatsgstems. This data is
delivered to the applications on CD/DVD media tlsan be up to eighteen
months out of data when the customer receive®in fthe car manufacturer, the
system supplier or the map data producer. Althdnghcuracies in the data for

10 Reported in The Intelligent Highways (September 15, 2003), page 10.
™ The Toll Collect consortium consists of DaimlerChrysler, Deutsche Telekom and Cofiroute.

MICHAEL L. SENA CONSULTING AB



JANUARY 22, 2004 MOBILITY RESEARCH SPECIAL REPORT F OR DAIMLERCHRYSLER 10

navigation purposes are inconvenient, they ardyréifethreatening—unless, of
course, the navigation system is being used inna@rgency service. When this
data is used for braking assistance or curve wgritimust be 100% up to date.

These higher demands on the data will necessitatstant updates of both the
physical infrastructure and the attributes assediawith the features in the
infrastructure.  This requirement is one of thengpal reasons that car
companies are working hard to install a communicetidevice in their vehicles
and to ensure that an communications infrastrudtuie place to deliver data to
and receive data from their vehicles.

There are several technical approaches aimed atirgd both hardware and
operations costs that are currently being evalubtedhe car industry and its
suppliers. One approach is to have a customer caitd-both for telematics
services and private voice services. The objedsvd remove the SIM-card
from the entire hardware and operations equatioth tereby significantly
reduce costs.

The second approach is to have_an embedded tetsn&it-card but to limit
telematics functions to data-only services. Angvises that truly require live
operator intervention, such as roadside assistamce emergency assistance,
would be directed to the customer’s private wirgleevice using Bluetooth,
802.11b, or a similar wireless LAN interface. A#ta services would be handled
by an embedded SIM-card that is purchased by thév,Okhe system
manufacturer, or the service provider for a onestioost. Ongoing costs for
service usage would be billed to the customer artté® OEM. Except for the
limit on voice transactions, this is similar to Vols approach, in which there is
an embedded SIM-card and Volvo has the billingtiefeship with the SIM-card
provider (Vodafone Swedel)

Embedded, data-only SIM-cards are being recommengledthe network
operators who claim that it is the only way thewn offer the OEMs lower prices
for data services. The network operators who petitk SIM-cards say that the
regulators in each of their countries force themotfer equal pricing to all
customers. They cannot, according to the regulatdfer one pricing structure
to one set of customers, and a second to anothesisséong as the services are
equal. So, they argue, if the OEMs are willinghange the service so that only
data is offered, they can lower the data priceswelhat they charge their other
customers who want both data and vdite.

Another trend is the switch from GSM/SMS to GSM/@PRGeneral Packet
Radio Service). The main drivers for the switch GRS are a potential
reduction in data transfer cost, and an increasbharamount of data that can be
transferred in a shorter period of time. GSM/SM3used by the majority of
telematics systems in Europe. Even though the amofidata that can be

12 olvo has a full-function SIM-card purchased from Vodafone. It is a standard Vodafone Sweden SIM-card with an index of
telephone numbers for each of the countries where Volvo On Call is offered. However, it functions like a so-called “re-
homing” SIM-card that is manufactured to become a local SIM-card as soon as it enters a market from its manufacturing
source. Volvo purchases identical SIM-cards from Vodafone and delivers them to Autoliv, who install them in each of the
telematics systems that are delivered to the Volvo factory for installation in vehicles. There is no distinction at the installation
stage between systems installed for one market versus systems installed for another market. When the car is delivered to
the destination market and the first service is initiated, the SIM-card is registered as a local SIM-card by Vodafone in that
market and local rates are charged for all voice and data calls.

13 This is first-hand information, not hearsay.
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transferred is limited to 160 character messagdpesirtethod is reliable and fast,
and SMS’s can be sent from both the in-vehicle aednd from the service
centers. GPRS, with its always-on connectivity tasler data transfer rate, will
enable more services, such as diagnostics, softmaietenance and software
uploads, and off-board navigation, that requirgdardata transfers that are both
impractical and costly with GSM/SMS. However, GPRSnot yet a stable
technology. It does not yet work as flawlesslyS&4S. Another major problem
is that the network operators have not yet signB&RR& roaming agreements to
the extent that they have for SMS. And the conaeainust be established by
the wireless device, which means that for someiceswhere will have to be a
continuation of SMS alongside GPRS or some time.

1.2.3. Vehicle-centric ITS Road Maps

What are the prospects for these factors changisigiyely or negatively during
the coming five-to-ten years and beyond? Nils Bishattributed with saying,
“Prediction is difficult, especially when it invadg the future.” But concerning
telematics, there are certain inevitabilities, anchumber of predictabilities.
Many telematics developments have made signifipeagress because of one or
a combination of the two market drivers listed alycand the government issues
described in Section 1.4. (i.e. consumers want tlgmvernments demand them,
companies offer them), and these developments heilbrought to market as
products or services during the coming ten years.

In the diagrams below, the first for the comingat#ss, and the second for 2013-
2023, the yellow boxes are developments that cacob@nercialised based on
research and productification that has been ocwyuduring the previous decade.
In the first diagram, floating car data for traffidformation collection is already
deployed by, for example, Trafficmaster and Tanmgf@rhobility’s bConnect in
Italy. Centralised map databases used in off-b@andgation systems are in
2003 already being introduced to the market onalsnale. DaimlerChrysler is
already offering a PTV-basd system in it's A-classl Smart vehicles. Systems
from Wayfinder (Sweden), Telmap (Israel), T-Mobileaffic (Germany) are in
the pre-commercial phase. Blaupunkt's navigatimdia will be the first large-
scale introduction of this technology. These smwirequire an in-vehicle device
that combines telecommunications and positioningtelamatics device. As
they are implemented by the vehicle OEMs and thgipliers, and as they grow
in number, they will foster an increasing demandcfannectivity, for end-to-end
telematics solutions and all the services that sttghese solutions.
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Atomotive OEMs In-vehicle Systems Development Roadm  ap - 2003-2013
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The automotive OEMSs, their Tier One suppliers, andny of the small
companies who support them, have decided on theearch objectives for the
coming decade—again based on their best guessesaif their commercial
customers will have to purchase and install becafighe push of government
and the pull of consumers—and they include thestenthe blue boxes. Car-to-
Car communications, in-vehicle map server develogn(® simultaneously
support navigation and Advance Driver Assistancet&ys), and pay-per-use
vehicle development are all being worked on forlengentation in the following
decade or sooner.
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Automotive OEMs In-vehicle Systems Development Road  map - 2013-2023

Michael L Sena -
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Rev: 11 Jan. 2004 A
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Within the 2013 to 2023 timeframe, the researclhegpte of the previous decade
should see implementation and commercialisatioshasvn in the yellow boxes.

The research program for the 2013-2023 timeframiess certain.

However,

through a combination of interviews with car mamtdaer research program
directors and constant analysis of technical arglniess information sources, |
have pieced together a picture of what | believe iBighly likely pattern of

development of ITS products during the next decadeshown in the blue boxes

in the diagram above.
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1.3. Identification of major roadblocks and obstacles—the
lessons we have learned thus far

The Next Twenty Years

Inevitable Invention Predictable

Gr:ven thte fhoiCﬁ, ir:rc]ii\_/iduals will Personal Thet tradzoff betwelen st?::_itetal_"
choose to travel in their own L. costs and personal mobility wi
vehicles, according to their own MOb”'ty make the private automobile an
schedules increasingly less attractive option
Governments yvill legislate road Collective Tr-af-ﬁc congestion will eventually
usage pricing in order to reduce Mobili eliminate the advantages of
the societal costs of congestion obi |ty personal mobility
GIol()jatIistation wi:ltincrzas,fe tT)eth Commercial ;rafﬁ; contgestionf \t/viII iliminate
need to transport goods for bo . e advantages of trucks over
manufacture and distribution, MOb”'ty fixed rail and air transport
increasing the demand for road
transport as the most cost
effective option
(IjEcono;nictgrov;/)th i_s now Iargzly Information _Inqurfgati?n a‘\llla“ablf tc:I §

ependent on businesses an . individuals will eventually excee
consumers using more data MOblllty our ability to process and use it
Indi;/idqajst-desire more, not less, Ownership Erivate ctars will evqntu;ally .
customisation . ecome too expensive for mos

MOb”'ty people to own

The table aboveThe Next Twenty Yearshows where | believe inventions are
needed to address the inevitable and predictablsecuences of the dominant
position that cars and trucks have achieved aspatation modes. The focus
for inventions should be the following:

o Personal Mobility

Develop personal tranport that adapts to the neédke individual driver, the driving
environment and the driving task.

o Collective Mobility
Participate in developing a collective transpoftastructure that people want to use, that
is truly integrated with and supportive of the pea transport system. Develop
collective transport vehicles that can functionthiis infrastructure.

o Commercial Mobility

Participate in developing the infrastructure in ethheavy trucks can operate safely and
effectively, and develop commercial vehicles that tunction in this infrastructure.

o Information Mobility
Participate in developing a seeing, feeling andihgdnformation infrastructure that will
allow drivers and passengers to obtain the infaonahey need when they need it, and to

communicate their needs and desires to the apptepecipients.

a Ownership Mobility
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Develop vehicles that provide a personal sensemofoship to different drivers of these
vehicles, and participate in developing the infiature that can manage the shifts of
ownership

The obstacles and roadblocks that will inhibit intien are, in my view, the
following:

1.3.1. New car and truck sales

Worldwide new vehicle sales are predicted by maostket forecasters to grow
by 5-6% through 2005, from 49 516 million units2@03 to 53 867 million units
in 2005. These increases will be sufficient forstncar companies to continue to
fund their vehicle- and driver-centric developmeibst they are not sufficient to
make them standard fit. Much of this 5-6% growtll eome from developing
countries where the service infrastructures that re@cessary to support ITS
functions will not be available for many years lire tftuture. The navigable map
data, traffic information, address and points eéiast location information does
not exist as yet in most of the high growth are€hina, India, Africa, South
America.

1.3.2. Types of vehicles sold

The luxury car segment will expand as a total patage of all car sales in the
established markets. It is this segment that pvitlvide the primary support for
the implementation of vehicle- and driver-centricSI systems. Heavy price
pressure from consumers will mean that automotiieM® will need to
incorporate telematics in an option package, ratiem making them standard, in
order to recover some or all of the costs. Theasibn is different in North
America, where it is more common for a dealer tteoicars for display to attract
buyers, rather than to build cars to customer $ipation. Buyers in the US are
used to comparative shopping, and buying what seey rather than ordering a
car and waiting for several weeks (or months) felivéry. For the US market, it
is more likely that telematics systems will haveb standard fit in a model
range just to get past dealer resistance to omwrwith features that they may
have to give away to the customer when bargairong ale.

1.3.3. Technical capabilities

A major breakthrough for telematics will occur whitve emergency services are
able to communicate directly with vehicles, rathdan having to route
emergency calls through third party telematics iserproviders. This is not
likely before the next decade because the emergentiyorities have only
recently started to address this issue. Therdnitiatives that have started in
Europe led by the European Commission’s mobilityvises sector directorate
general for the information society (DG Info). Thkave published a report
titled Information and Communications Technologies foreSafid Intelligent
Vehicles The report provides a set of guidelines foradight areas of safety,
including vehicle-to-vehicle and vehicle-to-infragiture communications. A
budget of €8 million has been provided by the E®aaspent over a three-year
period in _researclinto standardisation and technological developmen®nly
after the research phase can there be any protpessd a single, standard
approach in all European countries. By then, a@emtlike the UK, which
already have a method of enforcing vehicle-to-emecy services
communications, will have to be convinced to addyeir current approach in
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order to harmonise to a standard. When it comesaodardising at the public
policy level, there are always significant delay®?erhaps a decade is an
optimistic estimate.

Until the results of initiatives like those in eBif are completed in all of the
major European countries, systems will be dependantonnectivity and data
routing services, like the one for Volvo On Callthee UK, or for first contact
services like OnStar in the US, TeleAlID, BMW Coninec Volvo On Call in
Europe and the US.

1.3.4. Wireless communications

As stated earlier in thifkeport the status of the wireless communications
network is one of the biggest inhibitors to the eyah adoption of telematics
solutions. As the usage of GPRS spreads and amnkedperators finalise their
roaming agreements, GPRS will replace GSM/SMS astbssage bearer. This
will increase the range of services that can beiged. Gradually also, 3G and
then 4G will be introduced. These improved telegmmications technologies
will simply make it easier and faster to downloadgke amounts of data to the
vehicle and enable new services that cannot beswiated with today’s 2G and
2.5G technology. However, there are significardbpgms that must first be
addressed.

Successful completion of an information request amirmation delivery
requires the availability of a communications netwbearer service) that is
compatible with the communications device, and uke of message transfer
protocols that are compatible with the sending cevihe intermediary (relay
station) and the information source. Bearer seraicailability varies among the
major markets (North America, Europe, Japan)Each market has a primary
bearer service technology--in the case of North Acae multiple technologies--
which is not compatible with the other technologifhis is due to the
establishment of different standards for radio destcy transmission. Within
each market, service availability varies, dependorg access to a cellular
receiving station by the communications device. mBte areas are often not
covered sufficiently by cellular receiving statipasd as a result, there are areas
where cellular service is not available.

Protocols for message transfer are today primdghjce- or application-specific.
Examples are Motorola’s ACP (Automotive Communiga$i Protocol) which is
used in the telematics systems developed by Matpr@ATS (Global
Automotive Telematics Standard) used by the Eunopel@matics and consumer
travel information industry in Europe.

What needs to happen for a connection to be matleebae an in-vehicle
communications device and an application served fam the session to be
successfully initiated and completed?

O The user must be inside GSM coverage. If the issi@rhis or her home
market, the coverage must match that of the netapekator with whom
the user has a subscription. If the user is outi®for her home market

¥ The major difference between Europe and the US is the existence of a single bearer standard in Europe: GSM. In the US
digital services TDMA, CDMA and a version of GSM compete with AMPS, the ubiquitous analog service. Another difference
is that TDMA and CDMA currently have poor data services compared to GSM.
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(i.e. roaming), it should be sufficient that anytvserk operator covers
the user’s current location—unless the systemsgioted by agreement
to a set of preferred networks and cannot roamattter networks (See
4.1.2. for exceptions).

o If the service uses packet switched data versgsitswitched data (e.qg.
GPRS or I-mode versus GSM data), there must bécseavailable. If
the user is roaming outside the home area, thest lbeuan agreement in
place between the user's network operator and thneigh network
operator into whose coverage the user has roamed.

0 There must be an active connection between theettion point and the
application server.

If any one of these links is not functioning, thevil be no service available to

the user. At this stage in the evolution of wissleetworks and location-based
services, there are no guarantees that users xygkrieence 100% success in
connecting to a service in every section of evexyntry.

Connection in the home market

For a SIM-carf in the user's home network, where it is not pdsstb roam
into other networks, coverage can be a problensame geographic areas.
Usually, the incumbent network operator (former testamonopoly
telecommunications company) has the best coverdigthey are not forced to
share their network with their competitors (as tlaeg in some countries, like
Iceland), a customer with the incumbent’s SIM-caill have GSM access when
a non-incumbent’s customer will not. Since buitgdiwireless infrastructure is
costly, network operators attempt to match covetagehere people live. In
Sweden, two-thirds of the population live in theutb®rn one-third of the
country. Vodafone, the largest non-incumbent, &asellent coverage in the
southern section of the country. In the middle -titial of the country, its
coverage is concentrated along major roads anukifargest population centres.
In the top one-third, it coverage is sparse to existent. TeliaSonera, the
incumbent, has good wireless coverage over theseciintry.

GSM availability is mostly problematic in the geapghically large but sparsely
populated countries (e.g. Sweden, Finland, Norway)d in the rural and
underdeveloped regions of most countries. GSMlIalbidity cannot simply be

taken for granted, particularly in the home countiyere it is not possible to
roam into a competitor’s network.

Connection when outside the home market

When wireless GSM subscribers are outside theirehorarkets and in foreign
GSM markets, they normally have the advantage wfguany of the networks

available in the foreign market. For example, ae@sh Vodafone subscriber
who travels to the UK can roam into BT, O2, Orang,. However, it is

possible for a network operator to restrict a stibsc from using other networks
in foreign markets if there is an agreement betwbensubscription owner and
the network. An example of permitted restrictidgasVodafone Sweden and

15 SIM stands for Subscriber Identity Module. The SIM-card is what a user receives from a network operator when signing
up for a subscription, and which is inserted in a wireless device to make it function.

MICHAEL L. SENA CONSULTING AB



JANUARY 22, 2004 MOBILITY RESEARCH SPECIAL REPORT F OR DAIMLERCHRYSLER 18

Volvo Car Company agreeing that users of the Vadlematics system, which

employs a Vodafone Sweden SIM-card, will only haoeess to Vodafone or
Vodafone Partner networks (e.g. SFR in France;iRnaxin Belgium) outside of

Sweden. Without such a restriction, access to thergency services number in
certain markets (e.g. the UK) could not be guaehteSo Vodafone places a list
of preferred networks in their system that applyh® SIM-card numbers covered
by the agreement. When the SIM-card enters a pguittsearches for the

Vodafone or Vodafone Partner network, and uses thaltynetwork.

Packet Switched Data

There are two types of network bearer services:

o Circuit Switching - A bearer service where a dettidaconnection is
made over a network. The user pays for the duradfothe call even
though data is sent in bursts. The so-called 2@aréks GSM and PCS
(CDMA, TDMA, GSM1900) are circuit switched networks

o Packet Switching - A bearer service where multiders share a single
connection. It is more efficient than circuit setiing, but it does not
guarantee performance. The user pays only forithe tised to send a
message. GPRS and I-mod& are examples of packet switched
networks.

The advantages to using packet switched data veirsust switched data are:

o Cost savings — Receiving an SMS message costabisertber nothing.
Sending an SMS costs between €0.025 and €0.28ndew on the
network and country. They are inexpensive in Detinand expensive
in Swedert® An SMS can contain 140 bytes (8-bit/characterusér
data, or 160 bytes of GSM 7-bit/character datamiAimum navigation
instruction set for a short, in-city route would beound 10Kbytes,
require around 60 SMS’s, and would cost around E30 SMS-
equivalents in the home market, and €15.50 in forenarkets. A GPRS
message of 10Kbytes, on the other hand, would apgroximately
€0.016 in the home market, and €0.11 in foreigrketar®

o Faster transfer of more data — GPRS is rated aKid® (kilobytes per
second). This transfer rate is under ideal comliti Delivering data to
a moving vehicle is not considered an ideal coaditi At best, the
transfer rate is between 40-50Kbps. The transfer i@ GSM data is
14.6Kbps. Three-to-four times as much data catrdesferred in the
same amount of time with packet switched data thath circuit
switched.

16 GPRS - General Packet Radio Service for GSM, enables more efficient use of radio resources leading to increased
capacity and higher speed data services.

i-mode is a brand and a service owned by NTT DoCoMO, a subsidiary of Japan’s Nippon Telephone and Telegraph.

18 There does seem to be a relationship between cost/SMS and the number of SMS’s sent per person. In Sweden, the
number is 16 SMS per person per month, and the average cost for an SMS is €0.16. In Denmark, where the cost is €0.025,
Danes send an average of 56 SMS's per person per month.

9 These figures are derived from actual usage of a Vodafone Sweden subscription in Sweden and the following foreign
countries: UK, Netherlands, USA, Spain, Switzerland, France, Israel, Belgium.
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Of the three currently available GSM services—vpiaa and GPRS—GPRS is
the least dependable and SMS is the most relidblether words, when a signal
is weak, an SMS sent by a wireless device will loigul up by the closest cell
tower, while voice or GPRS will not. Put anothemywa mobile device can be
within GSM coverage and still not be able to conteGPRS.

While there are GSM roaming agreements in placesadeurope and most of the
GSM world, including with GSM providers in the Uthere are currently few
GPRS roaming agreements in place. | have persxparience with the lack of
roaming. My Swedish Vodafone subscription workdl i@ phone coverage in
Australia where there is a Vodafone company, betetlwas no GPRS coverage
in October 2003. | confirmed this while in the oty with Vodafone Australia
and upon my return to Sweden with Vodafone Swedgmeven within the same
company, agreements are not in place for GPRS rmpbetween countries. |
have also not been able to obtain GPRS coveragthér locations where GSM
coverage is excellent, like Singapore, Denmarklaelnd.

Further, when in a country where there ametual GPRS agreements, such as in
the UK between Vodafone Sweden and Vodafone UI§, étill possible to lose
GPRS service because of the lack of roaming agnmetsméth the other networks
in that country. This is so because it is posstbleoam into other networks
when outside your home subscription country andnithe subscription network
has weak coverage.

Finally, in places where GSM coverage is very lgditlike the US, it is possible
to lose all service when outside of cities and Wf§ major Interstate road
network. | had full GSM and GPRS coverage for 200 kilometre trip from
Newark to Scranton, Pennsylvania, a city of 85,080ple in the north eastern
corner of the state. However, as soon as | wasideubf the city limits and off
the major highway leading to Newark/New York, GSMverage, and as a
consequence, GPRS coverage, were lost.

The result of this present condition is that a isendependent on GPRS will
simply not work outside of the home country in gscwhere roaming
agreements are not in place, and it will be spetgn where they are. What can
be problematic for a application service provideg( a company offering off-
board navigation services) is attempting to guamuservice when customers are
using multiple SIM-cards. This problem is simitarthe difficulties experienced
by automotive OEM’s when trying to offer consistégiematics services to their
customers on a pan-European basis.

1.3.5. Standardisation versus Performance

There are currently no standard formats for routections or map data transfer
from a central server to a wireless device. Tlaeeno standards for anything
related specifically to navigation content, off-bar on-boartf, except the
transfer of data from the content supplier to tigeteam developer. This is
ISO/GDF, which defines the data model and codingdigital map data for
features, attributes and relationships.  Nothingiivedent exists for the
applications side. There are proposals for stalsjasuch as GML from the

20 Today, unlike in the CD audio or DVD video industry, it is not possible for navigation map data provided by one system
supplier on CD or DVD to be used in other systems. All formats are proprietary. It is similar to the situation in the video game
market, with each system (e.g. Nintendo, Microsoft or Sony) requiring its specially formatted software and data.
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Open GIS Consortium, or another XML variant frore t{AGIC Foruni*. So
far, no one has taken these suggestions serioasihuke tests have shown that
the formats do not match up well with proprietapjnary formats developed
specifically for sending data (voice, graphics, magext) to a wireless device.
The situation with off-board systems today is sémib how it was with on-board
navigation developments over a decade ago. Sdgamaessing is determining
which developers get to move forward with the OEMssearch and
development groups. Currently, no one on the OE#é $s demanding a
standard navigation message format.

The question is raiseddoes a data transfer standard matter with théodi-d
solution?

A standard data transfer format matters a gredtifitee data will be stored on-
board following transfer, and used by other apfilices such as ADA%. |t
matters less if what is transferred over the wagleonnection is used in an
application that is built to operate only with tlata it receives, and this
application has the keys it requires to convert thaa in real time to the
application format. If the server can package dhta in a highly compressed
format, send it over the most available bearerisenpand have it processed by
software on the client; AND, if the client can teplaced if the server side is
replaced, there truly is no need for a standardecdrormat.

This is quite different from the safety and segutilematics applications in
which systems in use on GSM networks have used GBI8/to send content,
and have programmed the on-board units with sevditietrent message
protocols that require translation at the servicd?2 GATS was initiated as a
standards effort in order to ensure that the wogindp performed on the
telematics platforms would be interoperable witly aervice provider, and on-
board systems could be upgraded and interchanggawihaving to perform
extensive retooling at the server end. Becauseidla with its proprietary ACP
was first into the market, and service providerd meady developed translators
for it, and because Motorola did not open up itsnfat to non-Motorola system
developers, there was no chance for a single, atdisgtd format to be used
during the first years of telematics. Any servimevider wishing to work with
the telematics on-board units of several OEM’s niaste a message translator
tuned to the specific message format and versidheoformat of the each of the
units. This has lead to OEM’s tending to work wiimgle telematics service
providers who have invested the time and resoutoesreate the two-way
translators that work with their specific uffts

Such a situation with off-board navigation woulceate a virtual lock by a
service provider on an OEM and the eventual custoridis would be

2L XML is Extensible Mark-up Language. GML is Geographic Mark-up Language, an XML variation.

22 ADAS stands for Advanced Driver Assistance Systems, which include functions like curve warning, braking assistance,
steering of headlights around curves, lane departure warning and other active safety features. For supplying mission-critical
information, such as that required for ADAS, large amounts of data will still need to be stored on-board, and the format for
supplying this data is just as important for interoperability as the format for on-board media.

B GATS (Global Automotive Telematics Standard) developed in Europe by Vodafone and T-Mobile; ACP (Applications
Communication Protocol) developed by Motorola for its devices; GTP (Global Telematics Protocol) Developed within the
Telematics Forum in Ertico ITS Europe, the objective was to combine GATS and ACP to create a standardised solution that
will create a mass market for telematics. The principal developers are Vodafone, one of the original developers of GATS, and
Motorola.

24 Volvo with WirelessCar; BMW with ATX Europe; Mercedes with T-Mobile Traffic; Fiat with Targa Infomobility; GM with
OnStar.
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unacceptable, just as it has been found to be eptalge with telematics. It
must be possible for the OEM to switch service wters, map data vendors,
client-side software and hardware without incurningjor costs.

The solution to the lack of application and preaganh layer standards in the
short term is to use the wireless standards foutigerlying transport protocols
that are truly international and not to get locketb any one bearer service or
over-the-air protocol because it may provide a tstesm solution.

Second, any solution should treat the mobile devitte client side application
platform—as any other application platform, aslditdifferent from other
platforms as possible. Wireless-specific elememts a necessary part of the
mobile terminal protocol stack, but they shouldcbafined to the lower levels of
the protocol infrastructure and not visible at #pplication protocol layer.

1.3.6. Government Actions

Another major influence on growth rates will be gownent actions.
Government authorities will increasingly view tekgtios as an alternative to the
public sector having to make investments in infrecdure or adding personnel
for management and operation of the road and puldansportation
infrastructures. Automatic speed controls insthtye vehicles is a substitute for
police speed controls or the installation and nemiabhce of cameras. Putting
speed control in vehicles shifts the cost fromphblic sector to the consumer or
the automotive industry. Government authoritieB thierefore attempt to make
telematics systems standard options, while thenaatioe industry will attempt
to block such actions because making telematicgemsgs standard will reduce
their revenue opportunities and increase theirscost

1.4. Assessment of the current government initiatives,
likelihood of regulatory changes as a consequence of them

1.4.1. What governments want from ITS solutions

Governments are concerned with the social and eciencosts and benefits of
transportation systems and infrastructures. They raost concerned about
reducing traffic accidents and deaths, and optimgistheir investments in
transportation infrastructures (roads, rail, publiansport equipment, etc.).
Governmental agencies in all major automobile markave contributed human
and financial resources in support of Intelligemafisportation Systems (ITS)
initiatives, and they appear willing to continuedimso in the future.

As with most vehicle-related issues, the vehictusiry and governments will be
at opposite poles with respect to their reasons dgpporting telematics.
Nevertheless, | expect governments to be one ofridjer driving forces behind
telematics systems installations. Governments ke a major effect on the
rate of growth for telematics systems through bettabling and restrictive
legislation: enabling through tax incentives forstailing certain types of
equipment, such as traffic information systems maadigation; and, restrictive
through requiring either car manufacturers or ehawners to install other

% part of the recommendations from a Nokia Position Paper prepared for a W3C Workshop on Binary Interchange of XML
Information Item Sets.
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types of equipment, such as toll collection equipmend intelligent speed
adaptors.

An example of the enabling side is in The Nethaltanvhere the minister of the
environment has recently proposed that navigatiod #raffic information
systems should be standard fit in cars and truekaise of their demonstrated
ability to reduce traffic congesti6h He has proposed legislation that would
encourage car and truck owners to pay the extrs @fthese systems, and for
the services needed to support them. It is notdawdhat the main opposition to
this proposal comes from the car industry’s owrbiobg group, ACEA. They
do not want to add systems as standard becausddblethat they will not be
able to recoup the costs through vehicle priceciases. They would rather keep
these systems as customer options, or as pareoifaspption packages.

The Netherlands would also have been first withamdatory GSM/GPS-based
toll collection system for all motorists if it hadot been for a change of
government from labour to conservative. A consontiwas to have been
selected in 2001 to manage the development of yhteras for recording the
roads travelled and time of journey, and then genthis information to a central
data management service for preparing regular ¢egito motorists. The
systems were to have the possibility of deliverivajue-added services to
motorists, such as traffic information and routédgnce, and even offering the
safety and security services of current telematystems.

The Toll Collect system in Germany that was re-dohed to go live in late
2003, but which has been put off until late 20@4airealisation of this same
concept, although for commercial vehicles. Alicks operating in Germany will
be fitted—for free—with a black box telematics gyst Its principal purpose
will be to report road of travel and time for tallj purposes, but it is planned that
these systems will also deliver telematics seryiaeasl that the systems will be
open flzo7r service providers outside of the telensationsortium operating Toll
Collect™.

The European e-Safety initiative, which had itdaéd kick-off in Lyon, France
in September 2002, has as its goal to help meeE@is ambition of a 50%
reduction in traffic deaths in the European Unign2010. French officials, in
order to reduce traffic-related deaths, have dsad they will purchase new cars
only if they are equipped with speed control desic€ome systems operate with
GSM/GPS-based systems, and these systems aredvwailnigted at the European
Commission level and by national governments. Beugnd Renault already
have such systems, and BMW, Saab and Volvo arertezbdo be readying
systems for market introduction. A big worry forraaanufacturers and their
suppliers is that the European market will becomsgrhented and require
different solutions, as is the case with toll colien systems.

1.4.2. Assessment of the developments in the triad markets

In Europe and the US, government financing has lzeeple for research and
deployment of traffic control and road infrastruetisystems, but, thus far, it has

%6 It is not clear in the article, seen in Automotive News Europe, on what the minister is basing his claim that navigation
systems reduce traffic congestion. There are no research studies identified in the article. It is one of the main selling points
used by the system manufacturers and the vehicle OEM's who install them, but | know of no research that prove the results.
2" The Toll Collect consortium consists of DaimlerChrysler, Cofiroute and Deutsche Telekom.
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been minimal to non-existent for in-vehicle systemdExceptions are the
intelligent speed adaptation (ISA) initiatives iwe&len and the UK, where
government and insurance interests have been espess but not the
automobile industry, and government mandated tpliohemes, such as Toll
Collect in Germany. Experience from Toll Colletibss how difficult it is for
country governments to support home-based compéirée®aimlerChrysler) to
the exclusion of foreign competitors (Volvo Truckad Scania Trucks) when
pan-European in-vehicle systems are involved.

In my view, one of the major reasons that goverriniending has not been

available on a large scale for in-vehicle systeesearch and deployment in the
US and Europe is that the automotive industry legyiven clear signalthat it

is prepared to introduce these systems on a lage.s Navigation systems are
not developed or promoted as traffic reduction afety devices, but as driver
convenience aids. Telematics programs have bededtand stopped with very
little engagement with the public service agenclds situation is very different

in Japan, where government, research institutiodsirrdustry have worked side
by side in the development and deployment \ICS

28 vehicle Information and Communication System. VICS suppliers real time traffic information to drivers who have VICS-
enabled navigation systems. Traffic flow data on major arteries is sent to the vehicles and overlayed on the map displays.
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Il. Intermational Competition

2.1. Assessment of the competitive strengths and
weaknesses of the individual OEMs in the ITS field

There are thirty-seven global vehicle manufactured$ that total, four of them

are companies based in India that produce fewer 125,000 cars per year.
First Auto (Chinese) and AutoVaz (Russian) arearably large producers, and
while they may be long-term prospects for telensagstems and automotive
connectivity, they are unlikely candidates in thers term.

Of the remainder, ten are primarily truck manufeets. That means that there
are twenty-one car and light truck (pickups and SUsbmpanies who control an
additional thirty-eight wholly- or partly-owned ssiliaries. For example, GM
includes Holden, Opel, Vauxhall and Saab. Fortuoes Aston Martin, Jaguar,
Land Rover and Volvo Car Corporation. In additidimere are brands within
companies like DaimerChrysler, GM, Ford and Toyatal others that have
independent development programs. Examples arebatéy and Smart for
DaimlerChrysler, Cadillac for GM, Lincoln for Fordhfinity for Nissan, Mini
for BMW, and Lexus for Toyota. So the total numb&automotive groups who
could potentially have their own, unique vehicleadadriver-centric ITS
functions approaches seventy, most of which alengatars in Western Europe.
The number of groups is lower in North America whe€iat, Renault and PSA
have no sales at present.

Many of the car producers are already part of entatics sphere which share
resources, platform technology or service providév®st of the spheres are still
loosely defined, with members joining or leavinglahe hardware solutions left
up to the individual companies. Volvo is, in thggpart of the Ford sphere, but
has its own solution with WirelessCar that is rfedred by any of the other Ford
Group companies.
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Two spheres, GM and Fiat, are intertwined througmership (GM currently
owns 10% of Fiat). GM has set up the OnStar spimelorth America. This is
an end-to-end solution. As seen in the diagramvibeh number of non-GM
brands have taken OnStar on board in the US. Aatida, Subaru and Toyota,
which are not GM brands, are part of the GM On&thematics services sphere
along with GM brands, including Saab.
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In Europe, the OnStar sphere is much more diffustly GM subsidiary Saab

joining the Fiat sphere led by Targa Infomobilighd thus far OnStar being
offered only in Germany.
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OnStar Europe is attempting to do what OnStar NArtterica has done, which
is to offer an end-to-end telematics solution fdl Brands and any other brands
that care to join the sphere. The operations madlebe the same as OnStar
North America's, which is to build its own telenaatiservice provider and
integrate it with GM sales and marketing functio@®@\ has had difficulty in
establishing its in-vehicle services business imope because they tried a
different model to the one used in North Ameridehey tried to push all of the
development of infrastructure on country suppliike® ADAC in Germany and
the AA in the UK. The OnStar organisation thougtdt they did not have to
own anything. What they found out was that theyenduplicating all services in
every country, and paying for these services eauk they were developed.
Also, they had no control over the customer infdiara They were giving their
customers to the service providers, rather tharpikgethem for themselves.
Volvo realised the same thing before they actumtiplemented their services,
which is why they asked WirelessCar to build itsitealised infrastructure.
OnStar Europe just took a longer time to figuretit. Why didn't they choose to
use WirelessCar's services or those of Tegaromass® instead of building it
themselves with Accenture? Because Accenture ilgibg the systems to tie
back into their own internal administrative, sabesd marketing systems, and
they did not see any of the other companies aft@ae developer of the calibre
of Accenture.

DaimlerChrysler has two distinct and separate sshevne in Europe and the
other in North America. The company sold its iatrin Tegaron to its joint
venture partner, T-Mobile, but continues to workhathe re-named company, T-
Mobile Traffic. In North America, its telematicgryice provider is ATX, who
are a competitor to T-Mobile Traffic in Europe snthey bought rival TSP,
Passo, from Vodafone in 2003.
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It is only the Mercedes brand at present that hasTeleAID system. Smart has
a PDA-based off-board navigation system supportedhke German company
PTV.
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The table below lists the major companies sellielgieles in Europe, the number
of vehicles they sold in 2002, and the telematjdsese to which each company

is aligned.

Major Brand Prospects Number of non-commercial Spherd
(excluding GM, Fiat and vehicles sold in P
related companies) Western Europe 2002
1. PSA Group 2,190,092 Nohe
2. VW Group (exc. Audi) 2,134,744 None
3. Renault 1,560,953 Nohe
4. GM (exc. Saab) 1,401,583 OnStar
5. Ford (exc. Volvo, Langl 1,297,301 Fort
Rover and Jaguar)
6. Fiat 1,173,835 Targa

. Own with
7. DaimlerChrysler 967,329 T-Mobile Traffic
8. Toyota Group 667,218 None

Own
9. BMW 623,827 With ATX
10. Audi 548,190 T-Mobile Traffic
11. Nissan 371,506 None
12. Hyundai Group 311,549 None
13. Volvo Cars 230,932 Own with
WirelessCar

14. Honda 183,871 None
15. Mazda 156,868 Nore
16. MG Rover 142,460 None
17. Mitsubishi 131,707 None
18. Land Rover 85,248 Nohe
19. Saab 72,654 Targa
20. Jaguar 51,755 Nohe
21. Porsche 25,351 None

1. All companies that were potentially part of ttev defunct Signant sphere
2. “Own” means they have a current telematics ofteand have developed a sphere with telematicscger

providers, content and applications servers. “Noneans that they do not have a telematics soludiorently

on the market.
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2.2. Companies Competing in the Telematics Space
2.2.1. An Evaluation Framework
Within each sector, there are four categories ofpetitors:

Market Leader This is a company that has high market visihiliharacterised

by broad brand recognition and well developed eerelationships. There can
be more than one market leader, or there can beeao market leader. In the
automotive sector it would be difficult to name @mpany that is clearly in the
lead. Although General Motors sells more vehithes any other company, its
total market share has been shrinking. Ford waseclo overtaking GM a few
years ago, but Ford is now struggling. In 2002¢linquished second place for
total sales to Toyota. DaimlerChrysler gainedize ind market share following
its acquisition of Chrysler, but Chrysler’s losses/e weighed heavily on DC’s
share price. Only Toyota seems to have solid maumenearning industry

record profits in 2002.

New Challenge- This is a company that has exhibited strong litipas for
meeting market needs, but has not yet achievedilmeaognition or developed
an extensive network of external relationships. wNghallengers eventually
either achieve market leadership, or are relegatélae struggling companies.

Struggling — This is where the majority of companies are fmsed. They
compete for what is left over after the market &adhave taken the largest
share. They attempt to develop new capabilitied @move up into the new
challenge sector, or they try to build externalatiehships and define new
competitive ground by establishing a new markednexice.

New Market— Within every business sector there are custoegments—they

can be large or small—that are not served by availafferings. An example is
navigation aids for small boats owners. When retidg aids for boats were
introduced twenty years ago, positioning devicesewgohibitively expensive

for all but large shipping companies. When GPSiasvwere introduced, a
large segment of the market opened, but small baatrs were still excluded.
As GPS devices became less expensive, they bectiordahle by all boat

owners. Each business sector has a new markeg¢rplayo is attempting to
redefine the competitive landscape by introducingesv concept that is less
expensive than the current offerings.

An example of the application of this categorisatis the comparison of
companies delivering end-to-end telematics solstion
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Endto-End TelematicsSolution

New Challenge Market Leader M ar ket VIS blllty
=Brand Recognition +
Targa OnStar-NA | External Relationships
Capability of
M eeting Motorol
Market Needs OnStar-EU B? oro akt
Si t aupun
Struggling New Market
Market Leader

OnStar North America is the clear market leaderemd-to-end telematics
solutions. It was founded by General Motors in@,98nd began operations in
1997. Since then, it has collected over 3 millp@ying subscribers. In addition
to all GM models, Toyota Lexus, Saab, Honda AcBisharu and Audi also offer
OnStar on their models. Three million may not sdike a large number of
subscribers in over six years of operation, esfiggace GM made it standard
fit on one-half of its models a few years ago. {lineans that approximately 2.5
million cars per year are fitted with On Star. t@bse who have OnStar installed
in their vehicles, only 20% are actually paying tbe continuation of services
offered after the first year. Still, that is a teettake-up rate than any other
automotive OEM has achieved in terms of penetratiand three million
subscribers is close to thee million more thanrtbleisest competitor.

OnStar is not an international organisation. Eaelket operates its telematics
business as it sees fit, while still using the @nSirand, or, if they choose,
another brand. In South America, GM has introducsgistem called ChevyStar.
The hardware developer, EDT, is an Israeli Tier @awmotive supplier. The
services are delivered by a company set up by GIWEDIT called RoadTrack.

New Challenge

Targa Infomobility’s bConnect operation, recentignamed from TargaSys,
claims to be profitable. They have Fiat's brandsl &aab as customers for
telematics services, and they have just added &€itroThey have also recently
begun to deliver off-board navigation services taupunkt systems installed in
certain Fiat models. Targa Infomobility has recgenmttorganised, changed its
name, broadened its service package. It is tryonge-enter as a new market
player.

MICHAEL L. SENA CONSULTING AB



JANUARY 22, 2004 MOBILITY RESEARCH SPECIAL REPORT F OR DAIMLERCHRYSLER 30

Struggling

OnStar Europe has had two failed starts in the bé @ermany, where they had
major problems with their hardware supplier, Motaro They have had three
management changes during the past five years. fbeyappear to be stable,
and have begun a new initiative using Accenture bidld a complete
infrastructure solution for them that will look slar to Volvo’'s WirelessCar
system when completed.

Ford’s Wingcast was due to start competing with @n$n North America
during the third quarter of 2002. It was shut doatnthe end of the second
quarter. There is currently no rival to OnStar tRohmerica as and end-to-end
telematics system and service provider. Signars, watil 1 January 2004, the
closest thing to a new challenge to OnStar. Beitviénture of Ford, Renault and
PSA seemed to get stuck very shortly after its &dfom. There was, from the
outset, a great deal of uncertainty about its &jtwith constant questions about
its practicality, whether it would continue, or wher one or all of the companies
involved would pull out and pursue independent apphes. Ford’s financial
instability was the biggest concern. The questiaress now answered. Ford
backed out of the venture as of 1 January 2004.t\Wifla be done with the
activities is still not officially announced.

New M arket

Motorola and Blaupunkt are attempting to changetéhematics paradigm with
new types of systems that can be sold into therrafteket or to OEMSs.
Blaupunkt is now introducing a 1-DIN radio that tebuilt-in GPS receiver and
GSM module. In the back of the radio unit is a SidMd slot for the customer’s
own SIM-card. A special roof-mounted antenna ist pd the package. It
includes radio, GPS and GSM antennae in a singie u\s an aftermarket
product in Germany only, the customer can obtaiteralirections and route
guidance. The service operator is a small Gernmampany called Tele Info.
Blaupunkt has sold the system into Fiat. Targardbility’s bConnect is the
service navigation provider.

Motorola’s SmartNav system is a one-button telecsasystem that currently
offers only navigation system operator and automaérvices. It can easily
become a vehicle-dependent telematics device, inffanost of the telematics
functions available on integrated systems.

Neither of these products consider the problemsG&RS roaming or the
potential blocking of SMS messages in foreign nekso They work in one
country only. By linking them through a connedtvprovider, like WirelessCar,
they could be competing with OEM devices in a \&hgrt period of time.
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2.2.2 The Automotive OEMs

In order to make a competitive comparison of thometive OEMs and their
vehicle- and driver-centric ITS capabilities, | badeveloped a matrix in which |
list the current status, to the best of my knowkedgf each of the OEM'’s
activities.

Vehicle- and Driver-Centric ITS Functions

Automotive
OEMs

O O O|o[o|eO @ O|oo O |e e
O O[o] O[o][e O [0][c][e] O O [e][e
OO0 OO0 OOO0O[e0e|e
e O O Ole][e O O[c][c][o][c][e] e
e O O[o][e][e] O O [e] O [0][0][e][e
OO0 OO0OPO OO0 OO0 ele

o Very Active in Development and Deployment

O Somewhat Active in Development and Deployment

O Marginally or Not At All Active in Development and Deployment

| have chosen six activities for inclusion in thekation matrix, and have used
three levels of evaluation, from very active to giaally or not at all active.
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Telematics Services

The company has a program in place for deliveriatpty and security or

convenience telematics services to customers in onemore countries.

DaimlerChrysler, BMW, Volvo and Fiat are the moslvanced in this area.
Volvo has programs in place in Sweden and the Wi, active projects for four

additional countries during 2004. Fiat is the mastanced with regard to pan-
European services. GM and Audi are developingneskte programs.

Dynamic Navigation

The company offers a navigation system that calinked to a service provider
who delivers traffic and points of address inforimat and who can deliver a
destination position to the vehicle. DaimlerCheysIBMW and Fiat have the
most advanced programs that employ a service cdrdecommunicates via data
with the on-board navigation system, and via veiith the driver. A number of
companies, such as Volvo, Ford, GM and Toyota, hiaserporated RDS-TMC
traffic reception in their autonomouns navigatigatems.

ADAS Applications

The company is currently supplying an advancededrassistance system in its
vehicles, or will deliver such a system imminentpaimlerChrysler, BMW and
Audi are the most active and advanced in this arBenault and VW have
development programs that are somewhat advancékder @ompanies, such as
Volvo and Ford, have research programs, but imphtation is not imminent.

Data Expertise

The company employs staff who have experience gitadimap data bases,
traffic information and travel data, and uses #hipertise to guide the company’s
research and development activities. DaimlerCery®8MW, Fiat, Renault and
Nissan have excellent staff capabilities in thisaar Nissan has recently added
serveral individuals to its staff who have extergilata experience.

Research Activities

The company maintains a staff who conduct resear€nS functions, and there
are organisational procedures for implementingfihéings from this research.
Many of the companies have well-funded and wellfsthresearch activities.

Standards Activities

The company takes part in country, regional aniht@rnational standardisation
activities. DaimlerChrysler and BMW contribute theost to standardisation
among the car manufacturers, and both Ford anduRguecicipate in specific
areas.
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Vehicle- and Driver-centric

ITS Functions

Market Visbility
=Brand Recognition +
External Relationships

New Challenge Market L eader
VOvo 1 baimlerChrys
Renault | amiler rysier
Audi BMW
. Nissan
Capability of
M eeting Honda PSA Fiat
Market Needs 3 vw a
aguar
Toyota
Ford GM
Struggling New Market
Market L eader

The market leader position is shared between Da@higsler and BMW. Both
receive top marks in all six functional areas. rblarChrysler has and edge in
telematics service delivery with its soon-to-beivded pan-European service.
In most other areas, they are quite even.

New Challenge

Volvo has one of the most active telematics progamong the automotive
OEMs, and it has had a strong position within theigation arena. Since its
acquisition by Ford, it has lost significant groundall of the other areas because
many of these functions were performed by Volvolredogical Development,
which remained with AB Volvo. It is now dependemnt input from Ford and
confusing relationships with other companies withord’'s Premier Automotive
Group (Jaguar, Land Rover and Aston Martin).

For the past two years, Audi has been in the peooésipdating its telematics
offering, working with T-Mobile Traffic. It is notlear where they are in this
process, but they do have an active telematicsrgnogand navigation system
development group.

Renault has one of the best navigation system dprent groups in the
industry. They have been one of the most activepamies supporting an
interoperable map data media standard. Renauttedfathen closed, its
telematics service, later joining the now-defunign&nt venture with Ford and
PSA. Renault is one of the industry leaders invacsafety, and ADAS is an
important part of its future car program.

Nissan has used its success in the market to bpiits expertise in the areas of
telematics and navigation. It is in the processl®feloping programs in these
areas, and will begin to do the same with ADAS.
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Struggling

Of all the automotive OEMs, Ford is struggling masgth its position and
direction. It has had a string of failures withetaatics implementations, the
most recent being its extraction from Signant, Wwhiaused the breakup of that
group. Ford’'s European Advanced Engineering anse®eh Group, based in
Aachen, is very active in all areas of telemat&BAS and navigation. They
take part in standards activities at the GermanEanmdpean level. Whether their
work is applied by Ford, or any of the Ford companis decided by each of the
brands.

VW initiated several new programs, including a med¢ics service through
Gedas, that it has closed down. The company lashald difficulties recently
with its navigation system program. Toyota ha®ital very cautious approach
to all forms of ITS functions in Europe, which iery different to its activities in
its home market, Japan. The company has a nawigatistem that can accept
traffic information broadcast via RDS-TMC in the UKsimilar to
DaimlerChrysler, Volvo, BMW, Renault in other matr&e and has called this
their telematics solution. Jaguar appears to bHeguin several directions at
once. It had a solid navigation system programeva years ago, but then lost
most of its staff (first to Saab and eventuallyNissan), and cannot seem to
decide on a supplier. It has no telematics progadter it decided to accept
Ford’s last solution (pre-Signant) and then Fonat stown its service.

New M arket

Fiat and GM are New Market in this comparison beeathey are attempting to
redefine the relationship between the automotivéiGiad its customers. Each
company is trying to build distinct operations tha¢ tightly integrated into the
management and operational infrastructures of tompany’'s mainstream.

These operations are intended to serve as a compteémthe normal sales and
service channels available to the OEM's custom&t&hile they are intended to
be self-funding, they serve mainly to reinforce thastomer’'s long-term

relationship to the brand.

Fiat, in spite of its enormous financial difficas, has built a solid telematics
service organisation in Targa Infomobility. By lomating it with its Targa
Connect roadside assistance group, integratingitht the Trafficmaster joint
venture, and building bridges to one of its har@suppliers, Magneti Marelli,
Fiat has given Targa Infomobility the maximum chesi¢o succeed. Safety is
not one of Fiat's core values, so the company lasshown any activity in
ADAS, and they are not active in standards worlkawklver, they have programs
with off-board navigation (Blaupunkt's off-board wigation radio is supported
by Targa Infomobility), and will soon have moreiops to offer its customers.

GM will eventually get OnStar Europe operationslith the help of Accenture,
they are building an infrastructure that will benBar to the one they have in
North America. OnStar has become a key part of &SMarketing in North
America, and it will be so in Europe as well. Tqeestion remains, when will it
be ready. GM started its telematics program inUieand Germany in 1997
without success. OnStar has had several orgamisdtind management changes
since its inception. It now seems to be stablevamitking on executing its plan.
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2.3. China and ITS Solutions

| have not been to China, nor have | studied the&3de business climate for ITS
applications. My perspective on China is, therefdrased on a reading of the
business press and information | have gathered fimfividuals who have
worked or done business in China. The countrésviorld’s fourth largest in
land area, first in populatiéh It has approximately four-and-a-half times the
number of people as the United States, but itgen8 purchase less than one-
fifth the number of cars as are sold in the US (&ilon in 2002 in China versus
17.2 million in the US). Sales are projected tarfyedouble by 2007, to 4.9
million units, while they will increase only sliditin the US. Still, by the end of
this century’s first decade, China will still noe la market much larger than
Japan. The country is adding motorway pavemeatfaster rate than anywhere
else in the world, but by 2010 it will still havenlg approximately double the
length of expressways as Germany’s 11,515 km (atopwith 4% of the land
area and 7% of the population of China), and lbas ne-half the number of
cars as on the German roads.

ITS America recently conducted a Business and Thidsion to China, and one
of the delegates, Meifu Wang, shared her expergewa the ITS community in
an open letter published on the Web. She repdtidke all visitors, |
experienced the hazardous conditions on the sfirsehand. Drivers assume
the right-of-way at all times; they make sudden guoitk turns at intersections,
and cut in front of cyclists, pedestrians and semallehicles.” Ms Wang
continues: “Chinese officials and planners recaogrtzat ITS by itself cannot
solve all the traffic problems in the cities. Lagktransportation infrastructure
to support the fast-growing need for mobility i® thnain reason for congested
and unsafe roads.” The report concludes that ITBn@logy is being adopted in
China at a fast pace, especially in the commeceiater of Shanghai, but there is
no Chinese framework for the investments. It mpdy adopting the practices of
the US, Europe and Japan.

The Economidt sums up the climate for technolgoy adoption inn@hi extract
the main points from their article below:

“The country’s success in putting a man into spiduie October, only the
third nation to do so, was more than just a booshational pride. It
signalled the Chinese government’s intention ta tilre world’s workshop
into a technological powerhouse...So will China beedhe next technology
superpower? Actually, probably not—at least nottiamy soon. Overall,
China’s technology base remains limited and theitglpnfrastructure
needed to produce advanced, high-tech goods largbsent. While
politicians in Beijing shout about China’s needd@velop technology, the
smartest Chinese firms are taking advantage dbttwur supply and actually
reducing their use of technology. A study by thest®n Consulting Group
shows that Chinese manufacturers were more proaguetnd made more
profits if they reduced the technology used in picithn and returned to
more people-heavy processes. China should sez@adiantage with both
hands. Its labour will remain cheap for decad&3nly labour-intensive

29 Russia, Canada, USA in that order are larger in land area; China had a population of 1.2 billion in 2002, India 983 million,
USA 272 million, Indonesia 209 million and Brazil 160 million.
% Technology in China: The allure of low technology; The Economist; December 20" 2003 (p.100)
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industries can generate the millions of new joledee each year to maintain
the social stability sought by the leadership injiBg. Meanwhile, China
can gradually build up the educational, legal amdrfcial infrastructure
needed for faster technological development indhger term.”

The Economist does not indicate how long “meanwhiiebut when they state
that their labour force will remain cheap for deesdthis can provide a hint to
how long they believe it will take for technologicadvancements to catch up
with other, more advanced parts of the world.

Because of its shear size and growing importan¢gnaCcannot be ignored.
However, it does not appear that it will be a sewtinnovation for ITS during
the coming decade. Rather, it will be an obseara consumer of ideas that
seem to work in other markets. Its greatest nge¢ad build roads. Things should
begin to change in this millennium’s second decadsuming that there are no
catastrophic developments in the country’s politazad social framework.

nb
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Iil. World Class Research

There are three research groups with whom | amliEmiEach group focuses on
a different aspect of Intelligent Transportatiorsteyns.

Japan
Keio University: Department of Administration Engering, Faculty of Science

and Technology

Postal Address: 3-14-1 Hiyoshi, Kohoku-ku, Yokahasha Kanagawa 223-
8522, Japan

Contact: Dr. Hironao Kawashima (kawashima@ae.keipp

Research at Keio University has been in human madhterfaces and cognition
engineeering. Professor Kawashima’'s work on dsiveognitive processes has
important implications for navigation system desigde and his research group
have compared the way that individuals from diff¢reultures describe and
diagram a route. In one study they compared Swealsl Japanese subjects
living in their home countries with Japanese livingsweden, and Swedes living
in Japan. They found that the foreigners continteduse the wayfinding
methods that they used in their home country, dat lesser degree than in their
home country

North America

Transportation Information and Decision Engineefanter — TIDE Center

Contact: Dr. Alain L. Kornhauser, Co-directaldink@princeton.edu

The TIDE Center is a jointly owned and funded orgation. Princeton

University, Rutgers University and the New Jersastitute of Technology are
the research institutions, and funding is providgdhe New Jersey Commission
on Science and Technology.

The areas studied by the TIDE Center are showneridllowing illustration:

D ara Fusion, Objecdve and ;2
Surveillance Filtering and F Traffic Constraint Dsiusaﬁ
System IWlanag emnent ofecasting [dentdficadon PP
¥ System System

Systam System

Wultmodal Transportadon System
E E E B @8

31 Kawashima, Hironao, et al; Study of drivers’ behavioral characteristics for designing interfaces of in-vehicle navigation
systems based on national and regional factors; JSAE Review 21 (2000) 379-384.
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Europe

Viktoria Institute

Postal Address: P.O. Box 620, SE-405 30 Goételsbngden
Visiting Address: Viktoriagatan 13, Géteborg

Contact: Dick Eriksson, CEQIick.eriksson@viktoria.9e

The Viktoria Institute in Goteborg, Sweden was foeh in 1997 as a local
industry initiative. It is owned and funded by farganisations:

The Swedish Research Institute for Information Tedbgies (40%)
West Sweden IT Association (34%)

Chalmers University of Technology (15%)

Gothenburg University Holding (11%)

0O 0 0O O

The objective of the Viktoria Institute is to dosearch, development and
education in applied information technology in ablbration with industry, the
public sector and with universities. Research mtsjeare funded through
competitive applications for grants from Swedisk &b institutions. There are
five research areas, two specifically related toreless technology and
telematics. There are around thirty research aradfsix PhD students currently
working at the Institute.

Three active projects within the telematics arenea a

o SeamlessTalk — a Bluetooth-enabled car conversaistem intended to
increase the convenience and safety of mobile pbheaén cars.

0 Remote Diagnistics — To contribute to the field refimote vehicle
diagnostics through the development of innovatdiegjions.

o In-Car Route Decision Support — To identify andleate alternative

route decision support services for everyday, neujpurneys where the
user has significant local knowledge.
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