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Outline of each section

Section 1 describes the purpose of this ITS Guiedior Sustainable Transport in the Asia-Pacific
region. It is intended to provide a reference foliqy makers in the Asia-Pacific region to
develop or update their own ITS Master Plans. AR Master Plan is an essential prerequisite for
each region to get consensus of and support frencdhcerned people and organizations
including public sectors, private sectors and agades well as the concerned international
organizations.

Section 2 describes current transportation problanasresponses in each country and region and
the direction of future measures. Using the measadepted in other countries and regions as
benchmarks is extremely important for effectivehdartaking measures in one’s own country.

Section 3 describes the fundamental transport prodlsuch as congestion, traffic accidents,
environmental problems, and the lack of the lackmaflti-modal transport. It also elaborates
fundamental ideas on the measures to eliminateptbblems. Then, the approaches to the
problems are suggested, referring to the effectd 8f Finally, the necessary perspectives in the
implementation of measures are introduced.

Section 4 describes the role and applications 8f MMhis section also explains each application of
ITS including new or emerging applications sucluigzation of probe data and mobile devices
corresponding to transport problems such as coiogestaffic accidents and environmental
problems

Section 5 describes the type of benefits and at®® henefits are evaluated. It exemplifies
benefits of each application of ITS shown in Setto The benefits include time and fuel savings,
prevention of accidents, increased comfort, redunstiof emissions and economic effects. It then
introduces how to quantify the benefits with theasiwement methods.

Section 6 describes the important conditions ferdavelopment and deployment of ITS,
especially in developing countries. These may idelthe issuing of financing systems,
formulation of national policy on ITS developmemndadeployment such as National ITS Master
Plan including establishing national technical dnds of ITS, and capacity development.

Section 7 describes the contents of the ITS Md3tam, which includes principles, targets and a
roadmap for development and deployment of ITS tuest related experts from the public,
private and academic sectors for their understandind cooperation in its implementation.



Section 1 Introduction

1.1 Purpose and target reader

The purpose of this ITS Guideline for SustainablebMty in the Asia-Pacific region is to

provide a reference for policy makers in the AsaeiRc region to develop or update their own

ITS Master Plans. An ITS Master Plan is an essigptexequisite for each region to get consensus
of and support from the concerned people and orgéions including public sectors, private
sectors and academia as well as the concernedatiinal organizations.

1.2 Background

This ITS Guideline was mainly created from the dgstons at the last two Regional Workshops
on ITS held in collaboration with the Asian Deveatognt Bank Institute (ADBI) and with support
by the ITS Asia-Pacific Board of Directors. ThestilWorkshop was held in Tokyo, Japan in
March 2010 and the second Workshop was held injifiag@hina in July 2011. Some additional
comments and suggestions were provided by expetteiAsia-Pacific region and discussions at
the past ITS World Congress and Asia-Pacific ITBuRoheld by ITS Asia-Pacific.

A summary of the discussion of past Regional Wookshon ITS is described as follows:

Common recognition of transportation in Asia

* Rapid growth of traffic demands accruing rapid dagian and economic growth exceeding
that of infrastructure development in many citiesl aegions of Asia. Although Intelligent
Transportation Systems (ITS) have previously beeognized and introduced as vital tools to
solve safety and environmental problems in manaAsiountries, they have not always been
successful.

Important points for introducing ITS in developioguntries

* Financing system

» Capacity Development

* To formulate national policy on ITS deployment inting establishing national technical
standard of ITS (ITS Master Plan).

» To benchmark progress of ITS to facilitate flexibleroduction of the system tailored to local
conditions.



Section 2 Outlook

The outlook is a description of current transpaotaproblems and responses in each country and
region and the direction of future measures. W&tljard to responses to transportation problems,
the outlook describes policies, organizations,atgprojects, ITS introduction technologies, and
S0 on as response policies and measures for aduyekese issues. Using the measures adopted
in other countries and regions as benchmarks reeely important for effectively undertaking
measures in one’s own country.

The details of the outlooks for each country argiae are set forth in the Appendix 1.



Section 3 Approach to transportation problems

3.1 Transportation problems

Transportation problems are extremely serious enntlajor cities of developing countries in the
Asia-Pacific region. Among these problems are megadways where traffic comes to a
complete standstill, intersections with vehicleteeing from all four directions resulting in
gridlock, subjective manual operation of traffigrsals, parked vehicles that block traffic lanes,
traffic networks without alternative routes, drisdorced to endure traffic congestion without any
traffic information, drivers and pedestrians thatrebt comply with traffic signals and traffic rules
motorcycles with three or more passengers not wgdreélmets, vehicles so overloaded that they
tilt, lack of public transport such as subways bodes and inconvenient transfers, and so on.

Transportation problems can be broadly divided priablems occurring from the flow of traffic
and problems relating to the convenience of trartaion. The main problems occurring from the
flow of traffic are traffic congestion, traffic ackents, and environmental problems. Problems
relating to the convenience of transportation idelissues relating to mobility such as lack of
access to public transportation and lack of infdramarelating to the use of public transportation,
parking, and other facilities. Below, individualopems are discussed.

(1) Traffic congestion
Eliminating or reducing traffic congestion requitee control of traffic flows through the
introduction of traffic rules and compliance witiose rules by users.

Traffic congestion is a phenomenon that occurs vitedfic demand exceeds road capacity.
Means of eliminating traffic congestion can be loigalivided into two approaches: increasing
road capacity and controlling traffic demand.

Increasing the capacity of general roads requimgsavements to road structures and efficient
traffic flows. Improvements to road structures ud® increasing the number of lanes or lane
width and creating intersections with overpassasnaierpasses. Means of increasing the
efficiency of traffic flows include eliminating #éigally parked vehicles, normalizing left and right
turn lanes at intersections, and optimizing traiignal control. Also, constructing bypass routes
that avoid city centers and alternate routes batwegjor destinations can be effective, but these
are long-term measures, and consequently, it isgsacy to coordinate with urban development
plans including the construction of public trangption such as subways.

Increasing the traffic capacity of highways regsioptimization of the flow of traffic onto
highways, ensuring appropriate vehicle speedspatichizing traffic capacity as well as
eliminating traffic congestion at toll gates anuiting congestion caused by road structures.

In addition, the introduction of public vehiclescbuas buses as well as car sharing can be an
effective means of increasing vehicle ridership pared to private vehicles.
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Traffic demand is closely related to economic attignd urban activity, and therefore, it is
necessary that future traffic demand forecastsobedinated with mid- to long-term urban policy.

(2) Traffic accidents

The causes of traffic accidents can be broadlydeéwiinto accidents caused by road structures,
accidents caused by vehicle problems, and accidanised by human error. Accidents caused by
road structures include a lack of lighting, a latkane designations, and the lack of intersections
and pedestrian bridges for road crossing. The péages of accidents caused by road structures,
vehicle problems, and human error vary by coumégjon, and city, but in many cases, the
greatest percentage of accidents is caused by hamam

In addition to the measures addressing the diragses of accidents mentioned above, the
development of legal systems and education relatingaffic safety are also important. Legal
development includes the adoption of laws relatmgaffic safety, the imposition of fines for
traffic violations, and the creation of vehicle esgfstandards.

Also, since human error is a leading cause ofitraifcidents, educating drivers on traffic safety
and conducting traffic safety campaigns to raiselipitawareness are effective.

(3) Environmental problems

Among the environmental problems caused by exlgasemissions are air pollution caused by
nitrogen oxides (N§) and particulate matter (PM) and global warmingseal by carbon dioxide
(CO,) emissions. These components of emissions araipeadirom fuels. When a vehicle engine
cannot operate efficiently because of traffic catigam or other causes, fuel efficiency
deteriorates and atmospheric pollutants and cadimfide emissions necessarily increase. As a
result, eliminating traffic congestion and incremsthe efficiency of traffic flows leads directly t
improvements in this problem. Also, rapid startd anceleration consume more fuel than is
necessary. Eco-driving that limits such actionsiogprove fuel efficiency and reduce emissions.
The first step in resolving the problem of emissiagimproving fuels and vehicles through
regulation, but improving traffic flows and pradtig eco-driving are also effective.

(4) Problems relating to mobility

Means of land transportation include automobilewel as public transportation such as buses,
railways, and subways, while air and marine medrnsaasportation also exist, forming a
multi-mode system. Collaboration among modes awmi$idns of roles can improve access to
transportation including public transportation aade the efficiency of mobility. Also, in

addition to physical collaboration such as ternsrthhat link multiple means of transportation, the
provision to users of information concerning retbtensportation can facilitate choice of the
optimal mode to user destinations.

3.2 Approaches to resolving transportation problems
Approaches to resolving transportation problemsiireganalysis of current conditions, proposal
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of countermeasures, and application of ITS in avdaere its introduction will be effective.

(1) Analysis of current conditions and proposal otountermeasures

Resolving transportation problems requires nongleimeasure or means, but the parallel
implementation of multiple countermeasures. Muditdted approaches including long-term and
short-term as well as national and municipal measare necessary, and consequently,
collaboration and cooperation among the variousteel parties is essential.

Origin Destination (OD) surveys are necessary fatasstanding traffic demand, which is the
foundation of the occurrence of traffic. Rathemtheing survey questionnaires as in the past,
probe surveys that use vehicles equipped with GB®féective for conducting OD surveys. This
provides not only OD information, but also routeldravel time data, enabling identification of
locations and times of traffic congestion, queusgth of traffic congestion at intersections, and
so on, making it possible to obtain basic data thatbe effective for traffic congestion
countermeasures.

Analysis of causes relating to actual circumstans@®cessary for both traffic congestion and
traffic accidents, and in the case of traffic castgm, locations of traffic congestion and
impediments to efficient traffic flows are iden&#l. In the case of traffic accidents, statisties ar
gathered and accident causes are categorized.

Countermeasures include construction of infrastmgcsuch as roads and public transportation,
development of legal systems, and the introduatifolT S to increase traffic flow efficiency and
help prevent traffic accidents. The provision dbimation to users by ITS is also effective. As
explained in Section 3.3, these measures must aiaiaverall compatibility, and achieving
coordination and the sharing of common objectivesrg the related parties through the
adoption of an ITS Master Plan is important.

(2) Effects of ITS

ITS can be effective in achieving the following etiives relating to countermeasures for and

means of solving transportation problems.

* Obtaining and providing information
Technology for monitoring traffic conditions, pr@seng information, and providing
information. In addition to conventional fixed sens probe technology facilitates the
measurement of traffic flows. In addition, big datacessing such as social networks can be
used to identify traffic flows and user behaviodawnduct patterns.

* Influencing user conduct choices
The provision of information to users (through wais media) can influence conduct choices
by users and as a result can have effects on niaingatraffic spatially and in time and
between modes.

» Traffic control
Optimal control of traffic flows through trafficgnal control, ramp metering, and optimal
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route guidance.

Electronic payment and electronic control

Reduction of traffic congestion at toll gates thgbielectronic toll collection (ETC) systems,
enhanced convenience through electronic parkingpdgenent, and increased work efficiency
through electronic freight information and autonsatehicle weight measurement.

The application of ITS to individual transportatiproblems is discussed in Section3 and the
benefits are discussed in Section5.

3.3 Perspectives on measures and methods of implamegion
When taking measures to address transportatioriggnsband introducing ITS, it is necessary to
proceed from the following perspectives.

Seamless and sustainable

Measures relating to transportation problems regaation from the perspectives of
seamlessness and sustainability as seen by ussesaniless and sustainable perspective
requires consistency and continuity of measures.

Organization and standardization

Since ITS involves many different fields, the efidbment of partnerships between related
organizations is important. The development of@ysstandardization is also necessary from
the user's perspective.

ITS implementation process

Transportation problems include infrastructure asmstituent element, and as a result,
change and reform often require time but are atgent issues. When introducing ITS, it is
important to develop introduction scenarios thietato consideration cost effectiveness.
Also, maintenance and operation following the idtrction of ITS are essential for achieving
system performance. Some examples include upddigigl maps in conjunction with
changes to road networks and revising the numb#afiic signal control systems in
conjunction with changes to intersection configinag or fundamental attributes.

ITS Master Plan

Transportation problems encompass multiple modesl(Imarine, air), and road
transportation is made up of users, vehicles, andg and involves many diverse parties. It is
important that an ITS Master Plan that integratesonal policy be adopted, that users share a
common awareness, and that the information is oissed to users. Transportation
problems vary in different regions, and for thiagen it is necessary to prepare regional ITS
plans based on the ITS Master Plan.



Section 4 Role of ITS and its applications

This section describes the role and typical appboa of ITS. This section also explains each
application of ITS including new or emerging apptions such as utilization of probe data and
mobile devices corresponding to transport problsuth as congestion, traffic accidents and
environmental problems as shown in the followingnwra

Table 4-1
Traffic information | Traffic management ETC/ERP  Public transport * Multimodal

Congestion 4 4 v v v
Accident v v
Environment v v
Mobility 4 v v v v

Freight transport ASV
Congestion v
Accident v v
Environment v
Mobility 4
*Sub category BRT LRT
Congestion v v
Accident
Environment v
Mobility v v

4.1 Traffic information

Traffic information can be broadly divided into th&ges of collection and distribution. At the
stage of collection, information is collected fréxed sensors on the road, and more recently it
has also become possible to collect dynamic infoiongrom moving vehicles. At the stage of
distribution, methods include the provision of infation by transmitters on the road (infrared,
wireless, etc.) and by broadcasting. Traffic infatimn systems process the collected information
and provide congestion, accident and other infolonab drivers via navigation systems,
smartphones, etc. These systems utilize human maatierfaces (HMI) that efficiently and
effectively communicate important traffic informeai that is both spatially and temporally
accurate to drivers.

4.2 Traffic management
Like the provision of traffic information, traffimanagement is an effective means of easing
traffic congestion and reducing the incidence afidents.
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On general roads, signal control has the effeciobfonly smoothing the traffic flow, but also of
reducing the incidence of accidents. The use oadya signal control, which responds to the
traffic flow, in addition to management based agnsi changes at fixed intervals is an effective
means of realizing a smooth flow of traffic.

On highways, ramp metering (also called ramp siggals effective in realizing a smooth flow
of traffic by regulating the inflow of vehicles dag periods of congestion. When an accident
occurs, measures such as stopping the inflow atleshare important in addition to the rapid
provision of information to drivers.

4.3 ETC/ERP

The collection of cash tolls on toll roads credta#fic congestion and negatively affects the flow
of traffic. Electronic toll collection (ETC) systesmrare an effective means of avoiding this
problem. In addition, the fact that ETC systemdemtltolls electronically makes it possible to set
the toll rate structure more dynamically, enabliimgr control of the traffic flow.

Other systems also exist, for example electrorac naricing (ERP), by means of which the
inflow of vehicles to urban areas is regulated etegcally by varying tolls. There are also
parking and other systems that use identical harelveaftware and systems as ETC.

4.4 Public transport

On the background of limited road capacity, theurihn of the number of private vehicles in use
and the transition to public transport that is @bleonvey large volumes of passengers is an
effective means of easing traffic congestion andr@sking environmental issues.

It is essential to introduce the optimal publiasport system for the specific urban area,
buildings, road structures, etc. In addition, tbstof the system, and consequently its
cost-benefit ratio, are important factors in theaduction of a public transport system.

Modes of realization of public transportation inbdubus rapid transportation (BRT) and light rail
transportation (LRT).

4.5 Multimodal

Multimodal transport is an important element in gnevision of effective methods of mobility
utilizing motor vehicles and public transport netitg Seeking to realize transportation that is
more convenient and comfortable for users, multiahdcnsport systems provide integrated
transportation information concerning physical ascand connections making it possible to
utilize multiple modes of transportation, and enmapthe optimal modes to reach the destination
to be selected.

4.6 Freight transport

The proportion of commercial vehicles using thedsgasuch as trucks being used to ship freight
between cities, is high in comparison to privathigkes. Freight transport systems are efficient
freight management systems that not only easedm@dhgestion and reduce the incidence of
accidents, but also make a significant contributmenvironmental protection and the efficient
movement of goods.



4.7 Advanced Safety Vehicle(ASV)

Advanced Safety Vehicles (ASV) are vehicles fittgth systems that use advanced technology to
support drivers in safe operation. ASV technologineg have been realized to date include
collision mitigation braking, Adaptive Cruise Couit{ACC), lane-keep assist, lane deviation
warning, and Electronic Stability Control (ESC).



Section 5 Benefits and evaluation of ITS
The benefits of introducing ITS and methods of gilting those benefits are discussed.

5.1 Types of benefit

(1) Reduced travel times

Users can reduce travel times to their destinatignselecting optimal means of transport and
routes. The total amount of individual reductiortrawvel time results in a social reduction of
travel time. Such a social reduction of travel tica® be thought of as a socioeconomic effect.
ITS that can reduce travel times includes easingadfic congestion through traffic control,
selection of optimal routes by drivers through pihevision of traffic information, and automated
payment of tolls using ETC.

(2) Fuel savings

Easing traffic congestion and selecting optimakesican reduce fuel consumption as well as
automobile travel times to destinations while tffeas on driving from the provision of
information concerning eco-driving can also redfied consumption, leading to lower fuel costs.
The total of lower fuel costs results in substdmductions in fuel consumption and fuel costs
throughout the society.

(3) Prevention of traffic accidents

ITS can prevent collisions at intersections, calhis while merging on highways, and rear-end
collisions as examples, resulting in less fataditiajuries and damages.

Losses resulting from traffic accidents can bedbdi into economical losses and non-economic
losses. Economic losses include human losses aasvghysical losses and there are other losses
from traffic congestions that are caused by acdgldyon-economic losses include declines in the
quality of life such as mental losses from accident

(4) Comfort

The provision of information on optimal transfeetating to the use of multiple means of
transport (multi-mode transport) to user destimaioan facilitate more comfortable mobility.
Also, automatic payment of road-use fees and pgrieas can also make transportation more
comfortable.

(5) Reduction in carbon dioxide (CQ) emissions

Lower social fuel consumption leads to reduced @antioxide emissions. Carbon dioxide is one
of the causes of global climate change, and lowes&ons may contribute to addressing the
problem of global warming.

(6) Economic effects from the creation of industry
ITS can be expected to create products and semvicesvide range of fields including the
automobile industry and electrical equipment indystpurring employment and generating

10



economic effects.

(7) System evaluation tools

The introduction of ITS will make it possible tdiefently assess the effectiveness and effects of
transportation-related systems. For example, ssreéyraffic flows, traffic flow improvement
assessments, accident cause analysis, and otloespes that were previously performed
manually can be performed systematically and edeatally using information processing. As a
result, survey and analysis costs can be reduced.

5.2 Relations between ITS applications and benefits
Table 5-1shows the relation between the ITS applicationSantion 4 and the benefits
mentioned above.

Table 5-1
Traffic Traffic ETC/ERP Public Multimodal Freight ASV
information | managemen transport transport
Reduced v v v v v v
travel time
Fuel 4 v v v v v
savings
Prevention 4 4 v v
of traffic
accident
Comfort v v
Reduction v v 4 4 v v
in CO,
emissions
Economic v v v v v v
effects
System v
evaluation
tools

5.2 Methods of estimating quantitative benefits
Some examples of methods of estimating the soeia¢fits of ITS are presented below by way of
reference.

(1) Reduction in travel times
It is possible to calculate the economic effectseofuced travel times for society as a whole and
to equate this to a social benefit. When calcugatire economic effects of time, units of time
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value equivalent to labor costs are used. Unitined value are set for each vehicle type.

(2) Reductions in fuel consumption and fuel expense

It is possible to reduce motor vehicle fuel constiorp(gasoline consumption) in conjunction

with the shortened travel times mentioned aboves @athod of estimating the reduction is to use
the correlation between driving speed and fuel songion. The amount of fuel consumed is
calculated from the average travel speed (averabiehe speed) and the travel time. There are
variations, however, in the accuracy of this method

(3) Prevention of traffic accidents

Methods of estimating human and physical losseg;wére types of economic loss, are not
necessarily the same in different countries andreyy but traffic accident statistics for each type
of accident are needed, and it is necessary tonagaccident statistics.

Non-economic losses include declines in the qualityfe such as mental losses from accidents.
One method of evaluating such losses is an assassme¢hod based on the amounts that people
are willing to pay to avoid such losses.

(4) Reductions in emissions (carbon dioxide)

One method of estimating reductions in emissiortalsulation based on average travel speed
and vehicle speed distributions. A simpler metrsodalculation of carbon dioxide emissions
based on average travel speed.

(5) Economic effects from the creation of industry

The creation of industries for ITS products and/eeis can be considered as economic effects.
One example of a method of estimating the sizéefindustry market is estimating the
production values of the final products and sewid® estimate production values, (i) the ITS
field is defined and (ii) statistics concerning gwat and service shipment volumes in the
respective fields and market prices are investiyaad the market size is estimated.

5.3 Measurement methods

To measure the benefits described above, it isssace to measure the underlying travel times
and traffic congestion length. The following metbate used to measure travel times and traffic
congestion length.

(1) Measuring travel times

() Vehicle probes

Onboard vehicle equipment with GPS and smartphoaesecord transit locations and the times
of transit, making it possible to survey traveltes) travel times, waiting times at intersections,
and other data.

(i) Automatic vehicle identification (AVI)

Vehicles equipped with ID transmitters can be tdagsing multiple roadside receiver antennas
based on the same IDs, and travel times can balatdd.
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(i) License plate recognition systems

Imaging systems installed on the roadside of migltipcations can read license plates, and travel
times between two points can be calculated basdteotransit times of vehicles with the same
license plates. Generally, not all digits of theehse plates are read from the perspective of
protecting privacy. The system does not requireoanth equipment.

(2) Traffic congestion length and congestion waitig times

(i) Estimates from vehicle detectors and image @ens

Traffic congestion length can be estimated usirtyale detectors and image sensors installed on
the roadside. This method does not require onbegutpment.

(i) Estimates from vehicle probes

Traffic congestion length and congestion waitingdas can be estimated based on records from
onboard vehicle equipment with GPS.

5.4 ITS penetration rate and social benefit

ITS comprises infrastructure systems, onboard systand users. Normally, infrastructure and
onboard system development does not take plaed alice on a national scale, but is
implemented gradually. As a result, the social fiesneiill vary depending on the degree of
infrastructure development and the penetratiorsrat@nboard devices. In addition, social
benefits will vary depending on the use rates & bly users including drivers and the degree to
which information is followed. Also, one exampleaaculating social benefits on a national
scale is to calculate the benefits in a standaydocimultiple standard cities based on the besefit
to individuals and then to calculate the benefttaravide.
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Section 6 Conditions for development and deploymemwf ITS

This section explains the important conditionstfeg development and deployment of ITS,
especially in developing countries. These may idelthe issuing of financing support,
standardization, capacity development, and poliekiny.

Financing is an issue that includes questionsmanftial source and on social and economic
justification for introducing ITS in developing @® An ITS Master plan is a policy of
introduction of ITS including evaluation of wherES is missing. This is another reason why
developing countries are losing opportunities fiod investment.

Standardization is an important process to ensus&@mability, compatibility, expandability and
also cost effectiveness of introduced ITS. Buildiaguired standards is a challenge as it requires
vast knowledge on technical options, coordinatiooag stakeholders, and a vision to achieve
varying objectives with one standard. Using andiseginternational standardization processes
such as ISO help countries to build national stedglan an effective and fair manner. Dialogue
between ITS standardization experts and transpbetfupractitioners should occur on a regular
basis in order to fill conceptual gaps betweenstiamdard and its practical application in fields.
As ITS will be experienced and used by people airtdaily lives, the ITS community should
accelerate outreach efforts to raise their awasgrespecially decision makers, on needs to
swiftly deploy ITS in addressing imminent urban aradfic challenges. Certification is also
necessary for interoperability. Main host organaad (Fig. 6-1) are shown below. And each URL
of the website are set forth in the Appendix 2gfer to their primary focus as well as their main
enabling standards for ITS applications.

Capacity development is essential for acceleraifdimS deployment in countries. Although there
can be many forms of capacity development, emplsésiald be placed on the need to combine
bottom-up level of awareness and expertise of udmahtransport practitioners as well as
broadening the vision of policy- and decision-makeramalgamating ITS strategy with broader
transport and urban development policies. Netwaykirban and transport practitioners to share
experience on ITS was recognized as an effectivetwvadevelop capacity.

14



Fig.6-1 Relationship of ITS Standardization Organzations
(ITS Standardization Activities in Japan 2012 ; E3A
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Section 7 Template for ITS Master Plan

7.1 Role of the ITS Master Plan

The government sets basic principles and targ&ting to transportation, and after identifying
current issues, an ITS Master Plan that sets fgfitoaches to achieve those targets is adopted.
Based on the national master plan, individual negifmrmulate regional ITS Master Plans based
on regional issues and in line with the nationasteaplan.

The ITS Master Plan includes principles, targetd amoadmap for development and deployment
of ITS to request related experts from the pubpcivate and academic sectors for their
understanding and cooperation in its implementation

7.2Main items included in the ITS Master Plan

(1)Basic principles
» Clarify the type of transportation society that seek, as well as the temporal and spatial
spans in which that transportation society is tatleieved.

(2)Traffic Status

» Specify the status of traffic networks, mobilitydaimformation technologies nationally or
regionally when considering the introduction of |Bpecifically, the number of vehicles
registered and total road length as well as theldgwment of basic traffic management
systems such as traffic signals and traffic corgysitems and typical ITS technologies that
have already been introduced.

(3)Issues that should be addressed

» Clarify the status and analysis results of trafétated problems such as traffic accidents
(number of accidents, number of fatalities, etcdffic congestion, pollution from exhaust
emissions, and carbon dioxide.

(4)Targets for each issue
« Set the specific targets (quantitative targetstanthg for achieving them) for each issue.

(5)Means and technologies for achieving targets

» Specify the ITS technologies and services thatdeetified to be introduced for each issue to
be resolved.

» Clarify the scheme of related legal and instituéilbpolicies and the system for securing
standards and interoperability.

(6) Implementation systems (plan proposal and imphaentation organizations) and capacity building
» Clarify the responsibilities and organizations pteinning and implementation.

» Determine the scheme of capacity building & tragnfar planning and implementation.
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(7)Roadmap (schedule for achieving targets)

» Specify what approaches will be used and how mudhoe invested to achieve targets.

* For example, the schedule from plan proposal tacha$rastructure development, selecting
projects, moving from trials to practical use, agphent and conducting further development.

* Incorporate into the plans processes for evaluatwhgther the expected results including
higher safety, reductions in traffic congestiongreased convenience, improvements in the
environment, and economic benefits were achieved.

(8)Updated plans and processes

* Incorporate into the plans reviews and plan updatessponse to environmental changes,
development of new technologies, and results adsssaents of effects.
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Appendix 1 Outlook

Australia
China
Japan
Malaysia
Singapore

Australia

1. The History of ITS in Australia

ITS in Australia, as in many parts of the worlddhis origins in the humble and not-so-intelligent
traffic signals. Mechanical and gas lit signalgevéirst used in Europe and the US in the early
1900s. In 1928 the traffic signals in Baltimbr@JSA) could be activated by sounding the horn.
Electrically powered traffic signals were in use Melbourne in 1928 and vehicle activated
signals were installédin Sydney in 1933. These were amongst the firdie activated by the
now ubiquitous inductive loops.

Traffic signals progressively became more widespaad sophisticated as Australia’s cities grew
rapidly in the 1950’s and 60’s.

In the major cities the more critical inner-cityes and arterial routes were hard-wired to central
systems, called Area Traffic Control. These weedpminately fixed-time but trimmed by local
vehicle actuation. By the late 1960’s these systaare barely coping. Firstly, the morning
and evening peak traffic demand was at the systeapscity so they needed to be made even
more efficient. Secondly, Australia’s outdoor $ifgle highlighted the inability of fixed-time
systems to cope with rapid and unpredictable changetraffic demand. Two common
examples are; the dramatic exodus from the beaaheascool change envelops the whole city on
a summer’s day, and, the impact on transport nésvais sports-mad fans travel to several
75,000-plus venues across a city each weekendJuly 2013 Liverpool Football Club (UK)
played before its largest-ever crowd of 95,000 amid-week friendly game in Melbourne.
Non-finals events with 90,000 attendees are nobonmaon).

Australia has consistently been at the vanguardraffic planning, design, operation and
management. In the late 1960s to early 70s this evadenced by the development of three
major computer controlled traffic signal system&AFS in Sydney, BLISS in Brisbane and
TRACS in the wider Queensland. The latter has @sgpd to the STREAMS system and the
former remains one or the World’s most widely usedfic signal systems. In the 1970’s these
systems used the recently developed computer’s-tirmal communications capabilities to
measure and analyse traffic flows and determingmywh operation on a cycle by cycle basis.

! M.G.Lay, “Ways of The World”, 1992.
2 M.G.Lay, “Strange Ways", 2010.

18



They expanded to include essentially every urbad,rmany rural, traffic signal sites in Australia
— approximately 9,000.

Public transport was becoming increasingly vitalAmstralia’s car-centric cities. Governments
were committed to increasing patronage and sendandsy 1986 all 660 trams in Melbourne had
priority at each of the 650 traffic signals theysgad through. Bus priority systems were
developing in Melbourne and Brisbane and laterarnth? Adelaide and Sydney.

Australia has also been an early adopter of congmsilie Transport Management Centres where
sophisticated systems support operators to efigtimanage many transport modes including
cars/trucks, buses, trams, and in some casesderri

Australia’s six states and 2 mainland territoriewvdy since Federation in 1901, developed and
deployed their own traffic systems. Each State &aditory had (and has) its own transport
department and was virtually totally responsibleftmding the design, deployment and operation
of transport systems via its own road and pubbmdport authorities. The federal government
provided a supporting and coordinating role but dat provide significant direct funding for
systems. It did contribute direct funding to maonstruction and safety projects. Major
cities, notably, Brisbane, Sydney and Melbourneheagplemented their own systems so that
Melbourne had about 5 different traffic signal atioation systems using different hardware and
techniques, Brisbane had two but Sydney City Cdumad largely devolved its systems to the
state road authority.

By the late 1980’s the institutional arrangemengserbeginning to become critical to Australia’s
traffic management systems. Whilst standardisaiotraffic signs, traffic signal hardware and
road rules were well advanced they were not coragleily uniform national road laws were not
achieved until late 2000). There was a very riskl that with many diverse agencies developing
and deploying increasing complex systems that inpadrihilities would lead to wasted resources
and lost opportunities.

Other issues were also becoming apparent.

Firstly, technologies were advancing rapidly andmoeercial enterprises were becoming
increasingly involved in developing and sellingnisport related products. Examples include,
GPS systems were advancing towards deployment 480 lone US hire car company was
considering its own GPS system to locate vehiclégst® by hirers in car parks),
telecommunications companies were undergoing saamf changes due to competition and were
seeking markets other than fixed land lines. Iswapparent that some means to channel this
effort into positive directions may be necessaryasld mechanisms to discourage any unwanted
products. Standards would be important.

Secondly, driver distraction was emerging as a magptential safety issue with new technologies.
Whilst speed, alcohol, and increasingly, drugs were major road Kkillers it was becoming
apparent that any positive benefits of in-vehiglestems would be jeopodised if they were not
sensitive to distraction issues and good ergonai@esign.

Thirdly, many potential systems may impact what doenmunity regarded as a personal or
private right. One example occurred in Hong Korfgeve, as part of a cordon pricing scheme,
transponders were fitted to vehicles to detect tbeirance into the cordon and charge the owner.
The proponents had not adequately considered coitynconcerns such as “user pays/tolls”,
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“informed consent”, “protection of privacy” nor sgln to engage in open two-way dialogue.
The scheme was abandoned after sustained commouitgge. It was clear that any “new
technology” systems, as it began to be called, Wolave to fully consider community
expectations and rights and that benefits wouldehawe shown to outweigh any negatives.

On 16 August 1990 an agreement was signed by ortbeoktate road agencies and Telecom
Australia, the sole telecommunications provideAustralia (now Telstra), to jointly investigate
new technologies in transport. The project wasedathe Transport Information Management
System (TRIMS).

After making strong progress in identifying and eis$ing issues such as those identified above
and having concluded a highly successful trial rinsponder and detection technologies on
freight vehicles at the Port of Melbourne a meetiighational stakeholders agreed to form the
Intelligent Vehicle Highway Systems (IVHS) societfyAustralia.

IVHS Australia continued to receive strong supgoom counterparts in Asia, Europe and the
Americas and a number of meetings and exchanges weire undertaken.

Whilst it is true that IVHS had its roots in theatbtransport sector it was widely recognised that
the benefits of new technologies apply acrossratidport modes and are certainly not restricted
to “vehicles” nor “highways”. So, in keeping witbractices overseas, the name IVHS was
changed to Intelligent Transport Systems Austr@fiaorporated) on November 9, 1992

ITS Australia had been born.

2. ITS Timeline
1902| Radio signals across the Atlantic**

Note:
w* World first

1910

First coordinated traffic signals**

1920
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Experimental TV**

First overhead lane control**
First vehicle-actuated traffic signal**. First ffia signals in Australia

1930

First traffic signals in Sydney.

“Marshalite” (clock face) traffic displays deplaye last used on Nepean Hwy ~1975

1940

Early computers - government owned

1950
Computers sold commercially

1960
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1970

1980

1990

Sydney area traffic control (hard wired)

Embryonic WWW at UCLA**

DEC PDP 11 released** (only computer able to ruiABEE until ~1990)
First microprocessors**

Intel 8080 microprocessor (required for SCAT Sficagignal controllers)

Eagle area traffic control system - St Kilda Jiorct
SCATS installed in Sydney. Apple home computérased
Ericsson area traffic control systems - Port Malioe, Prahran, Malvern

Mobile phone network in Japan**

IBM PC**

Early ATMs and telephone banking. Johnston St Base signals replace manually placed
cones

IBM XT (286). CRB SCATS central computer locasgKew

IBM AT (386). Apple Macintosh.  RTA (Vic) Traffi Control and Communications Centre -
Hawthorn. CCTV cameras used for traffic - 23 ex@EM cameras (1981)

Windows released**. School Zones (static signs)ACT**. SCATS & tram priority**
throughout Melbourne (SCRAM project). Tram & buscking (MTA)

Fuel minimisation pilot** (first major use of LED®r traffic in Australia). Ice/Wind rural
warning signs.

Fibre optic CCTV on SE Arterial then progressivedyall freeways.

New Traffic Control Centre - Camberwell.

WWW available to the public**. SCATS on PCs.

Quartz Halogen traffic signal lanterns.

Antilock breaks in passenger cars. West Gatewagearuck height warning.

DriveTime** on SE Arterial and then progressivag all freeways (includes incident detection
and management). VMS on freeways.

Dynamically variable speed limits on M4 Sydney.
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2000

2010

Multi-lane free flow tolling (CityLink)**. LED trdfic lanterns.

Next bus/tram/train information. Ramp meteringalted. School zones (dynamic signs**)
trialled. Dynamically variable speed limits on Wae Ring Road. SmartBus (priority) trials.
Traffic Management Centre - Kew. Emergency vehprie-emption.

GIS-based traffic information via WWW.

GPS navigation systems in cars. Intelligent @usntrol. [AP on freight vehicles (not in
Victoria). Travel time on arterials via WWW.

Commercialisation of real time traffic information

Electronic stability control in cars.

Real time congestion avoidance advice. Ignitimofol interlocks. CCTV & real time traffic
information to mobiles. IAP in Victoria. IP commigations and battery backup for signals.
Next generation ITS/freeway management system (kgidject).
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China
1 .Current transportation problems

1.1 Road safety problems

In recent years, the average number of traffic dai fatalities in China are around 70,000
per year, and the number of injuries are about GBI, which lead to 1 billion yuan direct
economic loss. The rapid development of road taffas caused a sharp contradiction among
people, vehicles; the road transportation secisistill grave.

Number of injures, accidents and direct economic ks in China
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1.2 Public transportation service need further deglopment

The operation dispatching management of publicspartation service providers is still in a
low level; Efficient emergency cooperation mechanibas not been established; And the
cooperation among different urban passenger trategn modes need to be enhanced; Public
transportation website information need to be dmaic

1.3 Demands on freight transportation are not fullymet

The overall operational efficiency of logistics@hina is still in a low level, and the logistics
cost is quite high. Wha more, the information sharing and the informdiira of freight
transportation are still in its primary stage.

1.4 Various kinds of systems are not sufficiently imgtgd and the sharing of data is not adequate,
overall effectiveness and economies of scalecsilinot be realized.

1.5 Innovations are insufficient, key technology anddurcts with independent intellectual
property right are still lacking.
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1.6 The pace of standardization is far behind the meeeof demand for development of ITS.

1.7 The value chain and industrial chain of ITS haveyei come into place, and the mechanism
to promote the market-orientation of ITS is sthisant.

2 Measures to resolve problems

(Policies, organizations, targets, projects, introdction of ITS technology, and so on)

China attaches great importance to the developroenTS, and has clearly brought forward
support to ITS development by the following measure

2.1 Development Plans

The 12" Five-Year plan of Highway and waterborne transporgtion indicates one of the
requirements in traffic information developmentfie“12" five-plan” is “striving to develop ITS

to guarantee the efficient and unimpeded operatfdhe transportation system, reduce the energy
consumption and pollution caused by traffic conigest

“Accelerating the development of ITS, improving spart efficiency and reducing transport
cost” have been clearly put forward in th&" Five-Year plan of Highway and Waterborne
Transportation.

2.2 Intelligent Safeguard of Traffic Safety

Key tasks in this field include: application of et warning and driver assistance systems based
on cooperation between vehicles and road; refineather forecast and warning on express ways
and key waterways; realizing network control andesgancy response directed on commercial
vehicles and vessels and achieving national faktking and network control on the waterway
transport of dangerous goods; improving intelliger@nitoring and control on significant source
of risk, detection on dangerous goods and emergeasgonse capability against pollution;
promoting the establishment of collaborated emergersponse and rescue service by different
departments of transportation, police and mediaed.c

2.3 Intelligent Operation and Services of Public Tansportation

Key tasks in this field include: applying and praing intelligent coordination system of buses,
Bus Signal Priority Systems and control systemxeiusive bus lanes; improving coordination
and services of passenger terminals; carrying mtetligent coordination system and services of
taxis and bicycles in connection with bus stops ametro stations; gradually establishing an
intelligent urban passenger transport system thnatrs buses, subways, taxis and bicycles.

2.4 Advanced Freight Transport Management

Key tasks in this field include: promoting the apation of intelligent coordination technologies
on freight transportation and improving managemerdrop-and-pull transportation; promoting
the integrated application of intelligent technoésgand equipment at ports and storage yards;
promoting the national services system that focosethe intelligent coordination of inter-modal
transportation of containers; applying booking s=¥s for the parking and unloading of cargo
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transportation and promoting regional logisticsomfiation sharing platform and services to
accelerate the effective connection of differente®of transport.

2.5 Intelligent Control and Management of Transporation

Key tasks in this field include: coordinated managat of urban transportation that covers urban
road networkmultiple modes as well as hubs; improving capabititmonitoring and emergency
response of national and provincial highway netwpidarrying out evaluation of the operation
status of wide range regional highway network aretigion-making support applications;
Realizing control and management of freeway trafibev; Enhancing decision-making support
for national waterway management, monitor on wadgrvenvironment and operation status;
digital identifications of vessels, navigation afds vessels and dynamic tracking on vessels.

2.6 Comprehensive Transportation Information Servies

Key tasks in this field include: carrying out tsportation information services based on
Dedicated Short Range Communication (DSRC), Nexte&#ion Internet and broadband mobile
communications network; applying and promoting pdshvery transportation broadcast

services on express ways and intelligent waterwéyrimation services in inner river waterways;

establishing a comprehensive transportation inféionaservice system that covers both urban
and rural areas and different modes of transportati

2.7 Technological Breakthroughs in ITS

Key tasks in this field include: enhancing reseaschn the real time acquisition and processing
of transportation data, the exchange of traffioinfation, intelligent safeguard of traffic safety,
and intelligent management and control; prioritigioreakthroughs in key technologies, such as
identity authentication of key transport elemengs| time traffic status sensing technology based
on collaboration of multi-sensors, information eaoge technologies based on DSRC either
between vehicles, between vehicles and (road oerwaly) infrastructure, traffic collision alert
and active anti-collision technologies based on ¢b#aboration between vehicles and road
surface, traffic status analysis and regional iiggeht decision-making and coordination
technologies.

2. 8 Standardization of ITS

Key tasks in this field include: Sponsoring resbaand establishment on fundamental and key
standards, such as the marks of ITS, illustratiod axchange of data, exchange of traffic
information, and security authentication; enhancingsearch and establishment on the standards
of traffic monitoring, intelligent operation of plib transportation, and transportation
information; taking an active part in the reseaackl establishment of international standards of
ITS; founding testing platforms for the consistenagd conformity of ITS standards and
establishing market entry systems as well as @atibn and accreditation system of ITS
products.
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2.9 Initial Formation of ITS Industry

A few prominent key enterprises and a number of ISaral Medium-sized Enterprises (SMES)

with technical expertise in ITS should be gatheasd nurtured. Large-scale applications and
services in the field of integrated information \g8ee, traffic operation management and
transportation electronic payment will be achievAd.industrial chain of ITS covering product

manufacturing, systems integration and operatieaalices will be preliminarily formed.

3 Direction of future measures

3.1 Institutional Innovation on ITS

A better institutional environment for ITS should bultivated by carrying out favorable policies
that encourage the cooperation between governmghorities and enterprises, opening up the
market, specialized division, and franchising.His tway, the motivations for developing ITS will
be strengthened. Government authorities shouldweage the publicity, sharing and exploration
of traffic information according to the governmeanformation publicity policy, and improve the
institutional management concerning ITS.

3.2 Overall Planning of ITS Development

Overall coordination mechanisms among provincespadenents and regions should be
established to achieve complementary advantagesiadization and cooperation, resources
sharing, and coordination. To provide support fwg tnterconnection, information sharing and
application among intelligent transportation systenTS architecture needs to be constantly
updated and maintained. Regulation on the manageofelTS and the overall planning and

coordination of key ITS projects should be impraved

3. 3 Multi-channel Fund Raising in Support of ITS

Funds should be raised through multiple channets raore support should be directed to the
construction and maintenance of ITS with fundamlesigmificance and in public interest. Funds
of various informatization construction programsadaechnological programs should be fully
utilized for the research and development of keghmelogies, demonstration projects,
standardization systems and platform building 06.ITThe profit model of ITS should also be
developed to attract investment from private secéod to boost the prosperity of the industry by
taking advantage of the market-oriented mechanism.

3.4 Safeguard of ITS Information

Strategic design ITS information security should dagried out. To guarantee the information
security of ITS, an uniform information key managsr and security authentication system
should be established. To ensure the security ehdbility of data acquisition, transmission,
process and application of traffic information, ralenechanisms on the safety of information
should be set up, and safety evaluation, risk eten and security protection of important ITS
should be strengthened.
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3.5 Education, Training and Publicity

To cultivate professional and technical personndlliS, courses on ITS should be established in
institutions for higher education and vocationahaas. To improve the professionalism of

employees in the industry, well-planned trainingl®8 should be provided to them. International

exchange and cooperation should be promoted ifiglteof ITS, and overseas students should be
attracted to participate in national developmentT@. ITS technologies and applications should
also be popularized, publicized and promoted anbagyeneral public.
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Japan
1 Current status of road and transportation problens and response policies

(1) Total road length and number of vehicles owned

As of April 1, 2010, the total road length in Japears 9,126.8 km of highways, 67,237.7 km of
general national roads, 142,407.8 km of prefectugatls, and 1,049,970.8 km of municipal roads,
for a total of 1,268,743 km. In addition, vehichrtership has peaked and has been in the range
of 75 million vehicles for the past several yedsthe end of 2012, vehicle ownership was
75,595,763 vehicles.

(2) Transportation safety problems

The number of traffic accident fatalities peaked Y0 and subsequently declined rapidly as a
result of road infrastructure development, traéfducation, and stronger enforcement. There was
a gradual increase in the 1980s, but the numbfatalities is again falling as a result of the
introduction and spread of vehicle safety equipnaet ITS. In 2003, the government adopted a
policy of cutting the number of traffic accidentdhties to less than 5,000 in 10 years. This targe
was achieved early, and consequently, a new gaaduafcing fatalities to no more than 2,500 by
2018 was set. The long-term objective is to achimre traffic accident fatalities.

According to a National Police Agency announcemelgased in January 2013, the total number
of traffic accident fatalities nationwide in 2012sv4,411, a drop of 201 (4 .4%) from the
previous year and the 12th consecutive decline.ntimber of injuries was 824,539, down 3.5%
from the previous year, and the number of trafticidents was 664,907, down 3.9% from the
previous year, and both figures were down for tiglth consecutive year. The number of traffic
accidents peaked in 2004 at 952,191 (Fig.1). Lapkinthe ages of persons Kkilled in traffic
accidents, seniors aged 65 years or older numi&géd, which is 51.3% of the total. Although
the number of fatalities is declining, the incideraf serious accidents along routes to and from
schools and the percentage of fatalities invohsagiors aged 65 years and older are increasing,
and it is necessary to adopt measures to addreskeats involving seniors.

Fig.1 Number of Traffic Accidents in Japan
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(3) Environmental and traffic congestion problems

In Japan, the transportation sector accounts fpragimately 20% of total carbon dioxide
emissions, a leading cause of global warming, drilad percentage, approximately 90% is
accounted for by automobile emissions. In additlost time caused by traffic congestion in
Japan is 3.81 billion person-hours annually (a80&f2), which converts to approximately 12
trillion yen. The government seeks to reduce logsana traffic congestion and completely
eliminate traffic congestion over the long termnfrthe perspective of environmental
considerations. The government adopted the Newesgyan Information and Communications
Technology in May 2010. The strategy emphasizestgals well as environmentally friendly
transportation of people and goods using ITS. Messare now being implemented to achieve
the objectives of using ITS to cut traffic congestbn major roads nationwide to accelerate
reductions in automobile carbon dioxide emissiams eut levels to half those in 2010 by 2020.

2 Measures to resolve transportation problems

(Policies, organizations, targets, projects, introdction of ITS technology, and so on)

At the time of the 2nd ITS World Congress held ok®%hama in 1994, development of individual
ITS technologies was actively undertaken throudlaboration by industry, government, and
academia, and since then, the foundations for E\&lkdpment in Japan have been laid. This
period was the first stage of development. In tiloWing second stage, on the occasion of the
11th ITS World Congress held in Nagoya in 2004,4beond time that Japan hosted the Congress,
individual systems were integrated and measures wedertaken with a focus on promoting the
spread of and practical use of ITS as social t{f€its.2).

Fig.2 R&D, Deployment and New Challenges
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The Vehicle, Road and Traffic Intelligence Soci@ERTIS) was established in 1996 to promote
the use of ITS in Japan and to prepare for thergb€BS World Congress in Yokohama. VERTIS
incorporated as a nonprofit organization and chdntgename to ITS Japan in 2001. As a
representative of the private sector including stduand academia as well as ITS-related
organizations, ITS Japan serves as a coordinat@oftaboration between government ministries
and agencies involved in ITS and has played an itapbrole in the implementation of national
ITS projects through collaboration by industry, gownent, and academia.

(1) First stage

Research and development in the ITS field in Jdy@man in the early 1970s. A groundbreaking
ITS system in Japan was the Comprehensive Autom@mwhtrol System (CACS), a dynamic
route guidance system that employed road-to-velsi@iemunications. In the late 1980s, many
public-private sector development projects invodvirehicles, road infrastructure, and traffic
control were implemented (Fig.3).

Fig.3 ITS Developments in Japan
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Starting with the 2nd World Congress in Yokohama %96, the term ITS was used in the name of
the world congress, and the spread of ITS begacdelerate. Comprehensive Plan for Intelligent
Transport System (ITS) in Japan was adopted in 3296 as a policy for promoting ITS by
relevant government ministries and agencies, aa@cthions of those ministries and agencies
were integrated. The concept defined ITS developnmenine fields (Fig.4), presented a roadmap
for the development, practical application, andegigread adoption of ITS, and promoted ITS as
a national project through cooperation by indusiopyernment, and academia (Fig.5).
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Fig.4 9 Areas of ITS Development and Deployment
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During the first stage, research and developmenaphavigation systems, VICS, ETC, ASV, and
other individual ITS technologies was actively coatkd in line with the ITS Overall Concept,
and Japan became an example of successful ITS use.
Cumulative car navigation system shipments reacipgdoximately 54.28 million units in
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February 2013 and their use increased. Advances lb@en made such as providing diverse
traffic information in the form of probe informaticand adding safe driving support functions
(the ITS page of the Ministry of Land, InfrastruepTransport and Tourism Website can be
found at: http://www.mlit.go.jp/road/road_e/indexhinl).

In conjunction with the recent spread of smartplsoneaddition to installation-type car
navigation systems, systems that use smartphowesahso started to appear.

Cumulative shipments of Vehicle Information and Goumication System (VICS) onboard
devices, service for which began in April 1996,afeed 35.68 million units in September 2012.
Also, cumulative shipments of electronic toll calien (ETC)-compatible onboard devices,
service for which began in March 2001, reached&&illion units in March 2013, and the rate
of ETC use among Highway users exceeded 88% (Feb20d4.3), greatly improving traffic
congestion at toll gates. In addition, the wideagrase of ETC has urged the development of ITS
spot systems that use DSRC, a basic technologudimg smart interchanges and parking fee
collection systems (a comprehensive portal sitdefb€ can be found at:
http://www.go-etc.jp/english/index.html).

In the area of advanced safety vehicles (ASV),atariadvanced technologies have been put into
practical application in recent years includinghitgne driving support systems, lane-keeping
assist systems, pre-crash safety systems, andribotstacle detection systems using radar.
During the fourth phase of the ASV project from 826 2010, a comprehensive ASV strategy
was adopted, the adoption of practical technologigs promoted, and development and practical
use of communications systems was encouragedelfifth phase, which covers the period from
2011 to 2015, an ASV support plan was launched.dlijectives are to make rapid advances in
ASV technology that has been put into practical arse to encourage the development of driving
systems that utilize next-generation communications

(2) Second stage
On the occasion of the 11th ITS World Congress hreldagoya in 2004, The Japan ITS
Promotion Conference was established by persommdvied in ITS in industry, government, and
academia and the Executive Summary of ITS Promdhomeline was adopted. The focus is on
addressing how past achievements can be widelyted@mnd put to practical use as social tools.
Areas mentioned as being particularly importanfi® include safety, user peace of mind, the
environment, efficiency, comfort, and convenience.
This policy was reflected in the New IT Reform $gy adopted by the government in January
2006. The strategy positioned ITS as a key teclgyolbat can contribute to safety, the
environment, and convenience.
Based on the New IT Reform Strategy, the ITS PrasnoConference, made up of representatives
of relevant government ministries and agenciesiathdistry, was established and began
implementing measures to develop and put to usedsafing support systems based on
integrated public-private sector policies intentiedchieve the world's safest road transport
society.
A number of projects were implemented includingesvriraffic control system that uses
bidirectional communications with individual veheslthrough optical beacons (UTMS;Universal
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Traffic Management System)) by the National PoAgency, ubiquitous ITS by the Ministry of
Internal Affairs and Communications, Energy ITStbg Ministry of Economy, Trade and
Industry, Smart Way system that provides safetgrimftion to drivers in real-time using 5.8 GHz
band DSRC, and Advanced Safety Vehicle (ASV) pridpgcthe Ministry of Land, Infrastructure,
Transport and Tourism that supports safe drivingkghanging information concerning position,
speed, and so on among vehicles using communicati@nge-scale Field Operational Tests were
conducted for these projects under the guidantkeofapan ITS Promotion Council.

Regional trials were conducted in 2008 and 2008igiht regions nationwide concerning Driving
Safety Support Systems (DSSS), ASV, and Smart Weles, and joint trials were conducted in
Tokyo from January to March 2009 to confirm the patibility of the different systems. In
addition, ITS-Safety 2010 public demonstrationsevesnducted at the new Tokyo waterfront
subcenter in February 2009 to increase awarendse abntributions that ITS can make to safety
among the general public.

Under Innovation 25, the national long-term strgtagd policy (adopted by the cabinet on June 1,
2007), projects to accelerate the incorporatiorestilts back into society are being implemented
(2008 to 2013), and road traffic systems using &f&being included in those efforts. Specific
long-term targets include the early developmennodtiel cities and model routes and, as means
of deploying those results nationwide, halving cerldioxide from traffic, substantially reducing
traffic congestion, eliminating traffic accidentdéties, and encouraging the use of multi-modal
transportation. Many ITS-related national projentduding the development and large-scale
trials being conducted under the New IT Reform t8gg mentioned above are also being
implemented as projects for giving back to society.

3 Direction of future measures

The 20th ITS World Congress, which will be heldliokyo in 2013, is taking place at an
important time for the dissemination of optimal tigeneration ITS based on the results achieved
in the first and second stages, and looking ahea&dnditions in Japan in the future. To achieve
the mobility society of the future, it will be impant to address societal issues, verify ITS that
has been developed to date from various perspsciivel achieve sustainable mobility.

One important perspective is changes in informasiggtems. Advances in telecommunications
technology have been rapid in recent years, andlenphones, smartphones, smart grids, the
Internet, cloud computing, and other technologi@sehhad an impact on mobile communications
networks, making it necessary to create ITS systhaisincorporate these technologies. In
addition, measures to save energy and use elégtnciransportation are accelerating, and the
contributions of ITS in achieving a sustainable mtybsociety will be significant. With regard to
reducing carbon dioxide, measures are being uridertep address the automobile environment,
including making advances in gasoline and diesgirensystems and increasing the use of
electricity. At the same time, diverse investigai@re being conducted such as trials in model
cities, citizen participation, and automated driiAs measures for creating a next-generation
mobility society, in addition to promoting the efieftication of automobiles, using electric
vehicles for mobility sharing, introducing personadbility, and expanding technologies such as
vehicle battery management that collaborates witars grids, the contributions of ITS to

34



creating transport systems compatible with innaeaénergy supplies will be important. Also,
smart community trials are being conducted at modigs in various regions. Rather than
measures that address only transport systems hystlees, measures to build and integrate
energy and information communications networks thake up cities and communities are
needed.

Due to the effects of the major earthquake thatioed in March 2011 and responses to global
warming, environmental and energy problems are fo@ug increasingly severe. It is no
exaggeration to say the environmental and enegdgdiare broad and influence every aspect of
our lives. In addition, with the occurrence of wsgeead flooding in Thailand, approaches to
disaster resiliency as a type of strength thatqraokly restore overall functioning even if social
systems and some business functions are interr@stedesult of the occurrence of risks are
becoming increasingly important, and it is belieteat ITS can make important contributions
from the perspectives of logistics and mobility.
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Malaysia
1. Status of Current Transportation

(1) Road length (km)
106,075 km State Roads (2009)
18,580 km Federal Roads(2009)
1,820 km Toll Highways

Total = 126,475kms
Total = 111,378 kms(2010)

(2) Vehicle ownership number :
No. of registered vehicles (2010) = 20,188,565 ;wiiich motorcycles account for
9,441,907
Note; however that cumulative no. of passenger @rdmercial vehicles registered from
1980 to June 2013 (excluding motorcycles) = 5,6853.,6

(3) Transportation safety problems
Number of traffic accidents : 414,421 (2010)
Number of traffic accident fatalities: 6,872 (2010)
Number of traffic accident injuries: 28,269 (2010)

Characteristics of traffic accidents:

The tremendous increase of motorised vehicles an rtbads has invariably led to
significant rise in the number of traffic accident$ie number of traffic accidents in 2007
almost doubled as compared to the number of traffidents that occurred in 1997. Sixty
percent of total fatalities reported over the yaaw®lved motorcyclists. This high accident
rate has led to road accidents being the 5th Igacikiuse of death in Malaysia (Department
of Statistics, 2008) and caused 9.3 billion ringgfilosses to the country in the year 2003
(ADB-ASEAN, 2003) . In the list of world rankingdVlalaysia is ranked 46th of 172
countries with regards to occurrence of deathsgistered vehicles due to road accidents
(WHO, 2009).
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Road fatality statistics of Malaysia in relation véicle and population are as follows
(ref. derived based on population, registered \tekiand road fatalities information from
http://www.miros.gov.my/web/guest/road)

Year Population Registered | Road Fatalities| Road Fatality for Road Fatality for
Vehicles Every 10,000 Every 100,000
vehicles population
2006 26,640,000 15,790,732 6,287 3.98 23.6
2007 27,170,000 16,813,943 6,282 3.74 23.1
2008 27,730,000 17,971,901 6,527 3.63 235
2009 28,310,000 19,016,782 6,745 3.55 23.8
2010 28,910,000 20,188,565 6,872 3.40 23.8

(4) Traffic congestion and environmental problems
Many cities in Malaysia, and in particular in théaKg Valley, face mounting challenges to
long term sustainable transport systems. Highsraie urbanisation, high vehicular
ownership and rapid growth of development inevitalelad to increase in travel demand.
This is compounded by:

= constraints in the public transport system, in ihcoverage, service quality, integration
with other modes of transport, service reliabilignd poor public perception further
encourages private vehicle ownership and use

= less priortisation towards planning for and the vigion of facilities, amenities and
pathways that encourages non-motorised transpadis as bicycle lanes, pedestriaways
etc.

= lack of enforcement of road traffic rules, e.gedal kerbside parking, red-light running

= lack of parking

= tolerances for high traffic mix,

= high percentage of private vehicles and in paréicuhotorcycles

= poor driver attitudes, e.g., frequent lane changesr observance of basic road rules

= lack of traffic information (including parking infmation) to allow drivers to pre-plan trips

Between 1985 and 1997, the modal share of pulditsport decreased from 34.3 percent to
19.7 percent. This represents a major shift awasn fpublic transport and in particular bus

transport, which is partly attributable to highergonal affluence leading to an increase in
car ownership and also to deficiencies in the lemgises. The increasing reliance on private
transportation, in particular private cars, hasated considerable pressure on the road
network which has contributed to the problems affit congestion.

In the year 2000, the per capita CO2 emission ofaia was 5.4 metric tons which is
above the global average (3.9 metric ton per cppitd average in Asia (2.2 metric ton per
capita) (World Resource Institute, 2007). In 200®@, per capita CO2 emission increased to
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7.7 metric tons. Increasing CO2 emissions and ttetribution from motor vehicles
(estimated at 21% of total CO2 emissions in 2080 iworrying trend. Nonetheless it is
much anticipated that the National Automotive Pglidue to be announced by the
Government in 2013 will provide significant impettmwvards use of “green” or energy
efficient vehicles (EEVs) vehicles which would umidboedly help in reduction of CO2
emissions.

2. Policies for Transportation problems

(1) Principle on and approaches to addressing trap®rtation problems

Resolution or mitigation of transport issues is lvagcepted as being a holistic issue that
requires broad based support from Government, rosers, commuters and various
stake-holders. No one solution fits all. Presertigre are 11 million vehicles and 9 million

motorcycles on the road, with about 500,000 neve ealded every year. Building more

roads, unless these form links as part of a lagimtegic network, is therefore not a

sustainable option for our cities. In recent yedn® Government has identified Urban

Public Transport as one of six principal NationaykResults Areas (NKRA) that focuses on
delivering immediate impacts to the public. Recérly efforts have focused on the

following:

= Increasing bus fleet sizes (owned and operate@Guiernment linked companies)

= Introduction of Bus Expressway Transit (BET) routes

= Increasing number of carriages sets for commuikseavices

= Construction of Integrated Transport Terminals ity fringes to de-congest CBD from
inter-urban urban buses

= Expansion of Light Rail Transit (LRT) lines

= Construction of a new Mass Rapid Transit SystemTMR

Additionally, City Hall Kuala Lumpur, is also congilng in stages the “Skywalk”, which is
a series of connected elevated walkways to intdr¥iarious key public transport terminals
(LRT, buses, etc) and various points of intereghacity.

In tandem with Government’s renewed emphasis oarugublic transport, the Land Public
Transport Commission (LPTC) was set up in June 20i6 the goal of ensuring that the
people have access to reliable, efficient, integtadnd safe public transport. LPTC is
developing the National Land Public Transport Magtan which provides a long term
programme to address the current deteriorationuiblip transport with plans to execute
high impact, effective delivery initiatives for 3@ar sustainable quality public transport
service for the nation. It is the goal of publiarisport to drive forward the ambition of
Vision 2020 and 1Malaysia. These have the visianMalaysia to achieve industrialized
and fully developed nation status by sustainingaginoof 7% per annum. It is expected that
ITS and in particular Advanced Public Transportt8ys (APTS) will play a large role in
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the roll-out of such future services and capabditiPresently LPTC is embarking on the
deployment of a Performance Monitoring Hub wherstage buses would be fitted with the
GPS for real time tracking and monitoring of busvges; including the delivery of ETA
information at key stops.

(2) Traffic policies and relevant laws
There are presently no laws or policies governin§, lalthough guidance can be sourced
from the ITS Strategic Plan (2000), ITS Master R2803) and ITS System Architecture
(2007). The ITS Master Plan and ITS System Architecwere initiated by the Ministry of
Works, Malaysia.

In regards to climate change, it is noted that sika became a Non-Annex | Party to the
United Nations Framework Convention on Climate Gea(lUNFCCC) when it ratified the

UNFCCC in 1994. Malaysia ratified the Kyoto Protbao 2002 and the country is fully

cognizant of its progression towards a sustaingptavth path in a carbon constrained
world. It is expected that the new National AutoiwetPolicy, due to be announced and
launched soon (2013), will continue or promote eagdh on “green technology” and
enhanced environmentally friendly vehicles (“EEV,siith focus on not just hybrids, but

also conventional internal combustion engines thaets a multi-tiered fuel economy and
exhaust emission target.

3. Status of ITS Introduction

(1) History of ITS introduction
ITS Malaysia was formally established in July 20@t its first pro-tem committee, under
the patronage of the Secretary General of the Minf Works, Malaysia. The first elected
council members of ITS Malaysia came into officéteg inaugural Annual General Meeting
of the Association in 2008. The primary objectioé$TS Malaysia are as follows.

1. To facilitate knowledge and information exchangeoagh members, industry players,
trade professionals, engineers, consultants, systewelopers, solution providers, etc
through various networking and information sharsugh as via workshops, conferences,
seminars, technical talks.

2. To represent the industry in assisting and progdinputs to various Government
agencies on standardization, harmonization, poliayding, deployment and other issues
that may impact on the industry and/or Government.

3. To facilitate and foster greater cross-disciplinaotlaboration between the academia,
public and private sector in various ITS effortstiatives and programmes.

4. To serve as a bridging point between the local pl&ers with other international ITS
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related organizations, agencies, and/or trade EdBDTS.

5. To identify, encourage and nurture new areas cfareh and development in ITS that
have specific importance to the country and théoreg

The Association’s mission is to spearhead, encaueagl embed ITS holistically into the
research, planning, design, deployment, operationaintenance and management of
transport and carrier systems in Malaysia for saig sustainable mobility of the future.

ITS in Malaysia has traditionally been championeg the Ministry of Works; and
membership of ITS Malaysia has been drawn largelsnfprofessionals, vendors, suppliers
from the road engineering fraternity. Recent effdrave sought to expand the membership
for a more inclusive representation from the pulbtemsport sector, automobile industry
players and telecommunication service providerse ThS Malaysia Council currently
includes representatives from the Malaysian Highwaythority, Ministry of Works
Malaysia, City Hall Kuala Lumpur, LPTC, the Malagsi Communications and Multimedia
Commission (MCMC), Multimedia Development Corpooati(MDec), local academia, and
various private sector representatives.

ITS Malaysia has participated in all ITS World Coegges and ITS Asia Pacific Forums and
Exhibitions. ITS Malaysia was also the host orgation for the recently concluded 12th
Asia Pacific ITS Forum and Exhibition in Kuala Luorgn April 2012.

ITS Malaysia presently cooperates and collaboratgls the following organizations in
many of its activities:

» Ministry of Works

= Public Works Department

» Malaysian Highway Authority

» The Institution of Engineers Malaysia

» The Road Engineering Association of Malaysia (REAM)

» Road Engineering Association of Asia and AustraldREAAA)

» The Chartered Institution of Highways and Transatwoh (CIHT, Malaysian Branch)
» Transportation Science Society of Malaysia

» Local Academia

(2) Deployment of ITS technologies and services:
Following are some of the key ITS studies, projectd deployments:

ITS Strategic Plan

Realising the increasing loss of opportunities tuéack of integration between different

ITS projects, the Road Engineering Association daflaysia (REAM) took the proactive
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initiative of formulating the ITS Strategic Plan1899. The key objectives of the Plan were
as follows:

* Propose a systematic approach for ITS implememtatio

» |dentify key ITS application sectors that were med¢vant to Malaysia

» Provide strategic directions for research and dmrakent

= Suggest a working framework for system integraibiNational level

» Make a case for ITS as a means for supporting isiadtie economic development in key
transport areas

The Plan identified four initiatives that could beplemented by both public and private
sectors as follows:

Demonstration projects of selected ITS user sesvice
Research and development programme
Professional development and training

Outreach programmes

In September 2000, the Government of Malaysia esatbthe ITS Strategic Plan as a guide
for the development and deployment of ITS in Malaysithin the broad implementation
policies and strategies outlined in the Plan.

ITS Master Plan

In 2003, the Government embarked on the Nation& Master Plan Study. The key
outcome of this was to progress the work of the Btfategic Plan and to establish in
greater detail the key strategies, direction amnam&work for the development and
deployment of ITS in Malaysia. The Master Plan tifesd among others, a structured
deployment programme for various priority ITS stgit projects in key sectors such as
Advanced Traffic Management System, Advanced Texvilformation System, Advanced
Public Transport Systems, Commercial Vehicle Openat Safety Systems, Electronic
Payment Systems, Advanced Vehicle Control Systdinsgrgency Management Systems
and Information Warehousing Systems.

ITS System Architecture

The ITS System Architecture Study was a progressibthe ITS Master Plan, and was
completed in the period 2006 — 2007. The Systemhifecture provided a unified
framework for the coordinated deployment of ITS Mualaysia by providing detailed
descriptions of interactions between travelersjalel, roadside devices and control centers.
The Architecture also described the information aathmunication requirements, the data
structures to be shared between interacting systanms the standards required for data
exchange.
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Key ITS Deployments and Developments in Malaysia

As our Malaysian Government takes the inevitabléh gawards greater e-Government
using ICT as a leverage to propel our nation towagileater competitiveness, ITS
deployments can also be expected to becoming nek@give in the coming years.

Our Prime Minister has set very clear set of gaalsapsulated within the National Key
Results Areas (or NKRAs) and have used these tinalghe larger Government and
Economic Transformation Programmes. The core obgstof these programmes are to
create more adaptive and timely delivery of sewi@d to technologically advance
Malaysia to higher standards of living in line witur Vision 2020 towards developed
nation status.

The Government of Malaysia is investing about USIDM to upgrade public transport
services; and a further USD 2.3B for the extensbithe light rapid transit system. The
Government has also recently started tenders ®v#rious packages for the USD 12B,
new 150km long Mass Rapid Transit system whiclaigdted for operations in 2016/2017.

The next several years will indeed be very challegdor Malaysia. Our Government is

embarking on many projects in the area of advapesudic transport systems in ITS as well
increasing emphasis on sustainable transport denwedot strategies that require greater
optimization of resources, and therefore increadenwprage on ITS technologies and
systems. The following are some recent developntemtard this path.

1. Integrated Transport I nformation System (I TIS)

The Government embarked on a pilot ITS project @nage traffic congestion along
major key roadway corridors in the Klang Valley.eTHntegrated Transport Information
System" or ITIS costing some US $100 million wampteted in 2005 and has now been
operating successfully by the City Hall Kuala Lumpar two years. Key objectives of
the system are the early detection of disruptiedfitr incidents and, in to collaboration
with first responders, to clear the blockages s ttormal traffic flows can be restored
expediently. The system operates 140 variable mgessanboards (VMS) and a wide
array of automated traffic counters to provide al ieme view of the overall traffic
network. The system leverages heavily on ATMS an#iSAplatform technologies. The
success of ITIS has enabled Government to takeramger long term view of the
sustainability of ITS applications for the countifhe Government is now studying
options for adopting similar systems to other eitism Malaysia to assist in the
management of urban traffic congestion.

2. Electronic Payment Services I nteroperability
A problem currently plaguing the country is the udfedisparate electronic payment
systems and, in particular, for electronic toll leotion, bus ticketing and parking
collection. The Government is keen to harmonise whieous use of “smart” cards or
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electronic payment schemes so that the commutinigligoplcan enjoy a common
“one-card” system.

. Intelligent Enforcement

The Government continues to be deeply concerned & accident fatalities, and in
particular, where these are due to aggressive rdbgbaviour with scant regard for road
and traffic regulations. The Master Plan has idietilntelligent Enforcement as a way
to help the various agencies to enforce road aaffidrregulations without the need to
re-deploy valuable human resources to the fielc&e Glovernment has recently approved
and commenced the roll-out of the Automated Enforeet System (AES), with the hope
that stronger, more effective and consistent eefoent would help reduce road
accidents.

. SMART (Storm Water Management and Road Tunnel)

This is the world’s first combined storm water mgement and road tunnel (SMART),
one of Malaysia’s finest engineering showcase. pragect was featured in Discovery
Channel's Extreme Engineering, and ITS was inneefiti deployed for the 5km
motorway tunnel linking the city center with theusltern gateway. SMART is also
equipped with a state-of-the-art operations contadm with the latest systems in
operations management, surveillance and maintenance

. PLUS Traffic Monitoring Center
PLUS, prior to a recent privatization exercise, wesa’s largest public listed tolled
expressway operator; with close to 1000kms of tokxpressway in Malaysia alone.
Dubbed as the most sophisticated traffic monitodegtre in the country, the PLUS TMC
operates 24x7 to provide traffic and incident réipgr, and driver assistance.

. Malaysia Highway Authority
MHA collates and coordinates traffic informatiorr fcarious toll operations at a national
and regional level. As the regulator of tolled hgys, MHA also underpins the
scoping and specification for ITS related workduding traffic control and surveillance
systems and toll collection systems. Over the Emiple of years, MHA has been
formulating its plans for the rollout of the muléine free flow system for toll collection.

The MHA also operates its own Traffic Managemenht€e which is linked to various
toll concessionaires. Via the MHA TMC, various igtated services related to traffic
advisory and information will be rolled-out to roaders.

. Integrated Transport Terminals (ITT)

The ITT is a new generation of high-tech multi-rabéhtegrated transport terminals.

The ITT in Bandar Tasek Selatan commenced opemation2011 and serves buses
plying the southern connectors to the city. The BI0 serves as a main interchange for
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heavy rail, commuter and express rail, and lighpidatransit systems. Various
applications in ITS enables the use of an integrdieketing system and bus arrival
information in enhancing passenger comfort and rsgycu

8. Mass Rapid Transit System

The MRT, now called My Rapid Transit, is the maimmponent of the Greater Klang
Kuala Lumpur/Klang Valley National Key Economic Areand will be the largest

infrastructure project in the country. It will sificantly improve the coverage of

rail-based public transport in the Greater Kualanpur/Klang Valley area and will spur

us towards a 50% public transport modal share 2620he current modal share is 17%.
The Government approved the execution of the MRDacember 2010 and construction
of the first 51km line, which will run from Sung&uloh in the northwest of Kuala

Lumpur, to Kajang in the southeast of the Fedeagital, was officially launched in July

2011. Various construction packages are being teddand awarded in stages, with
overall completion and start of operations targdte@016 / 2017.

9. Land Public Transport Commission

The Land Public Transport Commission (LPTC) wasugein June 2010 with the goal of
ensuring that the people have access to relialfliejeat, integrated and safe public
transport. LPTC is developing the National Land IRufransport Master Plan which

provides a long term programme to address the cudeterioration in public transport

with plans to execute high impact, effective defwanitiatives for 20-year sustainable
guality public transport service for the nationidtthe goal of public transport to drive
forward the ambition of Vision 2020 and 1Malaysihese have the vision for Malaysia
to achieve industrialized and fully developed natgiatus by sustaining growth of 7%
per annum. It is expected that ITS and in particldvanced Public Transport Systems
(APTS) will play a large role in the roll-out of gu future services and capabilities.
Presently LPTC is embarking on the deployment dPeaformance Monitoring Hub

whereby stage buses would be fitted with the GR3dal time tracking and monitoring

of bus services; including the delivery of ETA inftation at key stops.

10.Establishment of Special I TS Unit, Ministry of Works
In recognition of the increasingly pervasive depi@nts of ITS in Malaysia, the Ministry
of Works had recently in 2011, formed a specialt uni provide oversight of ITS
development, scoping, planning and integration wihevant and impacted projects
under the Ministry of Works in Malaysia. This is enportant first step towards greater
harmonization of forward planning, execution, maragnt and operations of ITS
components in various state and national levelgotsj

4. Policies and Plans relating to Transportation and TS Introduction in the Future

It is expected that in the near to mid-term; camtig emphasis, mainly driven by
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Government, will continue along the following lines

» Expanding and enhancing the urban public transgegtor. In particular, this involves
the completion of the MRT, extended LRT lines, &ddial carriages for commuter rail,
and expanded bus fleets.

= Completion of selected strategic highway links witlthe Klang Valley (primarily by
way of privatization) for improved traffic dispefsand continuing push for greater
adoption of electronic (toll) payments, and in tlomg term, multi-free flow tolled
system.

» Integration of rail, bus, pedestrianisation (e:gkywalk”) and park-ride facilities as
encouragement towards a more sustainable spliiloifq private modes of transport.

= De-congestion of urban centers from inter-urbanebuga establishment of outer city
transport hubs (“Integrated Transport Terminals”).

= Deployment of real time monitoring and fleet mamagat tools for public buses (and
perhaps commercial fleets) such as the Performisiocetoring Hub System (by LPTC).

» Improved real time enforcement of road rules suslvia the Automated Enforcement
System.

= Establishment of traffic data warehousing as af@iat for spurring and the creation of
web-based tools and applications for deploying teak travel conditions for better

journey planning across different transport modes.

» Policies to encourage and increase adoption of HBVeeduced CO2 footprint within a
carbon constrained eco-system.
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Singapore

1. Current Transportation in Singapore
Statistics taken from LTA Annual Vehicle Statist@@12

(1) Road Length (km)
Arterial Roads : 652
Collector Roads : 561

Local Access Roads : 2,051
Expressways : 161

(2) Vehicle Ownership Number
Cars & Station Wagons : 605,149
Rental Cars : 14,862

Taxis : 28,210

Buses : 17,162

Goods & Other Vehicles : 160,417
Motorcycles & Scooters : 144,110
ALL MOTOR VEHICLES : 969,910

(3) Transportation Safety Problems
Number of Traffic Accidents : 7,168
Number of Traffic Accidents Fatality : 168
Number of Traffic Accident Injuries : 9,106

2. Key ITS Timeline

1980 Area Traffic Control (ATC) of Traffic Signals
Green Link Determining System (GLIDE)

1990 Central traffic control center

Radio broadcast of traffic information via Traffie¢h
Expressway Monitoring and Advisory System (EMAS)

Electronic Road Pricing System (ERP)
Electronic Regulatory Signs (ERS)
TrafficScan System using Taxis’ GPS probes

2000 i-transport Platform

Revamped of ITS Operations Control Centre (ITS OCC)

Junction Electronic Eyes (J-Eyes)
One.Motoring web portal
Electronic Parking System (EPS)
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Enhancement of TrafficScan System
Unified Maintenance Hub (UMH)

ITS Masterplan

Pedestrian Green-Man Countdown Timer
Parking Guidance System (PGS)

Green Man Plus (GMP)

Your Speed Sign (YSS)

Traffic Information Platform (TRIP)

Bus Arrival information Display

2010 -today
Traffic Message Channel Location Table (TMC-LT)
Traffic Message Channel (TMC) standard adoption
EMAS on Major Arterial Corridors
Achieve Contactless e-Purse Application StandaERAS)
Live Traffic on LTA Twitter
EMAS enhancement
MyTransport.SG mobile application on iOS and Androi
Radar-based traffic collection system
Transport DataMall
Expansion of Green Man Plus
Traffic Data Quality Assurance Program and Analytic
Next Generation ERP system evaluation test
GLIDE Digitisation
ITS Masterplan 2.0

3. History of ITS Introduction

With just a land area of 715mSingapore’s resident population has increasenifgigntly from

3.5 million in the late 1990s to more than 5.3 ol today. Vehicular population has also
increased from 700,000 in 2002 to slightly over 960 in 2012. The inherent issue on land
constraints have placed public and private trartspoder strain as they compete with other
essential sectors such as housing, industrial aocdeational purposes for available land use.
Given the changes in Singapore’s demographic asth-®zonomic landscapes and a growing
vehicle population, Singapore adopts a holisticrappgh in managing and optimizing road usage.
This includes leveraging on traffic management goahd providing motorists with real-time

traffic information.

Singapore started its ITS journey in the 1980s witinodest area-wide computerised traffic light

signal system and adopted a step-by-step approacmpiementation of ITS after monitoring the
effectiveness of each new ITS in improving roacgsaénd traffic efficiency.
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Green Link Determining System (GLIDE)

To catch up with changes in traffic condition daedpid infrastructure development in Singapore,
the modest area traffic control (ATC) system wagraged to a traffic-adaptive system called the
GLIDE (Green Link Determining System) in 1988. TG&IDE system detects traffic flows via
vehicle detector loops that are embedded in thergtmear the stop-line of the junction. The
GLIDE program works out the required cycle timeBoaate green times and works out the
required offsets to provide linking between junoscautomatically to meet the dynamic changes
in the traffic condition and hence, providing masts with “greenwave” from one junction to
another with minimal stops. Due to its adaptiveatality, this system is able to cater for unusual
change in traffic flow and demand.

ITS Operations Control Center (ITS OCC)

About 55% of average daily traffic flow in Singapors on the expressways/highways. Any
incidents such as vehicle breakdown and accidentczaise a rapid built up of traffic and
eventually lead to congestion on the expresswawpstifresponded to promptly. In 1991, a traffic
central control center was set up to monitor owst xpressway tunnels of a total length of 2.4km.
The humble traffic control room has expanded totwhkaow called the ITS Operations Control
Center (ITS OCC) that monitors entire Singaporedroatworks, including more than 161km of
expressways and road tunnel systems.

The ITS OCC operates 24/7 throughout the year, toong and managing traffic flow based on
information gathered by the various ITS. Once icaficidents are detected, traffic controllers at
the OCC will initiate and coordinate efforts to r@me obstructions from expressways and major
arterial corridors such as dispatching recoveryvcaad Traffic Marshal to the site and assist to
remove the incidents and control the traffic sd thaffic flow can resume in the shortest possible
time.

Expressway Monitoring and Advisory System (EMAS)

The control room was expanded to monitor all theregsways in the mid 90s using an Advance
Traffic Management System (ATMS) called the Expwess Monitoring and Advisory System
(EMAS). Using video analytics, the video detectioameras with virtual loops were also
extended to count traffic and determine vehicleupancy. The information can be used to obtain
traffic counts, measure speeds and detect conge#tibth enhanced incident detection capability,
the incident detection is almost instantaneousiy wie average response time of the towing crew
to the incident site being less than 10 minutes.

The EMAS also serves as a mean to disseminatécteafl incident information to motorists via
the electronic message signboards strategicallgtéacalong expressways and roads leading to
the expressways. Besides enhancing road safetg]ytimformation also enables motorists to
make more informed decision on the choice of roatesilable, and more importantly allows
congestions on incident road to be better manabfeel pre-designed messages are stored inside a
message library of the EMAS system for prompt impatation of the messages by the operator.
Today, the EMAS system assists to manage an avefaneer 3,400 cases of incidents and road
works on our expressways each month.
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TrafficScan

In the mid 90s, GPS based Taxi Booking System wasmdhed. With the successful
implementation of this system, many taxis in Sirggapwere tracked with GPS locations and
travelling speed. This gave birth to the innovatise of moving taxis as mobile speed sensors
throughout Singapore roads. To have a better fegicund conditions throughout Singapore, the
TrafficScan system was introduced in the late 1990sis a system that makes use of
GPS-equipped taxis as probes on the roads to eafiterassociated speed information as they ply
the roads. These data, together with the otherdsga® collected from cameras and other sources
were collated in real time to provide useful infatn on the traffic conditions and average
travelling speed of the road networks.

Electronic Road Pricing (ERP) System

In September 1998, Singapore implemented the woffidst electronic road pricing system as
part of the congestion management strategy. Thetdal@c Road Pricing (ERP) system replaces
the previous manual road pricing system schemehistoeen in operation since 1975. The ERP
system uses a dedicated short-range radio comntiamcsystem to deduct ERP charges from
smart cards which are inserted in the In-Vehiclet&iglUs) of the vehicles. Each time the
vehicles pass through an ERP gantry when the syst@émoperation, charges are deducted from
the smartcards automatically.

Electronic Parking System (EPS)

The success of ERP has led to the subsequent iraptatron of the Electronic Parking System
(EPS) that allows the automatic deduction of paykiees based on the same technologies
achieved in ERP and replaces the manual settleofigrarking fees via paper coupons and cash at
carparks. The same IU and smart contactless caedsud into practical use to bring convenience
to motorists. Motorists can enter and exit any EER&bled car park without having to go through
the hassles of handling parking tokens/tickets wsueng adequate parking coupons being
available and displayed in the car.

i-transport System
The i-transport system was implemented in 200tegrate all the various ITS to achieve system
interoperability and harmonising data transfers difer an effective and efficient traffic
monitoring & control via a single, congruent traogpplatform. This platform also enables the
monitoring of the condition of road tunnels (inclugl the current Kallang Paya Lebar
Expressway (KPE), the Southeast Asia longest umdengl expressway).
Island-wide traffic data and information are ga#teria a wide variety of sensors such as those
from the detector loops, video detection cameragh(image processing capability) and
in-vehicle GPS devices. These enable good measirdee traffic flow condition on the road
network that include the traffic volumes, speedy#l time, etc.
These traffic data collected are pushed into thranisport system whereby it collates and fuses
them for operations and disseminations to the puBlesides displaying road advisory messages
and travel time information on the variable messsigeboards, the traffic information such as
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traffic speeds, travel times and incident inforroatiare also made available to motorists via
multiple channels such as the internet website (vememotoring.com.sg), mobile phones and
radio broadcast via TrafficWatch. The traffic infeation are also shared with the industry where
they are in turn disseminated through their proslaetd services such as navigation systems and
smartphone applications.

Junction Electronic Eyes (J-Eyes)

Junction Electronic Eyes (J-Eyes) are surveillatar@eras mounted near major road intersections
on arterial roads and serve as remote eyes fdrdffec operations in the ITS OCC. They are used
to spot and rectify causes of traffic congestiotigereby allowing operations to implement
appropriate action plans to enhance traffic flownajor road intersections.

Parking Guidance System (PGS)

To manage the congestion at car parks’ entrancdscanulating traffic to look for alternate
parking space, a Parking Guidance System (PGS)ntrasluced. Motorists now can be informed
of the availability of parking lots in parking fdities near to them when they approach their
destinations through display on strategically ptheead-side panels. The PGS has successfully
helped to reduce the cruising time of motoristsd¢arch for parking lots and this in turn reduces
circulating traffic at these areas. At present,RIGS are set up at key strategic shopping stretches
such as our Marina Centre, Orchard and Harbourfiosds.

Public Transport System

As part of the initiatives to develop a commutencie public transport system, real-time bus
arrival information system is implemented at buspstto help commuters better manage their
waiting time and make informed travel decisions.

In addition, Key Bus Services Maps have also bestailed at selected bus stops in the Orchard
Road area. Designed primarily for tourists and dqtrent public transport users, each map
provides pictorial information on key bus servicadling at the bus stop and the routes they cover.
It also indicates the MRT stations along the routegnificant buildings and locales such as
places of interests, tourist attractions and msimpping malls.

To enhance the public transport experience andntpoger commuters to make informed
decisions when using our public transport systeifh expanded the outreach of the public
transport information through various other chaarseich as the MyTransport.SG mobile app and
webportal as well as the PublicTransport@SG portal.

Green Man Plus (GMP)

Green Man Plus (GMP) is one of the latest initiatisndertaken to address the needs of elderly
pedestrians who may require more time to cross rtteel. This is done by tapping the
CEPAS-compliant senior citizen concession cardhenreader mounted at selected traffic light
pole. The system will then extend the green marm tamd allow elderly pedestrians to cross the
roads at a more comfortable pace. The system hasbeen extended to the use by mobility
challenged group of road users.
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Standards Adoption

The adoption of internationally recognised and ldghed transport standard in disseminating
traffic information will encourage and spur greaianovations and researches locally into
products that will be compliant to internationarslards to be used internationally.

Singapore developed and achieved certificationtsrTiaffic Message Channel Location Table
(TMC-LT) from the Traveller Information Services gaciation (TISA) in July 2010 based on the
internationally recognized and widely adopted TMtanslard. Currently, TMC services are
commercially available in Singapore and motorisen cenjoy access to real-time traffic
information through TMC-enabled navigation devices.

Singapore also developed the Contactless e-PurgdicApon Standard (CEPAS) national
standard that enables different card issuers &r ctirds and services that are compatible with the
ERP system without any modifications. This allowsajer competition and promotes innovations
through services. The same card can be used téop&RP charges, and other transport-related
transactions, including parking, buses and MassdRamnsit (MRT) charges. More products
and services are being made available to consumetsjust in transportation but also in the
service sectors. With continued innovation and cetitipn, more people will be encouraged to
pay through this cashless mode.

Traffic Data Quality Assurance and Analytics

Massive amounts of traffic data are collected fribv@ wide variety of ground sensors everyday
for monitoring, controls and dissemination. Thusisiimportant that these data collected and
disseminated are consistently of high quality. Affic data quality assurance program was
established to provide the governance and guidelioeprovide the strategic guidance for a
highly reliable and accurate traffic data is ackiwn a regular basis.

The importance of analysis to process and assenilaé data to yield greater insights into
transport trends and travelling behavior should m®tundermined. Traffic data analytics with
good visualisation allows for added visual impaztbietter understand and interpret data and
trends from different perspectives. Having suchgints ensures that traffic applications (for
information delivery) perform to expectations itoaling better decision making and planning.
Mobilephone data are also collected from a smariphoaffic application called “trafficlah” that
can intelligently self-learn the motorist’s regularavel route and push down relevant,
personalized traffic information based on the us&exjuent travel route. These anonymous
crowd-sourced travel data allows LTA to gain moralepth and meaningful analysis on the travel
patterns and provides useful insight for enhang#i¢crmanagement and planning purpose.

OutReach via Social Media

Drivers who try to catch those all-important ratiiaffic announcements about highway accidents
or traffic jams can follow @LTAsg on Twitter foratfic news introduced in 2011. Not only can
they get traffic news on their Twitter timelinesavtheir computer but also via the Twitter
applications on their smart phones while on the end@wday, there are close to 20,000 followers
@LTAsg on Twitter.

News releases and road announcements from LTAsis @gularly made available on LTA's
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official Facebook page. So far, there are more tB&000 likes on the Facebook page. It also
serves as a mean of gathering ground feedbacksetanents on transport-related matters and
policies.

Active Industry Engagement & Collaborations

It is also essential to leverage on the industsytengths and innovations in technology and
customer service, to package and disseminatediafiormation in the best possible medium to a
wider public audience in a seamless fashion. Adustry Engagement Framework was thus
established to ascertain key areas of focus, ifyeimilustries to actively pursue collaborations to
proliferate traffic information as well as potenéudies on new transport technologies.

In line with the growing demand for traffic dataa@aMall@MyTransport.SG was launched to
share LTA's rich repository of land transport datasuch as public transport, traffic and geospatial
data. Since its inception, the initiative has gaedestrong interest from business partners,
research institutions and 3rd party developersegeimg 2 million data downloads per month.
This in turn supports more than 8 million monthiysHrom 35 new, innovative transport-related
applications created on mobile devices.

DataMall@MyTransport.SG marks the synergetic catabon between LTA, Industry and
community to create an ecosystem that encouragedaelopment and co-creation of innovative
transport applications, which empower the publithwimely and relevant travel information for
smarter travel choices.

Singapore ITS Masterplan 2.0

Given the many constraints in road expansion, magagnd optimizing road usage will remain
as one of Singapore’s topmost priority. Furtherm@&iegapore’s social and economic landscapes
are changing rapidly.

To meet these challenges, LTA together with ITSg8pore developed the Singapore ITS
Masterplan 2.0 in 2013 to respond to the changegda and to provide the necessary strategic
leadership, guidance and support to facilitate ranoé highly connected and interactive transport
community with innovative and integrated mobilityigtions in the coming years. Emphasis will
also be placed on more public-private collaboratiso as to leverage on the industry’s innovation,
technical expertise and marketing capability tacheaut to a wider audience.

Through all the above initiatives and efforts, Sipgre hopes to bring to all commuters a
smoother journey with smarter choice.
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Appendix 2 URL of the main ITS Standardization Organizations

AASHTO (American Association of State Highway amafisportation Officials):
http://www.transportation.org/Pages/default.aspx
ANSI (American National Standard Institute):
http://ansi.org/
ASTM (ASTM International)
http://www.astm.org/
CEN (European Committee for Standardization):
http://www.cen.eu/cen/pages/default.aspx
CENELEC (European Committee for Electrotechnicain@trdization)
http://www.cenelec.eu/
EIA (Energy Information Administration)
http://www.eia.gov/
ETSI (European Telecommunications Standards Isjitu
http://www.etsi.org
ICTSB (ICT Standards Board)
http://www.ictsb.org/
IEC (International Electrotechnical Commission)
http://www.iec.ch/
IEEE (The Institute of Electrical and Electroniasgineers, Inc.)
http://www.ieee.org/index.html
ISO (International Organization for Standardizafion
http://www.iso.org/iso/home.html
ISSS (International Society for the Systems Scighce
http://isss.org/world/index.php
ITE (Institute of Transportation Engineers)
http://ite.org/
ITU-R (International Telecommunication Union Radiatmunications Sector)
http://www.itu.int/ITU-R/index.asp?categoryformation&rlink=rhome&lang=en
JISC (Japanese Industrial Standards Committee)
http://www.jisc.go.jp/eng/index.html
NEMA (National Electrical Manufacturers Associatjon
http://www.nema.org/Pages/default.aspx
SAE: (Society of Automotive Engineers)
http://www.sae.org
TIA (Telecommunications Industry Association)
http://www.tiaonline.org
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ITS Asia-Pacific

Purpose

ITS Asia-Pacific seeks to facilitate Intelligent afisport Systems (ITS) cooperation and
coordination between countries/areas in the As@fieaegion, taken to mean Asia and Oceania,
irrespective of political, industrial, cultural orstitutional barriers.

ITS Asia-Pacific offers its members opportunities fietworking and information-sharing through
assistance in the coordination of the region’s imement in the World Congress on ITS, and
hosting the ITS Asia-Pacific Forum.

ITS Asia-Pacific plays a key facilitation and liarsrole for its members within the Asia-Pacific
region and with related organisations in otheroegi

Member countries/areas are encouraged to devel8pfdl application across the Asia-Pacific
region and to assist each other with informatioeriable this.

The objectives of ITS Asia-Pacific are

* To support economic growth and better quality f& by solving transport problems of a
modal or multi-modal nature through the developang deploying of ITS;

* To establish the framework for cooperation by huijda foundation on which ITS
Asia-Pacific members can share and find solutiong€émmon problems; and

» To support other international organizations b¥ilig organizations in various sectors.

Roles and Activities
The roles and activities of ITS Asia-Pacific are

(1) To identify common problems and find solutions tacle problem with a view to the
following;

* Awareness of Asia as a fast-growing region, witlgagties emerging;

* Recognizing and sharing of the current situatioth sunbjects; and

» Finding solutions and coordinating concrete plans.

(2) To develop human resources for the next gelergtrough:

* Personnel exchanges between member organizati@tisetgythen propagation of information
and experience; and

* Internships to foster leaders of the next genematio

(3) To collaborate with related international orgations such as:

» Government agencies in each country/area;

* Financial sectors such as the World Bank, Asiandbmyment Bank, Asia Pacific Economic
Cooperation; and

* Academic societies such as EAST (Eastern Asia 8oofelransportation Studies).
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Policy Direction
The policy direction for ITS Asia-Pacific includes

Application of ITS technologies in conjunction witansportation infrastructure
development;

Focusing on transportation problems of transitiac@intries including mixed traffic, traffic
safety, energy, environmental problems, and ITSiegons in rural areas;

Establishment of master plans for ITS and ITS oigsions;

Facilitation of ITS special interest groups;

Encouragement of the use of ITS to improve roaffi¢craperation, public transport; and
Emphasis on the implementation of pilot projectd arodel deployment initiatives.

The intention of ITS Asia-Pacific is to bridge tigap between transitional and industrialised
economies. This extends to countries outside th&-Racific region.

Structure
ITS Asia-Pacific consists of the General Assemlthe Asia-Pacific Board of Directors and
committees as determined from time to time.

Each member country/area is encouraged to:

Develop an ITS organization;

Develop and deploy ITS-related technologies andises on a continuing basis;

Support and promote the ITS Asia-Pacific Forum,ludimg representation at the event,
development of the program, and encouragementlabgtons; and

Host the ITS Asia-Pacific Forum when appropriate.
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ITS Asia-Pacific Board of Directors

Country/Area Name Organization

Members

Australia Dean Zabrieszach ITS Australia

China Xiaojing Wang China National ITS Center/ITBita
Chinese Taipei S.K.Jason Chang ITS Taiwan

Hong Kong,China  Paul Cheng ITS Hong Kong

India Arosha Bajpai AITS India

Indonesia Elly Sinaga ITS Indonesia

Japan Hidehiko Akatsuka ITS Japan

Korea Dubo Shim ITS Korea

Malaysia Siew Mun Leong ITS Malaysia

New Zealand Mohammed Hikmet ITS New Zealand (Chair)
Singapore Mong Kee Sing ITS Singapore

Thailand Passakorn Prathombutr ITS Thailand

Secretary General
Japan Hajime Amano ITS Japan
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