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Executive summary

The main purpose of this report s to show the current state of Intelligent Trans-
port Systems (ITS) implementationin Latin America and the Caribbean (LAC). The
report provides an overview of the transport problems encountered in the LAC
region, an analysis of the potential benefits gained whenimplementing ITS appli-
cations to the transport sector as well as a description of the ten most relevant
applications to solve the current problems of Latin American cities.

Through the review of existing literature and the consultationto ITS and transport
related stakeholdersin administrations at all levels inthe region, the report unveils
the level of development of Intelligent Transport systems in 26 countries of Latin
America and the Caribbean.

In spite of the particularities of each country, the region as a whole presents
similar transport problems: increased congestion, pollution and environmental
deterioration, lack of productivity and competitiveness, road safety and scarce
infrastructure.

The region is highly urbanized, with very large cities where there is a growing
reliance on private transport. This increase on the number of vehicles is causing
traffic congestion and extended travel times. The higher rate of vehicle owner-
ship and longer travel times have also contributed to aggravation of pollution
levels. The overall worsening of air quality has a direct effect on public health. As

Q>
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a result of the lack of road safety policies, the number of fatalities
in Latin American roads has not been contained; on the contrary
thereis atendencytorise by 2020. The deficient situation of trans-
port infrastructure and urban mobility is an obstacle for economic
development and production growth that could translate in social
progress and increased competitiveness.

Intelligent Transport Systems have proved to have the significant
potential to improve:

O Safety

O Efficiency in mobility

O C(ongestionreduction

O Productivity

O Energy and environment and

O Customer satisfaction

Aiming at finding solutions to amend the current situation, the Inter-American Development
Bank (IDB) s promoting the creation of a Regional Observatory of Intelligent Transport Systems
in Latin America and the Caribbean, with the objective of compiling and sharing the successful
experiences and fostering best practices on ITS deployment. The focus has been put on the
(33) main cities within the LAC region and the (28) emerging cities participating in the Emerging
and Sustainable Cities Initiative (ESCI) promoted by the Inter-American Development Bank (IDB)
since 2011,

With a view on developing the ITS Observatory, a descriptive taxonomy of 10 key ITS appli-
cations has been compiled (see Chapter 4) in response to the transport sector's needs and
priorities in the selected cities:

O Transit Fare Collection: Automated ticketing system based on smart cards or magnetic
stripes, which provide cost savings, increased efficiency, fleet management and control
for administrative agencies. Other benefits that may be listed are enhanced safety and
reliable services that translate into simplified traveler access, reduced travel times and user
satisfaction. This type of application s justified given the need to fight against fraud, speed
up boarding payments and obtain usefulinformation for the public transport operators.

The first choice for this kind of systems nowadays is smartcard technology, as contactless
smartcards prove to be the most secure, the one with the lower maintenance costs and

(« »
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the lowest transaction costs. From the operation point of view, the business
models used in this ITS system are usually the Public-Private-Partners-
hip (PPP) or concession model, more often used in Latin America, and the
European model, in which the Public Transport Authority and/or the public
transport operators tender the supply and maintenance of the Transit Fare
Collection System.

The transit fare collection systems are currently in a mature level of develo-
pment. In Latin America they have been successfully implemented in cities
such as Bogota (Colombia), Lima (Peru), Mexico D.F. (Mexico) and Santiago
de Chile (Chile). In the latter, in 2013 the number of Tarjeta Bip!cards, used in
the system and based on contactless technology was 4,966,650.
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O Automatic Vehicle Location and control systems (AVLC): Automatic ve-

hicle location (AVL) and computer aided dispatch (CAD) systems facilitate
transit operations management, providing up-to-date information on vehicle
locations to assist transit dispatchers and inform travelers of bus status.
The main benefits of these applications are improved fleet management,
transit reliability, with reduced waiting times, added security and efficient
fleet management through enhanced vehicle-to-dispatch communications,
enabling faster responses to physical threats and attacks, accidents and
vehicle breakdowns.

AVLC and CAD give response to the public transport problematic situation
in LAC. These types of ITS applications support public transport priority at
intersections, passenger information systems, and systems for frequency
regulation according to the prevailing demand. Among their advantages
are significant reductions in commuting time, a better use of the operating
bus fleet and, from the environmental approach, savings in fuel and pollu-
tion emissions reduction. In this case, the business models used in this ITS
systemn are usually the Public-Private-Partnership (PPP) or concession
model and the European model.

In recent years cities like Milwaukee and Kansas City in the USA, and

Curitiba and Sao Paolo (Brazil) or Guadalajara (Mexico) in LAC have already
implemented AVLC systems, with an investment of around 5,000 - 8,000

USD per bus.
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O Traveler Information Systems in Transit Area: Dissemination of transit
information to users through in-vehicle, wayside, or in-terminal dynamic :
message signs, as well as the internet or wireless devices. Information
systems provide substantial benefits in terms of time savings and user :
satisfaction, since they allow the traveler to plan their trips in advance, eli- :
minating uncertainty and waiting times and contributing to a better user's :
perception of reliability and punctuality. The technologies available to provide :
real-time information (RTI) are electronic signs or Geographic Information :

Systems (GIS) via web.

However, the key challenge in the implementation of these technologies is
to procure data collection from different sources and secure its integration :
with other applications in order to offer accurate information.The same bu- :
siness models used in the previous applications are being usedin this case: :
Public-Private-Partnership (PPP) or concession model and the European
model, in which the Public Transport Authority and/or the public transport :
operators tender the supply and maintenance of the Traveler Information

System.

It is worth to mention the experiences implemented in cities like Seattle
(USA), Ottawa-Carleton (Canada), London (UK) and Madrid (Spain), where
the Public Transport Integrated Management Center (CITRAM) delivers real
time multimodal information to support decision making and public trans- :
port coordination. Meanwhile, in Latin America these systems are already :
a reality in cities like Curitiba (Brazil), Guadalajara (Mexico) and Santiago

de Chile (Chile).

|

.
< Source: commons.wikimedia.org/wiki/User: Mariordo
.

O Shared Mobility Systems: These shared used mobility systems are new

technology-enabled services and tools that give instant access to new
services and travel information while complementing traditional modes
like fixed route transit. Examples include bike-sharing, car-sharing and
taxi-sharing, new forms of ridesharing, technology-enabled shared ride
services, new private forms of transit and travel itinerary services that ease
the selection of travel options with a click of the mouse or a tap on your
smartphone. This report focuses on shared bicycle systems.

Latin American cities have a clear need to improve sustainability and urban
mobility through economic, efficient mability options. Bike sharing systems
have recently beenimplemented with fast growing demands in Buenos Aires
(Argentina), Quito (Ecuador) and Mexico City (Mexico), among others. In
the case of Mexico City, EcoBici has an estimated capital cost per bike of
approximately USD 3,400.

The technology usedis oriented to offering information in websites or mobile
apps, planning services to monitor the use of bikes and payment services
including user registration and integration with other modes through smart-
cards and bike keys.

The institutions involved in the implementation of these schemes are the
government agencies in charge of the planning process and the operators
responsible for the day-to-day operations of the systems. The key cha-
llenges for these bodies during the implementation process are the station
density, bikes per residents, coverage area, quality of bikes and easy-to-use
stations, and last privacy regulations and payment laws.

QO
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O Urban Traffic Management: Systems used in cities to improve the efficiency

of urbanroadways, using traffic detectors, traffic signals, and various means
of disseminating information to travelers. These systems make use of infor-
mation collected by traffic surveillance devices and others sensors to smooth
the flow of traffic along city corridors.

Among the main benefits of urban traffic management systems are:

Reduction of traffic congestion,

Reduction of fuel consumption and pollutant emissions,

Integration of traffic managementin a region and,

Enhanced communication in transport management related issues be-
tweenthe implementing institutions, that is, traffic and mobility authorities
and the traffic control centers assisted by technological companies.

* & o o

LLAC countries may benefit from these applications given the growing num-
bers of road users and the limited resources offered by the current infras-
tructures in their cities. The centralization and management of signalized
intersections, traffic control systems and traffic and road information contri-
butes to appropriate management of urban traffic, reducing waiting times at
traffic lights and relieving traffic congestion. The most used technologies in
this field are the Traffic Control Systems (software for data collection, traffic
strategies design, and dynamic traffic signs control), Signalized Intersections
and Traveler Information Systems (Variable Message Signs (VMS), Dynamic
Speed Control, Website and Social Networks).

Some international examples worth to mention are the cases of London
(UK), Beiiing (China), New York (USA) and Toronto (Canada). In the LAC region,
cities like Medellin (Colombia) and Quito (Ecuador) have also deployed Ur-
ban Traffic Management Systems. In Quito, for example, the Metropolitan
authority invested around 27 Million USD for a 24 months implementation
project. The key implementation challenges have proved to be multi-agency
co-operation and coordination, interoperability, standardization and systems
operation and maintenance of the equipment,

Q>
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O Enforcementinurban environment: Automated enforcement systems are

electronic devices that detect traffic violations and document, through photo
or video evidence, the vehicle at fault. The most common types of automated
enforcement systems in urban environments are associated with speed
limit compliance, red-light running and other signalviolation (dedicated lane,
illegal turn, etc),

The benefits of speed enforcement relate to:
¢+ Safety improvement,
¢+ Reduced driving aggressiveness and

¢+ Speed enforcement assistance.

Road safety is one of the main challenges in Latin American urban centers.
Thereis anurgent needto plan specific policies and automated enforcement

_. J Wy
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systems have proved to reduce the number of casualties due to exceeded
speed limits.

The traffic or transport department of the municipality is the public agency
in charge of implementing the systems, although it may be done under
various different models.

Countries like Australia, Canada, Singapore and the United States have suc-
cessfully implemented Autormated Traffic Enforcement (ATE). In Europe, the
city of London (UK) is an international example worth to mention and in Latin
America, cities such as Lima (Peru), Medellin (Colombia) and Rio de Janeiro
(Brazil) should also be highlighted. The key implementation challenges are the
existence of a centralizedregister of vehicles and owners, the use of traffic safety
Criteriato determine where to use automated traffic enforcement systems and
technical considerations related to features and limitations of each technology.

(« »
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O Interurban Traffic Management: Systems used on alocal andregionalroad network level

to maximize the effectiveness and efficiency of aroadway and result inimproved safety, trip
reliability and throughput. These systems provide updated information from an operations
center that receives and processes field information picked up continually by sensors on
main roads. Telematic systems, such as Variable Message Signs, are designed to correct
this situation, allowing the same panel to provide information continuously updated by
remote control from a control center.

This allows users tore-route or chose the best route based onup-to-the-minute informa-
tionwith a positive effect on user's safety (decreased crashrate, improved road capacity and
systerm performance), efficiency, traffic congestion, delays and pollution.This is especially
relevant for trade transport moving in interurban highways, since improvements will lead
toincrease trade efficiency and productivity growth. The technology is in a mature level of
development, largely implemented in highways internationally.

The entities responsible for the planning of these systems are generally the Ministry of
Public Works and the Traffic Authorities from the public side and the concessionary compa-
nies onthe private side, in charge of the building, operating and maintenance ofinterurban
highways and their ITS systems. International examples may be reported, such as the case
of The Netherlands and Germany. In LAC, we may find some examples of interurban ITS
equipment in highways of Mexico. The key challenges reported after the implementations
are the following

Multi-agency co-operation and coordination
Interoperability

Standardization

Systems Operations and Maintenance

¢
¢
¢
¢
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O Electronic Toll Collection (ETC): This technology allows drivers to pay tolls

‘ without cash and without having to stop at control points. The toll fee is auto-

R 1 gt o |- o matically deducted from the user's bank account by identifying the vehicle's
u,ftam S L === number plate on its way through the toll gate. Among the main benefits of

2.3 y e

i 7 implementing ETC systems are:

Safety during payment at toll plazas

Reduced fraud and money costs (cost effectiveness)
Increased flexibility in toll fees

Decreased emissions

Improved performance (faster collection).

* & & o o
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O Road Safety ininterurban environment: It relates to speed enforcement to
control speedlimits; surveillance and weather androad conditions monitoring :
to mitigate the impacts of weather related risk and driver information systems :
based on Variable Message Signs (VMS) and Variable Speed Limit Signs (VMLS) :
towarn drivers, Among the benefits that these systems willaccomplishare sa-
fety and traffic optimization. The overall payback is decreased average speeds, :
less fatal accidents, reduction of traffic noises and emissions. :

These road safety systems are widely spread throughout the world. As in the
previous cases, the entities responsible for the planning of these systems are :
the Ministry of Public Works and the Traffic Authorities (in charge of enforcement) :
from the public side and the concessionary companies on the private side, in :
charge of the building, operating and maintenance of interurban highways and :
their ITS systems. The participation of the Meteorological Agency, the Civil and :
Emergency Protection, the Police are also useful to provide weather information
and forecasts, assistin case of emergency and enforce speed limits.

The speed management and enforcement applications have been appliedin :
Australia, Canada, Europe and the United States for over a decade with very :
positive results. In Latin America, examples of tunnel safety applications :
may be found in the Coviandes Tunnelin Colombia and Sinaloense Tunnel :
in Mexico. :

@
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(toll), taking into account road maintenance costs. The usual concession
model is Build-Operate-Transfer (BOT) —tolls are deployed by the private
sector, which operates the infrastructure on a concession regime and then
is transferred to the government.

The ETCtechnology is widely usedin tollroads over the world. Implementa-
tion of ETC applications may be done in 3 different ways:

¢+ Electronic tolling added to conventional toll lanes
¢+ Electronic toll only lanes
¢+ Openroad tolling — Multilane Free Flow Tolling

The challenges to overcome are the existence of alegal context, standardi-
zation of tags and equipment and interoperability of the payment systems. A
couple of good examples are the implementation of the E-Zpass electronic
toll collection systems in the New Jersey Turnpike (USA) and Oklahoma Tur-
npike, one of the first U.S Highways to use high speed electronic toll plazas.
Onthe other hand, the Electronic Toll Collection systeminstalled in Santiago
de Chile (Chile) is a noteworthy example in Latin America.

P
Video Enfyce?ﬁent
Systepe
-~

O Automatic Vehicle Identification (Border Crossing): ITS applications for
commerdialvehicle operations (ITS/CV0) are designed to improve the com-
munication between motor carriers and regulatory agencies, concerning
automatization and report of requlation, monitoring, inspection and enfor-
cement processes by transport authorities. They achieve this through the
use of Automated Vehicle and Weight-in-motion technologies.

Border crossing processes in Latin American countries are inefficient, long
andrepetitive. E-Screening technologies contribute to expand commercial
vehicle operations, reducing time and costs for the administrations in charge
and the trade companies.

Q>
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The main benefits that ITS/CVO may accomplish are:

*

Improved effectiveness of commercial vehicle safety enforcement activities.
¢+ Decreased congestion and improved efficiency in weight stations at
international border crossings.

Increased safety and productivity, reducing commercial vehicles accidents.
Reduced administrative costs for supervisory agencies.

Improved economic competitiveness by reducing transport companies costs.
Reduced costs related to carrier operations and national regulatory requi-
rements.

* & o o

The mostimportant experiences of Electronic Clearance at international bor-
ders are located in USA/Mexico and USA/Canada (FAST-Free and Secure
Trade). The key implementation challenges to be faced are the exchange of
data, the cooperation of agencies involved, information protection measures
and the use of interoperable transponders at cross borders,

The study concludes that the level of development of ITS applications in Latin
American countries is to a certain degree, homogeneous. As shownin the picture
below, countries like Mexico, Argentina, Brazil, Chile and Colombia have a very high
level of development in terms of implementation of applications. This is becau-
se they have implemented at least 8 of the 10 types of applications previously
described. Closely after follows Guatemala, Panama, Uruguay or Venezuela, all

Source: commons.wikimedia.org/wiki/UserPhilkon

with a high level of development, havingimplemented 6-7 types of ITS systems.
In generalterms, itis observed that the Caribbean islands have a lower develop-
ment levelin the implementation of ITS applications. Previous action is required
in those countries, where there is still an urgent need to regulate y reorganize
public transport operations and moreover, to build or rehabilitate road and railway
infrastructures.

Source: commons.wikimedia.org/wiki/Jaan-Cornelius K
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| Figure1

Presence of the 10 ITS applications in Latin America and ¥ /
Caribbean countries 4

o

Two conclusions canbe drawn fromthe comparison of the state-
of-the-art of the 26 countries.

First, factors such as the size, geographic and demographic cha-
racteristics, socio-economic configuration, financialresources and
the public transport system status determine the development
level of Intelligent Transport Systems at a national level. Smaller
countries have clear constraints given the nature of their configu-
ration (i.e. reduced km of highways and therefore, theimpossibility
toinstalltoll roads and e-tolls, reduced institutional support, etc.).
The number of applications implemented clearly relates to the
size, institutional capacity, political will, financial and organizational
capabilities, and also depends on the number of cities selected for
the study in each country.

i Grrpeans, .Republica Dominicana
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% «Barbados
u

ZTrinidad y Tobago

Second, the analysis of the state-of-the-art at the city level,
reflects that most Latin American capital cities have a high deve-
lopment level, taking into consideration that most of them have
deployed or areinthe middle of a planning or construction process
of integrated transport systems, and thus have implemented or are
implementing Transit Fare Collection Systems, Automatic Vehicle
Location and Fleet Management systems, Traveler Information () VeryLow
Systems, Urban Traffic Control and Management Centers, etc.

/Level of development of the
10 ITS applications in LAC:

: . L
This could be a result of a latent need for technological systems ow_
to solve mayor congestion problems, environmental issues, and | ~ Medium
mass transportation demand, Y High
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| Figure2

Presence of the 10 ITS applications in Latin America and Caribbean
countries

< Bahamas
)

% «Barbados

El Salvador Nk:.é‘ragua

Costa ;;: Panam Trinidad y Tobago

Level of development of the
6 ITS applications in LAC:

1. Transit Fare Collection

2. Automatic Vehicle Location and
control systems.

3. Traveler Information Systems in
Transit Area.

4. Shared Bicycles.

5. Urban Traffic Management.

6. Enforcement in urban environment.

" Low

~ Medium

: | Figure 3

Presence of the ITS applications in Latin America and Caribbean
: countries (ITS systems implemented at national level)

< Bahamas

~=Hofduras

{;Ic.é‘ragua
W ¢

Costa

El Salvado

Level of development of
ITS applications in LAC:

7. Interurban Traffic Management.

8. Road Safety ininterurban
environment.

9. Electronic Toll Collection.

10. Automatic Vehicle Indentification
- Border Crossing.

S Very Low

| Low

( ~ Medium
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Countries like Mexico, Chile, Colombia and Brazil are leading the transformation
process in terms of ITS implementation in the LAC area. However, this report
convenes that there are significant development perspectives in the field. One
may observe the potential market for Intelligent Transport Systems and their
capacity to bring along extremely valuable benefits for the States from the social,
legal, economic, environmental and organizational points of view.

®

Although there is still a huge development potential, the implementation of
ITS technologies has already delivered a sound and robust improverment of the
transport sector inthe region. A number of problematic areas are being handled
by the local governments, and nowadays, it is possible to find the many of the
ten ITS solutions previously described deployed over many cities in the region.

w7 OO
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| Figure 4

Presence of the ITS applications in Latin America and
Caribbean countries (ITS systems implemented at city level)

The report concludes that based on the existing experiences inthe
Latin American and Caribbean countries, itis possible to materialize
the potential benefits of implementing Intelligent Transport Sys-
temsintheregion.Itis important to mention that the study reflects
the state-of-the-art of ITS application sat a concrete moment
of time; the current status is rapidly evolving as most cities and
national governments are considering or planning the inclusion of
ITS applications in their transport systems and infrastructures.
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»Introduction to ITS in Latin America
and the Caribbean

2.1Latin America and Caribbean Transport Problems

Latin America and the Caribbean (LAC) is the most urbanized re-
gion in the developing world with 470 million of people in 2010 and
51 cities with population over 1T million. As shown in Figure 5, the
regionwentfrom 40 percent of the population livingin cities at 1950
to almost 80 percent sixty years later, and the forecast indicates
that the proportion of urban population willapproach 90 percent by
2050, The cities may be diverse but thereis one similarity: urbani-
zation speeds and levels they are facing. Different from developed
countries, where urbanization has historically occurred gradually,
maijor cities in this region have experienced explosive growth in
recent decades.
Figure 5. Urban Population by World Region | :
Source: Urban Population by World Region (Source: Urban Ages, Cities 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Programme of London School of Economics and Political Science)
B North America M Asia Africa M Europe
At the same time, the motorization rate is increasing rapidly in Ml Latin America and Caribbean
major cities, such as Santiago de Chile or Mexico DF, althoughinthe
region is still clearly below the average of OECD countries. Then, in
parallel, road congestion, accidents and air pollution are alsoincrea- | 2.1.1. Increased Congestion
sing; problems that added to the lack of infrastructures represent
the main transport problems in LAC region. Each of these onesis  The demand growth for transport and transportation infrastructure has increased con-
briefly analysed below. gestion, delays, accidents and environmental problems, particularly in LAC's largest cities.

INTRODUCTION TOITS IN LATIN AMERICA AND THE CARIBBEAN 0 m

This explosive increase stems from greater access to cars and to credit, lower sales prices,
larger supply of used cars, population growth, fewer people per household and the limited
application of well-structured urban transport policies. These are the main observations
of an article about "Urban Transport Congestion: Causes and Economic and Social Con-
sequences", by the Transport Unit in the Economic Commission for Latin America and the
Caribbean (ECLA)?.

The same article indicates that Latin America's major cities invest around 3.5% of the regional

GDPintransportation, and GDP itself is influenced by traffic congestion, which affects private
and publictransport users, bringing with it losses to economic efficiency and other negative

effects for society.
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The authors define 'congestion' as the prevailing condition if the introduction of a vehicle into
traffic flows rises the circulation time of the rest; but the congestion problems not only impactin
travel-time, there are other negative effects which affect to quality of life of all city inhabitants:
more noise and air pollution, negative impact on mental health, stress, etc.

A recent study released by the Industry Federation of the State of Rio de Janeiro (FIRJIAN)?,
confirms that traffic congestion has tremendous economic costs. The study found that con-
gestion cost the cities of Rio de Janeiro and S3o Paulo RS 98 billion (roughly 43 billion USD) in
2013 alone. The loss amounts to about 8% of each metropolitan area's Gross Domestic Product
(GDP), and 2% of Brazil's entire GDP. This is greater than the estimated budget for transport
capital investment in Brazil, Mexico, and Argentina combined. The situation is serious, as the
survey only accounted for the economic cost of lost work hours and wasted fuel, but figures
would be much greater if it included other costs, such as the increased spending on public
health, vehicle maintenance, or road infrastructure, all of which create significant costs for city

governments and individuals. Figure 6. Traffic congestion (Sdo Paulo).
Source: TheCityFix. Photo by Paulo Fehlauer /Flickr

Toface this 'congestion'reality, cities can turnto sustainable transport alternatives to fight the
costs of traffic congestion while providing additional benefits for health, safety and quality of life.

| 2.1.2 Pollution and Environment Deterioration

Pollution and environmental risk by greenhouse gas emissions (GHG) are other main pro-
blems relatedto transport of Latin America and Caribbean Region. Transportationis the second
largest contributor to global carbon dioxide (CO2) emissions from fossil fuel combustion, see Residential 6% Other 10%

Figure 7. In comparison with the world as a whole, CO2 emissions in Latin America are heavily

concentrated in transportation, which produces 35% of its total emissions, compared to a 24 % Industry 20% N\ /

of transport emissions throughout the world. Moreover, transport emissions are concentra-
ted in road transport, which accounts for over 90% of these emissions, split equally between

passengers and surface freight* Electricity
S and heat 48%
Furthermore, transportis the largest contributor to the urban air pollutionin all cities in general,
and largely in LAC megacities, which has important implications for public heath, as indicated Transport 22% /
by World Health Organization: "Air pollutionis a major environmental risk to health. By reducing
air pollution levels, countries canreduce the burden of disease from stroke, heart disease, lung

INTRODUCTION TOITS IN LATIN AMERICA AND THE CARIBBEAN @ m

cancer, and both chronic and acute respiratory diseases, including asthma. Reducing outdoor Figure 7. CO2 Emissions from Fuel Combustion
air pollution also reduces emissions of CO2 and short-lived climate pollutants such as black Source: International Energy Agency (IEA). 2012. CO, Emissions from Fuel
carbon particles and methane, thus contributing to the near- and long-term mitigation of Combustion: Highlights. IEA, Paris,

@ climate change"*
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| 2.1.3Road Safety

Concerning road safety in Latin America and the Caribbean, a
publication by The Economic Commission for Latin America and
the Caribbean (ECLA) -the Spanish acronym is CEPAL- indicates
the importance of the road safety challenges for Latin America
and the Caribbean, where despite national and multilateral efforts
in the framework of the Decade of Action for Road Safety, the es-
timated road traffic death rate is 17.8 per 100,000 inhabitants). If
current trends continue, deaths could rise to 31per 100,000 by 2020.
Most of these deaths occurred among vulnerable road users, with
pedestrians accounting for up to 31% of total road traffic fatalities
recorded in the region’, while figures are 12% and 14% respectively
in countries such as the United States and Canada. In 2010 alone,
more than 23,500 pedestrians died on the streets and roads of
Latin American and Caribbean countries, according to datafromthe
Pan American Health Organization (PAHO, 2013). In addition, Latin
American countries lose an average of 2% of their annual gross
domestic product (GDP) due to motor vehicle deaths and, in some
casesupto4%orS%.

For these reasons, it is necessary to implement effective road safety policies, which not only
pursue a comprehensive and sustainable mobility policy, but also their effects on other public
spheres, such as financial impacts on the national budget and on social welfare.

INTRODUCTION TOITS IN LATIN AMERICA AND THE CARIBBEAN @ m

| 2.1.4 Lack of infrastructure

Like other infrastructure sectors in Latin America, transport infrastructure has significant
shortcomings. According to the article "The economicinfrastructure gap in Latin America and
the Caribbean" published by ECLAS®, one of the reasons behind the gap with other emerging
economies is that total transport investment in the region has dropped to half its levels over
the past two decades and, in terms of gross domestic product (GDP), it is one third of what it
was in the mid-1980s.

Figure 8. Lack of road safety in Latin American city
Source: The World Bank

@ i Proportion varies by subregion: the rate is 25% in the Andean region, almost 27% in the Caribbean and 31% in Central America (PAHO, 2013).
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In addition to lower public investment, the insufficient
private-sector mobilization and the complex geography
of the region have also contributed to this lag in trans-
port infrastructure, see table below.

Thisremains one of the key challenges, increase avai-
lability and quality of infrastructure services help reduce
production and distribution costs as well asincrease the
productivity of local companies.

Therefore, all systems that boost investment on in-
frastructure, such as electronic toll collection, will con-
tribute to the economic growthin the region.

INTRODUCTION TOITS IN LATIN AMERICA AND THE CARIBBEAN @ m

Indicator
Transport infrastructure 3.30 4.96 1.66
Quality of overall Infrastructure 3.86 5.53 1.67
Quality of roads 3.58 5.19 1.61
Quality of railroad Infrastructure 1.90 4.47 2.57
Quality of port Infrastructure 3.93 5.21 1.27
Quality of air transport Infrastructure 4.44 5.58 114
Available airline seat Km/week, millions 397.33 3,373.87 1,976.53

Figure 9. Transport infrastructure: LAC compared with OECD countries
Source: The Global Competitiveness Report 2012-2013
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| 2.1.5 Competitiveness and Productivity

Despite the region's rapid economic growth of the past decade
and a positive economic position, it continues suffering low levels
of productivity and slow productivity growth rates. Overall, after a
fewyears of generalimprovement, the results of the "Global Com-
petitiveness Report"? show that most countries are stagnating in
their competitiveness performance and, therefore, urgent actions
should be takento support the transition of Latin America towards
higher productivity levels. There are four important areas of action:

O improve the functioning of the institutions;

O improve the quality of infrastructure;

O provision of productionfactors through enhanced competition;
O improve the skills, technology and innovation base.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

| 2.2.Intelligent Transport Systems and its Potential Benefits

Intelligent Transport Systems are shown as an efficient solution to improve mobility, safety
and environmental problems, with relatively low investment; therefore, they are a very interesting
tool, particularly in large cities and metropolitan areas with increasing demand.

INTRODUCTION TOITS IN LATIN AMERICA AND THE CARIBBEAN 4 m

= W)

N . ~ \ - This section provides an overview and defines Intelligent Transport Systems (ITS) and its
| B potential benefits.

r o \ 221 Definition of ITS

| i v A , According to PIARC, ITS (Permanent International Association of Road Congresses), is a ge-

v | neric term for the integrated application of communications, control and information processing
' technologies to the transportation system. As aresult, ITS systems save lives, time, money and
energy and the environment. The term “ITS" is flexible and can be understood either in a broad
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or in a narrow way. "Transport telematics" is a term used in Europe for the group
of technologies that supports ITS.

ITS covers all modes of transport and considers all elements of the transpor-
tation system — the venhicle, the infrastructure, and the driver or user, interacting
together dynamically. The overall function of ITS is to improve decision making,
ofteninrealtime, by transport network controllers and other users, thus improving
the operation of the entire transport system. The definition encompasses abroad
array of technigues and approaches that may be achieved through stand-alone
technological applications or as other transportation strategies enhancements.

Informationis at the core of ITS systems, either static or real-time traffic data or
a digitalmap. Many ITS tools are based on the collection, processing, integration
and supply of information. Data generated by ITS systems may provide real-time
information on network current conditions, or on-line information for journey
planning, enabling highway authorities and agencies, road operators, public and
commercial transport providers and individual travelers to make a more efficient
use of the network.

2.2.2 ITS Benefits

ITS systems help to achieve many of today's transportation goals: safety, mo-
bility, productivity, energy and environment, and customer satisfaction.

INTRODUCTION TOITS IN LATIN AMERICA AND THE CARIBBEAN Q

2.2.21Safety

ITS services can improve the whole transportation system by making it safer.
Among others, they can help reduce the number and severity of accidents, warn
drivers about hazardous conditions, enforce safety rules, make risks more vi-
sible to road users, make safer intersections for pedestrian and cyclists thanks
to visual-audio warnings and providing automatic speed reduction when they
approach crossings. Some of the ITS applications that contribute to this purpose
are Traffic Signal systems, enforcement devices (red light cameras, speed enfor-
cement devices, etc.), Dynamic Message Signs, Road Weather Information and
Management, Incident Detection Systems, Work Zone Management and Collision

Avoidance Systems.
QO
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2.2.2.2 Efficient mobility, congestion reduction

ITS systems improve the performance of a country's transportation system by
maximizing the capacity of existing infrastructure, reducing the need to expand
the road infrastructure and its environmental impact.

The ITS applications that contribute to enhancing the operational performan-
ce of transportation networks impacting on travel time or delay savings, as
well as travel time budget savings, and on-time performance. For example,
traffic signal light optimization can improve traffic flow significantly, reduce
stops, decrease gas consumption, cut emissions, and reduce travel time,

the same benefits of electronic toll collection deployment in highways. ITS
services for this purpose, for example, can monitor current traffic conditions
and disseminate traffic information to road users, or implement video survei-
llance of congestion hot spots, or centralize traffic signals to minimize delays
and queues in real-time, among others.

2.2.2.3 Improvements in productivity

Traffic congestion affects productivity, causing delays in supply chains and
increasing business costs. ITS can increase productivity by finding innovative
ways to increase the capacity of the infrastructure.

Some ITS applications have a proven economic impact, for example:

O Automatic Vehicle Locationimproves fleet time performance thanks to abe-
tter management of the public transport vehicles inreal time and prioritizing
public transport at traffic lights, thus resulting in a reduction of commercial
vehicle speeds and vehicles/hour.

O Automated vehicle location systems allow transit agencies to reduce their
operational costs.
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O Theimplementation of an automaticincident detection system
allows great savings due to areductionin delays and conges-
tion caused by incidents.

O The inter-connection of traffic control centers and public
transportreal-time operation monitoring centers allows a fast
detection of relevant incidents affecting the traffic flow and a
more efficient response.

O Centralization of signalized intersections reduces travelling
times, the number of stops and general delays.

Other technologies associated with productivity benefits are:

O Road Weather Information & Management.
O Traveler Information Systems (Dynamic Message Signs, etc.).

2.2.2.4 Energy and environment

Fuel savings and reduced pollutant emissions are benefits inthe @ Minimizing the use of private vehicles, favoring and making public transport more attractive

area of Energy and Environment. Among the helping measures are or ensuring the use of dedicated lanes (public transport lanes, high occupancy lanes, etc.)

the following: O Monitoring and managing air quality (pollution detection and prediction) and implemen-
tation of strategies to ease air quality problems.

' ; O Favoring smoother flows, reducing times to stop at tolls, at customs or traffic lights through

Em==masa \ Electronic Toll Collection, Electronic Screening or Centralization of Signalized Intersections,

' respectively.

O Helpingto plan a more efficient route using Traveler Information Systems.

O Implementation of eco-driving systems in public transport vehicles.

INTRODUCTION TOITS IN LATIN AMERICA AND THE CARIBBEAN 4 m
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2.2.2.5 Customer satisfaction

ITS systems have also helped to increase the quality of services, for example:

Reducing travel uncertainty providing real-time information at stops and stations.

Giving priority to public transport vehicles in order to reduce journey times, improving
reliability and punctuality, and making public transport more attractive.

Increasing security for freight movement and individual travels.

Increasing efficiency for operators and users.

Allowing passengers to save time through electronic payment systems, which

include 'smart cards' and flexible ticketing.
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»Relevant ITS applications for LAC

| 3.1Introduction

In this chapter, a set of ITS applications relevant for
LAC countriesis proposed, according to the previously
identified problems. This classification does notintend
tobe a standardized or scientific classificationfor ITS
systems, it should be understood just as a practical
way to include the ten most commonly demanded/
needed ITS applications, grouped in different areas
that directly correspond to potential "investors" or
"decision-makers",

The following table shows the proposed classification:
In the following section, there is a detailed descrip-

tion of each one, including their benefits, international
examples and cost/benefits benchmarks.

.

ITS APPLICATION
q Transit Fare Collection
9 Automatic Vehicle Location and Control systems- AVLC
TRANSIT

@ Traveler Information Systems in Transit Area

@ Shared Mobility Systems
Urban Traffic Management
(traffic signal, detectors, VMS, ...)

URBAN
TRAFFIC
Enforcement in urban environment
(speed control, red-light cameras, left turn cameras, ...)
Interurban Traffic Management
(traffic signal, detectors, VMS, ...)
INTERURBAN
ROADS

Road Safety in interurban environment (speed control, weather information, tunnel

safety, ...)
ROAD PRICING @ Electronic Toll Collection
COMMERCIAL (10} . . cps .
VEHICLES ' Automatic Vehicle Identification (Border Crossing)

Figure 10. ITS Applications

Q>
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| 3.2 Transport problems in LACregion vs ITS applications

The selection of these ten applications takes into account the correspondence between the
most relevant needs and solutions in LAC countries. The table below shows the interrelation
between the problems of Transport LAC region highlightedin the chapter 2.1 and the selected
ITS applications:

Pollution &
Environment
Deterioration

TRANSPORT PROBLEMS
INLACREGION
ITS APPLICATION

Competitiveness
and Logistic
Productivity

Road
Safety

Lack of
infrastructure

Increased
Congestion

Transit Fare Collection

AVLC

Traveler Information Systems in Transit Area

Shared Bicycles

Urban Traffic Management

Enforcement in urban environment

Interurban Traffic Management

Road Safety in interurban environment

Electronic Toll Collection

Automatic Vehicle Identification (Border Crossing)

Figure 11.Transport Problems in LAC Region vs ITS Applications
Source: Own elaboration

High Impact

Slight Impact Relevant Impact

ITS applications can be very wide, ranging from intelligent on-board navigation functions to national
security issues. We focus our attention in those applications that best suit the needs in LAC countries,
grouped in five areas,in correspondence with potential decision-makers in both urban and non-urban
environments. Each one is described and justified below.

¢ Q6
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ITS applications in TRANSIT for LAC cities

Traffic congestion, air pollution andincreased noise pollution are daily city pro-
A blems that hit hardestin Latin American megacities. Therefore, urban authorities
( make significant efforts to encourage the use of public transport against private
vehicles.
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Ensuring mobility through a high-quality public transport system, attractive,
comfortable simple and safe is necessary. Economically attractive fare policies,
with all public transport modes using the same payment system, are usual trends
nowadays. All these can be achieved through ITS (Intelligent Transport System)
applications such as:

O Transit Fare Collection

Simplifying or speeding up on board fare payments, reducing fraud and
improving on board safety are relevant concerns for public transport com-
panies and authorities in general, also in LAC cities. Current technologies
like smart cards can solve these matters, as well as other importantissues
like using the same payment means in several operators/transport modes
or discriminating incomes among them. The key to improve their fleet
management is a good use of the information contained in the cards.

Among AVLC advantages is a significant reduction in commuting time, a
better use of the operating bus fleet and, from the environmental approach,
savings in fuel and pollution emissions reduction.

Allthese advantages are especially interestingin LAC region, both for im-
proving public transport system and making it more attractive to the user.

Traveler Information Systems play a significant role in the aim of achieving
amore attractive public transport to users. This technology provides pas-
sengers with information on travel time, continuously updated expected
bus arrival times at every stop, and traffic conditions, through interactive
kiosks where commuters can enquire about routes and buy tickets, as
well as at bus stops and the Internet. This way, users can plan better their
travels, eliminating the uncertainty and reducing waiting times at stations
and, in conseqguence, enjoy safer journeys.

Q>
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Shared mobility is already transforming globally the mobility scenario, but
it could go further increasing the sustainability of urban mobility systems,
whichis a clear needinthe LAC regionmegacities. That is why for example
bike-share systems in cities like Buenos Aires, or taxi innovations such
as taxi apps in Mexico City or Bogota are enhancing the quality of existing
options already reducing traffic congestion, parking places unavailability,
and air pollution,

This report will give a greater focus on Shared Bikes System which are
helping to create a more sustainable transportation system in the LAC
region: they provide a new mobility option for urban trips, more economic,
more efficient, more sustainable and often faster and more pleasant that
private vehicles in the Latin America mega-cities.

Growing numbers of road users in LAC countries and the limited resour-
ces provided by current infrastructures lead to a continuous increase in
traveling times, which is affected by traffic light controllers in urban areas.
An incorrect traffic light management increases time waste for drivers
and fuel consumption, aggravating congestion. Hence, centralization and
management of signalized intersections, to reduce waiting times at traffic
lights, can save important amounts of time and money annually, at the
same time that helps relieve traffic congestion and create a cleaner envi-
ronmentin LAC cities.

Equally, the deployment of Traffic Control Systems together with Traffic
and Road Information in urban areas of LACregion helps managing urban
traffic and make a better use of the current infrastructure, particularly in
Cities where increasing the road/street capacity is complicated. The data
collected by this equipment make possible to know current traffic conditions
and act in real time on urban traffic signs: providing updated information
to the user, directing vehicles to areas with less congestions and warning
drivers immediately about incidents, road works, occupied lanes, etc.

®
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O Enforcement in Urban Environment

As exposed in the report "Moving Forward: Progress Made In Latin America For Road
Safety 2010-2012", urban environment is one of the great challenges of road safety in
Latin America and the Caribbean in the coming years. In almost all countries, animpor-
tant part of accidents and deaths take place in that environment. Then, appropriate and
specific policies are required in the urban environment area, to ensure the protection of

> vulnerable road users. In this context, implementing automated enforcement systems

= is important, such as speed and red-light camera enforcement, in order to reduce the

Q number of vehicles that do not stop at ared light or exceed speed limits. The experience

e in the cities where these systems have been deployed showed a significant decrease in
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the number of accidents and their severity.

ITS applications in Interurban Roads for LAC cities

Latin American trade comprises only a small portion of total traffic within
urban areas. Hence, the improvements that will lead to increase efficiency
of Latin American trade have animpactin all traffic traveling on the highway
network. ITS applications on interurban traffic management area help to
this target with the enhancement of road safety, the prevention of flow
breakdown andimproving road capacity network, which in turn have effects
on productivity growth and less impact environment.

Accordingto World Health Organization, in Latin America and the Caribbean,
despite national and multilateral efforts in the framework of the Decade
of Action for Road Safety, the estimated road traffic death rate is 17.8 per
100,000 inhabitants (PAHO, 2013). If we add that speeding-traveling is a
safety concern on all roads, especially in freeways where the speed limit
is higher and the unforeseen situations are more hazardous, it becomes
evident that road safety applications, as speed enforcement, weather
and roadway conditions monitoring or driver information system, should
be one of the measures to implement in LAC region and then one of the
applications selected for this study.

(« »
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ITS applications in Road Pricing for LAC countries

O Electronic Toll Collection

InthelLAC region demographic and territorial growth context, itis essential
the investment in new infrastructures and/or extension of the current
ones. They may be supported either with public or with private investment
with a return over investment by a pay per use (toll), taking into account
road maintenance costs. Therefore, the last option is very interesting for
countries with less economical capacity in the region.

ETC systems can address some notable needs in the LAC Region, such
as decreasing traffic congestion problems, reducing fraud options and
increasing security and safety during the payment.

ITS applications in Commercial Vehicle for LAC countries

Source: commons.wikimedia.org/wiki/File:Storebaelt_toll_area.jpg

Commercial vehicles crossing countries borders are subject to laws and
reqgulations relating to the vehicle, operator and cargo. The process involves
several sequential steps, each requiring a vehicle to stop. The stopping
points often become congested with long queues. Each stopping point
adds time to the total journey. The current process also includes a large
number of parties, each requiring an exchange of data, some of which is
exchanged multiple times. This redundant process s inefficient since data
could be shared among the stakeholders at the many stopping points.
Examples include electronic registration and authorizing programs, elec-
tronic exchange of inspection data betweenregulating agencies for better
inspection targeting, electronic screening systems, and several applications
to assist operators with fleet operations and security. These and other
technologies such as weigh-in-motion (WIM) scales improve efficiency and
reduce congestion at check stations by allowing safe and legal carriers to
bypass inspections and return to the mainline without stopping.
E-Screening has the greatest potential to improve truck operations in
general, and in border crossings operation in particular. With Electronic

.

Screening Programs the enforcement resources are targeted at high-risk
operators, as they provide an alert-based system that expedites the safe
and legal truck crossings while targeting unsafe operations. Wirelessly
obtains commercial vehicle information and verifies compliance during the
border crossing process, using an interface with border administration and
border inspection related functions. While allmotor carriers are subject to
roadside inspections, the deployment of these ITS solutions reduces the
number of roadside inspections to which motor carriers safe and legally
registered are bound by. Therefore, this ITS technology allows commercial
vehicles to be identified, checked and weighed as they drive along a highway,
reducing time and costs of carriers and agencies.

E-Screening has the ability to reduce congestion at inspection stations,
reduce travel time and reduce enforcement costs by reqgulatory agencies,
favouring international trade and better trade flows by road. For this re-
ason, it has been selected as a relevant application for this Regional LAC
Observatory of Intelligent Transport System.

QO
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»Applications, challenges and
4 international benchmarks

APPLICATION

TRANSIT FARE COLLECTION
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| General Description

Definition : Benefits

Automatic Transit Fare Collection (or automated : Transit ITS Applications are mature and constitute a good
ticketing for public transport), either by smart card or ¢ solution to meet the increasing passenger demand in a cost
by magnetic stripe technologies, can provide great : effective way, providing safer and more reliable services.
convenience to customers and significant cost savings
to transportation agencies by increasing the efficiency :  Electronic fare payment systems offer significant potential for
of money handling processes and improving admin- : transit agencies to streamline cash-handling processes and
istrative controls. : the potential for simplifying traveler access to multiple tran-
i sit systems in a region, thus reducing transit vehicles average
commercial speeds.
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I

ic stripes) and/or fareboxes (to pay the journey :

with coins).

O Ticketing vending machines and attended point

of sales.

O Portable devices, mainly to check the users fare
media, and to validate or charging journeys and :

money in the fare media.

O Transit center, with the following main functions:
(1) Generate and distribute to field devices relevant :
configuration data: fares, action list, etc. (2) Receive :
and store all the transactions in the Transit Fare :
Collection System: validations, fare media sales, :
journeys sales and value/money charges in fare :
media, inspection transactions. (3) Clearing, settle-
ment andfinancialmanagement functionsinorder :
toprocess smart cardtransactions andmove funds :
to the appropriate participantsinthe regionalsmart :

card program.

O Customer service, through: customer service :
center, to assist user incidences by phone and :

website and attended points.

4 /=l -
Ol J 9 ‘@
L Je (@
A® \ | TECHNICAL DESCRIPTION
(@ | 1
o é G Stage of development
= \ \ (9(92— 99 Operation as a mature solution,
2 9
5 \ c +
Ll ‘ Components
S 7 \\ ) 4 .
g;j \ > ' | The components of a Transit Fare Collection System
< 19 \9 \7 —(9 depend onthe public transportation mode:railor bus. ¢ The Transit Fare Collection System architecture pres-
= I . However, bothrailand bus environments presentthe : ent the following differences between rail and buses
§ E CJG G { following common elements: public transportation modes:
* koo™ || o=
\ k. ‘ [ | O Faremedia, usually smartcards ormagneticstripes. ¢ @ In bus mode, the on-board transactions (gen-
O Validators (to cancel smartcards or magnet- erated in validators and fareboxes) can be sent

to the transit center directly, by wireless means
(like GPRS or 3G, typically), or through hardware
and equipmentinstalledin garages. Itis unusual
to install more than two validators by vehicle. In
fare schemes based on traveled distance, an
exit validator can be installed together with the
entrance validator, to also register the user's
exit bus stop. Transit Fare Collection Systems
are usually deployed together with an Automatic
Vehicle Location and Control System; as a rec-
ommendation, these two systems should be
integrated and share information.

In rail mode, the validators are installed in fare
gates,invariable number depending onthe size
station. The transactions generated at level sta-
tions (validations and sales from ticket vending
machines) are sent to the transit center through
the station hardware.

The rail architecture can be used in other trans-
port service different from rail mode, like BRT
(Bus Rapid Transit).

QO
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»Applications, challenges and
international benchmarks

Technology

Transit Fare Collection Systems can
use several types of technologies,
depending on the fare media: paper,
magnetic stripes and smartcards.

There are two types of smartcards
technologies: contact and contactless,
Contactless technology is most used
in public transport environment, be-
cause of their lower transaction times
and maintenance costs. NFC (Near Field
Communications)in mobile phones and
EMV financial smartcards, another two
contactless fare media, can also be used
combined with contactless smartcards.

Nowadays, in a new Transit Fare Col-
lection System the choice is clear: con-
tactless smartcards. This type of tech-
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nology presents the following benefits

and features:

O [tis the most secure fare media,
more than paper and magnetic :

stripes.

O Itpresentsthelowestmaintenance
costs, because of the absence of :
electromechanical elements in

validators.

O It presents the lowest transaction
time, key pointinthe accesstothe :

transport service.

O A fare media can be reused many :

times over the years; therefore, it :
: Communications:
term than paper or magnetic stripe, :
forusers andfor the whole system.

s considerably cheaper in the long

O Between the media and the field devices (validators, ticketing vending ma-

chines, etc):

¢+ For contactless technology, the most used standard interface is
ISO-14443,

¢+ For magnetic stripes, ISO or Edmonson format are commonly used.

Between the bus and transit center:

On-boardtransactions can be sentto the transit center in two possible ways:

¢+ Mobile telephone communications (GPRS or 3G, typically), or

¢+ Through the hardware installed in garages using a WiFiinterface.

When the on-board equipmentinclude Transit Fare Collection Systems and

Automatic Vehicle Location and Control Systems, two types of on-board

architectures can be considered:

(1) A central processing unit with an integrated validator, and

(2) The validator and the central processing unit are two different physical

devices. This architecture is more robust and modular than the first one.

Between field devices and transit center in railway mode: a fixed communi-

cation between the hardware station (usually a host) and the transit center,

®
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Institutions

From a global point of view, two types of business models can be considered:

O PPP (Public Private Partnership) or concession model, typical in Latin America and oth-
er places in the world. In this business model, Public Transport Authority tenders the
supply, operation and maintenance of the Transit Fare Collection System; in the case of
bus transport services, the whole on-board equipment (Automatic Vehicle Location and
Control System, Video Surveillance System, Traveler Information System, etc.) is usually
included. After the concession period, the system administration is transferred to the
Public Transport Authority. Fares are usually calculated in terms of being self-financing,
without public subsidies.

O The European model. In this model, Public Transport Authority and/or the public transport
operators tender the supply and maintenance of the Transit Fare Collection System. Public
Transport Authority and the public transport operators would carry out the operation. In
the same way, the Public Transport Authority and/or the public transport operators usually
tender the supply, maintenance and operation of the sales network in a separated and
different process. The European scheme is usually supported with public subsidies. For
this reason, the European fare schemes offer a more diversified collection of tickets and
fare products, cheaper and more attractive for the users,

©

TRANSIT FARE COLLECTION

| INTERNATIONAL EXAMPLES

COUNTRY COUNTRY COUNTRY

Hong Kong China Barcelona Spain Bogota (Transmilenio) Colombia

Tokyo Japan Madrid Spain Guadalajara (Macrobus) Mexico
Singapore Singapore Belo Horizonte Brazil Leon Mexico

Seoul South Korea Curitiba Brazil México DF (Metrobus) Mexico
Melbourne Australia Rio de Janeiro Brazil Lima (Metropolitano) Peru

Paris France Sao Paulo Brazil Toronto Canada

London UK Santiago de Chile (Transantiago) Chile Chicago USA

@ New York USA
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| KEY CHALLENGES DURING IMPLEMENTATION

As many cities in Latin America are reorganizing their public transport network
with modern companies and defining new transport services, new fleets are
being equipped specifically with Transit Fare Collection Systems. In this context,
a gradualimplementation is strongly recommended.

To ensure success in a Transit Fare Collection System deployment, some key
aspects should be taken into account:

O The costof smartcardsis relatively high. For thisreason, cards are usually paid
by users, wholly or partially, and users are allowed to register the card with the
Transport Authority and receive balance protectionin case of card loss.

TRANSIT FARE COLLECTION

O TransitFare Collection Systems interoperability among all transport modes
and operators: (1) a unique fare media or smartcard s accepted in all trans-
port operators; (2) a clearing center receives all transactions from all sales
networks and transport operators; (3) all actors and entities must follow a
common set of technical and functional rules and specifications.

O Integration with other systems. The main public transport systems (Transit
Fare Collection System, Automatic Vehicle Location and control systems and
Traveler Information Systems in Transit Area) should be integrated, sharing
the same data model. This would make the information managed more
efficient for the three systems.

O Inspection. A staff of inspectors should be created, to force users to pay
fares, together with a legal framework for their activities,

O Sales network. To ease users access to the transport service, deployment
of awide and well distributed sales network is essential.

O Compatibility with existing equipment.
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| COST/BENEFIT BENCHMARKS COST

(DOLLARS)*

NATURE
OF COST

COST ELEMENT

TRANSIT FARE COLLECTION

®
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General estimated costs:

General estimated costs: The following table shows a range of estimated
bus- and rail-related costs while introducing magnetic farecard or smart card
capabilities; variable system and fare media costs are also included in the table.
This table has been extracted from "TCRP Report 94 - Fare Policies, Structures
and Technologies: Update", from Transportation Research Board, entity within
the National Academy of Sciences of USAS,

High

One-Time

Ongoing

Mechanical farebox 2,000 3,000 X
Electronic registering farebox (with smart card reader) 5,000 8,000 X
Validating farebox (with magnetic & smart card reader) 13,000 17,500 X
Stand-alone smart card processing unit 1,000 7,000 X
Magnetic farecard processing unit (upgrade) 4,000 6,000 X
Application software (smart card units) 0 100,000 X
Garage hardware/software 10,000 20,000 X
Central hardware/software 25,000 75,000 X

Ticket vending machine (TVM) 30,000 60,000 X
Add-Fare machine (cash only) 5,000 25,000 X
Fare Gate (magnetic/contactless card) 20,000 35,000 X
Stand-Alone smart card validator 5,000 8,000 X
Stand-Alone magnetic farecard validator 8,000 11,000 X
Portable (hand-held) smart card validator 2,000 4,000 X
Attended smart card revaluing device 2,500 6,000 X
Attended magnetic farecard issuing device 5,000 10,000 X
Station hardware/software (heavy rail) 50,000 100,000 X
Station hardware/software (light rail) 7,000 10,000 X
Central hardware/software 100,000 200,000 X

|

Spare Parts (% of equipment cost) 10 15

Installation (% of equipment cost) 3 10

Equipment maintenance costs (% of equipment cost) 7 X
Clearinghouse (e.g., card distribution, revenue allocation)

** (%of annual Automatic Fare Collection revenue) 3 6 X

% of annual AFC revenue)

Magnetic or capacitive cards 0.01 0.30 X
Contactless cards (plastic) 2.00 5.00 X
Contactless cards (paper) 0.30 1.00 X
Contact cards 150 4.00 X
Dualinterface cards 5.00 10.00 X

*2002 S; the actual cost depends on functionality/specifications, quantity purchased and specific manufacturer.

** This depends on the nature of the regional program, if any.

Figure 12. Fare collection. General estimated cost
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General benefits

Customer benefits: Agency benefits:

©

O Innovative fare structure options, such as a fre- O Ability to exploit relevant data, such as travel

O O O0Oo

TRANSIT FARE COLLECTION

guency based discount or even a guaranteed :

lowest fare strategy.
Popularity and customer satisfaction.

Relevant features: registration/balance protec-

tion, auto-load and negative balance.

Ability to use the same card with multiple agen-

Cies, if possible.

Improved convenience of the contactless inter-
face (i.e., the card does not have to be removed

from the wallet or purse),
Multi-application capabilities.

..........................................................................

analysis or revenues forecasting for different
pricing policies.

O Substantially reduced use of cash, as well as
fare collection costs associated with producing,
selling and distributing fixed-calendar period
passes.

O Reducedfare abuse and evasion through auto-
matic verification or validation of fare media.

O Service improvements due to faster boarding
and better average commercial speeds.

O Reduced equipment and maintenance costs
(contactless card readers).

----------------------------------------------------------------------------------------------------------------------------------------------------

Specific benchmarks

Chicago: The Chicago Transit Authority (CTA) operates bus and rail rapid transit service in the City of Chicago
and 38 surrounding suburbs. CTA has approximately 2,000 buses over 200 routes, and severaltrain services
(11 suburban commuter train lines from several downtown Chicago terminals).

The total cost of implementing the AFC (Autormnatic Fare Collection) system in the nineties was 106 million
USD. Of this total, 74% was for equipment, 14% for station construction, 5% for field forces, 4% for consultants,
2%for CTA engineering and administration, and 1% for marketing and start-up.

CTA saved in personnel costs from rail ticket agents, but these costs were increased at the same time,
because of customer service attending enquiries related with the new technology. Implementation of Transit
Fare Collection System has proven to be very popular with CTA's customers, Within the 3 months of initial
implementation, one-third of all boardings were made with farecards. At present, 95% of rail riders pay with
farecards, as 68% of bus riders do. In this success, fare restructuring was a key issue.

Later, CTA began the introduction of contactless technology without the need to investin card readers (the

®
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initial AFC deploymentincluded card readers, as eventual use of smartcards was plannedin advance by CTA).

QO
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Seoul: The Greater Seoul Metropolitan Area, with 22 million residents, has a public CONTENT

transport network composed by 765 bus routes, 9 metro lines and 391 stations.
T-Money is the commercial name of the Transit Fare Collection System. KSCC e NSO
(Korea Smart Card Co., Ltd) is the company responsible for the developmentand  T-money smart card issuance yon Frepalt carc issue
, : , , 71 Million affiliated cards in use
operation of the Transit Fare Collection System. Below are some representative
figures of the T-Money system:
= Bus: 24,000
E Subway: 10,000
- Card Validator Taxi: 12,000
3 E-money (CVS stores, Barkey, Parking etc.):
= 50,000
[0
<<
L
=
e Recharge Machine Recharge Machine: 58,000
=
—
N° of transaction per day 50 Million

Figure 13. T-Money system from Seoul
Source: http://eng.koreasmartcard.com/ (Korea Smart Card Co. Ltd)

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Santiago de Chile (Transantiago): Transantiago is the public transport company
of Santiago de Chile, covers a population about 6.2 million inhabitants and has
s .../ 7busoperators and Metro de Santiago (subway operator). The bus fleet has

| P"tur"fm‘:ff “ﬂ%’ approximately 6,000 vehicles, and Metro de Santiago has 5 lines and 108 stations.

o f Vo s 2 5 There are 6 modal interchange stations. There is fare integration between the
:..............P?f..;g; " i ={  gbove mentioned transport services, achieved through the common fare media
$/ 4 % "Tarjeta Bip!", based on contactless technology. In 2013, the number of cards used

Toesca &
H

Parque 0 Higgins
M

T B 2 Sl N in the system was 4,966,650 and the average transaction number per working
o s.n{..m'._. - .—2«"*_-&% Ay §l  daywas 5,595,675 The smartcardrecharge networkis composed of 1,500 points.
F
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»Applications, challenges and
international benchmarks

APPLICATION

| GENERAL DESCRIPTION

DEFINITION

AUTOMATIC VEHICLE LOCATION AND

CONTROL SYSTEMS-AVLC

BENEFITS

Automatic vehicle location (AVL) and computer
aided dispatch (CAD) systems facilitate transit oper-
ations management, providing up-to-date informa-
tion onvehicle locations to assist transit dispatchers
and inform travelers of bus status.

Transit operations and fleet management ITS ap-
plications improve transit reliability through the im-
plementation of AVL and CAD systems, which can
reduce passengers waiting times. These systems add
security and improve incident management through
enhanced vehicle-to-dispatch communications,
enabling faster responses to physical threats and
attacks, accidents and vehicle breakdowns.

g Zaragoza
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(o2 : traveler counting or ecodriving systems.
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: Transit center, with the following functions: (1) real
: time fleet control (synoptic diagrams with all relevant
p information for each line, geographical location of

gpﬁ'nnnmnmnmmmnnnmn URTIRDUUIE : buses, services allocating to vehicles, table vehicles,
g i notifications, calls, etc.), (2) traveler information mon-
: itoring (on board, in stations) and (3) operation his-
: torical reports (travel time per trip, planned / carried
: miles and offer performance).

i

Other systems: AVLC systems can be integrated
: with fare collection systems, technical supervision
: by the Authority, emergency Centers, all operating
: datacanbe exported to external systems; numerous
: implemented web services can exchange datainreal
time, data planning and multimodal information.

| TECHNICAL DESCRIPTION

Stage of development

: Operation as a mature solution, now over 50 years since the ﬁrst
: demonstration of AVL in Hamburg, Germany.

Components

The typical components of an AVLC system in transit bus fleets
: are the following: :

Onboard equipment: processing unit, driver console, communica-
: tion antennas (GPS/GPRS/3G/4G) and other alternative on-board :
: equipment usually associated with AVLC systems, such as video :




ESESESESESESEN

SSS3333

©

AUTOMATIC VEHICLE LOCATION AND CONTROL SYSTEMS-AVLC

46

»Applications, challenges and
international benchmarks

Technology

The key on-board device in an AVLC system is the
processing unit. This element is an on-board com-
puter connected to the other on-board subsystems
suchas adriver console, video cameras, user informa-
tion panels, etc. The processing unit locates vehicles
via GPS, centralizes buses communications with the
transit center, stores all the information generated on
board and manages/interacts with other on-board
subsystems,

The processing unit must be designed to workin a
hostile mobile environment, with variable tempera-
tures, dust, vibrations, power surges when starting
the vehicle, signal peaks, stabilization, etc.

The other typical on-board device is the drive con-
sole. This device acts like an interface among the

Institutions

From a global point of view, two types of business

oee

\
HORKIMG

driver and the different on-board devices and the

transit center. Several technologies can be used in
this device, but the most used are touch screens with :

multifunction graphical interface. For voice commu- :
nications, a button to request the establishment of :
connection from the transit center is usual, :

To communicate with the transit center, wireless
cormmunications (GPRS, 3G or 4G) are commonly used.

: models can be considered:

O PPP (Public Private Partnership) or concession

model, typical in Latin America and other plac-
es in the world. In this business model, Public
Transport Authority tenders the supply, opera-
tion and maintenance of the whole bus on-board
equipment, including the AVLC System and other
subsystems like Transit Fare Collection System,
video surveillance system, Traveler Information
System, etc. After the concession period, the
system administrationis transferredto the Pub-
lic Transport Authority. Fares are usually calcu-
lated in terms of being self-financing, without
public subsidies. The Public Transport Authority
usually carries out the AVLC operation.,

O The European model. In this model, the Public

Transport Authority and/or the public transport
operators tender the supply and maintenance of
the AVLC System. The Public Transport Authority
and the public transport operators would carry
out the operation. Inthe most complex cases, a
multi-enterprise AVLC integration can be under
the same Public Transport Authority.

QO
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| INTERNATIONAL EXAMPLES

CITY

Tokyo

Singapore

Seoul

Sidney

Paris

COUNTRY

Japan

Singapore

South Korea

Australia

France

CITY

London

Barcelona

Madrid

Curitiba

Sao Paulo

COUNTRY

UK

Spain

Spain

Brazil

Brazil

Santiago de
Chile

Bogota

Guadalajara

Chicago

New York

COUNTRY

Chile

Colombia

Mexico

USA

USA

| KEY CHALLENGES DURING IMPLEMENTATION

As many cities in Latin America are reorganizing their public transport with modern companies
and defining new transport services, the new fleets are being equipped specifically with AVLC
Systems. In this context, it is strongly recommended a gradual implementation. This recom-
mendation applies to whole bus on-board equipment, not only for the AVLC System.

Toensure successinaAVLC System deployment, some key aspects should be taken into account:

O Integrationwith other systems. The main public transport systems (Transit Fare Collection
System, Automatic Vehicle Location and control systems and Traveler Information Systems
in Transit Area) should be integrated, sharing the same data model. This would make the

information managed more efficient for the three systems.

O Compatibility with existing equipment.

O Toupdate ontime and correctly all the necessary data for the AVLC System.
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| COST/BENEFIT BENCHMARKS

The cost to provide and install the on-board AVLC equipment ranges between
5,000 and 8,000 USD per bus, including the following typical components: on
board processing unit, driver console, video surveillance, announcer panel. The :

approximated maintenance cost ranges from 5% to 7%.

The general benefits of this application are:

O Improvement of service perceived by users: (1) informing users about arrivals
in real time traffic conditions, (2) reporting on board on the following stops,
correspondence with other lines and incidents, (3) greater accessibility to :
information anywhere through the website, stop panels, panelboard, mobile :
phone SMS, Bluetooth mobile phone near stops and on board, and other :
means, (5) reducing waiting times and more regularity in the passage of :

buses and, (6) safer night or conflicting lines.

O Improvement of the working conditions for drivers: (1) Increased driving safety
thanks to the ability of immediate notification to an emergency center of
situations that may threaten their safety. (2) Better planned lines thanks to
automatically exploitation of the relevant data, such as travel and waiting :
times. (3) Permanent display of delays and advancements, as drivers should
only worry about driving in time. (4) Detection of fast vehicle drivers who
disturb bus regulations. (5) Continued support through communication with :
the center to receive precise instructions in case of incidents. (6) Travelers

permanently informed.

O Improved management of the bus company: (1) Automation of company
operating processes. (2) Savings through better planning that will enable :
optimization of the work times of vehicles and drivers and the reduction :
of the street based staff. (3) Much better understanding of the operations
relevant parameters, through data and indicators generated automatically :
and in athoroughly way. (4) Real-time control of the operation, by managing :
incidents and restoring the ideal conditions of service in the shortest time,
(S) Improved planning of services through the precise knowledge of travel :
and waiting times. (6) Availability of accurate data for customer complaints. :
(7) Improved exchange of information with the administration head, show- :
ing objective data improvements in service quality, the impact of external :

circumstances, or needs for improvement.

o

o

Major knowledge and capacity of action on the process, saving of costs,

better image.

Other possible benefits:

¢+ Possibility of establishing a quality control system of driving that will allow
fuel economy, reduced maintenance costs and improved ride comfort.

¢+ Ability to establish services on demand, kmreductionroutes and increas-
ing the commercial speed.

¢+ Possibility of establishing a system of preemption at traffic lights.

+ Ability to manage connections with other modes of transport, increasing
demand and service quality.

¢+ Possibility of establishing a preventive maintenance systemthat reduces
the impact on service and management costs and repairs.

Here are some specificbenchmarks that vidence the above, collected by Research
and Innovative Technology Administration US Department of Transportation®:

o

o

AVL improved on-time performance in some cities of USA, by 80 to 90% in
Kansas City, by 23% in Baltimore and by 90 to 94% in Milwaukee.

After an extended analysis of travel times, Kansas City, Missouri, was able to
reduce up to 10% of the equipment required for some bus routes using and
AVL/CAD system. The system allows fewer buses to serve those routes with
no reduction in customer service. The results are savings in both operating
and capital expenses by actually removing these buses from service and not
replacing them. The productivity gain of eliminating 7 buses out of 3 200 bus
system allowed Kansas City to recover their investment in AVL in two years.
Other transit systems have reported reductions in fleet size of 4 percent to
9 percent due to efficiencies of bus utilization.

Automatic Vehicle Location (AVL) on Reno (USA) buses leads to nearly four
percentincrease in on-time performance for paratransit services and more
comprehensive schedule adherence data to create more accurate schedules.
Implementation of ITS with AVL, real-time passenger information, and elec-
tronic fare media in a mid-sized transit system resulted in a minimum 3.9:1

benefit/cost ratio.
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APPLICATION

TRAVELER INFORMATION SYSTEMS IN TRANSIT AREA
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TRAVELER INFORMATION SYSTEMS IN TRANSIT AREA @ b

| GENERAL DESCRIPTION

DEFINITION

interactive information kiosks, mobile applications or
Dissemination of transit information to travelers  another type of platformis interesting for users. Pas-
through diverse media, in-vehicle, wayside, orin-ter-  sengers can confirm scheduling information, improve
minaldynamic messages signs, as wellas theinternet  transfer coordination, and reduce waiting times. In

or wireless devices. addition, electronic signs ontransit status information
atbus stops help passengers manage their time, and
BENEFITS on-board systems such as next-stop audio annun-

ciators help passengers reach their destinations in
Public access to bus location data and schedule  unfamiliar areas.
status information in a web site, information panels,

®
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| TECHNICAL DESCRIPTION

Stage of development

Nowadays there are different technologies for providing real-time information
to publictransport users. Electronic signs can offer both static and real-timeinfor- :

mationto passengers at stops and stations, or Geographic Information Systems
(GIS) via the Internet. AVL technology now can be seen as a new one, although it
is relatively recent the use of data from an AVL system to disseminate real-time
predictions of bus arrivals, and not only to increase operational efficiency. Others,
however, such as mobile devices for real time information (RTI) are experiencing
arapid development and growth in the last years.

Components

Underlying Automatic Vehicle Location System (AVL)

AVL systems provide information on the location of each public transport vehicle :
and in many times other critical information, such as vehicle speed and direc- :
tion, and schedule adherence. Therefore, it is a key system for determining raw
real-time information that will be disseminated to users after being processed. :

Dissemination elements

Pre-trip: web site, mobile apps with static or real time transit information. This
information can be complemented with a map and online tools to guide trip plan- :

ners in the best choice of modes combination for their travels.

On-street: devices to provide real time information (RTI) at public transport

stops and stations, for example the following ones:

O Phones, users call a phone number specifying the station ID and receive
arrivals information.

departure prediction time. DMS can also include audio messages when a
buttonis pressed, for handicapped users.

O Mobile Apps, which help users to track their services inreal-time, estimated
arrival times, real position of the next bus/train, services updates such as
cancellations and delays, routes and schedule changes...

In-transit: devices to disseminate informationin the vehicles. Through on-board
: displays or audio devices, passengers can be informed of the vehicle direction,
: next upcoming stops, time remaining until arrival at the most important stops,
: disturbances, connections with other modes (bus, trains, metro, shared bikes
: system, etc.) and in some cases other information such as key public places on
: the line (city halls, hospitals, cultural and sports places or economic activity zones
and commercial centers)

a

: Figure 14. Photos™: on street information through (1)phones, (2)electronic signs and (3)
: mobile apps

O Electronic Signs, which display information through Dynamic Message Sign
(DMS) or Interactive Screens using several types of technologies. Interac-
tive Screens remind a sort of giant tablet that offers a wide range of transit :
information; in DMS, the most prevalent information is next vehicle arrival/ :
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Technology

Underlying Technology: AVL software, comput-

er-aided dispatch (CAD) software, software that cal-
culates therealtime informationfrom data generated :
by CAD/AVL systems. Also Global positioning system

@
Dissemination Information Technologies: the :
technologies used to display information are: Light :
Emitting Diodes (LED), Liquid Crystal Display (LCD) :
also called Plasma Display and Thin Film Transistor :
(TFT) technology (a type of LCD display that improves
image quality). This technology is applied in screens :
of diverse sizes and designs in function of their local- :

(GPS) is used for vehicle tracking.

ization, following are show some examples®”:

Institutions

The same two types of business models, Fare Col-
lection Systems and Automatic Vehicle Location :
Systems, can be considered for Transit Traveler In- :

formation systems:

of the bus equipment, including the AVLC Sys-

places inthe world.

O TheEuropeanmodel. Inthis model, Public Trans- :
port Authority and/or the public transport oper-
ators tender the supply and maintenance of the
Traveler Information System. Public Transport :
Authorities and public transport operators would :

carry out the operation.

| INTERNATIONAL EXAMPLES

Transit Traveler Information systems are usually

implemented together with AVL systems, here are
some international examples:

In Madrid, Public Transport Integrated Management

Centre (CITRAM)responds to the increasing demand
: in real time multimodal information detected by the
: Madrid Public Transport Authority (CRTM)%, CITRAM re-
i ceives, consolidates and converts data from the public
! transport systemintoinformation to support decision
making and public transport coordination. Among the
: targets are coordination of all public transport modes
: inmajor events, particularly duringincidents, intermodal
: informationinreal time to public transport users, tech-
: nological integration and information management to
: supportdecision-making and continuous public trans-
: port system monitoring. More than 20,000 cameras
are used, 5,000 bus vehicles are tracked and 6,000
: information panels are connected™® Web sites are also
O PPP (Public Private Partnership) or concession

model in which the Public Transport Authority :

tenders the supply, operation and maintenance :
: thanks to an open data strategy.
tem and other related subsystems, among :
others, Traveler Information System. After the
concession period, the system administration :
is transferred to the Public Transport Authority. :
This model is typical in Latin America and other :

used to disseminate information to public transport
users, and even mobile apps are available in some cas-
es (as EMT, Municipal Transport Company operator)
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In the United Kingdom, according to UK's 2012 Public :
Transport Technology Survey conducted by RTIGand :
published in April 2013, "Stops covered by virtual :
dissemination far outnumber physical signs, and are :
continuing to expand strongly. SMS continues to be :
the most widely available dissemination method
now covering 139,325 stops (up from 108,000 last :
year). However, Mobile Web, Mobile Apps and Local :
Authorities Websites are also now widely available :
too: Mobile Web is available for 122,140 stops this year :

and expectedto overtake Mobile Apps and Websites
by 2014." :

©

TRAVELER INFORMATION SYSTEMS IN TRANSIT AREA

4 | KEY CHALLENGES DURING IMPLEMENTATION

Integration.- Data should be integrated with other ITS applications data such as Urban Traffic Management
or Shared Bicycles Systems, in order to offer accurate and useful information to users.

Agencies across the United States use DMS and :

LED/ LCD monitors to disseminate onroute informa- :  An open data approach should be considered or sharing data with external public parties, in order to allow

tion, onboard or at-stations. The use of DMSis more : new applications development and integration withexternal information systems.

likely at heavy and light rail stations or bus depots :

than at bus stops; although dynamic signs are being ¢ In fact, providinggood information to travelers,in the appropriate place andtimefor taking better choic-

introduced at major bus stops as real-time vehicle ¢ esmeans collecting and integrating information from different sources, public or private entities and oper-

location information is commonly used. ators. Therefore, it should be an efficient coordination between all parts involved, with a clear criterion to

: generate, send and show the information.

In LAC region this ITS application is also a reality in :

cities like Santiago in Chile, Guadalajara in Mexico or : Travel Information systems should be deployed when timeliness, accuracy, and reliability of data are
@ Curitiba in Brazil. : guaranteed, to avoid users' complaints.
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| COST/BENEFIT BENCHMARKS

Costs will vary depending upon the systems/technologies used,
for example an indoor LED may cost from 200 to 12,500 USD, an
outdoor LED from 1,500 USD to 17,500 USD, anindoor LCD from 500
USDto 5,500 USD and an outdoor LCD from 1,500 USD to 10,000 USD.
Following, some benchmarks of Capital Costs for providing Real-Time
Information, additionalto the underlying AVL systems, according with
the study of "Transit Cooperative Research Program"".

ADDITIONAL

CAPITAL COSTSFOR ELEI\?[.R?(;:NIC CAPITAL COST PER PRI]\EA%ISEIIHON
CITY (COUNTRY) AGENCY PROVIDING ELECTRONIC SIGN/
SIGN SOFTWARE COST AS
SE e MONITORS e REPORTED
INFORMATION
USA (Los Angeles) LADOT/LA.CMTA SULL B 44 LED 5,000 USD 300,000 USD
Metro Rapid System
3,900 USD for sign,
another 3,900 USD for
UK (London) London Buses 46'?:'03'000 SEIL , 4,000 LED signs data line provision N/A
estimated for 4,000 signs . .
and installation,
7,800 overall
Finland (Helsinki) YTV 1,100,000 USD LA, LOIOEEE 5,000 USD 250,000 USD
monitors
Ireland (Dublin) Dublin Bus 97,900 USD 20LCD 4,900 USD 81,000 USD
USA (Oregon) Tri-Met 750,000 USD 9 LED 3,500-4,000 USD
Italy (Bologna) ATC Bologna 782,600 USD 130 LED 1,956,500 USD ot
Internal resources

Figure 15. Additional Capital Cost Of Providing Real-Time Information
Source: Transit Cooperative Research Program
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Concerning the benefits, studies have identified that service reliability and
punctuality are perhaps the mostimportantissues that influence the percep-
tion of a public transport system. The presence of traveler information systems
can significantly contribute to this perception. For this reason, agencies believe
that the main motivations to deploy devices and to offer real-time information
services are increasing customer satisfaction and improving perception of
transit system, although benefits associated with their deployment are difficult
to quantify. Possible key indicators are the number of compliments or com-
plaints about the media used.

Some benchmarks collected by Research and Innovative Technology Adminis-
tration US Department of Transportation®® are the following:

O InLondon, arrival predictions make customers think that transit service has
improved. Perceived wait times dropped from 11.9 to 8.6 minutes due to the
Countdown System. In addition, a survey indicated that 30% of travelers who
used a computerized route planning system and completed a trip, changed
routes based on the information provided, another 10% decided to use public
transport.

O In Ottawa-Carleton, Canada, an automated telephone transit information
system (the "560 system") was tested. A comparison of routes with and
without the "S60 system" showed that the system contributed to an 8 per-
centincrease in off-peak ridership.

O In Toronto, the introduction of a new feature called "Today's Service Up-
dates" on the Go Transit traveler information website was well received by
customers. When this feature became available, website usage increased
from 3,500 to 6,500 visits per day.

O 70% of respondents to a survey of California's GoVentura website trip plan-
ning system said that the website helped them make a transit trip that they
would otherwise have made by automobile.

O InSeattle a survey highlight that among the benefits of traveler Information
are: reduced trip time (43%), more predictable travel (13%), less stressful
conditions (12%) and safer Travel conditions (6%).

5555555 54 ‘ @@@(@
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Source: flickr.com/photos/Iluisusxd/6636428609/

| GENERAL DESCRIPTION

DEFINITION

Shared Use Mobility describes awide variety of new
technology-enabled services and tools that give in-
stant access to new services and travel information
while complementing traditional modes like fixed
route transit. These services include bike-sharing,
car-sharing and taxi-sharing, new forms of rideshar-
ing, technology-enabled shared ride services, new
private forms of transit and travel itinerary services
that ease the selection of travel options with a click
of the mouse or a tap on your smartphone,

¥ SHARED MOBILITY SYSTEMS

This report focuses on Shared Bicycles Systems,
technological and organizational schemes that allow
bicycles to be shared for a short period of time, as a
solution to daily or eventual mobility. They provide
users with a sustainable and environmentally-friendly
form of public transportation, offering a self-service
pick up and drop off.
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BENEFITS

Shared mobility systems, such as bike-sharing,
car-sharing or taxi-sharing, are an alternative to
private cars as a sole mean of transportation. They
increase mobility choices and have the advantage of
reducing traffic congestion, parking space unavail-
ability and air pollution, optimizing the road network
capacity or,inthe case of the bicycles, reducing the
number of motor vehicles in circulation.

These systems serve as a good complement
to mass transit transportation systems (through
mode sharing), and a more economic and sustaina-
ble solutionfor those journeys that are not serviced
by transit,

In addition, bicycle-sharing highlights to promote
sustainable travel and an environmentally-friendly
tranportation:

O Implement a sustainable health inducing
service fully integrated with the city's public

transport system.

O Promote the bike as a common means of
transport.

O Improve guality of life, reduce and noise pol-
lution.

O (reate a new individual public transport sys-
tem for citizens' habitual travel need.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

| TECHNICAL DESCRIPTION

Stage of development

Relatively young solutions with a fast growing
demand.

Components

The physical components of an automated bicycle
sharing systems are:

Bicycles: Shared bicycles need to be easy to use,
adaptable to users of different sizes, mechanically
reliable, resistant to vandalism or theft and unique
design to discourage theft

Modular station (New York City)

Stations with docking points: The bike is locked to
the electronically controlled docking point. The rental
process takes place at the rentalunit (terminalor atthe
docking point itself), which can include touch screen
display, cardreader, RFID-Reader printer andkeyboard.

Pemanent station (Paris)

Source: commons.wikimedia.org/wiki/User:Coyau

The components in car-sharing and taxi-sharing
systems are the cars and taxis themselves
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Technology

The technology in these systems is focused on offering: (1) Information in web
sites or mobile apps, (2) Planningservices, such as automatic monitoring of the
use of vehicles, in order to re-distribute the bicycles according to the demand
or check the availability of taxis in a zone, and (3) Payment services, adding user
registration and, in bike-sharing systems, the integration with other modes of
public transport by using smart-cards.

Bike-sharing
Access technologies are diverse and depend on the size of the system, available
financing and the technology used.

O Cards: the most common means of access is a (smart)-card. The bike can
either be rented at a terminal or at the bike itself if the bike provides a card
reader.

O RFID (radio-frequency identification): contactless communication gives the
operator the opportunity to provide any physical form of means of access.
RFID tags can be glued to ID Cards and mobile phones or mounted into key
ring pendants.

O Code-based rental: the user calls a number or sends an SMS with the re-
quired datato a centralnumber and gets an access code or any other access
information onto their handset.

O Key: the users receive the key for a bike from a device or kiosk where they
have to identify themselves before the rental.

SHARED MOBILITY SYSTEMS

Software: there are two basic sets of functions,

O Thepublicside of the system, includes registration of users, rental, payment
and subscriptions, generalinformation about the system, and customer data
management. It can also include website portals and apps for smart phones.

O Themanagement side, where the implementing agency and operator receive
the information required to run and manage the system: station monitoring,
redistribution of bikes, defect and maintenance issues, billing, and customer
data management.

Wireless communications are commonly used since they provide flexible
station location.

®

Sourceflickr.com/photos/davidonformosa
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Source: flickr.com/photos/pdinnen/3662926490/

Source:. flickr.com/photos/charclam

~commonswiki

Source: Chicoutimi
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Car-sharing and Taxi-sharing

©

Such systems generally use three recent technological advances:

W
5 O GPSnavigation devicesto determine adriver's route and arrange the sharedride
L O Smartphonesfor atraveler to request aride from wherever they happento be
Lé O Sodial networks to establish trust and accountability between drivers and
= passengers
m
=
o These elements are coordinated through a network service, which can instan-
o taneously handle the driver payments and match rides using an optimization ,‘
o algorithm.
Al SSS
Institutions

In the bike share systems exist two main entities:

O Theimplementing agency:is the government entity that oversees the plan-
ning, implementation, and operations of the bike-share system.

O The operator is the entity that handles the day-to-day operations of the
public bike-share system. Operators include local governments, public trans-
port agencies, advertising companies, for-profit companies, and non-profit
groups.

Car-sharing and taxi-sharing systems are based on private initiatives, without
the known support of government entities,contrary to the case of bike-sharing

systems.
QO —




»Applications, challenges and
international benchmarks

| INTERNATIONAL EXAMPLES

The table below shows several groups of bike-sharing international examples,
according to the type of operator. Strengths and weaknesses of each of them
are highlighted.

EXAMPLES OPERATOR STRENGTHS WEAKNESSES

Maintains control of legislative and public
assets necessary to make bike-share

Buenos Aires Government T e e et e Initial lack of expertise in bicycle sharing
to operate a high-quality system
. . . . Difficulty in accessing and working with other transport providers
. Has experience in managing transport-related services; :
DBRent Public Transport Facilitates cost sharing with existing assets such as cus— because they are seen as competitors;
(German systems) Authority 9 9 Bike-share system may expand such that it needs its own custo-

tomer service, maintenance personnel and depots

SHARED MOBILITY SYSTEMS

mer service, maintenance, and depot facilities

Profit-oriented, which can conflict with maximizing the utility
of system for the user; May reduce its efficiency due to financial
constraints or suboptimal contractual conditions; Limited ability
to push for policy and planning changes in government

Santiago, Paris, Lon-
don, Washington, D.C,, Private Sector Generally achieves a high level of efficiency
Boston, New York

Frequently financially constrained; Normally

D(.enver, . Not-for-Profit A LR g O R e RS B DS below-average business focus, leading to financial
Minneapolis user . e
unsustainability
Figure 16. Bike-sharing. International Examples Source: The Bike-share Planning Guide (ITDP)*

Taxi-sharing services are offered in many cities and countries around the world
through apps or web sites. Argentina, Brazil, Chile, Colombia, Ecuador, Mexico,
Peru, Uruguay, Venezuela or Boliviaare examples in Latin America, where these
apps are already operating: Uber, Easy Taxi, Cabify, Taxibeat, Yaxi,among others.

In the same way, car-sharing services are emerging in both Latin America and
the rest of the world. Thisis the case of the web sites where drivers andriders are
matched, such asAventones (operating in Mexico, Chile, Argentina, Colombia and
Peru), Carpoolear or Sincropoolin Argentina, or Roadsharing or Carpoolworld that
include world wide users. Also car-sharing services companies, such as Carrotin
Mexico or Zazcar in Brazil,are emerging in the LAC region.
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| KEY CHALLENGES DURING IMPLEMENTATION

According to "The Bike-share Planning Guide", there are five key points for a successful
implementation of a bike-sharing system:

O Station Density: A quality system needs 10-16 stations for every square kilometer, pro-
viding an average spacing of approximately 300 meters between stations. Lower station
densities can reduce usage rates.

O Bikes per Residents: 10-30 bikes should be available for every 1,000 residents within the
coverage area. Larger, denser cities and metropolitan regions with an influx of commuters
into the area served by the system should have more bikes available to meet the needs
of both commuters and residents.

O Coverage area: The minimum area covered by a system should be 10 square kilometers,
large enough to contain a significant number of user origins and destinations.

O Quality bikes: Bikes should be durable, attractive and practical (with a front basket to carry
bags, packages or groceries). The bicycles should also have specially designed parts and
sizes, which discourage theft and resale.

O Easy-to-use Stations: The process of checking out a bicycle should be simple. The pay-
ment and authorization technology utilized should have an easy-to-use interface, a fully
automated locking system, and real-time monitoring of occupancy (to track whether more
or fewer bikes are needed for each station).

SHARED MOBILITY SYSTEMS

One of the key challenges of the other two types of ride-sharing systems is the development
of algorithms for optimally matching drivers and riders in real-time. Although the main chal-
lengeis the integration of these services into the existing transportation network, in away that
provides equity and recognizes the interests of all parties.

Other considerations are about privacy regulations and laws regarding payment, as well as
different requirements for keeping the customers' information secure. Most countries have
established payment mechanisms, and it is best to work within those existing systems. For
example, the integration of bike-share payment mechanisms into the payment systems used
by other local modes of transport would be a good proposal.

Source: commons.wikimedia.org/wiki/User:Mariordo.

®
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| COST/BENEFIT BENCHMARKS

The costs of bike-sharing systems are broken down below:

O Infrastructure & implementation costs: bicycles, stations (including docking spaces and
terminals), IT system components and control center.
O Running costs: service and maintenance of the system (equipment maintenance, redis-

wn

5 tribution vehicles, fare collection, service and website maintenance, etc.)

wn

S

é The details collectedin "The Bike-share Planning Guide (ITDP)"$2shows a broad range of costs

= data of international bike share systems, which are presented below: Source: wwwilickr.com/photos/alainrouler

= swwwflickr,

o

= : = | - AVERAGE

& COUNTRY . SYSTEM NAME . CAPITAL COST REPLACEMENT COST . OPERATING COST PER

T  OF BIKE

= E . TRIP
London UK. Barclays Cycle Hire 4,000 USD 1,435 USD 4.80 USD
Paris France Vélib' n/a 809 USD n/a
Barcelona Spain Bicing 3,150 USD n/a 0.86 USD
Montreal Canada Bixi 4,000 USD 1,270 USD 1.27 USD
Washington, D.C USA Capital Bikeshare n/a 1,000 USD 1.52 USD
Guangzhou China Guangzhou Public Bicycle n/a 69 USD n/a
Mexico City Mexico Ecobici 3,400 USD n/a 1.28 USD
Rio de Janeiro Brazil Bike Rio 1,810 USD 550 USD n/a
New York City USA Citi Bike 4,750 USD n/a n/a
Denver USA Denver B-Cycle 4,250 USD n/a 3.22USD
Minneapolis USA Nice Ride 4,487 USD 1,000 1.52
Madison USA Madison B-Cycle 5,000 USD n/a n/a
Boston USA Hubway n/a 950 USD 3.09 USD

Figure 17 Bike-sharing. Cost benchmarks Source: The Bike-share Planning Guide (ITDP)

®
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The major benefits of bike-sharing are: user cost savings, travel time savings,
increased access, congestion reduction, emissions reduction, improved public
health, and accident reduction. Many of them based on changes from motorized
transport modes to bicycle-sharing.

Thereis limited data available on changes in mode of travel before and after the
introduction of bicycle—sharing, in the four cases shown in the table below, the
shiftis mainly from public transport to bike, ranged up to 65%, while the shift from
car or motorcycle range between 2 and 10%. As of November, 2012, for example,
Washington, D.C.'s 22,000 bike share members hadreduced the number of miles
driven (in cars) per year by nearly 4.4 million. And numerous studies have shown
that spending twenty minutes every day on a bike has a significant positive impact
on mental and physical health®?

BICING
BARCELONA

Being technologies of recent introduction, there are not many car-sharing or
taxi-sharing cost/benefits benchmarks, although the results of some studies
show some benefits of these systems. Regarding car-sharing benefits, the survey
"Real Time Ridesharing: Exploring the Opportunities and Challenges of Designing
a Technology"# observed that at the metropolitan level there is a consistent,
positive trend in the relationship between congestion and ridesharing, and that
this trendis much more pronounced for large metro areas than for smaller ones.
Along the same lines, a study conducted by the Senseable City Laboratory (SCL) at
the Massachusetts Institute of Technology (MIT) shows that the negative impact
of taxi on the city could be reduced by sharing taxis®.

VELO'V BIKE RIO

LYON

VELIB'
PARIS

ECOBICI
MEXICO CITY

RIO DE
JANEIRO

per Bike 10.8 6.8 6.7 83 55 6.9
per 1,000 residents 67.9 113.8 38.4 55.1 158.2 44.2
Bus or Metro 51% 33% 65% 50%

Car or motorcycle 10% 2% 8% 7%

Taxi 8% 5%

Walk 26% 25% 20% 37%

Bicycle 6% 28% 4%

New Trip 4% 2%

Figure 18. Type of Trip Replaced by bike in percentage in relation to Trips per Bike and Trips per 1000 residents

Sources: Bicycle-sharing schemes: enhancing sustainable mobility in urban areas (Peter Midgley, 2011)2°
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APPLICATION

STALLED WEHICLE
AT HMY 286
IM ALL LAMES

Source: commons.wikimedia.org/wiki/User:Wheresmysocks

| General Description

DEFINITION

Traffic management systems are being used in cit-
les to improve the efficiency of urban roadways, using
traffic detectors, traffic signals, and various means
of communicating information to travelers. These
systems make use of information collected by traffic
surveillance devices and others sensors to smooth
the flow of traffic along city corridors.

BENEFITS

Traffic Management Systems are designed to en-
sure optimal, safe and efficient use of the capacity of
urban and inter-urban road networks. The general
benefits of these systems are:

URBAN TRAFFIC MANAGEMENT

O Maximizing use of existing infrastructure to op-
erate more efficiently. |

O Reduction of traffic congestion through trafficinfor-
mation dissemination; thus, alternative routes are
offeredin order to avoid traffic jams or busy roads.

O Reduction of the fuel consumption in the vehi-
cle and thus the level of gaseous and particulate
pollutants emissions.

O Integration of Traffic Management of one region,
including arteries, streets and highways.

O Enhanced communicationin allaspects of trans-
portation management (e.g., planning, design,
implementation, operation, maintenance), im-
proving the perspective and vision of traffic op-
erators and traffic system management.

O Increasing compliance with speed limits, traffic
signals, or other traffic control devices with en-
forcement programs.
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i TECHNICAL DESCRIPTION

Stage of development

Urban Traffic Management, in particular Traffic Control Systems,
is one of the most used and widespread technologies in the world.

Components

Traffic Control Systems includes the integration of different traffic
management and control technologies, mature or emerging, with
the objective of managing in a dynamic way the traffic conditions
in the urban areas. These systems have four basic functions:

O Automatic data collection of traffic volumes and speeds,
using detection and surveillance technologies.
O C(ontrolof traffic signals based on this data.

O Provision of data for travelinformation services in variable message signs (VMS), Variable
Speed Limit Signs (VSLS) or lane control sign based on up-date traffic conditions

Signalized Intersections. Centralization of signalized intersections in order to improve flow

trafficin urban areas may adjust time of green in determined streets according to time of day
: and the day based on the expected traffic conditions.

Components are detectors, signals and the control devices, the decisive component that controls

the other ones. Deployment is usually accompanied by the installation of a traffic control and man-
: agement center.
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Traveler Information Systems

Dynamic route information: information about traffic situation
offered to driversinreal time.

Publicinformation: the trafficinformation gathered from the traffic
sensors, presented on websites and apps to give an overview of
the current traffic situation for public users and internally for traffic
planning and control centers. By combining historicaland real time
data, the road network is optimized by forecasting the upcoming
trafficvolumes hoursin advance, calculating the optimal distribution
of traffic, distributing traffic by giving information before the con-
gestions occur or giving information about road closures, accidents
and obstacles.

Technology

Automatic collection of data

O Sensors; there are several types of sensors: inductive loop,
magnetometer, magnetic induction coil, microwave radar,
active and passive infrared, ultrasonic, acoustic array or video
detection systems.

Most measure count, presence, and occupancy. Some single
detection zone sensors, such as the range-measuring ul-
trasonic sensor and some infrared sensors, do not measure
speed. Microwave sensors do not detect stopped or slow mov-
ing vehicles. Magnetometer, magnetic, passive infrared and
sound-based, acoustic sensor models do not classify vehicles.

O Video Surveillance, set of cameras which provide real-time
view of urban trafficin different points from the city. Smart vid-
eo surveillance uses computer vision and pattern recognition
technologies to analyze information from situated sensors and
offer data about traffic (number and type of vehicles by lane,
detect infractions, incidents...)

Communications: traffic data obtained by either of the above technologies, must be transmitted
tothe centraltraffic management operation via a communications system, usually fiber optics,
phone line and/or wireless.

Control Systems: specific software to analyze collected data, design traffic strategies (control
algorithms) and control traffic signs according to this information. For Urban Traffic Control
Systems the known control algorithms are:

O |Intersections control by fixed time plans: determining and optimization the cycle of traffic
lights at an intersection based on the time of day, and day of the week.

O |Intersections control by actuated operation: the phases of traffic light are activated de-
pending on the presence of vehicles by some access to the intersection.

O Dynamicintersections control (Adaptive Signal Control): is based onintelligent algorithms
online, and based onreal-time information, which tend to optimize the operation of network
traffic intersections (or lights). The best known algorithms are SCOOT (Split Cycle Offset
Optimization Technigue) and SCATS (Sydney Coordinated Adaptive Traffic System).

— OO APOOOO

Source: http://www.nistido.com/
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In addition, there are anumber of technologies asso-

ciated with Advanced Traveler Information Systems :
(ATIS), which may influence the behaviour of travel- :

ers, through the provision of information to assist the

best decision from the point of view of management
traffic, among others: Variable Message Signs (VSM), §
Dynamic Speed Control, Website and Social Networks.
Even other technologies associated with traffic man- :
agement strategies such as reversible lanes, incident :
management or special traffic plans. ;

Institutions

The initiative about technologies deployment and

and enforcing traffic regulations.

integrator companies.

| INTERNATIONAL EXAMPLES

There are alarge number of cities that have been adopting urban traffic management solutions throughout
: the world, among others are London (UK), Paris (France), Madrid (Spain), and the most mainland European
cities; Beijing (China) and Mumbai (India) in Asia; Toronto (Canada), New York and Los Angeles (USA) in North
America or Rio de Janeiro, Sao Paulo (Brazil), Santiago (Chile), Bogota, Medellin (Colombia) or Quito (Ecuador)
in Latin America.

Multi agency co-operation and coordination: Urban
Traffic Management Systems must be communi-
cated with Interurban Traffic Management Systems
of those highways that influence the urban environ-

: ment, alsowith public transport centers and any other
: departments with relevant data that may affect the

In addition to urban traffic management, traffic and :
mobility authorities and administrations in many cas-
es will also be responsible for operating the traffic
controland traveler information system, sometimes :
assisted by professional technicians from systems :

urban mobility.

Interoperability: for an effective and efficient co-op-
eration, data interoperability and information shar-
ing across departments, programs and jurisdictions

: should be enabled.

: | KEY CHALLENGES DURING IMPLEMENTATION
strategies to follow for improving the urban mobility :
corresponds, in general, to the traffic and mobility
authorities and administrations. Their direct concern
istomanage trafficat alocal or regionallevelandthey :
are generally responsible for formulating, publishing :

Standardization: Creating interoperability does not
invalidate the importance of specification or even
standardisation of components of ITS Services in
order to fully exploit the benefits of the ITS systems.

Systems Operation and Maintenance: An adequate
maintenance and support of installed equipment
and systems is relevant for a good functional per-
formance, particularly for the equipment that collect
data for decision-making processes.

Sy 66
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| COST/BENEFIT BENCHMARKS

As a reference of the cost involved in these systems deployment, we will refer

to these benchmarks:

Santiago de Chile. According to the ministry of transport from Chile (SECTRA),
the amount of investment to implement the Traffic Control Systems in this city
was about USD 35 million. This project included control of 1,655 intersections, :
300 intersections with dynamic control SCOOT, 35 CCTV cameras, Geographic :
Information System (GIS), 6 variable message signs, 40 detectors to count the :
number of vehicles and a web site with traffic information. They also refer to the :
operational and maintenance costs of this type of system, which are by 3to 4% :

and by 10 to 15% of the annual amount of investment, respectively.

Source: commons.wikimedia.org/wiki/User: BTmbo

:  Quito. Traffic-light centralization system s beingimplemented by Metropolitan
: Public Mobility and Public Works Company (EPMMOP) of Quito?. The project has
: aninvestment of USD 27 million and a time schedule of 24 months and 3 addi-
: tionalyears for configuration and optimization. Traffic-light centralization system

: includes the installation of adaptive traffic light system at 600 intersections in the
: city, which will be managed from the Center for Mobility Management, installed
: andimplemented for this purpose. Furthermore, additional systems willinclude
1511 video detection cameras (1,072 have been already installed), 185 digital video
: surveillance cameras (115 cameras have beeninstalled), 8 variable message signs
: toinform motorists in case of detours by accidents or road works, 309 devices
: for public transport priority, control equipment of tunnels and 13 automated en-
: forcement devices, which have already been installed.

(« »
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The table below shows some cost references:

SYSTEM SYSTEM NAME UNIT COSTS APPROX.
Inductive Loop Surveillance $7.5K to $13.3K*
Roadside Detection Remote Traffic Microwave Sensor S14K*
CCTV-Video Camera S8K to $16K

Urban Traffic Management @ b

Roadside Telecommunications Conduit Design and Installation — Corridor S52K-S77K

Signal Control Retiming signal S2K-S4K *

Hardware, Software for Traffic Surveillance $134K to $164K
Transportation Management Center subsystem Software, Integration for Signal Control $104K-$149K
Software, Traffic Information Dissemination S18K-$22K

* Per intersection.
Figure 19. Cost references about Urban Traffic Technology.
Source: ITS Benefits, Costs, Deployment and Lessons Learned: 2011 Update®
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Some benefit references are: . h

The City of San Antonio, Texas (USA), with an average travel time
reduction (per each of 60 corridors) of 54 seconds, total annual
delay savings (793 intersections) of 8.6 million motorist hours in
traffic, and an annual delay savings of over 159 million USD?,

Bucharest: The advanced integrated traffic management system
for the City of Bucharest includes a new traffic control center, 140
intersections with video surveillance system (CCTV), a fully adaptive
traffic control with 140 controllers and fiber-optic based commu-
nications.

Urban Traffic Management

The benefits obtained after implementation were: 20% travel time
reduction in the controlled area; 10% less in CO2 emissions (= 600
tons / year) and 1.5 million EUR productivity gain per year?.

New York: New York City Department of Transportation imple-
mented Midtown in Motion (MiM). ITS investment includes the
installation of @ modern traffic management center in Queens,
the introduction of a wireless communications network and the
upgrading of intersection traffic signal controllers to identify and
respond to traffic conditions inreal time.

\_

Results after the first phase of the program (2011) showed an over-
all10% improvement in travel times on avenues. The average travel  thanks to be able to adapt traffic management to traffic situation on real time and heighten
speedinthe zone increased from10.5kmphto 1.6 kmphbetween 8  road and drivers safety by reducing accidents rate?,
am. and 8 p.m. whichwas additionally confirmed by Taxi GPS data %,
Specificindicators of the most common adaptive signal control such as SCATS or SCOQOT are
Mumbai implements an Adaptive Traffic Control System (ATCS)  reflected in the following table:

which modifies traffic signal cycles in real time by means of surveil- SYSTEM | SYSTEMNAME TRAVELTIME A  DELAYS |
lancg Sensors or devices installed on site to respond to changing . SCATS e o I
traffic conditions. Adaptive
Signal
. . ScooT -29%to -5% -28%to -2% -32%to -17%
Consequently to this dynamic system that controls 253 street Control 2 0 0

intfrsedions' therehas been a. 10% increase in average traffic speed, Figure 20. Specific indicators of the most common adaptive signal control
407% lower energy consumption as the result of the use of LED- Source: Eddie Curtis, FHWA Office of Operations / Resource Center.

@ type traffic signallights, 17% of traveltimes reduction in Mumbai city
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| General Description

DEFINITION

APPLICATION

ENFORCEMENT IN URBAN ENVIRONMENT

BENEFITS

Automated enforcement systems are electronic
devices that detect traffic violations and document,
through photo or video evidence, the vehicle at fault.
The owner of the vehicle is then notified of the infrac-
tion by mail or other means accepted.

The most commontypes of automated enforcement
systems inanurban environment are associated with
speed limit's compliance, red-light running and other
signal violation (dedicated lane, illegal turn, etc.).

Speed enforcement improves safety, reduces ag-
gressive driving, and assists in the speed compliance
enforcement.

Red-light camera enforcement enhances safety at
signalizedintersections by improving red-light com-
pliance, resulting in a reduction of red-light running
violations. Accordingto the "Research and Innovative
Technology Administration of the U.S. Department of
Transportation”, automated enforcement systems
have reduced red-light violations by 20 to 60 percent
and crashes by 22 to 51 percent.
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| TECHNICAL DESCRIPTION : elements (Ethernet output or wireless communications, GPRS or UMTS), storage system,
: service terminal, location system and a central processing unit, mainly. In red light enforcement
Stage of development : is also needed a traffic light cycle sensor.

TrafficEnforcementincludes different types of technology, suchas- i They can be fixed on the road or mobile equipment in the law enforcement vehicles.

widely used speed vehicle detection (radar or microwave) or the latest

technologies, which use digital video recording with advance image Automatic Violation Report Processing Center: Center where data and photos of violations

processing (deployed for the detection of other types of violations : are decoded and matched with the vehicle owner through the license plate database. Once the

besides speedlimit compliance). Allof them are widespread deployed. : vehicle and its owner have been identified, the penalty notice is automatically sent by mail to
: the vehicle owner with the photo that evidences the . n—

Components : violation, date, time, etc. . - | .j

Road equipment: equipment to detect and capture traffic violation :
(speed, red light, etc.). Include sensors to detect the vehicle (radar, :
laser, inductive, optical, video...), camerato capture the number plate
and the instant of the infringement, and other elements suchas a
lighting device (infrared normally), system clock, communications :

ENFORCEMENT IN URBAN ENVIRONMENT

ol

\ s
180190 200
2

Figure 21. Examples: fixed and mobile equipment
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Source: commons.wikimedia.org/cameramann

Source: commons.wikimedia.org/Bidgee
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Technology

Technologies for detecting violations, identifying the vehicle and identifying
the owner of the vehicle must be differentiated.

©

Some technologies are common to systems for detecting different violations,
whereas others are particularly tailored to the detection of specific kinds of vi-
olations.

Technologies for detecting violations:

O Radar (Radio Distance And Ranging), Microwave, and LIDAR (LIght Distance
AndRanging): are mature and widely used technologies that have been used
to calculate vehicle speed for decades. A sensor emits radio waves (radar),
microwaves, or a laser beam (LIDAR), which reflects off vehicles and meas-
ures spot speed.

O Inductive loops in pavement, typically used to measure traffic data such as
count, presence, and occupancy, can also be used for speed measurements
althoughin a less reliable way than the previous ones.

O Optical sensors are used to some extent as well, based on the reflection of
infrared beams from special reflectors in the road bed. A detector records
when a passing vehicle crosses the beam, and records speed and headway.

ENFORCEMENT IN URBAN ENVIRONMENT

For enforcement purposes, all previous technologies must be combined with a
video image system for vehicle identification.

Source: en.wikipedia.org/wiki/Agéncia_Brasil

Technologies for identifying the vehicle:

Figure 22. Radar, Lidar and Inductive loops technologies

O Automatic License Plate Readers (ALPR): Optical cameras capture images
of license plates of offending vehicles and software "reads" the information.,
It is a mature technology (over 30 years),

O Machine vision: Cameras with embedded software that mimics humanvision, Technologies for identifying the owner of the vehicle
with the capability to analyse images of the environment, including automatic
license plate readers. Thus, it can be used as detection and identification Using software tools to connected ALPR or machine vision cameras withlicense
technology at the same time, making it suitable to detect and document plate database, where the owner's address is retrieved and the letter to the owner
violators as speeding, lane occupancy, illegal turn u other signal violation is produced without manualintervention, permit the whole process automation,

@ (stops, pedestrian crossings). from detecting to fining the violator.

Source: commons.wikimedia.org/wiki/User:Niagara
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Source: http://1080plus.com

| INTERNATIONAL EXAMPLES

Automated TrafficEnforcement (ATE) has been de-
ployed in many urban and suburban settings around
the world as a cost-effective way to reduce speeds
and crashes.

Regions where ATE has been more frequently used
worldwide are in Australia, Canada, Europe, Singapore,
andthe United States. The last one had 502 individual
communities using light cameras and 140 using speed
cameras in August 2014, among them Washington
DC, with 7 types of Automated Traffic Enforcement
at present: Automated Red Light Enforcement in 48
intersections, Automated Speed Enforcement in 170
locations, Gridlock in 20 intersections, Stop Signs in
32 points, Pedestrian Right of Way in 16 locations, In-
tersection Speed in 24 intersections and Oversized
Vehicles with 7 restricted areas?®,

Institutions

The public agency in charge of promoting the urban enforcement is the traffic or
transport departmentin the municipality who controland oversee the urban traffic
management and the correct application of enforcement law (fines and other
penalties) supported by national traffic agency. Although exist diverse types of
business models toinstallation and operation management, the most common are:

O Publicimplementation and operation of urban enforcement.

O Publicimplementation and private operation with remuneration on the basis
of fines processed.

O Private concessiontoimplement and operate the urban enforcement systems
in exchange for a percentage of the fines collection.

In Europe, London is an international example to 4
consider, with ATE in 300 points and in the City's K
borough, CCTV cameras are used to detect vehicles
that are parked illegally or to enforce moving traffic
infringements (banned turns, no entry, yellow box
junctions, no entry to pedestrian zone, illegal U-turns,
blue arrow sign, bus lane)'

InLatin America there are also many cities with ATE,
forinstance Guadalajarain Mexico, Limain Peru, Me-
dellinin Colombia and Quito in Ecuador,among other,
Rio de Janeiro in Brazil should be highlighted: in 2013,
the Municipal Secretary of Transport (SMTR) operated
235 speed enforcement equipment, 128 red lights and
24 lane dedicated enforcement, all them integrated
in the Operation Center of Rio.
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| KEY CHALLENGES DURING IMPLEMENTATION

A

An important prerequisite for an efficient automated enforcement
system is the availability of a centralized register of vehicles and their
owners at a nationallevelin order to have an effective tool for prosecuting
offenders for the law enforcement officials.

©

Concerning implementation, Traffic Safety criteria must be used to
determine where automated traffic enforcement will be used. These
criteria include, among others, high-risk, high frequency, high-collision
and high pedestrian volume locations.

ENFORCEMENT IN URBAN ENVIRONMENT

Among the technical considerations, features and limitations of each
technology must be taken into account in order to choose in every case.
Forinstance, it should be noted that ALPR cameras require a direct sight
line to license plates, so they must be installed above the roadway or on
the roadside in locations that minimize visual obstructions (e.g., from
surrounding traffic) and avoid off-axis angles that could reduce recog-
nition accuracy.

®

| COST/BENEFIT BENCHMARKS

The main challenge of urban enforcement is to reduce crashes caused by speeding,
red light running and other traffic infractions, thus, analysis data about crashes and
their severity before and after ATE installation is a good indicator of this application
effectiveness. Below are some benefits references:

Chicago (USA): Red-light cameras were gradually installed at accident-prone city
intersections, beginningin 2003 and today there are 380 cameras in 190 intersections.
Accordingto Chicago Department of Transportation between 2005 and 2012: crashes of
alltypes were down 33% at intersections with cameras, dangerous right-angle crashes
decreasedby 47%, rear-end crashes a/% and both crashes resulting in serious injuries
and pedestrian crashes were down a 22%%.

Texas (USA): the 2011 study for Traffic Operation Division Texas Department of Trans-
portation, Evaluation of photographic traffic signal enforcement systems in Texas,
analysed the number of crashes before and after the installation of the automatic
trafficenforcement system, and obtained a reductionin the number of red light related
crashes for the treatment site intersections of 23% during the first year, 27% over the
2 year group period and a 21% over the 3 year group period®

London (UK): Transport for Londonindicates that roads with speed and red light cam-
eras enforcementfellby a dramatic 50% the number of people killed or seriously injured.
That means the cameras help prevent 500 deaths or serious injuries each year34,

Medellin (Colombia): the accumulated incidents rate was reduced in a 18.6% in two
years, inthe area of enforcement influence®,

74 — OO

Source:commons.wikimedia.org/ seth pipkin
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The following table show unit cost references to offer an approximated idea about cost of Enforcement Systems:
SYSTEM SYSTEM NAME UNIT COSTS APPROX.

Portable Speed Monitoring System $4.1K-$12.2K
Roadside Detection

Traffic Camera for Red Light Running Enforcement S60K-S109K
Roadside Information Variable Speed Display Sign S3K-S4K

Conduit Design and Installation — Corridor S52K-S77K
Roadside Telecommunications

Fiber Optic Cable Installation S$21K-$54K

Figure 23. Unit cost references of Enforcement Systems
Source: ITS Benefits, Costs, Deployment and Lessons Learned: 2011 Update %€

ENFORCEMENT IN URBAN ENVIRONMENT

, v 7
In @ more general way, here are some cost benchmarks: ? ‘\ F

Callao (Peru) with an investment of 15 million $ in its current en-
forcement systems and 7% of this amount in maintenance each
year. It has ATE in 42 points which are managed by a concession.
The monitoringinfringements are: speeding, red light and pedestrian
crossing running. A Control Centre processes all infractions. The
results obtained show thatin the points with ATE, the infringements
committed have decreased a 91%, from a 2.4% in 2007 to a 0.4 in
207, This fact becomes even more important bearing in mind the
increase of traffic from 1.3 million to 1.5 million in the same period.
(Source: Consorcio Transito Ciudadano)?.

Pachuca (Mexico): Inside "Secured Destiny" project, a private firm

invested 30 million Mexican pesos (approx. 2.21million USD) to install

speed enforcement (24 speed control panels, 3 mobile radars and

2 fixed radars) and red light cameras (6) in the city, and to operate

the systems during 36 months, in exchange for 85% of the collected

revenues through the fines. After this period the equipment will be
@ transferred to council ownership*”.

Suorce: datuopinion.com
sssee5s- 75 ‘
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»Applications, challenges and
international benchmarks

| General Description

DEFINITION

Interurban traffic management systems are being
usedonalocalandregional network levelto maximize
the effectiveness and efficiency of aroadway and re-
sultinimproved safety, trip reliability and throughput.
These systems provide updated information from an
operations center that receives and processes field
information picked up continually by sensors onmain
roads.

BENEFITS

Road signs often provide redundant, contradictory
or out of date information. Telematic systems, such
as Variable Message Signs, are designed to correct

APPLICATION

INTERURBAN TRAFFIC MANAGEMENT

this situation, allowing the same panel to provide in-
formation continuously updated by remote control
froma control center. This enables strategic network
control, re-routing users or allowing themto choose
the bestroute based on up-to-the-minute informa-
tion, thus reducing the impacts of congestion, delays
and pollution.

Traffic controland management systems have also
beenimplemented and justified in terms of accident
reduction and travel—time savings, increasing safety
by alerting drivers of upcoming hazards or maximiz-
ing network capacity by providing traffic information
to drivers. Therefore, safety and efficiency are also
considered benefits of interurban traffic manage-
ment application.

-
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volume and density, average speed, vehicle classification, incident detections or
: others about environmental and weather conditions.

: Disseminating information and user support elements: key elements of ITS
: deployment to provide relevant real time traffic pre-trip and on-trip information
to travelers, thus allowing well-informed travel decisions (pre-trip information) as
: well as information during the journey (on-trip). Among this group, components
: to communicate the road operator with the user and vice versa are also included,
i as for example SOS posts,

: Information management elements. Traffic Management Centers: collects and
: consolidates informationreceivedfrom surveillance and detection equipment, in
: order to manage the road network,

Communications infrastructure: facilitates data transmission between devices
: along roadway corridors and the operations center.
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| TECHNICAL DESCRIPTION

Stage of development

Mature technology that has been largely deployed on highways.

Components

Capture of information elements: set of sensors that collect road data about :  Figure 24. Traffic Management Centers.
@ road traffic situation such as presence, speed, queue occupancy levels, traffic i Source: First figure- Traffic tech; Second figure - flickr.com/photos/highwaysagency

seensss JJ ‘ @ @%
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Technology

@ Capture of information technologies: closed circuit television
(CCTV) cameras to monitor traffic conditions and inductive loops
as traffic detectors are the most commonly used, although there
are other technologies as Bluetooth, video image processor, mi-
crowave radar sensors (presence detecting and Doppler), laser
radar sensors, passive infrared sensors, ultrasonic sensors, pas-
sive acoustic sensors or even devices that utilize a combination
of these technologies.

Disseminating information and user support technologies. In-
formation canbe provided to end-users with different technologies:

INTERURBAN TRAFFIC MANAGEMENT

Figure 25 VMS, VSLS and Lane Management Signs
Source: www.geograph.org.uk/photo/3731624

®

Signalling Equipment that used a LED matrix that displays text and graphics as the Variable
Message Sings (VMS), variable speed limits as Variable Speed Limit Signs (VSLS) or that
enables atemporally modifiable allocation of lanes as the Lane management Signs. Only
on-trip usage is valid, since the installation is on the road.

Highway Advisory Radio (HAR), a specific application of FM RDS used for broadcasting
real-timeinformation. Data messages are received silently and decoded by a Traffic Man-
agement Center equipped navigation system or radio and offering dynamic route guidance.
Website or internet portals mainly used as pre-trip information about warnings, weather
conditions or traffic conditions that show onmaps, as text or asimages fromroadside CCTV.
Also SOS posts that provide drivers with a direct link to the Control Center and assist them
in any emergency on the road.

And others as navigation systems or mobile devices that offer update information onroute
and pre-trip, respectively.

w78 — OO
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Communications technologies: Most road traffic :
systems use fiber optics, or copper cable as the pri- :
mary communications transport medium, although :
wireless communications are also possible in case
of alimited number of equipment and depending on
the area conditions.

Information management technologies: software :
and management programs that enable strategies :
and management plans from the data collected :
and analysed, to smooth traffic flow in the road net-
work. These technologies offer duration or distance :
of traffic disturbances, e.g. incidents, accidents, :
weather, works on road, closure of a lane or other :
relevant events; consequences on traffic conditions, :
e.g. delays, and recommendation of alternatives, e.g :
re-routing; but also travel times or other usefulinfor- :
mation from historic traffic data used for predicting :
traffic flows. :

pi ,

Institutions

In the deployment of interurban traffic systems, the

involved as public entities, and the concessionary

: companies as private entities.

: InLACregion usually a private concessionis the re-
: sponsible for building, operating and maintenance
: the interurban highways and their ITS systems im- :
: plemented; the business model in which the public :
: entities are in charge of operating the interurbanroad :
: equipment is also used. :

: | INTERNATIONAL EXAMPLES

: ITS technologies in interurban road networks have
: Public Works Ministry and the Traffic Authorities are :
: withthe objective of maximizingroad network safety
: and efficiency.

been deployed in many countries around the world

There are multiple examples mainly in Europe,

: USA, Canada, Japan or Australia. For example, the
: Netherlands, where dynamic route information has
: been provided since 1990, over 100 gantries display
: informational panels across the country on major
: motorways are in use since 2010; Germany, where
the 80% of all trips onthe motorway network use real
: time traffic and traveler information; or Spain where
: there are 7 TMC to manage traffic control and traffic
| : law enforcement on allinterurban roads.

In Latin America countries there is also ITS equip-

: ment in the interurban road network, although now-
adays are concentrated in particular motorways, for
: example the highway Nueva Necaxa-Avila Camacho
: in Mexico, with16 VSM, 140 cameras of CCTV, 40 SOS
: posts, Sweather stations, 3 traffic evaluationremote
: station, 2 dynamic weighing station and speed radars,
: ina section of100 km length between Nuevo Necaxa
: and Tihuatlan,

(« »
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| KEY CHALLENGES DURING IMPLEMENTATION

Key challenges for the successfulimplementation of urban traffic management
shown in a previous section of this report, are also applicable for the interurban
traffic management, as the following:

Multi agency co-operation and coordination: Interurban Traffic Management
Systems must be communicated with Urban Traffic Management Systems of
those urban environments that impact in the highways network, also with private
concessions of freeways, tunnels, bridges, etc. which may be accessed from the
network managed.

Interoperability: for an effective and efficient co-operation, data interoperability
andinformation sharing across departments, programs and jurisdictions should
be enabled.

| COST/BENEFIT BENCHMARKS

Following table include some cost references about technology:

Standardization: at the country level standardization is important in terms of
communication (for example, radio frequencies, location coding, coding for data
exchange between different organizations and centers) and of information to
road users (for example, pictograms on VMS, legal meaning of signs such as
speed limits on VMS signs).

System Operations and Maintenance: all equipment must be checked and main-
tained, especially detectors to assure reliable and accurate readings, which are
the basis of a high quality information and management.

SYSTEM SYSTEM NAME UNIT COSTS APPROX.
Inductive Loop Surveillance on Corridor S$2K-S6K
Roadside Detection Remote Traffic Microwave Sensor on Corridor S8K-S11IK per sensor
CCTV-Video Camera S8K to $16K
Variable Message Sign $28K-$136K
Roadside Information Variable Speed Display Sign S3K-S4K
Highway Advisory Radio S15K-$36K
, Software for Lane Control $25K to S50K
Roadside Control subsystem Lane Control Gates S66K to S100K
Roadside Telecommunications Conduit Design and Installation — Corridor S52K-S77K
Fiber Optic Cable Installation $21K-S54K
Hardware, Software for Traffic Surveillance $134K to $164K
Transportation Management Center subsystem Software, Integration for Signal Control $104K-$149K
Software, Traffic Information Dissemination S18K-$22K
Labor for Traffic Information Dissemination S 116K-$142K (annually)

“On Corridor., Figure 26. Unit Cost references about Interurban Traffic Technology
@ Source: ITS Benefits, Costs, Deployment and Lessons Learned: 2011 Update®®

.
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As a reference, in Washington the implementation of the SR 14 traveler infor-
mation system was 511,300 USD, with a first phase that cost 300,000 USD and
included 2 VMS, a highway advisory radio (HAR) station and one Road Weather
Information System (RWIS) station with a CCTV camera. In addition, a second
phase was 211,300 USD, which included a HAR station and a VMS®E,

©

Here are some benchmarks benefits collected from the report "ITS Benefits,
Costs, Deployment and Lessons Learned: 2011 Update, and Synthesis of Active
Traffic Management Experiences in Europe and the United States, both reports
issued by U.S. Department of Transportation'®e:;

O VSL: The experience of Germany resulted in lower accident rates and in a
modest (5-10%) increase in roadway capacity. The use of VMS as dynamic
re-routing showed, on Nuremberg area freeways, the ability of redirecting to
40% of through-traveling vehicles. The implementation of this technology on
the AS motorway between Bad Homburg and Frankfurt/West, was associated
with a 27% reduction in accidents with heavy material damage and a 30%
reductioninpersonalinjury crashes. England has also applied VSLS as speed
harmonization. Results on M-42 showed a 7% percent increase in capacity
and less overall congestion over the 172-month study period. A VSL system
onthe [-270/1-255 loop around St. Louis reduced the crashrate by 4.5to 8
percent, with a standard deviation of 3.4 percent due to more homogenous
traffic speed in congested areas and slower traffic speed upstream.

O Lane Control: These technigues have demonstrated a 20% increase in rush-
hour capacity and reduced air and sound pollution along Munich (Germany)
area freeways. In the Netherlands, by 7 to 22% of capacity increase, by de-
creasing trip travel times from 1to 3 minutes and increasing traffic volumes
through the area up to 7% during congested periods.

O VMS: The use of VMS as dynamic re-routing showed on Nuremberg (Ger-
many) area freeways, the ability of redirecting to 40% of through-traveling
vehicles. The Dutch have estimated a 5% improvement in overall system
performance associated with dynamic re-routing.

O Traffic surveillance, lane control signs, VSLS, and VMS in Amsterdam, the
Netherlands, have led to a 23% decline in the crash rate.

INTERURBAN TRAFFIC MANAGEMENT
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»Applications, challenges and
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APPLICATION

| General Description

DEFINITION

ROAD SAFETY IN INTERURBAN ENVIRONMENT

BENEFITS

-

Onone hand, speed enforcementis used to monitor
and enforce speed limits. On the other hand, Surveil-
lance and weather and roadway conditions monitoring
enable the appropriate management actions to miti-
gate theimpacts of any weather related risk, which will
be especiallyimportantin allthose mountain stretch-
es, tunnels, long bridges and viaducts, etc. Informing
users on conditions changes is one of the actions to
mitigate the impacts on those locations with higher
potentialrisk. For this reason, surveillance, monitoring,
and prediction of weather, are complemented with
driver information systems as variable message signs
(VMS) and variable speed limit signs (VSLS) to warn
drivers.,

Safety: this maybe more criticalin interurban environ-
ments where speeds are higher. Speed enforcement
can be a very effective tool to reduce the number and
conseqguences of car accidents, smoothing traffic flows,
reducing stop—start conditions, and at the end improving
safety. Roadway monitoring and warning drivers about
possible risks, also contribute to a higher safety on the
road, espedially in areas with bad weather conditions as
mountain passes or risk zones as tunnels.

Traffic optimization: whereas in cities is mainly based
on traffic signal control, ininterurban roads the inter-
actionwith trafficis through communications directed
to drivers, either daily or at special circumstances
such as weather conditions, special events or severe
incidents.
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i TECHNICAL DESCRIPTION

Stage of development

Technologies to enhance road traffic in general,
and road safety in particular, have been developed
for decades, and nowadays are widespread deployed
throughout the world.

Components

Surveillance, Monitoring and Prediction Elements:
detection sensors and observing systems for pro-
cessing data, in order to identify and prevent dan-
gerous road-traffic situations as speed compliance,
adverse weather conditions (rain & flooding, snow &
ice paverment, fog & low visibility, high winds &stability
of vehicles, etc.) or incidents in tunnels, all of them
situations in which is especially important to know
the current road conditions and give a quick response.

These elements allow the detection of vehicles
that exceed the speed limit in a particular point or in
a section of the road, measuring its instantaneous
speed or its average speed, respectively. They also
allow the detection of whatever situation that might
affect users safetyinatunnel, from pedestrians, ob-
stacles and stopped vehicles, to congestion, opacity,
excess of CO2 inside the tube or fire. And in relation
with the climate conditions, they allow transportation
managers to gather information on prevailing and
predicted conditions.

Decision Support, Control and Treatment Ele-
ments: decision support systems, control strate-
gies, and treatment strategies that are employed by
transportation managers toimprove safety, mobility
and productivity.

Three types of Road Safety Management strategies
may be employed in response to detected threats:
advisory, control and treatment strategies. (1) Advi-
sory strategies provide information on prevailing and
predicted conditions to bothtransportation managers
and motorists. (2) Control strategies alter the state
of roadway devices to permit or restrict traffic flow
and regulate roadway capacity. (3) Treatment strat-
egies supply resources to roadways to minimize or
eliminate weather impacts (application of sand, salt,
and anti-icing chemicals to pavements to improve
traction and prevent ice bonding), to stop or punish
vehicles speed excess or to evacuate the tunnel.

Information Dissemination Elements: elements that
are used by transportation managers to disseminate
road information to travelers, according with one of
the strategies of the previous paragraph.
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Technology

Surveillance, Monitoring and Prediction Tech-
nologies:

For capturing weather data, Environmental Sensor
Station (ESS), a roadway location with one or more
fixed sensors measuring atmospheric, pavement
and/or water level conditions. Atmospheric data in-
clude air temperature and humidity, visibility distance,
wind speed and direction, precipitation type and rate,
air guality, etc. Paverment data include pavement
temperature, pavement freeze point, pavement
condition (e.g., wet, icy, flooded), pavement chemical
concentration, and subsurface conditions, Water level
data include tide levels as well as stream, river, and
lake levels near roads.

Related to safety in tunnel, technologies involved
with this function are: cameras CCTV along the tun-
nelandin their portals for traffic monitoring and Data
Collection Stations to gather information from the
detectors. As we have seen in other previous appli-
cations of thisreport the more common sensors are
inductive loops, although are also available radar, laser
or optical technologies for this purpose. Among the
technologies for tunnel management, Automaticin-
cident Detection (AID) system is an essential video
tool for detecting events leading up to incidents in
road tunnels that use algorithms to discern between
typical traffic flow and activity and the circumstances
associated with anincident or crash, in which case an
alarmisissued. Also Fire/Smoke detection, anintegral
part of a controlloop whichis set up by sensors, alarm
triggering equipment, transmission cabling, evalua-
tion units, etc., and which taken together are generally
referred as a fire alarm system.

Figure 27. Information Dissemination Technologies

Figure 28. Speed enforcement in interurban roads

NOTE: For the speed enforcement, the reader is referred to the application "enforcement in urban environment" of this report
where the same technology is described, but in this case applied to a road section.

Decision Support, Control and Treatmen
Technologies:

The technology involved in this part is mainly related
with the integration of environmental and traffic data
with traffic monitoring and control software in a Traffic
Management Centers (TMCs), fromwhere the equip-
mentinstalled onthe infrastructure is controlled. Traffic
managers may access road weather and traffic data
to make decisions about traffic control and motorists
warnings and establish a strategy such as: reducing
speed limits with Variable Speed Limit (VSL) signs and
Variable Message Signs (VMS) when travel conditions
are unsafe, or others as closing alane with Lane Man-
agement Signs, adding light or switching on algorithms
specific for the ventilation system in tunnels.

Among the systems deployed in the TMCs areTraf-
fic Incident Management Tools, which make use of

a variety of ITS technologies to quickly detect, notify,
manage and clear trafficincidents, especially intunnels
where the consequences of the incidents are poten-
tially more severe than on the openroad.

Information Dissemination Technologies:

A variety of roadside technologies, such as LED
technology used in Variable Message Signs (VMS),
Variable Speed Limit Signs (VSLS) or Lane Manage-
ment Signs can be used to inform users about a risk
situation detected on the road. Also Highway Advi-
sory Radio (HAR) or Specific Internet Sites may be
implemented to provide travelers with weather or
other relevant travel information. In tunnels, Public
Address Systemsare alsousedtowarnusersin case
of evacuation or to transmit a particular message in
case of anincident.

(« »

Source: www.sadecocoslada.com
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Institutions

The institutions involved in the management of road safety applications are Public
Works Ministry and the Traffic Authorities as public entities, and the concessionary
companies as private entities. The first, in order to approve the deployment of
ITS equipment in the roads managed, and the other two entities to implement,
operate and maintenance that equipment; usually, Traffic Authorities are in charge
of enforcement,

Other institutions involved are Meteorological Agency to provide information about |

weather forecast, Civiland Emergency Protection to assist emergencies and risk &= -

situations on the road or Police to run automatic speed enforcement,

-----------------------------------------------------------------------------------------------------------------

| INTERNATIONAL EXAMPLES

Speed management and control, were the primary concernis to reduce crash-
es and their consequential injuries and fatalities, in Europe, Australia, Canada,
United States or Asia.

The state of Victoria, Australia was a pioneer on a large scale of automated
speed enforcement (ASE) deployment in 1989. Soon after New Zealand and UK
also implemented this kind of system, with a good result in terms of road traffic
crashes reductions, and particularly those involving deaths or serious injuries.
Asian examples highlight Korea, where National Police Agency has implemented
the ASE and installed 853 units of fixed speed camera in road sections and 821
units of mobile-speed cameras in South Korea since 1997. In Europe, Finland,
where 1,000 automatic speed cameras along approximately 3,200 km cover
approximately 22% of the road network including one lane roads and 42% of the
total vehicle mileage. Or Spain, where General Traffic Directorate (DGT) manag-
es 855 fixed speed radars (Doppler and laser) around the 26,000 km approx.,
in addition to other hundreds of mobile speed enforcement equipment and a
National Automatic Violation Report Processing Center, called ESTRADA. In Latin
America, Brazil, one the first countries to use speed enforcement, beginning their
actuations in 1992 and being today a successful example.

--------------------------------------------------------------------------------------------------------------

I ullllllﬂ“'*

=

!Illlllli

Road Weather Management is implemented in many roads across the globe,
mainly in freeways, although highlight countries as North European countries,
Canada or USA where the climate conditions are critical to Road Safety:.

Regarding Tunnel Safety, thereis alarge list of international examples, from the
Mont Blanc Tunnel between France and Italy, to the 40 km of tunnels of the ring
M-30 in Madrid. But also new constructions in Latin America as the tunnels of
Coviandes in Colombia or the tunnel of Sinaloense in Mexico.

— OO AP
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| KEY CHALLENGES DURING IMPLEMENTATION

There are two fundamentalissues in the Road Safety applications, mainly in tunnels:

©

O Toensurethe availability of critical equipment (ventilation, fire detection, emergency lighting, etc.) with
aminimum of functionality in case of a fault or breakdown. For continuous energy supplying and safety,
a redundant power and communications network is needed.

O Todetect when afault occurs in the operating equipment and facilitate a quick response. (Detectors
and alarm systems control).

The reliability of collection and treating data has to be guaranteed in general but even more when it comes
to safety equipment. Therefore, for selection and localization of each technology, each one's features and
limitations must be taken into account. In addition, the detection systems must be carefully calibrated to
achieve the best compromise among a minimum non detection level, the minimum number of false alarms
and a suitable detection delay time.

INTERURBAN TRAFFIC MANAGEMENT

| COST/BENEFIT BENCHMARKS

The table below shows some cost references about weather management technology. References about unit cost technology for Speed Enforcement and Tunnel
Safety have been collectedin the section Enforcement in Urban Environment and Interurban Traffic management of this report, respectively, because the technology
applied is the same (although approach is different):

UNIT COSTS
SYSTEM SYSTEM NAME APPROX.

Environmental Sensor Station (Weather Station) S$25K-S42K
Roadside Detection

CCTV-Video Camera S8K to $16K

Conduit Design and Installation — Corridor S52K-S77K
Roadside Telecommunications

Fiber Optic Cable Installation $21K-S54K
Transportation Management Center subsystem Road Weather Information System S9K

Figure 29. Unit Cost references about Road Safety Technology
Source: ITS Benefits, Costs, Deployment and Lessons Learned: 2011 Update®®

®
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N when the signs were lit. Furthermore, accurate and
timely road weather information helps maintenance
managers react proactively before problems arise,
which will also bring savings, for example the State
of Utah in USA save more than 2.2 USD from reduced
maintenance costs inthe 2004-2005 winter season.
The studies of benefit-cost ratios collected by the
report "Intelligent Transportation Systems Benefits,
Costs, Deployment and Lessons Learned: 2011"€€,
ranged from 2.8 to 7 depending on the region, even
to 36.7resulting from the use of weather information
to reduce winter maintenance costs.

Following, some benefits benchmarks of the road
safety applications.

©

In relation to speed enforcement:

O Finland:automaticspeedenforcementdecreases
average speeds with 0.5-3.0 km/h on the whole
road section equipped with automatic speed
enforcement and an even greater reduction is
shown close to the camera pole®®, The reduction
of speedsincreases traffic safety interms of less
accidents as well as reduced consequences of
accidents (accordingto Nilsson's "Power Model',
a 5% reduction in the average speed represents
a20% decreaseinfatalaccidents, and a10% de-
crease in accidents which produce injuries), but
also has a positive effect on the environment in
terms of reduction of traffic noise and emissions.
Studies show that 4% less injury accidents and
even18% less fatal accidents occurred on roads
with automatic speed enforcement than on  \_
comparison sites4e,

O Brazil: according to Department of Infrastruc-  In addition to speed control, as stated in the report
tures and Transportation's (DNIT)*, the use "Intelligent Transportation Systems and Road Safety”
of automated speed enforcement in federal edited by European Transport Safety Council®3, the
roads and urban sections contributedtoa/70% high accident risks caused by adverse weather con-
reduction in traffic accidents. ditions can be decreased by providing information,

O According to ITS International magazine, in  warnings and support to road users. For example,
2005 an evaluation of the four-year benefit of ~ the assessment of the automatic fog-warning sys-
implementing speed cameras inthe UK found  tem, implemented on the M25 motorway in England
a positive cost-benefit of around 2.7:1. Inthe  showed that the net mean vehicle speed reduction
fourth year, the benefit to society from the was around 3 kmph, whenthe signals were switched
avoided injuries was estimated to be inexcess  onas aresult of the formation of fog, similar to other
of £258million comparedto enforcement costs  Finnish study which showed that slippery road warn-

@ of around £96million%?, ing VMS decreased mean speeds by around1-2km/h

w87 — OO
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| General Description

DEFINITION

APPLICATION

ELECTRONIC TOLL COLLECTION

BENEFITS

Electronic Toll Collection (ETC)is amature technol-
ogy that allows drivers to pay tolls without cash and
without having to stop the vehicle at a control point.

ETCsystems charge atollto an established custom-
er account without requiring any action by the driver
as a venhicle passes through. The system electron-
ically debits the accounts of registered car owners
or identifies the license plate for later billing without
requiring vehicles to stop.

ETC is one of the most successful ITS applications

with numerous benefits when compared to the tra-

ditional toll collection lanes (without ETC). Advanced

technologies such as open road tolling (ORT) allow

automatic processing of toll transactions at freeway
speeds, thus reducing the need for tollbooth barriers
and improving performance.

Smart Tag
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- - 7 The main ETC benefits are:

O Vehicles donotneed to stop at toll plazas.
O Increased safety and security at toll plazas.
O Fraudandhandlingmoney costs (coins and notes transport, deposits, etc.)
are significantly reduced.
o
o

Increased flexibility in toll fees: they can vary according to the time of day,
traffic or operation conditions, among others.
Better demand analysis and adjusted toll fees. ETC means of payment is
similar to a loyalty card, as customers always use the same device in their
transactions, so toll fees can be directed to specific targets.

O The same means of payment can be used in other applications, such as
car-parks.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Source: commons.wikimedia.org/wiki/User:Mariordo

ELECTRONIC TOLL COLLECTION
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»Applications, challenges and
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i TECHNICAL DESCRIPTION

Stage of development

use on toll roads throughout the world.

Components

On board systems (TAG):

Radio-frequency identification (RFID) devices
placed in/on the vehicle, to identify the vehicle or the :

driver associated to its unique ID number, when the
ETC electronic toll collection systems are already in ;

vehicle passes through an ETC Point.

Lane/Gantry Systems

Systems deploymentintolllanes or intoll gantries
ETC systems usually include vehicles equipped with : :
transponders (electronic tags), wireless communica- :
tion, in-road/roadside sensors, and a computerized :
system (hardware and software) to uniquely identify :
each vehicle, electronically collect the toll, and provide :
generalvehicle/traffic monitoring and data collection,

include the following:

O Automatic Vehicle Identification (AVI): The :
AVI systems properly identify each vehicle to :
charge the toll to a particular custorner. This (i
ETC method is typically done with various AVI
technologies such as a bar coded label fixed
to the vehicle, proximity card, radio or infra- :
red transponder, and automatic license plate :
recognition. A majority of the AVI systems :
used involve radio frequency identity (RFID) :
and plate recognition technologies. The RFID
system uses an antenna-reader to detect :
and communicate with a transponder in each
registered vehicle and identify information :
about the vehicle and customer, while video :
tollingidentifies the license plate and charges :
a customer or sends a bill to un-registered :
drivers assisted by the Department of Motor :

Vehicle's address database.

and vehicle weight) of the vehicle in order to
classify (car, truck, buses, etc.) it and deter-

Automatic Vehicle Classification (AVC): Sys- :
tems to identify the configuration (vehicle
height, number of axles, presence of dualtires, :
: tollplaza or,in systems known as multi-lane free flow,
: in gantries that cover all lanes in the road,

mine the appropriate toll to charge. There are :

various technologies used to make this, for :

Source: commons.wikimedia.org/wiki/User:Cameramann

example, inductive loops, pressure sensitive
devices, weigh-in-motion devices, video im-
age processing, scanning devices (ultrasonic,
infrared or laser scanners), among others,

O Video Enforcement Systems (VES): This sys-
tem serves a dual purpose: enforcement and
video tolling. This system capture images of
the venhicle, the number plate of the vehicles
in particular, to identify those vehicles that did
not pay the proper toll. VES is used to record
the image information needed for the agency
to pursue evaders, recover tolls and issue fines,
thereby deterring toll evasion.

These systems are placedin each single lane of the
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Management and/or Customer Service Center Systems

The Management Center handles the transactions database, consolidates and
process all the information collected from each plaza host computer, as well as
sends information on toll system configuration to toll plazas.

Through the Customer Service Center accounts are managed, customers are
enrolled, tags are issued, violations are processed, inquiries are handled; it also
serves as the facility management center.

Communications System
Allows data transfer between the plaza/gantry computer and the management

center. Itis usuallyimplemented by a Wide area network —WAN- using fiber optic
as physical transmission means.

ELECTRONIC TOLL COLLECTION

Technology

ETC may be implemented in three different ways: Electronic tolling added to conventional toll lanes

ETC is introduced in conventional stop-to-pay toll plazas with rows of tollbooths and a large
canopy over each lane. Mixed mode tolling is allowed (cash, cards, OBUs) and queues are not
avoided.

Electronic toll only lanes

Dedicated or transponder-only lanes are the next step forward in speeding up the toll collection
process. The vehicles have to go through the dedicated lanes in the plaza toll, reducing the speed
without stopping to do the payment.

Open road tolling — Multilane Free Flow Tolling

The next stage in the application of electronic toll technology is the so-called open-road
tolling (ORT) or Multilane Free Flow Tolling. ORT is defined as the collection of tolls by purely
electronic means, through the installation of gantry-based electronic tolling and enforcement
systems designed to enable unhindered passage of vehicles through the toll gantry at normal
highway speeds. ORT is ETC toll collection without any toll plazas. Transponders can be read at
110%160kmph (70 or 100mph), so motorists do not have to reduce their speed,

(« »
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Automatic Vehicle
Clasification

©

ELECTRONIC TOLL COLLECTION

- &

Automatic Vehicle

Identification

| INTERNATIONAL EXAMPLES

The possible technologies in ETC are:

DSRC = Dedicated Short Range Communication
Video, ANPR (autormatic number plate recognition), LPR (License Plate Recognition)
Tag/ Transponder / RFID — Recognition (electronic license-plate)
GNSS (Global Navigation Satellite System)
W-LAN / W-MAX

Technologies for vehicle classification: Inductive loops; Laser scanner; Weigh-in-Mation; Video;
Tags/RFID.

00000

Institutions

The usual concession modelis Build-Operate-Transfer (BOT), in which tolls are deployed by the
private sector; this private sector operates the infrastructure during a period of concession and
thenitis transferred to the government. In some cases, the government can decide to extend
the period of concession in order to cover at least road maintenance expenses,

COUNTRY CITY/STATE
USA California
Canada | Toronto
Israel -
Chile Santiago Chile
Chile Santiago Chile

ORT SYSTEM NAME _ COUNTRY | CITY/STATE . ETCSYSTEM NAME
SR 91 Express Lane Portugal n/a Via Verde
Highway 407 Italy Autostrade motorways TELEPASS
Cross Israel Highway Turkey n/a 0GS
Costanera Norte Brazil Sao Paulo Sem Parar / Via Facil
Vespucio Norte Express Argentina | Autopistas del Sol | PASE

Figure 30. Some International examples.
@ Source: Own elaboration
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| KEY CHALLENGES DURING IMPLEMENTATION

ETC systems should be technologically solid, reliable and secure, ensuring that
internal fraud is prevented and detected. Indeed, they are revenue collection :

. | COST/BENEFIT BENCHMARKS

There are several costs in implementing an ETC system:

common protocol of recording data andtransactions for all potentialissu- :
ers, as well as the field equipment should be compatible and standardized :
for it, :

systems, O Toll Agency Costs: According to a 2002 study by the California Center for
Innovative Transportation, the cost per transaction of an ETC systemiis be-
= There are three important issues concerning ETC systems deployment: tween 0.05 USD to 010 USD (Smith, ITS Decision, 2002). A manual toll cost
= : pertransactionis 0.35USD to 0.45USD. Not only are the costs per transaction
E O Alegal context should be developed, in order to regulate omissions, and : usually lowerinanETC system, the number of transactions is far higher than
§ monitoring or eveninfringements sanctioning. Itis also needed to regulate : in @ manual system. Additionally, the number of people required to operate
— the use and access to the information generated by such systems. This : anETC systemis far fewer than requiredfor amanual toll collection system?44
= issue is highly encouraged in case of ORT. : .
= O Standardization of tags and equipment related to these systemswillsim- :  ©  Costs for the User: Most facilities with ETC deployed require motorists to
= plify their deployment. : buy or rent the equipment (TAG). In addition, the motorist is also required
E O Inlinewiththe above, itis strongly recommended the system interopera- to pay a security deposit, keep a minimum balance in his account, or even
o bility, or the usage of a single means of payment in allenabled facilities for : pay a monthly fee for the ETC equipment. Some systems also require
small payments associated with the mobility of vehicles (tolland car-park motorists to keep a credit card balance.
fees usually). To pursue this, all involved payment devices should use a i @ Initial Sunk Costs: The initial costs of implementing ETC or converting a

manual toll facility into an ETC can be high. There are also significant ETC
systems operational and maintenance costs that vary widely depending
on the scope of the project. The following table reflects approximations
obtained from [-70 Corridor ITS study as compilation from USA national
averages of similar toll facilities:

Toll Gantry Per Gantry 300,000 USD
Toll Lane Equipment Per Lane 200,000 USD
Toll Vehicle Enforcement Sys- Per Toll Svstem 1.0 millionto 1.5
tem (VES) Data Host v million USD
Host Servers and Per Toll System 300,000 USD
Functions

TMC/Video Control Per TMC 500,000 USD
Transponders Per Transponder 10 to 40 USD

: Figure 31. Unit Cost references about ETC Technology

i Source: RITA - US Department of Transportation (http://www.itscosts.its.dot.gov)*s
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Reported Benefits were the following:

O Increases throughput:

¢+ Manualtoll collection lanes handle about 350 vehicles per
hour and automatic coin machine lanes handle about 500
vehicles in the same time period. An ETC lane can pro-
cess 1,200 vehicles per hour when the lane is located in
a traditional plaza configuration withisland structures on
each side of the lane and up to 1,800 vehicles per hour in
an Open Road Tolling (ORT) configuration e,

¢+ InJapan, afield test found that conventional toll collection
takes anaverage of 14 seconds per car, while electronic toll
collection takes only 3 seconds per car®®,

¢+ Implementation of the E-ZPass electronic toll collection
system on the New Jersey Turnpike reduced delays for
allvehicles by 85 percent saving approximately 2.1 million
hours per year®e,

O Cost effective:

¢ MostETClanes are less expensive to build and operate than
traditional toll collection methods. Cost data averaged for five
toll facilities in five USA states showed electronic toll collec-
tion systems provide cost savings of over 40,000 USD per
lane for equipment costs, and 40,000 USD per lane inannual
operatingand maintenance costs comparedwith automatic
coinmachines, and 135,000 USD per lanein annual operating
and maintenance costs compared with manual tollbooths®’.

¢+ Oklahoma Turnpike, one of the first U.S. highways to use
high-speedtollplazas, sawa S0 percentreductionin col-
lection costs on ETC lanes®,

O ETClane usage can decrease emissions in the area.
Practitioners have reported that the ETC system at three
toll plazas in Baltimore, Maryland, with dedicated ETC lanes
located in a traditional plaza configuration, resultedina 40 to
63 percent reduction of hydrocarbon and carbon monoxide
and approximately a 16 percent reduction of nitrogen oxide
in the study area®”.
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APPLICATION

AUTOMATIC VEHICLE IDENTIFICATION
(BORDER CROSSING) - .

Suorce: flickr.com/photos/skalasinc/270186328/

AUTOMATIC VEHICLE IDENTIFICATION (BORDER CROSSING) @

| GENERAL DESCRIPTION
DEFINITION
ITS applications for commercial vehicle operations nies, security information systems, and safety
(ITS/CV0O) are designed to improve the communi- monitoring on-board.
cation between motor carriers andregulatoryagen- @  Credential Management and Administration:
cies, concerning automation and report of regulation, Programs, services and systems for improving
monitoring, inspection and enforcement fromtrans- the administration procedures and systems
port authorities. related to carrier companies. Those include
request, purchase and issuance of electron-
These technologies relate to some relevant issues iccredential applications, as well as automated
on commercial vehicles, as the following: payment, report and archive of taxes.

O Electronic Screening (E-Screening): Programs,

O Safety Assurance: Programs, services and sys-
tems to guarantee safe commercial vehicles
operations (driver, vehicle and freight). This
includes roadside safety automated inspec-
tions, regular inspections to transport compa-

.

services and systems to facilitate the electronic
identification of size, weight, safety, and creden-
tials data. These include the automated weight
inspections of commercial vehicles in check
stations and international border crossings.
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O Carrier Operation & Fleet Management: Programs, services
and systems to support motor carriers with their day-to-day
operations: (1) automated vehicle location (AVL)/comput-
er-aided design (CAD) technologies assist with scheduling
andtracking of vehicle freight; (2) on-board freight monitoring
alert drivers and carriers of potentially unsafe cargo condi-
tions; and (3) traveler information help carriers in choosing
alternateroutes and departure times, avoid traffic congestion
or bad weather conditions and arrive on time.

BENEFITS

ITS technologies applied to commercial vehicles are relevant to both public and private sectors. The essence
of ITS involves systems integration to improve greater productivity, connectivity, safety, and environmental
compatibility.

In general, benefits can be summarized in the following points:

O Improve the effectiveness of commercial vehicle safety enforcement activities by focusing on high-risk
commercial vehicle operators.

Congestion decreasing and improving efficiency in weigh stations and international border crossings.
Reduce costs associated with commercial vehicle operations and compliance with nationalregulatory
requirements for safe and legal carriers.

Reduce administrative costs for agencies in charge of the motor carrier industry supervision.

Improve economic competitiveness by reducing transport companies and agencies costs.

Improve safety and productivity of commercial vehicles and drivers, reducing frequency and severity
of accidents where commercial vehicles are involved.

AUTOMATIC VEHICLE IDENTIFICATION (BORDER CROSSING) @

000 OO

In particular:

O Safetyinformation exchange (SIE) standardizes the exchange of vehicle and driver safety information,
and makes the entire process simpler and faster.

O (redentials administration provides electronic registration and allows transport agencies and carriers
to register online, decreasing delays related to the authorization approval.

O Electronic credentialing reduces form-filling and saves time and money.

O Electronicscreeningfocuses inspections on possible violators andreduces time and cost of inspections

@ (both by inspectors and carriers) at the same time that speeds up customs clearance

Source: cronkitenews.azpbs.org
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i TECHNICAL DESCRIPTION

I

Stage of development

Operation.

Components

Clearance processes for known low-risk shipments through dedicated lanes
programs, or E-Screening usually consists of Network servers and powerful
databases, desktop personal computers, laptops or tablet devices, Weigh-in-
Motion or WIM scales, in-vehicle transponders and roadside readers/transmitters
(Automatic Vehicle Identification equipment and systems), telecomunication
equipment between upstream sites and weigh stations, electronic signs for weigh
stations, loop detectors, mainline compliance tracking systems, over-height
detectors and remote cameras with video transceivers.

Therefore, E-Screening is a key combination of (1) In-vehicle radio-frequency
transponders androadside readers/transmitters, (2) High-speed weigh-in-mo-
tion (WIM) scales, and (3) High-speed, automatic, remote database queries.

AUTOMATIC VEHICLE IDENTIFICATION (BORDER CROSSING) @

Technology
@@@ s B - 31 Automatic Vehicle Identification - For this purpose, the trendis to use simple and inexpensive

means, so RFID technology is rather appropriate (in-vehicle transponders and roadside readers/
transmitters). However, there are tolled border crossings, where using the same existing means
of vehicle identification would be desirable (in order to simplify or not multiply devices on vehi-
cles); this would be the case, for example, of interoperable DSRC tags. Another accompanying
equipment for AVl is also feasible (ALPR for instance).

Transponders may be active or passive, and have four different functions for E-screening:

O Safety Screening: In-vehicle transponders can communicate with check stations and

automatically transfer requlatory data to authorities as trucks approach check stations.

/ O Border Clearance:In-vehicle transponders can communicate with customs check points
to pre-screen trucks for safety records, border clearance, and credentials.

Bl
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O Weight Screening: In-vehicle transponders can communicate :
with weigh stations to pre-screentrucks for compliance with :
weight regulations. Weigh-in-motion (WIM) scales can be :
used for more efficient weight screening and, additionally, : ——
canincrease safety. : IR ':.; o o

: !“h.ll-ll

o

Credential Checking: In-vehicle transponders can commu-
nicate with weigh stations and customs check points to pre- :
screen trucks for proper credentials. Transponders.- They :
can be active or passive. :

Weight-in-motion. Weigh-in-motion or WIM devices are de-
signed to capture and record axle weights and gross vehicle weights
as vehicles drive over a measurement site. There are three basic
types: (1) Piezoelectric sensor, normal or Quartz, (2) Bending Plate :
and (3) Single Load Cell, and they are high-speed. :

Institutions

Public Sector: all agencies with different responsibilities on safety
andinformation onlocalor internationalborders, as Transportation, o -
Public Safety (Police), Environmental Protection, Customs, Revenue grsouncerenwikipediaoig/wii/AlserigstateNYer
Services, etc, 5

clearance to truckers at the U.S. border with Canada and Mexico. To obtain a FAST card,

AUTOMATIC VEHICLE IDENTIFICATION (BORDER CROSSING) @

Private Sector: Shippers, Consignees, and Transportation Provid- : drivers, carriers, and importers must undergo arisk assessment.
ers. Motor Carriers themselves, Industry and Associations, Brokers : The cardmay be used in either aFAST lane or other land border crossings. Touse a FAST
and Intermediaries. lane all persons in a vehicle must possess avalid FAST Commercial Driver card and the
vehicle must be transporting eligible goods.
| INTERNATIONAL EXAMPLES Government officials are envisioning that within 10 to 15 years the border will be com-
: pletely electronic. If this comes about all data about all parties will be available online, so
The most important experiences of Electronic Clearance atin- : there willbe no need for drivers to stop and identify themselves or explain their loads.

ternational borders are located in USA/Mexico and USA/Canada :
(FAST — Free and Secure Trade). There are also some interstate : There are some Electronic Screening Projects conducted by The International Border Program:
borders along the USA. : 3 joint modal initiative between the Federal Highway Administration (FHWA) and the Federal
Motor Carrier Safety Administration (FMCSA) that involves federal, state and local stakeholders
O FAST is designed for carriers of commercial goods and :in border regions as well as stakeholders in Canada (Northern Border) and Mexico (Southern
provides dedicated border crossing lanes and expedited : Border, San Diego-Tijuana), both with implementation of the International Border Crossing -
: Electronic Screening System (IBC E-Screening) for trucks and buses.

S— ‘ @@Q}%
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| KEY CHALLENGES DURING IMPLEMENTATION?®

There are some key issues to consider in the pro-
cess of implementing such applications, according to
the results of some international experiences (mainly
USA). The most relevant are the following:

o

Roadside exchange data is crucial, in order to
get the best timeresults; the informationto be
filled online and real-time roadside checks are
the application key.

Allthe relevant state agencies and motor car-
rierindustry should be involved inthe Program
since the beginning. Regarding international

| COST/BENEFIT BENCHMARKS

There are several unit costs to consider in AVI -

Network servers

Database license

WIM scales

In vehicle transponders

Roadside readers/transmitters

Telecomm equipment ups-weigh st.

Electronic signs for weigh stations

Loop detectors

Over-height detectors

Remote cameras and transceivers

.

border crossings, a bi-national stakeholder
forum should be established, to help reduce
complicated institutionalissues while applying
technology systems at international borders.

O Data privacy should be protected by imple-
menting user authorization levels for sensitive
information, as all competitive companies are
registeredin a database.

O Atinternational tolled border crossings, the
use of aninteroperable transponder to assure
maximum benefits to both the private and
public sector would be desirable.

UNIT

Per server

Per License

Per Scale

Per Transponder

Per Reader/transmitter
Per Total

Per Unit

Per Site

Per Unit

Per Unit

Source: RITA — Research and Innovative Technology Admin-
istration (U.S. Department of Transportation)

E-Screening deployment, the most important ones can be found in the table below:

15,000 to 25,000 USD

25,000 to 65,000 USD
250,000 USD

10 to 40 USD

80,000 to 150,000 USD
1,000 to 30,000 USD
10,000 to 35,000 USD
2,000 USD

500 USD

3,000 USD

Figure 32. Unit Cost references about AVI (Border Crossing) Technology Source: RITA - US Department of Transportation (http://www.itscosts.its.dot.gov) — 20098€
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Benefits:

»Applications, challenges and
4 international benchmarks
According to results of the different experiences in USA concerning AVl and E-Screening at
border crossings, the following benefits were reported:
= O FAST (USA/Mexico and USA/Canada).- FAST members reported saving an average of
27 minutes when entering the United States and 18 minutes when entering Canada.
O Electronic Screening in Southern and Northern borders:

¢+ Fullelectronic verification of enrolled vehicles was routinely accomplished via the

E-Screening systeminlessthan1second, vs. the 15 minutes required to manually

verify all items checked by the screening system,

¢+ Onaverage, 237 vehicles per month were subject to full safety/compliance verifi-

cations of all criteria included in the E-Screening system. The number of vehicles

screened for full compliance was increased 307%.

The system identified compliant/non compliant vehicles more than 99% of the

time, enabling inspectors to focus their efforts on vehicles with —fail- reads and

not transponder-equipped.

O C(olorado.- In 1998, the United States Congress designated the I-25 Truck Safety Im-
provements Project (I-25 TSIP) to support transportation improvements in the State
of Colorado. The throughput of goods, savings to the private sector, and emissions
impacts can be directly measured from the automation equipment installed as part of
this project. Ports of Entry (POE) automation included installation of weigh in motion
(WIM), automatic vehicle locators (AVL), and associated computer and communications
equipment necessary to perform electronic credentialing.

The automated commercial vehicle pre-screening systems installed saved 48,200 gal-
lons of fuel per month, and approximately 8,000 vehicle hours of delay per month.

O Oregon.- In Oregon, windshield mounted transponders were distributed to registered
motor carriers and electronic screening systems were installed at 21 weigh stations,
The program known as Green Light used weigh-in-motion (WIM) scales and automated
vehicle identification (AVI) technology to enable truckers to bypass weigh stations at
highway speeds if their truck passed an instantaneous check of size, weight, height,
registration, road use tax account status, and safety records. Drivers were signaled with
an in-cab device whether to "Report" to the station or "Bypass".

The weigh-in-motion and electronic screening systems at 21 weigh stations can save
motor carriers more than 600,000 USD per year in fuel costs and canreduce emissions
of harmful particulate matter by 0.5 tons per year.

AUTOMATIC VEHICLE IDENTIFICATION (BORDER CROSSING
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Country by country analysis
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COUNTRY: ARGENTINA

| SELECTED CITIES

Buenos Aires, Rosario

Anelo, Las Heras, Mar de Plata, Paranag, Salta

! SOCIO-ECONOMIC INDICATORS 47

Population

43,024,374 (2014)

Income per capita

$18,600 (2013)

% of public transport trips

Buenos Aires 40%; Salta 64%; Rosario: 34.3%%%

No. of km of primary roads

Total: 231,374 km; 69,412 km paved (includes 734 km
of expressways)

No. of cell phone users

58.6 million (2012)

No. of registered
automobiles

11,476,548 (2012)*°

<1>

| DESCRIPTION OF ITS APPLICATIONS MARKET

InMay 2009 the Government signed the Digital Agenda
of Argentina®®, and in December 2009 the Ministry of
Science, Technology and Productive Innovation (Min-
isterio de Ciencia, Tecnologia e Innovacion Productiva
(MINCYT))S created the ICT Prospective Book. Although
these two documents do not contain an specific axis
onlIntelligent Transportation Systems, for the first time
itis possible to analyze ITS transversally within various
chapters of these two documents. There is not a spe-
cific development policy at national level.

The main challenge for Argentina is to develop the
ITS area as astrategic sector withinareas suchasICTs,
energy, environment and road safety. The objective is
to bring together the Ministry of Science, Technology
and Productive Innovation (MINCYT) and the Ministry
of Federal Planning, Public Investments and Services
(Ministerio de Planificacion Federal, Inversion Publica
y Servicios (MINPLAN)) in order to develop various
financinginstruments of research and involvement of
local ITS stakeholders; and also, to link the Strategic
Agendas to ITS implementation.




The recent concession contracts signed in the na-
tionalroad networkincorporatedinnovative strategies
such as theimprovement of mobility and users' safety
and freight traffic in existing road infrastructure, the
implementation and maintenance of new construction
works in conjunction with the implementation of ITS
technology systems.

©

The Argentinean government is currently investingin
road infrastructure projects, extending the capacity of
domestic routes and carrying out maintenance of the
paved net work complemented by the implementation
of an"intelligentroad infrastructure" aimed at reducing
response times in emergencies, improving dynamic
and travel costs of users, transport logistics and cargo,
as well as reducing road accidents.

ARGENTINA

| DESCRIPTION OF THE NATIONAL TRANSPORTATION SYSTEM®?
)

Argentina’s road network has a total of 231,374 km, from which 69,412 km are paved roads
and 161,962 km (2004) are unpaved roads. The network is divided into trunk roads, which are
domestic routes with national jurisdiction; secondary provincial roads and municipal or com-
munal roads. The road network carries over S0% of the freight transport in the country and
almost 100% of the passenger traffic. Around 25% of the national network operates under a
concession model through toll systems, and moves 65% of the total traffic.

s R ¢ @:% - Argentina's rail network has over 36,966 km of rail lines. The railway transport is regulated by
R : National Commission of Transport Regulation (Comision Nacional de Regulacién del Transporte),
—F 5 a decentralized organization in charge of the control of the national rail and road transport®,

The passenger transport sector was virtually liberalized in 1992, which led to over-investment
and business failure. In 2002 new operators were no longer allowed without introducing ap-
propriate regulations, with predictable effects on rates increases.
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Urban transportinthe country is based on bus services as well as subway lines,
tramway systems and metropolitan railway lines of national, regional and mu- :
nicipal competence.

The international airport of Argentinais Aeropuerto Internacional Ministro Pis-
tarini, located in Ezeiza, and the airport of Ciudad de Buenos Aires is Aeroparque
Jorge Newbery, mainly used for domestic flights. All capital cities have their own
airports, although most flights are concentrated to Buenos Aires - Cérdoba -
Mendozay Bariloche. : | DESCRIPTION OF THE URBAN TRANSPORTATION

: SYSTEMIN THE SELECTED CITIES:

Main and emerging cities

ARGENTINA

Argentina has around 70 river and maritime ports throughout the country. The :
port system moves almost 130 million tons exported by the country, two-thirds :
by private ports of the Parana River (Rosario-Santa Fe), and the rest basically : BUENOS AIRES®
through Quequén and Bahia Blancas. :

: Transitway Modes:
3 ‘| C56.
F_ \ METROBUS"®:
: : Metrobus 9 de Julio: 11 collective lines; 17 stations; 3 km;
200,000 daily passengers

BRT . Metrobus Juan B Justo: 7 collective lines; 21 stations; 12 km;
100,000 daily passengers

+ Metrobus Sur: 2 corridors; 23 km; 37 stations and
8 traditional stops; 250,000 daily passengers

METRO:
6 lines; 83 stations; 58.8 km; 700 million annual trips

Underground

Buenos Aires Bus/Colectivo: 59 urban municipal lines;
1,700 million annual trips

LIGHT RAIL: Tranvia del Este: 1.5 Km, 4 stations

Urban Buses

Other TROLEBUS

: RAIL: 840 km

: ROSARIO ¥
BRT Transporte Urbano de Pasajeros (TUP): 43 lines; 30 stations;

9 km; 60.000.000 annual trips
Underground Metro in planning process
Urban Buses Rosario Bus: 57 lines
@ Other 400 remises

55555 104
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ANELOQ %8 MAR DE PLATA ©
BRT Thereis no BRT system BRT There is no BRT system
Underground There is no underground system Underground There is no underground system

There is not an urban bus system, only interurban services 32 urban and interurban lines (29 municipal concessions

Urban Buses Urban Buses

= operated by private bus companies and 3 regional concessions); 84.613.000 annual trips
=
&  LASHERAS® PARANA ©2
<
BRT Thereis no BRT system BRT Thereis no BRT system
Underground There is no underground system
Underground There is no underground system . i .
Urban Buses 2 concessionaires of omnibus; 18 urban lines®
Urban Buses There is one urban trolleybus line that connects Las Heras SALTA 64

with Mendoza

BRT There is no BRT system
Metrotranvia of Mendoza is an urban train that connects the
municipalities of Las Heras, Capital, Godoy Cruz, Lujan de Underground There is no underground system
Other Cuyo and Maipu®°
There are also remises and taxis Urban Buses 9 urban corridors; 33 urban lines

®
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ITS APPLICATIONS

TRANSIT . TRAVELER SHARED

CITIES FARE AVLC INFORMATION MOBILITY UI\?EQXJERMA];\I;'I[C ENFOERIS\EIIIV;{EOI\II\ITNI[I;IE{? BAN
COLLECTION SYSTEMS SYSTEMS
-
=
=
5
D Transit Control Center 3CT:
= 30 control center agents monitor the system in
Buenos Aires (BA) real time
Movil: Smart 1,200 Transit control agents
Contactless Ph;nr(eez:-\tl?lfﬂnhecatlon Ecobici 21 stations Coordinated/synchronized traffic lights 384
: wi i o .
Smart Car’d. GPS Monitoring S S, 4200 bicycle Countdown Traffic Lights using LED technology . . .
Buenos Sistema Unico Center o ) parking spaces 130 5 different types of traffic lights (flashing yellow Dally.red light cor!trols in25
Aires® de Boleto Websiteinformation |y of cyclelanes ~ at night, lane control lights, countdown timers locations of the city
Electrénico through the application pedestrian crossing lights, on-demand pedestrian
(SUBE) Card Mapa 2.0 with real time lights, sound lights for visually impaired people).

transit information Variable message signals (VMS)
Parking availability panels

Metrobus Sur: traffic lighted intersections,
10 CCTV, 2 VMS

Dynamic User .
Information System:  PublicBicycle

: System (under
Monitoring 70 LED displays atbus °Y

Center Fleet stops and 20 procurement, |
controlsystem  SCH-inquiry posts in f;i:gfd ;g: 5) Traffic Control Center (Centro de Monitoreo de la 22;1?::)‘;:?;‘;‘:::9?5 cC:trir:)enr:;sn
Contactless  through GPS: S Y Movilidad (CMM)): The signalized network of the 9 g

Smart Cardin  speed the arrival of vehicles  Investment: city has 783 intersections with traffic lights, of 60 intersections Speed control

Rosario® BRT il T and travel time. 1'174'009 =0 ?8 which 470 are monitored in real time by the Traffic IS Intersections 2 37
' Information througha automatic stations . . loops and 116 counting stations
and Urban of passengers : . Control Center 24 h control Synchronized traffic . . .
; ' special 480 bicycles and liahts Variable message sianals measuring vehicle speed 7 transit
Buses locatlor.1 and mobile application 200 replacement 9 geslg cameras and 83 security cameras
traveltime (either by text bicycles
mc:]r.utlorlng 542 message or anapp for Contactless Smart
vehictes smart phones) with Card
over 56,000

@ daily queries

>555555- 106 ‘ @S@@Q
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ITS APPLICATIONS

. TRANSIT | . TRAVELER  SHARED
CITES | FARE | AVLC  INFORMATION  MOBILITY

URBAN TRAFFIC ENFORCEMENT IN URBAN
MANAGEMENT ENVIRONMENT

COLLECTION SYSTEMS | SYSTEMS

Anelo®’ NO

ARGENTINA

Dynamic User Infor
mation System

through applications
in smart phones
Las Contactless ) > ) _ Department of Prevention and Road Safety 70 signalized intersections, 41
68 Smart Card: AVLC Real-time information NQ (Departamento de Prevencion y Seguridad Vial),  of which already have the LED
Heras RedBus Card about schedules and in order to prevent, control road safety high-tech system
location of buses
SMS information
Website information
Urban Road Safety and Transit Control Center:
Mar del Comprehensive coordination of traffic lights with ) ) )
ar de Contactless NO cameras and variable message signals system Red light crossing c?ntrol de\_nces
Plata®® Smart Card through cameras in intersections

238 coordinated lights
450 traffic lighted intersections

Bus
Manageme.nt Traffic Control Center (Centro de Control de 84 traffic lighted intersections
Contactless and Operation Trafico (CCT) 20 speed panels and Variable . 9 )
e Center . with around 400 coordinated
Parana’  Smart Card: enter, NO Message Signals (VMS) CCTV cameras LED traffic lights
Tarje Bus bi-directional traffic lights placed in the main corridors 9

communication
with the driver in
real-time

®
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ITS APPLICATIONS

TRANSIT
FARE

5

TRAVELER
INFORMATION

SHARED

MOBILITY URBAN TRAFFIC

ENFORCEMENT IN URBAN

CITIES AVLC

MANAGEMENT

ENVIRONMENT

ARGENTINA

| COLLECTION | SYSTEMS

Fleet
Management
System
through GPS,
bi-directional

SYSTEMS

Traffic Control Center: 2 monitoring terminals,

2 staff members, 24 hr. 202 LED traffic lighted Mobile speed control

Salta” SHEEIGES o ey | CVREE R intersections 49 lighted intersections connected ~€ameras/devices, PARVUS and
Smart Card with the driver in System (24 hr.) to the intelligent control system VICE devices and t.ablets
real-time managed by transit agents
Monitoring of
the fleet

location 24 hrs.

| DESCRIPTION OF IDENTIFIED ITS APPLICATIONS IN THE COUNTRY?™

INTERURBAN TRAFFIC MANAGEMENT
(e.g. TRAFFIC SIGNAL, DETECTORS, VMS)

ROAD SAFETY IN INTERURBAN ENVIRONMENT (SPEED CONTROL,
: WEATHER INFORMATION, TUNNEL SAFETY, ...

Autopistas Urbanas SA (AUSA), has applied SIGA/HORUS systems in Argentina,

a software that provides data to the minute, traffic and travel times estimated
The organisation is currently exploring the possibility of adding the Incident and

accidents and congestion.

The National Road Safety Agency (Agencia Nacional de Seguridad Vial) is the

i agency responsible for reducing accidents in Argentina. Among their functions
automatically and transmit traffic conditions to drivers via variable message signs.

are the Participationinthe regulation, implementation and monitoring of Satellite

Monitoring System affected by motor transport and passenger vehicles.
Maintenance Management Systems, and speed control radar to try to prevent :

The Agua Negra tunnel due to its planning, design, implementation and quality,

represents a milestone in both tunneling history and the implementation of ITS
: systemsworldwide. Control Systems willbe integrated into a Tunnel Management
: Center, fromwhich vehicular traffic willbe monitored (including users, emergency
: vehicles and maintenance and operation).

Q>
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Other systems related to road safety will also be installed. They
will be integrated with other monitoring and control subsystems
through incident detection video cameras, sensors and other ap-
plicable devices relatedto the vehicles passing throughthe channel.

ELECTRONIC TOLL COLLECTION"

Argentina counts with the Traffic Control Center of the Intelligent
Highway (Centro de Control de Transito de la Autopista Inteligente). Its
implementation involved an investment of 600,000 USD and allows
multiple collection of information of what happens on the highway.
The control center consists of a set of last generation technological
devices that operates the system: it receives information through
various sources placed on the highway that decodes, playback and
stores data. The technical experts and the Road Safety Department
(Departamento de Seguridad Vial) use this data to prevent accidents,
detect poor circulation; control the performance of the teams working
on the highway and collect statistics about traffic.

ARGENTINA

The system also allows to viewviewing and measuring whole
sections of the highway through real-time cameras and sensors;
inform; informing about drivers circulation; monitoring the level of
services provided on the freeway; retaining a large selective image
file; supporting the police to deter crime or coordinate operations.
It is composed of 22 CCTV cameras, 53 data collections stations,
including speed measuring sensors, accidents and traffic densi-
ty, 6 electronic Variable Message Signals, 5 requlated traffic lights
through sensors that determine the traffic density and automatically
lengthen and shorten the waiting time, etc. The project includes the
sections between Lugones Avenue to Ricardo Balbin, in the Avenida
General Paz and from the latter to Avenida Marquez,
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Country by country analysis

This initiative is complemented by the presence in
Buenos Aires of an infringement collection system :
by photographic means, called "intelligent control :
system of infringements". The city has also imple- :
mented the operation of electronic toll systems on :
the motorways 25 Mayo, Perito Moreno or Autopista :
del Buen Ayre among others.The success of these :
experiences has driven the construction of a "smart

highway" in the Province of San Luis.

In July 2014 was implemented the first Free Flow :
Tolling system enabledin an Argentinian motorway, a :
new access was enabled to transit from Ave Sarmien- :
to to the new Illia Motorway (North direction)™. Thisis a
free flow electronic toll (AUPASS / Pass / Toll / SIGA),
and the paymentis now made automatically through :
the AUPASS system (Autopistas Urbanas (AUSA)).
AUPASS Redis the new system of HGV AUSA, to move :
in quickly and easily through urban expressway tolls, :

implemented in the La Plata-Buenos Aires Highway,

West Access, North Access, and Ezeiza-Canuelas :
Access and Camino delBuen Ayre. Since 1998, these
highways are interoperable using TAG Amtech of :
: temwillinvolve the implementation of additional ITS
: applications required for the correct operation of the

Electronic Toll Plus systems are currently installed :
and working in the following toll stations: Cincovial:
RN9in Zarate, Buenos Aires and Lagos, Santa Fe, RN11
inNelson, Videla, Florencia and Reconquista, Santa Fe,
Autovia Rosario. Cordoba in Carcarafia, Santa Fe and §
James Craik, Cordoba. Corredor Central: RN8inLarena :
: Furthermore, Rosario hopes to double the bicycle
: network, which will not only help relieve congestion
: car, but will also contribute to the reduction of GHG
: pollution in the city.

917Mhz antennas and proprietary technology.

and Solis, Buenos Aires and in Venado.

AUTOMATIC VEHICLE IDENTIFICATION (BOR-
DER CROSSING)

| FUTURE DEVELOPMENTS?®

Buenos Aires is planning to extend 100 km the
Metrobus network. The extension of the BRT sys-

public transport system.

In the city of Rosario, in the future, there will be the
first automated bicycle sharing system, which will
have 15 stations in areas of public interest such as
the coast, universities, libraries and health centers.

A Metro systemis in planning process in the city of
Rosario. The construction of the underground system
will involve the implementation of ITS applications
required for the correct operation of the public trans-
port system.

Within the Transport and Traffic Master Plan of Mar
del Plata, it is planned the implementation of two
projects: exclusive lanes for public transport and the
extension of the bicycle paths network.

These actions are part of the Emerging and Sus-
tainable Cities Initiative (ESCI) of the Inter-American
Development Bank (IDB) and aims to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>