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Unit 5
Intelligent Transportation System
Intelligent Transportation Systems (ITS) is the application of computer, electronics, and
communication technologies and management strategies in an integrated manner to provide
traveler information to increase the safety and efficiency of the road transportation systems. This
chapter mainly describes ITS user services, ITS architecture and ITS planning. The various user
services offered by ITS have been divided in eight groups have been briefly described.
The ITS architecture which provides a common framework for planning, defining, and
integrating intelligent transportation systems is briefly described emphasizing logical and
physical architecture. Integration of ITS in transportation planning process which follows a
systems engineering approach to develop a transportation plan is also briefly described

Introduction
Intelligent Transportation Systems (ITS) is the application of computer, electronics, and
communication technologies and management strategies in an integrated manner to provide
traveler information to increase the safety and efficiency of the surface transportation systems.
These systems involve vehicles, drivers, passengers, road operators, and managers all interacting
with each other and the environment, and linking with the complex infrastructure systems to
improve the safety and capacity of road systems.
As reported by Commission for Global Road Safety(June 2006) , the global road deaths were
between 750,000 to 880,000 in the year 1999 and estimated about 1.25 million deaths per year
and the toll is increasing further. World health organization report (1999), showed that in the
year 1990 road accidents as a cause of death or disability were the ninth most significant cause of
death or disability and predicted that by 2020 this will move to sixth place. Without significant
changes to the road transport systems these dreadful figures are likely to increase significantly.
Traditional driver training, infrastructure and safety improvements, may contribute to
certainextent to reduce the number of accidents but not enough to combat this menace.
Intelligent Transport Systems are the best solution to the problem. Safety is one of the principal
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driving forces behind the evolution, development, standardization, and implementation of ITS
systems
ITS improves transportation safety and mobility and enhances global connectivity by means of
productivity improvements achieved through the integration of advanced communications
technologies into the transportation infrastructure and in vehicles. Intelligent transportation
systems encompass a broad range of wireless and wire line communication based information
and electronics technologies to better manage traffic and maximize the utilization of the existing
transportation infrastructure. It improves driving experience, safety and capacity of road systems,
reduces risks in transportation, relieves traffic congestion, improves transportation efficiency and
reduces pollution.

ITS user services
1. Travel and traffic management
2. Public transportation operations
3. Electronic payment
4. Commercial vehicle operations
5. Advance vehicle control and safety systems
6. Emergency management
7. Information management
8. Maintenance and construction management

Figure5-1
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Travel and traffic management
The main objective of this group of services is to use real time information on the status of the
transportation system to improve its efficiency and productivity and to mitigate the adverse
environmental impacts of the system. This group of user service is further divided in 10 user
services. Most of these services share information with one another in a highly integrated manner
for the overall benefit of the road transportation system. These services are described as below:
Pre trip information
This user service provides information to the travelers about the transportation system before
they begin their trips so that they can make more informed decisions regarding their time of
departure, the mode to use and route to take to their destinations. The travelers can access this
information through computer or telephone systems at home or work and at major public places.
Pre travel information can be accessed through mobile phones as shown in Fig. 5.2.Different
routes and respective travel time durations indicated on VMS are shown in Fig. 5.3The
information include real time flow condition, real incidents and suggested alternate routes,
scheduled road construction and maintenance tasks, transit routes, schedules, fares, transfers, and
parking facilities.

Figure 5-2 Pre trip Information
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FIGURE 5-3Pre Trip information

En-route driver information
This user service provides travel related information to the travelers en route after they start their
trips through variable message signs (VMS), car radio, or portable communication devices.
Fig. 5:4 shows the various congested and non congested routes shown on display screen.
VMS indicating different routes and travel time is shown in Fig. 5.5. This helps the travelers to
better utilize the existing facility by changing routes etc to avoid congestion. This also provides
warning messages for roadway signs such as stop signs, sharp curves, reduced speed advisories,
wet road condition flashed with in vehicle displays to the travelers to improve the safety of
operating a vehicle. The information can be presented as voice output also.
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Figure 5-4 congested routes

Figure 5-5VMS showing routes and travel times
Route guidance
This service provides information to the travellers with a suggested route to reach a specified
destination, along with simple instructions on upcoming turns and other manoeuvres. This
also provides travellers of all modes the real-time information about the transportation system,
including traffic conditions, road closures, and the status and schedule of transit systems. The
benefits of this service are reduced delay and drivers stress levels particularly in an unfamiliar
area.
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Ride matching and reservation
This user service provide real-time ride matching information to travelers in their homes, offices
or other locations, and assists transportation providers with vehicle assignments and scheduling.
Traveler Services Information
This service provides a business directory of information on travel-related services and facilities
like the location, operating hours, and availability of food, lodging, parking, auto repair,
hospitals, gas stations and police facilities. This also makes reservations for many of these
traveler services. The traveler services information are accessible in the home, office or other
public locations to help plan trips. These services are available en-route also.
Traffic Control
This service collects the real time data from the transportation system, processes it into usable
information, and uses it to determine the optimum assignment of right-of-way to vehicles and
pedestrians. This helps in improving the flow of traffic by giving preference to transit and other
high occupancy vehicles or by adjusting the signal timing to current traffic conditions. The
information collected by the Traffic Control service is also disseminated for use by many other
user services.
Incident Management
This service aims to improve the incident management and response capabilities of
transportation and public safety officials, the towing and recovery industry, and others involved
in incident response. Advanced sensors (close circuit TV cameras), data processors and
communication technologies are used to identify incidents quickly and accurately and to
implement response which minimizes traffic congestion and the effects of these incidents on the
environment and the movement of people and goods.
Travel Demand Management
This user service develops and implements strategies to reduce the number of single occupancy
vehicles while encouraging the use of high occupancy vehicles and the use of more efficient
travel mode. The strategies adopted are:
1. Congestion pricing
2. Parking management and control
3. Mode change support
4. Telecommuting and alternate work schedule.
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Emissions Testing and Mitigation
The main objective of this service is to monitor and implement strategies to divert traffic away
from sensitive air quality areas, or control access to such areas using advanced sensors. This also
used to identify vehicles emitting pollutants exceeding the standard values and to inform drivers
to enable them to take corrective action. This helps in facilitating implementation and evaluation
of various pollution control strategies by authorities.
Highway Rail Intersection
This service is to provide improved control of highway and train traffic to avoid or decrease the
severity of collisions between trains and vehicles at highway-rail intersections. This also
monitors the condition of various HRI equipments.

Public transportation operations
This group of service is concerned with improving the public transportation systems and
encouraging their use. This group is divided in four services which are described as below:
Public Transportation Management
This user service collects data through advanced communications and information systems to
improve the operations of vehicles and facilities and to automate the planning and management
functions of public transit systems. This offers three tasks:
1. To provide real-time computer analysis of vehicles and facilities to improve transit operations
and maintenance by monitoring the location of transit vehicles, by identifying deviations from
the schedule, and offering potential solutions to dispatchers and operators.
2. To maintain transportation schedules and to assure transfer connections from vehicle to
vehicle and between modes to facilitate quick response to service delays.
3. To enhance security of transit personnel by providing access management of transit vehicles.
En-Route Transit Information
This service is intended to provide information on expected arrival times of vehicles, transfers,
and connections to travelers after they begin their trips using public transportation. This also
provides real-time, accurate transit service information on-board the vehicle, at transit stations
and bus stops to assist travelers in making decisions and modify their trips underway.
Personalized Public Transit
The aim of this service is to offer public transport facility to travelers by assigning or scheduling
vehicles by
1. diverting flexibly routed transit vehicles.
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2. Assigning privately operated vehicles on demand which include small buses, taxicabs, or other
small, shared-ride vehicles. Under this service, travelers provide information of their trip origin
and destination to service station. The center then assigns the closest vehicle to service the
request and to inform the travelers regarding arrival of such vehicles well in advance to reduce
their anxiety.
Public Travel Security
This user service creates a secure environment for public transportation operators and support
staff and monitors the environment in transit facilities, transit stations, parking lots, bus stops and
on-board transit vehicles and generates alarms (either automatically or manually) when
necessary. It also provides security to the systems that monitor key infrastructure of transit (rail
track, bridges, tunnels, bus guide ways, etc.).

Electronic payment
This user service allows travellers to pay for transportation services with a common electronic
payment medium for different transportation modes and functions. Toll collection, transit fare
payment, and parking payment are linked through a multi-modal multi-use electronic system.
With an integrated payment system a traveller driving on a toll road, using parking lot would
be able to use the same electronic device to pay toll, parking price and the transit fare. Fig. 48:8
shows the electronic payment facility by radio car tag.

Commercial Vehicle operations
The aim is to improve the efficiency and safety of commercial vehicle operations. This involves
following services:
1. CV electronic clearance
2. Automated road side safety inspection
3. On-board safety monitoring administrative process
4. Hazardous material incident response
5. Freight Mobility

Advanced vehicle control and safety systems
This user service aims to improve the safety of the transportation system by supplementing
drivers’ abilities to maintain vigilance and control of the vehicle by enhancing the crash
avoidance capabilities of vehicles. Following user services are included in this group:
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Longitudinal Collision Avoidance
This user service provides assistance to vehicle operators in avoiding longitudinal collisions to
the front and/or rear of the vehicle. This is achieved by implementing rear-end collision warning
and control, Adaptive Cruise Control (ACC), head-on collision warning and control and backing
collision warning to the drivers.
Lateral Collision Avoidance
This helps drivers in avoiding accidents that result when a vehicle leaves its own lane of travel,
by warning drivers and by assuming temporary control of the vehicle. This service provides to
the drivers the lane change/blind spot situation display, collision warning control and lane
departure warning and control.
Intersection Collision Avoidance
This user service is specifically aimed at providing vehicle operators with assistance in avoiding
collisions at intersections. The system tracks the position of vehicles within the intersection
area through the use of vehicle-to-vehicle communications or vehicle to infrastructure
communications.
Vision Enhancement for Crash Avoidance
This service helps in reducing the number of vehicle crashes that occur during periods of
poor visibility by in vehicle sensors capable of capturing an image of driving environment and
providing a graphical display of the image to the drivers.
Safety Readiness
This helps to provide drivers with warnings regarding their own driving performance, the
condition of the vehicle, and the condition of the roadway as sensed from the vehicle.
Pre-Crash Restraint Deployment
This service helps in reducing the number and severity of injuries caused by vehicle collisions
by anticipating an imminent collision and by activating passenger safety systems prior to the
actual impact.
Automated Vehicle Operations (AVO)
This service provides a fully automated vehicle-highway system in which instrumented vehicles
operate on instrumented roadways without operator intervention.
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Emergency management
This service has two functions:
1. Emergency notification and personal security - This is to provide travellers the ability to
notify appropriate emergency response personnel regarding the need for assistance due to
emergency or non-emergency situations either by manually or automatically from the vehicle on
the occurrence of an accident.
2. Emergency vehicle management - This user service is to reduce the time from the receipt of
an emergency notification to the arrival of the emergency vehicles at incident location thereby
reducing the severity of accident injuries.

Information management
This service is aimed to provide the functionality needed to store and archive the huge amountsof
data being collected on a continuous basis by different ITS technologies.

Maintenance and construction management
This user service is aimed to provide the functionality needed for managing the fleets of
maintenance vehicles, managing the roadway with regards to construction and maintenance and
safe roadway operations.

ITS Architecture
The ITS Architecture provides a common framework for planning, defining, and integrating
intelligent transportation systems. It specifies how the different ITS components would interact
with each other to help solving transportation problems. It provides the transportation
professionals to address their needs with wide variety of options. It identifies and describes
various functions and assigns responsibilities to various stake-holders of ITS. The ITS
architecture should be common and of specified standards throughout the state or region so that
it can address solution to several problems while interacting with various agencies.
1. Interoperability - The ITS architecture should be such that the information collected, function
implemented or any equipment installed be interoperable by various agencies in different state
and regions.
2. Capable of sharing and exchanging information - The information by traffic operations may be
useful to the emergency services.
3. Resource sharing - regional communication towers constructed by various private agencies
are required to be shared by ITS operations.
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National ITS architecture
This is developed by US Department of Transportation to provide guidance and co-ordinate all
regions in deploying ITS. It documents all information available and keep updating continuously.
The national architecture contains the following components:

User services and their requirements
A number of functions are needed to accomplish the user services. These functional statements
are called user services requirements. For all the user services the requirements have been
specified. If any new function is added, new requirements are to be defined. Table. 48:1 shows
an illustration of user service requirements for traffic control user service.

Logical architecture
To accomplish user service requirements many functions or processes are needed. The logical
architecture defines a set of functions (or processes) and information flows (or data flows) that
respond to the user service requirements. It describes the lower end interaction of different
components of ITS. Processes and data flows are grouped to form particular functions. These
are represented graphically by data flow diagrams (DFDs).

Physical architecture
The functions from logical architecture that serve the same need are grouped into sub systems.
With these subsystems a physical entity is developed to deliver functions. The data flow of
logical architecture are also combined to define interface between subsystems. Fig. 48:11 shows
the functions A and B of logical architecture assigned to subsystem A in physical architecture.
Both the architecture forms the core of ITS. The physical architecture of ITS defines the physical
Sub systems and architectural flows based on the logical architecture. The 22 subsystems are
broadly classified in four groups as centers, field, vehicle, and travelers. They are as shown in
below figure. The subsystem represent aggregation of functions that serve the same
transportation need and closely correspond to physical elements of transportation management
system.
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Vehicle group consists of five different types of vehicles. The traveler group represents different
ways a traveler can access information on the status of the transportation system.
There are four different types of communication systems.
1. Fixed point to fixed point
2. Wide area wireless
3. Vehicle - vehicle communication
4. Field - vehicle communication
Through the communication systems all the subsystems are interconnected and transfer the
required data.
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ITS Planning
ITS planning is to integrate ITS into the transportation planning process.

Transportation planning and ITS
Transportation planning helps in shaping a well balanced transportation system that can meet
future demands. Transportation planning is an iterative process which includes problem
identification, solution generation, analysis, evaluation and implementation. This can be
integrated with ITS using computers, communication systems and software. As planning is
normally made for long period, installing ITS facilities needs to be updated and one should
ensure that the equipments and technologies are compatible for future improvement and
expansion. The steps in traditional transportation planning are as follows:
1. Establish goals and objectives
2. Inventory existing conditions
3. Analyze existing conditions
4. Long range/ short range element
5. Forecast land use, population/employment
6. Forecast future travel/trips
7. Develop and evaluate alternative transportation plans
8. Prepare recommended plans and programs
ITS transportation planning process differs from the traditional transportation planning process.
ITS has the unique capability to integrate different modes of transportation such as public auto,
transit, and infra-structural elements through communications and control. The multi-modal
integration potential provides a great opportunity for planning across modes. The comparison
between ITS approach and conventional approach for solving various transportation problems.

Integrating ITS into Transportation planning
Integrating ITS into transportation planning process require overcoming some obstacles and
some changes in the business practices of many institutions. The major challenges in main
streaming ITS into everyday operations of transportation agencies are:
• Institutional coordination and cooperation for sharing information and data
• Technical compatibility among ITS projects
• Human resource needs and training
• Financial constraints and opportunities to involve the private sector
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Most public agencies are aware of the challenges in mainstreaming ITS into transportation
planning process where ITS projects are part of traditional transportation programs on local
or state level to achieve the best output from transportation investments.
ITS STANDARDS AND THEIR NEEDS
ITS STANDARDS help in generalizing any system. Also they bring homogeneity in
the design. The standards help the non-transportation designers to adhere to some guidelines
so that the system is sound technically.

Need of ITS standards
The need of ITS standards can be explained by five aspects:
• Product behavior.
• Interface.
• Performance.
• Co-ordination and interaction.
• Benefits to vendors, manufacturers and government.

Classification of standards
Just like ITS services are classified into user services the standard are to be classified in some
five groups depending upon the interface it is made for. These classifications are termed as
application areas. The various application area in ITS standards are:
• Center - roadside interface
• Center - center interface
• Center - vehicle interface
• Roadside - vehicle interface
• Roadside - roadside interface
Each of the class has some sub classes or sub-groups. For each sub-group some set of standards
are to be used. Each sub-group may have more than one standard to follow. This takes care for
the standard to be effective in all aspects.

Center - roadside interface
Standards are made for the interface that exists between a center device and a roadside device.
These are standards for communications between transportation management center and roadway
equipment. Majority of the ITS services can be grouped under this. Various fields included are:
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• Data collection and monitoring
• Dynamic message system
• Ramp metering
• Traffic signal
• Vehicle sensors

Center - vehicle interfaces
It provides standards for communication between management center and vehicle. The number
of application area in this interface may be less but they assume high importance in ITS services.
There effective implementation helps in overall effective use of ITS. Fields included are:
• Mayday
• Transit vehicle communications

Roadside - vehicle interfaces
This interface provides standards for wireless communication between roadside and vehicles.
These are implemented to increase the service of any system and their by increasing its quality.
Communication takes place between a vehicle and roadside equipment by automatic means.
Fields included are:
•Toll/fee collection
•Signal priority

Roadside - roadside interfaces
This area involves standards for communications between roadside and railroad wayside
equipment. The most important of it is the interaction between the road and rail equipment.

ITS Evaluation
Just like testing is done for standards the whole ITS system is also needed to be evaluated in
stages. It helps in judging any project and its deployment. It minimizes the risk of project
failure. It helps in identification of current performance of system.

Types of evaluation
The various types of evaluation stages are:
• Planning level evaluation
• Deployment tracking
• Impact assessment
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• RP and SP survey
Planning level evaluation
Evaluation is done before the project is implemented. During the planning stage this type of
evaluation can be done. Previous data can be used for doing this. Two methods of this are:
• Benefit cost analysis- the benefits of the project need to be evaluated. The cost of the
project is also to be found out. Then depending upon the ratio the evaluation is done.
• Relative ranking- it is a weight based method. Weight given to criteria and the value of
each alternative is calculated.
S = _K × V (49.1)
Where, S is the value of alternative, V is the value of one criterion, and K is the weight of that
criterion.
Here, S is the total value of the alternative. More the value of alternative, more prospects
of that alternative to be selected. Each alternative can be evaluated by different criteria. The
value of that criteria is denoted by V . Study is to be conducted to calculate the value of the
criteria. K denotes the importance of that criteria to the alternative. It is a global entity and
does not change with the value of the criteria. For example, consider a case of providing the
signal priority system on a certain link. For evaluating this system an important criteria is the
travel time on a corridor. The value of the travel time will be the V value. Also the weightage
to this parameter will be K.
Deployment tracking
This evaluation is done when the project is being implemented. It gives the idea regarding the
difference in the goals and actual work undertaken. We can determine the current progress rate
of the work. The future directions needed to to be taken can also be assessed. Effective way of
knowing this is the amount of data transfer between various agencies.
Impact assessment
After an ITS system is deployed it is allowed to collect data over a period of time. The data
collected is regarding the parameters from which assessment can be done. The criteria and the
measure of effectiveness is mentioned in table. 49:1.
RP and SP survey
Many times benefits cannot be expressed in terms of monetary units as is required for benefits
cost analysis. In such cases RP and SP surveys are conducted. RP survey is the revealed
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preference survey. In this assessment of present system is done. In this survey the questionnaire
is asked regarding the present facilities. The respondents grade the parameters set in the survey.
Based on this grading the evaluation is done. SP survey is stated preference survey. This
survey is done for future projects. In this type of survey the future project is explained to the
respondents. They are given alternatives regarding this project. The respondents rate each
alternative and thus total evaluation is done.

ITS Evaluation tools
Some tools are used which help in evaluation of the ITS technologies. They are just the means
of evaluation. The basic principle of evaluation remains the same. It can be done in 2 ways.
Traffic simulation models
This is a model based technique. In this method, models such as ‘INTEGRATION’, ‘DYNASMART’, ‘DYNAMIT’ are used for evaluation. It is a cost effective way of analysis.
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In these models simulation is done considering the future ITS installment in the facility. The
facility is reproduced in the software. The future changes to be made in the facility are added.
Then it is simulated to show the desired results in terms of some traffic parameters. Also
simulation is done without the introduction of the new facility. The parameters are again
calculated. These two analyses give the difference in the facility that may arise in the facility.
This gives instant evaluation of the facility of ITS. Also it is cost effective as less personnel are
required and the data collection is not a major issue. Evaluation can be done before the
implementation of any facility. Thus cost savings in selection of alternative facilities is also
observed. If the present technology used is not found satisfactory then some improved
technology can be procured to fulfill our requirements.

Smart car
As mentioned earlier the car is equipped with all the new electronic gadgets. It helps the user
to use service efficiently. Some of the features of SMART CAR are:
• GPS and on-board communications
• Anti-collision sensors
A smart car must be able to sense, analyze, predict and react to the road environment, which
is the key feature of smart cars. The car works with a central component that monitors
the roadway and the driver. It also evaluates of the potential safety benefits. It addresses
navigation, obstacle avoidance and platooning problems. The car aims at expanding the time
horizon for acquiring safety relevant information and improving precision, reliability and quality
of driving. There are some preventive safety technologies and in-vehicle systems, which sense
the potential danger. The Adaptive Integrated Driver-vehicle Interface (AIDE) project tries
to maximize the efficiency and safety of advanced driver assistance systems, while minimizing
the workload and distraction imposed by in-vehicle information systems. Smart cars present
promising potentials to assist drivers in improving their situational awareness and reducing
errors. With cameras monitoring the driver’s gaze and activity, smart cars attempt to keep the
driver’s attention on the road ahead. Physiological sensors can detect whether the driver is in
good condition. The actuators will execute specified control on the car without the driver’s
commands. The smart car will adopt active measures such as stopping the car in case that the
driver is unable to act properly, or applying passive protection to reduce possible harm in abrupt
accidents, for example, popping up airbags.
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Smart road
As mentioned earlier SMART CAR alone cannot operate in a system. Thus along with the
SMART CAR, the infrastructure should also be improved. The infrastructure also should be
well prepared for taking care of smart car. The road equipment will communicate with the
vehicle and provide real time assistance to the user. Provision of Smart road along with Smart
car will complete the Smart features of any facility. It may be possible that the highway forms
a high density platoon of vehicles moving bumper to bumper and this platoon will move at
a speed of 70 kmph or so. That road will be equipped with some sensors may be along the
pavements and the decisions are left to the central unit. The road itself will show some messages
which can be easily read.

Vehicle to infrastructure communications
These involve advanced vehicle to infrastructure interface. The communication takes place
between a vehicular device and a infrastructure equipment. It is an improvement over I2I
services. Large communication is possible with this type of communication. Some examples of
V2I communication are:
• Blind merge warning
• Curve speed warning
• Weather warning
• Intelligent on-ramp metering
• E call

Vehicle to vehicle communications
Each vehicle communicates with other vehicles and assess the required data. It is the most
advanced technique implemented in ITS. It requires very less communication with the center or
infrastructure. All vehicles will communicate with each other and decisions will be made by the
vehicle device only. For ex, the ramp meter will work all by itself and no infrastructure device
will be required. Some real time services cannot be provided by infrastructure. In these cases
such type of communication will be helpful
• Approaching vehicle warning
• Blind spot warning
• Co-operative cruise control
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• Collision warning
• Lane change assistant

>>>………………………….THE END……………………………<<<<
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