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ITS Definition

Intelligent Transport Systems (ITS) are the control and information systems that use

integrated communications and data processing technologies for the purposesof:

improving the mobility of people and goods

increasing safety, reducing traffic congestion and managing incidents effectively

meeting transport policy goals and objectives ðsuch as demand management or

public transport priority measures

The definition covers a broad array of techniques and approaches that may be achieved

through stand-alone technological applications or through integration of different systems

to provide new (or enhancements to) existing transport services. ITS provides the tools to

transform mobility and improve safety ðand is particularly relevant in the context of road

network operations.
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ITS Function

ITS aims to serve the user of the transport system by providingðfor the individual ðmore

reliability and comfort for individual mobility and ðfor the operator of the transport system ð

more effective operations and decision making. The overall function of ITS is to improve the

operation of the entire transport system (often in real-time) for transport network controllers ,

travellers, shippers and other users.

ITSdeployment is influenced by commercial interests and policy initiatives at the international ,

national , regional and local level ðwhich impact on the businesspractices of stakeholders in the

public or private sector.

ITS provides a flexible approach to addressing common transport problems ðone that

emphasises the use of information, optimal decision -making and a high level of system

adaptability . This compares with the more traditional approach of building additional road

infrastructure and adding physical capacity. ITS offers alternatives to meeting future travel

demand in situations where conventional approaches may not work ðfor example in heavily

built -up locations or in areas subject to stringent environmental regulations.

More specifically, ITS includes a variety of tools, such as sensing, communications , and

computing technologies ðwhich can be applied in an integrated way to the transport system to

improve its efficiency , safety, sustainability and the resilience of network operations in the

events of serious disruption .

http://rno-its.piarc.org/en/acronyms
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ITS and network operations

Many ITSapplications have a role to play in effective road network operations ðthe aims of which

include:

making best use of the capacity available on the road network

ensuring that the road network operates in the most efficient , safe, and sustainable way

possible

In general, ITS applications that are designed to improve the efficiency , safety and/or

sustainability of road networks are the applications most frequently adopted. Examplesinclude:

systems for managing traffic and travel demand ðsuch as traffic control, incident

management, electronic payment, travel demand management, parking management and

control

traveller information systems applications that allow road users to make informed

decisions on their travel choicesðsuch as driver information and route guidance

The concept of connected autonomous vehicles is becoming feasible and gaining support which

will have major implications for road network operations ðwhich will need full evaluation

http://rno-its.piarc.org/en/acronyms
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ITS benefits

All road users, including drivers and their passengers, pedestrians and cyclists ðacross all

modes of road transport , including private cars, buses, coaches and commercial vehicles ð

can benefit from greater use of ITS.

For example, ITSapplications support:

commercial vehicle operations of commercial operators, regulatory and tax agencies

and road users ðproviding benefits such as electronic administrative processes and

automated roadside safety inspections

public transport from the perspective of both operators and travellers ðproviding

benefits such as improved observance of time -tables, optimised operations, improved

security on-board vehicles and at terminals ðand a higher standard of service by

providing real-time schedule information to travellers

http://rno-its.piarc.org/en/acronyms
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ITS services

A decade or so ago the means for disseminating information to travellers were rather limited

(such as Dynamic Variable Message Signs, Highway Advisory Radio, Television, and phone

systems). Today, with the almost universal market penetration of smart phones and other

mobile devices , it is much easier to reach travellers with the correct information .

Recent years have witnessed a renewed and increased interest in the topic of connected and

autonomous (self -driving ) vehicles ðwhich can be regarded as the latest phase in the

evolution of ITS. Third and fourth generation digital mobile telecommunications have enabled

higher levels of connectivity between vehicles and the infrastructure , coupled with greater

automation within vehicles. This may radically change the way that motor vehicles are driven

and the way that road traffic is managed.

http://rno-its.piarc.org/en/acronyms
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A different Geomatics paradigm (classification flowchart )

In order to fully implement our project , the main effort should be

devoted to the application of a different approach described below:

Data Acquisition OS data network harvesting

Authoritative data

Data integration

Data Modelling 

(ETL) Interoperable GeoDB Dissemination

Data Processing SOP Testing

Application domain
User feedbacks and 

validation Fine tuning
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The classification flowchart : analysis of 

the different components
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A prerequisite for many ITS services is the collection of timely , accurate and reliable

information about traffic flow and road conditions . Traffic data falls into three classes:

point traffic stream data (e.g. average speed); individual vehicle data (e.g. vehicle type);

and link traffic data (e.g. average travel time) .

For many years, traffic surveillance has been achieved by inductive loop detectors, which

can sense the presence of a vehicle. A single loop buried under the lane pavement can

perform vehicle counting. Double loops in the same lane separated by a fixed distance can

measure vehicle speed. As vehicle speed slows below a certain threshold, loop detectors can

indicate traffic congestion. Other types of traffic sensors, e.g. ultrasonic , radar, and

infrared traffic sensors, are installed on overhead gantries, making their installation and

maintenance less disturbing to traffic flow than loop detectors . However, these sensorsmay

not be as reliable as inductive loops in bad weather conditions. In addition , like loop

detectors, these sensorswork only as single-zone traffic detectors .

Data Acquisition OS data network harvesting

Authoritative data

Field survey
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While traffic sensorscan provide many attributes of traffic flow, directly or indirectly , there is nothing

better than live video images to help the traffic centre operator monitor complicated traffic

situations and make appropriate decisions. Visual images from closed circuit television (CCTV) are

therefore obtained by the traffic management centre to complement the traffic detectors . Even with

a combination of traffic detectors and video traffic surveillance, additional inputs from police patrols ,

helicopter reporters , road maintenance departments , the meteorological office, taxi fleets and

increasingly cell phone call -ins from drivers on the road, are used for traffic information and

management. For example, additional inputs can come from sensorsmeasuring the freezing point of

the road surface, enabling network managers to calculate the required amount of de-icing chemicals,

and resulting in road safety improvement as well as substantial cost savings.

Through image processing are one of the more recent technologies to be applied to traffic

detection . Images acquired by video cameras in VID are processed to obtain vehicle presence, speed,

lane occupancy, lane flow rate, etc. Multiple detection zones can be defined within the field of view

of the video camera, thus providing multiple lane coverage by a single camera. Multiple cameras can

be connected to one processor unit providing wide area coverage and, coupled with computer

software, can reduce the problems caused by shadows, occlusion, and direct sunlight shining on the

cameras. This domain of application should be further investigated in the framework of actual

legislation .

Data Acquisition OS data network harvesting

Authoritative data

Field survey
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On the vehicle side, data regarding vehicle conditions such as speed, fuel level , oil pressure,

engine temperature, etc. are familiar to all drivers. Acquisition of these data through in -vehicle

sensors is important for vehicle operation and maintenance. From the perspective of road

maintenance, surveillance of vehicle weight is also important . It is estimated that one overloaded

truck axle causes more road damage than half a million cars. In recent years, surveillance of

commercial vehicle weights through weigh-in-motion (WIM), an ITS technology based on load cell ,

bending plate , piezoelectric or similar principles designed to catch over-weighted trucks without

requiring all trucks to stop, has produced substantial time saving benefits to both truck drivers and

road authorities in many countries.

Measurement of vehicle dimensions by ITS technologies is also needed for some functions in

traffic management. For example, over-height detectors (based on the cutting beam principle ) can

warn the drivers as they approach a tunnel . Bus detection can also be achieved by the use of

vehicle length detectors or automatic vehicle classification (AVC) techniques. The combination of

automatic vehicle identification and classification is needed for electronic toll collection .

Data Acquisition OS data network harvesting

Authoritative data

Field survey
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In ITS, information about vehicle location is important for both the individual driver who wants to know where

he or she is in order to navigate or to obtain location -relevant information , and for the fleet operator who

wants to track vehicles for fleet management purposes. Vehicle location is invaluable for public agencies to

locate a vehicle in trouble for rescue purposes, or to find stolen vehicles or vehicles transporting hazardous

materials . Moreover, when the locations of a moving vehicle are known on a link at two different times, the

travel time on the link (or link time) can be measured directly . A vehicle used for this purpose is known as a

òprobevehicleóor a òfloating vehicle,óand the corresponding technology, òvehicle probes,óis described below.

In addition , tyre slippage on an icy road and moisture on the windshield can also be detected and reported by

the vehicle along with its location to the traffic centre . In this case, the vehicle serves as a òprobeófor both

traffic and road/ weather conditions. In South Korea, a national automatic vehicle number identification system

is used by the police for traffic law enforcement and vehicle crime prevention . Automatic Vehicle Identification

involves equipment installed on the infrastructure . Vehicle probes based on AVI requires installation of

appropriate equipment on the infrastructure (either roadside beacons where passingvehicles are equipped with

a tag or transponder that can be recognised or camera-based licence plate readers which rely on image

processing techniques). The same function may be performed by cooperative probe vehicles providing travel

time directly to the traffic centre through wireless communications . The concept of vehicle probe technology

can also be applied without equipment on the road side, and thus applicable anywhere in the world, by using

Automatic Vehicle Location (AVL) based on global navigation satellite systems (GNSS).

Data Acquisition OS data network harvesting

Authoritative data

Field survey
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In addition to the data from traffic and vehicles, a considerable investment is needed in data

concerning the transport networks themselves. The basis for ITS in many cases are detailed

and reliable databases of network links , inter -connections and other features , supported

by a location referencing system. Capturing data on transport networks is very labour-

intensive, involving detailed reference to maps and plans, aerial photographs , and on-site

surveys. Videoing the network from a moving vehicle is often used to reduce the amount of

time spent on the ground. Viewing these video images is an effective form of desk-based data

capture . The images can be studied frame-by-frame if detail is required , whereas the fast

forward control allows unimportant sections to be skipped. At the time of data capture careful

attention must be given to the way the database will be used, since at some future occasion

someone will have to interpret the data. Numerical codes, grid references , and latitude and

longitude coordinates do not convey any meaning in themselves . Network features need to

be described in terms which the user will easily comprehend , including local place names,

landmarks , and other descriptions .

Data Acquisition OS data network harvesting

Authoritative data

Field survey
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Data Acquisition OS data network harvesting

Authoritative data

Field survey

With the advent of hand-held GNSSreceivers and vehicles equipped with AVL the businessof

accurately locating network features like intersections , freeway merge and diverge points,

bridges, tunnels, access points to properties , transit stops, etc. has become much easier.

Without an inventory of stop locations, for example, it is not possible to offer point -to-point

journey planning for public transport . Similarly for road information, reliable coding of the

network is needed for emergency response, incident reporting and other location based

services. The degree of precision in location referencing is especially important . Nothing is

worse than having mis-located a feature in the event of an emergency, for example an error

which puts the vehicle on the wrong carriageway.

Vehicle probes are becoming more important , because public agencies realise the comparatively

higher costs of conventional traffic sensors on the road infrastructure for widespread ITS

applications . A good example is the floating vehicle data (FVD) system used by 5T to extend the

TOCto the whole Regional area.
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Data integration

Data Modelling 

(ETL) Interoperable GeoDB Dissemination

In order to fully take advantage of input data (authoritative , OS and

crowdsourced), the most important task is to implement a proper

data integration strategy that should deliver a proper data model ,

implemented in a geodatabase considered as the primary source of

data to be disseminated .

Different data integrity analysis, data models to possibly adopt and 

interoperable geoDB, will be further described in second part of the 

presentation .                      
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Traffic information can be obtained in many ways and from many sources at the same time . Thus,

at the traffic or transportation management centre, there is a need to process the data, verify

their accuracy, reconcile conflicting information, put them into compatible formats, and

combine them with data from other agencies (e.g. transit management centre, highway

maintenance organisation, police department , etc.) This process is known as data fusion . One of

the important data processing applications is to provide the user service of current traffic

information and/or predictive travel times (PTT). This involves the fusion of travel information

from relevant sources, both public and private ; for predictive information, data fusion would also

include time variability depending on time of departure , roadworks, weather, events, incident

reports, etc. Additional factors taken into account in PTT could include vehicle types (car, bus,

truck), driver types (neutral , passive, aggressive) as well as specific time (current , or any time

within the next 48 hours). A variety of approaches to PTT can be found in the literature , ranging

from the use of analytical algorithms , artificial neural network, to traffic simulation , or a

selective combination of these methods .

The predicted travel time may be displayed not only on Dynamic Message Signs (DMS), but also

through the media , In-Vehicle Units (IVU), or handheld devices . Accessto PTT through the latter

would help travellers make decisions on departure time and/or mode choice (between driving and

public transit ) in pretrip planning.

Data Processing SOP Testing
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Automatic incident detection (AID) is another important data processing technology on

the infrastructure side. This is accomplished through computer processing, based on

sophisticated algorithms applied to traffic data obtained from a variety of detectors, sub-

surface and above-ground detectors . To determine whether an incident has occurred, the

input data from the detection system are tested against an algorithm . The algorithms that

have been developed include a number of methodologies such as comparative, statistical

forecasting of traffic behaviour, and others, where loop occupancy for more than a set

interval indicate stationary or slowmoving vehicles. In general, AID technology is not

designed to replace the traffic centre operator but to alert him or her of traffic patterns

resembling those in an incident . Human confirmation through CCTV or site visits is still

needed. The use of portable AID and CCTVequipment around highway work zones and

other temporary high risk locations is especially valuable.

Data Processing SOP Testing
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Data Processing SOP Testing

On the vehicle side, data processing is needed for navigation . The basic technology for

determining vehicle location is the same as that for determining ship or aeroplane locations.

Since all satellite navigation systems require the observation of at least four satellites to

function , vehicle location needs complementary systems that still work while the vehicle is in

a tunnel, under trees, or in an òurban canyonósurrounded by tall buildings. Coverage can be

bridged with map matching , the basic component of popular in-vehicle navigation systems.

These take advantage of the fact that vehicle location is usually restricted to the road

network except during temporary deviations when the vehicle is in a parking lot or on a ferry.

As the name implies, map matching uses a highly accurate digital map on the vehicle and

heuristic algorithms to deduce where the vehicle is located on the map. Another approach

to navigation is dead reckoning, which uses a gyroscope or related inertial guidance

principles to deduce vehicle location in reference to a known starting point . However, dead

reckoning cannot function alone since the cumulative error needs to be corrected from time

to time, preferably automatically .

Nevertheless, GPS correction should be taken into account when referring to services

where submetric precision is needed (traffic restriction areas, parking, etc .)
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Application domain
User feedbacks and 

validation Fine tuning

The principal applications of ITSðthat contribute to road network operations are:

traffic and road network management

traveller information systems

public transport systems

commercial vehicle applications

vehicle safety applications

maintenance and construction management applications

emergency management

archived data management

http://rno-its.piarc.org/en/acronyms#ITS
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A real case experience
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Traffic and road management

A common feature of ITSðwhen applied to traffic and road network management ðis the

use of real -time, conventional and historic data sources to produce information on the

existing and future status of the road transport system.

ITS applications play an important part in the way road networks are managed to improve

the efficiency and reliability of transport operations and reduce negative environmental

and energy consumption impacts.

http://rno-its.piarc.org/en/acronyms
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Traffic and road management

Coordinated traffic control within a large urban or regional area is handled by the traffic management

centre , where traffic information is usually projected on a large display panel, supplemented by

multiple CCTVscreens that can be switched to any camera in the field . Colour code can be used on the

traffic display panel to indicate the degree of congestion or occurrence of incidents . The operators

watch all the information and can operate dynamic message signs (DMS), traffic lights , etc . through

graphical user interfaces . In these interfaces , the road network, control elements (such as DMS),

detectors, etc . are displayed on two -dimensional maps with several zoom levels . Operators also

maintain voice communications with traffic patrols and operators in other centres, which is particularly

important during emergency situations as timely , accurate, and interactive information acquisition is

required for coordinated rescue operations.

While information technologies in ITS help the driver today to make strategic decisions through traffic

information, navigation and route guidance on a minute -by-minute basis, control and sensor fusion

technologies may in the future allow some degree of longitudinal and lateral vehicle control assistance

to the driver. The most common sensors now being used for longitudinal control are radar and laser

devices that provide relative vehicle spacing by measuring the distance from the vehicle ahead,

gapclosing rate between vehicles, and by detecting obstacles on the roadway. Sonic and ultrasonic

sensorsare also used for blind spot and back-up warning. Recent progress in both hardware and software

has been achieved to implement adaptive cruise control (ACC).

These systems automatically reduce vehicle speed, which has been set by the driver through cruise

control, to keep a safe headway from the vehicle ahead and to resume the set speed when the headway

is sufficiently long.
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Taking into account the Traffic Operation Centre in Torino metropolitan area:

330 (out of 600) controlled intersections to regulate the cycle time of a

traffic light

over 1,500 inductive loops for real-time traffic flow measurement

36 above-ground sensors

71 cameras on 23 intersections

Integration of FCD(Floating Car Data)

Traffic
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Enforcement systems

Management of enforcement systemsin order to manage mobility demand and 

increase road safety:

2 speed control systems (in 2 main urban roads)

Limited Access Area (in the city centre : 2,5 sq. km): 36 electronic gates and

36 information panels providing accessinformation

ZTL: 15,000 transits per day including 4%non-authorised transits

http://gestionedocumentale/Periferiche/PORTE ELETTRONICHE/15 16 Po/IMG_5639.JPG
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VIDEO CAMERAS

OCR AND DEEP LEARNING

ACCESSIBILITY
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Road traffic information

Management of road traffic information services in real -time :

26 above-road VMS

20 parking info VMSfor 26 parking lot structures

18 extra -urban displays

36 limited traffic area displays

www.5t .torino .it for real-time information in the

metropolitan area

www.muoversinpiemonte.it for real-time information in

the Piemonte region

http://www.5t.torino.it/
http://www.muoversinpiemonte.it/

