Intelligent Transport System

Theoretical part



Why does a system intelligent?
What is intelligent system?

 Telematics —telecommunications + informatics
* Infocommunication (ICT), information
provision (data processing)
 On-line (dynamic) systems
 Smart solutions
 Sensor technologies
e Control technologies, traffic management ... 2



Definitions (no clear definition):

EU:
ITS are advanced applications which without embodying

intelligence as such aim to provide innovative services relating to
different modes of transport and traffic management and enable
various users to be better informed and make safer, more
coordinated and ,smarter” use of transport networks

ETSI — European Telecommunications Standard Institute:

ITS include telematics and all types of communications in vehicles,
between vehicles (e.qg. car-to-car), and between vehicles and fixed
locations (e.g. car-to-infrastructure). However, ITS are not restricted
to road transport — they also include the use of information and
communication technologies (ICT) for rail, water and air transport,

including navigation systems. 3



Definitions (no clear definition):

US Department of Transportation:
ITS improves transportation safety and mobility and enhances

American productivity through the integration of advanced
communication technologies into transportation infrastructure and
vehicles. ITS encompass a broad range of wireless and wire line
communications-based information and electronics technologies.

ITS Japan:

ITS offers a fundamental solution to various issues concerning
transportation, which includes traffic accidents, congestion and
environmental pollution. ITS deals with these issues through
advanced communications and road technologies. ITS receive and
transmit information on humans, roads and automobiles.



Definitions (no clear definition):
Summerized (my opinion):
ITS is the integrated application of advanced technologies using
electronics, computers, communications, and advanced sensors.
These applications provide users (travellers, drivers, operators)
important information while improving the safety and efficiency of
the transportation system and makes it more environmental friendly.
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History of ITS (road transport) I.
Mechanical cruise control in a car (1958) — comfort

ARI (Autofahrer Rundfunk Information) (1974-2008) — radio based
information system

PATH (Partners for Advanced Transit and Highways), USA started in
1986 — congestion handling — vehicle platoon

IVHS (Intelligent Vehicle Highway System) (early 90’s) —
Advanced Traffic Management System
Advanced Traveller Information System
Advanced Vehicle Control System
Advanced Public Transportation System

Super Smart Vehicle Systems in Japan in the 80’s with electronic toll
collection

Energy saving systems (after turning of the century) — truck platooning



History of ITS (road transport) Il.

PROMETHEUS project in Europe (1985) — joint research activity of
European automobile industry — improvement of traffic safety and
traffic management

Driving task (driver assistant functions)
Navigation

ERTICO, ITS America, ITS Japan, ITS Hungary

ITS congresses (Word wilde, by continents)



Challenge of ITS

* Infrastructure based development is close to end
 Demand for mobility is increasing

The goal is
* To make safer the transportation and
e Decrease the travel time on the network

The soulution is ITS =
 Security and safety _—\
* Traffic management (traffic flow, avoiding congestion) "7: g

* Transport economy (division of labour — passenger '/ o
and freight transport) pe—.

* Transport planning r"‘—"
* Protection of the environment —
* |Influencing transport demand




an example — Highway information system

Decreased number of accidents (-30%) — fatal accidents by 50%
e Decreased fuel consumption (-20%)

* Decreased pollution of environment
* CO (-20%)
* NO2 (-15%)
* CO2 (-40%)

Decreased travel time (-25%)



id principle to manage transport problems
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2010/40/EU directive

On the framework for the deployment of Intelligent Transport Systems
in the field of road transport and for interfaces with other modes of
transport

15t priority area
Optimal use of road, traffic and travel data
Priority actions:
a) the provision of EU-wide multimodal travel information services
b) the provision of EU-wide real-time traffic information services

c) data and procedures for the provision, where possible, of road
safety related minimum universal traffic information free of
charge to users
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2010/40/EU directive

2" priority area
Continuity of traffic and freight management ITS services
3" priority area
ITS road safety and security applications
Priority actions:
a) the harmonised provision for an interoperable EU-wide eCall

b) the provision of information services for safe and secure parking
places for trucks and commercial vehicles

c) the provision of reservation services for safe and secure parking
places for trucks and commercial vehicles
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0/40/EU directive

Ath priority area
Linking the vehicle with the transport infrastructure

\ Infrastructure Based Warning
# Road Side Equipment
. (local or remote)
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Classification of ITS systems (based on information services)
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Static, collective, on-board systems

* Based on magnetic field (Comguard)

* Based on GPS (problem is VMS)

* On-board database (updating necessary)
e Central database (Internet connection necessary)

* Road sign recognition cameras (visibility problems —
weather, vegetation)

* |2V technologies




Static, collective, road infrastructure systems

* Horizontal — road marks

* Vertical — road signs




Static, individual, on-board systems

* Pre-trip travel information systems

* Navigation systems




Pre-trip travel information systems

* Map (matching postal address and a point of a map)
* Public transport timetable

e Shortest route calculation and recommendation
e Distance based (private transport)
* Time based (public transport)

Y
Static

Individual Collective
_
A4 L
Road
On-board On-board
Infrastructure
Information Traffic signs Traffic signs
systems
° !Dre-trip t'ravel ° R'epet'ition r'oad « Horizontal
information signs in vehicle
e Navigation .
e Vertical
systems

* Objects on the map (transport, touristic ...) with information, searching

Daily routine or single case (e.g. tourists)
Transport experts (transport objects)

Specific user groups (logistics companies, disabled travellers, blind people ...
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avel information systems

theory (mapping the real network)

olic transport (dual system)
vate transport




on of ITS systems (based on information services)




Tasks of dynamic ITS systems I.

* Increasing traffic safety in case of high traffic load or/and in
iIntermittent emergency situation

* Decreasing:
* Loss of travel time
* Extra energy use
 Air pollutions
* Noise pollutions

* Maximize the available capacity of the existing road network. Time-
varying directions of the transport lanes to achieve better capacity
utilisation.

* Improving traffic flow without any construction intervention in
junctions or on routes
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Tasks of dynamic ITS systems Il.

* Decreasing traffic volume on congested road network, e.g. giving
suggestions for alternative routes

e Shorten parking space searching time by giving information on
* Parking facility
* Free parking space
Integrated systems are the solutions:

e Collect information about traffic, weather conditions and other
information (e.g. construction on the road)

e Evaluation of these information

* Information service to drivers at the right place and time (about
safe speed and emergency situations)
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Dynamic, collective, road infrastucture

systems |.

Objective Target Value
Increasing traffic ~ Number of
safety accidents and

accidents
severtity

Increasing
efficacity

Sum of waiting
time

Sum of travel
time/cost

Network
element

Route

Junction

Route

Network

Road
Infrastructure

v P v N It ¥ 1
Point-like Route control Network Parking
control control management

systems

e Junction, ramp
metering

o Intermittent
emergency

\_ situation

Intervention

Speed control

Warning for congestion
and other emergency
situation (accident,

weather)

Traffic-dependent signallic

traffic control

Speed control

Time-varying directions of
the transport lanes

Alternative route
recommendation

_ construction Y,

e Speed control

e Warning for
weather hazard

e Warning for
traffic jam

e Lanes with
alternate
directions

e Warning for
other hazard
situation —road

e Balancing the
network load

e Information on
free parking
lots

e Information
and/or
navigation on
free parking

spaces
\p
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Dynamic, collective, road infrastucture
systems Il.

Objective

Environmental
protection

Cooperation
between
transport modes

Target Value

Emission, imission

Modal split

Network
element

All

All

Road
Infrastructure

v P v N It ¥ 1
Point-like Route control Network Parking
control control management

systems

e Junction, ramp
metering

o Intermittent
emergency

\_ situation

Intervention

Speed control
Emission control

Prohibition of truck traffic

Park and Ride systems
Priority systems for public

transport

_ construction Y,

e Speed control

e Warning for
weather hazard

e Warning for
traffic jam

e Lanes with
alternate
directions

e Warning for
other hazard
situation —road

e Balancing the
network load

e Information on
free parking
lots

e Information
and/or
navigation on
free parking

spaces
\p
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Dynamic, collective, road infrastucture systems — Network control

Objectives:

* Decreasing traffic volume on congested road network (alternative
routes — same capacity utilization rate)

* Decreasing loss of travel time and energy consumption
* Increasing traffic safety

* Elimination of existing and
prognosed traffic jams

* Environmental protection




collective, road infrastucture systems — Network con

ation loop:
Data collection
Data storage, data processing (traffic forecast)

Recommendations based on strategy of traffic
management

Forwarding information
Reaction monitoring



Dynamic, collective, road infrastucture systems — Route control

 Harmonizing the traffic flow with speed control at high traffic loads

* Increasing traffic safety in hazard situations (traffic jam, accident, road
construction, weather hazard — fog, heavy rain, strong wind, icing)

Variable message signs are the most commonly used to displyay route
control information.

Requirements:
* Visibility
* Recognizability

PERIPH. FLUIDE

e Clarity
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Dynamic, collective, road infrastucture systems — Route control

Types of VMS

* Mechanically operated
* Prizm (3 signs)
e Rotating flat (2 signs)
* Blind (max. 25 signs)
* Rotating lamellas (infinite)

* Operated with lighting technology
* Led (infinite)
* Bulb

» Separate control (infinite)
* Combined control (15 signs)

* |Internal illumination (1 sign)
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Dynamic, collective, road infrastucture systems — Route control

Principles of VMS | ——i

Text:
* Predetermined (not free text)
e Short and clear

* No abbreviation Image:

* Multilingual * Internationally accepted

e Monolingual +,!” —No pictograms

e Non-traffic information for traffic  * Road signs (visualisation is same
safety as on signboard)

Text + Image:
 Text and Image coherence
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Dynamic, collective, road infrastucture systems — Route control

Best example: Highway control
Data collection: inductive loops, cameras, meteorological station
Objectives:

 Harmonized traffic flow

* Avoiding congestion

* Warning for accident hazards

 Warning for weather hazards

Based on data the software suggests signs and dispatcher approves or
refuses — not an automated system

31



Dynamic, collective, road infrastucture systems — Highway control

32



Dynamic, collective, road infrastucture systems — Highway control
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Dynamic, collective, road infrastucture systems — Highway control
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Dynamic, collective, road infrastucture systems — Highway control
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Dynamic, collective, road infrastucture systems — Highway control

Meteorological station
 Temperature (air, pavement)
* Humidity
e Rainfall intensity
* Snow height
* VVisual range
* Wind force, wind direction, wind gust
* Freezing point, icing




Dynamic, collective, road infrastucture systems — Highway control

Expected travel time display

‘ DiOSD |
EIS=0S Ul 10
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Dynamic, collective, road infrastucture systems — Point-like control

Objectives:
* Improving traffic flow in a junction and improving traffic safety
* Better capacity utilisation ratio

A ramp meter, ramp signal or metering light is
usually a basic traffic light or a two-section
signal (red and green only, no yellow) light together
with a sighal controller that regulates the flow of ;
traffic entering highways according to current traffic &5
conditions.
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Dynamic, collective, road infrastucture systems — Point-like control

Dynamic speed control at a pedestrian crossing




Dynamic, collective, road infrastucture systems — Point-like control
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Dynamic, collective, road infrastucture systems — Parking management

Objectives:
Shorten parking place search
 |nformation on free parking lots

 Information on free parking spaces (advanced system: navigation
to free parking spaces), and reservation
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g . 4
Dynamic, collective, on-board systems On-board }

Transport radio systems ' ;
P Y f Transport ) [ Emergency}

* Traditional radio systems (developments: radio systems | |  Call (eCall)
automated switch on; for a given region) e Traditional
. . e Based on actual
* Based on actual traffic data (interrupted traffic data
broadcast, on a special frequency, for a given | RDS, RDS-TMC
region, unknown reason) & DAB Y

* RDS (automated switch-over)

e RDS-TMC (traffic measurements, no interruption, encoding-
decoding, information storage, language, for a given region)

* DAB (images, moving pictures)
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ollective, on-board systems

ort radio systems — RDS receiver




ollective, on-board systems

emergency call to nearby vehicles

n emergency call to an emergency center (112)
e Deceleration

* Airbag deployment

* The maximum tensioning force of the seat belts

* GPS position




ic, collective, on-board systems

eCall: The crashed car calls 112!

Positioning

Via satellite positioning and mobile
telephony caller location, the accurate
position of the accident scene

is fixed and then transmitted by

the eCall to the nearest emergency
call centre. More information is given

in the eCall, e.g. the direction of travel <\
and the vehicle type. N
N
R
\/
A
K
Emergency Call 74
A 112 emergency call (eCall) is made >
automatically by the car as soon as o
on-board sensors (e.g. the airbag sensors)

a7

register a serious accident. By pushing
a dedicated button in the car, any car occupant
can also make an eCall manually.

'A"A"A‘}A‘nﬁxvﬂ'\v“

YAV V.V,

U\

v |
r.)r{,’ 010

— g e —
b

‘§VAE AR WA W

Emergency call centre (PSAP)

The eCall's urgency is recognized, the
accident's location can be seen on a screen.
A trained operator tries to talk with the

vehicle's occupants to get more information.

If there is no reaction, emergency services
are sent off without delay.

Quicker help

Thanks to the automatic notification

of the crash site, the emergency services
(e.g. ambulance, fire fighters, police)
arrive much quicker there.

Time saved translates into lives saved.
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ividual, on-board systems

ormation service
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oute suggestion, navigation
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Dynamic, individual, on-board systems

Pre-trip information systems:

* Information service

* Influencing travel behaviour
Static data:

* Network

e Distance, expected travel time

* Parking

e Public transport

Dynamic data:
* Traffic disturbances
* Parking
* Weather conditions
* Public transport
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Dynamic, individual, on-board systems

Pre-trip information systems based on data collection:

* The data itself often not clear for travellers (e.g. traffic volume —
vehicle unit/hour)

* Information provision based on analyzing traffic data

* It is advisable to suggest recommendations to traveler (based on
the information)

maps.google.com
mobile applications (e.g. Waze — with navigation)
web cameras (utinform.hu/webkamerak)
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Pre-trip travel information systems (public transport)

- E__— 92— s
m Timetable n.

Integrated

data 1.

Real-time

Real-time
data n.

timetable

Services at
stops n.

Services at
stops 1.

Integrated

Integrated
network

Integrated public

Integrated
real-time
data

services at
stops

transport database

\—//

A

- —
M Terms of use
1. n.

Integrated transport
database

p—

49



Network

el information systems (private transport)

e

Other services

Environmental

pressure data

Traffic data

Weather
data

| Integrated private

Integrated transport
database

\_//

A

transport database

\_//

A




Pre-trip travel information systems

Modes of information services

Public transport

Private transport

Pre-trip information service

On-trip information service

Publications Internet, Mobile | |Telephone Guidance to Visual in stop Acoustic in stop
static static app. static vechicle static
semi-dynamic semi-dynamic semi-dynamic static semi-dynamic feldmamikus
1.1 dynamic 1.2 dynamic 1.3 semi-dynamic dynamic 3.2 dinamikus 3.3
dynamic 3.1
Radio, teletext Passenger infor- Passenger infor-
dynamic mation office Visual in vechicle| |Acoustic in mation office
static static vechicle static
1.4 semi-dynamic semi-dynamic semi-dynamic semi-dynamic
dynamic 1.5 dynamic 34| | dynamic 3.5 dynamic 3.6
3.
P+R system
On-board unit Visual on road Passenger infor-
static infrastructure mation office
1. semi-dynamic static static
dynamic 4.1 semi-dynamic semi-dynamic
Publications Internet, Mobile | |Telephone dynamic 4.2| | dynamic 4.3
static static app. static
semi-dynamic semi-dynamic semi-dynamic Visual in parking | |Acoustic in Guidance to
2.1 dynamic 2.2| | dynamic 23| | |lot parking lot vechicle
static semi-dynamic static
Radio, teletext Transport radio | |On-board unit semi-dynamic dynamic 4.5 semi-dynamic
dynamic radio system static dynamic 4.4 dynamic 4.6
semi-dynamic semi-dynamic 4.
24| | dynamic 2.5| | dynamic 2.6
On-board unit Visual on road Transport radio
static infrastructure radio system
semi-dynamic static semi-dynamic
dynamic 5.1 semi-dynamic dynamic 5.3
dynamic S
2. 5.
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ravel information systems

ic information about train status

~~ 1

‘\
| Jészd oksz‘léllﬂs Boconad
2 - s \
SN / e
s ‘. Heves
\Jdszszentandras
S ~ )
ostor o N
S -
b, Sl Y A pillanatnyi késés 88
Dany " Szentlérinckéta A} : p'_ an_a ny| e e
Toéalmas 4 ) ” ﬂ Jaszapgti ) Forgalmi ok miatti késés;A vonat csak Debrecen
i Jasgberény /. allomasig kozlekedik. Tovabb utazé utasainknak
B L Jasztelek . A\ dllomason egy masik szerelvénybe kell
\ Blglor'b - atszallniuk.
tyek \L y 4 (32} Jaszkisér Allomas Erk. » Vagany
d / 0  Budapest-Nyugati 07; 45
- 06:33 06:34
. ol )| “eY 07:51 07'52
Janoshida At 5 g
RS 5 Gomba Tapiobicske dszladany 11 Kébanya-Kispest ggg; gga%
Dunahéraszti’ Pand ¢ : ks
Tapioszentmarton . 5
3 © et 18 Ferihegy Rl
pnvasar Szigethalom Vasad ; ;
/ e 5 07:22 07:24
0c . Tépiészolds , Besenyszog e el 0840 0843
wracska i / : // :
E73 Szigetcsép | Ujszilvas Zagyvarékas 89 Abony 07134 07..35
/ S arcs m 09:02 09:03
rcsi a > 0 : :
Nokues 100 Szolnok it O
32 09:13 09:18
{ . 07:59 08:00
; o0 - = 10 Szac! 09:27 09:28
Jelmagyarazat D bskunlachdza Dabas 202 Budapest-Nyugati - Zahony - Késés: 88 perc a3
A Pusztavacs Cegréd & " T o O B2 s 08:07 08:08
O MAV-START Mikebuda // S70Inok 119 Torokszentmiklos 09-35 09-36
i © GYSEV ‘ 7 TR S 08:16 08:17
B 5 —— 529 131 -
| — WAV Z¢t vasitvonal o B Orké @ o o S hegyvemekOmenyes . aqi44 ous
= GYSEV Zit vasiitvonal 2 / e /, Pt £ \\ Coerpd 2 5 146 Kistiszallas 08:28 08:29
) - 3 A o 552 : ISUjsz : 5
Kenenck jeliese 2l \/ s , \\ Nydfsapat Korostetétlen TO%e9 puiscsifaiva | Kengfel 09-56 09-57
® 5percalat - Enmuemgyérgy /)l \ \\ : \ 162 Karcag (1)333 (1’33513
O 6-14 perc kozott b~ Kunpesz?r Ne L M5 \\ Jaszkarajend § i i
= 3 N : 08:52 08:55
@ 15-59 perc kozott ) SNl { e % \ . \ aykéros ) ) 177 Puspokladany 1020 10-23
Kungzentmiklos N7 Lajogmizse \ ) ./ Tisza
@ 60 perc felett Tass . N ; )
\ = N 09:03 09:04
- /. \ < 441 s Kocsér -~ Me 188 Kaba 1031 10-32
A T = Kunbaracs N Ay i \ \ : :
Google MAV2 MAU-START ~ N & . ) 7 -
1€ s . |l v1.1.098 N R4 e \ Térképadatok ©2017 Google 5 km ke Altalénos Szerzodési Feltételek _Térke




-trip travel information systems
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on of ITS systems (based on information services)




Dynamic, individual, on-board systems

Navigation systems
* Positioning
* Route recommendation
* Navigation
* Information service

Mobile application - Waze

Alkotmany Utca

MAEvVERLODS
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Dynamic, individual, on-board systems

Data for Navigation systems:

* Static
 Network data
e Archived, historic data (traffic volume is used to be)
e Long-term road construction
* Route recommendations

* Dynamic
* Traffic disturbances
 Road environment (weather)
* Floating car data (speed, travel time)
* Route recommendations
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ndividual, on-board systems

ication of Navigation systems:
ature of information  Route decision
e Static * In vehicle

* Dynamic * |n a center
ode of communication e Optimization criterion
* One-way * User

Two-way * System

imodal



Dynamic, individual, on-board systems

Intelligent vehicle systems
Shipping, aviation, track-based modes
Objectives
* Increase transport safety (guidance in hazard situations)
* Travel comfort (making easier driving tasks, reduce stress)

RESPONSIBILITY!!
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Dynamic, individual, on-board systems

Intelligent vehicle systems

Levels of driving support

Giving information and possibly suggestion of the recommended
driving behaviour (speed recommendation, warning to weather)

Previous + intervention in driving process in critical (hazard)
situation (keep distance)

At the driver's request some driving functions are taken over by
the vehicle (cruise control — adaptive or cooperative adaptive,
parking support system e.t.c)

Fully automatic driving (self driving)
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Execution of steering and

LevelO Narrative definition

acceleration/deceleration

Human driver monitors the driving environment
the full-time performance by the human driver of all aspects of the
dynamic driving task, even when enhanced by warning of
intervention systems
the driving mode-specific execution by a driver assistance system
of either steering or acceleration/deceleration using information

. Human driver
Automation

Aslzi::aer:ce about the driving environment and with the expectation that the Human driver and system
human driver perform all remaining aspects of the dynamic driving
task
the driving mode-specific execution by one or more driver
Partial assistance systems of both steering and acceleration/deceleration
S using information about the driving environment and with the System
expectation that the human driver perform all remaining aspects
of the dynamic driving task
the driving mode-specific performance by an automated driving
Conditional system of all aspects of the dynamic driving task with the System
Automation expectation that the human driver will respond appropriately to a
request to intervene
High the driving mode-specific performance by an automated driving
T system of all aspects of the dynamic driving task even if a human System
driver does not respond appropriately to a request to intervene
the full-time performance by an automated driving system of all
Full aspects of the dynamic driving task under all roadway and
System

Automation environmental conditions that can be managed by a humand

N B

environment

Human driver

Human driver

Human driver

System

System

System

Fallback

Monitoring of driving| performance of

dynamic driving
task

Human driver

Human driver

Human driver

Human driver

System

System

System capability

(driving modes)

Some driving
modes

Some driving
modes

Some driving

modes

Some driving
modes

All driving modes



Dynamic, individual, on-board systems

Intelligent vehicle systems

Ultrasound Radar Camera Infrared
(24Ghz) T sensor (77Ghz)
0,241,5m 10,2-20 m 0-80 m 0,2-80 m 1120 m

Human detection

Back-up radar Lane assist Obstacle detection
Parking assistance Object classification Adaptive cruise control
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Dynamic, individual, on-board systems

Intelligent

vehicle
systems

) 11 6
Information flow 1C|) l(l) 1|6
(byte/s) | |
Vehicle Sensory Driv%
organs l l
Actuator 4 Spontaneous Conscious
|_+ reaction reaction
c :
ontrolling | Muscles ¢
system /
A
. On-board 5
N sensor )
Weather —
|| Infrastructure
sensor Road ||
surface
Traffic 62




Dynamic, individual, on-board systems

Inte”lgent | . Level O Level 1
i Driver failure rate

vehicle |

71% I Dri vV
syste ms 0 Sensing river IVS IVS S

20% Decision Driver Driver

9% Action Driver Driver

Feedback Driver Driver / IVS Driver / IVS
Conventional Autonomous
drive drive
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Dynamic, individual, on-board systems

Stereo camera

Intelligent vehicle systems
Obstacle Detection System

https://www.youtube.com
/watch?v osLzVghtl-Y

Front IIml

Drowsy Driver Warning
https )}www youtube.com/watch?v=0aPs|8
decrg
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Dynamic, individual, on-board systems

Intelligent vehicle systems
Adaptive Cruise Control

https://www.youtube.com
/watch?v=r8G0n5Lelo0

Intelligent Speed Control

https://www.youtube.com/watch
?v=jl7tnoQaSyA

65



Dynamic, individual, on-board systems

Intelligent vehicle systems
Lane Keeping System

https://www.youtube.com/watch?v=QmAMO1tyhdk

Intersection Collision Warning

https://www.youtube.com/watch?v=nf
MOKSDMtPM
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Dynamic, individual, on-board systems
Intelligent vehicle systems {
Lane Changing Assistant

https://www.youtube.com/
watch?v=sX0BXmv90GO0

‘ ™

Collision Warning (front, rear)

b ) b4 ]
% https://www.youtube.com/watch?v=
rYckJqp4XTc

}"
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Dynamic, individual, on-board systems

Intelligent vehicle systems
Traffic Jam Assistant

http://www.youtube.com/watch?feature=player embedded&v=MZ3s_cdk
_VYE

https://www.youtube.com/watch?v=MRqlqclztrO
Parking Assistant
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Intelligent vehicle systems

15t-3™ |evel of driving support is prioritized by car manufacturer
(responsibility)

Fully automatic driving is the future (10 years)

Nowadays on motorways fully automatic driving is available (cruise
control, lane keeping system, adaptive distance keeping) —

e

Japan

Conventional and automatic cars are
together on roads

In early 2010’s estimation:
Fully automatic driving by 2018

I 199, IN

69



Intelligent vehicle systems

Tasks of fully automatic driving

* Prevents collision with obstacles

* Prevents slipping in the bend

e Keeps in the lane

* Prevents co
* Prevents co
* Prevents co

ision wit
ision Wit

iIsion wit

N transverse traffic

n left turning traffic

h passing pedestrian traffic
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Classification of ITS systems (based on transport modes)

Private transport in urban areas

Coordinated Parking
traffic lights management
(green
wave)

e
= | B
Toll zone Traffic control, Alternating
controll incident use of lanes
detection,
information
system
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Classification of ITS systems (based on transport modes)

Private transport out of towns

Traffic Electronic toll  Traffic control, Tunnel
management system incident traffic
detection, control
information
system
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Classification of ITS systems (based on transport modes)

Public transport

Fleet Passenger Electronic Co-modality,
management, information ticket intermodality,
preference for service system garanteed

public transport public
transport
transfer
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cation of ITS systems (based on transport modes)

ght transport
Fleet : Goods Digital Controlling Dangerous
manage- identification tachograph, loading and goods control

ment and tracking OBU unloading system




Mobility management
Integration of several ITS solutions in a mobility management center
Objectives

* Increasing efficacity

* Increasing traffic safety

* Protecting environment

e Data collection and information service related to transport

e Coordination among different travel modes (intermodality)

* Preventing travel disturbances, elimination of existing disturbances,
improving traffic flow

* Maximizing capacity utilisation
* Decongest routes (alternative route suggestion)
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nagement
in (www.vmzberlin.com/en, vizberlin.de)

zut.bkkinfo.hu
j.utvonalterv.hu

.maps.google.hu

vonatinfo.mav-start.hu

e applications (Waze, vonatinfo)



http://www.vmzberlin.com/en
http://www.kozut.bkkinfo.hu/
http://www.uj.utvonalterv.hu/
http://www.maps.google.hu/
http://www.vonatinfo.mav-start.hu/

Mobility management
Information service
e Actual, planned and predicted information

* Information based on individual demand and
position

* Influencing decision process
Management

* More transport modes, transport chain
* Optimizing private and public transport
e Parking management
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Mobility management

Private transport:

- Parking management

- Route planning

- Traffic prediction

- Information service (actual
traffic situation, weather) - Information service (actual

Public transport:

Traffic control (traffic lights) - Fleet management, control

- Preference for public
transport (priority)

timetable, actual traffic
situation)

- Journey planning

P+R parking
management
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Mobility management

SCATS - Sydney Coordinated Adaptive Traffic System

* Management and control of junctions
with traffic lights _

* In 120 cities world wide

-

N

o
1

* Inductive loops and CCTV cameras
* Priority to public transport

Cycle Length (Seconds)
o
(=]
[l

L

rrpr e r e e rr e e
-] © o~
™~ - g o~ §

* Travel time prediction
based on historic data

0
2
4
6
-
10 —
2
4

Time (Hours)
== - Previous TOD Cycle Length ]

- SCATS Optimal Cycle Length

== - Reduction in Cycle Length due
to SCATS Adaptive Control
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Mobility management

SCATS - Sydney Coordinated Adaptive Traffic System

Private transport:

- Parking management

- Route planning

- Traffic prediction

- Information service (actual
traffic situation, weather) - Information service (actual

Public transport:

- Traffic control (traffic lights) - Fleet management, control

- Preference for public
transport (priority)

timetable, actual traffic
situation)

- Journey planning

P+R parking
management
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Mobility management
SCOOT - Split Cycle Offset Optimisation Technique

* Monitoring and coordination of junctions e N —
with traffic lights E -ﬁ% E:
' . . /" /Tuaanefwk | ;_,- | '\\
* Priority to public transport ()
* Incident management Aol 7%

* Time loss decreasing by 20%

* |In more than 200 cities, in 14
countries

81




Time 'now' |

Mobility management

| Current cyclic

> % | flow profile
SCOOT - Split Cycle Offset Optimisation 3
Technique & g I
e Optimization based on vehicle Detector Cruse
i data 'LL-; :
detection :. '
e Cycle length calculation A
every 5 minutes 2| /N St
. . . . E Flow adds to ILIH :’f—
* Signalling time calculation rebackar |1/
3 e queus

Back

in every cycle

! Actual ! Predicted
Clucus | queue al
1 4 time ‘now’
------- Front _ - =~ ”
. ...... : :
Red time | Gsreen time i
Time 'now’ ! Time -
.

Past *——* Future



Mobility management

SCOOT - Split Cycle Offset Optimisation Technique

Private transport:

- Parking management

- Route planning

- Traffic prediction

- Information service (actual
traffic situation, weather) - Information service (actual

Public transport:

- Traffic control (traffic lights) - Fleet management, control

- Preference for public
transport (priority)

timetable, actual traffic
situation)

- Journey planning

P+R parking
management
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Mobility management
Helsinki - HelUTC

* Management and control of junctions
with traffic lights

p’ '}
1 § r satellite entral Computer ﬂik
. Pa rkl ng management :..-: ‘t‘ ops E:I!b[j (a:t Hfalslir::ki Cipt}-'tTranspurt "f-,_‘;‘

{ 0 : et mE"HQET: "1'[: ontrol Centre E-' s
* Public transport management ¢ |\ - . B ocicionceisimpor | 4, ©
* Priority to public transport s ALE—\_@J DJE;?.‘.;’.,"“‘:‘"
* Tunnel control N o b :;:":-;’;?;.;?,i'.";:ﬂ?:; v

jeeesan] . {Pre-empti $

qv*ﬁ""‘" ;4' Information display |==

Bus Depot at bus stop 23 [Elmin
On-hoard
computer
f

Programmed Odometer Programmed
detection point / detection point Bus location calibration
(CALL) - {EXIT) with bus door opening
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anagement
- HelUTC

- Traffic control (traffic lights) -
- Parking management -

- Information service (actual
traffic situation, weather) -

- Route planning

Traffic prediction

Private transport: Public transport:

Fleet management, control

Preference for public
transport (priority)

Information service (actual
timetable, actual traffic
situation)

Journey planning

P+R parking
management




MZ

anagement

Private transport:

Traffic control (traffic lights) -
Parking management -

Information service (actual
traffic situation, weather) -

Route planning

Traffic prediction i

Public transport:

Fleet management, control

Preference for public
transport (priority)

Information service (actual
timetable, actual traffic
situation)

Journey planning

P+R parking
management




Mobility management
Torino = 5T

Telematic Technologies for Transports
and Traffic in Turin

* Traffic management

* Public transport management
* Priority to public transport

e Parking management

* Environmental control

e Automatic toll collection

VMS for

Public ]
Parking

Transport

VMS for re-

Environmental > < directing

Control Traffic Flows

1

Informa-tion Traffic
to Users Control
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5T

anagement

Private transport:

Traffic control (traffic lights) -
Parking management -

Information service (actual
traffic situation, weather) -

Route planning

Traffic prediction §

Public transport:

Fleet management, control

Preference for public
transport (priority)

Information service (actual
timetable, actual traffic
situation)

Journey planning

P+R parking
management




Mobility management
Hogia system

e Public transport operation
and management

* Planning timetable
 Electronic ticket system

* Passenger information system
(Journey planning), real-time data
* Internet
* SMS
* Mobile application

Information
Systems

Customer
Management
Systems

Passenger
Information
Systems

Operation
Control
Systems
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MZ

anagement

Private transport:

Traffic control (traffic lights) -
Parking management -

Information service (actual
traffic situation, weather) -

Route planning

Traffic prediction i

Public transport:

Fleet management, control

Preference for public
transport (priority)

Information service (actual
timetable, actual traffic
situation)

Journey planning

P+R parking
management




Electronic Toll Collection

* Open system (fixed amount)
* Closed system (performance-based — distance or time)

Equipments (laser scanner — vehicle category, camera, infra light, radio
communication — if neccessary, OBU — active, passive, GPS)

Payment
* Prepaid
e Postpaid
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oll Collection







Electronic Toll Collection

Requirements for an automatic toll collection system
 Collecting and checking without disturbing traffic

 Availability at any kind of traffic (or other) condition — multilanes,
traffic jam, extreme speed

* Extreme weather conditions

* Flexible toll structure (vehicle categories)
* Technical reliability and availability

* Protecting personal information

* Interoperability
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oll Collection

frastructura can be:

tive — DSRC — Dedicated Short Range Communication (micr
r infrared)

I”

assive (,virtual” toll gate), toll collection in the vehicle (GPS-G



Electronic Toll Collection

European Electronic Toll System (EETS)

* Interoperability (5.8 GHz microwave dataexchange, stellite

positioning, mobile communication)
2

On-Board Unit « EETS provider .
EETS specify directives for
1 @ @ 3 communication 1 and 3; 2 and
4 internal issue”

Fixed or mobile roadside
o

devices Toll charger

4
DSRC tranzaction, if there is a fixed roadside device; Eligibility check

Parameters of vehicles, charging data, GSM communication (GPS)
Charging data, blacklist
Eligibility check

R =
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Electronic Ticketing system (Public Transport)

Benefits of chipcards
* More accurate information about reduced fares
e Fast and easy use of vehicles
* Interoperability among different services
* More and accurate information about journeys and passengers

e Automatic ticket validation, introduction of ticket types, that meet
demands

* Protection against abuse
e Easy to buy tickets
* Electronic wallet
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blic transport

| é

Creating Data of operative
operative <—|_ _ timetable Preliminary
timetable ‘Comparing static, semi-
W i .
] planand Data of preliminary dynamic
real-time timetable i data
.  data — (network,
Sending | P _—— vehicles ...)
disposition
Real-time data
M’/ R
\ 2 v I | 4

Arrival

Departure Transportation process, vehicles on the network

m




Control of Public transport
System requirements:

* Control at the end stations (without staff — departures, arrivals,
passenger information)

e Control on vehicle routes

e Communication between drivers and dispatchers

* Information process and control in the centers

* Priority for public transportation at traffic lights

* Passenger information service

e Real time information about public transport connections
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Control of Public transport
Vehicle positioning:

* \ehicle tracking systems based on cyclical query, |
without satellites
e Physical (markers, wheel turn-round counter)
e Logical (door opening, wheel turn-round counter)
* Mixed

* \ehicle tracking with Global Positioning System
(moving object — occuracy, receiving equipment) |

* \ehicle tracking based on incident-driven, |
without satellites

* Markers
* |dentification appliance
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blic transport

3

Mobile De
PMR

Traffic Light Preemption Bus/Tram Stops



| of Public transport




Demand responsive transport
Grouping travel demand:
e Car sharing, car pooling
* Traditional public transport
* Demand responsive transport
Features of DRT:
* Travel demand notification individually
e Spatial and temporal plan of vehicle journeys
 Combination of travel demand (more passengers in one vehicle)
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ponsive transport

Demand Responsive Transport
— Flexible Transport System

T — Flexible Collective Transport
ratransit

tney

ufbus — Rapid Urban Flexible




esponsive transport

Adusioiy3

Volume




Demand responsive transport
Application possibilities:
* Llow travel demand, short travel distances
* Low population density, peripheral areas
* Low travel demand period (evenings, week-ends)

 Service for disabled persons

Covering more travel demand (capacity utilisation, complementary
travel demand in time and space)
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Demand responsive transport
Process of DRT:

* Notification of a demand (phone call, via Internet, mobile
application): personal data of passenger, origin and destination
point, time window, special demands (e.g. disable person)

e Optimization — vehicle journey planning (conditions: fleet, network,
time window, efficiacity — efficiency)

* Disposition to driver (route, passenger boarding points, list of
passengers with spatial and temporal data)

e Administration
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Demand notification

sive transport

No
L 2
Reagistration
Based on the registratiol
the public service?
the service available D Yes
traditional public tr: it ai
thattime and area? l
Suggestion to use
traditional public
transport
the demand be included] Ne,
No oes the passenger accept al No Jink S d ;ma" 2 ; ] ‘l' e d d Oes the passenger acce)
Iternative for other time period? Inkego anenstng manne| the suggestion?
journey?
Yes
Yes
" ) No
it possible to open a new vehii
journey? Yes R Information about
= Booking the trip public transpoert
senvice

Rejection the travel
deman

Add a new vehicle

journey
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sponsive transport

Rout flexibility
Fixed
Semi flexible
Flexible

Accessibility
Open

* Semi Open
Closed

Market driver

« Business
. Ppublic service



Demand responsive transport
Combination of journeys:

1 Journey —_—

Empty run l

Different demand in time and or in space
Separated vehicle needs

Separated trips

%

Passengers are not together at the same | | Trip combination without limitation
time in the vehicle

Chained trips Interlaced trips 112



Demand responsive transport

Budapest example
e Supplementary of
Igényalapu kozlekedés inditasa conventional public transport

Aranyhegy térségében * Semi fexible rout
* Fixed departures times

* One-step notification
/R * Opec accessibility.
/‘§ * Midibus
o Forraliget & * Financial performance same

Jelmagyarazat o Csillagheg?H;q},'

==cw=_Utvonal, megalld

lgényalapu utvonal,
érintett fel- és leszallépont

Csillaghegy H

lakopark —
N @ as PuT.
A Meszko utcatol csak az utasigenyek . . .
ikt e NI -] 215 * Public service (not business
fel- és leszallopontokat érinti. ARANYHEGY S ACsillaghegy H és Mészkd utca
= kozotti megallok Aranyhegy felé b ase d )
csak felszallas, Csillaghegy H fele

csak leszallas céljabol vehetok igénybe.
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