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MOTIVATION

= Majority of human population live in cities —
urbanisation

= More than 60 metropolitan with population > 5million

=  What might the future hold?

¥

Many will be driving cars, and the products they S bl
consume will be arriving in trucks — making M B
gridlock the norm.

Transportation infrastructure and management
approaches can't handle the world's traffic.

In Australia, the latest estimates put the cost of
time spent sitting in traffic at $11.1 billion annually}

In USA ~2.8b gallons of gas wasted sitting in
traffic costing ~$83b
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MOTIVATION

= Traffic congestion is a major cause of lost productivity

In Australia avoidable productivity cost of congestion of $9.4b in
2005 rising to $20.4b in 2020

= Traffic congestion is a major cause of pollution.

Land transport pollution accounts for around 13% of Australian
Green House Gas emissions (National Greenhouse Accounts).

= Safety
In Australia - annual national road toll is around 1,300 deaths and
32,500 serious injuries.

Approximately 40,000 people are killed each year and ~1.7 million
with critical injuries in Europe

Annual cost related to traffic accidents total roughly US$1 trillion
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EMOTIONAL & ECONOMIC TOLL OF COMMUTING

Drivers rated traffic in world cities from 1 to 100, with 100 being the most onerous

0 20 40 60 80 100
Beijing : ' | ‘ Of the respondents
oweeso . i ne e o 0O B \+9¥$94947zZ.--4
Moscow 87% have been stuck
New Delhi ' : ‘ in roadway traffic in the
Sao Paulo ' ' : last three years
Milan |
e — 38°% reon ot vy
Eeations _ ! have decided not to
. < make a driving trip in
Paris the last month due to
Toronto E anticipated traffic
Amsterdam :
Los Angeles
Berlin | 3 1% said that
Montreal — during the past three
New York NG years traffic has been
Houston _ w so bad that they turned
Melbourne | around and went home

Stockholm

= Beljing, Mexico City, Moscow, New Delhi — very high economic &
emotional toll than most of the Western world cities

Source: IBM
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WHAT CAN WE DO?

Public transport: extension and improvement of public transport networks, parking
space management, city logistics, low-speed zones, etc.

Traffic management: integrated computer based control systems, traffic safety
Zero emission vehicles: electrical vehicles

Air quality and noise pollution: Usage of traffic management solutions in
connection with air monitoring networks to improve air quality and noise abatement

Logistics: Application of ICT solutions to freight traffic to reduce pollution and
congestion, optimize delivery times and limit transport costs

Urban planning: Monitoring of flows and planning of building and activities (e.g.
malls, public buildings, etc.) in order to prevent congestion, reduce traffic and
facilitate the use of public transport

Smart Grids: Connection between energy networks and transport networks to
ensure availability of alternate fuels, pollution control, etc.

Communication Tools: innovative communication tools to improve ridership on
public transport, traffic, etc.
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WAY FORWARD

Better use of existing Road capacity

“Cooperative Intelligent Transport
Systems”
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COOPERATIVE INTELLIGENT TRANSPORT
SYSTEMS

What is Cooperative Intelligent Transport Systems?

Advanced INFORMATION & COMMUNICATIONS TECHNOLOGIES
used to enhance safety, improve mobility, support commerce, and help
sustain the environment

Pz
.... Addressing multi-modal é ﬁ/ﬁ

Vehicle-to-roadside

- Transport Safety communication W

= Transport Productivity @ —

= Travel Reliability A \ Emergency event
= Health & Safety @ @ Inter-vehicle

= Environmental Performance 1 g cation

= [nformed Travel Choices Baiig = 0=C=cCe base station

= Social Equity

= Network Operation & Resilience

= eftc.
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COOPERATIVE MOBILITY CONCEPT

= Anticipating by communication
= Efficient use of roads during heavy traffic
» |nformation on road conditions and traffic flow
= |nformation on behaviour of other road users

= Supported by cooperative technology
» Vehicle-to-Vehicle and Vehicle-to-Infrastructure communication
» Real-time personal warning and advising
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CO-OPERATIVE INTELLIGENT TRANSPORT
SYSTEMS TO IMPROVE SAFETY
AT LEVEL CROSSINGS



LEVEL CROSSING COLLISIONS IN AUSTRALLA

(2000 - 2009)

Active Passive Active Passive
control control control control
356 248 27 64
58 35 0 4 97

Mumber of collisions

Number of people fatally
injured
100 [ Leveh crossing collisions

W Fatalities
Fatal accidents

Number of occurrences

= QOver 70 ]
fatalities 7
(1997 - 2002) N
Source: ITSR 0: | | | | | | | l | | L

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009



DEATH AND INJURY BY CATEGORY
EUROPE (2011)

Humber of persons
Killed Seriouszhy Injured Total

BRI
] E ] 1= b E = =] b E < k=S

=8 L = = =8 L = = =8 L = =
Collisions 4 3 3 14 a3 1l ) 44 LY, 14 ] hd
Derailments 2 2 1] 4 43 2 1] 45 45 q 1] 44

Accidents involving
level-crossings

Accidents to persons caused
by rolling stock in motion

B o 31 3y 24 14 2491 329 30 14 BOZ2 GB46

22 2a 0 Gub 0 403 | 123 6 433 B2 145 611309 13515

Fire= in rolling stock 0 0 0 0 0 0 0 0 0 0 0 0
Others I 1 2 3 B 200 22 43 B 21 24 a1
Total 349 311172 1242 229 83 7P 1083 288 114 18943 2323
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NEED FOR A& COMPREHENSIVE SOLUTION

= Causes include
» lack of awareness of an on-coming train
= unintended road user error
= driver behaviour and other human factors

= Aust. Government Recommendations
= State Government (Dec 2008)
- Adopt new developing technologies such as ITS

- Govt. to coordinate support to develop, trial and
adopt ITS

- Trial, promote/encourage use of ITS at rail-road
interface

= Federal Government (June 2009)
- Gov. to support ITS research to speed the

Lismore 2006:Tipper truck/Freight train
collision (est. cost upwards of $13.5 million)

»

Ban Springs 2006: Trailer road
train/Passenger train collision (cause driver

|mp|ementat|0n gsgz\;it%l;rt?rr;i)large heavy road vehicles
- Research into feasibility of cut-in warning
systems
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BRINGING IDEAS TO LIFE

4 LA TROBE
o UNIVERSITY




TECHNOLOGY:
DEDICATED SHORT RANGE COMMUNICATION (DSRC)

= Vehicle safety research is
shifting its focus towards crash TRADITIONAL SENSORS
avoidance and collision
mitigation

= Traditional sensors, like radars,
have the following limitations:

= Limited range (sense immediate
vehicles)

= Limited Field of View (FOV)

= Expensive

= Cooperative Intelligent
Transport Systems using
wireless comm. (DSRC) for
vehicle safety, mobility and
commercial apps.

’

“360 Degrees Driver Situation Awareness’
using wireless comm.

COOPERATIVE COLLISION WARNING (CCW)



WHY DSRC ?

International standard for wireless vehicular
communication at 5.8/5.9 GHz

Licensed band operation

/ channels (10 MHz each) for supporting safety
and non-safety applications

Outdoor high-speed vehicle applications
Cooperative safety system

— Passive = active

— Reactive = preventative
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COOPERATIVE INTELLIGENT TRANSPORT

Vehicle-to-Vehicle Communications
Vehicle-to-Infrastructure Communications
Human-Machine Interface (human factors)

Safety

Intersection collision avoidance
Cooperative collision warning
Traffic signal interface

Mobility

Traffic congestion management
Traffic signal control and management
Incident management

Consumer & Commercial

Electronic payment
Fleet management

SYSTEMS

TRANSIT SIGNAL PRIORITY, PREEMPTION, and COLLISION AVOIDANCE

]
—

]
o

Traffic Signal

Transit Signal
Priority

.
S
Fbo
4 \
) /
g

Beacon located

center of \‘- ‘\
mtersection \__

\ Collision Aveidance

EMERGENCY VEHICLE APPROACH WARNING

EMERG. EMERG. EMERG. EMERG.
VEHICLE VEHICLE [ mvewc | VEHICLE VEHICLE
REAR LEFT | Dorbsd B ERoNT RIGHT

ANIMATION
mergency Vehicle FOLLOWS
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SAFETY APPLICATIONS

= Ablility of V2V and V2I to address crash scenarios
Involving non-impaired drivers

V2]

* [ntersection
* Road Departure

V2V

» Forward Collisions
* Road Departure

* Intersection

» Lane Change/ Merge

™M % of crash scenarios potentially addressed by technology

(NHTSA Assessment)
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Safety

Intersection collision avoidance
Cooperative collision warning
Traffic signal interface

SOLUTION

g
=

Lo Vehlcle-tt;-Vehlcle (V2V)

e Vehicle-to-Infrastructure (VZI)
Multi-h

\ op

Human Factors/Behavior

= Consumer & Commercial
Traffic Congestion = Electronic payment
Management = Fleet management
Incident Management = Information transfer
in-vehicle signage/messaging
Traffic signal control &
management ‘% LA TROBE |Centre for Technology Infusion
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CONCEPT OF THE SAFETY SOLUTION

Intelligent Transport Systems using
5.9 GHz DSRC Technology
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PARTNERS
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http://www.qut.edu.au/
http://www.vpac.org/

Phase 2 Phase 1

Phase 3

Development of
Scalable
Simulation
Platform for Level

Crossings

s B

Development of
the ITS
Demonstrator
System

K /
/

Field Trial

g

PROJECT SCOPE

= Specialised ITS Simulation platform for Rail-road crossings
= Development/Implementation of scalable simulation models
= Empirical analysis of typical interactions between rail and road traffic

= Implementation of new algorithms for safety
= Implementation and tuning of new scalable HMI interfaces
Testing, validation and optimisation before field trial

= Field trial with 100+ vehicles
= Installation in trains, trucks, cars and at rail-road crossings
= Data collection and analysis - refining algorithms/implementations
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SIMULATION PLATFORM ARCHITECTURE

{ e .
Simulation/Simulator N . i Silulator Software i
Configuration . i . )
b m i m e ] : Simulator Elements |
: i : :
1
i Simulation/Scene | | . i XML Configuration Parser :
! Builder Setup  Configuration, :
1 1 Daja | — 1
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Extensible : “Drag Drop” 1 : (GPS) !
Configuration ! i i 1 - i i
F?Ies i (Vfﬁgg/gﬁl\z}/‘&g ) | . | Mechanical Solver Behavioral Models Following Model |
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]
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1
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i Configurable I : I
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i ! Trated ! !
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1 ! 1
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: ! j/EExchange Information
i 1 e e e e e e -
1 - 1 ]
GPS etc. i Desian of | . | | Hardware Platform :
esign o 1 - - !
i Experime?ns (DoE) E ! HPC Messaging Library i
i : : Open MPI (with InfiniBand Support and Gigabit Ethernet) 1
i : " 3 :
e ! : |
I i Parallel Computing Cluster i
1
. |
1 1



SIMULATION PLATFORM

ITS'Scene Creator’

File Edit Tools About

w\xu@bc - 0% (») (I

:'cmoSe'Ma'pfor yourT.

IVehicles to Run on Map
1

\ Simulation Object
\ Configuration

T~

Train Model

%
s \ & ‘Q""%W

\ o

~| Vehicle Configuration

|truck_mercedes_pm

Vehicle Properties
4

start_time

is_path finder ‘ true

is_dsrc_on

| true

:
i

Signal_ . _RSU _ _

Simulation
Object Panel

Simulation/Scene
Setup Toolbox

g Signal Model

DSRC Range §
Circle

/\

;
% Level Crossing |

\

DSRC Equipped
Vehicle

Station R Station Road

Destination/Path
Markers

pROY LIRS
boreis /}%

num_dsrc_units { 1

initial_speed } 2

model ' PM

mass_module } 8000.00

mass_load ) 2000.00

service_braking ) 12

max_power ‘ 500000

pm [ 6000

wheel_radius [ 0.34

gear_ratios | 3.6;3.0,2.4;1.8,1.2,0.5

gear_speeds | 20;30;40;70,90;120

differential_gez ‘ 4

[EINT

Driver Configuration



SYSTEM IMPLEMENTATION

Vehicle to Infrastructure (V21)

== knowledge sharing)

Communication (Position and

Communication (Position
and knowledge sharing)

DSRC GPS

Roadside Unit (RSU)

Antenn

On-Board Unit (OBU)

DSRC Functionality

=  CCH Operation (max higher power for RSU and
Train)

= T2V and T2I-I12V for train messaging
= V2V BSM send on sync (network performance)

Mapping & Context Perception
=  Auto-positioning and map interpolation

=  Context perception for Head/Tail detection and
trajectory estimation (V2V/V2l)

= Intelligent remote dead-reckoning
=  Crossing safety detection

Warning algorithm

=  Train critical position detection

= Intersection collision time calculation

=  Extended NHTSA Collision Avoidance algorithm

System Software
= Logging events and packet information

= System error auto-detection and recovery
functions

LA TROBE
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SAFETY MESSAGING ALGORITHM AND HMI

Imminent
Collision

Possible
Collision ?‘% %g@\-\

Train
Present

In Range

= Staged intelligent warnings (in-direct

path)

= Higher level audio-visual alerts are only
triggered as driver enters a direct path to
the level crossing

= All alerts extinguish as soon as vehicle has
cleared the crossing or is heading away
from crossing

= Staged intelligent warnings (direct path)

First warning: presence of train on current path

Higher levels: triggered through algorithm calculations
(NHTSA + presentation time, reaction time, safety
margins)

Combination of audio and video to produce perceptual
cascading effect

Volume of sound and intrusiveness of visual alert
increase with level of urgency

Parallel Path

Train
Present

7 LA TROBE
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FIELD TRIALS SCENARIOS

Orchestrated Scenarios Rural Urban 1 Urban 2
(with different approach speeds where applicable) (7 vehicles) (70 vehicles) (30 vehicles)
1. Mass vehicles stationary/moving 70

X X X

2. Road vehicles approach perpendicular to crossing (40-100 km/h)  (30-60 km/h) (30-60 km/h)

X X X

3. Road vehicles approach parallel to crossing (40-100 km/h)  (30-50 km/h) (30-50 km/h)

4. Road vehicles turn away from crossing

(from direct or indirect approach) X X X
5. Road vehicles turn in towards crossing X X X
Special Scenarios
- Hard deceleration on high urgency alert X
- Obtuse approach (V2V) X

:’} LA TROBE Centre for Technology Infusion
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FIELD TRIAL SITE
HIGHETT (METROPOLITAN MELBOURNE)

iy 7 . iR, = Bk
- . 5 - Starting Zone: Bravo £ §
< Starting Zone: Alpha Wickhan P _— 3 é
[ Speed: 60 km/h S Nd 2 .p : - -
=Y oy j S | et o « LOS NLOS radio propagation in
son \?‘J | ; I . 0 V‘,.;N‘.aqu City area
O i BN s “sx o Heavy channel congestion and
T NG B interference
TR % \ : = Radio fading and path loss in
4 3 ! Sptae high-building area
LSS : Rowans g = Level-crossing warning threshold
o in city area
i &= « Complex indirect path
i iy operations
Her) : = Heavy-traffic and complex road
j ‘f ,,,,,,, ; 3 Starting Zone: Charlie drIVIng hablts
B i = Driving habits at highly
F==An controlled crossing
£ Starting Zone: Delta
B ol Speed: 50 km/h

Bay Ry
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DIRECT APPROACH

Perpendicular Approach
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FACTORS AFFECTING CONNECTIVITY AT TRIAL SITES

Distance to Level Crossing
for connectivity levels

Site Street >90% 50% <10% Building Density Terrain

Dingee Rd 0-200m 700m  >1050m Low Flat

Dingee Queen St 0-250m 1050m > 1700m Low Flat
King St 0-200m 600m  >700m Low Flat
Highett Rd (West) 0-210m  380m  >410m Medium Lower than RSU

Highett Highett Rd (East)  0-100m  150m  >220m High Flat
Railway Parade 0-110m 130m  >170m Medium Flat
Graham Rd 0-220m  320m NA Medium Flat

Much Higher
Cheltenham Park Rd (West) 0-130m  180m  >240m Medium than RSU

Park Rd (East) 0-360m NA NA High Flat

= Connectivity at urban sites (Highett and Cheltenham) is significantly
different from that of the rural site (Dingee).

= LOS quality is clearly the primary factor that affects the connectivity.

= Building density and terrain also notably affect the connectivity.

?} LA TROBE Centre for Technology Infusion
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DRIVER FEEDBACK

Participant self-reports of Startled

llo%ural trial W Urban trial 1 B Urban trial 2 M Generic trial

90
80
70
60
50
40
30
20
10

0 .

Percentage (%)

Startled Not Startled
Driver Responses

Participant self-reports of Distraction

M Rural trial ®m Urbantrial1 ™ Urban trial 2 ™ Generic trial
100

Distracted Not Distracted LA TROBE Centre for Technology Infusion
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ROAD MAP AND COMMERCIALIZATION
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http://www.vpac.org/
http://bmwebb.com.au/index.php

TRAM NETWORK

= Ongoing interest in improving safety record and reduction of
tram-to-tram and tram-to-road vehicles/pedestrian collisions

= Commercial & safety benefits

— Reduce accident rates and tram repair costs of franchise:

= Reduced tram to tram accidents

= Reduced tram to road vehicle accidents as the road fleet commences
utilising the DSRC capalbility

= Reduced tram to pedestrian accidents

= Operational applications

— Speed restrictions, forced stops, other

é} LA TROBE |Centre for Technology Infusion
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TRAM SAFETY POSSIBLE TRIAL SCENARIO
BOURKE - SPENCER STREET

File Edit Tools About

= PossibleTrial sites ® ® o3 d5>¢ -
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DEMONSTRATION AND LAUNCH VIDEO



Thank you

Centre for Tecnnology Infusiorn

“Sringing ldeas to Life”

Professor Jugdutt (Jack) Singh

Director — Centre for Technology Infusion

P: +61 3 9479 3813/3382 M: +61 411 476 976
E: Jack.Singh@latrobe.edu.au

W: http://www.latrobe.edu.au/technology-infusion
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