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PREFACE

There is a sharp increase of the number of vehicles in all Asian
countries. This rapid motorization causes a lot of transportation problems
such as traffic accident, traffic congestion and air pollution by emission
gases. No one doubts that traffic accident has been an immediate and
serious risk to our life in the urban safety. Environmental problems,
especially CO2 emission are becoming the most important issues in our
society. Traffic congestion affects both on traffic accident and emission.
They are common issues in most of the large cities in Asia. To solve these
problems must have a positive impact to enhance the urban safety and to
achieve the sustainable urban environment.

Transportation researches have been widely conducted in various
aspects, including above issues. And recently, ITS (Intelligent Transport
Systems) researches and developments have become very active. They are
expected to be powerful tools to solve these problems. Considering in Asia
region, Japan is regarded as one of the leading country both in transportation
problems and its solutions. And the other countries will probably follow it
when the motorization proceeds further in the future. Therefore, it must be
very meaningful and important to share the knowledge and experience
among these countries.

Regional Network office for Urban Safety (RNUS) in Asian Institute
of Technology (AIT) recognized that transportation problems are very
serious issue to be solved for the sustainable urban environment although
they are not natural disasters. Therefore, we planned to organize a
workshop so that transportation researchers and engineers can get together,
share issues and knowledge, and exchange their information and opinions.
It would be a good opportunity both for practitioners to learn advanced
technologies and for researchers to understand actual problems in Asian
cities.

The objectives of this workshop are,

1. to share and exchange knowledge, information and opinions among
transportation researchers and practitioners

2. to understand critical transportation problems in Asian cities

to find better solutions to improve the problems

(98]
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The seminar was held on 11 December, 2008 at Rama Garden Hotel
in Bangkok, Thailand. We welcomed 11 speakers who are all distinguished
researchers in the various fields of transportation researches from Japan,
Hong Kong and Thailand. Although Dr. Kazushi Sano could not join this
workshop in the consequence of the troubles occurred at the International
Airport in Bangkok just one week before, Dr. Pairoj Raothanachonkun
kindly made a presentation on behalf of him. The topics of the presentation
were very broad, such as urban planning, traffic safety analysis, travel
information, traffic simulation, ITS and so on. The number of participants
was 57, who were mainly from universities, government agencies and
industries.

The workshop was completed successfully, with interesting and
informative  presentations, lively discussions and good mutual
communication and understanding. We could also get a lot of positive
evaluations through the questionnaire sheets answered by the participants.

Finally, we would like to express our sincere gratitude for those who
kindly supported and contributed to the success of this workshop.

Shinji TANAKA

Workshop on Transportation Researches for Urban Safety
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Welcome board Registration

Dr. Toshi Yoshii

Prof. Masao Kuwahara Dr. Pichai Taneerananon
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Dr. Hidekatsu Hamaoka Dr. Ryota Horiguchi

Participant
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Urban Bus Planning
and Management

Prof. Fumihiko NAKAMURA
Yokohama National University

JE—
About the lecturer

Fumihiko Nakamura, Dr. Eng.

Born in Niigata in 1962.

Graduate from Univ.of Tokyo in 1985

1989-1992: Research Associate at Univ. Of Tokyo

1992-1994: Assistant Prof.at AIT (Bangkok)

( Human Settlement Development (HSD) Department )

m 1995-2004 : Associate Prof.at Yokohama National
University

m 2004- : Professor

m Majoring in Urban Transportation Planning and
policies, urban planning, public transportation planning.

m http://www.cvg.ynu.ac.jp/G4/index_e.htm

m E-mail: f-naka@ynu.ac.jp

Contents

m Urban Buses in the world

m BRT strategies

m Planning and Management strategies
m Conclusion
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Urban Buses in the
World

]
List of BRT and related practices shown below

City Nation Right-of-way Network Other Remarkds

Curitiba Brazil Busways Hierarchical | Land use control

Bogota Colombia 4-lane busways Hierarchical

Jakarta Indonesia Busways

Seoul Korea Bus lanes Hierarchical | Management
Reform

Ottawa Canada Busways Hierarchical | TOD

Adelaide Australia Guideways

Leeds UK Short Guideways

Nancy France Rail track Urban Transport
Strategies

Einthohen Netherlands | Busways Urban Transport
Strategies,
automated driving

Copenhagen | Denmark Bus lanes Hierarchical | Management
Reform, Bus
Strategies

2 Workshop on Transportation Researches for Urban Safety



ICUS Report 34

Jakarta (TransJakarta)

TRANSITWAY & O-TRAIN

Ottawa

Clique:

Pickam aren on tho map:
S e )

Urban Bus Planning and Management
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L

Plan de
Déplacements Urbains
du Grand Nancy
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BRT Strategies

g
BRT : Bus Rapid Transit

= Conceptually
1 Brand-New Transport System
1 Different image from conventional urban buses
1 Cheaper than but strong impact as LRTs

m Technically
[ High regularity with busways, bus lanes or/and bus
priority signals
1 High capacity with advanced operation and facilities
(bus stops, vehicles, payment etc.)

Urban Bus Planning and Management
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* SN
Learning from BRT Best Practices

m Busways, Bus Lanes, Bus priority signals
Maximizing the impact of the image to citizen
Minimizing the effect on other traffic (?)

m Vehicles
Avrticulated or bi-articulated bus or 15m-bus

m Stops and Payment
Exclusive facility, pre-payment or gate, IC card

m Management (the next chapter)

Involvement of public (road, traffic) sector to BRT

m Process

Re-arranging of existing bus network and
management

Integration with comprehensive urban transportation
strategy

Planning and
Management
Strategies

g
Concept of Management Strategies

(Public)
Management
organization

Local
Government

Urban Planning

and
Urban Design

Planning of
Bus service

Management of
Bus Service,
Finance

T

Operation of

Road Traffic Bus Service,
Bus Vehicles,

Management
and Operation Bus Drivers

Urban bus in Japan

_ Local government Operators

planning Some proposal only | decide

Management decide

Operation do

6 Workshop on Transportation Researches for Urban Safety
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Urban bus in many European cities

Local government Operators

Planning Local government takes initiatives
and take city-wide contract with an
operator on network and service
\UEREREINE I8N contents as well as amount of
subsidies

Operation do

.
Urban bus in London

Local government
(London Bus in TfL)

planning Decide everything Can say
opinion

Operators

\VEREEINERIMN Select operators by | Can apply at
tendering zone scale

Operation Check by monitoring |do
(with AVL and CS-
survey)

Urban bus in other cities in UK

Local government Operators

Planning Local government takes initiatives
and take contract with operators
(so-called Bus Quality Contract
\ERELR[EINEa I8N or Bus Quality Partnership) on
network and service contents as
well as amount of subsidies with
some incentives to operators such
as road and bus stop improvement,
depo space provision etc.

Operation do

Urban Bus Planning and Management 7
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Urban Bus in Copenhagen

Local Public Company

Operator

government  (MOVIA)
planning Decide
everything
ERERENERIS Road and Select operators
bus stop by tendering
improvement | Order road
when improvement to
proposed by ||ocal government
MOVIA
operation Monitor by AVL
and CS

do

Urban Bus in Curitiba

- Public Authority

(URBS)
planning

Local
government
with IPPUC

Decide
everything

Operator

Contract with
operators.

Fare revenue
collection and

management

distribution
operation Monitor by CS  |do
'_

Urban bus in Seoul

Local government Operators
planning Decide everything incl.

infrastructure such as

busways, AVL, fare system
\EREGREINERIEN Assign routes to

operators

Fare revenue collection

and distribution
Operation Check by monitoring do

(with AVL and surveys)

Workshop on Transportation Researches for Urban Safety
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" BN
Other cases

m Ottawa, Brisbane
Public Operators run services
m Bogota and Jakarta

BRT is operated by a sort of consortium while
other routes in conventional style

= Seoul

All private operators now under strong control
by Seoul city govenment

" BN
Discussion

m Urban bus system
If it is business only, free market will be fine
If it is a part of transportation infrastructure, some
extent of involvement by public sector should be
essential. At least, BRT or similar main route
extensive (and exclusive) service should be planned
and managed by public.

m Role and Power of Local Government is strongly
expected such as controlling roads, stops,
terminals and traffic regulations and operations

m There might be some choices

O
Basic Strategies

Identify the roles of public and private
Identify the roles of operators
Prepare urban transport strategies
Identify the possibility of strong control land use
(in many cases, unfortunately no).

If yes, Curitiba style will be recommended

If no, Seoul or Copenhagen styles will be referred.
m Road traffic management side should be
involved both in planning and management
stages.

" SN
Planning Strategies

m Governments should be involved

m Basic principles should be coordinated with
other sectors such as urban planning,
environmental policies, educational policies and
social welfare policies, which might be related to
budget acquisition.

m Network and Fare policies are most important,
both of which might be as simple as possible.

m Coordination should be taken with Rail-based
systems, suburban road networks, paratransit
management and pedestrian circulation design.

m Clear and Clean image could be enhanced
anyhow.

Urban Bus Planning and Management 9
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= SN
Management Strategies

m Public sector should be involved to manage
especially financing issues by monitoring
operation performance.

m Safety, compliance and efficiency should be
balanced.

m Private operators should be able to get variety of
incentives to do services.

m Seoul’s experience is one of the management
solutions to be applied into metropolitans in
developing countries, as well as being referred to
Copenhagen’s case and Curitiba’s case.

" S
Urban Buses

m They have potentials as well as needs.

m They can and must change their existing slow,
unreliable, bad, dangerous and dirty images.

m BRT is one of the opportunities to do this.

m BRT needs strong supports from infrastructure
planning and traffic engineering

m BRT should be accompanied with city-wide re-
arrangement of urban bus system.

m Management strategies might be renewed with
involvement of public sector.

10 Workshop on Transportation Researches for Urban Safety
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GRASS-ROOTS ITS — REGIONAL ITS OF
KOCHI PREFECTURE IN JAPAN-

YASUHIKO KUMAGALI

Kochi University of Technology, Japan
Kumagai.yasuhiko@kochi-tech.ac.jp

@
Grass-Roots I'TS

-Regional I'TS of Kochi Prefecture in Japan-

Yasuhiko Kumagai Ph.D.
Professor
Kochi University of Technology, Japan

Kochi Prefecture

g

N . okyo
Osaka
I /l Shikoku-lstand Distance from Tokyo : 1.5 hr flight
Osaka : 0.5 hr flight

Population: 796,000 (15 from Thailand)

KUT
(Kochi University of Technology)

= Established in 1997
= Contribute to local activations
= Most beautiful University in Japan (probably!)
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My ITS Background

National Projects in Japan (1973-1998)
o CACS, DRM, ETC,VICS etc

US ITS (1998-2003/3)

o International Fellow

Asian ITS (1997-2000)

o Report “Introducing ITS in Asia” by ITSA
GR ITS in Japan (2003/4- )

o Kochi University of Technology

Contents

Grass-roots ITS
Systems in Kochi prefecture
My ITS study in Asian countries

Macroscopic Groupings of I'TS

Grouped by Area

o Nation wide ITS

o Regional ITS
Grouped by Functions
o Basic ITS

o Advanced ITS

Nation wide ITS

ETC, VICS

National Standard

Very sophisticated on-board unit
Large Market

12
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Regional I'TS

problems

Niche Market

Local specification
Simple and easy functions by road unit

Solutions for regional peculiar traffic

Academia

What's Grass-roots I'TS ?

Regional ITS in our Kochi prefecture
Deployed by Grass-roots movement

o Solutions for today’s problems, not for tomorrow
o Needs oriented ( Needs need Seeds !)

o Cooperative movement by Public, Private and

Regional disparities in Japan

Population rate
Three Metropolitan Areas

=0.49
Whole Country
Land rate
Three Metropolitan Areas ~0.10
Whole Country
Population desnsity(/Km?)
Kochi Prefecture _ 115

Average of Whole Nation T 336

Grass-Roots Its-Regional Its of Kochi Prefecture in Japan-

13
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‘ Regional disparities in Kochi

= Aging society & Depopulation
-Elderly rate 24.1% (ranked 3rd)
-Population growth rate -0.15% (ranked 38th)
-Death rate (10.3 /1000) (ranked 1st)

= Undeveloped social infrastructure
-Poor public transportation such as trains & buses
*Road reform rate 41.6% (ranked 44th)

= Severe natural disaster
+83.3% covered by mountains and forest (ranked 1st)
-Frequent typhoon and heavy rainfall

‘ Road traffic problems in Kochi

= High rate of aged persons by fatal accidents
64% = 37/58 (aged/total) Ranked 2nd
= Uncomfortable traffic circumstances
Narrow road
Unsafely tram stop
Dangerous for pedestrian
= Frequent unexpected road blocked
Heavy congestion
Isolated village

‘ Contents

= Systems in Kochi prefecture

IDRIV ING SUPPORT SYSTEM FOR NARROW ROAD

LED board

|

14 Workshop on Transportation Researches for Urban Safety
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‘ System Configuration

Solar battery
& Storage batter

Gontroller

Thermostat sensor

\4

Head

7 Light part P
i of receiving I
Jl

@ Narrow road

.

Display

Controller

—" Solar battery
& Storage battery

iy
A

AFETY SUPPORT SYSTEM AT
“STOPS WITH NO SAFETY BARRIERS”

System Configuration

==— Image of wireless LAN

Control Box

Signboard for
the warning-2

. | Modulated light

Self luminous marker

| Signboard for
_| the warning-1

Grass-Roots Its-Regional Its of Kochi Prefecture in Japan- 15
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SYSTEM IN THE RURAL AREA

Development of the Pedestrian Information System to

Improve the Safety in the Intermediate and Mountainous Area

System Configuration

Reader [

{RFID)

Bringing a
RFID of
pendant type

Characteristics of Grass-Roots I'TS

Those systems described above have the
common characteristics as follows

(1) Cost of each system is comparably cheap

(2) The method for improving each problem is

not the best and the best method is hard to
realize due to high cost and long term
construction.

Workshop on Transportation Researches for Urban Safety



ICUS Report 34

‘ Contents

= My ITS study in Asian countries

My ITS study in Asian countries (1999-2003)

Bangladesh
Cambodia
China

HK

India
Indonesia
Korea
Laos
Malaysia
Myanmar
Nepal
Philippines
Singapore
Taiwan
Thailand
Vietnam

Traffic Status in Asia

Generally speaking

= High Fatality Rate or High Vehicle Per Road
= Heavy congestion in the big cities

= Pollution ( Air, Noise )

= Two or three wheels vehicles

= Un-inspected vehicle

= Low traffic morality

Vehicle per Road vs Fatality Rate

VPR = Vehicle # / Road Length
FR = Fatal # / Population

® Asia
O Japan
B Others

Vehicle per road

Grass-Roots Its-Regional Its of Kochi Prefecture in Japan-

17
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Lessons learned (1) from my past study

A system that works well for AE may not
always work so well for DC

A method to match each condition is very
important

Lessons learned (2)
The status of ITS Infra. is important

ITS Infra. = Infrastructure
+
Supporting Conditions
ex. Maintenance and updating ability
Understanding of ITS
Rules for drivers and pedestrians

Lessons learned (3)

ITS is classified two groups by functions,
Basic ITS and Advanced ITS

Basic ITS is more infrastructure and public

sector base (ex TCS)

Advanced ITS is public-private or private base

(ex VICS) and use vehicle units in some case

Lessons learned (4)

To implement ITS, there are two Approaches,

Step by step approach and

Leapfrog Approach

/ Thank you for your attention
W

Advanced ITS Kumagai.yasuhiko@kochi-tech.ac.jp

|Basic ITS
|ITS Infra

0o

18 Workshop on Transportation Researches for Urban Safety
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SYMBOLIZATION OF INTERSECTIONS
USING ALPHABET SIGNS

TOSHIO YOSHII
Kyoto University
yoshii@trans.kuciv.kyoto-u.ac.jp

Toshio Yoshii

Kyoto University

December 11, 2008

What is problem?

. Sl X e L e
It is difficult for drivers to find their way when
they are approaching an intersection.

Why difficult to under_stand?

%‘I‘. 39 ﬁ f

What factors make it 7
difficult? 2y

In current state, J(;,
1
v

persons make their guidance In various ways,

using Order, Landmark, distance, etc

Turi eI aL uie
There are 3 reasons why drivers can| 3rd signal.

without difficulty.

1) No sign at intersections.

2) Japanese and Chinese characters are complicated.
(also Thai characters)

3) Guide signs are not simple.

19
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Simple and reasonable way

-Give a name to each intersection

+Use simple signs

: g

Proposal of using symbolized guide signs |

Proposed route instruction

1. Assign an al phabet at each
i ntersection

Si npl e route gui dance can be achi eved by
assi gni ng sinpl e name to each intersection

Proposed route instruction

e g : [ w||0lzr ¢ ;
-~ . 1 "'I E J
Turn left at " ; A

intersection G

Thrn rlghF at e
i ntersection P i

: i )

v, Destination ™ 12 i
e 5 1 /fe (L
" 50 = ¥

Proposed route instruction

2. Understandabl e i n advance when a

g

Al phabet sign

Located ) upstrea

Car Navi gati on

Workshop on Transportation Researches for Urban Safety
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Understandable from long distance

Effect of the guide signs

= assign a nanme at each
i ntersegcti pn . .
- glcnpf,e gui dance i n common

V&Y nder standabl e from | ong

di stance .
— Inprovement on traffic

§a£F})Kabet si gn use

— everyone can understand

Veri fi cati on

Verification results

=Color sign, symbolized sign have more visibility than
character sign

note: Color sign tends to lead misunderstanding

*route guidance using symbolized signs provide the benefits
1) Safety driving without urgent deceleration
2) Less watching the picture on a navigation equipment

Symbolization of Intersections using Alphabet Signs

21
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Color sign, symbolized sign have more
visibility than character sign

Experiment

Character n

symbols colored symbols

Visible distance

180mith |mh\S
(e a2 IS R EAH (
Color
@8 —

Rt A ] g
e #> Number
13 =7 Symbol o

—
&% — &% [ Charactef
0 50 100 o 50 100 150
AREFIER) BHER )
dayti me

ni ght til golor sign, symbolized sign have more visibility

than character sign

Mre effect in the night time

The ratio of misunderstanding

50% )

40% ne
# 30y
ark 20% -

10% - Night time

0%

#5 @8 BREk HF HE LR
Color Number Symbol Character

Color sign tends to lead misunderstanding

22 Workshop on Transportation Researches for Urban Safety
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Effect to Driving behavior

Simulator experiment

Simulator experiment

PR |urn

NB=  [w<b2s
Yokumo 3chome

FLAN |eranc
Todor o

Character | # Lot

Torits

F/BFR |rxmnouL 20m XII5ZAER
Siragna hibot Trsgna SiboE

naozam HHOARIR |=
Kakinokizaka

renzAREA 2= 4 NIREY| =

Todorokita. moe

REFDIEOL L EIERE re

Tamagawe Keisatsu Tamagawn Kesatsu

D ﬁk f Hevmm
C Fd
N.
Color o) ;
K

PR |oa
Nakane

NB= |5
Vakumo 3ahome

FLNN (=
Todrok bchome

AR (=
Tortss-Univ Mse

E57% |'Symbol
AR |oe

Kakinokiraka

Eu

& symbol © ZFE

HOAIR | reour
e

e 7 e (@) Y%Q?Jﬁﬁﬁi R i’lﬁﬁﬁﬁ i
i e e O % E/IERE | ren Yilllii§ 2
Tamagaa el amagaa Keisrsy
“200m

*OeCcoOD>OO

Symbolization of Intersections using Alphabet Signs 23
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Driving behavior

B EATY
50 color — character
495 T _IZ\ N
> 49 = >~ . .;
'§48.5 — /ﬂi o |- -BEE
° # symbo paid
> — &%

47
465 L

R R R I
I S IR RO IR

s = .Sy
; daeceleration

Distance from the stop line

Decel erati on appears at 100m upstream

in case with the character sign

Driving behavior

The opportunity of urgent
decel gration

20%
15%

B04GLLE
W05GY
10% + p AL

5%

0%

Col or C&S Synbol
Character

Less urgent decel erati on

Character is better on menorization

\f—‘u\,
Field experiment ;,lr"
Date

before alphabet sign is set up
2006 June20, 21 5:00~8:00a.m.

after 2006 July 15, 16 5:00~8:00a.m.

Place
Furano, Hokkaido

[ Instructing the route on the map

[> Behaviors at 5 intersections are analyzed

24 Workshop on Transportation Researches for Urban Safety
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—

alyzed intersection

SO L

NG,

T

sections

Symbolization of Intersections using Alphabet Signs
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Experiment

< Drivers >

Drivers who are not familiar with the field road network.
20~50 years old

before 10persons
after  10persons

<Instruction>

*map
instructions about the route

round 4 times

Evaluation

@ route guidance
"> 1). run off the route

@ uncertainness

> 2).questionnaire after driving

@ driving behavior

[ >Low speed==> 3).velocity at 100m upstream
from intersections

Urgent deceleratione==> 4).max. deceleration

Result 1)

1). Number of the times running off the route

before after
decreasing

[ Better guidance

26
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Result 2)

2). uncertainness

4

— Ave. score

Ave. of the score of uncertainness

arter

1 2 3 4
number of the round

[ Less uncertainness

27

Result 3)

3). velocity at 100m upstream from intersections

| Evaluation method

f51) velocities at 100m upstream of a driver

178

2R
3E B
A B

68km/s ~

71km/s converg
70km/s

Comparing the velocity on 1st round and 244t round

Check the difference between them. |

Change of the velocity |

<before > < after>
(m/s)
26 F -~~~
9 b
L M
15 H
Pl SO
sl stable__
/—OE
0 »—————— nA
1st 2nd or more
-05 1st 2nd or more

[ Smooth movement at 100m upstream from intersections|

Symbolization of Intersections using Alphabet Signs
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Result 4)
4). Urgent deceleration
before after
N 0 ‘QM
‘\w -0.5 bt
£ A
() -1 F \ z
2
g 5 L-__decreasing!_ ________
-2

™ Less opportunity of urgent decelerations

Driving behavior using the route
guidance using car navigation systems

Field experiment

Date :2007 Jan.9, 10 daytime
Site : Kochi

Using the experimental vehicle with the car
navigation using alphabet signs.

< observation>

@ watching the picture on the navigation

@ Observation method

I:> Observe driver’ s eyes during the time
from 300m upstream to the intersection

Video images

Watch in front Glance at the navigation

28 Workshop on Transportation Researches for Urban Safety



ICUS Report 34

@ picture on the navigation

Alphabet signs:

=describing on the picture
+

=voice instruction

@ 8 experimental routes

R e T
R el

results
Average number of glance Average watching time
| per one left turn. B per one left turn.
6.00 6.00
@ \ decreasing | |a decreasing !
& 400 gz 4.00 2>
[Eil 2 o
= % =
_I"i 2.00 jﬂ 2.00
| N |
R R
0.00 No alphabet signs with alphabet signs 0.00 ng alphabet signs with alphabet signs

The opportunities driver watching the picture on the navigation
36

can be decreased using alphabet signs.

Symbolization of Intersections using Alphabet Signs
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EVALUATING SOCIAL PROBLEMS USING
TRANSPORT SIMULATION

MASAO KUWAHARA
Institute of Industrial Science
University of Tokyo
kuwahara@iis.u-tokyo.ac.jp

Evaluating Social Problems using
Transport Simulation

Institute of Industrial Science
University of Tokyo
Masao Kuwahara

Time Loss =120 billion US$/Yr
Environmental Loss
Accident Loss=40 billion US$/Yr

——

Traffic Congestion: Demand > Capacity

Demand — Capacity = Excess demand (surprisingly small)

31
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History of Simulation

1970s Block-Density  Input-Output
TRANSYT CONTRAM SATURN

1980s DESK MICSTRAN MACSTRAN

NETSIM FREQ INTEGRATION

1990s -

DYNASMART HEROINE  TRAF-NETSIM

% HEROINE

PCATS_DEBNetS REST Sim PARK

L s

Tiss-NET

Dracula

NetStream

SIMr

VENUE

Advanced & Visual Evaluator for
road Networks in Urban arEas

e

Simulation On Urban road
Networks with Dynamic
route guidance

7 N\

32
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Environmental Evaluation

NOx, CO2
Concentration -

Noise

Traffic Simulation
Emission Model
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Noise Evaluation

IIS+JARI+EPFL+TMU

Noise Evaluation

A I U

»># nodes:1,723
># of links:4,832
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Noise Evaluation

Air Quality

A intersection in the Metropolitan Region

RERRBERE
14RER
B HE—BERH
BRIckBEimRETA

\

f————— | fewitm0

N\

it [ Redoy | - Y o e

D)oLV EE
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5
sszazRINBR =

EOEOO000EEE
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Road Noise Contour

Visualization

Transfer vehicles to and from coarse and detailed areas

7\
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Traffic Simulator + Driving Simulator

Traffic Simulator

I Driving Simulator

=
FFOC R #ELER
sEmERT MRS,

Dynamic Model with Mode & Departure Time Choices

Highway Network Highway Network Highway Network
+ + +
Zones Bus Network Rail Netwoy \

Pedestrian Simulation
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Pedestrian Simulation

Unregstered HyperCam

Necessity for Transport Data

Prs/?gsdata Detectors
. Image data
Experiment ETC OD census
Vehicle dat PT survey

Accident data

: ; ather data
Transport data is the foundation
for research and practice! se data

Importance of transport data storage and
accessibility is commonly underestimated

Land Use Planning Strategic Planning

Traffic Management il Transport Operation

Availability of Transport Data: provider

Data providers :
Public sector : Transport authority, Police agency
Private sector: Bus, taxi, freight companies

They often hesitate to disclose their data
- burdensome to provide data : efforts, time, cost
- concern undesirable use : mislead public
- data quality problem : errors, missing
- basically not interested in sharing data

Overcoming these problems may supply incentives

| todetaprovders o moregpen, shere and e e, |
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Availability of Transport Data: user

Users:
Public sector: Transport authority, Police agency
Private sector: Consulting, Survey
Academia: university, research institute

Where are the data?
How to get the data?
How to use the data?

What we have to do now

1. Various data should be standardized so that
they could be efficiently found and fused.

Meta data information should be ideally located at one place.

Translator of data format should be constructed.

2. Schemes that provides incentives to data
providers to disclose the data is proposed.

7\

Standardize Transport Data

e Standards for transport data collection and
its storage are still missing

Standards exists mostly for information protocols between transport
systems

® Variety of transport data make
standardization difficult.

7\
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Translator into Common Format

Common
Language

Dictionary

Catalan = French Japanese

N

International Traffic Database (ITDb)

HMome ITDbNews Manual Browser  Publications  Contact

International Traffic Database (ITDb)

Gatharing real life datn, for whatever type of use, is a time consuming job. A lot of dota is measured and
stored in several plcces and different formats around the world. While a lot cf it is not used, other insitutions Hik
gather similar data on different locations or, worse, on the same anes. In his way a lot of money anc fine is CfF nabemstromon

spend unnecessary. Thus, the aim of the Infernational Traffic Database (ITDb) project is to provide trafiic data
to various groups (researchers, practifiorers, public entities) in a formet accordng to their particular needs,
ranging from raw measurament data to statistical cnalysis.

ITDb premetes a flexible iraffic data provision format based on user needs and siandard habits, instead of
arother inhouse solutien for sharing data. Further, the colloction of world wide data sources and making
them accassible via one single platform accelsrates projects and dacision making in any data sensitive field.

5
TUDelft

Il
Quastions, ramarks, commants, problems? Plase contact us or raport o problam to: -(I

ECOLE POLYTECHNIQUE
info@trafiicdata.info FEDERALE DE LAUSANNE

7 N\

Kuwahara Lab, IIS, University of =
Tokyo

Ultrasound detector D: 04-02-02
volume, speed
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Scheme: Turn to Practical Use

Data Provider

Transport authority
Project manager

{ )

Data ware House (itob)

“

International Collaboration

America

NEARCTIS
New EU project

NEDO project

Asia—

Pacific

Evaluating Social Problems using Transport Simulation 41



December 2008, Bangkok, Thailand

42 Workshop on Transportation Researches for Urban Safety



Micro-Simulation of Freight Agents in Supply

Chain for Modeling Urban Freight Movement

Dr. Kazushi Sano



MICRO-SIMULATION OF REIGHT AGENTS
IN SUPPLY CHAIN FOR MODELING
URBAN FREIGHT MOVEMENT

KAZUSHI SANO
Nagaoka University of Technology
sano(@vos.nagaokaut.ac.jp

Micro-Simulation of Freight Agents in
Supply Chain for Modeling Urban Freight
Movement

by
Kazushi SANO
Nagaoka University of Technology

Outline

Background
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Data
Model Concept
6.1 Commodity Production and Consumption
6.2 Commodity Distribution
6.3 Conversion of Commodity Flows to Truck Flows
6.3.1 Delivery Lot Size and Frequency
6.3.2 Carrier and Vehicle Choices
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1. Background

» Complicated relationships among freight agents, including

» Freight movement is in fact the results of the intention to move
commaodities through .
* Freight movement deals with commodities those vary in

el & E e € Finished
Supplier  Raw Production Goods
Material « & Invt

Invt
#f & w2 Distribution
Consumer  Retailer Center
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2. Previous Studies

Most earliest model

estimates truck tl’lp asa Trip Generation Commodity Generation

!\/Iost models can be divided Trip Distribution Commodity Distribution

into two types: 1 1

approaches (Holguin-Veras ) . Mode Choice
Traffic Assignment

and Thorson, 2000) 9

|

Commodity-based approach

is widely accepted that it Trip-Based Approach Vehicle Loading
can 1

than trip-based Traffic Assignment
approach

Commodity-Based Approach

2. Previous Studies (Cont.)

— Regression model is generally used to explain the production
activity

— Ogden (1991) used typical regression for generate number of trips
by vehicle type based on floor area.

— Gravity model is commonly used in trip or commodity distribution
— Sivakumar and Baht (2002) applied a fractional split distribution
model in statewide freight movement instead of common gravity
model.
» Considering the demand is the key factor to determine the
amount of consumption

— Most models focus on mode choice of the statewide freight
demand

+ Choices including truck, rail, and ship.

— Abelwahab and Sargious (1992) proposed a model that combines
the choices of mode and shipment size together.

2. Previous Studies (Cont.)

— Up to present, models for freight transportation rely the traditional
four-step approach
— Most models focus on statewide level of freight movement
» Considering in zone level
— Most existing models ignored the purpose of freight movement
and the interaction among freight agents while modeling freight
demand
— GoodTrip model by Boerkamps and van Binsbergen (2000)
considers urban freight movement at disaggregate level based on
the logistical chain structure
» Focusing at the share of each activity type level (consumer,
supermarket, distribution center, etc.)
— Current trend in demand modeling for both passenger and freight
transportations is to model at the micro level since it results in a
more realistic and policy-sensitive model.

44
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3. Objective

» The purpose of this research therefore is “to develop an
integrated model to predict the urban freight transportation
demand that reflects the mechanism of freight
transportation in urban area”. The more specific objectives
are:

— To develop a mathematical model for predicting demand of urban
freight transportation that is a microscopic model

Micro-simulating of movement of commodity lots through the behavior

of each individual firm

Considering the behavior of each freight agent that influences on

each decision

Incorporating the interactions with other freight agents

Considering supply chain structure

— To apply and test the proposed model by analysis of a case study
of urban freight transportation system in the Tokyo Metropolitan
Area.

— To test the model capability through the evaluation of the
scenarios using the proposed model structure.

4. Study Area and Zoning

There are 56 zones
comprising

*52 zones in the study
area

*4 zones for the adjacent
prefectures

«Zone area ranges from
100 to 500 km?

[ Tokyo
[ ] xanagawa
7] saitama
] chiba

Fms

South Ibaraki

5. Data

— Tokyo Metropolitan Goods Movement Survey (TMGMS, 1982;
1994)

« General data of the firms; number of employees, location, etc.

+ Goods movement; origin of shipment, destination of shipment,
delivery frequency, etc.

» Truck movement; vehicle type, departure time, etc.

— Establishment and Enterprises Census (EEC, 1999)

» General data of the firms in Japan; Location, no. of
employees, industry type, etc.

— Road Traffic Census (RTC, 1999)

= OD survey of truck movement; origin, destination, carrying
weight, etc.

Micro-Simulation of Freight Agents in Supply Chain for Modeling Urban Freight Movement 45



December 2008, Bangkok, Thailand

5. Data (Cont.)
1 Agriculture, Forestry, and
Fishery
2 Minin
3 CI : tg G 1 | Agricultural Products
onstruction
7 cn .u I :VI fact 2 | Forestry Products
5 " en:l;a fanu acturer 3 | Mineral Products
etal Manufacture
6 | Machi Manufact 4 | Metal and Machinery Products
achinery Manufacture
7 Other M y fact 5 | Chemical Products
er Manufacture
P Viatori |w: I Y | 6 | Light Industry Products
Pa era Wholesaler 7 | Other Products
9 roduct olesaler 8 | Wastes and Scraps
10 | Retailer
11 | Warehouse
Electricity, Gas and Water
12 .
Supplier
13 | Service and Government Work
6. Model Structure
Micro-Simulation )
Firm’s Demand )
:\Et::pblit;:es Commodity Supply Chain Structure
J ial lati
Floor Area, Supply Distribution D
Location, [kg/month-Firm] .
Etc.) c°’,'=1|':v‘;g"y [kg/month-Firm]
[ /Firm] @) . 3
Delivery Lot Size and Frequency [kg/delivery-Firm]
Vehicle Choice and Carrier  rxg/truck-Firm]
Delivery Route [kg/truck-Firm]
Freight Flows . 3
by Truck Type [Trips/Firm]
Truck OD [Trips]
The model consists of: No Matrices P
(1) Commodity Production and Traffic Network
Consumption @) A ig oD P. ger Trips
(2) Commodity Distribution
3) Conversion of Commodi StanieD
( ) ty Matrices
Flows to Truck Flows Yes
(4) Traffic Assignment Vehicle Loads )
On Network [Veh/Day-link]

6. Model Structure

4}
ARV

Micro-Simulation

Firm’s Demand
" 2
Attributes @ . Supply Chain Structure
(Employees, Supply . Commodity Spatial Correlation
Floor Area, Distribution
Location, = [kg/month-Firm] & §
Etc.) °’;‘|:‘v‘:‘s’"y [kg/month-Firm]
[ /Firm] ©)

Delivery Lot Size and Frequency [kg/delivery-Firm]
Vehicle Choice and Carrier  xg/truck-Firm]

Delivery Route [kg/truck-Firm]
Freight Flows . )
by Truck Type [Trips/Firm]

Truck OD

The model consists of:

3 [Trips]
Matrices
(1) Commodity Production and Ne

Consumption (@), _Traffic i onp Network e
(2) Commodity Distribution > g L
(3) Conversion of Commodity Stable OD

Flows to Truck Flows Matrices
(4) Traffic Assignment Yes

Vehicle Loads .
On Network [Veh/Day-link]
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6.1 Commodity Generation

» The amounts of commodity production and consumption
produced and consumed by each firm.

» Regression models are developed using firm size indicators
such as number of employees and floor area.

Gik =[x, %, X5 ,...,X,)
A = f(3 55 Y5000 Y,)

Gl.k is the production amount of commodity k of firm i

k
Aj is the consumption amount of commodity k of firm j

6. Model Structure

1)
AR

Micro-Simulation

Firm’s Demand 5
AEttrll)Iutes = - Supply Chain Structure
(Employees, Supply ommodity Spatial Correlation
Floor Area, Distribution
Location,  [kg/month-Firm] .
Etc.) CO?IT‘::IW [kg/month-Firm]

[ /Firm] G

Delivery Lot Size and Frequency [kg/delivery-Firm]
Vehicle Choice and Carrier  rxg/truck-Firm]

Delivery Route [kg/truck-Firm]
Freight Flows i .
by Truck Type [Trips/Firm]
) Truck OD .
The model consists of: No Matrices [Trips]
(1) Commodity Production and el m
i etwork
Consumption (4) pcei oDP Trips
(2) Commodity Distribution
(3) Conversion of Commodity Stable OD
Flows to Truck Flows yat"ces
(4) Traffic Assignment Vehe;ile Toads

On Network [Veh/Day-link]

6.2 Commodity Distribution

* Assuming a customer as a
decision-maker who selects to
purchase commodities from

available shippers according to A\ Shipper

— the attractiveness of the ‘ Customer
supplier,

— the characteristics of the

Shipper2
customer,

— the structure of the supply
chain of commodity,
— Spatial interactions.
» Developing using a discrete
choice model

Shipperl 60/40
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6.2 Commodity Distribution (Cont.)

»  Commaodity flows is the amount of commodity flowed from
a shipper to a customer, defined as

0} =B} -4

Qf is the commodity flow of k between shipper i to customer j

ij (i) is the fraction commodity k purchased from shipper i by customer j

A" is the total consumption amount of customer j for commodity k
J
+ Summation of all commodity flows between zones will get:

0,=22.0

iel jeJ
Qf, is the commaodity flow of k between zone /and zone J

6.2 Commodity Distribution (Cont.)

* As a firm can purchase a commodity from many sources;
we determines the fraction of commodity to be purchased
from each source.

« The purchasing fraction, P/ (i) ,is a multiplication of three
parts:

— distribution channel choice, P,(C")
~ location choice, P, (z|C*)
— shipper choice, P, (i‘C",z)

Pf(i)=P,(C")-P,(4C*)- P,(i|C*,2), ieCt,z

6.2 Commodity Distribution (Cont.)

shipper i, z1, C2

[ ]
shipper 1, 22, C2 .| Distribution

izl 02 e

Viiz2c2 = 0.04 Channel 1

shipper 2, z2, C2

Yiizzac2 = 0.35
shipper 3, z2, C2

Customer j

Distribution

yj,i3,z2,C2 =0.20 Channel 2

shipper 4, z2, C2

° Distribution

o B Channel 3

shipper i, z3, C2 P/. (Z‘C ) P Ck

/ J

Vijizaca = e O /()

Z%’j,i,z,c =1 Pj(i‘C",z)

Yijisazoc2 = 0.16
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6.2 Commodity Distribution (Cont.)

, P(CY)
— The probability that each industry type is selected.
— Directly calculate from survey data.

P,(zc")
— Probability that zone z is selected.
— Using a mixed logit model.
— Considering spatial effects on the customer’s
preference.

— Developing separately by industry type of customer,
industry type of shipper, and commodity type.

6.2 Commodity Distribution (Cont.)

. PICt.2)
— Probability that shipper i is selected.

— Derived from the amount of commodity production of
each shipper.

jk y__ exp(GF)
P (i|C*,2) = Sewp(Gl) )
P ({C*,2)= 5ka ................... @)

i'eC;

G,-k is the production amount of commodity k of firm i

6.2 Commodity Distribution (Cont.)

P2
— Using mixed logit structure

U, =XB+FT{ +v,

X/.[i is the deterministic part of the utility function
F/.TZ;j is the covariance structure among alternatives

F . is the matrix of factor loading that is used to construct the
pattern of correlation

T is the matrix of standard deviation with o on the diagonal

€, s vector of random numbers with zero mean and unit
variance

v . is the vector of IID gumbel random variables

Micro-Simulation of Freight Agents in Supply Chain for Modeling Urban Freight Movement
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6.2 Commodity Distribution (Cont.)

Generalized Autoregressive: &, = pWEg, +T¢,
Thus, &, =(I —pW)_lTCj or F=(1 -pW)*

j is the disturbance term of mixed logit
is a scalar unknown parameter
is an identity matrix

— U

‘W is weight matrix identifying the correlation among
alternative zones

Thus, U, =X B+I-pW)'T¢, +v,
« After adding spatial effects
P eXP(Xz,-p + Fz,-TC,,-)
P(zdC"=P. =[A 1,)d¢ = : ,1,)d
(4C*) = P, ! )¢, 1,)dg £ et pr 10y "6 1%

z'eZ

6.2 Commodity Distribution (Cont.)

Indicating the similarity between zones
Explaining the spatial interaction pattern of the model
Better specification of weight matrix will be selected for each

case
Zone 1 Zone 2
0 1/3 1/3 1/3 Zone 3

172 0 1/2 0 G
W= W=

3 13 0 130 T, Zepeps

/2 0 1/2 0 !
¢,, isequals 1if zone shares /| a common boundary with zone J

and 0 otherwise.
1 dU is the distance between zones /and J

d 1’, 7 is a parameter to be estimated

6.2 Commodity Distribution (Cont.)

— Spatial dependences also include the correlations among
customers since a consumer’s preference is also influenced by the
decision of other consumers.

— The spatial interaction is incorporated into the deterministic part of
the mixed logit

— For each element of the deterministic part:

K S
sz = Xz]ﬁ + ¢zj = Zﬂzkxzjk + /12 Vs exp(—dfs)
k=1 s=1

ﬂzk a parameter corresponding to the observed characteristic xz/.kof
alternative zone z and customer j

djs is the distance between customers j and s

y,, isthe consumption fraction of alternative zone z of customer s

S is the total number of customers

A, &  are parameters to be estimated
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6.2 Commodity Distribution (Cont.)

— The probability is approximated through the simulation of any
given value of {f

1%(40):%21\(29,;;)

0 is the vector of joint parameters of all parameters to be estimated

gi s 7" draw of | from the distribution of ¢ , assumed follows N (0,1)

R s the total number of draws
— Estimation using maximum likelihood, the simulated log-

likelihood is
N Z .

SLL=Y"y nP(zp), 2y,=1 and 0<y, <I
Jj=1 z=1 zeZ

Y, is the fraction of commodity consumed by customer j and supplied from zone
z.

7  is the total number of zones N s the total number of customers

6.2 Commodity Distribution (Cont.)

— Three Distribution channels are selected for analysis:
+ DC1: distribution channel for service and government work
purchasing light industry products from retailers
- DC2: distribution channel for retailers purchasing light
industry products from wholesalers
+ DC3: distribution channel for other manufacturers
purchasing light industry products from other manufacturers
— Three modeling types are compared:
* MNL: multinomial logit model
+  SML-A: spatial mixed logit model with spatial correlation
among zone alternatives
* SML-AD: spatial mixed logit model with both spatial
correlation among zone alternatives and customers

6.2 Commodity Distribution (Cont.)

DCl DCz DC3

Vadlabled MNL _SML A SMLAD| MNL SML A SMLAD| MNL SMLA SMLAD

Zonal Attractiveness Vanables
NC (21,0005 parametsl 0298 03751 0.1829" « - 00587) 00383 00578 00529
t-value (37D (123 @8 g @ “€5 53 (64)
paramete| 00039 00045 00032| 00028 00036 - - - d
AREA (k') t-value 33 (130 g8 @don @6 i & 5 L
GEN (in 1,000,000 gy Parmete] 2 5 -| oooz  ooos7 -| ooz omss  ooo7s

t-value - - -l asy (10.3) -| @a9) 15.4) (60}

) paramete| - - -| o0osz 00071 | 0003 00026
POP (in 10,000 parsons ) P27 3 3 | “se Cwa 1 s “eo 3
EMP (in 10,000 pessons ) PErmete - . -| 00073 00083 -| Doses* 0.1609 0.1569"

i +value - - - (3.0) (2.5) - (1.4) (3.1) (34)

Tnpedance Variables
Distance (k) paramete| -00623 -00736 -00631 -00429 -00582  -005| 00249 -00337 003
rvalue (160 (149 (109 (187 (I37) (123)| (167 (1435 (-154)

Correlation Variables

y paramete| Z 3 4 % 2 29 : 2% 241
] paramete| - 10168 09983 - -l397E 48709 - -11673 -116057
tvalie - (600 (640 - 18 €LY - tle LY
- paramete| - 017 o2 - 15061 -23196 - 2873 25064
tvalie I X) L] - @Y (39
s parameie = - 04437 5 - 12188 : - 1531
svalue » ) " - 59 . = 1)
2 paramete E - 14823 5 - 15861 : - 13001
rvalue = - @ip 5 - D . - 39
Number of hservations 389 389 389 500 500 500 667 &7 667
Log-likelihood at zaro -1537  -1537 1537 [-18413 18413 -18413 | -26355 26355 -26355
Log:likelihood at convergence 8079 7739 459 |[-13331 -1269 -10733 | -21185 -20249 -19187
Adjusted likelihood ratio 0474 0486 0701 [ 0276 0311 04 [ 01 0212 02m
AIC test 4174 401 2401 | 5348 51 4636 | 637 6096 578

Note: a) NC ’s unit is 1000’s/km. b) EMP ’s unit is 10,000 persons/km?

c), d) The parameter is constrained to 2 for identification purposes

Micro-Simulation of Freight Agents in Supply Chain for Modeling Urban Freight Movement
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6.2 Commodity Distribution (Cont.)

Result after applying spatial interaction among customers to

all industry types and commodity types

=2
=
T

0.5

Estimated

04

Estimated

03
R?=0.5721

02

R?=0.8947

Observed and Estimated Fraction of Commodity Flows for All
Commodity Types Comparing between MNL and SMNL Model

01 2
Observed &’?/
. 0

Observed

0.2 03 0.4 0.5 0 0.1 0.2 03 0.4 0.5

MNL

SMNL

6. Model Structure

Micro-Simulation

Firm’s Demand .,

Attributes @

(Employees, Suppl Commodity

Floor Area, RLbY Distribution

Location,  [kg/month-Firm] i

Etc.) Commodity
3 Flows

[ /Firm] @)

Delivery Lot Size and Frequency [kg/delivery-Firm]
Vehicle Choice and Carrier  rxg/truck-Firm]

Delivery Route

Supply Chain Structure
Spatial Correlation

[kg/month-Firm]

Consumption

[kg/truck-Firm]
Freight Flows . 3
by Truck Type [Trips/Firm]
The model consists of: N L’:;:‘cgn [Trips]
(1) Commodity Production and "°
@ Traffic Network
. . e . Assig OD P ger Trips
(2) Commodity Distribution &
(3) Conversion of Commodity Stable OD
Flows to Truck Flows Matrices
(4) Traffic Assignment Yes
Vehicle Loads 3
On Network [Veh/Day-link]

6:3:Conversion of Commodity Flow to Truck Flow

Commodity Flows

Delivery Lot Size and
Frequency

Carrier and Vehicle Choice

Vehicle Routing

Stable
Choice

Truck Flows
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6.3.1 Delivery Lot Size and Frequency

* Minimizing of delivery costs
» Developing differently by commaodity type and by industry
type of shipper

k _ 1k k
Oy =L; - F;
L, =a+bD, . (1)

IF=a+b In(D;) ... 2)

1j=

L'!‘, Lot size that shipper i delivers commodity k to customer j
Ff Frequency that shipper i delivers commodity k to customer j
Q; Monthly amount of commodity k that shipper i delivers to customer j

Di/' Distance between shipper i and customer j

6.3:Conversion of Commodity Flow to Truck Flow

Commodity Flows

Delivery Lot Size and
Frequency

Carrier and Vehicle Choice

Vehicle Routing

Stable
Choice

Truck Flows

6.3.2 Carrier and Vehicle Choice

» Consisting of two levels: choices
» Deciding based on maximization of the utility including

» Developing separately by industry type of shipper

Private Truck Rental Truck Share Truck Delivery Service

AWAWANA

Large Small Large Small Large Small Large Small
Truck Truck Truck Truck Truck Truck Truck  Truck

Flow Chart of Choice Selection

Private Truck Rental Truck Share Truck Delivery Service

Large Small Large Small
Truck Truck Truck Truck
Nested Logit Model Structure of Carrier and Vehicle
Choice Model

Micro-Simulation of Freight Agents in Supply Chain for Modeling Urban Freight Movement
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6.3.2 Carrier and Vehicle Choice (Cont.)

: consist of truck running cost, truck
depreciation and insurance cost, and driver cost.

— Running Cost
RC,, =¢-\WT,, -D,,-NT,,

o
)
[

WT, maximum carrying weight of

max

o the truck of each choice

/ D,, total distance of truck route r

o
o
S

£
E 0.15 of shipper i
2 / y=0.097 sqr(x) PP
E‘ 0.10 RE=094 NT,,  required number of trucks for
Z / : " delivery of truck route r of
S 0.05 shipper i.
E 0.00 WT,,
00 10 20 30 40 50 NT,, = roundup( )

max

Truck Size (ton)

6.3.2 Carrier and Vehicle Choice (Cont.)

— Truck Depreciation and Insurance Cost

<, 7000
] Z 6000 y=1228.9x .
£0 _ R’ =09317
£g 3 5000
5532
gz M0 . =403.11x
ZEZ 300 > ;2705329
2% 2000 F z .
s 2 . *
=g 1000 |
0 ; , . .
0.0 1.0 2.0 3.0 4.0 5.0
Truck Size (ton)
WT, WT maximum carrying weight of
_ &7 max .
DIC,, =[f + @WT, INT, WT the truck of each choice
ir
allr .
D, total distance of truck route r
) ) of shipper i
WT,, carrying weight of truck route ) PP
’ r of shipper i NT,, required number of trucks for
delivery of truck route r of
shipper i.

6.3.2 Carrier and Vehicle Choice (Cont.)

25000

— Driver Cost

2 20000
z
E //
£ 15000 /
< = . + .
% 10000 y= 21926109+ 37393
& R =0.9293
= 5000
o ‘ ‘
0 500 1000 1500

Number of Employees (Persons)

WT: r
DC,, =[u+7In(Emp,)] Z wr, WL, carrying weight of truck route
e ’ r of shipper i

Emp, Number of Employees of
Shipper i
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6.3.2 Carrier and Vehicle Choice (Cont.)

50000
40000 —

30000 /
20000 / y = 2009.3x + 19888

R® = 0.9952

10000

Truck Rental Cost (Yen/day)

0 2 4 6 8 10 12 14
Truck Size (Ton)

RTC,, =@ +aWT,,,

WT ..  maximum carrying weight of the truck of each choice

6.3.2 Carrier and Vehicle Choice (Cont.)

— Share truck generally has the cheapest cost but firm has
limitation of the information and has the preferences on the
share truck

— Other parameters (such as travel time and lot size) are used
to represent the utility function of this choice

— Cost for delivery service truck is calculated from the fare table
which is proportional to the total travel distance and weight of
the shipment.

6.3:Conversion of Commodity Flow to Truck Flow

Commodity Flows

Delivery Lot Size and
Frequency

Carrier and Vehicle Choice

Vehicle Routing

Stable
Choice

Truck Flows
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6.3.3 Vehicle Routing

* Provide an order of visiting customers

» Minimization of total travel time for delivery which is
constrained by

0.25 / \
P.D.F. of driver’s 02
working hours E 015 / \

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Working Hour (hrs.)

6.3.3 Vehicle Routing (Cont.)

Service and Government Work |
Electricity, Gas and Water |
Warehouse |

Retailer |

Product Wholesaler |

Material Wholesaler |
Other Manufacture |
Machinery Manufacture |
Metal Manufacture |
Chemical Manufacture |

Construction |

Mining |
Agreculture, Forestry, and Fishery

0 20 40 60 80 100 120 140 160 180 200
Average Staying Time (Min)

Average Staying time at customer’s location

6.3.3 Vehicle Routing (Cont.)

12.00

10.00

—‘ O Large Truck

8.00 B8 Small Truck [

6.00 -

4.00

Carrying Weight at
80th Percentile (Ton)

2.00

0.00

1 2 3 4 5 6 7 8 9 10 11 12 13
Industry Type

Carrying weight of trucks by industry type
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6. Model Structure

4}
A%

Firm’s Demand

Micro-Simulation

i 2

?Etrt:;l:;:es £ C)ommodity Supply Chain Structure
? Spatial Correlati
Floor Area, SUPPIY! ! pictribution [FEHEN R
Location, = [kg/month-Firm] c
ommodit! .
Etc.) Flows Y [kg/month-Firm]
[ /Firm] @)

Delivery Lot Size and Frequency [kg/delivery-Firm]
Vehicle Choice and Carrier  rxg/truck-Firm]
Delivery Route [kg/truck-Firm]

Freight Flows . )
by Truck Type [Trips/Firm]

Truck OD

The model consists of: Matrices [Trips]

(1) Commodity Production and No

Consumption @ 5 T_raffic obp Network -
(2) Commodity Distribution -
(3) Conversion of Commodity Stable OD

Flows to Truck Flows Matrices
(4) Traffic Assignment Yes

Vehicle Loads )
On Network [Veh/Day-link]

6.4 Traffic Assignment

Using equilibrium traffic
assignment
Convert truck to passenger car
unit
— PCU is assumed as
follows:

» Small truck: 1.5 PCU

* Large truck: 2.0 PCU
Road Network consists of
32,273 links and 24,220 nodes
56 zones are divided into
1,140 sub-zones for traffic
assignment
Using software package (JICA
STRADA) for calculation

7. Results

— Commodity Generation Model

» Average value of R for all industry types and commodity types is
about 0.4

— Commodity Distribution Model

» Average value of p? for all industry types and commodity types is
about 0.4

— Delivery Frequency and Lot size

» Average value of R for all industry types and commodity types is
about 0.5

— Carrier and Vehicle Choice
» Average value of Hit-ratio for all industry types is about 70 percent

— Applying to 87,446 virtual firms generated using Monte-Carlo
simulation

— Corresponding to 5 percent of total number of firms in the EEC
data
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7. Results

Share of Large and Small Truck>>

From RTC data

- Large Truck
Il s Tk

<< Share of Large and Small Truck

From Simulation

7. Results (Cont.)

Simulation

R?=0.3629

.
PY O
AR

O,Q“’\‘ L

*
I

0 0.02  0.04

0.06

Actual

Commodity OD Pattern Comparing
between TMGMS data and Simulation
using SMNL model

0.08 0.1

7. Results (Cont.)

200000

150000

100000

50000

Simulated Truck Trip

R =0.7266

. 4
. 2,

At

50000

100000 150000

Actual Truck Trips

Freight Movement Pattern of Large
Trucks using Exponential Equation
for Shipper Choice

Simu lated Truck Trip:

200000

150000

R = 0.7267
100000

50000

100000 150000 200000

Actual Truck Trips

Freight Movement Pattern of Large
Trucks using Fraction Equation for
Shipper Choice
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7. Results (Cont.)

Actual Truck Trips

Freight Movement Pattern of Small
Trucks using Exponential Equation
for Shipper Choice

400000 5 400000
.
£ 300000 & 300000
o
= . . - % .-
] - 2 | B +- 2
E . : # = 0.7000 E oA Rf=07059
= 200000 o = 200000 m s
: Yy 2 . o
£ 5 E &
E 100000 .:" = E 100000 .:".,
g o3 £ T "¢ 2 M
0 0
0 100000 200000 200000 400000 0 100000 200000 300000 400000

Actual Truek Trips

Freight Movement Pattern of Small
Trucks using Fraction Equation for
Shipper Choice

7. Results (Cont.)

Comparing Number of Truck Trips per Day from Simulation and RTC data

1000 Trips per Day Large Truck

Small Truck

Simulation
RTC

2,258 4,651
2,120 5,135

Comparing VKT per Day from Simulation and RTC data

1000 VKT per Day Large Truck Small Truck
Simulation 217,090 169,906
RTC 174,875 122,517

8. Policy Evaluation

»  Two policies are assumed
implementing in TMA

+ Evaluating in terms of
* Average travel speed

+ CO, Emission
*  NO, Emission

CO, Emission Rate

Fuel Type Emission Rate
Gasoline 2.322 Kg/LL
Kerosene 2.489 Kg/LL
Diesel 2.619 Kg/L
LPG 3.000 Kg/LL

Source: Policy on Countermeasure against World Globall
Warming, 2002

NOy Emission Rate

Travel Speed Emission Rate [g/km]
[kph] Small Truck Large Truck
15 1.21 3.38
25 1.00 2.83
35 0.98 277
45 098 278
55 0.96 275
70 0.92 2.65
90 1.37 2.94
100 219 3.54

Source: Traffic Engineering Handbook (JSTE, 1984)
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8. Policy Evaluation (Cont.)

«  Construction of new ring roads (Tokyo-Gaikan
Expressway)
N +  Two-lane divided
national highway

2,100 veh/hr/lane

A KT

ok PR

S Tew R\nﬁ Road
< i

8. Policy Evaluation (Cont.)

Micro-Simulation at Firm level

new links

* Resultin change in
travel time OD and
vehicle loads

and delivery route
models from the
resulted travel time
oD

[U)

— Procedure . —
Aftributes @
: C h an g e ns tW(();: (E‘Z‘?" ?{'ZZX Supply Commodity Distribution sj:?gﬂﬁ
structure by adding o ol Corelaion

Commodity
Flows

3

Delivery Lot Size and Frequency
> Vehicle Choice and Carier

hu‘lﬂmlxw!b"i
. ke
* Recalculate vehicle

choice and carrier Mhancos

4
@ e hanges in Network
Assignment Structure

Travel Time OD
Vehicle Loads

elc)

vehicle choice and
carrier model

Commodity
Flows

@
Delivery Lot Size and Frequency

L——  smalChangein
OD matrices
Vehicle Loads
oon Network:
8. Policy Evaluation (Cont.)
Micro Simition ofFim evel
— Procedure o
Firm's eman
* Change fuel cost in R ot @ Supply Chain
Floor Area, Supply ‘Commodily Distribution Structure and
the cost structure of Location, Spatial Corelation

Changes in Cost
Structure

Yes

Vehicle Loads
on Network

« Recalculate vehicle W
choice and carrier
. Freight Flows by
and delivery route
models from the Tuckoo
resulted travel time CI— Network and
oD Assignment rmﬁz:: Trips
Travel Time OD
Vehicle Loads
b SmallChange in
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8. Policy Evaluation (Cont.)

* Comparing between two policies

. Base New ) . I:lfol 5
Unit Case Ring % DIff Price GeDIff
Increases
Average Travel
Speed
Inside Ring Road kph 26.5 29.1 9.6 28.3 6.6
All Area kph 25.7 27.7 1.7 271.7 8.0
VKT
Inside Ring Road | 1000VKT/day 119,763 | 119,916 0.1 095995 | -19.8
All Area 1000V KT/day 386,098 | 389,061 0.8 310919 | -19.5
0,
Inside Ring Road 1000K g/day 65474 | 65,537 0.1 60,129 -8.2
All Area 1000Kg/day 208,800 | 210,165 0.7 191,617 -8.2
NOy
Inside Ring Road 1000Kg/day 218,769 | 218,930 0.1 220,008 0.6
All Area 1000Kg/day 691,977 | 695,901 0.6 694,290 0.3

9. Conclusion

« A comprehensive approach to modeling freight transportation
in a way that

*  The model takes into account the
which is the outcomes of commaodity flows through

»  Since the model considers the individual behavior of freight
agent, the model can be applied to of
freight transportation system.

as well as the
are incorporated.
»  Since the proposed model is a discrete type that considers the
individual behavior, resulting in a
For , since the model is a dynamic system, it
can result not only the mean value but also

Thank You for Your Attention
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Overview

* Introduction

* The Problem

* The Cause

* The Challenge
» The Strategy

» Conclusion

Urban Living

» 2008, more than 50 % of world population
now live in urban areas

UNFPA
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“No one doubts that traffic
accident has been an
immediate and serious risk to
our lives in the urban setting”

Regional Network Office for Urban Safety (RNUS) Asian Institute of
Technology (AIT)

The Rarity of a Human Life

* "Monks, suppose that this great earth were
totally covered with water, and a man were to
toss a yoke with a single hole there.

* A wind from the east would push it west, a wind
from the west would push it east.

* A wind from the north would push it south, a
wind from the south would push it north.

* And suppose a blind sea-turtle were there.

It would come to the surface once every one
hundred years.

* Now what do you think: would that blind sea-
turtle, coming to the surface once every one
hundred years, stick his neck into the yoke with
a single hole?"

* "It would be a sheer coincidence, lord, that the
blind sea-turtle, coming to the surface once
every one hundred years, would stick his neck
into the yoke with a single hole."

e "lt's likewise a sheer coincidence that one
obtains the human state.
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Overview

e The Problem

Estimated annual deaths in ASEAN
+ four
Country Year Death (police-reported)
Brunei Darussalam 2005 38
Cambodia 2005 904
China 2005 98,738
Indonesia( estimated) 2003 30,484
Japan 2007 5,744
Lao People's Democratic Republic 2003 426
Malaysia 2005 6,200
Myanmar 2003 1,308
Philippines (estimated) 2003 9,000
Republic of Korea 2004 6,563
Singapore 2005 173
Taiwan 2005 2,894
Thailand 2007 12,492
Viet Nam 2005 11,000
Total 185,964
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Number of road crashes injuries and fatalities
during 1994-2007

Accident Statistics

140,000

120,000
100,000 -
80,000
60,000
40,000
20,000

101,752

® Number
® Death
% Injury

1984 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Source: Royal Thai Police, Department of Provincial Administration and Department of Land
Transport, and Office of Transport and Traffic Policy and Planning

Trend in the number of accident fatalities per 100,000
population and per 10,000 vehicle during 1994-2007

Death Rate

30.00

25.00

20.00

1500 == DeEr POP
== per Veh

10.00 /

5.00

0.00

1984 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Source: Department of Highways 2007

Road Traffic Fatality Rate 2005
Fatalities per 100,000 population

t 5
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ASEAN Road Fatality Rate
(Fatality per 100,000 population)

Philippines
Myanmar
Indonesia
Singapore
Cambodia

Brunai
Laos
Vietnam
Thailand

Malaysia

0 5 10 15 20 25 30
Source: ADB (2005) 14

The Cost
Total cost to the nation ( 2007 value)
232,855 million Baht

2.81% GDP

Source: Department of Highways 2007

Average Value of Costs according
to Crash Severity for Thailand in

2007
Crash Severity Average value of Costs (baht)
A Fatality 5,315,556
A Disability 6,167,061
A Serious Injury 147,023
A Slight Injury 34,761
A Property Damage Only Crash 45,898

Average Value of Costs according
to Crash Severity for Bangkok 2007

Crash Severity Average value of Costs (baht)
A Fatality 11,078,982
A Disability 12,435,767
A Serious Injury 301 ,746
A Slight Injury 154,850
A Property Damage Only Crash 146,773
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Overview

¢ The Cause

Thai MC Research Findings

eRider error was the most frequent primary contributing factor in
the majority of both single and multiple vehicle accidents

eAlcohol involved accidents preceded 30% of all accidents
reported here.

e~ 40% of the accidents involved improper traffic strategy such as
unsafe speed, unsafe position, or following another vehicle too
closely.

e~ half of the accident-involved riders were unlicensed and none
had any formal training in motorcycle riding techniques and
collision avoidance strategies

*Most were self-taught or learned from friends and family. This
lack of training, licensing and knowledge frequently appeared as
rider errors in many accidents.

Source : Motorcycle Accident Causation and Identification of
countermeasures in Thailand Vira Kasantikul, MD 2001

Tuyndl it
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True Comrades, Hanoi

Source: VN Students at AIT

The Need to improve MC safety

Source: VN Students at AIT

Everyone for themselves,
Protect yourself !

- D B

Source: VN Students at AIT
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Real people, Hanoi

Source: VN Students at AIT

The Inevitable, Vietnam

Real Deaths Vietnam

* 12,857 died from road crashes in 2007
e ~60% or 7,714 from MC related

Source: National Traffic Safety Committee, VN
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Real Deaths

Thailand

* 12,492 died from road crashes in 2007
e ~70% or 8,744

from MC related

Source: Police, Ministry of Public Health etc.
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Overview

» The Challenge

The Challenge

Save 5,000 lives
2008-2012

Fatalities
e n—

13,000 pa

4

' 8,000

Thailand Roud
Safety Mani esto
4

1 1 1 1 >
| | I g

|
2008 2009 2010 2011 2012

Japan Experience

Changes in Road Traffic Accidents, Casualties and Fatalities

(Persons, accidents) (Persons)
1,200,000 a3] 18000
1,189,133 (03) 2
947,993 (03) J 16,000
1,000,000 (- B
" | 14,000
3
]
.% 800,000 - / 12,000
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8 e 100002
5 600,000 B
2
g \ 7702 (03 %] %%
H - / > -
e 11,451 ('92)
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Notes: 1. Source: National Police Agency
2. Figures after 1966 do not include property-damage-only accidents.
3. Figures for Okinawa Prefecture were not included before 1972,
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Overview

» The Strategy

The Strategy

« 1stline defence :the Rider
2 Jine defence : the Motorcycle Lane

+ 3" line defence : the Motorcycle and
Helmet

BRTHE

BT, EXRILER,
R, BMeEM, &
ZHARE, BLRFEL,
FHZAR, ERER ;N
Bz&, 0%+ TE
247, WINET . BEK
z, BiEEZ, BHEA
mAGELE, BUSEE
o RZILE, WHtsRm
Bz, BEfEinin, HIEEL
B, 2HEAUTRE, T
S ;818, E
FAZHE, LA Z
A, MARE,

Tao Te Jing Chapter 64 by Gia-Fu Feng and Jane English

Peace is easily maintained;
Trouble is easily overcome before it starts.
The brittle is easily shattered;
The small is easily scattered.
Deal with it before it happens.
Set things in order before there is confusion.
A tree as great as a man's embrace springs from a small
shoot;
A terrace nine stories high begins with a pile of earth
The journey of a thousand miles start with the first
Step.....oooeinnt. Lao Tzu
Circa 2600 bc

Urban Road Safety Challenge
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The Principle

* Prevention is better than cure

Japan Strategy

» Road Environment Enhancements

+ Implementation of the Road Traffic Safety Initiative
* Promotion of Safe Driving

» Improvement of Vehicle Safety

» Enhancement of Rescue Systems

» Improvement of Liability Security and Victim
Support

1st line defence

» Sustained Education
* Vigorous Skill training
» Tougher Licensing
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LPegpIta;Rel:ted Countermeasures ]

TOYOTA

-To continually maintain a frame of mind that
transcends the concept of perpetrator/victim

and enables people to avoid involvement in

accidents

(Protection of yourself by your own actions)

PREVENTION

-To strengthen awareness of good traffic
manners beyond skin-deep

(Creation of a pleasant society full of
consideration for others)

[ Characteristics (The Toyota Style)]

TOYOTA

Point

The Toyota style

Conventional model

Pursuit of effect
on awareness

Experience, images

Theory, words

Satisfaction, emotion

Interest, comprehension

Driving of actual vehicles

Posters, leaflets, slogans

Creation of inner awareness

Top-down explanation/
persuasion

Seriousness

Attraction oriented

One-on-one individual
communication

Communication through the
mass media and advertisements

Corporate Going out to actual sites Inviting people to you
citizenship - = -
Active personal involvement | Donation/support
Collaboration with local Action based solely on personal
needs/regions judgment of what is correct
Educational Manners Rules
viewpoint Establishment of comfortable

society

Thinking that simply preventing
accidents is enough

[ Toyota’s Traffic Safety Education ActivitiesFTOYOTA
Toyota Traffic Safety Campaign

Toyota Safety School
(Traffic Safety Classes for Young Children)

Toyota Child Safety
Communication

Urban Road Safety Challenge
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UK Learner plate
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Minimum 12 months*
Vald for 5 years
Log book {120 hours see note”)

The Driving Test (see note”)

Minimum 12 months
Valid for 18 months

Hazard Perception Test

Minimum 24 months
Walid for 30 months.

Driver Qualification Test

Issued for 12 months, 36 merths.
or 5 years

Max: 80 km/h

2
90 km/h

100 km/h

Some typical mc safety Qs in UK'!

a7 Steering  |Show

movement before using the machine

Categary & Sarety Questions 01/07/2008
Show
Question |Topic  Tell_|ouestion |Answer
[denify where fo check level, e dipstick o sight
lglass. Explain that leve! should be between max
|and min marks. For cipstick remove dipstick and
Icientify where you wouid check the engine of level and|  [wipe clean, return and remove again o check o
Jtell me how you would check that the engine has Ievel against maximin marks. For sight glass,
a1 oil Tell|sufficient oil lensure glass is clsan when checking
[Show me how you would check that the hom 1s Check Is carmed out by Using control (trm on
a2 Homn |Show |working on this machine (off road only) anition if neeessary)
Ioentity where the brake flud reservoir is and tell me
hows you would check that you have a safe leve! of Ideniify reservoir, check level against high/low
43 Erake Fluid |Tell |nydrauiic fluid markings
Explanation only: Operate switch (um on ignition I
[Tel me how you would check that the lights and necessary), identfy reflectors. Chack visually for
| Lights Tell_|refisctors are clean and working cleaniness and operation.
Operais brake, piace hand over light o make use
[Show me how you would check that the brake lights lof reflections in windows, garage coars, te, or ask
s Brake light [Show lare working. |somecne to help
Check for chain wear, correct tsnsion and rear
[whee! alignment. Tension snould be acjusted as
/——ﬂ |specified in the machine handbook. Drive chain
[Tel me how you would check the condition of |should be lubricated to ensure that excessive wear
46 (Cham Tell |ehain on this machine |does not take place
—| fandlebars should be Tree 1o move smoothly from
— [fullleft lack to full right lock without any eontrol
cables being siretched, trapped or pinched and
[Show me what checks you would make on the steering|  |without any snagging between moving and fived

parts.
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Reference: About Driving School in JapanTOYOTA

1) 1,400 schools in Japan
2) 1.3 million graduates in 2006 (regular car license)

3) The rate of license acquisition by age (regular car
license)

teen:48.8% , twentieth:33.1% , thirtieth:10%
4) Standard term for acquisition : 30days

5) Total cost for training : \350,000

6) The rate of graduates / license acquisition : 95%

The Strategy

« 2" |ine defence : the Motorcycle Lane

BKK , An Equity and Safety issue
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Enough pavement for MC lane

The Need is obvious Hanoi

Source: VN Students at AIT

The obvious majority, Cambodia
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A small error can be fatal
| - i Ll e ]

Source: Radin Umar
MIROS

30 -
Mot le |
S Accident orcycle angs
€ 25 ] opened to public
g —— modelled
1= 20 1
[
B l
o v T -
<
()
- 1 o
(5]
g
L 4
S Before period After period
HEB R b R e

o N 0 bl o ~N O o ©
- N o ™ <+ <

—1

4
23

3

16

o
i |
' Jan 91 | Jan'92 | | Jan 93 | ' Jan'94 | Dis '94

* 39% less Accidents
*  83% less Fatality

* Benefit:Cost =35 Source: Radin Umar MIROS
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The Strategy

« 3" line defence : the Motorcycle and
Helmet

Tad

Source: Cambodia Students at AIT

Look like Thailand, But Indonesia ?
Hanoi ?

Source: VN Students at AIT

Urban Road Safety Challenge
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Conclusions

+ Life is the ultimate precious thing

» Asian Governments and Corporations can do a
lot more to save the lives of their urban citizens

* Focus placed on most vulnerable mass, the
Motorcyclist and pax

» Tougher Licensing should follow Sustained
Education, Training

* Motorcycle lane as a Safety and Equity issue
» Can the MC be made safer, not faster !

We have to do the best we can.
This is our sacred human responsibility.

Albert Einstein
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STATE-OF-ART OF TRAFFIC ACCIDENT
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TAKASHI NAKATSUJI
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State-of-the-art Technology in
Vehicle Dynamics

-Estimation of Vehicle Dynamics Parameters
Using Unscented Kalman Filter-

Takashi NAKATSUJI
Hokkaido University

B

. Backgrounds

Parameters in Vehicle Dynamics

sVehicle Geometry:
v'Length, Width, Weight, Moment Inertia, ...
v'Vehicle Database: SPEC, DASD, ADAD, Vyskacil,...

*Tire Geometry:
v'Width, Weight, Moment Inertia,...
v'Contact Length &Width, Contact Pressure Distribution
vElastic Constants

*Model Parameters Model:
¥'Tire model, Steering Model, Driver Model, Aero Dynamics
¥'Crash Model, Collision Model, ...

eInteraction between Vehicle/Tire and Environment

v'Friction Coefficient

. Backgrounds

Drive Recorder

*CCD Camera
v'Video Image & Sound

«Vehicle Motion
v'Speed, Acceleration

CAN (Controller Area Network ) Sensor

#Vehicle Motion
v'Speed, Acceleration
v'Lateral, Longitudinal, Angular Motion Data
v/Steering, Braking, Accelerating,...
v'Engine Rotation, Fuel Consumption,...

*GPS
v'Position
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. Outlines

Estimation of the Friction Coefficient on Winter
Road Surface using Unscented Kalman Filter

1.Fundamentals of Vehicles Dynamics
e Non-Linear Equation in Tire Model
« Differential Equation

2.Unscented Kalman Filter (UKF)
¢ Conventional Kalman Filter
e What is new in Unscented Kalman Filter

3.Application of UKF to Vehicle Dynamics
4.Potentials for Traffic Accident Analyses 2

Part1
Unscented Kalman Filter
for Vehicle Dynamics

. Friction Coefficient on Winter Road Surface

Conventionally New Technology

Probe car
N equipped with
»  CAN sensor

Skid Tester ITS Technology

« Expensive o dy
“ = pelea

« Calibration ﬂim‘;\?% " ( dt )

+Maintenance m\‘?g@ f—l é

..... t

. Vehicle Dynamics

Equation of Motion B

3 DOF Mbdel x
Longitudinal: x
Lateral: y
Rotational: 0 I

Slip Angle
X

a
F =0 R/ =Fyf sina+ F/ cosar X

Fc/ = Fyf COSO!—Fxf sina _-|

’

84 Workshop on Transportation Researches for Urban Safety



ICUS Report 34

. Vehicle Dynamics

) Vehicle trajectory
(x,y)and (V,, V,)

d*x av, -2g(R/ +R!)

dr’ dt m

dy|_|dv,| | 2e(E +F)

A TS m

0| |dw | |-2AF/ xI,~F/xi,-M,)
dr’ dt Y}

‘ Simultaneous Differential Equation ‘

—
. Tire Model

M. F=Fla,W,ELV, n,a.n.v)
Camber ’}/ M:M(aaWaE]’V,/uaazna}/)
Angle || - :
! while brakin, a
k Tire Models
=f: VBody 7 vT ire i
W= NS eLinear Model
Body
eFiala Model
\ — B 77 = .
X/ Slip Ratio eSakai Model
a Fy *Gim Model
F.< .7 Slip Angle|a : Geometory *T-M Model
W : Vertical Load eFormula Model
EI : Elastic Constant R

4 : Friction Coefficient _n

.Tire Model: Modified Sakai Model
M, X, = sothath(y,a,n,xh)=0‘

Direction of
Travel

p: friction coefficient
: m: slip ratio
Slip Angle Y o slip angle

& Fx:F:c(ﬂaaanaxh)

Fy =Fy(ﬂ9a’77’xh)
Mz =Mz(ﬂaa7779xh)

Contact Area
<—Adhesion ——+

Angle | Nonlinear Algebraic

] -
& | X |Equation
Deformation

I
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. Inverse Estimates of Parameters

‘Off—l i ne nodel ‘ So many

l prabalzans p=p+Ap iterations

p=(un.a) GA (Genetic A gori thm
l adjust s, so that 0<p<l
) 1 N |sk_sk| 05"7‘377,““
Tire Model Min FZ— 0<|a| < @
Equati on of notion 1 S
1 Trajectory Measured
S(k) [x(k), y(k),V (k), w(k)

Trajectory Esti mated

S(k) = [x(k), y(k),V (k). 0| R e[ oy
I _

. Extended Kalman Filter

x(k) : state variable, cannot measure directly
x(k+1) = f[x(k),u(k)]+ v(k)

y(k) : measurement variable
y(k+1) = g[x(k)]+ w(k)

Taylor Expansion with Ist Order Approximaton

4 Predict
XUk =Dl k) = STk D, uk -1
— (k) = g[X] Measured

Update e(k)= y(k)
KalmanGain X(k) = X(k) + Ke(k) y(k) _y(k)

K=M"[M"]' f,g: Explicitly Described

s

NRloen @ , % : Mustbe Differentable
M =Vaify] Ox Ox

. Unscented Transform

Unscented Transform

1990’s
y e 9, =X 9, =X—6,
P, =Var[x] ¢, =X+to, ¢,,=X-0,
Cholesky Factorization q ¢,=X+06, ...
RO S KNS S AL SR - 9, =X-0,
i1 ¢,=X+o0,
V= f((l)i) ‘
2n i—Gl
¥=2 hw,
i=0
2n
P =E[(y-V -V 1= hlw, ~)w, -]+ W
i=0
2n
P, = E[(x-%)(y-¥)"1= 2 hl(@,~@)(w,~W)']
i=0 X+0;
K il
whereby 7, —m, h=h=..=h,= D) _“
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Unscented Kalman Filter (UKF)

Initial |®(k)=f[D(k-1)]

%(0)
P(0)

(n+ )Pk-1)=% 5] (n+ M (k) =2, T},
Q, (k) =R(k)+o,,

b, (k-1)=%(k-1)+o,, N N
W (k) =g[Q(k)]

Predict / Unscented \

T Transform | predict
(k) =D h®, (k)

i=0

Unscented
M Transform Fh) = gh’q"(k)
MP®=3 M=
Update ME(H-Y
%(k) = X (k) + K(k)e(k)
P(k) =M™ (k) 2l KO =M ()M (] |
—KOM” (DKk)'| ZYO-YE) S

f,g: No Need in a Explicit Form
Measurement

ﬂ, %:Not Necessary Data
ox 0Ox

2nd Order Approximation _n

UKEF to Vehicle Dynamics

k) :unknown parameters : (u, 7, o N -
P(k) 3 (#, 1, @) g: Vehicle Dynamics

p(k+1)=p(k)+ v(k) Equation of Motion with
s(k) : measurement variable : (x, y, v, ®) Nonlinear Algebraic Eq.

s(k+1) = g[p(k)]+w(k)

: ®,(k-1)=%(k-1)+a,, Q,(k)=pk)+o,,
Initia ~ R ~ ~
z D(k) =Dk -1) \ ¥ (k) = g[Q(k)]
b B \Predld / e
P(0) Bk) = ih@i(k) o
f=Fk+1 i=0 s(k)=§h1\}ll(k)
MP(0 =2 M @)=Y
Update MZE(R)=Y
p(k) = p(k) +K(k)e(k) e(h) !
PO=M"® e KR=M" (M P |

—K(k)MSS (k)K(k)T S(k) Kalman Gain

Measurement Data _g

Numerical Experiments

Driving tests on a real road

Dec. 19 to 23, 2004

Local Trunk Line in Suburban Area
Driving along regular traffic flow
Measuring friction coefficient
Accelerating/Decelerating at intersection

s
=t \r

Weather Condition Survey

State-of-Art of Traffic Accident Reconstruction Technology
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. Driving Experiments

Probe car Sensor Co.mgor.\entls Sampling Rate
ax: longitudial
11l Acceleration |ay:lateral
ms az:vertical
Rolling
Angular speed |Pitching WFs
| M)-'-i on Yaw rate
se Wheel pulse Front wheel
nsor Rear wheel
GPS Longitude
Latitude 1sec
GPS speed
X - Driving Conditions
Bty et Accelated [Decelerated
12/19 69 89
East-Wes| 12/20 19 35
12/22 122 112
12/23 104 94
12/19 56 82
West-Eastf 12/20 21 38
12/22 90 122
12/23 84 99
565 671

I

. Road Surface Conditions

o
[N

0.8
o 2004 12.19  —— 10 —=— 1] —a— 15 17 —>—19
Dec g0
. &)
19 go4 A A A
£0.2 e " T
0 )
0 500 . 1000 1500 2000 2500 3000
Distance along Road Section (m)
0.8
o 0041224 g w10 —a12 14 16 ——18
20.
&)
Dec' ] oo . p /f\
504 ~
25 5
=

I= s Snuds
0 500 1000 1500 2000 2500 3000

Distance along Road Section (m)

. Comparison between UFK and GA

=1

Dec. 19, East->west bound 89 datasets in decelerating
0.5
Decl(Dirc.1. 12/19) -
5 A ‘
69 datasets in accelerating g 04 S
i) ‘ﬁlil ¢t r.
0.5 Z 03 —3h &, T
Accl(Dirc.1. 12/19) . 3 * ., § ; M
g 04 . go2r (1 '_ *
- Lo e
303 :;w’ 3 =01
2 Ky * GA(Off-line)
Q; Ky . = UKF(On-Line)
£02 ,?&ﬁ s 0
2 Bada 0 01 _ 02 03 04 05
= 0.1 Friction Coef.(Msrd)
+ GA(Off-linc)
® UKF(On-Linc) UKF R2=0.62
0
=
0 01 L0203 04 05 GA R*=0.17
zm on Coet (Msrd) Catch overall trend, but
el not yet for each dataset
GA R2=0.71
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. RMS Error when slippery
0.20 0.20 Bu=025
Acc] (Dirc 1) Op=0.25 Decl (Dirc 1) ‘ p=0. {
< Op>02511 Op>0.25
= 0.15 = 0.15
5] . 5] .
g Accelerating 2 Decelerating
0 0.10 » 0.10
2 ( z —
0.05 0.0: :" |
0.00 0.01 . . S
12/19 12/20 12/22 12/23 12/19 1220 12/22 12/23
(1) while accelerating in the direction 1 (2) while decelerating in the direction 1
0.20 0.20
Accl (Dirc 2) ‘ Op=025 ‘ Decl (Dirc 2) ‘ Ou=0.25 ‘
Op>0.25 Ou>025
~0.15 0.15 = H
g |Accelerating g Decelerdting
= 53} [/
«0.10 »0.10
: . : -
0.05 0.05 T
0.00 - 0.00 . :
12/19 1220 12/22 12/23 12/19 1220 12/22 12/23
(3) while accelerating in the direction 2 (4) while decelerating in the direction 2

Part 2
Traffic Accident
Reconstruction

.Traffic Accident Reconstruction

PC-CRASH

State-of-Art of Traffic Accident Reconstruction Technology
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. History

NHTSA (National Highway Traffic Safety Administration)

#1960’s Synthetic Approach for Traffic Accident Analysis

¢1970's SMAC and CRASH3 (Damaged-Based Model)

#1980’s Open Source Code of SMAC and CRASH3
EDSMAC (Damaged-Based Model)

¢1990's m-SMAC, WinSMAC (Damaged-Based Model)
PC-CRASH (Momentum-Based Model)
Animation, Graphic User Interface

JARI (Japan Automobile Research Institute)
#1990’s Ishikawa’s Model
¢1990’s CARS

S

.Traffic Accident Analysis

¢ Pre-Impact Phase
Trajectory Model: Skid Mark, Initial Position, Speed,

¢ Contact Phase
Collision Model
(1 Damage-Based

@ Momentum-Based

¢ Post-Impact Phase
Trajectory Model: Skid Mark, Rest Position & Direction

S |

. Model Elements

e Trajectory Model
e Collision Model
e Tire Model

e Steering Model

e Driver Model

B |

90
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.Trajectorv Model
¢ Kinematics Model

Resultant Acceleration F, : Normal Load for each Wheel
S Z WE,B, H; - friction coefficientfor
5 Z i B, : Braking Factor

e Kinetics Model
Newton's Equation of Motion

1 (xlyrz) (§0, ®, 6)
- Tire Forces

.Collision Model

*Momentum-Based Model
Conservation of Momentum
M1V10+M2V20=M1V1+M2V2 ) 5
(O S i (O A eR)

(Vagn = 0,050) = (viy,, = by@y4) ©

e, =—

n

eDamage-Based Model
AV = Ax+ B
AV :Speed Change
x : Permanent Damage

(DPeriod of Deformation
e Initial Impact to Maximum Deformation

®@Period of Restitution

e Maximum to Permanent Deformation j

. Reconstruction Tools

1. Damaged-Based Model
e m-SMAC /m-EDIT
e Win-SMAC
e ED-SMAC

2. Momentum Based Model
o PC-CRASH
¢ Win-CRASH
e ED-CRASH
o CARS

State-of-Art of Traffic Accident Reconstruction Technology
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. Potential of UKF in Traffic Accident Analysis

Software Package
*Collision Model
eTire Model
eSteering Model
eDriver Model

eTrajectory Model
eUnscented Kalman
Driving Record

. More Information

Traffic Accident Reconstruction

http://www.nhtsa.dot.gov/

http://www.tarorigin.com/

http://www.c-design.com/accrec.html
http://www.pc-crash.com/

http://www.mchenrysoftware.com/

http://www.maceng.com/pc_crash/index.html

http://www.edccorp.com/products/movies.html

http://www.accidentreconstruction.com/

http://www.arsoftware.com/

I
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A SAFETY ANALYSIS BASED ON DRIVER
DECISIONS WHEN ACQUIRING SIGNAL
CHANGE INFORMATION

HIDEKATSU HAMAOKA

Dept. of Civil and Environmental Engineering
Akita University, Japan
hamaoka@ce.akita-u.ac.jp

A Safety Analysis Based on Driver Decisions
when Acquiring Signal Change Information

Workshop on Transportation Researches
for Urban Safety

11 December 2008

HAMAOKA, Hidekatsu
Dept. of Civil and Environmental Engineering
Akita University, Japan

Background

Increasing the number of traffic accidents in Japan
Location: intersection (60%)

Accident type: rear-end collision, crossing conflict (60%)

One cause: Difference of the judgment (pass or stop) at the intersection

flushing blue

Drivers action:
forecast the change of traffic signal
by watching the pedestrian signal
(flushing blue, red)

Acquiring the timing of signal change
- safety allowance for the decision (pass/stop)

- avoid the rapid action (accelerating/braking)
) - Signal of brake
bring a safer road condition

Effect of the existence of pedestrian signals

pedestrian signal
Goly e cional
5 _—traffic signal

@ (oooon

E%ﬁuuuu _
E &

fooooo

i

2| Y 0000

fooooo fooooo

intersection with pedestrian signal  intersection without pedestrian signal
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Objective

Evaluate the safety at the intersection by acquiring
the signal change information

Vehicle movement at

Driver decision in the
the real intersection

laboratory experiment

ECompare the characteristics
f the vehicle movement at
he signal change to yellow

Driver decision when acquiring
the signal change information

Compare the required behavior
. to avoid the hazardous situation

Safety at the signal change

Dilemma zone: hazardous area in the distance-speed diagram
Concept of dilemma zone

Speed at the signal

¢ T :reaction time for brake (sec) change to yellow lemma zone
s=7Vo+Vo /2d (m) : ! 2 Area T Driver couldn’t stop and go
| d:deceleration (m/sec”) Driver could pasé waver in decision ®
|
@l] VA

Location wher(-}driver could stop
at the general deceleration

L

AN

7.

@ T 7 J | Location at the signal change to yellow
r
1 \ . (G I
Location where driver could pass —l | \
the intersection before signal Dilemma zone
changes to red

>> freedom from the waver in decision
allowance of time brings allowance for decision

Outline of the survey

- record the vehicle movement at the intersection
both with and without pedestrian signal

- select the vehicle that exists within the 100m
toward the traffic signal

pedestrian signal with pedestrian signal without pedestrian signal
2005.6.23 / 7:00-9:00
date 2005.6.22 / 7:00-9:00 2005.6.27 / 17-00-19:00
weather / road condition fine / dry fine / dry
vehicle: pass / stop (total) 62 /24 (86) 84 /44 (128)
number of cycle 43 89

Without pedestrian signal

Workshop on Transportation Researches for Urban Safety
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Percentage to enter the dilemma zone

with pedestrian signal Without pedestrian signal
250

=

speed (m/s)
@ s :
b S
T T
@
o)
&
AN o
A 3
o o
T &9
$ O‘ 0%
~ Q
*
© g;
o
R
* woer
o
.
o,
. .
*

o 0
(e}
6]
08
o]
[e]
Co)
Q
ol
*
*
o (o]
00 © ©
fe2] o
B 8
(o]
Os\°

O pass O pass
o stop 4 stop
— stop-curve — stop-curve
— pass-line — pass-line
00 - -
0 20 40 60 80 100 0 20 40 60 80 100

distance toward the intersection (m) distance toward the intersection (m)

Percentage to enter the dilemma zone |

num. of vehicle that enter the W|th """ without
dilemma zone / num. of cycle i ped-signal : <  ped-signal
008 0.11

pedestrian signal
higher percentage to escape the dilemma zone!!

Result of discriminant analysis

with pedestrian signal mithout pedestrian signal
25

decision o
o O [e0) o] (e}
” ° ©OOOQ-O-O~ 22 SN 0 Oa= % oo
. oo > ° o © o) -
s q%l o ,'30 o % e
= 8 90,0 OQ °§ ?, gf o%l 089>@§ O o1 o
-~ = U
§ 10 o o » \\ 993‘ * 7
@ . Se___-"¢
5 O pass O pass
# stop 4 stop
separator separator
0 + N
0 20 40 60 80 100 0 20 40 60 80 100
distance toward the intersection (m) distance toward the intersection (m)
with without Hit-ratio
ped-signal ped-signal
Distance (D) -0.1391 -0.1065
Speed (S) 0.5428 0.2875
Constant -2.0123 0.3944 . . .
— STy 569 smaller risk for traffic accident
LIGUONNL, _ ed.4% 6% (with pedestrian signal)
Slope (D/S) 0.37 0.25

Laboratory Experiment of driver decision
[Purpose of experiment]

- compare the driver decision for each signal control
- subjects decide stop/pass in the dilemma zone
[Outline of experiment]

| Date 2006.12.14~2006.12.21

Inform the time to 40 persons (30 males, 10 females), aged 20-24
change the traffic without signal
gsi e s |withsignal  x  4OKmh~80kmh = 1ot 15 pattern
e countdown (5 patterns)

-proceed/stop decision  -ease of decision

Acquired data
q ~decision time

REMSVEFT 0 B

without signal with signal

countdown
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Method of experiment

- subjects hold two flags
(red, white)

- subjects watch the screen - Y
that shows the passing R |
scene at the intersection

- subjects raise the flag
when he decide to stop
(red) or pass (white)

decision time

After signal Before signal

change | change
post-decision pre-decision
G0 ToI==> &5

time

3 2 1 0 -1 -2 -3(sec]

Distribution of decision time

without signal with signal countdown
4007 400 [ 400
3. 300 [ 300
2.00 200 0 2,00 E
22 2 2
0
o
0.00 [D:I:l 000 =] o]
-100 3 e o
- = -20
2.00 uj 2.00 e
-3.00 -3.0 % . GIDAE
-4.00 -4.00 “4.00
Ostop Ostop N Ostop
-5.00 =5.00 5.00
Opass| Clpass Cpass
. =600 . -6.00 L =600 .
40 20 0 20 40 40 20 0 20 40 40 20 0 20 40

- many passes

- existence of late decision
} - many stops

- earlier decision

Characteristics of subjects with late decision
Existence of subjects with late decision

Waver of decision brings severe situation in the dilemma zone
Characteristics of subjects with late decision

low-frequency driver!!

Ratio of low-frequency driver in the subjects with late decision
None Pedestrian signal Countdown
Decision time| Proceed| Stop |Proceed| Stop |Proceed| Stop
1s ormore | 16% 43% 3| 43% 50%, 33% 40%
2s ormore i 60% 50% i -y i 100% 100%

<

3s ormore ...08%...|.... ] oo~

Odecision in the dilemma zone needs to have “experience of driving”
Osubjects with late decision would decrease by confirming the pedestrian signal

pedestrian signal have effect to make early decision

for the “low-frequency driver”

96
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Evaluation of the decision for each signal control

120 ¢ Dilemma
zone

Sense of
80 discomfort
40 F-----—- I Pl Tl
0 | | |
pre-decision ‘ post-decision | pre-decision | post-decision| pre-decision | post-decision
without signal with signal countdown
‘ easy difficult  hard to answer ‘

For the case of Post-decision

without signal: many sample of “difficult”
due to the dilemma zone
with signal: many sample of “easy”
enough time to decide
countdown: some sample of “hard to answer”
sense of discomfort by the video image

Evaluation of the driver decision by behavior

Change of acceleration for pass

Calculate the required behavior 109 N
.. . ’
by the decision time and the & [/ BO\F Y
3
. . = 1
result of decision £ Do N, .
5 \ \ !/
]
5 40 N S
~ -
Acceleration for the vehicle that § [
pass the intersection Vo(m/sec) 7 | T, T T T 2ol e “s‘—;
. 30+(3+x)Va(m 00 :
; ’; """ Z'D'(‘J;' """" ’; -4.00 2.00 0.00 -2.00 -4.00
34—3(&)—>“§, Xsec) S decision time (sec)
Intersection g 53 B Change of deceleration for stop
size: 30m 52 © 60
s
L —
@
Deceleration for the %
vehicle that stop _o(m/s Vo(m/sec) S
e
L« x‘)Vo(_ml > g
“,, 3(sec g X(sec; r‘:
£ e s
g 53 8 400 2,00 000 -200 -4.00
2o decision time (sec)
5
» 2

[« 40km/h = 50km/h + 60km/h - 70km/h x 80km/h]

Evaluation of the driver decision by behavior

Percentage of the hazardous vehicle

100% .
Information of
80% signal change
60%
& 40km/h N
40% | | # 50km/h |- - - — - - decrease the
4 60km/h number of
T e ] hazardous vehicle
—%- 80km/h
0%
without signal with signal countdown
805 Reduction rate of hazardous vehicle . .
e, . Reduction rate of hazardous vehicle
60% 1 { : N compared to the “without signal”
A P o e e B -~ Higher rate for high-speed
20% 1 B - — — 1 1 —
% with signal countdown Effective for the high-speed vehicle

[=40km/h_~ 50km/h = 60km/h  70km/h = 80km/h]
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Conclusion

Vehicle movement at the real intersection
Intersection with pedestrian signal
- smaller percentage to enter the dilemma zone
- easy-to-decide condition for stop/pass

Laboratory experiment of driver decision
Acquiring the signal information
- effect to make earlier decision for low-frequency driver
- user feel easy to decide because of having enough time
to decide

Effect to avoid the hazardous situation
by acquiring the signal information
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SPACE SYNTAX APPROACH TO

ESTIMATE THE RISK OF TRAFFIC
ACCIDENTS

RYOTA HORIGUCHI
i-Transport Lab. Co., Ltd.
horiguchi@i-transportlab.jp

Workshop on Transportation Research for Urban Safety, December 2008

Space Syntax Approach to Estimate
the Risk Distribution of Traffic
Accidents
Ryota HORIGUCH]I, i-Transport Lab. Co., Ltd.

Seiji TAKAMATSU, Space Syntax Japan Ltd.
Hirokazu AKAHANE, Chiba Institute of Technology

Conventional approach for to
improve the safety of road traffic

 Extracting the places where the traffic
accidents frequently occur...
— by analyzing the precise database for
accidents.
« location, time, ...
« accident type, severity, cause, situation, ...
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On site study on the

countermeasures...
A

Problems

» Low accessibility of traffic accident data.
 Labor intensive work to build the database
of traffic accident onto digital map.
— inconsistency of location reference.

\

* Necessity for ‘less-laborious’ methodology
to roughly estimate the dangerousness of
each place.

Objectives

» Estimate the risk of accidents possibly
occurring on surface streets, in order to...

— give the priority to the intersections for the
improvement of geometry, installation of safe
facilities, introduction of ITS for safety, etc.

—only by using the accessible data which can
be purchase in the market.
+ with the estimation model using ‘Space
Syntax’ indices developed for urban
design.
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What is Space Syntax ?

Human behavior is affected by environment...
¢ Space structure / topology

/\

Human behavior M Z——= A Attraction of place
(shops, plaza, etc.)

Space Syntax is the methodology to quantify and visualize
those relationship from the view point of spatial design.

Ped. traffic (obs)

observe

predict

Space Syntax Approach to Estimate the Risk of Traffic Accidents 101
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Spatial ‘closeness’ (SSx) Walking trajectories (first 15 min.)
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Ex) SSx Depth

Ex) SSx Integration
(k+2)
[k{log:( 3 -1)+1}]
{ (MD-1) (k-1) }
k =-- number of segments
MD --- Mean Depth

Space Syntax Approach to Estimate the Risk of Traffic Accidents 103



December 2008, Bangkok, Thailand

104 Workshop on Transportation Researches for Urban Safety



ICUS Report 34

LONDON : Local (Rad=3) Integration

oA
R
e

i
Sat

M 801w 100
BO
70
60
50
40
30
20
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SSx: Global integration

with radius 5,000 meters

SSx: Global ‘closeness’

with radius 5,000 meters

Rear-end collisions Offset collisions at Right turn collisions
at intersections intersections at intersections

Actual -
distribution

SSx |
estimation

=

106
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Case study for Yokohama area

SSx indices
(Left top: global integration, Right
top: local integration, Left bottom:
global closeness, Right bottom:
Base map of Yokohama-city area distance from traffic signal)

Rear-end collisions

R,

Offset collisions

AL

Space Syntax Approach to Estimate the Risk of Traffic Accidents 107
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Right-turn collisions

Estimated risk distribution with SSx.

Points of frequent occurrence of traffic
accident <www.kotsu-anzen.jp>

Conclusion

» Have developed the model estimating the
spatial distribution of the risk for traffic
accidents with Space Syntax indices.

— no accident database.
- no traffic count data.

— only with the commercial products for spatial
data, such as road network, land use, etc.
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Many thanks!
i-Transport Lab. Co., Ltd. AVENUE
. . an Advanced & Visual Evaluator
www.i-transportlab.jp for road Networks in Urban arEas

i-Transparg !.ap., Co, L’td., .

Space Syntax Laboratory, UCL, London
www.spacesyntax.org

Space Syntax Limited, London

WWW.spacesyntax.com

Space Syntax Japan Ltd.

www.spacesyntax-japan.com

Space Syntax Approach to Estimate the Risk of Traffic Accidents 109
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DEVELOPMENT OF TRAFFIC
INFORMATION CENTER IN BANGKOK

SORAWITH NARUPITI
Chulalongkorn University
kong@chula.ac.th

December 11, 2008

Dr. Sorawit Narupiti
Associate Professor

Department of Civil Engineering,
Chulalongkorn University

Topics of Presentation

1 Rationale

1 Current Status of Organizations involved
with Traffic Information

1 TIC Pilot project
1 Up-coming Events

1. Rationale

1.1 Bangkok Road Traffic Situation
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Traffic Congestion Problem in Bangkok

R Table 1. Average Speeds of ravel in Selecled APEC Cities, 1990
Average Speeds of Travel by Mode (ki

Cox

Singapore 13
Tokey

Wealiliy Asian Cities

Fuala Lumpur

Traffic Condition in Bangkok....

1 Traffic Speed is low

1 Unpredictable travel time
— Reliahilitv of travel time

How to get Better Travel Decision
to get through traffic jam?

— Accidents

— VIP pass

— Road Closure
1 Events

—Many major events affect traffic flow
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2. Status of Organizations involved
with Traffic Information

2.1 Organizations related to Road Transport in BKK

2.2 Current available traffic information

Police
- Control and Manage traffic daily

Development of Traffic Information Center in Bangkok 113
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City of Bangkok

- Physical improvement and Signal

Ministry of Transport

-Some operating agencies; expressway authority
-Oversee and plan traffic condition

2. Status of Organizations involved
with Traffic Information

2.1 Organizations related to Road Transport in BKK

2.2 Current available traffic information
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Traffic Information
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3. Traffic Information Center (TIC)
Pilot project

TIC: Traffic Information Center

1 MoU between Gov. and ITS-Thailand
1 Pilot Project:

— Setting up Traffic Information Center (TIC).

— Broadcasting realtime traffic information. (TMC and etc.)
1 Standards development

— A Protocol to transfer traffic information to a provider.

— Location referencing (dynamic).

— Traffic information coding.

TIC Architecture

1| BMA, OTR

Traffic Police
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Data collection from CCTV and
Video Image Processing
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What will be implemented soon?

1 Traveler Information : Enhanced Driver's
information and go multimodal

What will be implemented soon?

1 Popular and add more feature (parking)
1 Traffic Management
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4. Up-coming Events

4.1 Up-coming Evenis

Queen Sirikit National
Convention Center

Conference Expected 500 delegates

Exhibition Expected 50 companies
over 3,100 sgm gross area

A e L

its-ap2009.in.th
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¢

ne 8-10 July 2009 | Queen Sirikit Convention Center

i
\

02009.inth

e 8-10July 2009 | Queen Sirikit Convention Center

http:/ /its-ap2009.in.th
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INCIDENT DETECTION BASED ON
SHORT-TERM TRAVEL TIME
FORECASTING

DR. AGACHAI SUMALEE

Hong Kong Polytechnic University
http://www.cse.polyu.edu.hk/~ceasumal/
ceasumal@polyu.edu.hk

ABSTRACT

Prediction of short-term future traffic condition is an important
element for route guidance and incident management systems. In this
presentation, a solution algorithm is proposed for short-term travel time
forecasting in congested urban roads of Hong Kong. The travel times at the
next 5-minute interval are predicted by using the historical travel time
estimates together with their updated temporal variance-covariance
relationships. The territory-wide historical travel time database is
generated by the real-time travel information system (RTIS) using the
automatic vehicle identification data available in Hong Kong. Based on the
travel time forecasts and the RTIS travel time estimates, traffic incident can
be detected by comparing their differences on the road section before and
after the incident. Case studies are presented to evaluate the performance of
the proposed algorithms for short-term travel time prediction and incident
detection, respectively.
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Incident Detection based on
Short-term Travel Time
Forecasting

Outline

1. Background of RTIS system;
Objectives;

3. Proposed algorithms for short-term travel time
prediction and incident detection

4. Case studies; and
5. Conclusions and further study.
6. Current development for Bangkok system

Automatic Vehicle Identification (AVI)
Technology

I [ Autatoll Unly i
BT TIT
1 -
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Autotoll Tag Data

Tag in Circulation is over 220,000 tags out of 565,000
licensed vehicles in Hong Kong in December 2007

AVI Technology - Autotoll tag data

Lion Rock Tunnel (LRT) Cross Harbour Tunnel (CHT)
Toll-gate Toll-gate
8:00:00 8:15:00

Travel time of this vehicle = 8:15:00 — 8:00:00 = 15 minutes

&

AVI Technology - Autotoll tag data

Lion Rock Tunnel (LRT) Cross Harbour Tunnel (CHT)
Toll-gate Toll-gate
12:00:00 13:00:00

%! Travel time of this vehicle = 13:00:00 — 12:00:00 = :Ix

Incident Detection Based on Short-term Travel Time Forecasting
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Data Filtering Method for Generating Valid
Time Windows

—Lower limit  —— Upper limit =« Valid obsenation Invalid observation  —w— Smoothed awerage trawel time
a0 - T

a5 |

w
=1

Travel time (minutes)
n
S

0 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time of day (hours)

Methodology for Current Travel Time Estimation

TFS Off-line
Data . v variance/covariance
Filtering :fr?\';et:jmai Er:sf::ﬁ:t?;: matrix of link travel
Process time
Mean travel time Updated variance/
on links with real- covariance matrix of link
time data travel time

| |
|

TFS Off-line Mean travel time on
link travel

links without real-
times

time data
ég,bv 8

RTIS Speed Map (Directly Deduced)

{2 Trallie: Speeds an ba

Harg Ko, Kareloon arsd Mew Territories South - Windows Internet Explores

WA et tosess on Mam Routes i reng ong, iaen,

a Tranaport Department

The Governmant of the Horg €0mg Soscisl Admininrtive egion

(O Trial) Traffic Speeds on Main Routes in Hong Kong, Kowioon and New Territories South

Data Last Update Time Dirastly Daduced Tratfic Spesd
20080110 17:16:22 1 147 e kg

Teaflic

=3 show iniirectly Deduced
Traffic Spaed
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RTIS Speed Map (Indirectly Deduced)
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RTIS Validation Results on December
2007 (19 weekdays)

Accuracy of Speed Estimates
falling within the specified
speed interval

Cross Harbour Tunnel (Kowloon) 97%
Eastern Harbour Crossing (Kowloon) 100%
Western Harbour Crossing (Kowloon) 100%
Aberdeen Tunnel (Wan Chai) 97%
Tate’s Cairn Tunnel (Shatin & 100%
Kowloon)

Tseung Kwan O Tunnel (Sau Mau Ping) 100%
Kwun Tong Bypass 100%
Ting Kau Bridge 100%

@ Cheung Tsing Bridge 100%
11

RTIS Validation Results on December
2007 (19 weekdays)

Accuracy of Speed Estimates
falling within the specified
speed interval

Waterloo Road 100%
Princess Margaret Road 100%
Kai Tak Tunnel (Kowloon City Side) 100%
Chatham Road 100%
Salisbury Road near Nathan Road 98%

Kowloon Park Drive 100%
Island Eastern Corridor 100%
Connaught Road Central 99%

Harcourt Road 97%
& :
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2. Objectives of this study

= To develop an algorithm capable of predicting
travel times on the route with real-time auto-toll
tag data in the next 5-min interval

= To devise an algorithm for detecting traffic
incidents at current 5-min interval

& u

3. Proposed Algorithm
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Friday in N weeks ago Current day
y i ag Last Friday (e.q. Friday)
M b ﬁ No. of past Fridays (k) used: k> 2
Temporal travel time variances No. of previous time intervals (1)

used: n=1
ég; 14

K-Nearest Neighbourhood (k-NN)
Method

Number
of real-
time data

Number
of real-

_time data
> =" attime t+1

at time t+1

Current day
(e.q. Friday)
attimet
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Travel Times

Predicted travel times by
E-NN methed, X,,;

Temporal covakis

Current da\r
(Friday)

Previous Fridays

Temporal variances

Comparisons of Predicted and Estimated

Predicted travel times by the
proposed algerithm, T,

Estimated travel times by
real-time data, x,.,

real-time
data at
time t+1

real-time
data at
time t

real-time
- +— dataat
time t-1

Current day
(Friday)

Incident Detection

Historical travel time estimates at
current and previous time intervals

Real-time travel time data
at current time interval 1+

l

Predicted travel times
or speeds, X, or T,
[

l

Estimated travel
times or speeds, x,,,

]

at the incident location,

Comparison of estimated and predicted travel times or speeds

incident at same time interval

and downstream of that

l

[ Are their differences exceed a given threshold* ? I

l yes

| Occurrence in a number of successive time intervals (%), where 7 = 1?

yes
* The threshold is calibrated by the

@ | Incident alarm

historical travel time data. 17

Travel time

At time interval, predictad in

e.g. 8:15 am

t inciden;ﬁ

X

Aprp

downstream* L

&

Example of Incident Detection

previous 5 min
(k-NN method),

Travel time Estimated Threshold of
predicted in travel time by  travel time
previous 5 min  real-time data, (or speed)
(proposed Tt differences
method), T..,
6 min 2 min
10 min < 15 min 2 min
5min > 3min 1 min

Incident Detection Based on Short-term Travel Time Forecasting
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4. Case Study for Short-term Travel
Time Prediction

. .. Lion Rock Tunng
-‘C.j.‘ y / N \ >
/i .

R‘k Iy

Legend:

= Selected path

- €ro ur Tunnel (CHT)
Distance = 6.23 km,
Average free-flow travel speed = 60 km/hour

Number of Vehicles Travelled on the Selected
Path from LRT to CHT on 26 May 2006 (Friday)

LRT -
o d &%mm Valid Observations
| Manual
Autt:gtotl license plate Total
Facords matching
survey
AM Peak
(©8:00-10:00) | 285 303 588
Inter Peak
i (14:00-16:00) | V7 50 i
HMT . aB1234 PM Peak
% y (17:30-19:30) 259 608 867
Total 761 1,161 1,922

&

20

Validation Results for Short-term Travel
Time Prediction

Comparison of the Performance of the Three Prediction
Methods in the Six-hour Survey Period

Mean Absolute

Mean Absolute Perceritags
2
Model R Erro(:rg\:)AE) Error (MAPE)
(%)

= -

Propasd 0.82 1.03 4.62
algorithm
2-nearest

neighbourhood L 137 B2
Historical average App(l)'c;]a;hes 3.28 14.27

&

21
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Predictability of the Proposed Algorithm

w
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20 |

Predicted Travel Time (min)

15 17 19 21 23 25 27 29
Observed Travel Time (min)

Predicted Travel Times on the Selected Path from
LRT to CHT during AM Peak Period (08:00-10:00)

30

n
(&

Path Travel Time (min)
[+
o

—+ Proposed algorithm ~+— 2-nearest neighbourhood
= Historical average x— Observed

-
w

10

&

08:00 08:10 08:20 08:30 08:40 08:50 09.00 09:10 09:20 09:30 09:40 09:50
Time of Day

Predicted Travel Times on the Selected Path from
LRT to CHT during Inter-peak Period (14:00-16:00)

30

N
w

-

—

e
e

/ —— Proposed algorithm —— 2-nearest neighbourhood
= Historical average »— Observed

Path Travel Time (min)
n
o

i
w
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Time of Day

&
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Predicted Travel Times on the Selected Path from
LRT to CHT during PM Peak Period (17:30-19:30)

30

25 |

20

Path Travel Time (min)

10

@

—— Proposed algorithm
—=— Historical average

17:30 17:40 17:50 18:00 18:10 18:20 18:30 18:40 18:50 19:00 19:10 19:20
Time of Day

—a— 2-nearest neighbourhood
—— Observed

4. Case Study for Incident Detection

= Based on the road accident records
collected from Trans
has occurred on

= Waterloo Road in
North bound direction

= Involved 2 vehicles
with 1 person injured

= However, no observed data has been collected on
the path from Cross Harbour Tunnel to Lion Rock
Tunnel on 26 May 2006 for validation of the travel
time prediction.

&

port Department, an incident

in 2006

/g

HMT-LRT (Incident location)
Time Interval | Predicted Estimated Travel Speed Threshold of
Travel Travel Speed | Difference Travel Speed
Speed (7,.;) | (xus) (km/h) | (7, —xur) Differences
(km/h) (km/h) (km/h)
13:35-13:39 39.2 38.8 0.4 8
13:40-13:44 (43.0 34.9 8.1 8
(Incident
occurred)
13:45-13:49 36.7 28.2 8.5 8
13:50-13:54 31.8 28.5 33 8
13:55-13:50 33.0 31.5 1.5 8
Further comparisons on the predicted and estimated travel times and their
standard errors at the incident location, upstream and downstream of that
incident should be conducted, particularly when real-time data are o
available on the road segments of the path. -

132
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CHT-HMT (Upstream of the incident)

Time Interval | Predicted Estimated Travel Speed Threshold of
Travel Travel Speed | Difference Travel Speed
Speed (T7,,,) | (x.;) (km/h) | (7., —x.;) Differences
(kmy/h) (km/h) (km/h)

13:35-13:39 | 44.2 44.1 0.1

13:40-13:44 | 48.6 39.6 9.0

13:45-13:49 |41.4 31.3 10.1

13:50-13:54 |35.8 30.6 5.2

13:55-13:59 |37.3 327 4.6 8

5. Conclusions

= Short-term travel time prediction algorithm has been
proposed for incident detection.

= The results show that the proposed algorithm could
predict satisfactorily the travel times on the selected
path for the study periods with the minimum mean
absolute errors and mean absolute percentage errors.

= The results of the case study for incident detection
illustrated the potential and capability of the proposed
method to detect incidents accurately.

6. Current development for BKK

« Joint research and development with BAL-LABS,
Burapha University

= Follow up from the previous project funded by NECTEC

= A new project also funded by NECTEC to develop the
prototype for RTIS system on a specific route in BKK

= Also kindly supported by BMTA and TOT

= Using RFID system for bus management (in contrast to
the RFID system of Auto-toll in HKG)

-l
NeCTeC

» mamber of NS 30
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RFID-
Base

Station

Moving
RFID
Reader

(v

@i »
Fixed B-Base via ADSL

Meving Reader via GPRS
g
@ BAL Labs ... N==yy=l=ll 31

@ BAL Labs .

5
ECTEC..I

a mamber of NSTDA

32

Traffic data to Pocket PC/
Mobile phone

Shops, Events & Happenings, Eat
out?

Logistics applications:
Real-time Routing & Scheduli
Freight Distribution

Transport & Traffic
Policy:

Road pricing, E-Toll

¢ rr—

& membar of NSTDA

TOT based traffic info

]
NECTEC

TOT WiFi Hotspot : Paypoint,
Personal Life Style, ete,

Traffic data to in-car navigator

Calling & Securing
Taxi by Intelligent
Traffic Sim Card

Vehicle tracking: Security & Control :
Bonded trucks, Dangerous Cargo, Student
Van, etc.
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6. Current development for BKK

Install B-MOV tag on private vehicles and taxis (mid
2009)

Plan to develop the RTIS engine with the RFID data
from the bus system (early 2009)

Calibrate the off-line system (mid 2009)

Develop the first trial with a full validation (following
the previous experiences in HKG) (late 2009)

Further extend the coverage area for the full
deployment

-The End-

@ BAL Lobs necrec?
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