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Overview - Main Topics

Where are we with ITS implementation?
What is an ITS Architecture?

Is ITS Architecture a valid answer to
plan and develop ITS projects?

Which ITS architecture is more adequate
for Israel?

Is the architecture on the EU funded
projects a practical answer?




Why are we here?

e Most Intelligent Transport Systems (ITS) are

an application of:

— Informatics, or Information Technology (IT)
- Telematics, or Information and Communication

Technology (ICT)

e Many ITS implementations are: late and/or
over budget and/or do not deliver what is

expected
e Reasons:

— Objectives not fully specified

- Bad:
e Planning and estimating
e Project Management

- New technology
— Inappropriate resources
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On-time IT Projects
Sweden 44% Israel 8%
Switzerland 24% France 6%
Czech Republic 20% Belgium 4%
Germany 19% Italy 4%

Denmark 16% Netherlands 4%
UK 11% Russia 4%
Finland 8% Spain 4%

G Source: EIU/HP/BBC (June 2007)




ITS Challenges - Implementation

e Can be complex & cover:
- Several services
- Several areas of road transport
- Different transport modes

e Can involve several organisations:
- Different types: Public, Private and Partnerships
— All have different ways of working
— Possible conflicts and poor relations

e Needs system integration so that components:

- Work together with:
e Each other
e What already exists

— Can be individually replaced
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ITS Challenges - Integration

e Needs many components to be integrated

e Lots of data collected from many components
e Common interface style for each user type

e Have best possible links with outside world

e Economies of scale must be exploited

e Citizens expect consistent, seamless multi-
modal services:
- From individual organisations
— Across all organisations
— Across regions (urban and rural)
— Across a Nation
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ITS Integration - Consequences

e Integrated system (and large)
- Whole > sum of the parts

e Many stakeholders that need to co-operate
— Vehicle Owners/Drivers
- Road Operators
— Operators of Other Transport Modes
- Regulatory/Enforcement Authorities etc.

e Varying commercial interests
- Public services, commercial services
e Multi-disciplinary activities
- e.g. Software, Hardware, Traffic Engineering

e Multiple manufacturers / technologies
— To build integrated systems
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ITS Architectures provide
a tool to help solve these
challenges

So, what is an ITS
Architecture?




Specification - Confusion

Without sufficient information,
different people make different assumptions
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Partial System Integration

e Many people think that you only need good
communications to integrate systems

‘Assumptions' ‘Assumptions'

Agreed
Communications

o Different assumptions prevent inter-operability
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Consistent System Integration

Assumptions -

e Agreed communications AND common
assumptions produce inter-operability

e Achieved with a System Architecture




ITS Architecture Objectives

e To provide an understanding of both the
transport Problem and its Solution
— Able to visualise {Whole > X (parts)}
— Satisfies the aspirations of the stakeholders

- Describe the problem as:
e The desired Results
e NOT in terms of its Solution

e To provide a stable basis for a Working and
Workable ITS implementation
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How does an ITS Architecture
fit into the System
Engineering Life-cycle?




ITS Architectures — What do we mean?

e Architectures can operate at different

levels:
- High-Level:
e Created after requirements definition to provide
initial “view” of system
o Start of "Top-Down"” System Design approach
e Technology independent
e Can be understood by decision makers

- Low-Level:
e Sometimes called "Design Level”
e Created as precursor to code generation

e Technology dependent
e Used by system developers/programmers
e Rest of presentation is about High-Level
ITS Architectures
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What is a High-Level ITS
Architecture?

ge.g. Functional, PhysicaD
e Top-level framework Communication Viewpoints

e Strategic plan for designs rUnderstand both thej

— “What is needed” &oblem and its solution
NOT
- “"How is it to be implemented” rFuture proofD
e Technology independent T
N
e Top-level assumptions Gable basis for working

and workable systems
S~ I

— Minimum necessary

Y
NOT Flexible systems should be
- Maximum Possible built on a stable architecture
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Place in the V Model

System Acceptance
] ] and Use
Validation
System Installation
ITS and Testing

Architectures

used here
System Integration
/ and Interface Testing

User Needs

System Concept
ystem Requirements
S5ystem Architecture

“-

System Degign

Module Design v Module Testing I




Impact on Development Costs
10 : 100: 1000 Rule

o Cost of fixing problems
in System development
iIncreases exponentially
with time

o System Architectures
can expose these
problems early in the
development cycle

e Early fixing costs less

— “70% of faults found
after unit testing are
requirements errors”
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Cost
(MEuro)

A

ITS
Architectures
used here

System

Requirements  Design

A A A

System System System
Development Installation  Operation

System




How is an ITS Architecture
created?




ITS Architecture Creation Process
Overview

(Sta rting
Stakeholder Aspirations \ Po i nt

\

reation
process in
(some or all here - see
of these) next slide
~ %

Organistional Risk

Issues Analysis
Deployment Becnoes;:ts
Programme

System Scon?f;_)om_ant
Boundary Infrastructure Specifications

Specifications




Full Architecture Creation Process

| |
| ITS User Scenarios Stakeholder Aspirations
European ITS v
Framework Architecture Concep (ot
Models
Functional User Needs
Viewpoint
System o 7 Context
~_ Physical Boundary Diagram
Locations Infrastructure
Physical Communications || Specifications
Component 3 q . 9
? Viewpoint Viewpoint

Specifications

Organisational Risk Deployment
Review Assessment Study

Cost Benefits Organisational Issues Risk Analysis Deployment Programme

v v v

Cost/Benefit
Assessment

B T GEthe:
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ITS Architecture Contents (1)

e Typically:
- A set of User Needs: single sentence statements that
define the Services to be provided

— A Functional (or Logical) Viewpoint: describes the
processes needed to provide the Services

— A Physical Viewpoint: shows where the processes
are located

- A Communications Viewpoint: describes the links
between the locations
e "Viewpoint”: the new name for some parts of
an architecture:
— The US and elsewhere still call them “Architectures”
- Some users find the name “Architectures” confusing
— Use of “Viewpoint” accords with IEEE Standards.
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ITS Architecture Contents (2)

e Optionally:
— An Organisational Viewpoint: identifies any
management/operational issues

- A Deployment Programme: provides a high-level
view of how the Services will be deployed

- A Risk Analysis: things that potentially threaten
the deployment of the Services

- A Cost Benefit Analysis: the costs of providing
the Services and the benefits provided
e Inclusion of some or all of these depends
on why the architecture is being created
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Creation and Use of an ITS Architecture

National/
Regional ITS
programme Decision
about
Projects
- \ Yearly \ Design Follow-up
Is;f;itneiﬂ'c >~ Economic ) of Realisatio and
9 Planning Projects Evaluation
% A *
““ E “‘0 :{"..'.-. -““"
: [(Selecta) %,
= | Solution %,
- .

Deployment
Plan

Stakeholder
Aspirations




Different types of High-Level
ITS Architecture and how to
decide which one to use?




Framework ITS Architecture

e Contains:
— User Needs Framework ITS Architecture

— Functional/Logical Viewpoint T

— Provides guidance documents to Framework
assist Users —
Extra User
e Using it: Needs
- Very flexible - easily adapted ctione L Extra

— Needs effort from User to create
Physical Viewpoint, etc.

— Can develop "“local” architectures — —
from it of either type: Viewpoint Viewpoint
o Framework Communications Communications
. Defined Viewpoint Viewpoint
- Congigctllration Management practice Additional guidance for the creation of
neede

e Needs its own tool
* Best example: European ITS

= 'Y W/ O A 2
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Defined ITS Architecture

Defined ITS Architecture

Stakeholders’ Aspirations

e Contains:

- User Needs Defined Architecture

— Functional, Physical and ancona) T
Communications Viewpoints

— _Supporting D_ocu_ments to identify R B
implementation issues, etc.

- - Supporting Documents
*Using It:
- Lacks flexibility — difficult to adapt

to changing I‘eqUil‘ementS Risk Analvels
— Use can be made flexible with
“overlapping” modules in Physical — ~—~— ] o
Viewpoint 1 ST
— Needs less effort from User Sbt‘;::*t ewpa
e Needs its own tool " Viewpoint
- ocused Supporting i o oo i
e Best example: US National ITS Docume

Architecture




How to choose most appropriate ITS
Architecture type - Scope and Type

e How is ITS implementation in Israel to be
managed?

- Services:
e Same everywhere?
o Different in some parts of country?

- Range of transport modes to be included?

e Type of Architecture:

- Defined: there needs to be a fairly common
approach throughout the country of Israel

- Framework: the regions and/or cities of Israel
will expect to have their own ITS Architectures
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How to choose most appropriate ITS
Architecture type — Resources

e Creating architecture without another
architecture as a starting point is:
— Time consuming (X2 years)
- Expensive (lots of resources needed)
- Incompatible with anything else

e Best option is to use another architecture
as starting point:
- Saves time (6 — 18 Months)

— Two starting points:
e US National ITS Architecture
e European ITS Framework Architecture

— Choice depends on which has the “best fit” with
what the proposed ITS deployment will include

SIMCE 1957
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Starting from US National ITS
Architecture

e Advantages:
- Well developed
— Lots of users in US
— Easy to use: Turbo® Architecture Tool available
- Not much effort needed to use it
— No particular “"architecture” expertise required

e Disadvantages:
- Inflexible:
e Israeli ITS service requirements must be “exact” fit
o Difficult to change if not

e Physical deployment options:
— Are what the US uses
- Have limited flexibility through “"Market Packages”

— No real ownership for Israel — like a US County?
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Starting from European ITS Framework
Architecture (FRAME)

e Advantages:

- Flexible:
o Extra Israeli specific Services can be easily added
e Can be “"Framework” or “"Defined” Architecture
e Designed to be adapted by Users

- Physical deployment options can suit Israel

— Becomes “Israel’s own” ITS architecture

e Disadvantages:
- Needs more effort to produce ITS architecture
for Israel because of need to create:
e Physical & Communications Viewpoints
e Own (Israeli) tool for Architecture Users

- Expertise for creation may not be available
within Israel

FIMOE 10457
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Suggested Choice of Architecture for

Israel

e Use a Defined Architecture:

Small country so not much variation in Services
Gives control of ITS implementation

e Start from FRAME:

SIMCE 1957
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Enables creation of “"ITS Architecture for Israel”
that is “"customised” to local needs

Designed to be adaptable for different Services

Not dependent on others, e.g. US for architecture
changes/updates

Help and support available through joining the
FRAME Forum




FRAME

The European ITS Framework
Architecture




History of ITS Architecture
activities in Europe
([ 1992-94 |

1989-923

SECFO
(DRIVE I)

1994 —

US National ITS
Architecture

IﬁlE ! I
CORD Projects

A\ 4

EC Funded
Projects

7 ISO TICS
Fundamental
Services
SATIN | 1996-98
v
CONVERGE T |
> KAREN I:
Expandin
2001-04 | ? 2

[ 2006-07 |~

\ 4

\ 4

National ITS Architectture
Activities: ACTIF,
ARTIST, TTS-A, etc.
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Current FRAME deployment in Europe

| Non FRAME Arch’s
FRAME Arch’s

B e

VIKING

COOPERS
SAFESPOT
Others?
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Navigation Tools
Objectives

e To make the FRAME easy to use
o Support developers of ITS architectures
e Help the dissemination of FRAME

e Two tools available:

- Browsing Tool

— Selection Tool




Browsing Tool

A MEGA_Process_600 - Microsoft Internet Explorer provided by BTopenworld [ . =121

Eile Edit Mew Favorites Tools Help

$=Eack ~ = - @ ot | {Qsearch [GFavorites o4 | B S =~ B>

Address I@ C:\Documents and SettingsiphiiMy DocumentsiCopies From Main PCYFRAME Mavigation Tool - WiHomePage.html j @Go Links *
GEMERAL QUERY |Z|
Horme Page Acfc‘!“.‘*'m Gelnlelral
Cefinitions Crefinitions
i=
=l ® =

® 4] European Architecture Navigation Version
B (Browsing Tool)

Figure 1 Context Diagram

Figure 2 Functional Area Diagra

B4, provide Electronic Payrment F
Thiz Browsing Tool provides access to a HTML wiew of part of the European IT3 Framework Architecture, It enables in fact the

B8z, provide safety and Emergen Functional Viewpoint and part of the Trace Tables to be viewed interactively using a standard Internet Browser. Further information about
=3, Manage Traffic the Functional Viewpoint and the Trace Tables can be found in the documents listed below, that can be read or downloaded from the

"'Figure 13 DFD 2. Manage Tr. 'LIERARY page of the FRAME Weh Site.

“IElFunctional Tree of Area 3 |

50O & Functional Viewpeint: D3.1 (Functional Viewpoint Document)
2L Brosld= Trsticcontiol * Trace Tahles: Annex | of D3.6 (Overview Document)

“[ElFigure 14 OFD 3.1 Provide

BFunctional tree 5.1 If wou are a first time or infrequent User of this Tool andfor of the Framew otk Architecture itself, it is recommended that you also read the

) § last sections of this Home Page and the 'Mavigation Diagram' page. Others Users should directly access the Browsing Tool pages through
SR S ban T rath the links in the Main Indexes list below (or in the menus on the left).

2lFigure 15 DFD 2.1.1 Pr

31,11 collect Urban 1

“3,1.1.2 Manitor Urban

MMain Indexes

403.1.1.3 Provide Urban

11,4 M Urb : .
: st S Ran o UserMeeds against Functions

3.1.1.5 Provide Urban » Terminators

; Figure 16 DFD 3.1.1 » Functional Areas
3,1.1,5.1 Provide U & Data Flow Diagrams (DFD's)

3.1.1.5.2 Provide Pl * Functions
* Data Flows
e Data Stores
* Acronym Definitions
* Ceneral Definitions LI

3,1,1,5.3 Provide
3,1.1.5.4 Pravide L

021,155 Provide U 7]
1 I
@ |_|_|_|@, My Computer

B T GEthe:
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A Data Flow Diagram

EGA_Process_600 - Microsoft Internet Explorer provided by BTopenworld : : - = |E|i|

File Edit ‘“iew Favorites Tools Help i

Back + = - (2 ot | Q) search [EFavorites &% | By & - 8o

Address I@ C:\Documents and SettingsiphjiMy Documents\Capies from Main PCYFRAME Mavigation Tool - ¥iHomePage. html j @Go | Links >
GEMERAL QUERY E
Acronyrm General

Home P3ge | finitions Definitions

=y “w <]
8 This is a DFD diagram which provides a description of the function in the ITS environment

SREEIE
. — to rno-urban_tratfic_responses :
"'Figure 1 Context Diagram : mt_urban_strstegies  ——8
kR fo rno-urban_traffic_commands
AT e n h 3.1.1.5.2 Provide
Flgure 2 Functional Area Diagra :E mit_planned_urban_data_read <{
= - Planned Urban
By, provide Electronic Payment F 3.1.1.5.7 Provide mmt_planned_urban_data_update o Traffic
EE : Operator Urban &= Managemert
[ 2. Pravide Safety and Emnargen Traffi
aO " rarie - imt_operatar_urban_traffic Facilties
R Traffi AEEmE
SR=ds i Facilties o mit_operator_urban_traffic_manag 1 _management_reguest
Figure 13 DFD» 3. Manage Tr. ement_response
Bl unctional Tree of Area 3 mt_operstor_urkean_traffic_staic_ —— mt_planned_urban_traffic_management_request
E-3.1 provide Traffic Contral daa_reduest
2 : — frra-urban_traffic_managemant_stratedies
Figure 14 DFD 3.1 Provide mmit_operator_urban_traffic_static_ - - o - d
“ElFunctional tree 3,1 data_responee
E-3.1.1 Provide UH ‘? i W
Figura 15 DFD 2. 1.9F —= mt_ur bian_static_dats — —#= mt_urban_to_inter-urban_traffic_commands i
3.1,1.1 Collect Urban o
—3= mtpepf_urban_access_criteria miurbanresponse Haut
©3.1,1.2 Monitor Urban —E= trnms mme-urban_crozsing_inhibit
—= it impta_urban_rosd_dsta ST = =
2,1.1.3 provide Urban \ e = b i )
@i Fansgaliban \ ¢ mt_urban_flosting_car_location ; it _urban_bridge_and_tunnel_ingputs
E-03,1,1.5 Provide Urban M Mansge % mt_carpark_occupancy_limits il R el
Figure 16 DFD 3.1.1 : =rete FE— mt_urban_environmental_inputs
TramcDes —= mt padas_urkan_driving_regulations
31.1.5.1 Provide Ui E— it _bridge_and_tunnel_urban_inputs
y mmt.
53.1.1.5.2 Provide PI psle_urban_enforcement_guidelines 31151 Pro\fide A mt_urban_incident_strategy _recuest
gl EisiProvidei Ui —F= mt.pepf_urban_free_ride_reguest HrbaniTiatie
Managemert L2 mit_predicted_urban_network_data
Ege des - pragida:Uh ki — mt_urban_static_data_read
. KE— mt_urban_zoning_strategy
2,1.1.5.5 Provide U7 — rnt_urban_s‘tatic@:iata_update
ﬂ il KE— mpto.mt_vehicle_priority_request ﬂ

’_ l_ l_ |ED.;], My Computer
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Selection Tool

e Designed to be free, 'open’ and easy to use
- With an interactive user interface
— Written in Access and VB

e Users have the ability to create their own

Architecture sub-set:
- Both Functional & Physical Viewpoints

e When necessary, users have to:
- Draw their own diagrams
- Add new User Needs, Functions, etc.

SIMOE 1957
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Selection/Creation Process

(  Select
[ Start 1[ —— User Needs &
/ Setot reayired sub. Functions

set of User Needs

\

Identify main (Sub-) .
Functional Areas | For Each Function

A
Sto resl Identify ™
di fi
F I OWS & Fﬁ?wggzﬁg?u:i‘gg - cor::ec:;nlar::iing
Te r m i n a to rs Trace Table) User Needs
N

Confirm choice of
I E— :
f A - \
\ Select Data Stores needed by For each Function select

Selected Functions required Terminator Data
Flows - hence select

required Terminators

. Check

Select Funct | Data Flows .

S u b - S e t nei,zgd t:jyngell‘:erc‘:ed Ia=uanctions > ConSIStt::nc_y

and Data Stores an(li:lf::‘l;:?;s:ng Crovide data to produ@ \
H Context Diagram

Functional !

= = Sub-set _Functional - | AS S I 9 n
\Vlewpomtf \ /| Functions

Allocate Functions and Data Allocate Functions and I \ to_
Stores to Sub-systems —|-> Data Stores to Modules I OC a tl o n S

/Select Data\

(Locations) within Sub-systems

\

Identify Functional

S u b = Set Identify Functional Data \ Data Flows between I
Flows between Sub- q . Modules - allocate to
= . Split Physical Data .
P h yS | Ca I RN EIELE L Flows into Constituent Physical Data Flows I

Data Flows between Sub-

: " | Physical Data Flows as
= = systems and Terminators - I e
VI ew p o I n t allocate to Physical Data v
Flows _ e ol o o o
 / ,jﬁg =i
End < — Physical Architecture "Specific System"><— .
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Selecting User Needs

Selected Functions

aaaaaaaa es

Select Data Stores needed by

Select Functional Data Flows
needed by Selected Functions

Split Physical Data.
Flows into

Identify Functional
Data Flows between
Modules - allocate to
Physical Data Flows

Physical Data Flows as
necessary

B T GEthe
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=k Sub-set Functional Viewpoint

Selection of User Heeds

zer Meeds:

10
=-[J101
=102
m-[]103
=-[O104
#-[J10.4.0
[]104.1
G110.4.1.1
10412
10413
#1042

. FAne

Descrphion:

&

i

=

fdd -

¢~ Hemove

OK
Qust

. st of zelected Uszer Neads

[1101.31
[ 1101.3.2

Selectal|  Clear selection|

The system shall be able to provide in-vehicle general [dynamic) PT information, = |
a3 well as the amival ime at, and name of, next stop for this vehicle.

=




Selection of Functions

=i Sub-set Functional Viewpoint

Selection of low level Funclions related to selected User Needs

Iﬂul&vdewﬁms ..list of selected Functions
[Jaread [14.1.2
O 1441
= 4.4 Add -
OE pre—

444 I Hemcvs

entify

Trace Table) User Needs

Confirm choice of
Select Data stores eeded by For each Function select
Selected Fun required Terminator Data

Flows - hence select
| required Terminators
Select Functional Data Flows Checkd ;
needed by Selected Functions

and for missing
and Data Stores D Pro\(l:lse't:::lnli:gp:duce
S
Architecture
Allocate Functi d Data Allc
Stores to Sub- to Modules
(Locations) | within Suh-tymt ‘ l |
L Identify Functional |
ity Funtone Data | e e e
lows between Modules - allocate to
systeme and Terminator Flos oty Gonsino Physical Data Flows [ .
e e ||| Do ' I elect all selection
's and Terminators - | e

Descriplion:

Control Vehicle Driving - This Low Level Funchion shall corvvert the actions defined by ﬂ
the control strategies into commands to be scted upon directly by the controlled
vehicles or therr divers. The control of automatically diven Public Transport vehi...

H
User Need Salisied

10.4.1.1 : The spstem shall be able to provide in-vehicle general [dynamic) PT ﬂ
infarmation, a3 well as the arival time 2t, and name of, next stop for this vehicle,

[, T T P T T O L I, -t O | e R T, S L e [
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Using FRAME

s

+ FRAME

?-------------------

List of European ITS User Needs

Sub-set of Functionality

Stakeholder
Aspirations

Physical Viewpoint

Defined

Architecture
produced
from

FRAME

Communications Viewpoint
Organisational Viewpoint
Risk Analysis, Deployment Plan

l + Other Outputs if needed
0O GG ¢ &G ¢ & & e & o &




What happens after the Architecture is
created?

e Use it!!
e How:

- Depends on:

e The type of architecture?

e How ITS is deployed in Israel?
- You may have to:

e Train people in its use

e Promote is use

e Get feedback on its use:

- "How was it for you?”

— Are there:
e Things that need changing?
e New Services to add/modify/delete?
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Standards

e Only apply to "Physical” links:
- Roadside - Vehicle (DSRC)
— Vehicle to Vehicle (V2V)
- Roadside — Centre

e Try to use existing standards:
— CEN & ISO work together
- Already cover many ITS aspects
e If you have to create new standards:

- It takes a long time
- Work through CEN TC278
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Thank you for listening

FRAME Web Site: http://www.frame-online.net

“"BROWSING TOOL"” - on its own page
“SELECTION TOOL"” - on its own page

“"LIBRARY"” - contains documentation

“ABOUT ITS ARHITECTURE"” - contains background
information and brochures
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