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ITS models
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Project supported by Ministry of Transport of the

Czech Republic

ITS architecture of the Czech Republic

« Is solved within the project ,ITS in transport-
telecommunication conditions of the Czech Republic

(802-210-108) supported by Ministry of Transport

« comes from KAREN, FRAME, ACTIF projects
time schedule 2001 - 2005
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_ ITS architecture — process analysis

The architecture defines the basic arrangement in (abstract)
space:

Reference architecture — defines main subsystems, basic actors,
relation with system environment

Functional architecture — defines main subsystem functions and
applications

nformation-architecture —defines reguirements on collection, -
transfer and processing of information

Physical architecture — defines requirements onphysical subsystems
(equipments)

Communication architecture — describes subsystems for transfer of
information with respect to/physical architecture

Organisational architecture — allocates the human function:into
system components




E ITS architecture — process analysis

Safety (risk analysis, risk classification, risk tolerability matrix, etc.)

Reliability (the ability to perform required function under given
conditions for a given time interval)

s  Availability (the ability to perform required function at the initialisation
of the intended operation)

a system must not be used for the intended operation)

Continuity (the ability to perform required function without non-
& scheduled interruption during the intended operation)

Ry Accuracy (the degree of conformance between a platform’s true
'GNSS loc parameter and its estimated value)




Management of ITS systems - model and reality

MODEL OF ITS SYSTEM
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I.TS ITS standards e _data
architecture register
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ITS architecture — Information data flow

Input data flows to
functional area 5 from
terminators

Data flows between
functional areas

5.Provide Advanced
Driver Assistance
Systems

dprrv_vsiugry
rdc.re_wslupy

rv.nd=dopravmi_prostredek_data
Atika_specificka_data

ap.rv_dopravnl_prostredel_data

Outputs data flows from
functional area 5 to
Terminators




ITS architecture — Information data flow

Imput data flows from nv_telematicke_informace
other functions

rv_poruseni_predpisu

ribc data_rozheani_clovek_stroj
dpr.data_rozhrani_clovek_siroy

5.7 Provide
* Jlematic
telematics
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z5.nv_dopravni_prosiredek_informace
pd.rv_id _zadosi
ci.rv_informace_a_wvedeni
rv.ep_dopravni_prostredek_data
aps.dst_data pv.zs_mayday valani_daia
eps.poi_data W nd dopravni_pi di
dopravni_prostredel_poloha opravni_prostredek_data
de poloha_data rv.cl_zadost a dala
pds.data
dpz.data_dopravni_prosiredek

Output data flows to

other functions
Output data flows to

terminators




ITS architecture — physical architecture

Centre Travc?l Coordination System
subsystems Archived Data Management System
Commercial Vehicle Administration System
Mainterance Management System Emergency Management System
Parking Management System Feet Management System
Public Transport Management System Freight Management System
Tool Administration System Information Service Provider System
Trafic Management System Law Enforcement System

Communication interface

Travellers Vehicles
subsystems subsystems

» Kiosk Systems Commercial Vehicle System Commercial Vehicle
« Personal Device _ Emergency Vehicle System ' Check System
system |+ Freight Equipment System Tool Collection
Maintenance Vehicle System

System : o
Public Transport Vehicle Parking Facilities
System System

Personal Vehicle System Roadway System
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ITS Data Register

The definition of data registry (ISO/IEC 11179 )

- An information resource kept by a registration authority that describes
the meaning form of data elements, including registration identifiers,
definitions, names, value domains, metadata and administrative
atributes

The data registry should manage two types of information

« Data and information standards at micro and macro information levels
to be used in data management

+ Information about current (legacy) data elements

METADATA

Name of element Definition

unique kode
ID Airport assigned to
Airport
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ITS Data Reqister

Benefit of data registry:

Data quality and access — reducing the ambiguity about similar data defined
differently across systems

Interoperability — today, system interfaces are customized between pairs of
systems (expensive to build and maintain, inflexible) — solution is data structure
definition

Cost effectiveness — constrained budget can be used when data services can
serve multiple systems rather than when each system develops its own data
services locally

Flexibility — common data services developed with automated tools allows system-
wide access to metadata and the data behind them more easily and efficiently

Data elements
ITS from Actual
Application

data register

5 \ Standardized
M

METADATA

Association
of metadata
Actual

Application 1 App“cation 2 @rrnnnnnnnnnnnnn Application

\ 4

Czech Technical University in Prague - Faculty of Transportation Sciences E/;%ﬁ
Department of Control Engineering and Telematics J Wi



ITS Standards

ITS standards (CEN, ISO) could be linked with

! « ITS architecture: functions, interfaces, physical subsystems,
communication links

- ITS data registry: data model, transmission messages

The role of ITS standards could be summarized:

- instrument for time, parameter and protocol synchronization
added value for ITS architecture and ITS data registry

Czech Technical University in Prague - Faculty of Transportation Sciences
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Web portal: www.its-portal.cz
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Tools for ITS design
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Tools for ITS design

1. Sprava poplatkl

1.1. Uzavfeni kontraktu

1.1.1. Uzavieni
elektronického kontraktu

1.2 Spravy kont
uZivateld

121 Aktudlni stav
uZivatel. korta

Informaéni architektura pro poskytovani aktualnich dopravnich informaci

Realizujici funkce

Datové toky

Datové toky

vstupni

terminatory

vystupni

terminatory

2.1.2.1. Identifikace a
Iasifikace nehod

pos. pohotovost_nebao_incident_ozn
ameni
eps.pgi_identifikace_odezva
nd.zz_incident_cznameni
md.zs_incident_cznameni
rv.ze_mayday_volani_data
zs_obecna_pohotovostni_data_
za_pohotovest_popis
zs_pohotovest_id_pro_preklasifikov
ani

zs_okraj_mayday_volani
rv.zs_dopravni_prostredek_data
rv.zs_dopravni_prostredek_pozice

[T] Pohotovestni
systémy

[T] Extemni
poskytovatel slufeb

zs.vd_alarm_oznameni_potvrzeni
zs.md_incident_data
zs.n_volani_potvrzeni
zs_pohotovost_id_pro_planovani
zs_incident_popis

z5_okra_mayday_velani_prvni_potvrzen

I
pos.pohotovest_nebo_incident_szname

ni
pai.eps_zadost_pro_identifikaci

[T] Fohotovostni
ystEmy

[T] Externi
poskytovatel sluZeb

3.1 Dopravni fizeni
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ze.md_pohotovest_zadost
msy.mpr_krizovatka_zadost
opr.ods_doprava_prikazy
pds.doprava_management_data
cstwyskyt_chodce
dpl.strategie_a_predpoved_prikazy
dpz doprava_data_vstupy
dpr.vwo_lokalni_pricrita_zadost
wd_md_dopravni_prostredek_priarit
a_zadost
md_vstupy_most_a_tunel
md_vstupy_management_pozadav
ku

md_doprava_prostredi_vstupy

[T] Multimodalni
systém

[T] Operator TS
systému

[T] PridruZeny
dopravni systém
[T] Cestujici

[T] Dopravni
plancvani

[T] Dopravni provoz
[T] Dopravni
prosifedek

md.eg_pnstup_kriteria
md.eg_doprava_podminky
md.vd_data_prenos
md.rv_rizeni_regulace
md.rv_doprave_vystup_data
podvad_data
.ci_sit_doprava_podminky
md.ci_parkovani_charakteristiky
md.ci_dopravni_sit_charakieristiky
md_data_pro_detekce_nehod
md_vystupy_pro_mest_a_funel

md_doprava_vystupy_pro_management

_pozadavku
rde.doprava_prikazy

[T] Ridié

[T] Externi
poskytovatel slufeb
[T] Multimadalni
systém

[T] Operétor ITS
systemu

[T] PfidruZeny
dopravni systém

[T] Cestujici

[T] Dogravni
planovani

[T] Dopravni instituce

1 2.2 Odeéteni plathy z
uZivatl. korta

1.2 3 Informace o
transakcich a
vérnostnich programech

1 .3. Elektronické
transakce

1.3.3. Kontroly kortraktu

1.3.4 Informace a
navody

135 Vipodet poplatkd
za sluzbu

1.3.6. Kontrola plathby

1.3.7. Provedeni plathy

1.4 Pfimy operétorim

1.4 1. Rozd&leni piijmd

1.4 2 Platky na konta
operdtort

1 5. Zabezpeteni proti
chybam systému

152 Detekce narugitele
plathy

153 Detekce narugitele

1.6. Management tarifl a
pristupovych

1.6.1. Management tariftl
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Economical Analysis of ITS Architecture

Information
Processing
64%

i ] Information
Telematics system without Collection

designed architecture 15%

Information
Processing
36%

Czech Technical University in Prague - Faculty of Transportation Sciences
Department of Control Engineering and Telematics

Information
Collection
16%

Information
Transmission
20%

Information
Transmission
49%
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Project supported by Ministry of Transport of the

Czech Republic

Information system for monitoring and control

of dangerous goods

« Is one of the pilot applications prepared within project
~Involvement of the Czech Republic into Galileo Project*

(802-210-112) supported by Ministry of Transport

- is pilot application of using the ITS architecture for practical
design of selected telematics application

. time schedule
2001 - 2006
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System architecture

telematics means (OBU of rescue vehicles, etc. ) |
IS Rescue B IS Public Authority IS Custom other companies
Services | Authority e.g. insurance

Management subsystem

* Route selections and dangerous transports tracks monitoring

* Emergency call in case of accidents, accident location

» Processing of available information (models of contamination, traffic
information, etc.)

* Instruction for intervention

» Re-routing of traffic, warning the public, etc.

» Accident impact evaluations

|
E N
e F
T O
E R
R M
N A
AT
e |

(o)

N

ITS Infrastructure | ITS Forwarding ITS Transport other companies
management | Companies Operators | e.g. meteo

telematics means (detectors, actors, OBU, ID, etc.) |




Project supported by Ministry of Trade and Industry of

the Czech Republic

Universal On-Board Unit for ITS

« isthe industry realization of universal ITS on-board unit in
conformance with Czech patent

«  Project consortium:
- Honeywell,
- Telematix Services, Telematix Software,
« Faculty of Transportation Sciences, Czech Technical University

. time schedule
2006 - 2009

Czech Technical University in Prague - Faculty of Transportation Sciences
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Project supported by Ministry of Transport of the

Czech Republic

Economical, Ecological and Safety Electronic Fee Collection
« Is supported by Ministry of Transport of the Czech Republic

- the project consortium is:

- Czech Technical University of Prague, Faculty of Transportation
Sciences

« Czech University of Agriculture in Prague, Technical Faculty

« Telematix Services, a.s.

. time schedule is 2004 — 2007

STEERING rot.frequency
CRANKSHAF
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Using of in-vehicle data in transport telematics

applications

- The connection between OBU and in-vehicle data (CAN)
can yield to providing the new telematics services:

« In-vehicle weight in motion

« on-line assessment of vehicle emission

« on-line measurement of externalities

-  safety assessment of vehicle driving

. ecological assessment of vehicle driving,
etc.

Czech Technical University in Prague - Faculty of Transportation Sciences
Department of Control Engineering and Telematics



lllustrative example - In-vehicle weight in motion
system

The basic principle comes from Newton’s Law of Inertia:
F=m.a
F — vector of vehicle force,
m — vehicle weight,
a — vector of vehicle acceleration

The acceleration a is measured by accelerometer or
GPS/GALILEO locator inside OBU

The vehicle force F is measured by processing of CAN bus
data

Novak M., Svitek M., Votruba Z.: The patent application CZ
PV 2003-3337

ip -Im la + Ib 05 -p-cw-SP
-M(ni)— aj- » + » —
up -Ra Ra

Vi
+(ka +—|-kb)+9.807 -sin(atan ( j)
3.6 100
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Project supported by Ministry of Transport of the

Czech Republic

== |TS effectiveness

- Is supported by Ministry of Transport of the Czech
Republic
« Project consortium:
- Telematix Services, a.s.
- Babtie, s.r.o.
- Telefonica O2, a.s.

time schedule 2004 - 2008
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ITS market packages

ITS Market Packages

ITS Architecture
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Traffic monitoring
Traffic information
broadcasting

Navigation of rescue

services

Poskytovatel
informaci

Example — 3 ITS market packages

stav dopravy

vstupy dopravniho operatora

Dopravni fidici
personal

informace pro operatora

Subsystém
dopravniho
managementu

fizeni SSZ
Subsystém > [
dopr:vsniho P poZadavek povoleni cesty + stav SSZ _— dopravni
< ystém silnicni charakteristiky
managementu komunil
[ s | = CD
ry Doprava
Koordinace incident(y
komunikace pozadavek
pirednosti
poZadavekk
pohotovostniho| | Stav dopravy +
Fizeni dopravy + uvolnéné cesty +
b sadavek uvolnéni inforamce o pohotovostnim fizeni dopravy
prujezdu| informace o poloze i H
- infrastrukturni informace

Management doporuc¢eni cesty > Management systémova data L SUbSYStém
zachrannych a = = vstupy operétora pohotovosti - zachranného $I|I'Ilﬁn| komunlkace
integrovanych | Qrson L . v vozidla

poZadovane informace . .
systémi pohotovosti nfrastrukturni informace

Pohotovostni hiaseni

Pohotovostnl
navadéni

Ostatni
komunikace
Y

L
koordinace
na ostatnich
komunikacich

A 4

Subsystém
silniéni komunikace

fizeni dopravnich senzord +_
CCTV dohled dopravy
Koordinace
silnignich zafizeni
Y

dopravni foky +
M obrazy dopravy

pozadavek stavu
zdravolnické sluZby

stav zdravotnicke sluZby “_

»( zdravotnicka
< sluzby

_ poZadavek zdravotnické péte

stav pacienta

stav zravotnické sluzby

stavgjici omezeni +
stav a rozsah oprav

Management
udrzby a vystavby

poZadavek na update
digitalnich map

A
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update digitalnich map

';[ Poskytovatel
digitalnich ma

N

pozice vozidla

Vozidlo

UrZenl polohy
vozidia

Sifeni dopravnich

stav systému
informaci

ni vysilané informace pro
ce informace fidice
mroTmaci
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fizeni SSZ
pozadavek povoleni cesty + stav SSZ

b\

stav dopravy +
uvolnéné cesty +
inforamee o pohotovostnim fizeni dopravy

¥ informace o poloze

Subsystém silni¢ni
komunikace

Example — synergy models of ITS packages

systémova data

frastrukturni infarmar:!

S
itficni komunikace >

e —— |
informaci

aktualni donravni vysilané informace pro

dapravni . informace fidite

podiiniay Subsystém

) Silniéni kom. l l

Vozidlo Ridi¢
Management |12S Ppskytovatel k ) [ < j

informaci

Poskytovatel

informaci stav dopravy

vstupy dopravniho operd

Dopravni fidici
personal L informace pro operatora

_ poZadavek na update
digitalnich map

Poskytovatel
digitalnich map

Management | doporuceni cesty ,  Management
zachrannych a : - vstupy operatora pohotovosti | zachranného
integrovanych arson ‘ "l vozidla
e pohotovosti L poZadované informace
poZadavek stavu _poZadavek zdravotnické péte
zdravolnicke suzby Zdravotnicka ]‘ stav pacienta
+ - sluz stav zravotnické sluzb On-board
stav zdravotnické sluzby \ by v, e
J
pozice vozidla
| stévéjicl omezeni +
~ stav a rozsah oprav Management Vozidlo
: Gdrhy a vystavhy
navédéri Uréenl polchy
id
poadavek naupdate . o
Paholovostni Hi&Zeni digitalnich map '[ Poskytovatel
digitalnich map

update digitdlnich map
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dopravni toky +

Ostatni
komunikace

[
koordinace
na ostatnich
komunikacich

A 4

™ Subsys

o obay d°°ra"3’( silniéni komunika
fizeni dopravnich senz8pl + ||  Zakladni sledovani

update digitalnich map >
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Fuzzy-linguistic approximation

- Processing of different knowledge representations (experts
knowledge, equations, statistical knowledge)

- Synergy models of cost/benefit indicators
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ITS Certification Laboratory

« 2005 -2007 — a lot of lessons learned through EFC system
Implementation

« 2007 — expert team of Minister created basic EFC
architecture with recommend opened interfaces

« 2007 — first contract signed between Ministry of Transport
and Faculty of Transportation Sciences to launch ITS
certification laboratory

« 2007 — first ideas how to legally create the laboratory were
discussed:

- ITS architecture and standards are main support
documents for certification

-  Certification is in reality the compliance evaluation between
predefined architecture/standards and real product of
supplier

2008 — certification laboratory starts to work

Czech Technical University in Prague - Faculty of Transportation Sciences
Department of Control Engineering and Telematics
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