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Summary:

Wide range of available and forthcoming transpelérnatic services leads
to their integration in one vehicle OBU (On Boardif)l This approach
called “One OBU on board” represents great chadengowever, it
requires the system support of the whole portfolidelecommunications
services. Access solutions switching is subjecintdnsive R&D and this
area is also covered by the ISO/CEN CALM standanitgative. These
standards are focused namely on system architeandeswitching tools.
Decision schemes do not have high priority andviftely applied Policy-
based Management (PBM) is mostly accepted as thmppate approach.
The proposed alternative of adaptive decision mee®is based on the self
trained classification. Time line of the measuremtadwith its correct
assignment to the relevant class/path represeaising data. Decision
processes can be continuously improved in theitityué the self training
processes continue in the application period.

2.5G GSM data services package and (Mobile) WIMBEE 802.16d/e)
wireless access system has been identified as pagte combination
applicable for remarkable range of telematic sohgi Additionally,
automotive CAN bus, DSRC and minimally one représtére of PAN
solutions should be included in the OBU telecomroations services
portfolio. The presented system solution is equippeith all above
mentioned telecommunications solutions.

General multi-path access telecommunications soludefined by family of
CALM standards accepts transparent matrix architecivhich corresponds
to the principles applied in “carrier grade” telemounications system
design. Current trend in chip sets and modules R&D production does
not mostly meet professional telecommunicationstgmis requirements, as
they follow the mass market terminals needs. Tlea af mass market
terminal has in comparison to the “carrier gradelusons significantly
more “liberal” approach to the system architectlstil OBU is massively
installed in all vehicles, which will significantlynfluence the OBU
production volumes, conditions of unit designs wiimain unchanged.
Therefore it will be necessary to invent the compise approach of the
OBU designers which will have to take in accourlesugenerated by the
mass market terminals dominance.



Shrnuti:

Siroké spektrum dostupnych st&jjako gipravovanych telematickych
sluzeb vede k integraci sluzeb do jedné palubnidi@z jednotky (OBU).
Tento gistup je velkou vyzvou vyZadujici ale koncentraclébo
pouZitelného portfolia telekomunikaich sluZzebReseni na baziippinani
vicekanalového ifistupovéhoreSeni je Uzce spojeno Bgravou ISO/CEN
standard CALM. Tyto standardyeSi redevSim systémovou architekturu a
vlastni nastroje i@pinani, ale procesy v§tu nejvhodsjsi alternativy jiz
nedostaly odpovidajici prioritu a v IP sitickzke uzivany PBM (Policy-
based Management)fiptup je ¥tSinou vniman jako fiméiené feSeni.
Navrhovana alternativa rozhodovacich prdécesychazi z princip
samodticich se klasifikénich proces. Trénovacimi daty jsodasovérady

jiz namgtrenych parametrdoplréné o spravny vy komunika&nihoteSeni.
Pokud samotici se procesy pok&aji i v aplikeeni period, lze tim
doséhnout postupného zkvabvani identifik&nich proces.

Kombinace portfolia datovych sluzeb 2,5-t¢ gener&®M se sluzbami
WiMax (IEEE 802.16d/e) byla identifikovana jako @ ifeSeni pro
pokryti poZzadavik Sirokého spektra dopravnich telematickych sluzduU
jednotka musi dale podporovat automobilni CANrslzi, systém DSRC a
minimalns jednoho z reprezentanPAN technologii. RedloZzena systémova
architektura je vybavena moduly podporujicimi v¥echvySe zmigna
telekomunik&ni feSeni.

Obecna vice-kanalova tiptupova telekomunikai feSeni definovana
standardy CALM akceptuje transparentni maticovochigekturu, kterd
koresponduje s principy z oblasti profesionalnichlekomunik&nich
systéni. Sowasny vyzkum, vyvoj a vyroba seintegrovanych obvadse
neubiraji timto skrem, ale jsou fedevSim orientovany na oblast
koncovych z#izeni masového trhu. Tato oblast ve srovnani s
profesionalnimi telekomunikaimi systémy ma vyrazn liberalngjsi*
piistup k transparentnosti systémové architektury. t®&aloby, nez bude
jednotka OBU masav instalovdna do kazdého vozidla tskkdkem
zasadniho néstu objemu vyroby OBU jednotek, nelz€e&avat, ze se
situace zasadnzmeni. Proto je pro toto obdobi nutné hledat komprainis
teSeni navrhu OBU jednotek s nezbytnosti i vyuZzitistppi a prvii
vyplyvajici z dominancéeSeni termindél masové spieby.
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1 INTRODUCTION

The area of the Intelligent Transport systems (liBS3ssociated with
serious society expectations and getting ITS agpdios in the real practice
is understood as the essential potential to sianifly faster resolve many
transport problems. The ITS architecture refleetgesal different views of
the examined system and can be divided into:

» Reference architecture - defines the main termigatd ITS system
(the reference architecture yields to definitiorbotindary between ITS
system and environment of ITS system),

¢ Functional architecture - defines the structure ametarchy of ITS
functions (the functional architecture vyields toe tldefinition of
functionality of whole ITS system),

< Information architecture - defines information lnketween functions
and terminators (the goal of information architeetis to provide the
cohesion between different functions),

e Physical architecture - defines the physical sulesys and modules
(the physical architecture could be adopted acogrdb the user
requirements, e.g. legislative rules, organizasivacture, etc.),

« Communication architecture - defines the telecomoaiions services
between physical devices (correctly selects sdtletommunications
service),

e Organization architecture - specifies competencies single
management levels (correctly selected organizatamchitecture
optimizes management and competencies at all maragdevels).

ITS implementations usually cover widely spreacaarand quality of
provided services is considerably dependent onaguiad quality of the
applied set of telecommunications services. Authafr this paper
concentrates his effort on telecommunications stppfothe ITS solutions
structured as follows:

* ldentification of the ITS system performance regoients impact on
the telecommunications solution parameters (pedoira indicators),

e Architecture of multi-path wireless access telecamitations
structures,

e Detailed analysis of the external as well as irgkrperformance
indicators of each accepted wireless telecommunitasolution,



» Decisions processes implementation into the mualtipwireless
telecommunications system management.
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Fig. 1. Transport telematics telecommunications &ss solutions

Fig. 1 (see [11]) has been cited all around thddvororder to explain
complexity of the both ITS structures and releveglecommunications
solutions. This figure also points out remarkabhalienge based on fact
that the wide range of different requirements dfiedént telematic services
is reachable only if available telecommunicatioesviees are effectively
combined. The sophisticated integration of the whainge of potentially
available telecommunications services opens pdisgilior the compact
ITS solution supported by one On Board Unit (OBt@Qne OBU on the
vehicle board” strategy is challenging opportuniigh very good potential
for successful implementation of complex ITS sesgipackages in wide
variety of both personal as well as professionaiales.

2 TELECOMMUNICATIONS SOLUTION

2.1 Telematic sub-system requirements

The first step in addressing the ITS architect@guirements is the
analysis and establishment of performance parameter designed
telematics applications, in co-operation with thed-esers or with
organizations like Railways Authority, Road and bletays Directorates,
Airport and Air-transport Authorities, etc. The ihetlology for the
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definition and measurement of following individusystem parameters —
performance indicators - was developed in framehef ITS architecture
(see [1] - [3]):

e Availability - the ability to perform required function at the
initialization of the required operation.

« Integrity - the ability to provide timely and valid alertsttte user when
a system must not be used for the intended oparatio

e Continuity - the ability to perform required function withouion-
scheduled interruption during the intended openatio

e Accuracy - the degree of conformance between a platforme tr
parameter and its estimated value, etc.

«  Safety- risk analysis, risk classification, risk toleilgtlp matrix, etc.

« Reliability - the ability to perform required function undervey
conditions for a given time interval.

Substantial part of the performance indicators sl is
decomposition of system parameters into individsab-systems of the
telematic chain. This step represents analysiegdirements on individual
functions and information linkage with goal thaé tivhole telematic chain
should comply with the above defined system pararaet

The completed decomposition of system parameterables
application of the follow-up analysis of telematibains according to the
various criteria (optimization of the informatiorabsfer between a mobile
unit and processing centre, optimal use of thetiegisinformation and
telecommunications infrastructure, etc.). It is iolr¢ that quantification of
the requirements on relevant telecommunicationgtisols within telematic
chains plays one of the key roles in this process.

The mobility of the telecommunications solution negents one of the
key system properties namely in context of freqlyespecific demands on
the availability and security of the solution. Mtmming and management of
the airport over-ground traffic was one of our k@mpjects. This area has
been very strictly, nevertheless, transparentlyletgd. Successful results
of the ITS system tests processed under complewraiconditions can be
understood as the representative telematic referenc

Data transmission capacity can act due to posgilgh density of
moving objects and limited wireless capacitiesaaltsystem requirements,
which can be resolved either by application of aoizasting regime of data
distribution or by selective individually reduceteduency of positional
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data distribution. Distance between objects or mgvbbjects density in
area represent simple but effective criteria focchsundividual data
distribution management.

Following telecommunications performance indicatoggantify
telecommunications service quality (see e.g. [6D]):
* Availability —
0 Service Activation Time,
o0 Mean Time to Restore (MTTR),
0o Mean Time Between Failure (MTBF),
o VC availability,
» Delayis an accumulative parameter effected by
o Iinterfaces rates,
o frame size,
o load/ congestion of all in line active nodes (sivs),
Packet/Frames Loss
e Security

2.2 Telecommunications design methodology

The performance indicators described for teleconioations
applications must be transformed into the telemaéidormance indicators
structure, and vice versa. Such transformationwalleystem synthesis.
Final additive impact of the vector of telecommuations performance
indicators tci  on the vector of telematic pariance indicatordmi  can
be expressed by Eq. 1, however, only under comditiat probability levels
of all indicators are set on the same level angeatiormance indicators are
expressed exclusively by time value. We can expfexs

Ami=TM Gci, 1)
where Atmi represents the additive impactcdof n tmi andTM is trans-
formation matrix. The identification of thEM represents iterative process
and it can be handled in four iterative steps. itleatification process starts
with matrix in as general as possible structilidd, The transformation
matrix TM, takes in account all potential relations between
telecommunications and the telematic indicatorstridaconstruction is
dependent on the detailed telecommunications soluind its integration
into telematic system. The probability of each mimana appearance in
context of other processes is not deeply evaluategeriod the TM,
identification.



In case of the CaMNAfinal telecommunications solutigktmi  vector
consists of

*  AccuracyAp. ,

s AvailabilityAt,; ,
* Reliability At ,
+  ContinuityAt; ,

s IntegrityAt,.; -

and vectortci  consists of
+ time to uploadi; |,
+ time to downloadi,;, ,

* handover within the same me(.’rirahsmi )

+ handover within different (CALM) media, , .; -
 feedback parameters settings perad )
* MTTR of the terrestrial network service, . ; ,
e MTTR of the access mobile serviue:nm’i ;

e time period fix service is not available (self-heglnot available or not

successfuly, .

e time period mobile service is not available (salkling process not
successfull

na,m,i ’
+ time to accept OBU into relevant cg|l,
General impact of listed set of telecommunicatigresformance

indicators on above defined set of telematic pemforce indicators is
described by Eq. 2 - 6:

Ap =y * du,i + I’Chsm,i + I’Chd,m,i + I’Crp,m,i + (2)
(I ’

+rcr,f,i +rCr,m,i +dd,i +tna,m,i +tna,f,i
Aty =ty +dg; +1Cg i +TChg i ICrp mi @)

+ rCr,f i + rCr,m,i + du,i +tna,f,i +tna,m,i'

1 cAMNA - "Joining of the Czech Republic into Galilpooject” grant 802/210/112 of the
Ministry of Transport of the Czech Republic
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Attnai :t +tnami +n513mi [rchsmi + (4)

+ n%dml DrChd m,i + nSpml Ure

na, f i

rpml

+nsg; Urc, ¢ +ns,,; Orc

r,m,i?
At = rChg i HTChg mi TTC, i T (5)
+rc L +rCrmi +tnami’
Atyai = TChsmi T TChami +Crpmi (6)
HIC, ( +IC, gy

The transformation matrix structufeM of Eq. 1 in its initial stage
before processing, i.&M, is described by:

Kows s Kot O Koy O, Konam O Koprs 0 Ko O Koo 60 Kopary O Koo 3 0
Ko Kaan Kapsmis Ksnami» Ksspomi» Ko Kiemo Kinar Konamo Kooy
T™M, =| Koo Kegir Konsmi MSsmiv Kspami DSamiv Korpmi MSomir Ker o Ko mi» Kena s Ksnami» 0
0 0 Khsmi» Kepami» Kerpmis Keoir Komo Kearr Kepamo 0
Koo Kan K psmi» K pami» Krpimis Koo Kems Koatir Kpamo O

where V; is vehicle velocitynsmd,rpmi represents number of appropriate

phenomenon appearance (on agreed probability )levein time

interval(0,T). Value of each parameter, . ., isfied as either ,0°
or 1" in accordance to iterative process desctibelow.

Each element of the transformation matM is consecutively
evaluated. The detailed analysis of the particutetematic and
telecommunications configuration as well as proligbiof studied
phenomenon appearance in context of the whole mygegformance must
be taken in account. Such approach representtetia¢ive process managed
with the goal to reach stage where all minor intica (relations) are
eliminated and the major indicators are identifigith goal that relevant
telematic performance indicators are kept in git@erance range. Four
steps of the process leading to the final stage are

Mm primary elimination of the telecommunications paesen based on
implementation of relevant telecommunications sofutor setting
(e.g. guaranteed homogenous radio signal coveradefined area —
e.g. airport runway),

[l primary disregarding of telecommunications indicaib its weight
can be justified as insignificant,

[l identification and exclusion of indicators with sificantly lower
level of their appearance probability (e.g. in caéeoincidence of
processes with unified probability level of theidividual occurrence
- the dominant one is appointed),
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[IV] conclusion of the iterative identification of therdinant indicators as
the last step of the iterative process of Tiv identification is based
on the virtual telecommunications parameters sgdtihe potential
solution modification can, however, lead identifioa process back
to step [l].

The presented method is designed as universal iaspibssible with
clear aim to allow this method to be applied inthdest range of telematic
application. This method can be also successfylglied for the CALM
criteria identification. However, correct resultd described iterative
process are obtained only if the detailed knowledfthe studied system
solution is available as well as all causal refaiare identified and they are
correctly taken in account.

2.3  Telecommunications solution structure

Fig. 2 presents the typical telecommunications tsmuarchitecture
originally applied firstly in the pilot project CAMA and Fig. 3 presents the
chain diagram of the solution described on Fig. 2.

- v)
&z
g . ~
.@(1@

|

SERVER

il

Figure 2. Telematic telecommunications scheme dtebture

Structure described on Fig. 3 was later acceptecthas typical
architecture of ITS telematic solutions. On Boardits) (OBU), Sensing
System (SS) and set of Wireless Units (WL) areaited in the moving
object. OBU represents not only control but alsepldiy and operator
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interface and WL represents i-th cellular technology of the wirsles
complex solution. Terrestrial telecommunicationst pansists of the set of

mobile cellular Base Stations (BS(i-th bases station of the j-th cellular
system) integrated by the terrestrial network basetd3/L2 switches/nodes

(TN;) interconnected with Servers XSE2E (End to End) service is
provided via IP protocol, L2 switching is Etherpebtocol based.

Some alternative E2E communications paths: a) b) — ¢} »

Figure 3. Telematic telecommunications scheme i diagram

One access wireless technology can be selectedeasote solution
and it is substituted by the alternative technologgase it is needed or it is
feasible to do so. We will discuss procedures tgestlect the best possible
telecommunications solution being quantified by swead performance
indicators as well as by the other parameters dibevice cost, company
policy etc.

3 CALM

The family of standards ISO/CEN TC204, WG16.1 “Conmiations
Air-interface for Long and Medium range” (CALM) negsents concept of
identification of the best available wireless asceslution in given time
and area. The process of this alternative solutidsstitution is understood
as the second generation of the handover prindiplewn in its first
generation namely from the voice cellular mobilstsyns.

Each handover process is predestinated by set raimgders range
identified for decision processes managed by conind. The criteria for
the “best possible” CALM solution include “exterhals well as “internal”
performance indicators like Bit Error Rate (BERjcket Round Trip Delay
(RTD), level of received radio signal (to be comguhmith the other base
stations being just available) as well as costrotiged service, company
policy etc. The control system can take in accaottonly values of the
selected indicators, but it can also evaluate tpecific parameters
combinations trends. The decision for change camlbe caused by the
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identification of more suitable alternative - elyy the appearance of the
alternative service with better cost conditions revihough existing
alternative is still technically sufficient and eaf

The CALM standard resolves described above issu¢hbyvertical
system decomposition to the individual subsystenpparting the different
telecommunications access solutions. The systenagesment follows the
horizontal RM OSI layers principles - see Fig. 4.
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IS0 15628-hased 1P (Internet) ng:,tm’:‘{: gﬁs
_ APPLICATIONS APPLICATIONS
Application D
Manager Registration of Management sap ) Sap
Ingress/Eqress “Convergence Layer “Lonwergnce Laysr TCRJUDP.
15021210 d Ll
Interfaces Part of ISO 15628 1P socket/ INTERNET
1S0 21210 1S0 21210 STANDARDS

NETWORK INTERFACE
Routing and Media Switching based on IPv6

Manager 1S0 21210

150 21210

15021218 | 15021218 | 1S021218 | 15021218 | 15021218 | 15021218 | 15021218 | 15021218 | IS0 21218 | 15021218

IME 15021212 | 1S021213 | IS0 21214 1S021215 | 1SO21216  1SO24103 | ISO24zxx IS0 24xxx | 1SO 24xxx | IS0 24xx%
P 2G Cell 36 Cell IR W.LAN Millimeter DSRC W-MAN Broatcast PAN Wired

Manager Manager Manager Manager Manager 15015628 Manager Manager Manager Manager

External Media J CALM Network _ Applications

«» Data SAP < Management SAP

Interface =
Manager

isozmwz |, g® , B

i HE N B

28 B

g
3
@

Fig. 4. CALM Layer Architecture (Geneva review)

Details of CALM architecture are described e.g[lihi] and [12]. The
CALM system applies exclusively still not widely argh spread IPv6
protocol which allows due to its extensive abiitte continuously remotely
trace active applied alternative. The handovecemplished on the L2 of
the TCP (UDP)/IP model.

The handover processes are implemented in the rtiécal
telecommunications system with following layer sture (there is not any
equivalence with the RM OSI model):

« 1™layer — Cellular Layer (CL) - represents feed-becktrol processes
of parameters like transmitted power, type of aggplmodulation or
redundancy of applied cannel coding. Main goal @icpsses on this
layer is to keep given set of managed parametkesBit Error Rate
(BER) on L2 or Round Trip Delay (RTD) on L3 withiaquired limits.

« 2" Jayer — the first generation of handover (1HL)epresents the
support of process of the seamless switching betwee different cells
of the same provider's network. Such approach iplieg in
technologies like GPRS, EDGE, UMTS, Mobile WiMaxEBE
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802.16e), but also in new amendment IEEE 802.1%igded within
family of standards IEEE 802.11 (WiFi). This layase to share
information with CL layer (offered usually as ongstem) so that there
is no high risk of contra-productively operated gagsses on these two
layers - of course only in case it is correctlyigesd and operated.

3" layer — the second generation of handover (2HL¥ -mostly
dependent on identification of the service perfaromindicators. Most
of cellular systems is not designed as the opeesyswith appropriate
application interfaces. The interconnection withnagement of these
lower layers is not mostly available. It is for suthat the effective
management on the 2HL layer can be much easiehedat 1HL an
LC layers share relevant information with managset 2HL.

The communications CALM media are accepted in Yoty range:

Cellular systems including 2G and 2.5G GSM (CSBQ$D, GPRS,
EDGE) and UMTS,

DSRC (5.8GHz and 5.9GHz) used primarily for roadlirng
applications and also for access control,

Millimeter wave technology (62-63GHz) used in cowmgtion with
radar signal at similar frequencies,

Satellite telecommunications exclusively applied foemergency and
“special applications”,

IR (Infra Read) telecommunications solutions,

WiFi (IEEE 802.11 based) different alternatives bag, n,
WiMax (IEEE 802.16d) and Mobile WiMax (ext. IEEEBQ6e)
M5 based on standard IEEE 802.11p,

IEEE 802.15.x based solutions: Bluetooth — 15.1, BJ{MItra Wide
Band) - 15.3, ZigBee - 15.4,

W-USB (Wireless USB)
Other media to come.
Some of listed technologies (DSRC, Bluetooth, ZigB&IWB, IR,

RFID systems) operate exclusively on a short diganThis type of
telecommunications technology is applied e.g. fadely spread DSRC
based tall collection systems or for the enforcenseipport of the GNSS
based tall collection system. 5.9GHz DSRC versigsigned for USA) is
now ready to support a Car2Car communication. Télscommunications
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tools are as well quite frequently applied in tmorhadic” regime for the
specific mostly static applications like the dat@leange between Car and
Infrastructure in hot spots, parking areas etc.

3.1  Multi-path L3/L2 PBM based switching

Communicat
OBU 4

Base'\dfations

Base stations
1G handover
networks

Lanz
2G handover

SERVER

Figure 5. L3/L2 Switching based 2nd generation ledindover.

The decision processes representing basis for aloifippt of
telecommunications wireless services have not deeply enough resolved
issue within CALM documents. Data services solugiare mostly based on
the Policy-Based Management (PBM). L3/L2 switchiiaged alternative is
presented on scheme described on Figure 5.

The PBM concept has been traditionally applied le tP based
networking and we can only state its remarkablessg This approach
can be combined with the Model Driven Architectagproach employing
models, and precisely the Object management GrodX) Model Driven
Architecture (MDA). Authors of such approach [1#}dgrated language-
and middleware-neutral features into adaptive sesviA POETRY service
creation framework described in [14] applies thevPBethod to describe
and control internal logic of the adaptive servieasl simultaneously a
method based on the MDA model is used to deschibeatiaptive service
informatics model.

3.2 Multi-path adaptive classification process

An alternative approach applies a complex apprbasied on statistics
with limits given by the CPU capacity. Nevertheleswin driver of such
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approach is based on idea to provide a generatiadaolution with ability

to process continuously in time changing perforneanmudicators. Such
approach leads to the decision scheme which isontt based on the
performance indicators status but also on the evialu of the selection of
the performance indicators trends.

As already mentioned such complex mathematicalisolican easily
use remarkable capacity of the applied CPU. We sanexpect that
presented complex mathematical solution will be@ffrely combined with
the PBM approach namely thanks to the I[P nature ttf data
telecommunications.

Following paragraphs describe one of the potemggiroaches to the
decision processes. Proposed methodology is baséallowing principles
- see [18] - [20]:

* Measured parameters are filtered e.g. by a Kalrti@n. fSuch process
separates reasonable part of present noise andlbdes prediction of
the individual parameters near future behavior.

* Set of measured parameters is extended by detstimimarameters
like economical parameters, corporate policy etcl @sult is marked
as vector.

« Based on the time lines of vectrrit is feasible to classify the best
possible technology selection. The classificatidgoathm is trained
using the time lines of training vectorextended by assignment to the
relevant class, i.e. selected path.

* The classification process success depends todimng data size and
data quality.

Let us introduce the vectaras the vector carrying information about
the values of performance parameters in sample fiflme items of vectox
are either deterministic or random processes wilp te.g. of Kalman
filtering described e.g. in [19].

Let us define the classification problem as ancaliion of the feature
vectorxJR® to one of the C mutually exclusivasses knowing that the
class of x takes the value ifQ={a,.......cr})with probabilities
P(a,)......P(ac) . respectively, amrdis a realization of a random vector
characterized by a conditional probability densityction p(x\ a)), wlQ
This allocation means the selection of best fittetecommunications
technology based on knowledgexofector — see e.g. [19].

A non-parametric estimate of therth class conditional density
provided by the kernel method is:
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~ 1 N, —x%
fx| w)zinthj Di;K(th j @)

whereK ()l is a kernel functioh,,  is a smoagtparameter focxth
class,N,, is sample count in classand xy,...xy  is the independent
training data.

We use the Laplace kernel defined by the followliragplace density
function:

1 X—H
fL(X;,U,U)zﬁ@X ‘U} )
wherexOR, u0OR,o 0(0,x)

The product kernel is used with a vector of smowhparameters
hw:(h]w, ..... ,th) for each class The product kernel density estimated
with Laplace kernel is then defined as

Sy, 1o g x=xd]
f(x\w)—N—z 2, ex;{ . J )

w i=l j= w, j

Smoothing vectors are optimized by a pseudo-likelth cross-
validation method using the Expectation-MaximizaidEM) algorithm -
see [19].

To rank the features according to their discriniratpower the
standard between-to within-class variance rateniployed. This method is
based on the assumption that individual featureve h&aussian
distributions. The feature vectaf1R®  takekigato one of C mutually
exclusive classes Q ={a,........ @} The probabilisic measure
Qdyi,j(d,a)i,wj) of two classes sepaigbifor the feature d (d-th
component of feature vector) is defined as

7o, +o))

Q, (d@,)= ]
i i

' (10)

wherew and ¢ are classes and symbgl=30 denotes thecosmitant
which specifies the interval taken into accounbfability that observation
of normally distributed random variable falls [jp-30lo, u+30(0]
is 0.998). The smalleris the value of the measrg, the better is
separation of the inspected classes made by theded ForQ,;, <1 both
classes are completely separable.
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For multi-class problems, the two-class contribngi@re accumulated
to get a C-class separability measure Q(d) fofd¢hture d:

cC C

Q(d)=>">"Qy,(di, j) (11)

= =1
i#]

All features in training data are then sorted aditwy to theirQ(d)
measures. The functid@(d) is similar to a significance measure of the d-th
component of a feature vector. The subset of hffiagures is selected as an
output of this individual feature selection methdthe drawback of the
method is just linear separability. On the othemchahe individual feature
selection method based on the between-to withissclariance ratio is very
fast.

Presented method is applicable for the complexsi®tiprocesses
developed in order to select the best possiblengtive access out of any
set of available active paths. Fact that the decis based on evaluation of
both measured as well as determined parameteresesgs another
remarkable advantage of this presented methodduted method enables
to prolong the training process into the applicatmeriod as well as this
method is open for any future information resouresgension (namely
originated in 1HL and CL layers). Such approactdseto step by step
decision process quality improvement.

The presented method does not necessarily reqoieirdormation
from autonomously managed layers 1HL and CL. Systestability if the
lower layer management actions are not synchroniziéal the top layer
management can easily appear. To minimize contvduative actions on
the different layers it is necessary to follow tGALM management
interconnecting approach - see Fig. 4. It is natessary to centralize all
decision in one decisions center, however, the essfal solution can be
archived if the effectively designed synchronizatscheme is applied.

4  PROPERTIES OF GSM DATA SERVICES

Many users assume that the GSM mobile network cavige widely
spread fast and reliable data service with readensignal coverage and
high level of service availability. However, praei ITS implementation
identified quite a significant problem with perfaancte of the GSM data
services if applied within telematic applications.

Main objective of the presented results is to idgrithe performance
indicators range these services can provide forlTi® applications. It is
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feasible to recognize the additional “internal” eemance indicators which
can be applied for decision processes as instraherfibrmation.C/l (C is
the total signal power and representdnterference (noise) power) was
identified as such relevant “internal” performarindicatorand its impact
on the overall data service performance indicatditse presented.

Impact of the total GSM network load and providessrvices
preference management is measurable exclusively th® service
performance indicators (L3). Every “CALM decisiomiust in caseC/l
value is above the critical level take in accousbéahe values of service
performance indicators measured on the IP layer.

The GSM channel bandwidth is fixed to 200 kHz sat tifne ratioC/I
represents the critical parameter which principaifluence the GSM data
services performance expressed by the performadégators (see Shannon
- Hartley theorem):

+ Data Channel CapacityC,
e Packets Loss Ratio (PLR),
« Packet Round Trip Delay (RTD).

All above mentioned parameters can be identifietheyappropriate 1P
tools of the IP layer.

4.1  Methodology of measurement

Each of available 2.5 GSM generation data seniiee€€SD, HSCSD,
GPRS and EDGE was studied individually. We haveugique opportunity
to measure the performance parameters of the G®Nteg in one of the
GSM provider’s laboratory equipped by locally magaigle fully calibrated
base station with adjustable transmitter output grow see [24].
Additionally the noise signal with adjustable powewras generated by the
external calibrated noise generator. The powehefliase station was set
for each measurement period on the defined I€vahd power of noisé
generated by the additional noise generator washstestep changed within
the reasonable limits.

The service quality measurement was processed lmsagplication
of the L3 tools. Each individual measurement wasegated by “ping -n
100 -l 10 ftp.adress”, where n represents numbetrayfsmitted packets
(n=100) and | represents packet size (I=10B). Smaltked size was
reasonable for identification of the minimal seeviesponse time.
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4.2 Results

4.2.1 CSD Technology

Tab. 1 and Fig. 6 show that the CDS technologyespacket delivery
delay in the sub-second range. Studied servicedtatively low sensitivity
on the parametet/I, i.e. signal to notice ratio. However, it mustdtessed
that the CSD service represents a circuit swit@ienative with all known
disadvantages of this approach comparing with treck@d based
GPRS/EDGE.

Table 1. Basic data for CSD technology

ci Packets RTD [ms]
Sent Received Lost Min Max Avg

4,074 100 95 5 880 2844 1084
3,890 100 90 10 886 3558 1144
3,715 100 91 9 883 1689 956
3,548 100 88 12 728 1253 927
3,388 100 94 6 885 2195 970
3,236 100 95 5 877 4139 1049
3,090 100 90 10 723 4421 1004
2,951 100 85 15 835 3300 1009
2,818 100 91 9 877 2996 10664
2,692 100 90 10 888 3765 1072
2,570 100 89 11 841 4091 1084
2,455 100 89 11 884 2300 1044
2,344 100 93 7 888 3917 1114
2,239 100 89 11 756 3401 1126
2,138 100 57 43 887 3891 125(
2,089 100 84 16 889 3728 1177
2,042 100 41 59 897 3217 1236
1,995 100 59 41 844 3659 1204
1,950 100 16 84 936 4162 1886
1,862 100 5 95 920 3362 2169
1,778 100 0 100
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RTD for CSD technology
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Figure 6. RTD for CSD technology

4.2.2 HSCSD Technology

The results obtained for the CDS technology measent displayed
on Tab. 1 and Fig. 6 are valid for the HSCDS tetdgng as well. The only
difference is in channel capacity due to fact thatincrease in the capacity
is exclusively obtained by the increase of the i@pime slots number.

4.2.3 GPRS

RTD for GPRS technology
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Figure 7. RTD for GPRS technology

22



GPRS technology provides similar dynamical pararsetes were
identified for the CSD (see Fig. 7), however, oty caseC/l > 2.8.
Principal RTD as well as packet loss increase eaidéntified forC/l < 2.8.

The advantage of the GPRS service can be understoitsl packed
based concept. Nevertheless, the GPRS serviceapgplecable only for
“less demanding” applications where long delays aigh potential of
packet losses are not critical or in case the GEd#R@ce can be effectively
combined with alternative technologies on e.g.GA&.M principles.

424 EDGE

Identified EDGE average delay represents the naastanable result of
all GSM alternatives and critical level of the patKRoss is reached at
unbeatable value of ratid/l = 1.2. Even though this technology offers the
best of all GSM data services parameters acceptablmuch wider range
of the ITS applications there still remains fachttlquality of service
depends on the status of the network which is nantified by any explicit
parameter.

Service providers offer data services exclusivelythe best effort
regime — i.e. no guaranteed GSM data service eyedf It must be stressed
that C/l parameter identifies the only potential to reaetuired quality of
service. IfC/l measurement identifies potential of acceptablditgusuch
result must be verified by identification of thetwa data service
performance indicators to eliminate any problemssed by the potential
interaction with any other customers served orstirae network.

RTD for EDGE technology
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Figure 8. RTD for EDGE technology
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4.2.5 GSM data services properties within ITS applicatios

The GSM service was originally designed to provilic mobile
voice and low speed (9,6kb/s) circuit switched dsgavice. In the 2.5G
GSM generation packet data services with limitegacéty dedicated to
each terminal were adopted. The GSM service providee concentrated
on their core business, i.e. high quality mobilécecservices, and, the data
services are provided as “complementary” producith wo guaranteed
quality of service. If the network capacity is r@ed for the voice service
provisioning the data service capacity can be cenably reduced or data
service can be practically disabled.

This disadvantage could be resolved by partial agtwcapacity
dedication to “special’ services with managementncemtrated on
provisioning of guaranteed service quality. The dpgan Commission
recently introduced new rules how could be the thohipart the service
provider’s network capacity fairly shared with thértual” operators. Such
activities, however, do not have good chance tadeepted soon due to
strong “self-defense” effort of the powerful mobdperators.

Originally expected data services of global coverhgsed on the™
generation mobile data service (UMTS) have beendatl they do not have
potential for reaching rural areas. Beyont §eneration solutions (LTE)
are very promising future solutions, however, sw@&hvices cannot be
expected sooner than in the next decade (2011-3).

We can identify very strong potential to improvee thata services
quality even though the data services remain tddminantly delivered by
the GSM providers. Such approach is based on tiication of relatively
inexpensive widely available public GSM servicehwihe alternative well
manageable services. This principle can be effelstiapplied namely if the
GSM provider’'s infrastructure can be shared by tther potential
technologies. The alternative services should Iptiexpto fill the services
coverage gaps when/where the core GSM wirelessonkteannot provide
service on the required quality level. The soluidsased on the IEEE
802.16d/e standards known as the (Mobile) WiMaxesgnts one of the
most promising alternatives. This technology (insien “d”) was tested
e.g. in already mentioned project CAMNA.

Together with the GSM and the (Mobile) WiIMAX seretcthe DSRC
(Dedicated Short-Range Communications) designed foansport
telematics, minimally one representative of the PMRersonal Access
Network) solutions and the automotive CAN bus (Caligr Area Network)
should be adopted by the universal OBU to coverstifestantial range of
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the telecommunications services required by thenspart telematics
applications.

5  WIiMAX SOLUTION

We had unique opportunity to process the detailédla) technology
performance measurement within the “real life” amtions - see e.qg. [7] -
[9]. Basic results from the WiMax measurement ar&lable in Table 4. —
provided by the WiMax management system.

Table 2. Parameters of the WiMax access

Visibility ARTD SNR [db]
[ms]
LOS 456 33
LOS 471 32
NLOS 446 26
NLOS 448 27

where ARTD means “Average Round Trip Delay”, SNRgtfl to Noise
Ratio”, LOS “Line Of Sigh” and NLOS “Non LOS". Spia of Round Trip
Delay (RTD) in ms are displayed for LOS regime ag. B and for NLOS
alternative on Fig. 9. Obtained average delay fithlzases is shorter than
50ms. WiMax systems provide wireless access semwigere parameter
ARTD can reach less than 10% of ARTD provided bg tBSM data
services. Additionally the WiMax system can offeiffatent selectable
levels of guaranteed service quality (QoS).

1 4 7 10 13 16 19 22 25 28 31 34 37 40

Figure 9. RTD spectra of LOS
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Figure 10. RTD spectra of NLOS

However, due to complex situation in the mobilevees industry we
cannot even only estimate time period the WiMaxany other relevant
technology can be accepted by the GSM providerdbeaoapplied as
appropriate alternative solution (if ever accepted)

In order to precisely identify available set of tepresentative “internal”
performance indicators and their impact on the¢mal” performance
indicators the detailed study of selected WiMax oiefmodules must be
processed. All the other potentially applied tedbgies must go through
the same complex procedure. Tools for the reprageatmonitoring and
the efficient remote control of the internal prages must be identified for
each applied module to be able to secure apprepsiability of the whole
system based on the efficient different layers gsses synchronization

6 IMPLEMENTATION OF PROCESSES INTO MARKET
AVAILABLE SYSTEMS

General architecture accepted by the CALM standgsde Fig. 4)
represents very transparent matrix approach to design of the
telecommunications system corresponding with tlarfer grade” systems
approach. However, investment into the R&D and ¢hg sets/modules
production is driven namely by requirements of timeninals designed for
the mass market. This area is well known with lilsetal” approach to the
transparency of the system architecture. Befor@th&oard Unit (OBU) is
installed in (minimally) every new car with resoftthe mass production of
such units the OBU designers will most probably ehéw accept trends
caused by the public multifunctional terminals ayzmh.

We have designed in close cooperation with expafrthe company
Freescale (originally part of Motorola) an alteivatto the CALM
architecture with the aim to provide the “best [uss multipath
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telecommunications solution. Obtained result issented on Fig. 11 and it

is clear that it does not meet requirement of ti¢ 1@ transparent matrix
architecture.

MPCA315E-RDB

[ ) [z ) [ [ ) (s ]

i{ Memory subsystem ]
[ \

NAND, NOR, ODR

HW concept

T WiFi
g )
» WiMAX
Basad an MPCE831S5E —r———
s GPRS/CDMA
EVR2+C511528
B ACKIT < S
MCFCSAL KIT | :“; Bluetooth
E ACEX E g CB-OEMSPA311i-01
& CAN extensiom to
3 o MERESSEE N, ¥ Lo ey
amarananas LA -
TS I I N, e e DSRC
A o
Yy GPS ZigBee

©04-58 ]

Figure 11. Telecommunications solution
based on Frescale Chip sets/modules.

As an advantage of such solution is the possilitityeach the realistic
realization time horizon as well as the acceptaiieing of such solution.
Such approach to the unit design can lead to the“OBU on board for all
telematic services”. Such requirement represerds the internationally
interoperable hybrid tolling functionality combinedth the support of the

wide range of different telematic services inclggdip.g. the dynamic
navigation.

Another OBU designed to support the multi-pathdefemunications
solution will be available as the result of thejpod SRATVIE. This unit is

2 “System Requirements and Architecture of the usakefelematic Vehicle Unit” igrant
2A-1TP1/138 of Ministry of Industry and Trade oétlEzech Republic.
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being developed by our project partners. Laboragehgent founded within
project E-IDENT has got chance to examine all OBU modules and
developed transport telematics services. Theseitiesi also opened unique
opportunity to tests the first pilot solution of eth multi-path
telecommunications sub-system hopefully beforeethé of the year 2009.
Prior to the first version of the decision procespackage is implemented
the appropriate above described identification ofelested
telecommunications modules must be finalized.

7 CONCLUSIONS

The seamless switched combination of the wirelessss solutions of
either the same or the alternative technologiespaadiders was identified
as the answer on the urgent ITS solutions demand.

The multi-path access solutions switching is a ettbpf intensive
R&D and it is also area widely discussed within 18O/CEN CALM
standards initiative. These standards are maintuded on the system
architecture and switching tools. Decision scheimmge not got the high
priority and the Policy-based Management (PBM)itrawally applied in IP
based data networks is mostly accepted as suffid@osl. Remarkable
number of IP networks installations can confirnsthtatement. However,
such approach can deteriorate possible applicatiormanagerial data
available from the lower layers.

The proposed alternative of adaptive decision meegis based on the
self trained classification. Proposed classifiaaidgorithm is trained by the
training time line of data vectors extended by dssignment of the each
data vector to the correct class, i.e. path. Thecess of classification
process depends on quality of the training datawever, decision
processes can be improved continuously if the tsaifiing processes are
further processed in the application period.

The above described method theoretically allowslémentation with
no information flow between the top control layé¢tl2and the lower 1HL
and CL layers. These two “lower” layers are usuadiytonomously
managed. Such approach, however, can cause the wystem instability.
In order to minimize contra-productive actions dre tdifferent control

3 &-IDENT - Electronic identification systems withirlansport process —ggant 2A-2TP1/108
of Ministry of Industry and Trade of the Czech Riel
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layers it is necessary to provide efficient synciiration of different layers
decisions centers.

2.5G GSM data services are optional extension ef ithassively
accepted mobile wireless voice services. GSM sesviroviders, however,
emphasize the public mobile voice services qualibnagement, and, data
services are mostly provided only in “best effodjime.

In the “Revision of the European e-communicatioregufatory
framework” have been proposed provisions for thetusl services
provider's existence. Virtual providers could e.mffer wireless
telecommunications services with guaranteed qualiEhis initiative,
however, might not be accepted mainly due to stfsetj-defense” lobbing
of the powerful mobile operators in the near future

Authors of the % generation (UMTS) data services have resolved most
of discussed problems. This service coverage doesawve potential for
remarkable growth so that this service provisionwii be concentrated
only on the highly populated areas. “Beyond Generation” solutions
(LTE) are very promising future data solutions. Hwer, availability of
these services cannot be expected sooner thamwitieiw years.

A potential for meeting ITS solutions requiremerds specific
parameters of the telecommunications solutions waentified in
combination of the GSM data services with alter@atelecommunications
wireless services, namely if these solutions caarestthe widely spread
GSM services provider’'s infrastructure. Alternatiservices are dedicated
to fill services gaps which cannot be resolvedegithermanently or only
under specific conditions by the core wirelessiservl echnology based on
standards |IEEE 802.16d/(e) known as (Mobile) WiMagresents one of
the most promising alternatives. Such access solutvas successfully
tested e.g. within project CAMNA and it was appliadelematics solution,
where capacity and reliability of GSM service wascagnized as
insufficient.

Additionally, automotive CAN bus implemented in widange of
modifications, DSRC (Dedicated Short-Range Comnmatinas) designed
for transport telematics and minimally one repréesire of PAN solutions
should be included in the OBU telecommunicationsises portfolio. The
presented system architecture is ready for thesscrited above
technologies integration.

The multi-path wireless access solution treatedfamyily of CALM
standards has accepted transparent matrix arahiéeci.e. the same
approach which has been adopted by the “carrier dejra
telecommunications systems designers. Current tiandhip sets and

29



modules R&D and production does not mostly meet “terier grade”
solutions conventions, as they mostly follow thesmanarket terminals
needs. Mass market terminal area has in compangtn the “carrier
grade” solutions more “liberal” approach to theteys architecture. Until
OBU is massively installed in all vehicles, whichillwsignificantly
influence the OBU production volumes, conditionsGBU designers will
most likely remain unchanged. Therefore it will iecessary to invent the
compromise approach of the OBU designers who wallehto take in
account rules formed as a result of the mass mekainals dominance.

REFERENCES

[1] M. Svitek, Architecture of ITS Systems and Services in the Ceé
Republic, International Conference Smart Moving 2005, Birgliam
2005, England.

[2] M. Svitek, Intelligent Transport Systems - Architecture, Desig

methodology and Practical Implementation Key-note lesson, 5th
WSEAS/IASME Int. Conf. on Systems Theory and Séfen€omputation,
Malta 2005.

[3] M. Svitek,, T. Zelinka, Communications Tools for Intelligent
Transport Systems,Proceedings od 10th WSEAS International Conference
on Communications, pp 519 — 522, Athens 2006, I3380-5117, ISBN
960-8457-47-5.

[4] M. Svitek,, T. Zelinka, T.,Communications Solutions for ITS
Telematic SubsystemsWSEAS Transactions on Business and Economics,
Issue 4 (2006), Vol. 3, pp 361 — 367, Athens 20086SN 1109-9526,

[5] M. Svitek,, T. Zelinka, Telecommunications solutions for ITS
Towards Common Engineering &Technology for Land,rikitae, air and
Space Transportation — ITCT 2006, CNISF, Paris 2006

[6] M. Svitek,, T. Zelinka, Communication solution for GPS based
airport service vehicles navigation EATIS'97 ACM-DL Proceedings,
Faro (Portugal) 2007, ISBN #978-1-59593-598-4.

[7]1 T. Zelinka, M. Svitek, Communication solution for Vehicles

Navigation on the Airport territory , Proceedings of the 2007 IEEE
Intelligent Vehicle Symposium, Istanbul, Turkey, [28-534, IEEE

Catalogue number 07TH8947, ISBN 1-4244-1068-1.

[8] M. Svitek, T. Zelinka,Communications Environment for Telematic
Subsystems Proceedings of 11-th World Multi-Conference orst8ic,

30



Cybernetics and Informatics, Volume Il, pp 362-38¥$/IFSR, Orlando,
FL, USA, ISBN-10: 1-934272-16-7, ISBN-13: 978-1-232-16-9

[9] M. Svitek,, T. Zelinka, Communications Challenges of the Airport
Over-ground Traffic Management, Proceedings of the 11th WSEAS
International  Multi-conference CSCC, Volume - Adeas in
Communications, pp. 228 — 234, Agion Nikolaos, €r&tland, Greece,
ISSN 1790-5117, ISBN 978-969-8457-91-1.

[10] T. Zelinka, M. SvitekCommunications Scheme for Airport Service
Vehicles Navigation,Proceedings of International Conference TRANSTEC
Prague, Czech Technical University, Faculty of Bmort Science and
University of California, Santa Barbara, Praha 2085. 160 — 166, ISBN
978-80-01-03782-9

[11] B. Williams, CALM handbook V1.0. Document ISO TC204 WG.16.1
CALM, 2004.

[12] N. Wall, CALM - why ITS needs it, ITSS 6 (September), 2006

[13] T. Zelinka, M. Svitek,CALM - Telecommunications Environment
for Transport Telematics, Technology&Prosperity, 2006, Vol. XI, special
edition (11/06), ISSN 1213-7162.

[14] K. Yang, J. Wittgreffe, M. AzmoodelPolicy-Based Model-Driven
Creation of Adaptive Services in Wireless Environmats, |IEEE
Vehicular technology Magazine, September 2007 1320.

[15] M. Svitek, Dynamical Systems with Reduced Dimensionality
Neural Network World edition, II ASCR and CTU FT®raha 2006,
ISBN:80-903298-6-1, EAN: 978-80-903298-6-7.

[16] T. Zelinka, M. Svitek,Communication Scheme of Airport Over-
ground Traffic Navigation System Proceedings of the International
Symposium on Communications and Information Teobgies - ISCIT
2007. |IEEE Sydney, 2007, pp 329 - 334. IEEE Cataog\o.
07EX1682(C), ISBN 1-4244-977-2, Library of Congr@897920360.

[17] M. Svitek,, T. ZelinkaMonitoring of Transport Means on Airport
Surface. Advances in Transport Systems Telematics, Mondgeatited by
Jerzy Mikulski, Selesian University of Technolod$atowice, pp. 285 —
292, ISBN 978-83-917156-6-6.

[18] T. Zelinka, M. Svitek,Decision processes in telematic multi-path
communications access systemigiternational Journal of Communications,
North Atlantic University Network NOUN, Issue 2, Wimne 1, 2007, pp.11
—16.

31



[19] M. Svitek,, T. Zelinka Communications multi-path access decision
scheme.Neural Network World, ICS AS CR and CTU, FTS, RraNo.
6.,2008, pp 3 - 14, 2008, ISSN 1210 0552,

[20] M. Svitek,, T. Zelinka, Decision processes in Communications
Multi-path Access Systems applied within ITS. Transactions on
Transport Science, MTCR, Praha, No. 1, 2008, pg 316SN 1802-971X,

[21] T. Zelinka, M. Svitek, Identification of Communication Solution
designated for Transport Telematic Applications,WSEAS Transactions
on Communications, Issue 2, Volume 7, Athens, 2pp8.14 — 122, ISSN:
1109-2742.

[22] T. Zelinka, M. Svitek,Multi-path communications access decision
scheme,Proceedings of the 12-th World Multi-Conference Systemics,
Cybernetics and Informatics, Volume Ill, pp 32382211IS/IFSR, Orlando,
FL, USA, ISBN-10: 1-934272-32-7, ISBN-13: 978-1-232-33-6.

[23] T. Zelinka, M. Svitek, Adaptive communications solutions in

complex transport telematics systems Computers and Simulation in
Modern Science-Volume Il, WSEAS Press, 2009, pd. 231, ISBN 978-

960-474-032-1.

[24] M. Vosatka, T. ZelinkaGSM Data Services within CALM-based
ITS Solutions, EATIS2009 ACM-DL Proceedings, Praha 2009,
(accepted).

32



Odborny Zivotopis

Néarodnost:
Vzddlani:
2006

1977 - 1981
1974 - 1978
1967 - 1972

1964 - 1967

Zaméstnani:
2005 -

Doc. Ing. Tomas ZELINKA, CSc.

Sttedni 1321
25228Cernosice

seska

Habilit&ni fizeni - jmenovan docentem pro obor
Inzenyrska informatikaCVUT v Praze

\decka piprava — CSc(CSAV, Geofyzikalni stav,
Praha,

AR - trileté postgradualni studiu@VUT v Praze,
FEL,

Technicka kybernetikadyUT v Praze - FEL,

SVVS se zatienim na vypodetni techniku,
1. Akademické gymnazium, Praha.

CVUT, FD

Prodekan pro v@jSi vztahy a mezinarodni
spolupréci,clen grémia a kolegiadkana,
zastupce vedouciho Ustawa FD vedeni spateé
laborata'e ,e-ldent” prijemai a spolugijemai
projekti Trvala prosperita MPO.

e Vyuka v oboru telekomunikaci,

e Vyzkum v oblasti systémové integrace
komunikanichieSeni v dopravni telematice,
reSitel projeki MD a MPO,

« Clen Expertni skupiny ministra dopra@eské
republiky,

e Zastupce v pracovni skugitCEN/TC278/WG1
& ISO/TC204/WGS5,

+  Clen spravni rad¢’VUT TIC a dozoti rady
CAEK,

+  Clen redakni radyé¢asopisu ,TOTS",

« Clen predsednictva a programové komice EATIS
2008 a programové komise WMSCI,

33



2001 - 2005

1998 - 2001

1997 - 1996

« Predseda programové komise EATIS2009,
* Vedeni sekci mezinarodnich konferenci
TRANSTEC, WSEAS, WMSCI.

FRANCE TELECOM, RSE / EQUANT Czech, s.r.o.
Country manager sisobnosti \CR, na Slovensku a
dle poteby v dalSich zemich CEE, externi pedagog
CVUT

e ZaloZeni a vedeni pobky France Telecom,
divize WS v Praze,

*  Velkoobchodni distribuce (WS) mezinarodnich
telekomunik&nich propojovacich sluzeb France
Telecom,

* Vedeni projektu mezinarodniho propojovani
hlasovych sluzeb s vyuzitim VolP a s podporou
SS7.

GLOBAL ONE COMMUNICATIONS/ EQUANT
zastupce generalnih@ditele s gsobnosti

v CR a na Slovenskudlen rady NMDSCR pro
pripravu Narodni telekomunikai politiky a zakona
¢. 151/2000 Sh., externi pedagfguT

«  Strategické planovani, vyvoj a management
podnikatelskych planv Ceské republice a
dalSich zemich CEEMEA,

* Vyvoj novych telekomunikénichieSeni na bazi
VoIP s podporou SS7,

e Produktovy management mezinarodniho
propojovani hlasovych sluzeb s vyuzitim VolP
se signalizaci SS7.

SPT TELECOM, a.s. - NEXTEL, 0.z.
Vykonnyreditel pro rozvoj datovych sluzeb

« Strategické planovani, vyvoj a management
podnikatelskych projekt

* Vyvoj partnerskych vztahs dodavateli
technologii a strategickymi zakazniky,

« Management provozu datovych siti a sluzeb a
rozvoj datovych sluzeb.
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1993 - 1996

1989 - 1993

1972 - 1976

EuroTel Praha / NEXTEL, o.z.
Produktovy Manager

*  Produktovy manager ifstupovych a zaloznich
paténich sluzeb VSAT a terestrickych datovych
sluzeb X.25 a FR,

CSAV, Geofyzikalni Gstav
vedecky pracovnik,édecky tajemnik (1990-93),
clen ekonomické rady PrezidiZSAV (1990 —93)

» Identifikace vlastnosti a modelovani
magnetickych struktur syntetickych a
jednoduchych firodnich materidl s vyuzitim
Preizachova modelu a jeho On-Line identifikace,

*  Vyzkum experimentalnich geofyzikalnich
laboratornich metodjzeni experimentu,
zpracovani a archivace dat,

» Vyzkum observatornich geofyzikalnich metod,
sbiru a grenosu dat.

VUAP Praha
vyvojovy pracovnik

* Vyvoj automatickych systérrizeni
technologickych procéss vyuzitim dostupnych
minipogitaca,

« Datové komunikace v ramtizeni
technologickych procés- specificky podil v
projektu IVU- 800.
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