| TS Multi-path Communications Access Decision Scheme

Miroslav SVITEK
Faculty of Transport Sciences, Czech Technical University of Prague
11000 Praha 1, Czech Republic

and

TomasZELINKA
Faculty of Transport Sciences, Czech Technical University of Prague
11000 Praha 1, Czech Republic

ABSTRACT

Intelligent Transport Systems (ITS) require widsfyread and
guarantied quality communications services. MetloddITS
decomposition to set of subsystems and quantificatf
communications subsystems parameters is introdu2ed.to
typical complexity of the IST solution and mobilitgs the
typical system elements property idea of commuitnat
systems with multipath multivendor structures isoted.
Resolution of seamless switching within a set ofilable
wireless access solutions is presented. CALM bagstem or
specifically designed and configured L3/L2 switadhican be
relevant solution for multi-path access commundgatsystem.
These systems meet requirements of the seamlessesec
communications functionality within even extensulaster of
moving objects. Competent decision processes based
precisely quantified system requirements and eacfopnance
indicator tolerance range must be implemented &p lservice
up and running with no influence of continuouslyacging
conditions in time and served space.

Method of different paths service quality evaluati@nd
selection of the best possible active communicatastess path
is introduced. Proposed approach is based on Kafittaring,
which separates reasonable part of noise and dlswsa
prediction of the individual parameters near futbehavior.
Presented classification algorithm applied on ridtemeasured
data combined with deterministic parameters isné&@iusing
training data, i.e. combination of parameters vecime and
relevant decisions. Quality of classification igpdedent on the
size and quality of the training sets.

This method is studied within projects e-lde®OTEK? and
SRATVU?® which are elaborating results of project CAMNA

Keywords: Intelligent Transport System, Telematics,
Performance Indicators, Satellite Navigation Syst&eamless
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Kalman filter, classification process, Fisher aiida,
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1. INTRODUCTION

ITS (Intelligent Transport systems) are associaté serious
expectations and getting ITS applications in the peactice is
understood as essential potential to significafdbter resolve
many transport challenges. The ITS architectudects several
different views of the examined system and canitidet into:

* Reference architecture - defines the main termisaibITS
system (the reference architecture yields to déimiof
boundary between ITS system and environment of ITS
system),

« Functional architecture - defines the structure hierarchy
of ITS functions (the functional architecture yigltb the
definition of functionality of whole ITS system),

» Information architecture - defines informationks between
functions and terminators (the goal of information
architecture is to provide the cohesion betweerhemint
functions),

» Physical architecture - defines the physical gstesns and
modules (the physical architecture could be adopted
according to the user requirements, e.g. legigativies,
organization structure, etc.),

e Communication architecture - defines the
telecommunication services between physical devices
(correctly selects set of communications service),

» Organization architecture - specifies competenofesingle
management levels (correctly selected organization
architecture optimizes management and competential
management levels).

It must be taken in consideration that ITS systemslly cover

widely spread areas and the ITS solutions are lysual

principally dependent on the relevant quality comioations
services availability. We concentrate afford on tHES
communications support, quantification methodsT@ kystem
demand on the communication solution performancarpeters

as well as design of structures and processes lmset

frequently extremely demanding requirements cafulfiled.

2. |INTELLIGENT TRANSPORT SYSTEMS

2.1 I TSPERFORMANCE INDICATORSDEFINITION

The first step in addressing the ITS architectemguirements is
the analysis and establishment of performance petem in
designed telematics applications, in co-operatidth the end-
users or with organizations like Railways AuthoriBoad and
Motorways Directorates, Airport and Air-transportithorities,
etc.

The methodology for the definition and measuremefht
following individual system parameters is being eleped in
frame of the ITS architecture (see [1] - [5]):
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* Reliability - the ability to perform required funah under
given conditions for a given time interval.

¢ Availability - the ability to perform required fiction at the
initialization of the intended operation.

« Integrity - the ability to provide timely and v@lalerts to the

user when a system must not be used for the intende

operation.
¢ Continuity - the ability to perform required fuian without
non-scheduled interruption during the intended atpan.
» Accuracy - the degree of conformance betweeratignm’s
true parameter and its estimated value, etc.
e Safety - risk analysis, risk classification, ris@lerability
matrix, etc.
Substantial part of the system parameters analysis
decomposition of system parameters into individsab-
systems of the telematic chain. This step represamilysis of
requirements on individual functions and informatimkage so
that the whole telematic chain should comply witle &bove
defined system parameters.
The completed decomposition of system parameteables
application of the follow-up analysis of telematizhains
according to the various criteria (optimization dhe
information transfer between a mobile unit and pssing
centre, maximum use of the existing
telecommunication infrastructure, etc.). It is awg that
quantification of requirements on relevant telecamivation
solutions within telematic chains plays one of keles in this
process.

2.2 PROCESSANALYSISOF THE I TSSYSTEMS

The instrument for creating ITS architecture is fhr@cess
analysis shown on Fig.1. The processes are defipethaining
system components through the information linkse Siistem
component carries e.g. the implicit system funcieh, F2, F3,
G1, G2, G3, etc.). The terminator (e.g. driver, signee,
emergency vehicle) is often the initiator and dte® terminator
of the selected process.

-~ ™ - g
] L - ]
[ ] bl ] [ ]
] = ]
u u n u
[ ] - = ]
- ]
- & [ ]
[ ] [] = [ ]
= [ ] - ]
]
: In \/e;cle b =
Managementt u

] u = ]
u u n u
[ ] - = ]
] u . ]
| u n u
L] . Management u
[ ] EEEEEEEEEEEENEN

[ ]

[ ]

[ ]

]

[ ]

[ ]

[ ]

[ ]

[ ]

]

[ ]

e subsysicms "

AEEEEEEEEEEEEN

Fig. 1. Example of system decomposition

The chains of functions (processes) are mapped hysiqal
subsystems or modules (first process is defineth Wwélp of
functions F1, F2 and F3 on Fig.1, second procedefised by
chaining the functions G1, G2 and G3) and the mtdion
flows between functions that specify the commuimicatinks
between subsystems or modules. If the time, pedoo®, etc.
constrains are assigned to different functions iafokrmation
links, the result of the presented analysis is thkle of
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information and

different, often contradictory, system requiremesssigned to

each physical subsystem (module) and physical

From the viewpoint of the construction of the stddc

subsystem it is possible to consider a single usalesubsystem

fulfilling the most exacting system parameters, theation of
several subsystem classes according to a set dkensys
parameters, creation of a modular subsystem wheraddition
of another module entails the increase of systerarpeters,
etc.

Following summary presents the basic strong ITS¢sses:

* Processes related to transport infrastructur®©g@ration and
maintenance control in transport infrastructurean(&port
roads and terminals), (i) Planning and developmefit
transport infrastructure (transport roads and teats).

» Processes related to in-vehicle management lkérdffic
monitoring through vehicle, (ii) monitoring of devs
physical conditions during vehicle driving, (iii)anitoring of
vehicle’s technical conditions, (iv) information reees
inside the vehicle like navigation services insilde vehicle
or automated cruise control of vehicles.

» Transport related processes like (i) control oiffic in
transport infrastructure (transport terminals)), iaffic flow
control, (iii) fleet management (freight and publransport
management), (iv) interventions of emergency vekiclv)
support for transport processes, (vi) monitoring aontrol
of goods carriage.

In case all the processes are mapped by the phgsaiosystems
or modules the following results of process analy=iuld be
achieved:

* The functional specification assigned to each setec
subsystem or module: (i) allocation of functionstoin
subsystems or modules, (i) performance paramatsigned
to functions (reliability, safety, availability, @}, (iii) sharing
of data or functions within ITS databases or ITBsystems.

e The interface specification includes: (i) defimit of

exchanged information between subsystems or modules

(parameter synchronization), (i) timing of exchedg

information (time synchronization), (iii) performem

parameters assigned to different information flawselected
interface - reliability, safety, availability, etdinterface
protocol optimization)

» The performance specifications of processes decldi)
Optimization of telecommunication transmission withiTS
system, (ii) omitting the process triggering byoest (iii)
avoiding the parallel processes within ITS systd(in)
Specification of information lifetime within eachrgeess
(lifetime of data stored in databases, etc.)

This list of standard ITS identification processasd their
results can help to understand variety of potdgtiapplied
communication solutions ITS solutions
telecommunications  services  provider. ITS
decomposition principles are in direct relation design the
telecommunication environment between selectedystdss.
In analogy with the telematic subsystem design camaation
environment is understood as system with modulgritacture,
as well.

Each communication solution module is, howeverresgnted
exclusively by set of
indicators combined in tolerance range of eachoperdnce
indicators to so called Class of Service (CoS). GoShot
directly reliant to unique “physical” solution. Superformance
modules are not technology dependent in a way dfftgrent
technologies and/or their combination may be usedone
performance module. This approach is understood
technology independence and the only “service” rilesd by
performance indicators is understood as relevamroach.
Direct reflection of this fact can be identified ielevant
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regulatory framework we can see e.g. in Europegnlatory
system, which identifies regulation as technologgependent
process. This fact does not imply absence of atitielations to
the range of available technologies (namely the ilaines)
and their limits.
Core idea behind this approach is tendency of prambusiness
to concentrate its afford on the core business tandelegate
provisioning and responsibility of communicationsaltenges
to communications providers. However, detailed djtiaation
of services parameters must be available to bedarsis for the
SLA (Service Level agreement) signed between teienaad
communication services providers. Provisioning ame
specific telecommunications solutions with very dfie
requirements can anyhow remain in responsibility tbé
telematic service provider
Communications providers use to share their netvaodilable
capacity including service/network management withiore
customers with aim to
Appropriate performance parameters requirement gudb
into services classes have been provided and diedan
however, in the network critical periods on behalf other
services with “lower” CoS. In case of network shgrregime
security integrity of each service, and specificalif the
telematic ones) must be carefully managed and it
First step in addressing the ITS applications ésahalysis and
establishment of performance requirements on tdlesna
applications done in co-operation with the endsisand
organizations like Railways Authority, Road and btetays
Directorates, Air Traffic Controls. Next step repeats
decomposition of the systems requirements to idd&f
subsystems of the telematics chain.
List of representative telematic performance ingita was
developed and accepted - see [1] - [3]:
« Safety - risk analysis, risk classification, ris&lerability
matrix, etc.,
¢ Reliability - the ability to perform required funeh under
given conditions for a given time interval, (iii)vAilability -
the ability to perform required function at thetialization of
the intended operation,
« Integrity - the ability to provide timely and valalerts to the

reduce provided services .cost

user when a system must not be used for the intende

operation, (v) Continuity - the ability to perfornequired
function without non-scheduled interruption durirthe
intended operation,
¢ Accuracy - the degree of conformance between dophats
true parameter and its estimated value etc.
Substantial part of the performance parameters ysisal
regarding telematics application is represented
decomposition of these parameters to individuabgstems of
the telematics chain, including a proposal for raganctions
of individual subsystems and information relatidnstween
macro-functions. Part of the analysis is the eithbient of
requirements on individual functions and informatimkage so
that the whole telematics chain should comply with above
defined performance parameters.

by

The completed decomposition of performance parasete

enabled the development of a methodology for aofallip

analysis of telematics chains according to variotiteria -

optimization of the information transfer betweemabile unit

and processing centre, maximum use of the exigtiimgmation

and telecommunication infrastructure, etc.

One of the criterions appropriate for transporéfehtics
applications with a Global Navigation Satellite &ys (GNSS)
system is synthesis of the telematics system withinnized

performance requirements on a locator, as well

communications solution resulting performance patens of
the telematics application to be maintained. Thigtlsesis does
not relate only to technical or technological pEfrthe solution
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because the safeguarding of performance paramatérs
telematics applications is to be ensured by orgsiomal and
legislative instruments as well.

The transport telematics field is dealing not omlith own
technologies of ITS systems but
organizational, economic, managerial and other émginting
instruments of such systems, including the evatnabtf the
impact of ITS systems on the carriage of persodsgamods like
are the accepting of the approach by drivers, pagss,
increase in the capacity of goods transport.

3. COMNUNICATIONSSOLUTION
3.1 Telematic sub-system requirements

Mobility of the communication solution representsecof the
crucial system properties namely in context of dieatly very
specific demand on availability and security of thaution.
Monitoring and management of the airport over-gebtmaffic
was one of our key projects where our own apprdacystem
solution was designed and tested. This applicatisn
characterized by strict, but transparent regulatiod successful
tests of ITS system under heavy airport conditicas be
understood as the representative telematic referenc
Data transmission capacity can act due to poshigle density
of moving objects and limited wireless capacitieoal system
requirements, which can be resolved either by appdin of
broadcasting regime of data distribution or by ctle
individually reduced frequency of positional datatdbution.
Distance between objects or moving objects denisitarea
represent simple but effective criteria for sucHividual data
distribution management.
Following communications performance indicators rgifg
communications service quality (see e.qg. [6] - J10]
* Availability —

o Service Activation Time,

0 Mean Time to Restore (MTTR),

0 Mean Time Between Failure (MTBF) and

0 VC availability,
» Delay is an accumulative parameter effected by

o interfaces rates,

o frame size, and

0 load / congestion of all in line active nodes (sWés).
» Packet/Frames Loss (as a tool which not direct meanork

failure) and
e Security.
Performance indicators applied for such commurooati
applications must be transformable into telema@dgrmance
indicators structure, and vice versa. Indicatoasmigformability
simplifies system synthesis. Additive impact of thef
communications performance indicators vettor n the vector
of telematic performance indicatorstmi carekpressed by
Eq. 1, however, only under condition that prob&pilevels of
all studied phenomena are on the same level and
performance indicators are expressed exclusivelyargmeters
with the same physical dimension — in describe& @asime or
to time convertible variable (see e.qg. [7]):

Atmi =TM Oai , ()]

Transformation matrix construction is dependenttendetailed
communication solution and its integration into etehtic
system. Probability of each phenomena appearanceritext
of other processes is not deeply evaluated in ritreductory
period, when specific structure of transformatiomtmx is
identified. However, eachTM element
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evaluated in several steps process based on thieedetnalysis
of the particular telematic and communications pntion
and its appearance probability in specific contefxthe whole
system performance. This approach represents sudrseq
iterative process managed with goal to reach stelgere all
minor indicators (relations) are eliminated and thmjor
indicators are identified under condition that velet telematic
performance indicators are kept within given tale&arange.

In [7] - [10] are presented details of proposedatige method.
Method is designed as broadly as possible withr dea to be
applied in the widest possible range of telemagpliaation.
This method can be also successfully used for ifiieation of
“CALM” criteria, i.e. tolerance range of each perfance
indicator, to let decide which alternative acceshnology is in
specific time and space evaluated as the best hpessi
alternative.

3.2 Communications solution structure

Figure 2 presents typical telecommunications sofyti
originally developed for the pilot project AirpoRraha (see
cited research CAMNA project funded by the Czechibtry

of Transport): This structure was, however, gehe@tcepted
as typical architecture of majority of the ITS taktics

solutions. Three units in different level of theegrcolor

including On Board Units (OBU), GNSS Sensing Sys{&8)

and set of Wireless Units (WL) all located in thaloborder are
intending to represent moving object within seraeeh.

233 unit i SSunit i | SSunit
QBT ""b’: CBU s+ OBU
WL units ' WL units ! WL units

I
i

L2

Figure2. Telematic telecommunication schemein chain
diagram

Outdoor unit applies services of the GNSS (GlobavViyation
Satellite System) using one or more Sensing Syst8®s Now
localization service is provide only by GPS (GloPalsitioning
System with not any SLA guaranteed) and in futlrere is
expected to come also European Galileo GNSS, GmeBo
control and display Unit (OBU) and WireLess (WL) loile
communication units (WL—- i-th cellular technology applied
within solution). Terrestrial communication partnsgst of set
of mobile cellular Base Stations (BSi-th bases station of the
j-th cellular system) as well as the terrestrighwoek based on
L2 switches/nodes (TiNinterconnected with Servers;\SE2E
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(End to End) service is provided based on IP padfot2
switching is Ethernet protocol based.

Some alternative E2E communications paths: a)

B) — v )

Figure 3. Telematictelecommunication schemein chain
diagram

Typical combination of different access telecomroations
solutions applied within general transport telemagplications
is demonstrated of Fig. 4 (see [11]).

GPS, Galileo
S
WAL

/ Sat-Comm
~ Terrestrial Broadcast %
RDS, DAB -
GSM-GPRS
UMTS / 3G .E
w

Beacon
“CALM-IR
Hot-Spot
Broadcast -CALM-M5
Transmitter ~ -CEN-DSRC | (Wireless LAN)

% L L e

Info-Broadcaster  Vehicle-to-Vehicle
(M5, IR, MM)

Figure 4. Transport telematics communications access
solutions

One core technology can be typically selected as solution
(if possible), however, some areas need to be edvéy
alternative solutions. We will discuss principléspoocedures
which support selection of the best possible comaoations
solution quantified by performance indicators and some
other parameters e.g. like service cost, as welichmical
implementation is described by standard CALM, etlough
there are available also alternative solutionsteaged on L3/L2
switching principles.

3.3CALM and L2/L 3 switching

Family of standards ISO TC204, WG16.1 “Communiaagio
Air-interface for Long and Medium range” (CALM) negsents
concept of identification of the best available eléss access
solution in given time and area. Process of thermdtive
wireless access solution substitution is understsothe second
generation of the handover principle known in itisstf
generation namely from the cellular mobile systems.

Each handover process is predestinated by set rainegers
range identified for decision processes managecbhyrol unit.
Criteria for the “best possible” solution includedicators like
Bit Error Rate (BER), packet Round Trip Delay (RT2vel of
received radio signal, but also cost of providedvise etc.
Control system can take in account not only thelats values
of selected indicators, but also specific paramsetembinations
trends.

Handover to alternative solution can be in prireip¥oked also
by identification of more suitable alternative -g.e.by
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appearance of alternative service with more swgtabbst

conditions even though existing alternative hasieehnically

sufficient and safe.

Communications CALM media are:

¢ Cellular systems including 2G and 2.5G GSM and BT

¢« DSRC (5.8GHz) used worldwide for road tolling aratess
control,

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

¢ Satellite communications exclusively applied femergency
and “special applications”,

* Mobile Wireless Broadband (MWB) with cell usuallyuoh
larger than UMTS cells — today namely communication
systems based on IEEE Std. 802.16e and coming HHE
802.20,

¢ IR (Infra Read) communications solutions,

« WiFi (IEEE 802.11 based) different alternatives bag, n,

« M5 based on standard IEEE 802.11p,

* [IEEE 802.15.x based solutions: Bluetooth — 15.1, BJW
(Ultra Wide Band) - 15.3, ZigBee - 15.4,

« W-USB (Wireless USB)

¢ ISO 15628 applications developed as applicatiorerlayf
European DSRC (5.8GHz). However CALM can suppaet th
only limited set of services,

« Other media to come.

Details of CALM architecture are described e.g.[id] and

[12]. CALM applies exclusively still not widely spad 1Pv6

protocol which allows due to its extensive abititi€o

continuously remotely trace active applied altaueat

Handover is accomplished on the L2 of the TCP(UDBP)/

model, i.e. out of TCP/IP competences. Handoverpetences

given to this L2 is the only suitable alternatiwe fost of the
wireless solutions.

4. CONTINUOUS ACTIVE ACCESSPATHSEVALUATION
AND DECISION PROCESSON POTENTIAL SEAMLESS
SWITCHING TO THE ALTERNATIVE PATH

Second generation of handover processes is sitatieirtop

layer of the hierarchical adaptive communicatiorantml

system with following architecture (there is noyaelation to

the RM OSI model):

e 1-st layer — Cellular Layer (CL) - represents feedk
control processes of parameters like transmittedepotype

of applied modulation or redundancy of applied enn
coding. Goal of processes on this layer is to lgepn set of
managed parameters like Bit Error Rate (BER) orriRioTrip
Delay (RTD) within required limits.

e 2-nd layer — the first generation of handover (1HL)
represents support of process of the seamless himgtc
between different cells of the same provider nekw&uch
approach is applied in technologies like GPRS, EDPGE
UMTS, Mobile WiMax (IEEE 802.16e), but also in new
amendment IEEE 802.11r designed within family of
standards IEEE 802.11 (WiFi). This layer use toresha
information with CL layer (offered usually as ongtem) so
that there is no high risk of contra-productivelpecated
processes on these two layers - of course onlyage dt is
correctly designed and operated.

» 3-rd layer — the second generation of handover J2HIs
mostly dependent only on identification of the sesv
performance indicators. Cellular systems are natalls
designed as the open systems with appropriate capipin
interfaces (API) so that there is not mostly avdéagpotential
interconnection with management of these lowerrkyk is
for sure that the effective management on the 2&jlerl can
be much easier reached if 1HL an LC layers shdevast
information with managed layer 2HL.

Communications access systems used in transpemaécs are
designed based on technologies like GPRS, EDGE, §MT
WiFi (IEEE 802.114a, b, g, e, n, p (applied namealyS as M5)
and r), WiMax (IEEE 82.16d,e), DSRC, IR, and seiMfPAN
(Wireless Personal Access Network) technologiese lik
Bluetooth (based on IEEE 802.15.1), UWB (IEEE 882
today namely in version 802.15.3c and ZiBee (amgyMAC
layer defined by IEEE 802.15.4). Satellite commatians can
be integrated for specific applications, as wellere though
satellite services frequent appearance is namelgdonomical
reason not expectable.

Only some of presented systems have cellular aathite. In

case system is not cellular we can omit 1HL layepresented

model.

Some specific technologies (WPAN, Ir, RFID systemsgrate

exclusively on short distance. However, this comitation

tools are within ITS quite frequently applied indmadic”
regime for specific mostly static applications litata transfer
between Car and Infrastructure at hot spots, ikipgrareas etc.
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CALM standard resolves described issue by vertgyatem
decomposition to the individual subsystems for each
communications access path, however, managemeainenm
the horizontal layers architecture see Fig. 5. Rele
information needed for qualified decisions (indl.tlbose from
layers 2HL, 1HL and CL) are between layers shaxretlsively

via the control system structures. We evaluatezlahproach as

Communicat
OBU M

Base'gations

Base statiohs
1G handover
networks

L3z
25 handover

correct one, however, connected with quite extendR&D
representing remarkable time period.

As a response on an urgent need of acceptablésokuthors
proposed alternative approach based on L3/L2 TCP/IP
switching operated in specific configuration andtisgs see
Fig. 6. This solution is understood as the onlrimt and in
functionality limited substitution, however, with uth less
demanding and so faster implementation.

SERVER

Fig. 6. Second generation handover within L3/L2 Switching Architecture.

Following paragraphs describe one of the potemjgroaches
to the decision processes. Proposed methodologmased on
following principles - see [13]:

e Measured parameters a processed by Kalman filtesh S
process separates reasonable part of presentaruisalso
allows prediction of the individual parameters nidure
behavior.

e Set of measured parameters is extended by detstiini
parameters like identification communicated withl ta
collection or economical parameter together akilas
vectorx.

¢ Based on time lines of vectarit is feasible to classify the
best possible technology selection. Classificasilgorithm
is trained using time lines of training vectarand relevant
selected paths.

«  Success of classification is related to the sizbcqmality of
the training data lines.

This solution does not necessarily require 2HL camication

with the other layers, nevertheless, it would bdcamed if

such communication is at least partially possibiefuture
implementations.

4.1. Estimation and prediction of measured
performance data vector p(n)
Let us define parameter vector p(n) in the timerivdl n. We

will suppose that the dynamic of parameter p(n)wes based
on the following model (it is supposed that p(nslknown):

p(n)=AM)p(n-1) +b(n)+q(n) @

where A(n) is a transition matrix, b(n) is the datmistic
vector of constant parameters and q(n) is the veft@aussian
noise with the following property:”
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Elam]=0,
cov[q (n),q (i)] =0 for n#i

. : _ ®)
cov[q(n),q()]=Q(i)for n=i

The equations (2) and (3) represent "evolution fofranknown
parameters vector".

In many cases we cannot measure the vector of knowm
parameter p(n) directly, however, we can measm@&har
vector z(n) that depends on unknown parametersllasvs:

z(n) =D(n)p(n) +r(n) +w (n) 4

whereD(n) is a transition matrix;(n) is a deterministic vector
of constant parameters angh) is the vector of Gaussian noise
with the following property:

E[W (n)] =0
cov{w(n),w (i)] =0 for n#i ()
cow (n),w (i)]=W (i) for n=i

The equations (4) and (5) represent "evolution foaofn
measurement vector".

The algorithm for estimation of a vect@{n) of uokn
parameters together with its covariance maBx) can be
summarized:

B(n) =P (n)+H(N)(z(n) —r (n) ~D(N)p(n)
S(n) =S, (n) ~HMD(N)S,(n) 6)

Wherep,(n) is an extrapolated estimate from the &ep,

S.(n) is a covariance matrix of extrapolatiand H(n) is

Kalman gain. All the mentioned parameters are ptesdd be
recursively computed from the last estimated patarse
characterized bp(n-1),S(n-1)  adaug to the form:
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P(n) =AM)p(n-1 +b(n)
S.(N =AMS(n-JAM +Q(n)

7
H(m) =S, (D) (DS, (D) +W(n))” v

Equations (6) and (7) are understood as "Kalmaterifilg

algorithm".

Now, we suppose the non-linear evolution of an wmkm

parameter vector (2) and a measurement vector h@®ugh

known non-linear functions f(.) and h(.):

p(n)=f(p(n-1)+b(n)+q(n) ®)
z(n) =h(p(n)) +r(n) +w (n) ©)
The main idea is to linearize the equations (8) @dvith the

help of the first two components of Taylor seriegxktrapolated
value f)e(n) (extended Kalman filtering):

v ¢fa ). 19 (p)
H(p(n D)—f(pe(n))+2%

- e-9-.m) o

p=pe(n)

fp(n--p, () 11)

p=pe(n)

o1 =H(p. )+ S

Based on the equations (10) and (11) non-lineaatsans (8)
and (9) are transformed into a linear form and Kairfiltering
could be used.

Kalman filtering can be started by the first measoent z(1).
The initial parameters should be set up as:

)= H (U= -r ()
H()= (@) w (o) o) w* w2

s@)=(pa)y wa)y'ow)*

4.2. Switching as classification process

Let us introduce the vectaras the vector carrying information
about the values of performance parameters in satimpé. The
items of vectorx are either deterministic or random processes
with help of Kalman filtering described above.

Let us define the classification problem as ancaltion of the
feature vectox JR®  to one of the C mutuahglusive classes
knowin that the class of x takes the value
in (Q :?wl, ........ w:}) with  probties P(w)......P(ar)
respectively, andx is a realization of a random vector
characterized = by a conditional probability density
function p?x\ w), wQ . This allticm means the selection
of best fitted telecommunication technology based o
knowledge ofx vector.

A non-parametric estimate of theth class conditional density
provided by the kernel method is:

- 1 N (X=x°
f(xa)):NthDDiZ_l:K( > ] 13)

whereK(IID)J is a kernel function that integratesote,h,, is a
smoothing parameter fapth class,N,, stands for sample count
in classwandxy’,....xy is the independent trainingadd@he
density estimate defined by (13) is also called Barzen
window density estimate with the window function

It is a well-known fact that the choice of a partar window
function is not as important as the proper selaatifossmoothing
parameter. We use the Laplace kernel defined byall®ving
Laplace density function:
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1 X=
fL(X; U, 0') = ﬁ @XF{_ ‘ 0-/'1]’ (14)

where xOR, u0R,o 0(0,©)

The product kernel is used with a vector of smauaghi
parametersh, =(h,,....h,,)  for eachsst: The product
kernel density estimate with Laplace kernel is tefined as

: _lER 1 _‘Xj_xiﬂ‘
f(x\w)—N—z 2, ex;{ - ] (15)

w i=1 j= w, j

Smoothing vectorsh,,  are optimized by a pseudalilibod
cross-validation method using the Expectation-Masation
(EM) algorithm (see [13] - [14]).

To rank the features according to their discriniirepower the
standard between-to within-class variance raticengployed.
This method is based on the assumption that indaliteatures
have Gaussian distributions. The feature vecxdn R® takes
value to one of C mutually exclusive classes {wl, ........ wc}
The probabilistic measureQ,  (d, w;, ;) ofwotclasses
separability for the feature d (d-th componenteztfire vector)
is defined as

o, +Gi)

Qd,i.j(dra%w;): ‘“ u ‘
i i

: (16)

whereq andq are classes and symbgk 30 denotes #ie re
constant specifying the interval taken into accajmobability
that observation of normally distributed randomiatale falls in
[,u—3.0|]7,,u+ 3.0&7] is 0.998)he smaller the value of
the measureQ;;, , the better is separatfothe inspected
classes made by the feature d. FQr;, <1 th blasses are
completely separable. The measure is similar & widely
used Fisher criterion.

For multi-class problems, the two-class contribngioare
accumulated to get a C-class separability meas(a fQr the
feature d:

c C

Q) =>">"Qq,(d.i. j) a7

i=1 j=1

1#]
All the features in the training data are thenesbrccording to
their Q(d) measures. The function Q(d) is similar &
significance measure of the d-th component of tufeavector.
The subset of n first features is selected as d@pubwf this
individual feature selection method. The drawbadk tloe
method is the assumption of unimodality and the faat just
linear separability is taken into account. On theeo hand, the
individual feature selection method based on thevéen-to
within-class variance ratio is very fast.
Presented classification approach is effectivelpliapble for
relevant decision processes used to select the piestible
alternative access from the set of available pditezision is
based on evaluation of both random as well as whitestic
processes. Introduced approach enables continueaisiah
processes training.
Presented method allows implementation to be staxith no
information flow between layer 2HL and layers 1HhdaCL
even though such tool can be understood as ovevastil
approach for limited number of measured paramet€rss
solution is deliberated to be applied for futurdeesions in
information resources to let decision process [paity
improve by application of potentially available anfnation
from layers 1HL and CL. Such growth in number cfitss
information resources can be than smooth and velgtsimple
to be implemented.
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5.CONCLUSIONS

The main goal of our research is to introduce esiten of
existing telematic system improving safety, efficg and
comfort of transport services as well as technalagiransport
processes like in past studied airport over-groureffic
management. This afford calls for new generatiomeaf-time
navigation service, which is continuously availafde defined
probability level) for management system as welfasserved
vehicles e.g. under any weather condition.

Required communications delay limit (fix plus ma)il
identified for the Top Class areas e.g. airportliag and take
of areas within the pilot project CAMNA, has been
outstandingly challenging and this requirement igicantly
determined selection and setup of the whole comecations
chain. Top Class services requirements, howeven, rapresent
general top reference level of the wide range ééntatic
services requirements.

Due to regular complexity of by telematic servicasvered
areas (several classes of services with differeygtem
requirements) it is necessary to concentrate affond the
wireless access solution designed as seamless heditc
combination of more independent access solutions.

Process of access solution switching has been dulgi
intensive R&D and different approaches were already
published. One of alternatives - family of standadALM
developed to transport applications - representsmising
response on ITS requirements, even though due rplexity

of proposed solution it is inevitable that a quiéenarkble time
to resolve all issues can be expected.

On the other hand proposed alternative approaclkedbas
L3/L2 TCP/IP switching operated in specific configtion and
settings is understood only as the potential intednd in
functionality limited substitution, however, with uth less
demanding and so faster implementation conditi@mparing
e.g. to the ones of CALM.

Method of different paths evaluation and decisiomcpss
background has not been as widely discussed as were
communicated the core switching approaches andishaty
core principles of one of possible alternativerissented.
Measured parameters of all available alternativeese paths
are in presented solution processed by Kalmarm filith aim to
separate reasonable part of the data noise. Kafittan also
allows prediction of the individual parameters ndature
behaviour. Filtered flow of measured parametersorscan be
than extended by deterministic parameters like tifleation
communicated with tall collection or economical araeters.
Resultant vectoxk time line allows to classify the best possible
technology selection from those for which the ratevtime line
of vectorsx is available. Classification algorithm is based on
training procedure using relevant training data.e- line of
training vectorsx and relevant to data selected paths. Even
though just linear separability is taken into adtouthe
individual feature selection method based on thevéen-to
within-class variance ratio represents very fagraach.
Presented classification approach is effectivelpliapble for
relevant decision processes on the top layer of the
communications system management to successfubigtstae
best possible access alternative from the set afadte paths.
Decision is based on evaluation of both random ai as
deterministic processes and introduced approachblena
continuous decision processes training. Its sthremhamely in
future information resources extension obtained efgnfrom
potentially available lower layers of the multilayadaptive
communications management system.
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