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Abstract: Intelligent Transport systems (ITS) are essegt@ddéipendent on correct selection and operationtefjrated
communications solution. Requirements on the IT@roanications environment are, however, regularlgrified
indirectly by telematic sub-system performance datbrs. Correct selection and configuration of #pgropriate
communication solution can be achieved if transtdrom matrix TM between vectors of communications and
telematic performance indicators is correctly idfead. This TM matrix identification process is core of introduced
method developed within projects CaMNA“Car Movement maNagement on the Airport”) and JRAZ
Complexity of the airport area requires differeatues of telematic system performance indicatorganous parts of
the area. Specific airport conditions lead to carabion of core wireless service with a set of theraative access
solutions. Second generation of cellular handoveis vadopted as a basic principle of the relevantamiym
communications access services selection. Asah fioint there are presented results of the comeation solution
parameters tests processed within CaMNA limitedtpristallation as well as the relevant recommendat

Key-Words: -Intelligent Transport Systems, Telecommunicatioesfd®mance Indicators, Telematic Performance
Indicators, Global Navigation Satellite System, d@arer, Quality of Service.

1. Introduction Information about vehicle position is sent to tleatcal

The main goal of the project CaMNA{Car Movement ~ S€rver on periodica! basis .mutually with requiretaen
maNagement on the Airport) is to improve efficiency 9enerated by vehicle driver. Server collects and
and security of the airport over-ground traffic.igh Processes data received from all service vehicles.
telematic application based on GNSS (Global Naitgat Obtained data are combined Wlth data gained frqm A-
Satellite System) has been developed with aim to beSMGCS and they are delivered to the airport
integrated with already operated management system Management unit. Simultaneously this positional
SMGCS (Advanced Surface Movement Guidance andnformation is sent to each vehicle equipped witfiva
Control System) based on the non-GNSS based®BU. Each OBU receives glso individual supervisory
localization systems. CaMNA sub-system is designed data generated by either airport control systembyor
client — server structure. Powerful client is inable to ~ dispatchers. o

be installed in every vehicle used at airport a@ent, ~ Described client-server application may resemble th
i.e. OBU (On Board Unit) is designed as a modularWidely spread publicly available car navigationteyss.
system equipped with PC based unit. Right now theze However, this apphcatlo_n displays all identifiebjects .
available modules like GNSS unit, wireless In the area on both dispatcher and each user units.
communications units, display and audio unit. B8w  Moreover an extensive set of bidirectional inteaigt

and HW modular architecture gives to CaMNA system00IS is available, as well. There are also outstayly
remarkable potential to extend functionality of the higher requirements on telematic system performance

system by means of optionally integrated modules. indicators. This fact is caused by specific coodii of
the airport area where this application is operated

! The pilot project is part of grant 802/210/112 hing of the Czech 2. Communications solution
Republic into Galileo project" supported by Minjstof Transport of the
Czech Republic

2 SRATVU — “System Requirements and Architecture bé tuniversal 2.1 Telematic Sub-system requirements

Telematic Vehicle Unit” is grant 2A-1TP1/138 of NEtry of Industry and ; ; ; ;

Trade of the Czech Republic. Airport is strictly, but precisely anc_i transpargntl
regulated area. CaMNA telematic sub-system
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performance indicators (see e.g. [2] — [5]) areldiged
in Table 1.

on the communication system BER. On the other hand
due to packet/frame information structure L3 and L2
nodes (router/switch) functioning critically infloee the
whole  communications  performance.  Following
communications performance indicators quantify iserv
quality:

Perform. limit probability  |time

Indicator value |level interval

Accuracy 7.5m 99% -
Availability 30s 99% after init. .
Reliability 36s 99% 3,600s
Continuity 5s 99% 180s
Integrity 5s 99% -

Tab.1 CaMNA Telematics Performance Indicators

Full mobility of the communication solution reprete
one of the crucial system properties specificalty i
context of particular demand on availability, qtaknd
security of applied communication solution.
Required data transmission capacity representshanot
critical system parameter. Volume of the exchardgsd
setpd is set to 70 Bytes. If position each mobbject is
identified by GNSS methodn additional object are
localized by A-SMGCS and measurement frequendy is
than needed transfer capacity for localization dima
between server and clients is
tci = pdn.f.(n+m).8 [b/s]. (1)
Required transferred capacity for localization data
opposite direction, i.e. from client to server is
tcc= pd.n.f .8 [b/s]. 2
If broadcast regime instead of the individual ,
communication between server and clients is applied
than data transfer
tcb= pd.f.(n+ m).8[b/s]. (3)
It means that
tcb =tci/n[b/s]. 4)
Additional individual supervisory data flows betwee
server and clients are not included in this calouta
Administration data volume is not, however, criticfa
compared with volume of the positional data.

Availability,

0 Service Activation TimEAT) - defined as time
needed for activation/modification of the
network archived on certain probability level,

0 Mean Time to Restof®TTR) - defined as time
service is restored from unexpected inoperable
stage on certain probability level,

0 Mean Time Between Failu@TBF) - defined
as time between two unexpected inoperable
stages on certain probability level and

o VC availability - percentage of correctly
provided service in appointed time interval on
certain probability level.

Delay - an accumulative parameter defined as time

frames are delivered within a defined time period o

a certain probability level. This parameter is etiéel

by (i) interfaces rates (ii) links capacity, (iii)) frame

size, and (iv) load/congestioof all in line active

nodes (switches).

Packet/Frames Loss percentage of undelivered

packets/frames within defined time period on certai

probability level.

Security - Risk Analysis (RA) and classification
must be done based on detailed knowledge of the
system environment and potential risks. Risk of
information integrity can be caused by attack oy an
part of the information transfer chain. Relevant
solutions can be seen namely in additional security
tools — like on L2 authentication, coding and on
application layer - authentication, coding and
tunneling.

Another alternative approach which leads to priacip 2 2 Communications design methodology

data flows reduction is based on control of posilo

Performance indicators described for communications

data delivery in accordance to their evaluatedgpplications must be transformed into telematic
importance. Distance between objects and their ahutu performance indicators structure and vice versaalFi

speed represent effective criteria for such datav fl
control.

IP protocol offers general devices interoperabilithis
IP advantage is, however, paid by need of wideeaarfg
techniques and tools, which must be carefully ikesda

additive

impact of the vector of communications

—_

performance indicatordCi on the vector of telematic

performance indicatosstmi can be expressed by Eq. 5,
if probability levels of all indicators are unifieah the

and managed to obtain requested service qualitysame level and all indicators are expressed exellysin

reliability and security.

Link layer (L2) BER can nowadays offer serviceshwit
BER<10° (BER - Bit Error Rate) in case of carrier grade
wireless systems and even BER<"for fiber networks
namely due to physical layer (L1) continual quality
parameters improvement. L1 has got so minor infleen

time dimension.

Atmi =TM i, (5)

whereTM is transformation matrix. Identification of the
TM represents iterative process and it is handledun f
iterative steps. Identification process starts wwithtrix in
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as general as possible structur¥, Transformation

matrix TM, takes in account all potential relations

between communications and the telematic indicators,

Matrix construction
communication solution and its integration inteetehtic

system. Probability of each phenomena appearance if

context of other processes is not strictly evalliate
period theT M, identification.

In case of CaMNA case vectami  consists of
 Accuracy ,

* Availability t; ,

* Reliabilityt,,; ,
« Continuityt; ,
* Integrityt .,

and vectorta consist of

« timetoupload,

+ time to download,;
« handover within the same access technofogy,; ,
 handover within different (CALM) medig,, . »

- feedback parameters settings periag ,

* MTTR of the terrestrial network servige . . :
* MTTR of the access mobile service

rmii !

is dependent on the detailed

General

time period fix service is not available (self-liegl
process not available or not successfil) , ,

time period mobile service is not available (self-
healing process not successfi),; ,

time to accept OBU (On Board Unit) into relevant
cellt,, .

impact of listed set of communications

performance indicators on above defined set oftate

performance

indicators Atmi is  described by

parameters

Accuracy as distance vehicle maximally moves
within whole communication cycle,

Availability as time required to accept wireless unit
into network plus time to deliver information about
successful acceptance,

Reliability as total time communications service is
not available within defined period (final reliabyl
is than expressed in %),

Continuityas time period communications service is
not available

Integrity as time to deliver information about system
failure.

Transformation matrix structuturéM of Eq. 5 can be
presented by Eq. 6.

lﬂm,i O, kp,d,i o, l%,hsmi o, kp,hdmi O, kp,rp,mi o, lﬂ;,r,f,i o, kp,r,mi O, iﬂa,na,f i KJ,nami N0 |
Kyusio Kyai K hsmi- Ky Ki,rpmi J Kir.fio Ky mis Kinatir  Kinami  Kioi
™= ks,u,i’ l%d,i’ l%hsmi (O kshqmi (G ksrp,mi m‘%mi' ks,r,f,i' l%r,mi' ksnaf i l%nami' 0 |(6)
0 0 Kensmis Kenamis K(,rpmi ' Kert i Kermis Kenaris Kenamis 0
L Ko Kais K hsmi» K nami» K,rp,mi’ Kr i K mis K nat i K nami- 0 |

wherev, is vehicle velocitys,g g »i represents number
of phenomenon appearance (on agreed probabiligl)lev
is evaluated

in time interval0,T) . Value of, ,, (/-
as either ,0“ or ,1“ in accordance to below deked
iterative process .

Each TM element is consequently in several steps

evaluated based on the detailed analysis of theplar

telematic and communications configuration and its
appearance probability in context of the whole eyst
represents subsequent

performance. This approach
iterative process managed with goal to reach stdugpe
all minor indicators (relations) are eliminated atfe

major indicators are identified under condition ttha

relevant telematic performance indicators are kéftin
given tolerance range. Four steps of the proessting
to the final stage are:

[l primary eliminationof communication parameter
relevant

based on implementation  of

1]

1]

[IV]

communication solution or setting (e.g. guaranteed
homogenous radio signal coverage in defined area
— e.g. airport runway),

primary  disregarding of communications
indicator, if its weight can be justified as
insignificant,

identification and exclusion of indicators with
significantly lower level of their appearance
probability (e.g. in case of coincidence of
processes with unified probability level of their
individual occurrence - the dominant one is
appointed)

final iterative identification of dominant indicat®
as the last step of the iterative process ofTthke
identification is based on the virtual
communication solution parameters settings.
Potential solution modification can, however, lead
identification process back to stgp
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Presented method principles are designed as geseral application best available wireless access solution
possible with aim to cover the widest range ofrteltc given area and time. Process of the alternativeless
solutions. Method is applicable for CALM media access solution substitution is usually referredttees

performance indicators limits identification, asliwve second generation of the cellular handover priecipl
known in its first generation from cellular mobile
2.3 Communications solution for ITS systems.

Most of ITS serve moving objects, so that apprapria Handover process is controlled in accordance tofset
wireless access solution is typicaly needed. GSMikmo advance identified parameters limits. Criteria the
providers preferably offer GPRS (General PacketidRad “best” solution include parameters like BER, lews
Service) — see [8] and EDGE (Enhanced Data rates foreceived radio signal etc. Control system takes in
GSM Evolution) data services. UMTS (Universal account not only the absolute values of tracked
Mobile Tele-communications System) data servicegha Parameters, but also theirs individual trends a# as
been more and more available, as well. It is ptsgip  trends of specific parameters combinations. Dynarafc
apply also DTMF (Dual-tone multi-Frequency), CSD the internal CALM media feedback control processes
(Circuit Switched Data), HSCSD (High Speed CSD), must be carefully taken in account to minimize cant
SMS (Short Message Service), USSD (UnstructuredProductive simultaneous processing on differentleof
Supplementary Service Data), UUS (User to Userthe hierarchical system.

Signaling) served via GSM (Global System for Mobile Replacement by the alternative solution can be also
Communications networks) networks. However, GSM caused by identification of more suitable alteneati
based data services performance indicators ardéevaluated by cost, life time etc.) to existing astdl

noticeably limited to let apply GSM wireless access Successfully used alternative. .
services particularly for specific “sensitive” ITS Communications solutions, i.e. CALM media are:

applications. e Cellular systemsncluding 2.5G GSM and UMTS,
Carrier grade mobile wireless communications soh#i « DSRC (5.8GHzlised worldwide for road tolling and
Mobile WiMax, i.e. communications system based on access control,

IEEE Std. 802.16d and Amendment 802.16e is,
promising alternative, which will be able to meeaighof

ITS specific wireless access performance indicators
requirements - see [10] and [11] However' M0b||e i Satellite Communicati0n$XC|USive|y applled for

Millimeter wave technology(62-63GHz) used in
conjunction with radar signal at similar frequesgie

WiMax has will not be accessible in certified versi emergency and “special applications”,

before 4Q2007. * Mobile Wireless BroadbandMWB) with cell

In a short term view we expect that Mobile WiMax|wi usually much larger than UMTS cells — today
be mostly available only in dedicated installations namely communications systems based on IEEE Std.
Reasonable value/cost ratio gives potential to Mobi 802.16e and coming soon IEEE Std. 802.20,

WlMax_ to be successful in m|d-ter_m view in competit .« ISO 15628applications developed as application
v ey soaee w0 laye of Eutopean DSRC (s3GHz). Hoveve
Nokia (NSN). Samsung and Motorola in IEEE 802.16 CALM can.support the only limited set of services,
WG. * Other media to come.

IP  communications have got for highly demanding CALM represents Unified Modeling Language type of
solutions series of effective tools both on L2 &df the  architecture. Details about this family of standasede
TCP/IP model. Even though MPLS is understood as theavailable e.g. in [12] - [14]. Handover of CALM miad

L3 solution leader, L3/L2 switching (IEEE 802.3280d  is processed on L2 of the TCP(UDP)/IP model, t.és i
and 802.1q in the latest version) has been ardhivin not in TCP/IP competences. Handover competences
remarkable position in ITS namely due to notablstda  given to this L2 is the only suitable alternative fvide
network convergence and reasonable value/cost. ratidange of the wireless solution.  Alternative layer
ITS solution usually combines both mobile access an solutions are displayed on Fig. 1.

terrestrial backbone services and theirs simpleCALM family of standards does not represent strict
transparent interoperability on L2 represents agoth implementations rules into a “physical body”. CALM

crucial advantage. will appear mostly as software package implemented
into already existing vehicle computers dedicated fer
2.4 CALM — family of standards the telematics applications.

CALM (Communications Air-interface for Long and Goal of CALM implementations is the “only”
Medium range) family of standards (ISO TC204, Optimization of the access wireless communications
WG16.1) (see [12] - [14]) offers for every partigul Processes. Due to fact that CALM can directly touch
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vehicle control computers data busses, firewallEven though Mobile WiMax is the only potential

protection must be implemented between vehiclerobnt alternative for the core mobile access system

and communications system. It is absolutely crumal unavoidable for the airport critical areas, whoigart

keep privacy of the vehicle control system becaidgbhe area coverage with this core technology was not

final legal liability for the safety of the vehiclies on the identified as an effective approach. Some of adtive

vehicle manufacturer. access solutions identified as inappropriate fas€l1
like already mentioned EDGE/GPRS/UMTS or e.g. even
in specific areas carefully individually install®diFi can

ISO TC204 ITS Application be applied, if alternative s.e.rvices performancebc'mqrs
meet these areas specific performance requirements
T Stream & (Class 2 and onver). For solution to solution §wm
Prototols Real Time |1 IS0 DSRC second generation of the cellular handover in CALM
Erotaeols architecture was selected.
TCP UDP L2/UDP L3/L2 switching (IEEE 802.3, 802.1d and 802.1q &) L
S in combination with HW based redundancy switching
Loy . system “HYPER ring” (already available at Airport
e B s Prague proprietary solution produced by company
over |MAC| | "o [MACH | " e | MAC Hirschman) was selected due to reachable valuéiseof
L L L performance indicator MTTR (convergence procedure
802.16e 2.5/3G GSM | | GPS/Galieo approx. 50ms per 1Gb/s Ethernet ring) as well astdu

transparent possibility to effectively interconnégtand
mobile solutions.

L . Introduced mobile and fix communication chain offer
2.5 CaMNA communications design relevant communications system parameters in cobntex

Applied transformation method identified telematic of by project required performance indicators.
performance indicator “accuracy” as the dominant

indicator. This dominance is caused by real-time

character of the CAMNA application installed in the 3. Results of CaMNA pi|0t project tests
specific conditions of the airport area. Requetggd| of The main goal of the pilot project communications

accuracy (see Table 1) must be reached for evgegiob system tests was to identify parameters of the Wima

{vireless access solution integrated into CaMNAe&yst

aclcur?cy c;fthlmGV\{!:l be ec_:onorr|1:|cally rea(;h;lble by Because of any certified Mobile WiMax systems was n
selection of the Gallleo services. For present-dagts commercially available, tests were processed with

with_the “_public” C.;PS Sensors S.UCh accuracy can becommunicattion solution based on IEEE Std. 802.16d,
obtained in the differential configuration. Remaumi

. .. which does not guarantee some performance indgator
approx 6.5m of the total required accuracy restrict g P

) S . for communications with moving objects.
maximal communications delivery delay on 200ms.
All the other limits defined in Table 1 are mettatal
reached delivery delay is below critical 200ms. itiof
200ms so represent critical issue for the commtinica
chain and it must be carefully kept namely in thpaat
critical areas - i.e. Class 1 areas like runways their
surroundings. This parameter considerably detemsnine g
the communications chain performance indicatord wit
consequences of elimination of most of available
wireless communications solutions.
Mobile WiMax (IEEE Std. 802.16e) was identified as
the only potential alternative of the wireless a@sce
solution for the critical airport areas. GPRS ariGE |
and quickly penetrating UMTS data services served b gl
public operators do not meet performance indicatord
requirements for the “sensitive” airport areas ¢4sS 1
(200ms total max. delay of the whole communication
system).

Figure 1. CALM Layer Architecture

Figure 2. OBU and in-door antenna installed irhigde
(exclusively for pilot tests)
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Figure 3. OBU screen in vehicle (pilot test)

The airport area with the heaviest over-groundfitraf
was selected to let provide representative regilthe
pilot installation. This area also included runwaysere
was operated majority of this airport taking-offdan
landing. Limits of dynamic parameters given notydny
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Figure 4. RTD spectra of NLOS Site 3

10

Test with moving vehicles were operated only in the
“open area’, where switching between LOS and NLOS
regime frequently accompanied with new settinghaf t
antenna was not expectable. Motion tolerance up to
required 120km/hour was identified in runways “dpen
area (Class 1) on mandatory probability level ewith
IEEE 802.16d based system. Handover dynamic
parameters (system based on IEEE Std. 802.16ebavill

standard IEEE 802.16d but also by parameters of théested immediately certified product is available.

only that time available smart antenna were taken i
account in the pilot tests design (see Fig. 2)ufeg3
introduce typical screen view, which also include
information received from airport management.

Due to already discussed dynamic limits given by

Results confirmed, that critical dominant performan
indicator, i.e. round trip delay, meets calculated
requirements under accepted restrictions given by
applied technology. Reached mobile part resulte giv
appropriate space (more than 100ms on probabditg! |

applied communications access wireless technologyf 99.9%) to the terrestrial solution. It is reallea

most of tests were processed exclusively in thécsta
regime. Obtained results are summarized in Table 2.

Site| Visibility | ART[ms] | ASNR [db]
1 LOS 45.6 33
2 LOS 471 32
3 NLOS 44.6 -26
4 NLOS 44.8 27

Table 2. — Principle parameters of the WiMax access

where LOS means “Line Of Sight”, NLOS - “Non
LOS”, ART “Average Round Trip” and ASNR “Average
Signal to Noise Ratio”.

Spectra of Round Trip Delay (RTD) in ms are inistat
regime comparable for both LOS and NLOS
configuration. Typical example of obtained RTD gpec
is displayed on Fig. 4 for NLOS alternative.

Both measurements were processed in static regim
Sporadic packet re-transmission generated by applie
TCP is most probably caused by occasional intenacti

between WiMax radio and airport radars systems.

Probability of packet delivery delay longer tharOi
is, however, below requested 1% probability.

requirement on terrestrial backbone network based o
Ethernet rings with HW switched redundancy like. e.g
HYPER ring.

Final solution covering the whole airport area will
evidently need cellular architecture, i.e. MobiléMNsx
(IEEE Std. 802.16e based certified system) combined
with alternative local access solutions in area€laks 2

and lower, i.e. like parking and depot areas. Such
solution leads to design of management system where
are accepted the second generation of the cellular
handover principles in CALM architecture.

4. Conclusion

CaMNA project represents typical Intelligent Traop
System (ITS) where correct communication solution
identification and its parameters settings playticai
role. The main goal of the CaMNA project is to
introduce telematic system, which based on position

Qdentification of all moveable objects on the aitparea,

processing of gained data and relevant communicafio
obtained results to all involved users (dispatchers
drivers etc.) can improve safety and efficiencytloé
existing airport over-ground traffic management.
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Most of available communications solution served vi services is carefully controlled by managementesyst
GSM and UMTS networks have got some significant with adopted CALM family of standards.

performance indicators limits so that these sesvican

be identified in specific ITS applications as irfauént.
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