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Abstract:- Communications solution represents one of the key parts of the Intelligent Transport system (ITS). Goal
our research is to improve over-ground traffic efficiency and security, specifically on the airport territory, where pil
installation was set-up and tested with aim to confirm its ability to improve conditions for efficient management of tl
over-ground traffic of all moving object in area including moving aircrafts and all types of service vehicles. ITS syste
requirements on the communications environment are usually quantified indirectly by telematic sub-syste
performance indicators. Correct selection and configuration of the appropriate communication solution are achieva
if "transformation matrix" between vectors of communications and telematic performance indicators is correc
identified. Principles of developed method based on such transformation matrix identification are introduce
Application of the proposed methodology is demonstrated on the CaMNA communications system identification a
its parameters settings. Airport territory has got quite complex arrangement and there are very different requirem
on telematic system performance in different parts of the airport area. This fact leads to application core wireless ac
service securely combined with set of the alternative technologies applied in areas, where the core service is
available for technical or economical reason. Management of such system is based on implementation of the CA
family of standards or its mutations with implemented effective and safe decision processes. Correctly desig
decision processes supporting selection of the “best possible” alternative represent one of key issues of the w
solution. Results of the communication solution parameters tests processed within limited pilot installation and reley
recommendations are presented as the last part of this paper.

Key-Words: -Intelligent Transport Systems, Telecommunications Performance Indicators, Telematic Performan
Indicators, Global Navigation Satellite System, handover, Quality of Service

1. Introduction already operated management systems A-SMGCS

New method of the communication system identification (Advanced Surface Movement Guidance and Control
and configuration based on principles described in [1]SyStem) based on the non-GNSS based localization
and [2] was developed within projects e-ldeBIOTEK? systems. System is designed in client — server structure
and SRATVU elaborating results of project CAMNA ~ — See Fig. 1..Powerful chenj is inevitable Fo be.mstalled
The main goal of those projects is to improve efficiencyin every vehicle used at airport area. Client, i.e. OBU
and security of the over-ground vehicles traffic, (On Board Unif) is designed as a modular system
specifically movement of all service vehicles on the €quipped with powerful PC based unit. Right now are
airport territory as well as all individual aircrafts. This available  modules like ~GNSS unit, wireless
telematic application based on GNSS (Global Navigationcommunications units, display and audio unit. Both SW

Satellite System) is developed to be integrated withand HW modular grchitecture gives to design'ed system
remarkable potential to extend/change functionality of
L - — the system by means of a newly integrated modules.
ofel\-/llggtc_R ';'Aecz"TOF’]'l‘j iggnt'f'cat"’” systems withiartsport process — grant  |nformation about vehicle position is sent to the central
2 DOTEK — Communication module for transport telematpplications — server on perlodlca.l baSIS_together with requirements
grant of MPO CR- 2A-2TP1/105. generated by vehicle driver. Server collects and
3 SRATVU — “System Requirements and Architecture of tmiversal processes data received from all service vehicles.
Telematic Vehicle Unit” is grant 2A-1TP1/138 of Ministry of Industry and Obtained information is combined with data gained from
Trade of the Czech Republic A-SMGCS d d It is deli d to th
4 CAMNA - "Joining of the Czech Republic into Galilgmoject” grant " » processe _an reSL_J IS delivere 0 e
802/210/112 of Ministry of Transport of the Czech Republic airport management display unit, as well as to each
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vehicle equipped with active OBU. Each OBU recsgive
also managerial data generated by either airparralo
system or by dispatchers. OBU screen shares pualitio
information with received administrative data.

GNSS

GNSS-R GNSS- R GNSS-R

OBU - client OBU - client OBU - client

WL unit WL unit WL unit

WL Base st

I

’ Terrestrial network ‘

I

Server

A-SMGCS [« -

Dispatcher

Figure 1. CAMNA telematic service structure

Described client-server application can resemble th
widely spread publicly available car navigationtsyss.
However, this application displays all identifietjects

in the area on both dispatcher as well as usets ant
extensive set of bidirectional interactivity toois
available, as well. There are above average rageiés
on telematic system performance indicators. This ia
caused by specific conditions this applicationpsrated
on the airport area.

2. Communications solution

2.1 Telematic sub-system requirements
Airport is strictly, but precisely and transpargntl

Tomas Zelinka and Miroslav Svitek

method andm additional object are localized by A-
SMGCS both with frequency than needed transfer
capacity for localization data flow between seraed
clients is

tci = pd.n.f.(n+m).8 [brs]. )
In case e.g.n=100, m=100 and f =1s than

tci=112Mb/s. Required transferred capacity for
localization data in opposite direction, i.e. frairent to
server is

1

tcc= pd.n.f .8 [ob/s]. )
If broadcast regime instead of the individual
communication between server and clients is appiied
data transfer
tcb= pd.f.(n+m).8[b/s]. ()
Any other individual supervisory server to cliemista
flows are additional that value. In broadcast regiutata
flow from server to clients is
tcb =tci/ n[b/s]. (4)
Additional individual managerial data flows between
server and clients are not, however, includedisrttio.
There is available alternative principal reductmmnthe
transmitted data volume reached if positional daia
selectively transmitted to each moving object with
individual period. Distance between objects andrthe
mutual speed represent effective criteria for sdata
flow control.
Generally accepted IP protocol offers transparent
interoperability paid by need of wide range of t@goes
and tools, which must be carefully installed andhatged
to obtain requested service quality, reliability dan
security. Telematic real-time applications freqlent
strictly require precise specification, control and
continuous monitoring of the services parameters.

regulated area and telematic sub-system performancBhysical layer (L1) has been essentially improvisg

indicators (see e.g. [2] — [5]) were identifiedTiable 1.

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 Required Telematics Performance Indicators

Full mobility of the communication solution represe
one of the crucial system properties specificalty i
context of particular demand on availability, gtyaliand
security of applied communication solution.

Required data transmission capacity representshanot
critical system parameter. In TCP/IP communication
structure one positional dagad represents approx. 70
Bytes. If position each af object is identified by GNSS
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guality parameters. Due to this fact link layer YIBER

(Bit Error Rate) is today reaching level of %l case of
carrier grade wireless systems and up td*%6r fiber
networks. L1 has got so minor influence on the
communication system BER. On the other hand due to
packet/frame information structure L3 and L2 nodes
performance is critical for the whole communicasion
systems system parameters. Following communications
performance indicators quantify service quality:

* Availability,

0 Service Activation TImESAT) - 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,

Mean Time Between Failu@MTBF) - defined

as time between two unexpected inoperable
stages on certain probability level and

(0]
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o VC availability - percentage of correctly e« Integrityt

provided service in appointed time interval on — . _ L
certain probability level. Vectortci is for described application :

tsnai "

« Delay- an accumulative parameter defined as time®  time to uploadd,;
frames are delivered within a defined time period o + time to downloadl,;,

by (i) interfaces rates (ii) links capacity, (iii) frame o .
size, and (iv) load/congestioof all in line active handover within different (CALM) medig,, ,,; .

nodes (switches).  feedback parameters settings perieg . )

+ Packet/Frames Loss percentage of undelivered « MTTR of the terrestrial network service,
packets/frames within defined time period on certai o
probability level.

* Security - Risk Analysis (RA) and classification
must be done based on detailed knowledge of the . ) i R )
system environment and potential risks. Risk of* tlme. period mobile service is not available (self-
information integrity can be caused by attack oy an healing process not successfyl),,
part of the information transfer chain. Relevante time to accept OBU (On Board Unit) into relevant
solutions can be seen namely in additional security  cellt;; .
tools — like on L2 authentication, coding and on

application layer - authentication, coding and General impact of listed set of communications

MTTR of the access mobile service,; ,

* time period fix service is not available (self-hirgl
process not available or not successf) ; ,

tunneling. performance indicators on above defined set ofrtate
performance indicators is described for parameters:
2.2 Communications design methodology Accuracyas distance vehicle maximally moves within

Performance indicators described for communicationswhole communication cycle

applications must be transformed into telematic

performance indicators structure, and vice vers@hS . d,; FCgmi F1Coami HCGpmi +
transformation allows system synthesis. Final agdsit M=y +r +r +d. +t_ .+t ' ®)
im ; ; Cr.f,i Cr.mi di ~ “nami  "nafi

pact of the vector of communications performance

B

- — . network plus time to deliver information about
indicatorsAtmi can be expressed by following ¢, ccessful acceptance

equation, however, only under condition that praliisib

Ievgls pf all indicators are unified on the samgaleand Atds,i =ty + dd’i +IChomi ¥ MChami T MComi + (7)

all indicators are expressed exclusively by timeoar

time convertable value: +IC, ¢ +IC, i+ Ft ot
Atmi =TM [ci, )

) . : o Reliability as time service is not available within defined
whereTM is transformation matrix. ldentification of the period

TM represents transparent process and it is handled in

four iterative steps. Identification process stantith b = tha,ti  thami * NSismi LIChgmy + 8)
matrix in j[he most general structure FM. The. + NS OChg i + NSpmy OFC i +
transformation matrix M, takes in account all potential

relations between telecommunications and the telema +ns; Ure, ¢ +ns,,; Orc, .,

indicators. Probability of their appearance in esfitof  continuityas time period communications service is not
the other processes is not evaluated in-depthisrstBp. gy ailable

Matrix construction is logically dependent on the
At = TCpgmi +TCpg m, +1C + (9)

detailed communication solution configuration. i rp.mii
+ r.Cr,f,i + r.Cr,m,i +1

na,m,i?

Vector tmi consists of: Integrity as time to deliver information about system

. Accuracypi , failure
* Availabilityt,; , Atignai =TChsmi FChami TICHmi + (10)
*  Reliabilityt,, TIC ¢ TIC i +dd,i +tnaf.i +tna.m,i'

. Continuityti ,

ISSN: 1109-2742 Issue 2, Volume 7, February 2008
116



WSEAS TRANSACTIONS on COMMUNICATIONS Tomas Zelinka and Miroslav Svitek

Transormation matrix structuture for this set of rgmaeters deffined in Eq. (5) is
kpu,i EJ{, kp,d,i Eyi’ kp,hsm,i Eyi’ kp,hdmi Eyi’ kp,rp,mi EJ{, kp,r,f i Eyi’ kp,r,mi EJ{, kp,naf i W. kp,nami E]{ 0
kdu,i ’ Kﬁ,d,i ’ kd,hsmi ' kd,hd,mi ' Iﬂ;i,rpmi ’ Kd,r,f i kd,r,m,i ' kd,naf i Iﬂ;i,nami ’ kd,oi,i
T™M=| Ky, Keair  Konomi DBsmis Ksnami Bamis  Kspmi BSomis  Korrio Ky i Knatir  Ksnamis 0 (12)
O O kk,hsm,i ! kk,hdmi ! l€<,rp,m,i ! kk,r,f g1 kk,r,m,i ! kk,naf i1 kk,nami ! 0
L Iﬁ;.j,i ’ K,d,i ’ K,hsmi ’ Iﬂ,hdmi ’ K,rp,mi ’ Iﬁ,r,f g K,r,mi ’ K,naf i Ig,nami ’ 0

whereV, is vehicle velocity,NSynymmi represents typically applied DTMF (Dual-tone multi-Frequency),
- CSD (Circuit Switched Data), HSCSD (High Speed

”“mbef. of phen_om_enon appearance (on appropriat%SD)’ SMS (Short Message Service), USSD
probability level) in time |nterve(IO,T> . -.V?'“e. okach (Unstructured Supplementary Service Data), UUS (Use
paf,ramet?“.(xx,yy,m/f/ai IS In _the e_nd el elthlc_elr als to User Signaling) served via widely spread GSM
B()ezloci/(/ »1" In accordance to_iterative process (Global System for Mobile Communications networks).

: . GSM mobile providers, however, preferably offer GPR
Each elgment OTMis consequently gvaluated ba;ed on (General Packet Radio Service) and EDGE (Enhanced
the detailed knowledge of the particular telematici Data rates for GSM Evolution) data services. Inaare

C?é?)r;ﬁimcaﬂogf,mgftng?mg?g s E;?gm |(';s naa:giii?g%r:cegrowing UMTS (Universal Mobile Tele-communications
P y y y ’ System) data services, are becoming available,edls w

appr_oach SO _represents sub_sequent _iterat!ve_ ProCeISSM and UMTS data services performance indicators
leading to stage, where all minor relations (intbcs) are noticeably limited to let apply such wirelessess

are eliminated and the major coefficients il are services particularly for specialized “sensitiveTSl

identified under condition that all related teleimat applications quantified by performance indicators
performance indicator are kept within given tolcemn_ Carrier grade mobile wireless communications sﬁhﬂi
;?QQS'are':_our steps of the process leading to thal fi Mobile WiMax, i.e. communications system based on
ge are. S D IEEE Std. 802.16d and Amendment 802.16e is
[l primary ellmlnatl_onof communication parameter promising system, which will be able to meet evenyv
based on |mpl_ementat|op of  relevant pecific wireless access performance indicators
communication splut!on or setting (e..g. gu_arantee equirements. However, Mobile WiMax has not bean fo
homoge_nous radio signal coverage in defme_d ar€%he meantime available in certified version. Inrers
;tf)'g' airport runways, - aircrafts rolling corrigior term Mobile view WiMax be mostly available only in
I rirﬁar disreqarding  of  communications dedicated installations, only. Nevertheless, exubct
[ pnd'cat)(/)r it 'tsg e'ght can be iustified as reasonable value/cost ratio gives to Mobile WiMax i
:nsil nific’anlt s weig justin mid-term view potential to be successful in commati
Insignimcant, . - .. with UMTS. These expectations strengthen much more
[ |Qenf[|f|cat|on and exclusion of !ndlcators with visible activities of companies like Intel, Noki&l$N),
S'%gggﬁi?ﬂy (‘Iaowerinlevsellsé)f otfhelcroﬁ\%?de:rzigceof Samsung and Motorola in IEEE 802.16 working group.
P y (e.g. in . . IP communications have gained for highly demanding
Processes with unified probability _Ievel of the[r solutions series of effective tools both on eith2ror L3
:F?F')\gi?::é) occurrence - the dominant one is of the TCP/IP model. MPLS is understood as the L3
T v e . - solution leader. However, L3/L2 switching (IEEE 882
[IV] final iterative identification of dominant indicato 802.1d and 802.1q in latest versions ar?p?ied ongigéz)
%Se;?.?!:ts.ér?tep.;)f tht?a'stséat'vinproiizs of m'ratbal archiving remarkable position in ITS, namely due to
Icomrlnluni(I:ation ! solution  parameters s\gttiL:] S remarkably faster network convergence and reasenabl
: : lon P 9S-y/alue/cost ratio. ITS solution needs usually to bma
Potential solution modification can, however, lead both mobile access and terrestrial backbone serzind

identification process back to stgp : : . -
S . theirs simple transparent interoperability on L2
Presented method is discussed in [7] or [8]. Metisod represents another crucial advantage.

designed with clear aim to let user to cover thdesi
range of telematic solutions and for CALM standards
based solutions criteria identification, as well.

2.4 Multi-path access solution based on

CALM and L 3/L 2 switching.

Family of standards ISO TC204, WG16.1
“Communications Air-interface for Long and Medium
range” (CALM) represents widely conceived conceipt o
switching to the best available wireless accessradtive

2.3 Communications solution for ITS
Most of ITS serve moving objects, so that mostly
appropriate wireless access solution is neededeTdre
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in given time and area. Substitution process o$tag information from the lower layers will not be
path by the alternative wireless access solution is typically available.

understood as the second generation of the handovetommunications solution used in transport telersatic
principle. _ o potentially supported by CALM or alternative sotuts
Both generations of the handover action is staeskd  gye:

on evaluation of the performance indicators setHgior « Cellular systems including 2G and 2.5G GSM and
Rate (BER) or packet Round Trip Delay (RTD) are UMTS

typical but not the only possible performance iatlics . .

uysped for decision proc}:asl?ses in dzta networks. Biniic RC (5.8GHz) used worldwide for road tolling and
to the alternative path is relevant only if avaiéatools access control,
of the lower layer are already unable to resolve* Millimeter wave technology (62-63GHz) used in
performance limits. Simultaneous action on moreiay conjunction with radar signal at similar frequensije

can be contra-productive action. ~+ Satellite communications exclusively applied for
Second generation handover action can be in ptencip emergency and “special ap-plications”,

«_av(;)kedbals;) b)é;cgzrr:ggcg;ttlo;tg:nn;g\rz S:g:/?ég la;/ivﬁ}rlgno Mobile Wireless Broadband (MWB) with cell usually
9. by app much larger than UMTS cells — today namely

issuggit;:e ,[Ce %S;n?g;?'tlsour}fsic?gr?tna;hé)ggpe existing adiéve communications systems based on IEEE Std. 802.16e
g Y ) and coming IEEE Std. 802.20,

Typically applied adaptive communications control

system has following architecture: * IR (Infra Read) communications solutions,
* 1-st layer — Cellular Layer (CL) - represents feed-« WiFi (IEEE 802.11 based) different alternatives, - a
back control processes of parameters like transdhitt b, g, n,

power, type of applied modulation or redundancy of, \5 pased on standard IEEE 802.11p

applied cannel coding. Goal of processes on this .
layer is to keep given set of managed parametes li « |EEE 802.15.x based solutions: Bluetooth — 15.1,

Bit Error Rate (BER) or Round Trip Delay (RTD) UWB (Ultra Wide Band) - 15.3, ZigBee - 15.4,
within required limits. *  W-USB (Wireless USB)

« 2-nd layer — the first generation of handover (1HL) < Other media to come.

represents support of process of the seamlessALM standard resolves alternative access path
switching between different cells of the same switching by vertical system de-composition to the
provider network. Such approach is applied inindividual subsystems for each communications acces
technologies like GPRS, EDGE, UMTS, Mobile solution, however, management remains exclusively i
WiMax (IEEE 802.16e), but also in new amendmentthe horizontal layers architecture mostly represriy
IEEE 802.11r designed within family of standards Ap| (API issue discussed e.g. in 15]). Relevant
IEEE 802.11 (WiFi). This layer use to share jnformation needed for qualified decisions (incl.
information with CL layer (offered usually as one potentially of those from layers 1HL and CL) are
system) so that there is no high risk of contra-petween layers shared exclusively via the conisiesn
productively operated processes on these two layerstructures. Details of CALM architecture are ddseni

of course only in case it is correctly designed ande g. in [16] - [18]. CALM applies exclusively stifiot
operated. widely enough spread IPv6 protocol which allows thue

« 3-rd layer — the second generation of handoveits extensive abilities to continuously remotelyct
(2HL) - is mostly dependent only on identificatioh ~ active applied alternative. Handover is in CALM
the service performance indicators due to fact thagccomplished exclusively on the L2 of the TCP(UI#P)/
cellular systems are not usually designed as tka op model, i.e. out of TCP/IP competences. Handover
systems with appropriate application interfacescompetences given to this L2 is suitable altereafor
(API). Typically there is not mostly available most of the wireless solutions and it opens posaisi
interconnection with management of introducedto the non-TCP/IP based technologies like ZigBee or
model lower layers. The effective management onBluetooth.
the 2HL layer would be easier reached if 1HL andAs a response on an acceptable solution urgent need
LC layers share relevant information with managedauthors proposed alternative approach based on2L3/L
layer 2HL. However, most of second generation TCP/IP switching operated in specific configuratamd
handover decisions processes must be due téettings. This solution is understood as the omigrim

mentioned reasons designed based on fact thand in functionality limited substitution, howevewjth
much less demanding and so faster implementation.
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Decision processes are not discussed as frequaemnitlys Delay limit of 200ms represent critical issue ftret
with switching structures, even though implemenotati communications chain and it must be carefully kept
of the effective decision processes representsickfi namely in the airport critical areas (i.e. Classrdas like
the core of the issue. Due to lack of communicationrunways areas). This parameter considerably detesni
abilities between managerial centers of the lowgels  the communications chain performance indicatord wit
(usually closed system) and the 3-layer of the talap consequences of elimination of most of available
communication access system management decision afireless communications solutions.
the top layer must be usually done based on ircseiffi All the other limits defined in Table 1 are mettdftal
or no information available from the lower layers. reached delay is below critical 200ms. Delay limwit
Mostly the only “macro” performance indicators dlet  200ms represent, nevertheless, critical issue far t
whole communication chain are available. That iy wh communications chain and it must be carefully kept
authors concentrate afford on this area. One afrpiat namely in the airport critical areas - i.e. Claswdas like
approaches to the decision processes is studied bsgunways and their surroundings. This parameter
authors and it is based on following principles: considerably determines the communications chain
« Measured parameters a processed by Kalman filteperformance indicators with consequences of elitiona
Such process separates reasonable part of presepitmost of available wireless communications solsi
noise and also allows prediction of the individual Mobile WiMax (IEEE Std. 802.16e) was identified as
parameters “near future” behavior. the only possible alternative of the wireless asces
« Set of measured parameters is extended b>§o|u'tion for critical areas of'the airport. All thether
deterministic  parameters  like identification available access systems like DTMF, CSD, HSCSD
communicated with tall collection or economical Were identified as inappropriate. Also GPRS and EDG
parameter. as well as in area growing UMTS data services skioye

. : I{Jublic GSM operators do not meet system requiresnent
* Final set of data lines parameters vectors repteseo the critical airport areas (200ms total maxiagleof
basis for decision process (see e.g. [19] - [Zfe

| ; - the whole communication system).
best path selection algorithm process availablezyen though Mobile WiMax was selected as the core
cleaned” statistical data combined with the ,pije access system for the airport critical aredmle
deterministic ones and decides based on “histdrical airport area coverage with this technology is hardl
training experience continuously improved by reachable. Some of alternative access solutions
simultaneously processed self-training — see [22] {EpGE/GPRS/UMTS or even WiFi) for Mobile WiMax
[23]. In the initial stage “minimal” high quality gitficylt areas can be applied, if system paransetsr
training daj[a. must be available for the fII’S.'[ deris.  these technologies meet these areas system paramete

Du_e to self-f[ramlng approach prop_ose_d soll_Jtlorsohm requirements (Class 2 and lower) . For such casady

strictly require 2HL layer communication with théer discussed CALM access management is identified as

layers. Nevertheless, it would be more efficieritison appropriate tool.

if such communication between layers is at leataily L3/L2 switching (IEEE 802.3, 802.1d and 802.1q &) L

available in future implementations. in combination with HW redundancy switching system
“HYPER ring” (available proprietary solution prodect
2.5 CaMNA communications design by company Hirschman) was selected due to reachable

Applied transformation method identified telematic values of the performance indicator MTTR (incl.

performance indicator “accuracy” as the dominantconvergence procedure below 100ms for 1Gb/s Etherne

indicator. This dominance is caused by real-timering) as well as due to transparent possibility to

character of the CAMNA application installed in the effectively interconnect fix and mobile solutions.

specific conditions of airport area. Requested ll@fe  Introduces mobile and fix communication chain difer

accuracy (see Table 1) must be reached for evgegiob relevant communications system parameters in contex

moving with speed up to 120km/hour. In this casthiwi  of required by project performance indicators.

200ms vehicle moves approx. 6.67m. There so remains

demand on 0.83m accuracy of the GNSS sensor. This

accuracy will be reachable by selection of Galileo 3, Results of CaM NA pilot project tests

services. For present-days tests based on the GPfhe main goal of the pilot project communications

sensors requested accuracy can be reached orig if t system tests was to identify parameters of the Wima

differential GPS method is applied. All the othenits  wireless access solution integrated into CaMNAesyst

defined in Table 1 are met if total reached detalygdlow  Because of any certified Mobile WiMax systems based

critical 200ms. on IEEE Std. 802.16e has not been commercially
available, the only possibility was to process tsgh
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implemented communication solution based on IEEE| Site Visibility | ART [ms] SNR [db]

Std. 802.16d. This applied standard, however, sffee 1 LOS 45.6 33
only limited achievable dynamic parameters. 2 LOS 471 32
— 3 NLOS 44.6 -26

om=mm 100 m 4 NLOS 44.8 -27

Table 2. — principle parameters of the WiMax access

where LFR means “Lost Frames Ratio”, ART “Average
Round Trip” and SNR “Signal to Noise Ratio”.

Spectra of Round Trip Delay (RTD) in ms are display
for LOS (Line Of Sight) configuration on Fig. 4 afat
NLOS (Non LOS) alternative on Fig. 5.

10%

6%

A 24 1 T0kmih g0, 0
Figure 2. OBU screen in vehicle (pilot test)

Airport area with the heaviest traffic was selecfed
pilot tests. This area also included runways witjarity |
of traffic. Selected area was covered by one WiNelk S R 1111711 11177111 FP

7 10 18 16 19 22 25 28 31 34 97 40 43 46 49 52 55 58 €1 64 67 70 73 76 79 82 85 88 O1 94 97 100

Limits in dynamic processes given namely by applied Figure 4. RTD spectra of LOS Site 2
smart antenna were taken in account in the pilst te

design. Figure 2 typical screen-view, which alsdude o
additional information from airport management and -
Figure 3 CaMNA screen within other managerial stsee =
in the pilot installation.

fla I
46 40 52 55 58 61 64 67 TO 73 78 TO &2 65 & 01 04 OF 100

Figure 5 RTD spécfra of NLOS Site 3

e

Test with moving vehicles were operated only in the
“open area”, where switching between LOS and NLOS
regime frequently accompanied with new settinghaf t
smart antenna is not expectable. Dynamic paramefers
applied smart antenna were dominant blocking dynami
Figure 3. Dipatcher's screens (pilot test, only) processes parameters experimental analysis. Dynamic
. _ _ parameters of the WiMax internal processes extended
Due to limits given by applied technology (IEEE yith handover times will be tested immediately ified
802.16d compatibility and smart antenna designed fo \;qpile Wimax, (system based on Appendinx IEEE
static application, only) most of tests were preeesin  gn> 16e Std.) is available. Motion tolerance up to
the _static regime. Ol_)talned communications SVStemexpected 100km/hour was identified (in “open” area)
static parameters are displayed in Table 2. _ required probability level even with IEEE 80.16csed
Both measurements were done in static regime. 8jora system.
packet re-transmitting controlled by applied TCPfté  Rogyits confirmed, that critical dominant performan
TCP/IP system is most probably caused by occasiongygicator, i.e. round trip delay, meets calculated
interaction betW(_agn WiMax radio and airport radarsrequirements under accepted restrictions given by
systems. Probability of packet delay exceeding ¥0Bm  ynnjied technology. Reached mobile part resulte giv
below required limit, i.e. .1%. appropriate space (more than 100ms on probabditg!|
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of 99.9%) to the terrestrial solution. It is reallea
requirement on terrestrial backbone network based o
HW switched Ethernet rings, like it is e.g. in cade
HYPER ring.

Final solution covering the whole airport area will
evidently require cellular architecture, i.e. Mebil
Wimax (IEEE Std. 802.16e based certified system)
combined with alternative access solutions, if st i
appropriate and effective (Class 2 and lower likpal
areas). Such combination calls due to economiceore
for final solution based on application of the seto
generation of handover in the cellular structure, i
management system based on either CALM family of
standards or alternative solution with implemented
effective and safe decision processes [22] and [23]

4. Conclusion

Airport pilot project represents typical ITS, where
correct communication solution identification and i
parameters settings play crucial role. The main gba
this paper is to introduce method for effectiveigief
communication solution dedicated for specific teddim
system based on each subject position identificadiad
distribution of this information within relevantayp of
users incl. the other moving objects — see [71Li].[

Most of available communications wireless access
solution like GPRS, EDGE, or UMTS are noticeably
limited in performance indicators (UMTS also in
covered areas) to let employ such wireless acces
services for “sensitive” ITS applications like tlme
represented by introduce system operated on thodlystr
regulated airport area (namely sensive areas asQla
Mobile WiMax solution (IEEE 802.16e) represents
"carrier class” wireless access solution with parfance
indicators meeting requirements even in most Spacts

of the airport area. Due to fact, that Mobile WiMaas
not been to date available in certified version e
expect that only in mid-term view remarkable
advantages of this technology (cost, convergeno§ C
management) will lead Mobile WiMax to position of
important widely spread publicly available compatito
UMTS and GSM. Due to ability to provide efficiemda
transparent control of service quality (QoS) Mobile
WiMax is understood as very promising access
technology in wide range of ITS applications.
Introduced method of selection and configuratiorihaf
communications solution for telematic applicatiaséd
on identification of the transformation matriXM

indicators vectors was presented and demonstrate
within airport project for specific communications
solution design. Mainly due to real-time charactkthe
application and potential high speed of moving otge
(incl. landing and taking off aircrafts) telematic
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performance indicator “accuracy” was identified the
dominant telematic indicator. Required accuracystmu
be in areas of Class 1 unconditionally reachecet@ry
moving object. Based on identified transformation
matrix TM communication delay limit is identified as the
critical communications performance indicator and a
performance indicators limits are reached if therall
delay of the communications chain is kept belowiazai
200ms on probability level of 99.9%.

This limit represents the essential issue for
communications solution and it determines selecioch
setup of the communications chain. Principal ddlait
must be, however, carefully respected only in ihgoat
critical areas - Class 1, i.e. namely runways darelrt
surroundings. In these areas e.g. probability ofdbaer
would be reduced by signal coverage topology to
minimum.

Results of applied method expectably disqualifiadhs
communications “gurus” like MPLS backbone terrestri
networking or GPRS/EDGE wireless access as potentia
core technologies due to fact, that these commtioica
systems cannot guarantee critical areas airport
performance indicators limits definitely for Clads
areas. Combination of the Mobile WiMax (IEEE Std.
802.16e) as core access service and terrestridl2L.3/
switching solution combined with HW redundancy
switching system was selected. One of potentiaiaaly
available alternatives “HYPER ring” system has been
already applied for other airport area control eyst
Burposes, so that choice was very simple.

Selected core “carrier grade” WiMax access solutson
combined with alternative access technologies, a/fiter

is quantified as the relevant approach (Class 2 and
lower). Switching between access services is pescks
by system based on CALM standards or its mutations
like e.g. L3/L2 specifically configured switching
solution. Success of such approach is, however,
dependent on correct implementation of the effecti
decision processes. In L3/L2 alternative due td lac
communication abilities between managerial cenvérs
the lower layers with the 3-rd layer managemerthef3
layer adaptive communication access system deaigion
the top layer must be usually done based on ircsenffi

or even no information available from these lovasers.
Mostly the only “macro” performance indicators bkt
whole communication chain are available. The main
ideas of developed decision processes were presente
and self-training approach applied on by Kalmateid

the

o . er)rocessed data is identified as the promisingradtere.
between communications and telematic performanc

d
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