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Abstract—The characterization of the wireless channel on tzod
a cruise ship is considered by means of frequencyoghain
measurements of received power and propagation atteation.
This electromagnetic environment is rather new andis
characterized by abundance of reflecting surfacesnal diffracting
elements, so that a significant difference with rgeect to more
common residential and office environments has bediound. The
measurement setup is simple and easy to position cdroperate.
The results consist of corrected path loss laws fohalls and
corridors and the quantification of scattering influence.
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l. INTRODUCTION

There are several services and functions that @ayire a
wireless connection on board ships; besides tieecobhnection
of distributed devices for environmental monitorifige alarm
and anti-intrusion systems, for passenger shipsratbrvices
may extend to passenger information systems anpgosupo
personal mobile terminals, such as phones, nethdaptps,
etc. The on board electromagnetic environmenttiseranew,
while the most known and studied environments dfiees,
malls, schools and campus areas, characterizeghdig(ly)
absorbing materials, quite large spaces, mediughhéd high
ceilings. For these environments several models Hasen
proposed (deterministic and statistic) and theeedatabases of
parameters and experimental res[is

Deterministic models apply an electromagnetic satioh
tool, such as ray tracing techniques, to obtainriypeaxact
propagation characteristics for a specified gegméiased on
the physics of the propagation mechanisms suchatis|pss,
reflection, diffraction, and scattering. The baathdoss of free
space is such that the power attenuation is priopattto the

square of distance. Ray tracing models make antexa

computation; the accuracy of ray tracing modelgsebn the
accuracy and details of the site representation raatkrials
propertie§2]. The major advantage of these models is theyt th
offer great accuracy with site-specific resultswéweer, these
models have some disadvantages:
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Numerous channel models for the GHz range, and in
particular for Ultra Wide Band (UWB) signals, habeen
developed as deterministic models. For examplg]ufi7] the
ray tracing approach is used to model the recedigial as a
superposition of rays.

Statistical models are normally less complex nucadsi
than deterministic models and can provide suffityeaccurate
channel information. Statistical models attemptg&nerate
synthetic channel responses that are representafivieeal
propagation channels. Typically, such models catubed to
various propagation environments by setting appaitpralues
for model parameters. Note that fixed parametdingst don’t
produce identical results for each simulation rgince
stochastic variability is used within a fixed emviment type.

Statistical models may be constructed on the basic
principles of wave propagation and by assumingatissical
distribution of the channel parameters, and computhe
required statistical moments from the data coltdtem the
real-time measurements. This category of models thas
ability to provide accurate statistical informatiomithout the
complexity of detailed deterministic approaches.vesal
statistical-based UWB channels have been propcsashtly.
Ghassemzadeh et ] show a model based on the results of
frequency domain channel measurements in the 453625
GHz range in several residential environments; th pess
model and a second-order autoregressive model rapoged
for the frequency response of the UWB indoor chhnne
Foerster and Li[9] propose a statistical-based multipath
channel model based upon measurements collected in
condominium in the 2-8 GHz range. Three channelaisod
have been considered: the Rayleigh tap delay lindem the
D-K model and the Saleh-Valenzuela (S-V) model. The
comparisons showed that the S-V model gives thefibés the

easured channel characteristics such as the mezesse
elay, mean RMS delay spread and the mean number of
significant paths within 10 dB of the peak multiparrival. In
addition, the log-normal distribution was proposednodel the
amplitude distribution, which was shown to give ettér fit
than the Rayleigh distribution. Chong et 4di0J-[13]
incorporate the observed clustering of multipatimponents

« the topographical, geometrical and materials datéa a (MPCs) in their model, measurement results werainédt in

always tied to a particular site and thus a hugeuarn

the 3-10 GHz range in various types of apartmentsdrea.

of such data is required in order to obtain aBoth the large-scale and small-scale channel statisvere

comprehensive set of different propagation scegario

« they are usually computationally intensive, esghcia
when the environment is complex.

characterized: the large-scale parameters inclbdedistance
and frequency dependency of path loss and the sliragio
fading statistics; the small-scale parameters deluthe
distribution of clusters and MPC arrivals.
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The models found in the literature often referdsidential
and office environments and the most general adhasmay be
tuned to different environments, need specific patars of
the same environment, and thus complex measuremen
Furthermore, statistical models involving channetponse
require time domain measurements and processirtg high
performance equipment. The attention here is oringpls,
affordable and robust method based on frequencyattiom
measurements and on the evaluation of the devifton the
free space loss law. The free space loss law bayshte power
density decreases with the square of distance fresource
and it is typical of the far field propagation asgption.

1. PROBLEM STATEMENT

The target environment is that of a cruise ship trel
publicly accessible spaces, in particular halls aondidors.
Halls are characterized by one or two decks cleaatarge

surfaces (more than 100F)several scattering objects such as

tables, chairs and columns. Corridors have a Mariabdth
between 1 and 1.5 m, depending on the arrangenfiarathin
doors, passenger ways and service doors, and bdikava
large waveguide; the ceiling is not flat and camgagédges and
ridges, where lighting is located.

The present analysis is justified since, not ohlyse two
environments are representative of the public spaoeboard,
where wireless services are mostly required, ad they are
also characterized by extensive use of steel fdswboor and
ceiling and aluminum for doors, handrails, panetc.
Moreover, this electromagnetic environment has shtawbe
peculiar and never investigated before to autHarevledge.

The analyzed characteristics are in relationshiph va
straightforward deterministic model of channel paiks for
wireless services in the 2.4 GHz frequency bane. dttention
is on the average signal strength for differentagises and
positions with respect to the transmitter, on théaumity of
the signal strength around a given measuring idton the
influence of common objects. The definition of tlisalysis
scenario has been done keeping in mind the puqfosigeless
facilities for telephone calls, messaging and ¢aitement.

Two open questions have been addressed by theofogeg
analysis: what is the behavior of the path loss?late the
multipath terms significant and relevant to corresignal

1) a omni-directional antenna driven by an AccesmtP
(AP) locked onto an 802.11 channel (channel 6y=s2437
MHz) with transmitter powerP=100 mW (20 dBm) and
Brthogonal Frequency Division Multiplexing (OFDM)
modulation (cycling over channel bandwidth amongadly
distinguishable narrowband components, for the wih a
spectrum analyzer); the receiver is either

1a) a laptop equipped with a wireless card andagndistic
software (named in the following Laptop AnalyzeA)Lor

1b) a Spectrum Analyzer (SA) connected to an omni-
directional antenna reading the received powds afith a
max-hold setting and five minutes dwell time (thme
required to cycle over an OFDM frequency pattern);

2) a directive antenna (log-periodic antenna) fgdabRF
generator sourcing a 2.5 GHz 6 dBm sinusoidal tdhe;
received signal is read for vertical and horizop@larizations
using the same S.A. and an omni-directional antetina
source has smaller directivity to better understdnedchannel
behavior with respect to multipath components.

Two different omni-directional antennas have besedui)
a custom sleeve dipole, obtained from a low loss<ied cable,
by cutting a piece of the insulating cover and iftgjddown a
lengthl of the shield, thus leaving uncovered an equajttenf
the inner conductor; the length is tuned to theuencyf, so
that the gain and the input impedance may be cadpapriori
[14]; ii) a wireless antenna for use with AccesénBp that is a
matched whip antenna (a helix antenna in the bidads
operating mode) with a radiation patter and a gaity similar
to that of a dipol¢15].

For the considered wavelengthB cm, the positioning of
the antenna system and the clearance around thenanitself
are two critical aspects, with respect to: firdecromagnetic
field uniformity over a vertical section orthogontd the
direction of arrival (the line joining the transteit and the
receiver); second, the multipath fading phenomenon,
influenced also by the measuring equipment and abper
themselves. For this reason the measurement pnacedu
requires at each measuring location that the spacanalyzer
and the operator are at least 3 m on the oppasitedf the
transmitter (this applies to the methods 1b andTBg same
thing cannot be ensured when the laptop and iesriat WiFi
antenna are used (method 1a) and in this caserd¢serge of

reception? The expected path loss law for free espadhe laptop itself must be considered. The mainattaristics of

propagation is a power law with exponent two, diyerelated
to the decay of the power density versus the distdrom the
source. Multipath terms may degrade signal qualityle not
reducing measured average power significantly, l§imp
because the measured power is absolutely not omi@ross a
section orthogonal to the direction of arrival betmain ray
from the signal source.

The measurements have been performed in the freguen
domain using different measuring setups, to evaludie
relevance of multipath terms. To this aim threefedént
techniques have been used:

MEASUREMENT SYSTEM

the measuring equipment di&][15]:

the log-periodic antenna has a gain of 6.79 dBl.at
GHz, while the omni-directional antennas have a 2.2
dBi gain; the results obtained with the omni-diiaacal
dipole antenna have been corrected for the input
impedance and related reflection coefficient;

the spectrum analyzer is battery supplied andhall t
uncertainty terms related to input reflection cméht,
input attenuator, linearity and internal noise arl
within the observed variability of the received
electromagnetic field.



The uncertainty related to the measuring equipraadtto
the determination of calibration factors is repdrten the
following.

Method 1l1a). The laptop internal wireless antenna i,

considered equivalent to a dipole for directivij;md gain). The
remaining measurement chain has no certificateatastieet,
thus it is considered matched and calibrated withim
acceptable uncertainty of few dB, confirmed byredings on
another laptop placed in the same position (swiistit
method).

Methods 1b) and 2). The S.A. is an Agilent mod. S8&,
for which the manufacturer datasheet and the edidor
certificate state:

The directive antenna is a Scwarzbeck mod. 9134 log
periodic antenna, for which the antenna factor gaid are not
accompanied by an explicit accuracy statement oa th
.manufacturer datasheet. The calibration methodglifflerent
nd it is known that they may differ so that a stotase
uncertainty oft4 dB may be foresed6].

The used cable is a low loss RG400 and the lenigtheo
single piece is less than 2 m, so the cable attemuand
related accuracy may be neglected.

Finally, as it will be shown by inspection of thesults in
the next Section, the data dispersion due to clzaofyantenna
position and the effects of multipath fading is iml&rger than
the equipment uncertainty.

e displayed average noise level —152 dBm/Hz; for the

used Resolution Bandwidth (200 kHz) the displayed

IV. MEASUREMENTRESULTS

level was always more than 20 dB below the measured The presented results are aimed at first, validhe

input signal, with a negligible contribution to oa#
uncertainty;

« overall amplitude accuracy (95% confidene€)6 dB
(this is the main accuracy contribution);

« scale fidelity+0.2 dB for the measured input levels.

The two small antennas have similar radiation padgtéy
theory (and thus similar gains) and the differenpui
impedance and thus reflection coefficient has breenerically
corrected during post-processing. The uncertaintythis
correction has been extrapolated by accountingrémuency

measurements obtained with either of the three oastiby
direct comparison, and, second, derive a law gbggation for
the environments characteristics of a cruise gtopjdors and
large halls.

A. Largespace: restaurant hall

Measurements were taken at a restaurant hall kbaate
two decks, with the AP located on the upper deldsecto the
main entrance (see Fig. 1, where the AP labelpgated for
reference also on the lower deck on the right).

(with respect tdp) and antenna geometry deviations, and the

result is smaller than 1 dB.
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Figure 1. Map of the measurement points (black squares)amehtaurant hall (upper deck, left, and lower degkt);
the horizontal and vertical distance of each pioorh the AP are shown in metres.



The power density values, recalculated by apphga, point 16 is experiencing partial obstruction of a
effective aperture and corrective factors to thasneed power column, with a loss of 7 dB with respect to poirt 1

tth ints 1 th h 19 h in Fig. 2. . . .
atthe ponts roug » are shown'in Fig * point 07 midway between the two decks is the best

8 mo7 ‘ position for line-of-sight view of the AP without
interfering objects.
-10p o 01 = [ine of sight
019 O slightly obstructed, ! . .
10} lower deck 1 B. Narrow space: cabins corridor
— m02 |e partially obstructed . . ..
€ a4l mos 017 y deck floor i The analysis of the measurements taken in a cabimnislor
E W other points revealed a significant multipath reflection andexydiar path
2 .16 04/06 : loss law. Measurements were taken at two diffeteights
i " mos above ground (1 m and 1.5 m) and three horizordaitipns
%'18’ i (centre of the corridor and0.4 m from the centre, with a
2 Lo m03 | minimum distance from the walls of 0.2 m), as shawhig. 3.
o - 04*
e €09 016 o3 >0.2
221 mi14 b 0.4m
PY 0.4m ]
4l 10@11 i >O.2/
m15
-26 L I I \.12 I |
0 5 10 15 20 25 30
Dist [ ]
. - istance [m] - 05m . WALL
Figure 2. Power density values vs. distance (method 1b);
the numbers refer to the measuring points of Fig. 1
- | WALL
Comments on the results and measurement poinig.a2:F
10m L~
e the points 01, 02, 03 and 04 show a decay with
distance that is almost corresponding to the erpect FLOOR
free space path loss decay; going from point lofatp P

2, the distance is increased by approximately 20é6 a
the power density reduction is exactly 3 dB (the Figure 3. Measurement points at each measurement location
reciprocal of the square of the 20% increase is )

1/1.44=0.69 that is a 31% reduction, so 3 dB); goin In Fig. 4 all the measurement results are collettgdther
from point 01 to point 03 the distance is increabgd &S robust averages (by discarding 33% of the glyalues)
60% and the power density reduction is almost 9 ggWith dispersion intervals, determined as the sandglgation
larger than the expected 4 dB because of increasetiandard on the set of all measurements at eaafidoc

scattering due to interposed columns and handfails; 157 .
points 04, 05 and 06 the attenuation is only 1 aiBdr o CX) mz:gg 12 fsz”A-nJr dipole
than the expected free space loss (approximatéB)5 7 O Method 2: Sp. An. + dipole

« point 08, immediately below the AP, at a shortalise _ ¥ $ © Method 2: Sp. An. + wir. ant.
but separated by a deck floor (light type), exisitat E O %
power density larger than the one for a continuous & e @@
heavy steel deck; 2 X

e points 04 and 04*: while measuring point 06, it was é 10 i} : % %
clear that the scattering of a column in front afnfier 5 157 % X
point 04 (then called 04*) had a relevant effebe t § P {) % %
measurement was repeated for a really symmetrical % %
position obtaining a new almost identical value; -25 ¢ J(

« points 10, 11, 12 and 13: even if these pointsirai@ -30 b
similar sequence and spatial location as point0@]l, 35 ‘ ‘ ‘ . ‘ ‘ ‘
03 and 04, they don't lie on the upper deck of Alre 0 20 40 Ggistances[?n] 100 120 140
and because of the presence of the deck floor the
received power density is lower; at point 13, time4 Figure 4. Average power density vs. distance (vertically goéd field)

of-sight is again ensured and the received power
density increases to a value closer to the one umexs
for similar points 04 and 06;

From Fig. 4 we see that the data dispersion isetafgr

omni-directional sourcing (obtained with the AP ipgped with

its own antenna). At some distances data disperson

« points 16, 17, 18 and 19 are points in front of e comparable also for the more directive method 2{tis is due
with different situations of obstacles and anglesile  to the specific geometry of the measurement locafltand
17, 18 and 19 almost meet the free space losses lavails, edges, more doors).



The curves shown in Fig. 4 are separated for thexl us
measurement methods. The attenuation curve (orlpssh is
quite different for the two methods (see Fig. Sold| since in
the first the multipath influence is much more #igant, while
the log-periodic antenna is able to convey the techipower
into a smaller solid angle, thus avoiding a largat pof
multipath interference in the first part of the rdor. Of
course, the geometry of the -corridor is peculiard an
characterized by a 25 cm enlargement of the carnddth
(normally 1 m) at the cabin doors and the presefitendrails
and several service doors, some of which locked Ggiethe
moment of the measurements; moreover the ceilingois
homogeneous and is full of edges and niches fbtifig. For
this reason some of the 6 measuring points at leaditudinal
position may give a much lower (or higher in sonmses)
reading than the others, since exposed to theeinfle of
operator's body and its position besides locati@ongetry;
from this the need for robust statistical analysid removal of
outliers during data post-processing.
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O Method 1b: Sp.An. + dipole
X Method 1a: Lap. An.
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Figure 5. Average power density values vs. distance anddimearpolation
by least mean square regression: (a) omni-diregitourcing (method 1), (b)

directional sourcing (method 2)
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From Fig. 5(a) we see that the S.A. and the L.Auesare
in agreement up to about 60-70 m distance, with Lthe
values larger than S.A. values by what we coult“oalltipath
gain™ the S.A. method 1b) measures exclusively ¢betral
frequency component using max hold and repeate@Eng
over the fy frequency interval, thus excluding multipath
components, while the received power calculatedrigghod
la) is based on the acquisition of the completenmbla
bandwidth and demodulation of all the signal congris. The
difference between L.A. and S.A. values ranges ffem dB
up to 6 dB, with the largest difference above at3@ii0 m.

Above 60-70 m S.A. values (method 1b) decreases mor
rapidly than L.A. values (method 1a); a possiblplaxation
may be found in the transversal corridor at 65 stadlice that
probably largely modifies the propagation along tin@in
corridor, so that the multipath terms become a ifogmt
percentage of the received signal. The differeratevéen L.A.
and S.A. values increases slightly from 6 to 8 dB.

It is possible to exemplify the power density deacesy
distance as:

10m- 25m: 10 dB of attenuation
25m- 50 m: 10 dB of attenuation
50m- 75 m: 10 dB of attenuation

This behavior is rather peculiar, since it doesndet any
power-law profile, as it would be expected.

From Fig. 5(b) we see that the slope of the patis is
approximately one half of the previous results #rat above
70 m the interpolating line is almost horizontal confirm that
the direct and reflected rays have found a faverabl
propagation mechanism, possibly thanks to the rfaorerable
angle of incidence of the rays emitted by the divecsource.

The directive generation of wireless signals regmésthus
a valid method for the wireless coverage of lorfteeting and
diffracting corridors.

Concerning the extension of the wireless coveragalé
cabins, it was experimentally determined a powss lof about
10 dB from the outside to the inside due to tharcdbor, that
may be easily taken into account during coverageystith a
suitable margin on the calculations.

V. CONCLUSIONS

A preliminary analysis of the propagation of wissde
signals on board cruise ships is presented. Thogment is
rather peculiar since there are numerous reflesimtaces and
several areas are characterized by a large soatteie to
metallic columns, handrails, niches, doors, edgebs @rners
both on walls and ceilings. The characterizatiothefwireless
channel has been done in the frequency domairafgeland
narrow spaces, namely a restaurant hall and a calirdor.
Large areas may be characterized by an almossfraee law
of propagation, while a hon-power law of propagatias been
found for the corridor.

The measurement setup is simple and easy to positid
operate; different antennas may be used to sélecirmount of
multipath components for a given environment geoynet
(corridor length or hall extension). The resultsngist of



corrected path loss laws for halls and corridorsl dhe [6]
guantification of scattering influence. Multipatbreponents as
well as the path loss versus distance may be keggrucontrol
in the final application if a directive antennaused as the [7]

source antenna of the Access Point.

Another outcome of the measurement campaigns and
processing of the measurement results is a simgltbol for 8l
the planning of wireless network coverage, that the
assignment of the number and position of AccesatPaiith
respect to the geometry of the environment. Thel toggj
incorporates the power decay curves, the charstitsriof the
sourcing and receiving hardware and the margins tue
measurement uncertainties and second order effects.

[10]
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