WO 2010/ 021595PCT/ SG2009/ 000226 1 Conmuni cati on devi ce and net hod for
cont r ol | IW@ 2aH0/@M3%8nna ar r angenent Enbodi ment s genePEITISG2069/080226
to a communi cation device and a 5 nethod for controlling an antenna
arrangenent. Depl oying wireless conmmuni dati on systens in marine
environnment has its own challenges. The w rel ess channel responses
are differ umduriad tidin adlevidel Hiod ansEhed £k (Eon £ IDIRGEAH Santenna
shi ps' properties, reflective properties of the sea water and the way
ships are situated in a marine envP¥EAREAMeN herefore, nethods to
realize a cost effective nesh node solution and al so to overcone

i ssues which degrade wirel ess connectivity in marine environnent are
desi r abl eEmii&édAmenbgegenacadigi mglbdeone anboninmaidtatdypnbelesder ahd a

provig%ng a coangnicatign‘s vice that allows nore robust radio
commum calfbioF of CExGRAPFECE H189naFi ABEERDRr BRAREBATSMSBEIN one

enbodi nent, a conmmuni cation device is provided including an antenna
arrangenent, an orientation determ ning device configured to

det er mi neDeREOBENGNY AT ELASB ConBLARtahhanasyahgeaenn, mandne

arrangemert BAEAE Rg S50 60k, ERALEEATRLH, 2bY o b 1Brd hrERRA

arr angenen¢spéms@nosherdefbedenentron gRhBodEf Dangopbeaukkengfaghips’
antegz? arrangenment of a communi cation device is provided, including
det erfi ni RYVERE 6T i PR AT ONPBEPPEREL &AL cRABLBFF AHBeREAPETRAES30L the

control |1 ggs thec&irecdi vhéVwl Lhepanheana; 252048 ENL REsede
environment. Therefore, methods to realize a cost effective
mesh node solution and also to overcome issues which degrade
wireless connectivity in marine environment are desirable.
15
An object according to one embodiment may be seen in
providing a communication device that allows more robust

radio communication for example in a marine environment.

20 In one embodiment, a communication device is provided
including an antenna arrangement, an orientation determining
device configured to determine the orientation of the antenna
arrangement, and a controller configured to control the
directivity of the antenna arrangement based on the

25 determined orientation of the antenna arrangement.

In another embodiment, a method for controlling an antenna

arrangement of a communication device is provided, including

determining the orientation of the antenna arrangement; and
30 contrelling the directivity of the antenna arrangement based

on the determined orientation of the antenna arrangement.



on the determned orientation of the antenna arrangenent. 2

|11 ustratWoeIEMB&Wnent s are expl ai ned bel ow wit h ref er BeESGRPOPE26
drawings. In the drawings, like reference characters generally refer
to the sanme parts throughout the differént views. The draw ngs are
not necessarily to scale, enphasis 5 instead generally being placed
upon illugiilatkrgtihe pmbodifpkassobhrehexplyentidobe lbhvgwiehl relfewsnae
graph illustrating results_of a radio transm ssion measurenent.
Figure 2 SRoWB€adhaplResti &R, tRRgHrayingsandikeprekewcgegprbaracters

i||UStratb@ﬁeiﬁ§ﬂ#?§e9érr€giEhérggﬁgiﬁﬁkeg gﬁ?ﬁﬂgﬁ%ﬁ?t%hﬁFEQE%grént
shows a comuni cation arrangenent for 1llustration of a tour-ray
si gnal truahewsssi Bhenddevings arfi gotendcshoasidygtapkcalkystmphasds

theoretical resuylts of 20, radi o_t rangm ssi on deling. Figure 6
shows . grABRertl 4EpPaeihg PELiPiBLoFCd PaRRoL I BALRRELPGN ERE
nmeasur eneptindbp e gus £stHéd aRderBishowW a first graph and a second
graph illustrating results of a radio transm ssion neasurenent.

Figure 8 shows a communi cation arrangenent according to an
enbOd'nen?iggge 1 shows a graph illustrating results of a radio

transmission measurement.

10
Figure 2 shows a map section.
Figures 3A and 3 B show graphs illustrating results of radio
transmission measurements.

15

Figure 4 shows a communication arrangement for illustration

of a four-ray signal transmission model.

Figure 5 shows a graph illustrating theoretical results of a

20 radio transmission modeling.

Figure 6 shows a graph illustrating results of a radio

transmission measurement.

25 Figures 7A and 7B show a first graph and a second graph

illustrating results of a radio transmission measurement.

Figure 8 shows a communication arrangement according to an
embodiment.

30
Figure 9 shows a graph illustrating results of a radio

transmission measurement.



WO 2010/ 021595PCT/ SG2009/ 000226 3 Figure 10 shows a conmuni cation
devi ce actEr281%¥31398 an enbodi ment. Figure 11 shows a f| B&IHGAPANI226
according to an enbodinent. 5 Figure 12 shows a communi cation device
according to an enbodi nent. Fi gure$ 13a and 13b show ant enna
structures according to 10 enbodi nents. Figure 14 shows an antenna
struct ur eFagupediigshowanaenbodunenttidh Hegtice itcohomgato an
communi cati on arrangenent. Figure 16 shows a comruni cation device
accor di ngSTB°g9h™eRbodi ment. 20 Figure 17A shows a boat having an

Omi -directional antenna 1701. Figure 178 shows a boat having a
sectorized antenna 1711 according to an enbodi nent. Fi gure 18
shows a cBromnecili showsr anféarntiagremdangotdiag 26 enbedioehient .
Figure 19 shows a first part of an antenna swi tching system according
to an enbodi ment. WD 2010/ 021595PCT/ S&2009/ 000226

Figure 12 shows a communication device according to an

embodiment.

Figures 1l3a and 13b show antenna structures according to

10 embodiments.

Figure 14 shows an antenna structure according to an

embodiment.
15 Figure 15 shows a communication arrangement.

Figure 16 shows a communication device according to an

embodiment.

20 Figure 17A shows a boat having an Omni-directional antenna
1701. Figure 17B shows a boat having a sectorized antenna

1711 according to an embodiment.

Figure 18 shows a communication arrangement according to an

25 embodiment.

Figure 19 shows a first part of an antenna switching system

according to an embodiment.

30 Figure 20 shows second part of an antenna switching system

used in transmit mode according to an embodiment.



4 Figure 21 shows a conmuni cati on device according to an enbodi nent.
I n the foWDRIMEISISbser vations, which nay be seen as a FEIVSG2809900226
sone enbodi nents, made in course of a field test conducted in a sea
port environment are described. These oBservations are based on
several propagation nmeasurenents carried out in the Singapore
Straits. Fagthe 2%t appwiOadBommonticertdos WaveceCHEcsirdgialgs to an
transmtted a .2.4% GHz froma signal generator 10 have been used.
The out puf™8PEHEF From t he signal generator was further anplified to
27dBmwith an anplifier. This signal was transnmtted using a
vertically linearly polarized antenna. The antenna had an

omi - di regﬂiblmgl foalpuinon phcesvativhe,guhachf maebantsernaasas hbeit

2 dB. cTh 5 t th ' er L
ol aced onch T g ROSt RaRHC et g Ao HE T8 BF B RACs b8 SEuF PRHC Lo

The ant enpa aeses opdett edvi voam2AtdBreodeboirsBeAplrhbker obkAAya@fdns
then to a spectrum anal yzer. A |l aptop was connected to the spectrum

anal yzer ?E@eﬁﬁﬁﬁqeo%e%ﬁvﬁﬁﬂérPF@HEHﬁBiPPoW?2®u§9E€ﬂFEnPéﬁéﬂ?ﬁePUt in
every SeCQHQ;sﬂH&éﬁE%ée§£§%i9§?klﬂo%ﬁé Qé%ﬁggﬁgotaﬁﬁ'ébgggﬁﬁoué Wave

G obal Positioning System (GPS) recelver ed on the provi
the di st afC®) fsiognahe tramsmitted. abi 8t 4BcéHanflromcei sédnailgpaherator

strength were ,recorded,a a path | oss anal ysis s carried out b

oLl radhn MRS SRS, ARt 28TRAT, Kook, LRSS br Tash s S en
on top ofwiedtkdiahtampusei é8LED, 2 PFiPAAROLR, anhafp1i 8146, nrhat! s1dhs)
l'i ght house is about a half kilonmeter away fromthe shore. 30 The

recei ved YRWSC RN B i €8 bR0ad Herbhealbn bineaslyxpRkatiradsnitter
2010/ 021 5L Sco0t0 BOUSIE: o Wherd (L doyjor & TB aT37435 B
| oss at apaEfemencBie gain of the antenna was about 2 dB. The same
15 antenna was used at the receiver. The receiver was placed on
a diving boat and was mounted 7.2 m from the sea surface. The
antenna was connected to a 20 dﬁ Low Noise Amplifier (LNA)
and then to a spectrum analyzer. A laptop was connected to
the spectrﬁm.analyzer to acquire peak power reading from
20 spectrum analyzer every second. The collected peak power data
was time-stamped. A Global Positioning System (GPS) receiver
placed on the boat provided the distance from the
transmitter. Distance and received signal strength were
recorded and a path loss analysis was carried out by using
25 linear regression. In one setup, the transmitter was placed
on top of Bedok Light House (BLH), Singapore, which is 76 m
tall. The light house is about a half kilometer away from the

shore.

30 The received power may be written as a function of the Tx-Rx

(Eransmitter - receiver) separation distance d as follows:

Pr(d) = (Pr(dp)) - 10n log(d/dg¢) - Xo (1)



di stance do, n is the path | oss exponent, and Xcy is a zero nean

| 0g- nor meWDROHIEA595but ed random vari able with standard PCHSG26095000226.
The paraneters n and a can be determ ned using |inear regression of
the path | oss val ues against the |og of Snormali zed di stance (d/do) in
a mni mum nean square error (MVBE) manner. 10 In the measurenents
carried out, do has been 10 mand (PR(do)) has been -10.5 dBm In
this measurenment involving Bedok Light House, the LGOS (line of sight)
condi ti onwhasedée (van} &S thd aterage patlii ose 4t d5réferercd shows
a graph 100 illustrating results of a radio transm ssion neasurenent.
Al ong a fPL§taRers dox-axis)thewathel PogarkPAREDE  t ABANSPNHP | éeaero

Coeond o, REENCTBILEBIRAY 1L 3004 BEEELY Shnlddnf Vel MW ALEH, o

second axlI's e recelve

25 Thes doHsviB88ishown iTRet BaramaRBri08 LeRr 8sedh %%a%%&%@mﬁﬁéﬁ using
recei ved Eomer whil e the boat (holding the receiver) was maki ng way.

The norma FZ@érdI§9§ﬁéélpDQQ§/ﬂbehagthnépﬁéedaﬂN@SIﬁgﬁﬂnﬁﬁugéehépghpf
The curve h nul | e calculated receiyv
R e Rt aBRAr R 002eRE 13, hart D 5T SRR SOur T T

power using a two-ray no
col | ect ed (HMER) mbﬁnérrst ray/ pat h of the tmo ray nodel is the LCS
signal fromthe transmtter to the receiver. The second ray/path of

the two- WD 2010/ 021595PCT/ SG2009/ 000226
10 In the measurements carried out, dg has been 10 m and (Pgr(dg))

has been -10.5 dBm. In this measurement involving Bedok Light
House, the LOS (line of sight} condition was dominant as

illustrated in figure 1.

15 Frigure 1 shows a graph 100 illustrating results of a radio

transmission measurement.

Along a first axis (x-axis) 101, the logarithm of the
normalized distance between transmitter and receiver is

20 illustrated.

Along a second axis (y~axis) 102, the received power (in dBm)

is illustrated.

25 The dots 103 shown in the graph 100 represent measured mean
received power while the boat (holding the receiver) was
making way. The normalized distance log(d/dy} has included
the light house height. The curve 104 that has peaks and
nulls is the calculated received power using a two-ray model

30 at a normalized distance of the collected data. The first
ray/path of the tﬁo—ray model is the LOS signal from the

transmitter to the receiver. The second ray/path of the two-



6 ray nodel is a signal reflected fromthe sea surface received at

t he receiwer20u¥21i98 boat. The sea surface at 2.43 Gz t PpIrE&R00p/080226 |
sati sfies good 5 conductor condition. Good conductor condition may be
seen to be satisfied when f < a/EocE (of a/we >> 1), where a is
conductivity, f is the signal frequency and Eoand ER are permttivity

and rel atryg pedeltikvit ¥ighaespeefrivet¥d FeemsSeBeWakar suk¥Bicealkeceived
values are a =5 S/mand ER - 81. As long as 10 the frequency of the
si gnal is2beFB% 7eepdveseanuwiher beah-be assuned as a conductor. As

can be seen fromfigure 1, the twd-ray nodel used fits quite closely
with the neasured data. This shows that the 15 nodel is well suited
to represBnm¢ s$ha punpagat abn2mddeGHEotypisealpostidhveactisétes good

As otic behavior of ,the two-ray nodel occurs at a distance d > dA
PSR SoTRe Lo R ehat hEoby oRbR FRRhrrSEnGonaLshen RRY, Be; fgen o
receiver t Lgh dro Xis.t I th.of t .

t ranls\r% ttlggd %?g%%?fégo‘t”tfﬁ‘g go%ré?%’gﬁdﬁrg %/r(xrf\%?s?zg}g'dims earnecg)eilss 3.94

which is beyendcihecd) Sfaﬂ§etE@V§i%ﬁ§1dE‘fé‘?_ﬁeﬁB&Saﬂéa&UéﬁH‘EB& ara gl e
| i near regression may be considered as sufficient to curve fit the
data to frpexmibielekpynend patativesparmhttinetg: andapdcRbvddyi afbonsea

The exponent%Path | pss. has. been found to b? 2.09 and the standard -
devi at i on"H&T bebfP+oRhdVEbUBE B8rA3C = S S/m and & = 8l. As long as

10 the freguency of the signal is below 7 GHz, sea water can be

assumed as a conductor.

As can be seen from figure 1, the two~ray model used fits
quite closely with the measured data. This shows that the
15 model is well suited to represent the propagatioﬁ model for a

sea port environment. Asymptotic behavior of the two-ray

model occurs at a distance d > dp = 20h¢hg/A where hp is the

transmitter antenna height, hr is the receiver antenna height

and of the K.is the wavelength of the transmitted signal.

20
The corresponding normalized distance is 3.94 which is beyond
the distance coverage during this measurement. Single linear
regression may be considered as sufficient to curve fit the
data to find the exponent path loss n and the standard

25 deviation. The exponent path loss has  been found to be 2.09

and the standard deviation has been found to be 6.43.

From Figure 1, it can be seen that the reflected wave causes
destructive interference at a certain distance causing up to
30 -20dB drop in the received signal. In one embodiment, the

mitigation of this problem is achieved.



FromFigure 1, it can be seen that the refl ected wave causes
destruct iWO 20H¥13%r ence at a certain distance causi ng BETSG2@0/001206 B
drop in the received signal. In one enbodinent, the mtigation of
this problemis achieved. WO 2010/ 021535PCT/ SG2009/ 000226 7

Furt hernore, neasurenents for observing the Doppler shift spectrum
have beenFuathéedone . méheugemgnaphfcalobséaﬂgﬁgnthefDbbpléarsﬁuit
conponents used for this neasurepent is shown in figure 2. 5 Figure 2

shows a nBRESEEPRMEYBOPeRN { FAREAEE BREnalhp| deedraPhicpdsREFBRIRENEN

| and) andyf §H§C§£Hﬂ&@§a&é{rﬁ§6né‘ﬁ§sphé‘S&deP @h?@%eééu?@ﬁéhtog Bshwﬁ
10 transmtter consisted of a signal generator generating a S|gna

of 5.8 GHnffegueacy.and 0 dBm power. It was connected to a power
anplifier with 30 dB gain. The output of the anplifier was connected
to a Sector antenna pointing towards the boat. A spectrum anal yzer on

the boat meguconnesh®wlst® madSseeeebye2ant enna (both an
Omi -directional receive antenna and a sectorized receive antenna

have been used) to observe the received spectrum The CW spectrum

recei ved SAued {0 Lhes &éé&”&@”?e%ég%aér ?@h Qﬁ fgﬁﬁft?EBtS””a

was used, e ant enna was ways poiln rans r at
position émﬂbtrum analyzer was placed on a boat at position B. The

10 transmitter consisted of a signal generator generating a CW
signal of 5.8 GHz frequency and 0 dBm power. It was connected
to a power amplifier with 30 dB gain. The output of the
amplifier was connected to a sector antenna pointing towards
the boat. A spectrum analyzer on the boat was connected to a

15 receive antenna (both an Omni-directional receive antenna and
a sectorized receive antenna have been used) to observe the
received spectrum. The CW spectrum received was saved in the
spectrum analyzer. When the sector antenna was used, the
antenna was always pointed toward the transmitter at position

20 A.

Figure 3A shows a graph 300 illustrating results of a radio

transmission measurement.

25 Along a first axis (x—axis) 301, the frequency of the

received signal is illustrated.

Along a second axis (y-axis) 302, the received power (in dBm)
is illustrated.
30

The center frequency is 5.8 GHz, the horizontal scale is 300

Hz/div and the vertical scale is 10 dB/div.



Figure 3A shows a graph 300 illustrating results of a radio

transm ssworzomgRsisenent. 25 Along a first axis (Xx-axi sSpCBG8G2000/080226
frequency of the received signal is illustrated. Al ong a second axis
(y-axis) 302, the received power (in dBR) is illustrated. 30 WO
2010/ 021595PCT1SG20091000226 8 The graph 300 illustrates a snapshot

of the reTrévgdafhV3pecillusvheteshe BRapshsLMBYi BHcaWRYehFOM CH
position A towards a position on the sea S (cf. the map section 200).

An Omi - 8PEeETRBnyleantbfinaCdhsiBsBaviTHeanadt fhas ROVIhgoat At hewgrds
speed of 2 H6§§€iogh8ﬁeﬁﬁéeﬁé¥‘08d?gfna@ltleplﬁg'é sbapaby EEﬁgveﬂn"‘bﬁ.Hi—
ot req y peak 303 was

anplitudes close to eac er. The [ ower uenc
recei ved asrachDoppsbrashenbedwss gnaedf rdhnepbsati vasAmduenyoat hehe

boat's notion.away_fromtransnmtter at position A The higher )
frequg’ncys%ee%‘?( 352> WBESFErel Vol a3 % %gp‘a%?‘lﬁéngh???gdsé%ﬁél reFehyed

posi ti on i tIPoshb1 DPuSe £ 301 S SEENe ASh do¥h bt Uabhl 295HL %Eéq&é’négepeak
boat because it reflected the signal fromtransmtter at position A
Si nce t he3bdaHasabcPRVTRY 2dvarBoppber i oini Sfedheigeadi fednspgnbtios A

Doppl er shift e . higher. than that of .the transmitter.
15p2\ccor d#%nég t?% %rﬁ%qb%%%ﬂ%rﬁé%}% g%%%%uf’é?rflo Fa?ﬁltglgpﬁe‘?‘gn@%ﬂﬁmn A.
these twire dolginer eSregueiay Gi¢sk WL ewas | Bebodle8 spegdpospisrt he

speed of light and fc js_the trapnsmtter frequency. The difference
armuﬁ]lps t%’”i’gt:%e S’r?P"t‘iﬁi%r%‘SkaPr%?Je":l% MoVEREE Bl ORgS aCaR NP afePatds 2

using a sectara ANt enneni ey r@&e&w@%@@%&ée&@@ iP”ESfl&QPé&SE}ﬁ% of

two peaks. Since the sector antenna was ways polnted toward t
t ransmi t tskgnahel el draxgrecttehaat ties binpdn tAideS diichi gherbdateguaency

peak wi Il e 51 i {1 CaNL: £ SIS A5 SO J 03 FL O3 3B 1 2% 0ppier

shifted to a frequency higher than that of the transmitter.

15 According to the Doppler shift calculation, the difference in
these two frequencies is 2*v/c*fc where v is boat's speed, c
is the speed of light and fc is the transmitter frequency.
The difference amounts to 193 Hz in this example.

) e

20 Moving along a similar path using a sector antenna, the
received spectrum no longer consisted of two peaks. Since the
sector antenna was always pointed toward the transmitter, one
would expect that the amplitude of higher frequency peak wiill
be significantly reduced as shown in Fig. 3B.

25
Figure 3B shows a graph 310 illustrating results of a radio

transmission measurement.

Along a first axis (x—~axis) 311, the frequency of the

30 received signal is illustrated.

Along a second axis (y-axis) 312, the received power {(in dBm)

is 1llustrated.



Figure 38 shows a graph 310 illustrating results of a radio

transm ssWORIHERESenent . Along a first axis (x-axPEY/SE2a09/009236
frequency of the 30 received signal is illustrated. WO

2010/ 021595PCT/ SG2009/ 000226 9 The cent@r frequency is 5.8 GHz, the
hori zontal scale is 200 Hz/div and the vertical scale is 10 dB/div. 5
The sector antenna has a reduced higher frequency peak 314 conpared
with the qgni-directional antenna_(see figure 3A) by nore than 30 dB
conpar ed 122t Fe"tohef TERBEUEHCYSpeaR 843, ahRenBRE&ZoRTALnFeadet he 200

I nfra Chappedidnigqf : he.,changgl y be nodel ed using
a two-ray dﬁgél mh%ngﬁgzg§€§l§%%h?&%i%s Siggdgﬁ{%gﬁf. In a sea port,

when a sector antenna is used, the received signal strength at any

| ocati.on Gan be cal cul at ed ing_the two-ra del to represen he
dom nint PRAICSHETE e EE TR AR e rLUFFRCELRaT  SRECHARCHaBoAGedL Sas
15 i Il uste@hedlred §1OMrehd omhDeferyvet EohdD SRreRRAt (peaksiqglbe 3a) by
recei ved signal strength for each peak nay be represented by a

two-ray rified . thencdld dBrcenpabedi hanthpebkser af fegueray pedkl 3hdyahd
seen to ui : t (o¥=Y] [ trength [S IS
iIIustreiéEﬁé%iFﬁ%ﬁhéékg%dﬁé%u?@tégsﬁ%%ﬁg%fcgﬁg%ﬁf%ﬁ?? A éFggkgenent
400 for illustration of a four-ray signal transm ssion nodel. The
arrangement 4Q0 includes a transpmtter 401, a receiver 25 402 (shown
to bg%| ggﬂieeoc%ﬁme ey ‘%%JEO%%, 35109 | 2cber-moY, heded hykerxhipt OF
bei ng forgmshiby(oshits @asiider sep,syriag ; dhdA st n

405 of the sign%l t?ansnitted by the transﬁ?é?gr 401 f%l?%ﬁg@g %g%%nna
di rect |y ¥ oifathe tharsereierd 49lgnal t slerengdh var 0P, ldcaetomdcan be

conponent QQ{%Q:q;‘} [ I % an nidg q%b the transmtter 401 is
refl ect ecf%ly rSta “J's]lﬁrﬁa%ggib 5%65 rr;l s&f ee/? EE VRIS N0t P dpmRpnt
conponentpeX. dowdueess, gitedn tamnomi i t@rdyt ideal ranssnnd erad01sés, as
refl$gted y the rgllecpgr 404 towards the receiver
1llustrated in figure 3A, there were two dominant peaks. The
received signal strength for each peak may be represented by
a two-ray model. Hence, for two dominant peaks, a four-ray
model may be seen to be required to model the received signal
strength. This is illustrated in Fig. 4.
20
Figure 4 shows a communication arrangement 400 for

illustration of a four-ray signal transmission model.

The arrangement 400 includes a transmitter 401, a receiver

25 402 {shown to be located on a small boat 403), a reflector
404, in this example being formed by a ship, and the sea
surface 409. A first component 405 of the signal transmitted
by the transmitter 401 follows a path directly from the
transmitter 401 to the receiver 402. A second component 406

30 of the signal transmitted by the transmitter 401 is reflected
by the sea surface 409 towards the receiver 402. A third
compeonent 407 of the signal transmitted by the transmitter

401 is reflected by the reflector 404 towards the receiver



WO 2010/ 021595PCT/ SG2009/ 000226 10 402. A fourth conponent 408 of

t he si gnaWotomeaiossted by the transmtter 401 is refl ecPea/SeRouolee22e
reflector 404 towards the sea surface 409 and is then refl ected by

the sea surface 409 towards the received0402. The four signal
conponents 405, 5 406, 407, 408 nmay be seen as the four rays of the
four-ray nodel A ﬂseuﬁhngompbheﬁt neBl o€t the Byghhe seanswhitaed, bihene
total signal power received by the receiver was cal culated and 1

pl ot t ed uEFﬁaSFhEBFEtF€é|1ﬁo68¢§80¢ﬁﬁsbﬁ|BbewagfﬂﬁéﬁOéoﬁﬁéréewaﬁﬂﬁ the

the RSS| §é§C§h¥?Qcé'@Bg'aﬁEVEQQEHeh”Q%Eiée Ldrs dipngd 3§%A§ﬂ§9agaozb9

the fixed transmtter-receliver system(in this c se a
The resultswaré5|thesreaeedern4OEguTheSfoﬁB Eignaeé Eompomsnasguabh

500 |IIus t|n etic results of. a radlo transni ssi on
rodel itg. 208: ' Mg o 568 SheFbe SN 32 okné) £B5E reka of the Pour-ray
transm ttgegeecei ver 20 distance is illustrated. Along a second axis

(y-axis) 502, the calculated received power (in dBm is illustrated.
25 A first curve 503 shows the results obtained using a four-ray

del d 504 h bt d :
Moot ay BaLRREANRE A, Shee PO0KEh ey PRH bRa PRBF AEE EhRO: Rran
recei ved 80ghyl apbiaxedrdtdiedhen ahe rbtedireecvasonabhlaniensa L6drve

503) ,and a_sector anptenna (curve 504) are used, respectively. The
nunbé% of P4 %Fﬁ?g PFHide ?%r?ﬁécéén%°%§l§heThbﬁbEFO fWpdi hR8N agepa Bad

by the fixgeth WMVRSYSt eF2 00 408 QP@ﬁaPV§£réH§tﬁaﬂﬂ&lcator) reading
obtained from the fixed transmitter-receiver system (in-this
case a WiMAX system). The results are illustrated in figure
5.
15
Figure 5 shows a graph 500 illustrating theoretical results

of a radio transmission modeling.

Along a first axis (x-axis) 501, the transmitter-receiver

20 distance is illustrated.

Along a second axis (y-axis) 502, the calculated received

power (in dBm) is illustrated.

25 A first curve 503 shows the results obtained using a four-ray
model and a second curve 504 shows the results obtained using

a two-ray model.

These two curves 503, 504 should represent the power received
30 by a fixed WiMAX when an Omni-directional antenna (curve 503)

and a sector antenna (curve 504) are used, respectively. The

number of points plotted is the same as the number of points

acquired by the fixed WiMAX system on the boat over the range



WO 2010/ 021595PCT/ SG2009/ 000226 11 of 200 mto 2200 mfromthe
transm t tW0 2008024398n A (cf. the map section 200). The cRCTSGION/000226
the two-ray nodel varies between peak and null nuch sl ower conpared
to the curve 503 of four-ray nodel. 5 Télverify that the power
received by the fixed WMAX is simlar to that showm in Figure 5, the
transmittef 2a6d mheor eeédver fwemetheptaandmby tarf pbyed tWoMAX gt efhko
collect RSSI readings_gn a simlar path alonghgosition B to position

10 S. The™#BstPE5r8Fe2PP) ust P&t @Hrifﬁ pPBuPE Ftyor&éag FReRd Hagiaph
600 illuspeaybng pesyl EﬁdOBumrﬁQbH kighsp Eaingargaaw %H%“Euﬁibé 503

Along a first axis (x-axis) the acquisition nunbers of t
respectlv@fréQervEdYsmgdaR sanples are illustrated. Along a second
axi s -axis) 602, the neasured received signal strength indicator

(in dBm is illustrated. 20 A first curve 603 (shown dashed) shows

the fixedrdVipiRpSthat the @bwéﬁtrétéﬁvéae§9liﬁé)fﬂﬁbﬂgwﬁmﬁﬁcﬁgr
ant enna (dash} and a second curve 604 (shown solid) shows the fixed

W MAX RSSFimi @ﬁetfeltaﬁt ghewn(iecBigers ﬁmhgeahrmmlat.eecandnahezs
ant enna. adi.ngs gl te th an
ach|S|t|%%8%un%€r§ % ggfécéﬁtg n% gg;?ﬁewgoa ve f? n1 Fffon

Bto pOS|R$®h fbé@ingslgnre Qimly%EnpatBealong3ﬁoamteanaBmas peefition
therﬁ was % one dg nant gﬁfk fi ﬁ 3B). The RSSI according
to thé f|$st Ur¥eS'605° behaves 4f ?E?dt nt fitILEecht at ed recei ved
power using the two-ray nodel (cf. figure 5). Wen an

Omi -directional antenna was
Figure 6 shows a graph 600 illustrating results of a radio

transmission measurement.

15 Along a first axis (x-axis) 601, the acquisition numbers of

the respective received signal samples are illustrated.

Along a second axis (y~axis) 602, the measured received
signal strength indicator (in dBm) is illustrated.

20
A first curve 603 (shown dashed) shows the fixed WiMAX RSSI
at the client site (receiver) using a sector antenna (dash)
and a secend curve 604 (shown solid) shows the fixed WiMAX
RSSI at the client site (receiver) using an Omni-directional

25 antenna.

There were 100 RSSI readings (each being associated with an
acquisition number) for each antenna as the boat moved from
position B to position S (cf. figure 2). When a sector

30 antenna was used, there was only one dominant peak (cf.
figure 3B). The RSSI according to the first curve 603 behaves
similar to the calculated received power using the two-ray

model (cf. figure 5). When an Omni-directional antenna was



WO 2010/ 021595PCT/ SG20091000226 12 used, there were two dom nant
peaks (cfWORPHREIZA). The RSSI according to the secondPEUSGIBOM226
behaves simlar to calculated received power using the four-ray nodel
(cf. figure 5). The two doni nant Doppl et2shifted signals may be 5
seen to mx wth each other to produce high frequency RSSI variation.

When the RS9, frtldrdalars the reaei veit seawkd | Wity Pfgihe IAxedrid MOGT
the fixed WMAX tenporarily | ost connection, which contributed to a
hi gher BERQIHALNG & the decond S I RaImseRSSIMAAF a9 on

occurred Nl '

second cu%&?ﬁé\g}%aé%ﬁ%ﬁ%?onﬁggs - 2%}?9. Pﬁ%ﬁ%}s LIO% @é/&%lr ré‘%‘ﬁ'ci bl e
BER and FHRutfer &e dihreortwaatdomifiaoor Negspel gor edeimfiteturs ighd he may be
neasurenments. .15 To canfirm no i.rreduci bl e BEA fl.oqr en only one
Doaot'Sr "SRt £ Dt AL SR ST 8 Rafosticg, it SrREY s iead
of an OMizdiakqeh.OMMeraRNIE AL Ad1el Bd R 18d e BERA G R tivity

measurenents using the fixed WMAX were carried out follow ng the
sane boatcfpatie firecRISMAK.J thet fiared dbiMARstteppcamntifgt lost

. RGHEd W i lost
i gur o PAEs 7a r et PR SR LT o, W e o B U,

second grraphk') .7 T0iisl histr frermearesulRSs Divaa faadion tdansBebicden when
neas %emant. 25 Al ong respective first axis (x-axis) 701, the RSSI
(in " ) WO PREtr Y88 Fe@SS RaRO S 9N PustGlat ddie ARt Gusife@ddve

second axic$ui%id%b®) nlfde e mAsUed Dijts 30 LriQled A% 1d iYW Sni®
and the neasured frane error rate (figure 7b) "of the recelived signals
are il udERatlddameespecti valty) floor were present during the

measurements.

15 To confirm no irreducible BER floor when only one Doppler
shifted signal is dominant, a sector antenna was used instead
of an Omni-directional antenna at the client site. BER and
FER measurements using the fixed WiMAX were carried out
following the same boat path. The RSSI did not vary as fast

20 as that corresponding to Omni-directional antenna. The

results are shown in figures 7A and 7B.

Figures 7A and 7B show a first graph 700 and a second graph:

710 illustrating results of a radio transmission measurement.
25

Along a respective first axis (x-axis) 701, the RSSI (in dBm)

of the received signals are illustrated.

Along a respective second axis (y-axis) 702, the measured bit
30 error rate (figure 7A) and the measured frame error rate
(figure 7b) of the received signals are illustrated,

respectively.



WO 2010/ 021595PCT/ SG2009/ 000226 13 It can be seen that the BER is

| ess t harw@eB/ 020398 RSSI > -71 dBm The FER dropped bel e@rsG2enomhens
RSSI exceeded -71 dBm As expected, the irreducible BER floor is no
| onger present. This result shows that Be use of a sector antenna
shows 5 trenmendous benefit in the deploynment of the network. In the

experi nenl{ aafObblosezanthhtpthaeBHRr €6t i¥esanhannachbsytheerassed. -71
The nore directjve the antenna toward the transmtter, the better the

per f or mand@™; sTR&t FERedRBPRedi Peier £0it vhen KSHT @rqansashteingbm.
t ovard thﬁstéﬁﬁégtééertHEGLEPeggéEb§e1§Eﬁ“¥f8§9t§ EBOﬁbhgg resepte

measurenents, 1f can be observed that a sectorized appr oa
recepti onTh&s heephit showstthatethbeubeppfea aadtummantednaeﬁhewslons

f by netal bod 5.Th t d h b
ool Pomeht TR PP ol B9 Lo chBBRRBNP R <AECBEL oFF,BRCHPBkonlh PaS

be seen texpertheht gngi 8g° besausenteteplhna ahesdralk sSRELARS RAS }BQen
be done concurrently so that the delay in the comuni cati on network

i s not coaprdni Bl mope | dipgetriventhe anteres| bevesAstbectiranpgithen,
sea or s t e S ct, the
recelvedh§$€A%?ygégnﬁggdp?%9€%?$%?%o%giﬁuﬁth¥e§§?%e8H§¥§§%ﬁg it '1s to
st r engt h.a Then stlaedan tdexiey | adwandoftha srgnahitecei yaed usi bgad'25

dire blve antenna due to this novenent can be as high as 5 dB which

is qg te BYEHIERc3Ant. This effect is explained in the following with
reference to a communi cati on arrangenent according to one enbodi nent
as shown in figure 8. 30 Figure 8 shows a comruni cati on arrangenent
800 accoriiony the dreappoetienis. 1WET2010¢ 0ChS95PST/ 5008/ 900261 deid

approach to packet reception is helpful to mitigate the
Doppler and unwanted reflections from nearby metal bodies.

15 The sectorized approach can be seen as a requirement
fulfilled by some embodiments. A sectorized approach may be
seen to be challenging because reception along all sectors
has to be done concurrently so that the delay in the
communicatiop network is not compromised.

20
In addition to the reflections occurring in a sea or shore
environment, boat's or ship's movements may affect the
received signal and lead to variation in the received signal
strength. The standard deviation of a signal received using a

25 directive antenna due to this movement can be as high as 5 dB
which is quite significant. This effect is explained in the
following with reference to a communication arrangement

according to one embodiment as shown in figure 8.

30 Figure B8 shows a communication arrangement 800 according to

an embodiment.



The conmuni cati on arrangenment 800 includes a transmtter 801

i ncl udi ngW@ 2010413835t ant enna 802. The transmitter 801 i CTISGRO19400226
exanpl e |l ocated on the shore 810. The communi cati on arrangenent 800
further includes a receiver 803 includi A§ a 5 receiving antenna-804.
The receiver 803 is |located on a ship-805 | ocated on the sea surface

806. |f tikesbopmBASchsipar beechhyenkati 60ar Y nclbhaekeaeitrahst@3 twirl Bo1
have a constant, signal strength received because the 10 alignnment of
the recei vPfi uﬂh?%nﬁatééﬂsmﬂ haph&nPRafiSFi t ThAt EXARSBAL teEMRDAS iBhdn

constant. tﬁ@&heﬁgﬁﬁmga§o§9§ed8gﬁ 8he bHoEE 316@S%heohehhﬁglEQW§5ﬂs a

point A (cf. the map section eir respective directivity,
|IIustratedr@@gaméntsﬁO6oﬁerSEEIamdcéuéesoadreoaév&@SBD§ donchutihaty a

si gnhal 15 be trapsmtt fr t he tnans 1 to the
FECEI&iF ﬁ%ﬁeﬁff%gh?ﬁﬁeaﬁ?nggﬂn gﬁ% eG4V e a%smgPFaE@deQBI3|ﬁBap
bel ow, theosli 16citolitynothbhgekes8ic¥LRE aosenna 804 (which may be
formed 20 by an antenna arrangenent including a plurality of
antennas) is changed when the ship 805 rocks, e.g. by changing the

activated n t gn m t receivi

2ot Lvat cdy anteangn sl 408 285088, 1ATGRTPDE, LB P! PecLEReLvhg
t he effecW1llIhaveaaedomaténgusEgﬁamheﬁréhgtﬂ5réheﬂvéOCb§caM%énthée
ship tartgﬁrocklng, e antenna,alignnent bet ween the transmt

ant enfla aftt SRS e cRF VER® ahEERMRL P ﬂt?%@%r%oﬁoWiFE Bhegtransmit

directividygeh$a BB G2 UPEREind NENET 8OREEAN AN BHPR SnobhRSE ¥bBY & mg4 are
indicated by the first cone 807 is still aligned wth point

t he 30 reb@|Whh@ atenreint by gtewprdsracpdimt yAi hdf catked mgpthectlon
third Coﬂfb§P9 is alﬁﬁ@ P ¥é§ge89 é 5&rec§1v1ty, illustrated by a

first cone 807 and a second cone 808 is such that signals may
15 be transmitted from the transmitter 801 to the receiver 803

with high gain.

In one embodiment, as will be explained below, the
directivity Qf the receiving antenna 804 (which may be formed

20 by an antenna arrangement including a plurality of antennas)
is changed when the ship 805 rocks, e.g. by changing the
activated antenna of the antenna arrangement forming the
receiving antenna 804. In one embodiment, this may be seen to
serve to avoid the effect illustrated in figure 8 when the

25 ship rocks: When the ship starts rocking, the antenna
alignment between the transmit antenna and the receiver
antenna (with regard to its original directivity) is
disrupted. The transmit antenna's directivity as indicated by
the first cone 807 is still aligned with point A while the

30 receiving antenna's original directivity indicated by the

third cone 809 is aligned with point B.



Therefore, in one enbodi nent, to avoid changes in the received signal
strengt h, WOR81W2485t i vity of the receiving antenna 804 PETEHRNPEH0226
when a novenent, e.g. a novenent caused by a rocking novenent of the
ship 805, of the 5 receiving antenna 8045 s detected. Changes in the
recei ved signal strength caused by a ship's novenent due to waves

that nay Dheaudbded ancondi sgbbaimeatenhedar@id ahangkekUshr @hed in
figure 9. Flg ure 9 shows a graph_ 900 illustrating results of a radio

transni ssFBREMEGLuPeRBAL. SAFBRGTR, f Fhet dixpstivikyi §F 6be tereiving
illustrat gdreAhQngoad $8CBRYN éHSwﬁﬁnaéBﬁ%vgﬁ%ntthS éelgthggﬁggﬁﬁured

anplitude of the received si I's ilTustrated graph
900 i s baseadsed ayneasqcbnegtmonembnthofhEhehsplaosoauryfnghéhe

recei yer antenna i s SItIOQS? 500 é fromthe transmtter. The
transnlttﬁ?c?évbﬂgtﬂ ShBFeSf 1 1Eafl® 8c§ 8n that the received signa

vari es significantly as the ship is rocked by the waves. Dependi ng on
the antenna used,' the variation can be as high as 10 dB. 25 As
expl ai nedChdpges ik HWag becebvedvedgnhat sprepaght Faused hyseaship's

environ n duce, [ t e_dat acket reception. In
a nesh 22@3% n%h%?% ﬁ%l?%ggngEE a??ﬁgggsaB@%@SEn%SCOFHéP% %8 one
typ|calIyembadim@@tr&feaﬁbbu@ﬂrusedoin3®1@ﬁﬁadeast messages. Al so,
due gﬁ the distributed nature of the MAC (Medi um Access Control)

0

pr ot | s used in nesh networks, it may not be possible to schedule

broadcastrsh@ral ¢ sHowoNE t d f this
2010/0215%§£CT/862009/0002 6%96 560" 0208t PEEI AU EYRRL o NhSrhg10 VO

transmission measurement.

Along a first axis (x-axis) 901 time is illustrated.
15
Alcong a second axis (y—-axis) 902, the relative measured

amplitude of the received signal (in dBm) is illustrated.

The graph QOQ is based on a measurement in which the ship

20 carrying the receiver antenna is positioned 500 m away from
the transmitter. The transmitter is on the shore. It can be
seen that the received signal varies significantly as the
ship is rocked by the waves. Depending on the antenna used,:
the variation can be as high as 10 dB.

25
As explained above, it may be observed that propagation in a
sea environment may introduce impairment in the data packet
reception. In a mesh network, where multi-hop relaying is
performed, there is typically a strong reliance on use of

30 broadcast messages. Also, due to the distributed nature of
the MAC (Medium Access Control) protocols used in mesh
networks, it may not be possiblé to schedule broadcast

signals in some predetermined slots and even if this is



16 possible, it is very difficult to decide the direction of an

i nconm ng WPPAHY®4ISpacket. Thus, it may be considered t R&T/SGRYIDOA26N
of a nesh node has to be based on the use of a 360 reception. In
addition to this, it may be seen as bei B§ 5 necessary that
transm ssi on of broadcast packets has to be done in all directions
such t hat pakkibékeghhar 4 save rgweli € fatulllhe tbAGestialiceThe dircorhed ENLE
address (at | east gone of ) the follomﬁng features_ 10 for ensuring an

opti mal s&RGPMORIf FoﬁﬁéaﬁﬁsﬁaFgﬁlosThpsRedGcWﬁg B G dereemting
reflectedtyavgesig hh%f2ar%EsﬁrﬁB@gahbgntBOB@rﬁﬁs%dn%%e se of a
Reducing the refléction or reception of signals ron11 gl i es

in the suBsotnckagstioM t Igased Dopph efo EEies) ; 1tRﬂ§beégs§§ﬂ §slr15@mg
reflectlon fromtransmtting node while keeping transmtted power
high; ° necessRe¥ptRgtaktananigaing ﬁfghrgaéﬁaﬁﬁapamk@@ &ag be be

onger | 20u8ngnsH 8190k 2EERRASCLLKN! YraP TR HBSLMRLYS 5rBedlG000s

power | oss due to s s novenent (pitch,

cost ; the MACPessibbelity of reception in 360 to handl e broadcast
25packets; No |l osses in delay when conpared to an Omi-directional
network setup without inpairnments; - Transmi ssion in 3600 to handle

broadcastrpB6KehEnts address (at least some of) the following features

10 for ensuring an optimal solution for the mesh radios.

- Reducing the power from the reflected wave in the 2-ray

propagation towards a node;

- Reducing the reflection or reception of signals from

15 metal bodies in the surroundings;
- Mitigate Doppler Effect;

- Reducing sea surface reflection from transmitting node

while keeping transmitted power high:;

- Keeping antenna gains high such that links can be longer

20 to ensure better connectivity in mesh networks:;

- Reducing power loss due to ship's movement (pitch, rolil,

yaw) ;
- Having low cost:;

- Possibility of reception in 360° to handle broadcast

25 packets;

- No losses in delay when compared to an Omni-directional

network setup without impairments;

- Transmission in 360° to handle broadcast packets.



WO 2010/ 021595PCT/ SG2009/ 000226 17 It may be considered as being
chal | engiW@ 2060/@219d a sol ution that bal ances all the fe&CUSE20021908226
The i nherent design of the waveform used nay be used to cater 5 for
certain features such as nitigation of éfffects of Doppler, slow
fading and fast fading. However, for the maritinme usage and the use
in Ships &hi mhyabe suhpédered aevb&&nb dhallengeagcendifinana &uiikebn
inprovenegbs e desirab Q cording to sone enbodi nents,

conf i gur abP8hs iéaRﬁPEha ytBE E88KUEESHEPENSa conbi nation of ant enna
di versity techni ques and N%C design are provided to neet the
requirements for a maritine nesh networKk. According to one
enbodlnenThealnbﬁﬁﬁntcdesbgndeﬁlthelwatéfprmvuded mayi beusstedt ed ktater

figure 10 i ho a_co ni cat i V|ce accordi_ng to
an en%%dlﬁ%gtgggga %%%ﬁﬁﬁﬁ?cﬁP aaeWFgégﬁ 66% 8 Iﬁgggcﬁﬁ 28t enna
arrangenebpépp 08, anoﬂrfgﬁiﬁgl@ﬂddﬁéQtnfadmﬁgdeMbQQVQQHfEgyréﬁet0
determne the orientation of the antenna arrangenent 1002 and a

control | eF2EbRIPGUEERIE c2RANERSI UBRelRi PBREPPVVRYChf arfesubinactnha
arraHQGHQQ5vgﬁéﬁg Qhel 8 Q@éeégﬁ85918ﬁ§efﬁﬁ£%§9 ?%%ggvéﬁg gotgppa

arrangenent. |n one enbodi rent. Th- ot her ~ wor I Fec |V|?y of an
ant enna adeahgankat Asced@pm@dtoosbme enbedimtnvsa, otohhegansenoas

arrangenent. i.n space, e.d. ted to ch es of its 30 orientation
due ifs HOVETBAREY Hoes %?‘Pe‘&?a*g?t‘gnnaycwa g’é?("ah‘ﬁli‘eoﬁea’%%‘??%l@é’de’é\ﬂhy
respect teéhiey@sENeRd MM deign SHENpEORI adh oM tREPOERE Of View

of the reference point, e.g. another comunication device, the

di recti vitSAWwiremeNEHt EpRon maritime mesh network.

According to one embodiment, a communication device is

15 provided as illustrated in figure 10.

Figure 10 shows a communication device 1000 according to an

embodiment.

20 The communication device 1000 includes an antenna arrangement
1001, an orientation determining device configured to
determine the orientation of the antenna arrangement 1002 and
a controller configured to control the directivity of the
antenna arrangement based on the determined orientation of

25 the antenna arrangement.

In one embodiment, in other words, the directivity of an
antenna arrangement is adapted to the orientation of the
antenna arrangement in space, e.g. adapted to changes of its
30 orientation due its movements. The directivity may for
example be controlled with respect to a reference point, e.g.
such that from the point of view of the reference point, e.gq.

another communication device, the directivity of the antenna



WO 2010/ 021595PCT/ SG2009/ 000226 18 arrangenent stays (| argely)

const ant ¥Q2A1/R1PYke orientation of the antenna arrangeRERESCEHINGE6
For exanple, the directivity of the antenna arrangenent may be
controll ed such that the directivity of 18he antenna arrangenent in
the 5 direction of the reference point is above a pre-defined

t hr eshol daorasgehehhastthe mmnkgn&yanteneaagaiEVEa aghtavedriBntA€ion
di rection %OF he reference g0|nt For  exanp t he antenna

ar r angenefi ¢ 80HEBR2 AT H2BESTeBF EHFBgﬁﬁd Fﬁé PERBPEFcethBint is

|l ocated opit-Betrshoeg éﬁdtﬁgeagtéﬁﬁﬁ'HEEXn%meﬁtCﬁagrgglegnEQOIIed such
conpensate for the changes of orientation”of the anhtenna arrangenent,

e.g. due tbatoékEnglnavénﬂnts of the bohtenpa shrpngemeﬁhein the

conmuni ca evice i e, of mesh 15 c¢ ni_cation
etwork. 8 E8RRESRREr' Sat aEeTaReRR Ao Ra  of aBoPEesoPrgroRA HE
communi cathessheldosk. shohotRaenbRdi ABRimuhheneehant ghliani of agnt £48a
arrangenent is det erm ned based on the orientation of the
connunlca%FthEOdHé%FEéonlEOOEEeeﬁﬁﬁﬁFﬁ%ﬁ? rehetanfernaxanpingetbat

i ncl udes Qn@éH gl iLyan %ﬂgﬁenﬁés é&eoﬁogtb%k%r 3ng gnghaugggt Lo

. activate at east on t he ura Ity of antennas d on
deterninedeﬁerentaip@nnbfl$hboeatednanathangbuﬁetanaheheoﬁirettEV1ﬂyy

| trol i gnal_phase diff bet the ant to
Chandd TS PPBEETLES BF CREPShralnatat: SPECRBRDBF EonFOFATRELon of

directi Vltb(eoéntéh@n@néﬁﬂéh@gé\rﬁéﬁﬂge@”eﬂt BYe Ot HCEoBREAG, mEvEmeYs of the
tilting at | east one 30 antenna of the antenna arrangenent, e.g. wth

respect tBO&Atb@seskiPthe antenna arrangenent.

The communication device is for example a node of a mesh
15 communication network, or, in other words, a communication

device of an ad hoc communication network.

In one embodiment, the orientation of antenna arrangement is
determined based on the orientation of the communication

20 device.

In one embodiment, the antenna arrangement includes a
plurality of antennas and the controller is configured to
activate at least one of the plurality of antennas based on

25 the determined orientation of the antenna arrangement. The
controller may also control the signal phase differences
between the antennas to change the directivity of the antenna
arrangement or control the directivity of the antenna
arrangement by other means, e.g. by tilting at least one

30 antenna of the antenna arrangement, e.g. with respect to a

base of the antenna arrangement.



WO 2010/ 021595PCT/ 8G2009/ 000226 19 According to one enbodi nent, the
di recti viWp 2010/2h¥5ant enna arrangenent is control |l ed su®BT{SKA09400226
transmtted signal is received along two paths and the transmtted
signal is received as a first received $Pgnal and as a second

recei ved 5signal. For exanple, the antenna arrangenent includes a

pluralityaetoadtirgnas and émboa@méneLleheiai@@&&ﬁgut?doEOt@@tbh@bﬁnat
least two of the plurality of antennas based on the 10 determ ned
ori ent at i BATBRIERBNANLEnRANAFPAAGENEHENStiBATt Rat rEReMitARsnPigagl is

si gnal 'SréE8§%¥8da§§n§hag'gﬁEhEGSEaV€ eSEQQﬁEm9¥téB @gbhﬁﬁtﬁ First
antenna of the plurality o ntennas and the transmtted”signal is
recei ved msceheedesond feécetvedcsiygadl shynab antli wat edsseocaddranteiad
of thg 15 Iurility of antennas. The communi cation device nmay further
i ncl ude a® 8ﬂ5'ning circuit configured to generate a received signal
for further processing based on the first received signal and the
second 20 received signal. The conbining circuit nay al so be

confi gur eBo¥ ocyainet at ether anbppnd aryaagenentf inchodepr scpdvradibused

on signal Lye r dj ng en Eran nts,..._The
conbiningg%f§§§%¥ ?géfggbe§éﬁg%§ﬂ%%%f%§u$§a %guggﬁg§9 FRE1YB PeBi ved
signal foledstttwes pfotkhsspbgrhased of sheehhast baeeai yadtiegnal and
t he i coq&ereceiveg signal. . The conbining circuit nmay be

conf irdur €At PEHET aP BT EREAF2ER 9RdLRE gRAFeBR PLFRREEMPRECEYSINENAY

gioggglni NorkbertisshiBOcbeeehNgl 8Lopake 8PEatBe BREORI LECRLYEved
signal by an activated first antenna of the plurality of
antennas and the transmitted signal is received as the second
received signal by an activated second antenna of the

15 plurality of antennas.

The communication device may further include a combining
circuit configured to generate a received signal for further
processing based on the first received signal and the second
20 received signal. The combining circuit may also be configured
to generate a received signal for further processing based on

signals received from different antenna arrangements.

The combining circuit is for example configured to select the
25 received signal for further processing based on the first

received signal and the second received signal.

The combininé circuit may be configured to generate the
received signal for further processing by combining the first

30 received signal and the second received signal.



WO 2010/ 021595PCT/ SG2009/ 000226 20 The conbi ni ng for exanpl e incl udes
a phase sWOf2010/g136 at | east one of the first received $Cyra2o@dorbe
second received signal. 5 The phase shifting is for exanple carried
out based on the deternined orientation28f the antenna arrangenent.

I n one enbodi nent, the communicati on device includes an antenna

struct ur eThactuofbhgihfefant erampaer angemedls anghakel@ni¢ashqgObBE at

further apntenna arrangenent. The communi cation _device may further

i ncl ude al€dftrBPrePichhei §hiF88 r6cedNerolsignaldppdcthei sgcondt he at

| east onerggégggﬁ aptgppa arrangement based on the determined 15

orientation of the antenna arrangenent. The antenna arrangenent and

the at | east one further antenna arrangenent may for exanple be
structure to cov different sectors. 20 For

arranged jn_the_ antenn r

exanp%g, #H% Bﬁ?ﬁﬁna éfFéﬂgeﬁﬁnfoﬁnaxﬁﬁefﬁtCPEﬁ%FdoﬂBtfBPFﬁ@roﬁnFEﬁna
arrangenmentterfinédapgedntati b Rt EABaALEHREULSrhAGERYRE di fferent
sectors of a first plane in space and the controller”is configured to

control the 25 directivity of the antenna arrangenent in a second

plane in a odipent, the.antenna_artangenent .includes a
Bl ol 1 ¢y T o, el SR EmEHE0 LAE bonhR B PR e R BRCERR RO e
second pl aneeanad $bheucovunteoiheludsngonheguhednha aethMabRent hgaAsht

one ﬁf thf gluralit of antennas based on the determ ned orientation
of t Q ant&anh ap¢ 4 %%E%ﬁ¥_antenna arrangement.

The communication device may further include a controller
configured to control the directivity of the at least one
further antenna arrangement based on the determined

15 orientation of the antenna arrangement.

The antenna arrangement and the at least one further antenna
arrangement may for example be arranged in the antenna
structure to cover different sectors.

20
For example, the antenna arrangement and the at least one
further antenna arrangement are arranged in the antenna
structure to cover different sectors of a first plane in
space and the controller is configured to control the

25 directivity of the antenna arrangement in a second plane in

space.

In one embodiment, the antenna arrangement includes a
plurality of antennas arranged to cover different sectors in

30 the second plane and the controller is configured to activate
at least one of the plurality of antennas based on the

determined orientation of the antenna arrangement.



WO 2010/ 021595PCT/ SG2009/ 000226 21 In one enbodi nent, the at | east
one furt H&O 28HYERMTA ar r angenent includes at | east one f BCTISGR009/000226
plurality of antennas arranged to cover different sectors in the
second plane and the controller is confRdured to activate at least 5
one of the at |east one further plurality of antennas based on the

det er m nefinoshentabbatimefit} hehankenhaastr angemarther EAehhast pl ane
and the second plane are_for exanple perpendicul ar. For exanple, the
first pl aRBTRBIERENROLNSOHESF 30 bPafe QRE fHETBE&oRALERAAEY| 8Lt he

verti cal Qhe@ﬁnagnaegsnsaaoégneayert8§foHEHEisg&%ggsdﬁﬁiiﬁeiQ%%BH&S

a receiver and at | east "one further recelver an e recej ver
confi gur edlaner agdi thescgnaksliea fhecanfégnaedr tangehienttéSaantebhe

at least one further receiver is confiqgured to_receive signals via

t he a? | e38F 8%e£$ﬁr?ﬁe eaﬁgeﬂﬂﬁ gPthgﬁnB PFaFﬁt3n8¥eﬁBngﬁﬁﬁt?aﬁﬁg
comuni caghobhéeyke8rnNabddesianelti 6ANSH ther afPBhhgULERdahQehtARSM t
a signal via the antenna arrangenent and the at |east one further

antenna arrangenent. In one enbodi nent, the antenna arrangenent is

mount ed @ ¢1 POR! L PLSLRq Aflot BEO8L oD AhL O, dekeEnLOLng, devi ce i s
25 configured to determne thé orientaltion o fie antenna rrangenment
based on peretedicuaror Fentekamplef the bdattoplshepis the HbEizontal

determ ni ng devi or exanpl e i ncludes a_30 gyroscope.

orientatio e \
cxie&bati%ﬂa%%ya? fEret eCANrPLEFRGt DNt 3¢ YRELARRENRAANE-

In one embodiment, the communication device includes a
receiver and at least one further receiver and the receiver
is configured to receive signals via the antenna arrangement
15 and the at least one further receiver is configured to
receive signals via the at least one further antenna

arrangement.

In one embodiment, the communication device includes a
20 transmitter configured to transmit a signal via the antenna

arrangement and the at least one further antenna arrangement.

In one embodiment, the antenna arrangement is mounted on a -
boat or ship and the orientation determining device is

25 configured to determine the orientation of the antenna
arrangement based on a determined orientation of the boat or

ship.

The orientation determining device for example includes a

30 gyroscope.

Orientation may refer to an orientation of the antenna

arrangement in space, e.g. an inclination of the antenna



arrangenment in space, e.g. an inclination of the antenna WD
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reference plane such as the horizontal plane. According to one
enbodi nent, a nethod is carried out, e.g2 by 5 the comuni cation
device 1000, as illustrated in figure 11. Figure 11 shows a fl ow

di agram 13PPangemedingith apseekedioeat ret@rihecl bowndi agcamatlefe
illustrates a nmethod for controlling an antenna arrangenent. In 1101,
the orienPaft8ANBR1lt Ré28BRtenna arrangement is determined. 15 In 1102,
the directivity of the antenna arrangenent is controlled based on the
determ ned orientation of the antenna arrangenent. 20 In the

enbodi mneniscdedingbed onet bebbdimeninga metboldi nat camrakdseverak.g. by

' ' d hi 360 . A |
o oo ovEnac0oBIBt S3bnsi HGvAGRy THNPE s251 108 APFREFRy S hanteRkEs o

address all the requirenments above is described in the following with
25 reference to figure 12. Anot her exanple could be based on 6 units
of 60 ant Bh®iaset bl ceheys3soflevgdiagramshé8 aceemdiingcspi en device
1200 accorging;toygn enbodi ment.

100 The flow diagram 1100 illustrates a method for controlling an

antenna arrangement.

In 1101, the orientation of the antenna arrangement is
determined.

15
In 1102, the directivity of the antenna arrangement is
controlled based on the determined orientation of the antenna

arrangement.

20 In the embodiments described in the following, a combination
of several sectorized antenna is used to achieve 360°
coverage. An example setup to achieve 360° coverage using
four units of 90° directive antennas to address all the
requirements above is described in the following with

25 reference to figure 12. Another example could be based on 6

units of 60° antennas to cover 360°.

Figure 12 shows a communication device 1200 according to an
embodiment.

30
In this example, there is no angular diversity for the
received signal. The communication device 1200 includes a

first transceiver 1201, a second transceiver 1202, a third



30 In this exanple, there is no angular diversity for the received

si gnal . THE 266¥Acat i on device 1200 includes a first PEAFGEN7089226
1201, a second transceiver 1202, a third WO

2010/ 021595PCT/ SG2009/ 000226 23 transceider 1203, and a fourth
transcei ver 1204. The transceivers 1201, 1202, 1203, 1204 are for
exanpl e i hpkpseaivdraid2bBanandi uefoaatlls trangced®ear dong .t gh802. 11a
or anothe£ connunicat;ﬁg itangﬁéd. ghe communi cation device 5 1200 is
for exanpFE2BSSPRYFESWFBEes shlrfde. 1¥R8 Brgndeéi $8REPLSr ds 1201,
1202, 1208mpichdnten exapphRsBEOVEdCchRas)Tank- end-8pd;RaSeERaBd2.11a
processing of a received signal or a signal to be transm'tted,
respect i veryanghkeerogamnigacabhodesitenda2d0 Fhel udesuaibACipnotievdte

stack <Ci r cyj 05 controlling the transceivers 1201 202, 1203,
1204, Srhet tedntEerobr ekadhhe " bRe 0N LS et Renede r o1 | ed by a
single conmputer, e.g. a personal conputer. The MAC protocol stack
circuit 1205 may control the transceivers 1201, 1202, 1203, 1204

accor di ngT#® BrLRREdhvRAC prEEBCHE 05t adk022017R8, chARAnfeat PsATERS ce
1200 | nclypes; 40 AL eRRGn 8ELAG! 2Rl OGS LRORICRIBLEDSYhENGR Li L8Leived

antenna arrangenent including first antennas con At énna
arrangenentgnak| odi ags sguahdtanbennasni@8ted, t hesdeani eabq.

arraﬁ enment including. third antennas 1209, and a fourth antenna
arra genent 25 including fourth antennas 1210. Each antenna

arr angenerie COMRfSn BcSELERN deviicd Nl 306888c18489 a (MRET 2OBE L1 SEELLK
and includes a plurality of antennas 1207, 1208, 1209, 1210. In this
exanpl e c%hﬁqgﬂﬁEﬁ?Qﬁchmﬁ@Q;ling the transceivers 1201, 1202, 1203,

1204. The transceivers 1201, 1202, 1203, 1204 may be
controlled by a single computer, e.g. a personal computer.

15
The MAC protocol stack circuit 1205 may control the
transceivers 1201, 1202, 1203, 1204 according to a common MAC

protocol stack.

20 The communication device 1200 includes an antenna select
block 1206 coupled with a first antenna arrangement including
first antennas 1207, a second antenna arrangement including
second antennas 1208, a third antenna arrangement including
third antennas 1209, and a fourth antenna arrangement

25 including fourth antennas 1210,

Each antenna arrangement covers a sector, in this case, a 90°

(horizontal) sector, and includes a plurality of antennas

1207, 1208, 1209, 1210. In this example configuration, three
'30 antennas are used for each 90° sector, i.e. each antenna

arrangement includes three antennas.



30 antennas are used for each 90 sector, i.e. each antenna

arr angeneWO 20H248s t hree antennas. WO 2010/ 021595PCTPSTEGAU G020 6
24 The pl acenent of the antennas may be configured in an overl apping
manner to provide a certain vertical anddl ar coverage of the
respective horizontal sector. For exanple, an antenna arrangenent may
i ncl ude tfiheepaatemeras wift the0 abtkanazomtgl beeamnfiidireandrb averti ca

beamw dth to.provide an overl apping 15 Vertical beamw dth. The
verti cal BXgﬁ%apaﬁHgopapﬁgraﬁpeﬁﬁg§gﬁﬁyah&@étéﬂﬁeﬁeﬁ gRgudar

val ues andoh@tapecegsahkl YeBpelhevkehbirsabnhaamswidi ofrdrhe ankeanasy
may be sel ected based on the distance (fromthe transmtter 10 (o

recei ver) aah@nppeapspngemantenay theludeethaset entieningst evitthe 90°

mul ti pat h Lon ect h have_bheen _descri bed. ve. .
gur oo HGEL LR N eB L Gl B ahal Bue v BeER Ao SRR R To pravige
to enbodi apnbserTappanyentd vetuitulebedndOlidtB02Ther vexaiprlae beam

correspond_éo the antenna structure formed by the first antenna
ar r angemefitdtR net sERBnanNERRBAGaMaYr BAYBNBRNSTt RBTERI @ngdeangdiRg and

arr angenepd: andoLB8a £ out heankgang 2Lt angenenh Qf qthe mvgﬁ%hﬁgs

0
device 1200. For the first antenna structure 1301, a Sg hori zont a
beam wi dndyilkeusetieahddf basefleosetbaddantenna <froot the t3@RsmatPEr
60 hqbizo t al bean1m1dth iﬁ used go have a %6? coverage i n each case.
Anot ier eXanbFeSthRf | giFat FBR BFARTAAPERn]sFPGcRIFENNESshoWRLFRJate
figure l4the mulfightr 14fsbevwsocanc8pbeppathhtUBhvEehE4A04aceok dbAY

to an 30 enbodi nent.
above.

Figures 13a and 13b show antenna structures 1301, 1302

15 according to embodiments.

The antenna structures 1301, 1302 for example correspond to
the antenna structure formed by the first antenna
arrangement,_the second antenna arrangement, the third

20 antenna arrangement and the fourth antenna arrangement of the

communication device 1200.

For the first antenna structure 1301, a 90° horizontal beam
width is used and for the second antenna structure 1302, a

25 60° horizontal beam width is used to have a 360° coverage in
each case. Another example configuration of an antenna

structure is shown in figure 14.

Figure 14 shows an antenna structure 1400 according to an

30 embodiment.



WO 2010/ 021595PCT/ SG2009/ 000226 25 Simlarly to the antenna structure
1301, 1302020H023¥96enna structure 1400 may be used as t RETHGReNIIA0226
arrangenents of the communi cati on device 1200. 5 The antenna
structure 1400 includes four antenna ar P&ngements wherein each
antenna arrangenent is configured to cover 900 . Each antenna
arrangenedimiberbigesot hheeannernaastfacgurenitbe,f esorof thABt aARa@nna
panel s) wherein the %Sbennas of each antenna arrangenent have a

di ff erent SFRUFFREET LAY0 1 HaYhbe ERSApRE, thE BRERTAAL 8RRANEEMERES of the

ant enna agéﬁﬁgggggglgﬂogepgéea1§Q@ hori zontal beamw dth and a 90
vertical beam w dth. The communi cati on device 1200 includes a

gyroscope (gyro) 1212 that provides information about the

communi ¢ device' s bou the ship's novenents
B, e e 08| SEr R IRYE Thh0 End15B8R  toher aRF ehng EtenpRNSnt s
The gyrOS@m@ﬁeﬂﬁléaﬁmya@eeﬁﬂgnaﬁﬁaﬂgeﬁéheniQtt@ﬂfﬂ@h@éﬂlﬂbneodéfl§©°
configured to determne the orientation of the antenna arrangenent s

of the confthi FAETHM dRTFRRIANSOE Pucindesorhinfcantenndsaviieeg1200 the
i ncl udes Poﬁﬁ’”é Oéﬂl 1;? Ly € &H%E%?{g t{n% aRPLERNE sé %%Léhb!agglénna
na 1 to

1206 based on t e |n or I on provi e gyroscope
sel ect cnurxﬂngémethmmwasaf@Iféenhnaninohanatiangenﬁnth1§hexample,

contr. IIer 1213 may be seen to control the dir Lvity of the
antefifa &% g%ﬁ&ﬁﬁ%@ s%@%c?“?@n%ar%EE%E??W%“Snfgﬁh hagng %ﬁ?enna

of an antidWer i ANASPBAtwiSth Oingxanpbe sekected susR §Patnt he
i npact of the novenent of the comrunication 30 device 1200 (or, in

other words, the change of the orientation of the antenna arrangement
110 ¢SO s SO S0 1 TR L1661 Qe BIERYERDS! oo
1212 that provides information about the communication
15 device's movement, e.g. about the ship's movements in case
that the communication device 1200 is installed on a ship.
The gyroscope 1212 may be seen as an orientation determining
device configured to determine the orientation of the antenna
arrangements of the communication device 1200.
20
The communication device 1200 includes a controller 1213
which controls the antenna select block 1206 based on the
information provided by the gyroscope 1212 to select one of
the antennas for each antenna arrangement. The controller
25 1213 may be seen to control the directivity of the antenna

arrangements by selecting a respective antenna.

The antenna of an antenna arrangement is for example selected
such that the impact of the movement of the communication

30 device 1200 (or, in other words, the change of the
orientation of the antenna arrangement with regard to, for
example, a transmitter or a receiver) is alleviated in the

respective horizontal 90° sector.



WO 2010/ 021595PCT1SG20091000226 26 The gyroscope 1212 (gyro) may for
exanpl e pWvovotko2isssor mati on about the yaw, pitch and rolPCT&egb@mIE26
the ship. This information (digital or analog) is processed by the 5
controller 1213 (e.g. inplenented by a #bcroprocessor). The
controller 1213 outputs control signals to control the antenna sel ect
bl ock to select, for each antenna arrangenent, an antenna of the
array of antennas of theaintenna arrangenent in the particul ar

sector. 1D°FnI¥hesenBBdinbhat (IYRB! cBAYr SPFePX3DP3S] BrP¥arez éAfBymaRECN
conput er éﬁaﬁﬁOkhénga&hepiﬁéHSSEHV§5§l1§Q§le§29%1tﬂ%?%hié?oﬂpﬁgd may
for exanple be conttol [ ed by the conputer”via a GPI geheral purpose
i nput / out pufyrmardon1bdigivat enbadatedl , ianpantennadphyethes
selec%ed géo Oflveri%ﬁzl axi s i£ g sector guch t hat t he selecSed h
ant enfla paner-rs the h8a¥ est™P eB%?t@ﬂd ¥ufaPEHOPRBCESPPR! & The
hor i zont atompt 26E1 @AONYL 8 heubphesN8onarel Ssofnkns apt esnardd( pagel)
arrangenent. Thus, in operation, in one enbodi nent, when the ship
sways, didtermt a@lerhadbbepkl sowselesk, afervaRel entaanat arnapaement,
receptio 1, 5S4 naeb rpgzan jrection. In
this may?maﬁ%ﬁéigﬂ%?ag?tﬁ@tﬁ%iﬁgrégm? eaﬁ%%%i??egﬁgygﬁﬁggg%tenna
arrangemmantrasgahevay si®bthergedt toupao) eettont (nearly) horizontally
in ah directions of the nmesh node. Thus, RF (radio frequency) energy
directed to other angles contributing to destruction of signal (e.g.

by refl ecin and ramsdensee, sthd asetpE1108519135i gnaba{ dveqt By Nohe
being directed towards the recipient) may be reduced. 30 WO

2010/ 021599 SO0 0obbey the transceivers 1201, 1202, 1203, 1204

and may for example be controlled by the computer via a GPIO

(general purpose input/ocutput) card.

15
In one embodiment, an antenna panel is selected along a
vertical axis in a sector such that the selected antenna
panel is the one nearest to perpendicular to the earth's
horizontal p;ane among the antenna panels of the antenna
20 (panel) arrangement. Thus, in operation, in one embodiment,

when the ship sways, different antenna panels will be
activated to maintain the reception and transmission antenna
beam at a horizontal direction. In this way, when sending,
the narrow beam emitted by the antenna arrangement is always
25 forced to project out (nearly) horizontally in all directions
of the mesh node. Thus, RF (radio frequency) energy directed
to other angles contributing to destruction of signal (e.g.
by reflection from the sea surface) or loss of signal ({due to
not being directed towards the recipient) may be reduced.
30 |
In figure 12, the communication device 1200 is shown set to

transmit mode.



27 In this enbodinent only a single transceiver 1201, 1202, 1203,
1204 i s WOi20H¥R#ISNn transmt node to supply the data p&CKESG000MbI2CH
are to be transmtted) to the antenna arrangenents and the specific
activated antennas (or antenna 5 panel sf7of the antenna arrangenents
t hat have been sel ected based on the gyroscope information. The

f requencyInsedifoemboansehssbaiyon shagthannehsesedefon2onansmiossi on

may be seL ég bf hhe,sane for all sectors, i.e. 10 for all antenna
arr angenent %> of 1£H8 e8nAGhLYALPEn1BetraasMRbOMOBE tPafYRPLYI hhet Hata

sane Signﬁéc?¥t§|kwﬁﬂEﬁnQ?eaEBaBgeg?Qh§mgﬁg$B?LEotQh@R%HEEnﬁaprOper

reception of the data packets transmtte e nei ghboring nodes.
15 | n oneaenbogémentswandethel| speaificaasteévaerd 220&8nn2202prl1208enna
1204 are activated_tp send the_ sane_data pack or data frane) from
the wac 1 BoRF Y8 PO dnBcthsphite o 2EFnbArBRRES FhatohekB: Brabapeiorvar
a recei vitgsé@den espegiabkyopbenntbenseehvi ng node is in some
over |l appi ng region of the 20 sectorized beans. This is illustrated in
figure 15. Figure 15 shows a comruni cati on arrangenent 1500. The

comruni cagyl 5 i . pluralj nt.enna
1501 and L G4 anaeytlLed DRy BEMORES2i n 168! FhE BhafRe bR Ter
case whererdamsmieceoni mgynodesdb0Rcilsesthelasadei forheldveekbappsngi.e.

regiq of _.two 900 transmtting antennas_1501. 30 | n, one, enbodi nment,
noaiOypito Rk TERORT ARHERESRARFE PE B cEPFIALCHE 1SN gREVBEPwRen

the tranmaa.er:a%n@rw@mw@ﬁ etnd heah@ss; kfal hey' £c8i ¥gfeshgnal due
to delay shifts between WO 2010/ 021595PCT1SG20091000226
arrangements may help to ensure a proper reception of the

data packets transmitted at the neighboring nodes.

15 In one embodiment where all four transceivers 1201, 1202,
1203, 1204 are activated to send the same data packet (or
data frame) from the MAC layer, it may be hard to synchronize
the packet reception at a receiving node, especially when the
receiving node is in some overlapping region of the

20 sectorized beams. This is illustrated in figure 15.
Figure 15 shows a communication arrangement 1500.

The communication arrangement 1500 includes a plurality of

25 antennas 1501 and a receiving communication device 1502.

Figure 15 shows the case where the receiving node 1502 is
situated in the overlapping region of two 90° transmitting
antennas 1501.

30
In one embodiment, in a typical use scenario where there is
direct line of sight between the transmitter and the receiver

the loss in the received signal due to delay shifts between



28 different transmt antennas can be assuned to be negligible

because tWE 2010259 e bet ween the two transmitting ant enREE/SGA00INE0226
receiver can be assuned to be alnost simlar. 5 Wen the

communi cation device 1200 is in transnmi £8mode, as illustrated in
figure 12, the transmt signal is sent by the activated transceiver
1201 to adsplferest tPadsnmitthrtennasnicaat benadevined t308ebakgneghsileg
supplied go t he fEHr glfferent antenna arrangenments. A Tx/Rx sel ect
signal is°$6288PpFNedot FEANERPEEYRFEL LSt F4Rs EEPRENL 1DANTaARLPENGSEEO

to controthbheesetFepgcah Bepégéa}nb?ytef o Ehﬁ%&ts\é‘ifﬁ*ﬂa}?ﬁ and a

plurality of second switches 1216 of the comuni cation device 1200,

inthis exanple to the transmt setting. 15 The second swi tches 1216
are faor e I r ed.in_a sw,tching ck 1217, In one
enbodrent e Eaf BT ReR HRPEHEN PR Rk BuFKERoR b mefie. pRY
llayer drivelussrated 10 figabéelbhetBO tegBkMetSs@fnhieikr 3Baeehyetfe
1202, 1203, 1204 to prevent the packet to be transnmtted fromflow ng
back to tRetsBabRY tEaRsScebveRel#AE tayer FplEhERrahRehnal athangenent

of the Cqg&ﬂﬂﬁﬁ?&éQPoﬁeaé€fc429905a%e§§rgebP5$¥igﬁgqﬁﬁég @otfﬁgs L
power anplifier and a | ow noise recerve anplifrer. ese anpli i 6F 3
may for exafiptremhe amtamyed: boingenehhe. aAt BRARxSekbett bkbghal206 and

th i tchi bl 1217. Th t 1 SSi ' | to b
trand il t CBUPPRERY Serdiby Ul Bel WApFR 1 BANPGCRNGE AoPbrgndors used to

transm ss¢om: ebstameesett hed &P hleakl opyt 8ENAI BYULSE NBYi 8E501PES ang
used. For exanple, a single transmt anplitier can be used that is
arranged dRWehltthe ablseeend 19ditehest halbi pEt thei cotmurisat | e

sever al L&’é!‘lfi\@ésﬁz ®cei ye yplifl LNAs 2 n_b ranged in the
recei ve paths of tcLe' COIT?YtUI’lI ca‘%%éorﬁé%l%w ce%lﬁogrg Bh h%e%%ﬁgw%hi cation
device 1200 is in receive node as will be explained in the follow ng
m‘thl%efefﬁgué%ééhéIé&!é%ﬁé% 1216 are for example arranged in a

switching block 1217.

In one embodiment, a software approach through the

manipulation.of the PHY layer driver 1is used to disable the
20 receivers of the transceivers 1202, 1203, 1204 to prevent the

packet to be transmitted from flowing back to the sender

(e.g. to the MAC layer).

Each antenna arrangement of the communication device 1200 may

25 Dbe provided with a transmit power amplifier and a low noise
receive amplifier. These amplifiers may for example be
arranged between the antenna select block 1206 and the
switching block 1217. Thus, each transmission signal to be
transmitted in a sector can be amplified to have a long

30 transmission distance. Other amplification techniques may
also be used. For example, a single transmit amplifier can be
used that is arranged between the splitter 1214 and the first

switch 1215, while several Low Noise receive Amplifier (LNAs)



5 Figure 16 shows a communi cati on device 1600 according to an

enbodi nenVO 2§HO2¢E¥Auni cat i on devi ce 1600 corresponds t BCTH&2003/000226
communi cati on device 1200 shown in figure 12 but is shown in figure
16 set to receive node. Accordingly, th22communication device 1600
includes a first transceiver 1601, a second transceiver 1602, a third
15 transceanebe 1698angefiount bhér asseev¥epath®dorat MACchbayanipaeLoegol
stack circuit 16?2 e.g. inﬁlenented_by a conputer, an antenna sel ect
bl ock 1608SVECEi +4¢0awfERANRNE cBYMMYRLGAR. Rt dRKASe18680 iR ig receive
ant ennas &89, t : 052 r 1012 r
R e N T R R e U b P R S
pluralityfijusecbmd switches 1616. Since the splitter 1214 is not
used gn receive node, it is . not shown in figure 16. In the receive
node, "t he Tx/ Rx signal provided by one of the transceivers 1601 and

that is spppli@diéoshibesfarsdmeihicht 16451690EE0L 600 hecEbra8ing WS Con

1615 to be set to receive node. In the receiving node, all four
transcei VERMOABUANE 1602, 1603, 1604 are activated in this embodi nent.
In other words, the four transceivers 1601, 1602, 1603, 1604

i ndependently WD 2010/ 021595PCT/ SG2009/ 000226 30 receive data frames
and pass THe taorren M¥E: layedevice. 1600 tder MEpbager tprokecol st ack
Clreyht Rt el i & CaSYE A O8NS O FLELLECPLVLNY pperation

figure 16 set to receive mode.

Accordingly, the communication device 1600 includes a first
transceiver 1601, a second transceiver 1602, & third

15 transceiver 1603, a fourth transceiver 1604, a MAC layer
protocel stack circuit 1605, e.g. implemented by a computer,
an antenna select block 1606, a first antenna 1607, second
antennas 1608, third antennas 1609, fourth antennas 1610, a
gyroscope 1612, a controller 1613, a first switch 1615 and a

20 switch block 1617 including a plurality of second switches
l16l6.

Since the splitter 1214 is not used in receive mode, it is

not shown in figure 16.

25
In the receive mode, the Tx/Rx signal provided by one of the
transceivers 1601 and that is supplied to the first switch
1615 controls the first switch 1615 to be set to receive
mode.

30

In the receiving mode, all four transceivers 1601, 1602,
1603, 1604 are activated in this embodiment. In other words,
the four transceivers 1601, 1602, 1603, 1604 independently



5 according to the comunication device 1600. Firstly, the problens

t hat may WOI208/@2i¥h t he four ray reflection scenari o asPEFSERII90€0226
above with reference to figures shown in Figures 4, 5 and 6 may be
avoi ded. An antenna arrangenent coveringla sector facing a reflected
path |ikely receives a separate 10 instance of a received packet with
| ess i nt erkerémeedabapdresesoaadspasar it whetheamaantiayea,r €cei,Ves the

signals a g.al |l _paths. The antenna arrangenent covering a sector
faci ng thgggngéﬁaﬁdpfgﬁPFaﬁsﬁ%@FgrCéF§Bl$i ©&%p an instance of the
sane data packet with |l ess corruption conpared to a scenari o where an

antenna receives signals along all paths. In one enbodinent, the data
packet s sBherpyanet sansuiilt benaféteoofayhed racelivangacket:akbDonThe MAC

cane (e veaSh b bR R, e R b BB e RO T RERAL o BF

protocol strebkemsrthat MmBQS5atkibkeFsoihene paaketrsyapdrneseyes tBenario
dupl i cate packets_ before passlng t he packet to _higher |layers 25 of
the mesh AddeSSFrEbedn@bedntiAtBarréRraaercEo1660ursResherandnbERghIes

of setting up the gqﬁygnggagy nqdgvi ' LXkn S
illustrated in Figure 16 may ge ggengﬁnéﬁggﬂggpggﬁghgggéﬁkigﬁg%g§£§ a
hi gh. By sethgraf3fisegcaorefédchatdepathsiikelyr eectheeseaesepapaver

of received signals_can_be kept hi due_to.the higher gain of

cect 40) 2ol BT ENRLRE SV 581 BhE 0 apeTH SEbOBEPB08D08: ST RN PR Fampared
benefit ofosgcéieenziNg Wheréessi ¥etoAhE PBY¥eDPesE8NghA1ENAL ohY BehPS
to keep the receive antenna radiation plane constantly at a

hori zont aP2&R$ting. Wth the hel.p of the gyro 1612, each receive

sector can be adjusted to receive an 5 incom ng signal at the

hori zontal plane. It should be noted that this is typically difficult

t 0 achi evEhavhemt ersianga arayemedi r ectéephay anteonas fiatesg Bheabheshaed
wi der vertical_radiation patterp i an antenna

with n i s_used. _However, t
wi thlE wi g YR TTeh 2SRRI PER B Rr AEGARCal PG TRt rooligedata packet
with less corruption compared to a scenario where an antenna

receives signals along all paths.

In one embodiment, the data packets sent by a transmitter are
20 tagged with a packet ID. The MAC layer protocol stack circuit
1605 may receive duplicate packeté with same IDs via
different antennas. In one embodiment, the MAC layer protocol
stack circuit 1605 filters these packets and removes the
duplicate packets before passing the packet to Eigher layers

25 of the mesh node, i.e. the communication device 1600.

The second benefit of setting up the communication device
1600 in the receiving mode as illustrated in Figure 16 may be
seen in to keep the recéption power high. By using a

30 sectorized antenna structure, the receive power of received
signals can be kept high, due to the higher gain of

sectorized antennas.



10 stronger nulls at the receiver due to reflection and al so warrants
a strongeWOpBlid21¥Apl i fi er because of the reduction in BETSGRE0PA9236
when using an Omi -directional antenna. Figure 17A shows a boat
1700 having an Omi-directional 15 ant edfa 1701. Figure 176 shows a
boat 1710 having a sectorized antenna 1711 according to an

enbodi menk. tFLgdrleengfitand sFetorimsngatbet Meckavanpahl mayt he seen

(Figure A tRaT cit' baups BRLkarR ke -BREakR SepBel! srarohnpBnnAsne
(figure ldMstantlyp sbeafnblovbnoalaseetbadi. ™AAthi shdegelpbed that gyro

may be seen as a slight variation of the enbodi nent described abovée
with 25 rkbbfemech ol eraiyessaptes aan ba afauskbddtaenecddserabed in
the fal | oy . ang i yersity,is.: S in.ea a
plurality o a}l?%n%%&é??u%?u?lléé s%&é?%rggﬂg?fgesé%gdi %n%ﬁﬁgédbgesggﬁefio
be based omat30thie TConnypicallpndieficelt206, ath8vaswHescusbeg wht h
reference_to, figures, 12 Howev in the configuration of the

nd 16. r, ,
enbodi ment™ ks W%ﬁﬁF?%afh%§¥%W$%ﬁﬁ%@feﬁﬁeaﬁyﬁﬁgﬁﬁbé 7580, 21668er
sel ect s tyor@dLNNea PAREL 8n | PaBEhn 0f st hgedeChifliSver Woin antenna with
2010/ 021595PCT/ SG2009/ 000226 32 i.e. of each antenna arrangenent.

This mears vider tverahtahneadbit ben ap2 eheanat yehgebknt ineyodecest i ve

at t S i h i.n one sector, a transpit signal_nay., be
ecendeq Vo i SHERLE " e OB Lanf Lo SRER e ERIA e n T g0
ant enna. wderdmis Si gited Snd €€ epoeslr pefip BEE1 OF BECaud€Uof NEe t ¥&duction
antenna ports present each transceiver 1201- 1204, 1601-1602. Two
antenna|ﬁﬂt%§¢%%?ﬁ)&ﬁ%%ﬂW@ﬁ?N¥§&ﬂﬁ 3 Prahseeroekienplsankepna.
802.11a transceiver cards. Wth the use of angular diversity,

transm ssion probability and 10 receive BER nmay be inproved by

sel ect i nFigheefl thehesei v debat ghtd @ hacbhgean i omohed seetiomsl t he

S ongl. USel Dof, LUIANCTe pLOCESHIN 8 .o Tl L or ey g, L0 B gher

conmiini cat| on fayers. For®exa 9 r2cei ved
al ong t hesewioripaid drli¢reed PAELH)acdsk-aned hes secenvedimégnal is 15
received along the reflected path as illustrated in Figure 18.
Figures 17A and 17B illustrate the balancing of the receiving
pattern with a configuration according to an embodiment
20 (figure 17B) versus that possible with an Omni-directional

antenna (figure 17A).

In the following, an embodiment is described that may be seen
as a slight variation of the embodiment described above with

25 reference to figures 12 to 16.

In the embodiment described in the following, angular
diversity is made use of in each of a plurality of antenna
structure sectors. The embodiment may be seen to be based on
30 the communication device 1200, 1600 as described with
reference to figures 12 and 16. However, in the configuration
of the embodiment described in the following, the gyroscope

1200, 1600 selects two antenna panels in each of the sectors,



Figure 18 %hows a_comuni cati on arrangenent 1800 according to an
embodi mentO BB EScomuni cati on arrangenent 1800 i ncl ud&d/SER0QMOLAM

arrangenent 1801 including a plurality of antennas (e.g. antenna
panel s) 1802. Two antennas 1802 are actifated at the same time and
supply signals received to a transceiver card 25 1803 of the antenna
arr angenent- €1804¢. eacht laind: egyrams rer andememtd d T izn trevames 186X dfwd he

ant enna ar nt 1801 receives _a signal _along.,a direct path,1804
froma trghg%ggg%r OTRE B tegﬁaaﬁtrerr?ﬁlg%fw Wytgllf’ee &ftentta a}OQhe same
arr angenmegtimé8@lcheediated nt bgeSisgtalorgl @ang ransefikediRpthdiatdn 18Q5 from

the transmtter in which the signal is reflected by the sea surface
1806 bef oF BCR&¥EFY itRg thewboxm @0 210 3PCriSero 3 trEiEr6 B Aerexanpl e

for am an : Lt chi yS d s IS ' ' |.ai_ned
I the ol Su ag e A rererents (ot Fadred ] 5oaad VAl te s ia e
shows a fEedt ipapt teb antanhenparsw toalkiseg tsesicdMtT03 cacioarrdileg 1t-0

an enbodi . a na_configuration of the first part of the
ant enna s&?ﬁ%hi188§Y3%§2rlgU8 P§%§PH@I§PrF§ ehe &w&isR kle PEgsent in
conmuni catrgRsdeviee exrlbal nedqwi Blor aher eRes st ifequies d2 ¢ nléhe

i.e. the first part of the antenna sw tching system 1900 includes
four ant enff afrangukent d1Ye0sitye4 traheméiess ioac pravadridd tar rangenent

19014904, 6OXPLS BrkNALLZRR! 3hbr3Fekohy?8d1LaE PSRN 03 AL §20 T veq
for covering differen
signals received in one sector as the signal used for further
processing, e.g. for forwarding to higher communication
layers. For example, one received signal is received along
the main path (direct path) and another received signal is

15 received along the reflected path as illustrated in Figure

18.

Figure 18 shows a communication arrangement 1800 according to
an embodiment.

20
The communication arrangement 1800 includes an antenna
arrangement 1801 including a plurality of antennas (e.g.
antenna panels) 1802. Two antennas 1802 are activated at the
same time and supply signals received to a transceiver card

25 1803 of the antenna arrangement 1800.

In this example, the middle antenna 1802 of the antenna
arrangement 1801 receives a signal along a direct path 1804
from a transmitter. The bottom antenna 1802 of the antenna

30 arrangement 1801 receives the signal along a reflected path
1805 from the transmitter in which the signal is reflected by

the sea surface 1806 before receiving.



15 vertical angles. Simlarly to the comruni cation-device expl ai ned
with ref eVORWRE%| gures 12 and 16, four transceiver c&FEFSGRH8{000226
shown in figure 19) are activated in thg recei ve process. 20 Figure
20 shows second part of an antenna swit ﬁing system 2000 used in
transmt node according to an enbodi nent. The second part of the
ant enna sf't eheRPL8yEPENRR0BOLSUPAI PedtebisggRassemouledt ianshist ed

to the fi f.th | i .em 19 when_t he
connunica%@%%ggé%?gel%n%fgg%%ggghgﬂ#%ﬁgt@gé§¥aé§gtﬁéggn S%ﬁgencé to
swi t chi ngf systesn 1908ndnd0t he second part of the antenna sw tching

system 2000 is set to transmt node. 30 On the other hand, the first

part of the antenna switching system 1900 supplies signals to be

transmg tt t d;p f tepn 1.1 chi
el gy ng: L Re T Tae v 2010 03 SBEPeTT SC008T 500330 1" AT PEoF Fe R

ant enna sWéehaoerryseenta999 endodhmestcond part of the antenna
switching system 2000 is set to receive node. The antenna sw tching
system 2001 is based on the antenna 5 structure shown in figure 19,

i . e. an arfienne simalCton ighehtidbndof Othe api eBapatt aDECHRB! Snt AR
covering a sector and haV|ng t hree antennas (not shown in figure 20).
switching system 1900 is similar to the one of the

10 communication device explained with reference to figures 12
and 16, i.e. the first part of the antenna switching system
1800 includes four antenna arrangements 1901-1904, wherein
each antenna arrangement 1901-1904 covers a (horizontal)
sector and includes three antennas for covering different

15 wvertical angles.

Similarly to the communication device explained with

reference to figures 12 and 16, four transceiver cards (not

shown in figgre 19) are activated in the receive process.
20

Figure 20 shows second part of an antenna switching system

2000 used in transmit mode according to an embodiment.

The second part of the antenna switching system 2000 supplies
25 signals to be transmitted to the first part of the antenna
switching system 1900 when the communication device including
the first part of the antenna switching system 1900 and the
second part of the antenna switching system 2000 is set to
transmit mode.
30
On the other hand, the first part of the antenna switching
system 1900 supplies signals to be transmitted to the second

part of the antenna switching system 2000 including the first



Simlarly bo t he conmuni cation device explained with 10 reference to
figures 1¥OMYPEESonly a single transceiver 2002 is acPCFSGEH000%2he

transmt process, and a signal to be transmtted is split by a
splitter 2001 to the four different ant éfna arrangenents. 15 The
antenna sw tching arrangenents 1900, 2000 include sw tches designated
SWL. to SwFrinndththeeastenbasedibvnhihe spdeenf 180ananisshensétpadsphtt

i d pentati i nf ti ied b scope (nqt
shown) . €55, EB8 A BN RoaPLTeR 67 "SvPERRaZPBR FRr SERatPoRoGrLToshPRe -
on which the 20 antenna structure is nounted. In figures 19 and 20,

in receive node, al, a2, a3, a4 and bl, b2, b3, b4 are used as
recei ve i Tpfitaniegnndesvibplatey veystempppdl Taebesadsant thapansenhat he

ant enpa t -~ 25, 4 e desi gpat al, Ta2, Ta3,
Ta4 a%d 'ar%’f IESQT%?}@%];ZP %g@%(a%{ e?'?h %ﬁa%anQ%{ngmatéFuﬁ fsuéﬁ on
the ori entratlwdingf bount doteswp pht eandymeéhies pyeashopevethagsui sebesr

SWi4, 30 §¥i§i SWL6, SWL7 sel ect (independently from each other) Tal,
Ta2, Ta3,2 FVIRRERTGRANHRAT bROE r 2hRWRt $RATHSNAG £RE- center

(m ddl e) antenna of the respective antenna arrangenent. The sw tches
SWL, SW, SW, SWO0 are set, based WO 2010/021595PCT/ SG2009/ 000226
35 on t heSimd IR ky gl the occommimsidat honledemiics uppb ya ingd sviynil

supph'ed o t Vi ;pe' tr mt . ihput (Jal, Ta2 Taé Tad4).to the

ni dd g an‘%%%%gg%afgﬁ ,l%éfe?£g§CEHQh£$T Pathedt PURI R Fﬁ%?cglver

arrangenmedio2 is activated in the transmit process, and a signal to be
transmitted is split by a splitter 2001 to the four different

antenna arrangements.

15 The antenna switching arrangements 1900, 2000 include
switches aesignated SWL to SW17 which are set based on the
mode of transmission (transmit or receive) and orientation
information supplied by a gyroscope {(not shown), e.g. based
on position or orientation information of a ship on which the

20 antenna structure is mounted.

In figures 19 and 20, in receive mode, al, a2, a3, a4 and bl,
b2, b3, b4 are used as receive inputs of the transceivers
2002. The transmit inputs of the antenna arrangements 1901-

25 1904 are designated by Tal, Ta2, Ta3, Tad4 and Thl, Tb2, Tb3,
Tbh4.

For example, in transmit mode, bkased on the orientation
information supplied by the gyroscope, the switches SW14,

30 SW15, SW16, SW17 select (independently from each other) Tal,
Ta2, Ta3, Ta4 if the signal should be transmitted using the
center (middle} antenna of the respective antenna

arrangement. The switches SW1l, SW4, SW7, SW10 are set, based



5 1f the respective m ddl e antenna should not be used for
t ransni tt\vﬂg",glq/%és-%sespecti ve switch SW4, SW5, SwW6, SREF/SG2PQ00e26

Tbl, Tb2, Tb3, or Tb4, respectively for3 ntenna input. In transmt
node, the switches SWB, SW5,. SW9, SWL2~dre 10 set, based on the

Tx/ Rx signal, to squIy'the transmt signal to the switches SW2, SWb,
S8, SWL1oWhFke BréR¥ebigBaduppPytrRESHLENBATE shgnahppBysedyosighel

g e L

t he gyrosTape 46 théombddilenahoenhhe (R2sSpBRLi €2, aDkenBd 8heamrgenent
1901, 1902, 1903, 1904. In receive node, the switches SW,, SW, SW,
SWL0, SVBTCHRBST SV, 2ahENRM ILLPBIEEE Nt hased on the Tx/Rx signal, to

suppl y 20 signals received by themvia anplifiers (LNA) to the
transcei vers 2002 using the transceiver inputs al, a2, a3, a4 and bl,
b2, b3, bk Hienrespgchivenmiddhenantenda, shheldwhbthbs S¥&d SUB,

of e 1 SRULTTE" HiEerhaY S5 SabPaROERORY 19615058a PHESr obBLG: ngildeh

that in esshectd erwp, arbangesBnt oxt tigq i debgeani eaNg apd ghtbghat he
| omer or the upper antenna are activated to have angul ar diversity.
In the folMRH ngl! anr @REBHF nBpdle; stheseyibeldeshPBB, nBSbeSHH, s8BA2t are

be baged ot A Sldh el T ARSCELYRL WALH. 1 8CELVELABY! & ed'{}fgﬁgénw 80gna1
gyroscope I nputs to control the phase adj ust n-an antenna
conbi ni ng-Ppriduessyit St 20302 29895 PERE SC2ODD/ WhHD2R6a 86 sattbbSsupply

enmbodi nent,, i.n_the recejve e, the signal. received by different

ant ennas Q§(ﬁﬁﬁﬂ%ﬂﬁfeﬁﬁﬁ?ﬁggggéﬁﬁda%ni ?t%%ﬁ%rW%Eb?Qeﬁ9BQlé§§iHbl%he
antenna. ghittsscdge b StieaheshaBNint Ohy AS) NGl e &1 ANSTRI YT thé USHLr
even in receive node. The 5 placenent of the antennas may be simlar
to the erU@NEht PestIi Hedr abdleasseltahnke aim enbew sef uther gy usedope

T B oy Mo i o E98EL DL e AN LI 2GR UL LSE 01 01

t he conmuni cati1 on device cribed w ferenc ure’ 12.
The type ICZantléxihih, Me30de sel ected simlarly as 10 in the enbodi nent
described with reference to figures 12 and 16. The architecture is
described in the following with reference to figure 21

In receive mode, the switches SWl, SW4, SW7, SW10, SW3, SwWe6,
SW9, and SW12 are set, based on the Tx/Rx signal, to supply

20 signals received by them via amplifiers (LNA) to the
transceivers 2002 using the transceiver inputs al, a2, a3, a4
and bl, b2, b3, b4. Similarly as in transmit mode, the
switches SW2, SW5, SW8, SW1l are set to activate the upper
antenna or the lower antenna of the respective antenna

25 arrangement 1901-1904 for receiving such that in each antenna
arrangement, the middle antenna and either the lower or the

upper antenna are activated to have angular diversity.

In the following, an embodiment is described which may be
30 seen to be based on a single transceiver with receive angular
diversity and gyroscope inputs to control the phase

adjustment in an antenna combining process.



Fi gure 21 %nﬁms a_conmuni cati on devi ce 2100 according to _an 15
enbodi nent 2 MR F nuni cati on devi ce 2100 includes an aRC&fHe3009/000226

structure including four antenna arrang nts 2101-2104, wherein each
antenna arrangenent 2101-2104 covers a ? orizontal) sector 20 and

i ncludes three antennas for covering different vertical angles.

Anal ogousikp thishembedimantat ibnthevireeeize0motie00 tiieseigbed wiethkived

et encep oot CULER: 18,2008 \LecRTIUD SR 00 deLis 28 Z00: e

i ncl udes a” gyroscope 2 e comyuni

includes ae¢singlebyt sansnglyeantéfa.aTaasbi nar tspki thBbd2A8At, only:
wor ki ng as a,conbiner in receive node and as a splitter in transmt
node, a phRaSenEoRphfabFeRlpebceEsBEFCd109VaRdia sRreéReamadphadbeshi ft

circuig 2108ceROntNof CCRE: VENTRARast NE SbgngkaiﬁggehgegPQy ﬁggdim nts
different antennas of the antenna strlucture are Input to Fhe smn?cﬁ
and phasedshtfibedralwve 2108 antdhar enadpnst sdr(phase adpdshagnfdr WO
2010/ 021595PCT. S§%0091000 26, 37 based. on the information supplied by
the gyrosTopRP2108° The oYrboiTopRs5ibbepPBYFPRRE SFFBALUrPEnUSed for

i nf or mat i Oie Of orufien 264 EIGKR. §¥LEE UL 200 €d8sck IHOANRL LANraberinthet,
position of the ship on which the antenna structure i s nounted.

Accor di ngEigusethe- ofhentwrs ovf i ahbennei bay Phesphasbedosimibarly be
lihed to.t i i i b iff t t i
appl & @ﬁeréﬁﬁ¢%§ﬁ%éﬁﬁﬁgﬁé§fﬁ@ﬁ'gfgh ¥e£ggig§; $%§Pb%§£%§nfgsah

determned by the p I ON processor
rotation 16. aPipd i @cclbyt ¢diensmi i shdasdr phadeishthé €bITowing1OB8tHSi Ng

progr amapl £l 1 ungbl ¢, ppase, shyfters. 10

Figure 21 shows a communication device 2100 according to an

15 embodiment .

The communication device 2100 includes an antenna structure
including four antenna arrangements 2101-2104, wherein each
antenna arrapgement 2101-2104 covers a (horizontal) sector
20 and includes three antennas for covering different vertical

angles.

Analogously to the communication device 1200, 1600 described
with reference to figures 12 and 16, the communication device
25 2100 includes a gyroscope 2105. The communication device 2100
further includes a (single) transceiver 2106, a
combiner/splitter 2107 working as a combiner in receive mode
and as a spiitter in transmit mode, a phase computation
processor 2109 and a switch and phase shift circuit 2108.
30
In receive mode, the signals received by the different
antennas of the antenna structure are input to the switch énd

phase shift circuit. 2108 and are adjusted (phase adjustment)



The receiyin (ﬁrogess used in this enbodi nent using phase adj ust nent
may be si%olzgjr ©5%qual - gain conbining ik diversity rec&bE{SGR09PAR226
conput ati on of the phase to be applied ggy be solely based on the
gyroscope information and 15 certain processing to determ ne the
actual phase sel ection through voltage selection or smﬁtchin%. The
phase conpafgei 8R &hgodnfrimeiirnegupalipy bhe thitasyroseopeakilds . The
processor ts. t S .l t hat
The s anaf 1 ASPErr onrs PraLLoF s P oA SatA TS (HES T T The

t ypi cal | yadependsstorutherpeskit goningoefhathenaabemtashangosie ishi BFS the

posi tion. én one egbogingnt, an antenna input fromone antenna may be
25 conpl efBFY SWi VEAER GOF 6P TPRBAsPHREFTRAEN 16y MONB LGt ArEereinghEo

switchy anghphgseeabittofi LRI MAE98n, Thhe Bﬁ&s@erB%%%HBnWE%nbEnanéied

transmt node (while in one enbodinent, this is not done in rece
node) . Theoshhecheseavedf sigarasppeorddedoblyetihendaderdancennenhathes
phase co I | gorithm 30 carried, out by the phase ut.ation - '
processopggﬁ%gb?ﬂggiaglEBStPgﬁﬁﬁt8?@p85ﬁ95950p58C§§§85 ?gggﬁekge Phase

i ndi vi duatosagheh patAppleedhpy tBpl snitent AadSPhbeBEShektLi B gBLEES
with the swtches. Wen the swmtches are replaced by variable

at t enuat of $0% hesl NP r03620R2598 PN &E2E 00866288158 etFe phase
conpytgat i on processor 2109 nmay al so determ ne the attenuator val ues
for the individual paths. This is for exanple carried out simlarly
t o maxi ndThe atécetvibynpngceFheusaguinf bhisoambodingniaysaggi phhee

based on the inf tionh 5 i ded_by. th 2105. As
rent | oned? S 1 e RERY 1 GOV aPF o Shimh FR PRGEFCU21% SORBENARGanenna

confi gur adi eer &5t gxpeaépedoh Or ThEEcE6RPULAL Cahi 8 €RYI FRa4200p BE00
descri bed above with reference to figures : )
applied may be solely based on the gyroscope information and
15 certain processing to determine the actual phase: selection

through voltage selection or switching.

The phase computation algorithm carried out by the phase

computation processor 2109 for example selects the phases in
20 such a way that the signal input from a line-of-sight path is

maximized. This typically depends on the positioning of the

antennas and the ship's position.

In one embodiment, an antenna input from one antenna may be
25 completely switched out of the signal path by the switches of
the switch and phase shift circuit 2108. This may be uséful
when in transmit mode (while in one embodiment, this is not
done in receive mode). The switches are for example
controlled in accordance with the phase computation algorithm
30 carried out by the phase computation processor 2109. Variable
attenuators can alsc be added to the individual signal paths,
either replacing the switches or in series with the switches.

When the switches are replaced by variable attenuators then



10 12 and 16. The actual nunber of signal paths depends on the nunber
of antenn¥® 0LEYIFEd the positioning of the antennas. | RCEHE2009/000226
enbodi nent, transmt power anplifiers and receive | ow noise
anplifiers are used (not shown in figur§321). Dependi ng 15 on the
cost and the maximumtransmt power, a single power anplifier and a
si ngl e | oWhaoPB@sanpbmpizeat ian Déogsedonr2hﬂ9tmﬁyeaasplgétermihg eaﬁh
of the si e.g. one in_each signal pat as | ndicate y the
doubl e ar%ggén€%{$%gﬂ?gu3i)§°ﬁa§ﬁ3elﬂ§ég}gﬁﬁgTﬁﬁtéﬁbo@FﬁﬁnﬂSd 8&ri bed

with ref eeemaplé ocdigle@sod? 8pdillrMpytbemsgenal orhe:di &SﬁBEHih?. aThe
sol ution wherein angul ar diversity is not adopted. The enbodi nenfs

descri bed*Wih FoF erUNERIIHNY| Hayedgabnahe basedyonetBeehnfornation
di rectsed |t i | n r diversity is enployed. The
enbodinenépgiggg?gg%'@?§H¥Q€§§?§ %eg?ggfigures 19 and 20 and the
enbodi ment described with reference to figure 21 may be seen to
differ in the nunber of transceivers used. The enbodi nent descri bed

with ref PP YurEle 19°RRI B3 BEO ek sk of 1T e fels for an

transcei Vg seni | @iy erdodh et Qﬁfﬁéir@&@' vhihepef eranegitocibgure
21 uses only one transceiver. CT/ S02009/ 000226 Recel ved 22

January adEicggol200, 1600 described above with reference to figures

10 12 and 16. The actual number of signal paths depends on the

number of antennas used and the positioning of the antennas.

In one embodiment, transmit power amplifiers and receive low
noise amplifiers are used (not shown in figure 21). Depending

15 on the cost and the maximum transmit power, a single power
amplifier and a single low noise amplifier may be used or
multiple amplifiers in each of the signal path, e.g. one in
each signal path (as indicated by the double arrows in figure
21), may be used.

20
The embodiment described with reference to figures 12 and 16
may be seen to be directed to a solution wherein angular
diversity is not adopted. The embodiments described with
reference to figures 19 and 20 may be seen to be directed to

25 solutions wherein angular diversity is employed. The
embodiment described with reference to figures 19 and 20 and
the embodiment described with reference to figure 21 may be
seen té differ in the number of transceivers used. The
embodiment described with reference to figures 19 and 20

30 makes use of multiple transceivers while the embddiment
described with reference to figure 21 uées only one

transceiver.



Clainms 1. A communication device conprising an antenna perTATOIBNN226
an orientation determning device configured to detergbaseih8 January 2010
orientation of the antenna arrangenent, a controller configured to .
control the directivity of the antenna arrangenent based on the
determ ned ori.entation of the antenna arrangenent. 2. The
comuni cati on device according to claim1, wherein the orientation of
antenna arrangenent is deferm ned jgased on the .orientation of the
.comuni cation device. 3. The comruni cation device according to claim
1 or 2,whereis;t,he antenna arrangenment conprises a plurality of
‘antennas and the controller is configured to activate at |east' one
of the plurality of antennas_ based ‘the determ ned orientation of
the antenna &ar r%ﬁ‘-’gme“‘r‘r%ﬁf?mﬁ%eﬁé cgrgpﬁ%lﬁlscati on device according to any
one of clai me" B3, 2" WHEFE H the directivity of the antenna
. arrangenent 23 SE&TREROIPR cHESRENTY Rty SPHAMEAT 0 SEETYal is received
al ong two patths cajrdtadien tof s rehteanes] 252p9P8F " s recei ved as a first
recei ved si gnaton&ftdi@s centsgeondo ceserly ek girgrrality5ef Thre conmuni cati on
-devi ce accor dihi\gini Qrfdngintnd sasbaineine debemant ennentaticangenent
conpri ses a phualdnhy 20fangéieptinas and the controller is configured to
activate at least two of the plurality of antennas based on the '
determ ned orjeptation.of .fh art, t that the
transmitted Si pﬁ‘ﬁ[wfméﬂrl gjctllg"?/ged’%g%g%ﬁgdiﬁ rtg{bif?ieﬁ%n\zgﬁgrﬁdgnal AVENDED
SHE | PEA/ AV P Cﬁ%‘é?ﬁ@@/"% 5T8° BRIV g? January 2010

on the -orientation of the communlcation device,

3. Tha communication devige acgording te claim 1 or
2,wherein the antenna arrangement comprises a plurality of
' antennas and the controller is configured to activate at
least’ one of the plurality of antennas based on the

determined orientation of the antenna arrangement.

A: The communication device according to any one of claims
1 to 3, wherein the directivity of the antenné arrangement
is controlled such that a transmitted signal is received
along two paths and theltransmitted signal is received as 2
fifst'received-siqnal and as a second recgived signal.

5. The communication device according to claim 4, wherein
the antenna arrangement comprlses a plurality of antegnnas
and the controaller is configured to activdte at least two
of the plurality of antennas based on the determined.
.orientation of the antenna arrangement such that the
tranami£ted signal is received as the first received signal
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40 by an activated first antenna of the plurality of -ante

transmtted signal is received as the second' received yi%g?g ﬂ%h%?zs
activated second antenna of the . plurality of antennagic .2% uary 2010
conmuni cation device according.to claim4 or 5, further conprising a
conmbining circuit configured to generate a received signal for

further processing based on-'the first received signal and the second
Teceived signal. 7. The communi caig on devi ce according to claim 8.
wherein' the conbining circuit is configured to select the received
signal for fugt heefkncessindahamnehiotheta-AitSbs hekaased . signal

and the segong r&eeiNad: Sl:0N@na) 18- relll§es QUTMDICcaLLON devi ce

according to :.%lc«%l.w% 65I"gnv.¥9eor eginn cttm SOUR Qgtegﬁar QHitLe i S confi gured to
generate the i°ecel ved S|%ma tor turther processi ng by conbining the

first recei vt st'ghar® 4Rt "PHe second received signal. 9. The
comuni cat.i on devi ce according to claim8, wherein the conbining
conpri ses a pha%te st¥ticsgobreyte pewsiingie 9Pt AeP*f 1r st recei ved
signal and t hersesordrriebai a eehosiignFireuid @entipnre¢ damuni cat i on devi ce
accordi ng to ghatate % ravhbreeisagtsheor phaser shidetsing bhsedcar ri ed out
based on the get8kpi Red:odki @tat ilannefsetdia arbpRaaiaaLangement . 11,
The comruni cati on device accordi.ng to any one of clains . 1 to 10,

Conpri o1 ng. the L Lo %‘1‘12%}13'%%‘1&%%5%2%rﬂgt%fg;% e T her ant onna
t ng circoi igired Lo s el .

arrangement . %‘m ?;%rttﬁér: érotzzg:{;b@ased on tE)e ffé@:%&%?fvg?gZZGS Recel ved

22 January 20% - ) ,

. signal and the sagond received.slgnal. . .

8. ‘I‘he' communication device according to claim g, wherein
thé combining circult is confligurad to geneyxate the
received signal for furthex processing by conllgj:ning the
first received signal and the seqond received signal.

9. The communication dévice according to claim 8, wharain
the combining comprises a phase shifting of at least one of
the first received signal and the second received signal.

10. The communication device according to claim 9, wherein
the, phase shifting is carried out based on the determined
orientation of the antenna arrangement.

11. The communication device according to any one of claims
1 to 10, wherein the communication device compriseé an
antenna structure cémpri'sing the antenna arrangement and at
least onhé further antenna arr'angement.‘
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91 12. The communi cation device according to claim 11, én‘s"gd"ﬁgq(ﬁz%
further controller configured. to control the directi tg:%i%f

| east one further antenna arrangenent based on the det&fHy" anudry 2010
orientation of the antenna arrangenent. 13. The conmuni cati on device
according to claim1l or- 12, wherein the antenna arrangenment and the

at |l east one further antenna arrangenent are arranged in the antenna
structure to cover different sectofs.' 14. ‘The comuni cation device
according to claim 13, wherein the antenna arrangenent and the at

| east one further antenna arrangenent are arranged in the antenna
Sstructure to gover different secto f, [ | ane in space and
.the controll el(ri' iT.Sf ccg'ﬁ?ﬁn?ﬁa‘r%gﬁ %(‘)mg gnct%?%lmfﬁ% céi?itrmeg'i vity of IOt he

ant enna ar r arf§Bfent™ 14 ’&h%%ﬁﬂ’ﬁwlgfraﬁ%’ff%’r%dpé%é’."ntrijs.t Qll'he

communi cat i orf*EeFEEEY RECHR A NIFAE O8 APTeFAS RiREr BITAFR¥ tant enna
arrangenent OwRpY P EBe gdepirminal ickipntAtiemee s wraanged to cover

di f ferent sectxe&mgenentt he second plane and the controller is )
configured to activate at |east one of the plurality of antennas

based on the detE Mok &NédtiORc0faihiheo anbana.aneangenent . 16,
The . communi GaLIQR HEVInCE&mRGEmdiek b eAAbiMdfAeOdne15, wherein the at

I east one f urf gl A &N% AL ARGETENL - SRMA LS ER alichgast one fur ther

plurality of antennas_ar.i an%er\ LQ cover different sectors in the'
T er

t £ t exr nt CxS.. .
second pl ane and the eontro s configured to activate at |east

one of . AMENDED SKEET 116ENALI - PCT/ 302009/ 000226 Recei ved 22
January. 2010 W2 TReERPERL4n BiYECT BICHHEFY 5P AT 13 Bi°*%t ennas baked
on the det er nimedtomketrrandeent ¢hd thhat darentid BFF2digenent. 17. The
conmuni cat i onendewk e ramewndi g arrrardy ipnes eftegiaprgctidet o 16, ' wherein
the first pl aptecand dibhera@coach-pl ENe carse perpendrael au.

. . the controller is configured to control the directivity of

the antenna arrangement. in a second plane in space,

15. The communication device accérding te claim 14, wherein
the antenna arréngement comprises a plurallty of antennas
arranged to cover different sectors in the second plane and
. the controller is configured to activate at least one of
the plurality of antennag based on the determined
. orientatién of the antenna arrangement.

16, The_comhunication device according to claim 14 oxr 15,
wherein the at least one further antenna nriangement
comprises at least one further plurality of antennas
arranged to cover different séctors in the second plane and
the controller is cénfigured to activate at least one of

AMENDED SHEET
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18. The cenmuni cati on device according to claim17, mher 6 E
pl ane is the horizontal plane and the second pl ane |s Eﬁﬁ% V0226
pl ane. 19. - The ‘communi cati on devi ce according to any e%? DRy 2910
to 18, wherein the comruni cati on device. conprlses a receiver and at

| east one further receiver and the receiver is configured to receive -
signals. via the antenna arrangenent and the at 'least one further
receiver is- configured to receiveg,signals via the at |east one

further antenna arrangenment. 26. The communi cation device according

‘to any one ofthe%@u@?stlanetﬁrthLQ,p;Lmﬂ@I& LR HABIYL AL on devi ce
comprises a LLANS/MLLLeL. cONLI QULED ol Qnld ANARA.SIgnal via the

ant enna arrangerren I'eapt one ant enna arrangenent.
21. The communi cat i on devi ce according to any one of clainms 1 to 20,
wher ei it -t he .aht ERhEBPPEAGBIERT F §°?f685ri‘tgeﬂ’ BH Fptat*edf® ship and the
orientation détterf rMhAtFidehs Eé st Pleth Iy e fere aErerditne the
orientation eérsehdical®renna arrangenent based_on a determ ned
orientation of the boat or ship. AVMENDED. SHEET | PENALI

. PCT/ 302009/ 00922 Ret@hitetior 2evianuaidta2Q1th 4Rind7, WiheicoOMIUNI Cat | on

devi ce accor dhig:iR ARNORE «Rf neliRdntB J1dn@ 24, cnhebsln the orientation
- determ ning deyi.ce 91%”94&&% g Jyroscope.  23. Method for controlling

an antenna arrangement of a conmunication device, conpri si ng:
determ ning the orientation of the antgnna arrangerrent and

.control ling the 8% F@Wﬁﬂa’ig SEVEREEREMINE A1 §hgeheht "based on the
det er mi ned orftt &t Ht i = ﬁém&‘ﬁi”é’ﬁﬁ’a’l’“a‘l‘e?’hﬁgé"‘r‘?ﬁ es 8

receiver and at least one further ‘receiver and the receiver
is configured to receive signals. via the antenna
arrangement and the at ‘least ‘one further receiver is
configured to recelve signals via the at least one further
antenna arrangement, :

20. The communigation device gccording to any one of claims
11 to 19, wherein the communication device coppriées a
txansmitter configured to transmit a sigpal via the antenna
arrangemant and the at least one further antenna
arrangement. '

21. Thé communication device according to any one of claims
1 to 20, wherein the antenna arrangement is mounted en a
boat or ship and the orientation determining device is
configured to determine the orienﬁation of the antenna
arrangement based on a determined orientation of the boat
or ship. ’ '
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22. The communication device according to any ‘one of claims
1 to 21, wherein the orientation determining device
comprises a gyroscope.

23, Method for controlling an antenna arrangement of a
communication device, comprising:

determining the ozrientation of the antenna arrangement; and

‘ controlling the directivicy of the antenna arrangement

based on the determined orientation of the antaenna
akrangement.
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