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. *159159* Wreless Positioning System FI ELD OF THE

| NVENTI ON The present invention relates to a wireless
positioning system particularly 5 though not solely

to an indoor positioning system using me m
BACKGROUND The d obal Positi on| ng Syste mm“ “mlm'lm
provi des a system for positiohing using nu
satellites. However, due to the attenuation ’
satellite signal gy l'y wor

i ndoors. Various o{ I{e(]argstggg n| Q?ﬁﬁggyﬁ?ﬂ‘
positioning i ndoors. For exanple, the preval ence of

Bl uet oot h devices (alnost all nobile phones and

not ebook PCs are Bl uetooth enabl ed) may all ow i ndoor
UL QM THE INVENTEDNet oot h wi rel ess conmuni cati on.
Most exi sting Bluetooth positioning systens are based

on r efres predent @vehtior kelalesadl WieleSBipdsit®niRS %h&émobamcularly
the readi |y accessi bl e Received Signal Strengt

RGP Pl R An IRt FESIOR oo fiustld Bl roo ) o

rarely proposed because t hese nethods require fast
and accurate cl ocks. Wth alStine offset over 100

g error result. Because the Bluetooth
%h@%uet oot h SIG SpeC|f| cation of the 20
Bl uet ooth System Core, version 1.1.) does not rigidly
specifie GihebaliRasitipning Systern Gt proaddesi & system for positioning
i mpossi ble, for TOA or TDOA to reach reasonabl e
asing rraclipfeosatediiterar dovidbveg] dathtodibiei atenudtioh exsamelige signals,
using a TOA based net hod, (Le Thanh Son and Pal

@P@@oegnﬁ&n@bﬁgraﬁijc\k&bﬁ@l(ncf’&iréOr VRiieEs ObthBl UeERMGles exist for

Posi ti oni ng,
positioning indoors. For example, the prevalence of Bluetooth devices (almost all

12#

mobile phones and notebook PCs are Bluetooth enabled) may allow indoor
positioning using Bluetooth wireless communication.

Most existing Bluetooth positioning systems are based on received signal
strengths. This is because of the readily accessible Received Signal Strength
Indicator (RSSI) information. Time of Arrival (TOA) or Time Difference of Arrival
(TDOA) based methods are rarely proposed because these methods require fast
and accurate clocks. With a 1 uS time offset over 100 meter ranging error may
result. Because the Bluetooth standard (Bluetooth SIG. Specification of the
Bluetooth System: Core, version 1.1.) does not rigidly specify the timing, it is
impractical, if not impossible, for TOA or TDOA to reach reasonable accuracy for
general Bluetooth devices. For example, using a TOA based method, (Le Thanh

Son and Pal Orten. Enhancing Accurécy Performance of Bluetooth Positioning,
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1 11122172 Fiii 211121 221271 121121 111~ ~~~~ ~~~~
*@0002* 2 Proceedi ngs of WCNC 2007, pp 2726 - 2731)
with a 80MHz sanpling clock, the best achievable
rangi ng accuracy is about 3 neters. Oher prior art
systenms, (F. J. Conzal ez-Castano, J. Garci a-Rei noso.
Bl uet oot h Location Networks. Proceedings of GLOBECOM
2002, pp. 233 - 237, 5 vol. 1) (ZONI TH I ndoor

PestiebdMys s, WONEG QQOVHQ;) oo} — 27 %) RARes soM: %Snlnlpllng clock, the
Identity nmethod. This determ nes the Bl uet oot

ShS8Y o |e§/a|B%sfaﬂg‘?ﬁ%§3cer8¥/%eéﬂJ?&trh mdpd,gh the hi ghest

S|gna stre recel her e hods use t he

ot RBLT o HSTRS! (6r ) ToaREAIRE-Coataiimabs Garmasﬂemoso

Javi er Rodas, Carlos J. 10 Escudero and Dani el )
Blyrtanth. Logpatien diatwotksn Bspcaastings of B6OBEGHIM @0@,8!@@@33 237,
with Dynam c Calibration. Proceedings of the 4th

Vol 4) n@ONIT&  |SgogroPiositioaing, Wwel. zsrsthGaom) naieabased on a Cell
Systens 2007 | SWCS2007, pp. 45 - 49). Al these

Isiehtifiyi @BthatRY ThI4f a@tbrmrr@@ tAelBlaBtdtRRVicefs Bb@m@#ldstthe cell in
infrastructure and |ow accuracy (several neters).

VoRieh igé hhg?%&ts@ha ?R@PL@‘? dngd e at Arrival (ACA)

detection in requency band (I Jam, M

f :
Coc M PR B 108 o SRS . o0
Met hods of Locatign and Tracki ng of Cellul ar
%é foctsiangylate dhe legationn{Tiage M chefnangezodayier fadasofarlos J.

at the base station nay be determ ned by
Escudero and Daniel 1. Iglesia. Bluetooth Sensor Network Positioning System

with Dynamic Calibration. Proceedings of the 4th International Symposium on
Wireless Communication Systems 2007 ISWCS2007, pp. 45 - 49).

All these solutions may suffer from a requirement of pre-built infrastructure
and low accuracy (several m_eters).

Another location method uses Angle at Arrival (AOA) detection in the
cellular frequency band (I Jami, M Ali and R F Ormondroyd. Comparison -of
Methods of Locating and Tracking Cellular Mobiles. IEE Colloquium Novel
Methods of Location and Tracking of Cellular Mobiles and their System
Applications 1999). The AOA at the base stationv may be determined by
electronically steering the main lobe of an adaptive phased-array antenna in the
direction of the arriving mobile signal (Soren Anderson, Mille Millnert, Mats
Viberg and Bo Wahlberg. An Adaptive Array for Mobile Communication Systems.

IEEE Transactions on Vehicular Technology, Vol. 40, No. 1. February 1991).
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20 electronically steering the main | obe of an

adaptive phased-array antenna in the direction of the .
arriving nobile signal (Soren Anderson, Mlle

MIllnert, Mats Viberg and Bo Wahl berg. An Adaptive
Array for Mbile Communication Systens. |EEE
Transactions on Vehi cul ar Tecﬁnology, Vol . 40, No. 1.
February 1991). 3 However, the Cellular AOCA net hod

r equiH®SeiERY HeACeMilh £ AGIS nfélh&li fﬂ@qlﬂfésaéé@{'al"\éﬁtgnﬁas forming an
spatial di spl acenent pattern a sanpling circuit for

e y t

gy, W Ca Hpitial BROIERRIER eI o SeifingPCRTEERI Ko Mavetorm,

t| ons. fo nobi | e , .
%fﬂ%%% 8% e "Sighgl pERes g F%asa?ga%ﬁeet%s%ﬂat@raﬁ%su't it is
cost r]”J 8t ns. SUMVARY OF THE | NVENTI ON I n general
'iﬂém% reglizgd;im page stations porwdile phengs nd he-rpaihed ip mpeactical to
system is used for AOA detection with Bluetooth
kreapelied ingoors due o siag ansdeostimitations sever al
directional antennas and a switch, a nornal Bl uetooth

receiver may be nodified into a "radar" receiver based
on the nono-pul se system The RSSI information in

SUNBIARYOSEFHE SRVENTIBN accessed through an HCl (Host
Controller Interface). The signal strength fromthe

oo R SRR B T TN s v
' I b [ o
%5# tor o R edpioL MneBledroBridires. niut oAt e reade up of
FOVI ded a nmethod of determ ning the Angle of
%Vﬁur%laﬂlre(c/hmyl ¥hteanas and Bswichot madeal Blueteptit fepeives may be

a second Bl uetooth device according to claim 1.
modified into a “radar” receiver based on the mono-pulse system. The RSSI

information in Bluetooth devices can be accessed through an HCI (Host
Controller Interface). The signal strength from the RSSI can be converted using
a simple lookup-table to determine the AOA. This méy have the advantage that a
1-2 degree accuracy may be able to be achieved.

In afirst particular expression of the invention there is provided a method of
determining the Angle of Arrival (AOA) of a first Bluetooth device relative to a
second Bluetooth device according to claim 1.

In a second particular expression of the invention there is provided a base
station for determining the Angle of Arrival (AOA) of a portable Bluetooth device
comprising according to claim 8.

In a third particular expression of the invention there is provided a system .

according to claim 15.
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In a second particul ar expression of the invention
there is provided a base 20 station for determ ning

the Angle of Arrival (AQA) of a portable Bluetooth

device conprising according to claim8. In athird
particul ar expression of the invention there is
provi ded a system according #o claim15. 4 BRIEF
DESCRI PTI ON OF THE DRAW NGS One or nore exanpl e
enbodi ments of the invention will now be described,

' r O igures, in which: 5
%gFﬁé&g‘ﬁ‘e@@#m‘%bEﬁwmﬁ system for ACA
estimati on according to the exenpl ar%/ enbodi ment,
Fi gur €Opej 8r gnore |exarmpiei embetiraentsnet phe siavestiondwilonow be
AOA estimation, Figure 3 is a flow diagramof AOA
desdripet with reEfeganee tb the falibvingifiglireg rinmwHich: a
"follow ng me" TV application, and 10 Figure 5 is a

bl ock Figags 811 afblécieditighim dtia S/teAThE AOA EstirhaBdr Q8cording to
according to the exenplary enbodi nent. DETAI LED

' lieved that no research has been
@Eﬁé@é%@%@%ﬁhm e of 15 arrival) based .
itiening,for Bl uetooth. Possible reasons, inc e:.
1) o 7 BuGR P MThaRgh b VBB oruds GRS fos AQA SStmation,
ntennas if _a single antenna is used; and 2) conpl ex
grrayn'%%jf?a?’ '%F‘cﬁ@g‘ég'?ﬁ&‘m&f AKUnegMBaHARi on based on a

phased array. Figure 1 illustrates the setup of a
syst enfrigo® 4i% 8hiveigdiagranh éorex Eotidwiing me” TV application, and

Figure 5 is a block diagram of a system for 2D position estimation

according to the exemplary embodiment.

DETAILED DESCRIPTION -

It is believed that no research has been conducted for AOA (angle of
arrival) based positioning for Bluetooth. Possible reasons include: 1) difficulty in
building very high directivity antennas if a single antenna is used; and 2) complex
array signal processing for AOA estimation based on a phased array.

| Figure 1 illustrates the setup of a system 100 according to the exemplary
embodiment. Its basic elements include a fixed Bluetooth base station 102 and
several mobile devices 104, 106, 108, 110 to be tracked. The mobile devices can
be any commercial devices with Bluetooth functionality. The total number that

one base station 102 can track is only limited by‘the-BIuetooth protocol (at least 7 -

~within one pico-net). The base station 102includes a Bluetooth receiver 118

connected to a directional antenna array 114 through a switch 116. The switch
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enbodi nent. Its basic elenents include a fixed
Bl uet oot h base station 102 and 20 several nobile
devi ces 104, 106, 108, 110 to be tracked. The nobile
devi ces can be any commrerci al devices with Bluetooth
functionality. The total nunmber that one base station
102 can track is only liniteddby the Bl uetooth
protocol (at least 7 .-within one pico-net). The base

' iByca | préd Grit A 26 SWMRh rha | icati
e Pl 1 20 PhHEh 1R85/t ppglication
B EF#?88@@?5@%?[’*%'o',’e]a@m%nﬁﬁ&beﬂhéﬁﬁ%@gvﬂz with different
application soft . co ring.the RSSI readings .
ABBMEahned s RER o the Gt dkice Fadbobe idriermingd using a
antennas, the ACA of the nobile device may be
menemylstedetkechg a  nono- pul se nmethod. 5 The nobile
Bl uet oot h devices (to be |ocated) 104, 106, 108, 100
may Ode mobile Buetaoth Gbvie¢ (tbrbelodated) 0% 1BI6Y€080H D0 may be
devi ce 102 working as a base station may include: 1)

anydstaeciard Bletaothedsvicar e Bldetbath Hewsé 1080working as a base
antennas) connected to a RF switch 116, with the

KEBPhaYAhtiuge: the switch connected to the 10 antenna
i nput port of the Bluetooth receiver 118.

i 191 & ipfigfatehfa 2Rk 11, EPerf pa BNigtinad) connected to o

el uded T SWHeR 46, WS GaumiaT 18Tt 6 T aniden capaerte to the

of the antenna as a sequential |obbing setup. wthout - '

t he neea@ntemadinpEpemiof the Bilet@thdegeivat 1t&iteshatively a single

signals transmtted in the baseband to control the RF
antenna may be used with multiple positions. In such case, a rotation,
repositioning or beam steering mecﬁanism can bé included to adjust
the orientation or and/or location of the antenna as a sequential
lobbing setup. withoﬁt the need for an RF switch;

2) digital control signals transmitted in the baseband to control the RF

switch 116; and

3) application software in the signal processing unit 120 for generating

the switch control and calculation of the AOA.

The Mono-pulse method according to the exemplary embodiment may also
be described as simultaneous lobe comparison that measures the direction of
arrival of radiation. Its workAin.g pfihlcip;le’ is 'iIIus'tr'a-te_d in Figufé 2. The beacon 200
from bositioﬁ (R.0)js reéeived by two. idéntical bearﬁ patterné 202, 204 (this cah_

be realised by real simultaneous beams with two receivers or sequential lobing
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switch 116; and 3) application software in the signa
processing unit 120 for generating the switch contro

and cal cul ati on of the AOCA. The Mno- pul se net hod

according to the exenplary enbodi mrent may al so 20 be

descri bed as sinul taneous | obe conparison- that

measures the direction of arPival of radiation. Its
working principle is illustrated in Figure 2. The

withcorly 2@ rdoeiver (08) twith a( Rquibt aifgleeT qaKgR B¥twalh the beam
i dentical beam patterns 202, 204 (this can be _

i gl e 1t e b
RIS TentY e SR IF tis o o oMretishlof FECu Biudes of
with a "squint_angle"a (angle betgﬁﬁg t he beam -
esedmessignataeT g Gr@nen pamatas is swhich flenotgmitiesdifference

of the anplitudes of these two signals. The comon

I ool ; ' 0 i C of
Ot teFdbilifis Oided By e SERCLEPENT T e h&if Hitarfig are / ana
beam patterns are fl and 5 f2 respectively, the
éﬁtrésmeatiwe@athdoestfmaﬂmn tat & farmalated a8 skgoat Eqnafidn (1):
AE =fe (e) - f2 (0) A(0)+f2(0) (1) If the antenna
patterns can be approxi mated by the Gaussi ans as shown
in 10 Equation (2): .f,.2 (6) = exp[-(9 + 2 a) 2/ 00
] (2) where 00 is the rrl/vlc%tg Substituting for the
angl e estimator-ofA/E J ives O/E = aB/ Bo for (1)
angl es near boresight (Z«@i+¢&dfhon). That is,

If the antenna pattern's can be approximated by the Gaussians as shown in

Equation (2):

fi.(8)=exp[-(8F 1 )’ 167]
2 (2)

where % is the beamwidth. Substituting for the angle estimator - of

AlL= a6/00" for angles near boresight (z-direction). That is,

Equation 1 gives
the A/Z estimator may be linearly proportional to the off-boresight angle (6).
The mono-pulse method can operate as a simultaneous lobe comparison

or, alternatively, sequential lobing by antenna switching can be used to avoid the

RF mixer. Therefore only one receiver channel may be required.

The mono-pulse concept according to the exemplary embodiment can be
applied to indopr AOA applications for Bluetooth devices. fhe system heeds to
be adapted to work for short distances (indoor, around 10m corhpared to
kilometres in radar applications) and wide squint angle (tens of degrees

compared to few deg'rees in radar applications).
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the A/l estimator may be linearly proportional to the
of f-boresi ght angle (0). 15 The nono-pul se nethod can
operate as a simultaneous | obe conparison or,
alternatively, sequential |obing by antenna sw tching
can be used to avoid the RF mxer. Therefore only one
recei ver channel may be requifed. The nono- pul se
concept according to the exenplary enbodi nent can be

app! ime@ directibHaPAntAka aRRY 10t E) forf anfh il $a9813dB peamwidth
devices.. The systemneedS to 20 be adapted to wor

' oy L4, t ;
s o dereb e Ring & £ 243 SRR ARG e tandvwidth o

ngl ns qf degrees ¢ ared to few,degrees in ,
S50 OOMEE . & mBRgiPUSe Pt g ACH L i Besi pegiormance
114 may for exanple have a 3dB beamm dth of about 60 .
WRen éaé SRR #Rglat(apgle belweeno e Antenrag) dnsitioRing, difection) is
bandwi dt h of about 100MHz. A nono-pul se antenna array
WAJ6 sioreascthe antenrads BdBdydannwigitit.e Thetaaterinas ragybetplaced with no
angl e (angl e between two antennas' positioning

sbpaeatiorobm $abhbtASE (lnlikesa iphaisadt &fdg, whisBmay allow a more
beamni dt h. The antennas may be placed wth no

SoRRpd @t iirr%erlfnlﬁaﬂfﬁt%?ﬁ‘?h TH RUmbeR! dkEnRnRAaSEEhiAT &RY; rray may be

which may allow a nore conpact inplenentation.

r_Qf n ithin _an ar may, he determ ned
eBpef a8 RS, "l TR Pt AR For
di rections, For anpl e, if antennas of 6Q degree
DEmIP of AntEnBagE 80 GaarRe beagfiHin iegiech Wi Salint angle of 60
degree, six antennas may be used to forman array to
dedriee, Six aBteraagreay hegreed tefformran/airay fheoverg 860 degree angle
estimati on may not be restricted to the near-boresight
ofegrival. as

The angle estimation may not be restricted to the near-boresight region as
in radar applications. Accordingly, the relationship between the estimator and the
AOA may no longer be linear. This relationship may be determined from the
beam pattern, or a lookup table method may be used.

The amplitude of the signal received at each directional antenna element is
measured with the RSSI (received signal strength indicator) for each ACL

(Asynchronous Connection-Less) connection and can be read through the HCI

(host controller interface). Although the RSSI may only be a rough measurement

_ of the-signal power (8-bit signed in_te'g:e'r in dBs), the mono-pulse method can still

achieve a relatively good accuracy due to its working principle (e.g. the range

| effect is automatically corrected). The round-off effect may lead to an angle error

of less than 1 degree.
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in radar applications. Accordingly, the relationship
between the estimator and the AQCA may no | onger be
linear. This relationship may be determ ned fromthe
15 beam pattern, or a | ookup table nethod nay be used.
The anplitude of the signal received at each
directional antenna elenent i§ nmeasured with the RSSI
(received signal strength indicator) for each ACL

( ASVW%UI@F@QISO\KZ@ ATRIW ura?réma&ﬁ)a HRTHRCE0®Bf aét@rrﬁﬁﬂn&the AOA of
read through the host control ler interface)

@?é thﬁiﬁaa dé“vﬁ:e%ed@ﬁ( Et ﬁ‘?e?dlh gﬁ?@(r?térnﬂ]%g \5.88 antennas

si gnal power

thdcan t|| ac arel tiv
WA S e Yot e kwm né angofite (g power i
effect is automati caII corrected). The
{' %d of M, wheeeN ffapumbed Qoarﬁﬁnraangéthe‘r the anignriceegay). The
than 1 degree. 8 Figure 3 shows a flow diagramof a
methostidSBoibet idérdti Hotaman, tterkdGlarofikainen niddlieha Lépypiakeski and
based on the RSSI readings with different receiving
TimenDasHadPainéth. fE)ébdrh@erRSSanéLo'éQB %ﬁtléﬁlﬂ@smuetooth
into the absolute RX power Pi  (i= . N, where

PRod2edRRfs Of #HE CRPaPaibhd) 'Cdﬁf@reﬁ@%/h@aé.lﬁfhehﬁﬁkon T%cﬁnology'

met hod escrl bed in Antti Kot anen nni kai nen,

R ERTer PR Rgfon 20 That BE RSB B hoisctBR, £TERE e pair

the Inter onal Conference on |nformation

of al h@éﬁtﬁ MBFMYAHCEBRIAGS RX Povies (2goby sisaplerssidition of
used for this step. At 306 the pair of antennas that

thevidX pavwedi efuamy dubiatiacarX ardemnas)engy beysaeleafeideas the working
addition of 1o the RX power of any two adj acent

anteemapair (v théd enchileelsvied ia wvithirethardviePgpe of this pair of antennas).

At 308 the RX power values on the two antennas may be transformed into
amplitude values A1 and A2 respectively. At 310 the estimator value is

A-A

) Az and compared to a pre-determined lookup table to
| T A,

calculated as

estimate the AOA value 6.
For each mobile device to be located, the base station may switch between

each antenna in the antenna array and read the RSSI value received from each

-antenna (thls may lmply that at least one ALC connect|on needs to be made

| dunng the “on” time for each antenna) The RSSI vaIues may then be

transformed in the absolute received (RX) power P using the method introduced

in Kotamen et al. The absolute received power may be converted into signal

P
amplitude as A=10% .
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antenna pair (i.e. the nobile device is within the
coverage of this pair of antennas). At 308 the RX
power val ues on the two antennas nay be transforned
into anplitude values Al and A2 respectively. At 310
the estimator value is A - A2 calculated as and
conpared to a pre-determ ned Pookup table to +A, A
15 estimate the AOA value 0. For each nobile device to
be | ocated, the base station may swtch bgtween each
ant eriffee Brvaihe (taetestineatar)riayauhted ad +he—RSFid ¥ehpared to the
received fromeach -antenna (this mayAjf@hy that at

| east one ALC connection needs to be nmade during the

%@Hel@rr‘ﬁﬁmé&boﬁﬁ@ta@@ f5B88 ma}eT’ﬂ"% @éid\f:‘iﬁw g\%\i&?ﬂ to this

e 20 transforned in the absol ute

HS} od i ' t n et al.. The . ,
2ab Bl ftshEe CTORP AL TR S ne banSErRBERI T 5Rarig acing with
P.anplitude as =1020 9 The S value (the
reeg?rir%ﬁ?d?)a qesire I%”ﬁ‘(‘@? S¥st9MA7 and conpared to the
Al +A  pre-determ ned | ook-up table to estimate the
angl &V Bﬁ the propgsedisystens d¥PA of any Biustogthidevise may be accurately
antennas. This output may then be transferred into a
detectadyfromadisingleibdse station. There’s no need to make any hardware

modification on the devices to be tracked, and the alterations to the base station
devibe are also minimised. Due to the working principle of mono-pulse concept,
directional antennas with a moderate beamwidth (e.g. about 60 degree) can be
used and a relatively simple processing can generate high accuracy AOA

estimation (estimated to be about 1-2 degrees in 10 m working distance of

 Bluetooth).

Either the AOA or 2D position information may be useful for context-aware

'applications. One domestic example is automatic tuning of “sweet spot” of an

audio visual system by monitoring the users’ current position (either in terms of
angle of arrival, e.g. viewing angle or 2D position).

Figure 4 illustrates such a domestic application utilising the AOA

- information. A video display 400 with an-embedded base station 402 _pfoposed in

this invention is on a rotational _platforfn 404 driven by a motorized system. The
user carries a mobile Bluetooth device 406 (any commercial Bluetooth device,

e.g. mobile phone) when they are nﬁoving within the room. Based on the

- real-time detected AOA, the motorised platform 404 is controlled in such a way
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reference to a desired coordinate system 5 Wth the
proposed system AQA of any Bl uetooth device nay be
accurately detected froma single base station.
There's no need to nake any hardware nodification on
the devices to be tracked, and the alterations to the
base station device are al sol%ininised. Due to the
wor ki ng principle of mono- pul se concept, directional
Rt HRTRS 40018 afvdRABERGToREABhE S e 809nattR8 tisePBnjoys the best
degree) can be 10 used and a relatively sinple
] [ uracy AOA estinmation

\?é@ﬁ%@% nﬁﬁgggggbqgﬁ%%ltﬁfgggg\?éées in 10 m wor ki ng
di st e uet oot . Either,the AOA or 2D positi.on
it oV AEleastiy Ehas Shtios sPe s pesionablhe MoBE 66ViSe can be
applications. One donestic exanple is automatic tuning
dtermipes: usipg triangulation. 1 WVith mase \hasgastatiors, dhegecuracy can be
monitoring the users' current position (either in
fubitradnereasat gsingaeddditional énformation andwrocessing.e or 2D
position). Figure 4 illustrates such a domestic
appl iR@ired illistratey a%ysteen A0D of BERIMAIRGPD Ao¥itilRBf a mobile
di splay 400 with an enbedded base station 402 proposed
ddlicd 302 Wi o' BRséd %téﬂbrfé SQA,aﬁbé’.n%hé @[?g)fogfti%hd'r%%y uniquely
driven by a notorized system The 20 user carries a

L] lLuet oqt h devi ce. 40 an nmer ci al. Bl uet oot h
FRarGed 8 UahuinBleRfisic R Wheled R GRs% G tfge Sations 06,

thin the room Based on th eal -tinme detected ACA, . -
oAt Peehnpad pRsiion (LYbANAJKP@) Phihe, i hagpptations
10 that the TV 400 is always facing towards the user
54,108 the user enjoys the best view ng angle no

matters where they nove.

Whilst exemplary embodiments of the invention have been described in

detail, many variations are possible within the scope of the invention as will be

clear to a skilled reader.
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Wth at |east two base stations, the 2D position of

the nobil e device can be determ ned using

triangulation. Wth nore base stations, the accuracy

can be 5 future increased using additional

i nformati on and processing. Figure 5 illustrates a

system 500 of determ ning 2D Wosition of a nobile

device 502 with two base stations 504, 506. The 2D
gceqlmson may uniquely determ ned by the bearing

readings Al and 02 fromthese two base stations 506,

501 and the pre-known 2D position (xl,yl) and (x2,y2)

of the two base stations 10 504, 506. Wil st

Exenh ansthedd detempiging thenAnpleyehAirival HAQA)beka first Bluetooth
described in detail, many variations are possible '
devioe relatiee krapecohd Bhestoothafevicwcarspriéing be clear to

a skilled reader. 11 CLAIMS 1. A nethod of

det errgtéiving theesibaedth Qigril 'stieAlgtH 6PMhe @ifst%ef\)iéifat at least two

Bl uetooth "device relative to a“second Bl uet oot

SRBIEE U B AR R O U 7
e SO A L e b 6 o s

two or nore signal strengths, and determ ning the ACA
PRGNS AN%he conmon estimator. 10 2. The nethod as
claimed in claim1 wherein the ACA is determ ned from
a determining the AOA based on the common estimator.

2. The method as claimed in claim 1 wherein the AOA is determined from a

look up table based on the common estimator.

3. The method as claimed in any one of the preceding Claims wherein the first

device is portable and the second device is a base station.

4, The method as claimed in claim 3 wherein there are at Ieast' two base

stations and further comprising determining the relative position of the first device,

based on the AOAs determined from each of the at least two base stations and

the relative position of the base stations.

5. The method as claimed in any. one of the preceding claims further
comprising providing at least two antennas angled at a-squint angle of

approximately 0.936 times the 3dB bandwidth of each antenna.
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| ook up table based on the comon estimtor. 3. The
nmet hod as clainmed in any one of the preceding clains
wherein the first 15 device is portable and the
second device is a base station. 4. The. nethod as
claimed in claim3 wherein there are at |east tw base
stations and further conprisildg determ ning the
relative position of the first device, based on the
AOAs determ ned fromeach of the at |east two base
stations and 20 the relative position of the base

8, Sl RO ok A 13 s

ast t ant ennas anq J]ed at a, squint angle of
BT ARRLA STIETO8 | OIHoBs reRs I ® 31 RAT RtegFing fopchanism to
antenna. 12 6. The nethod as clained in any one of
saquientially pesition the aetenpermsthe ahtpashtwadifienert antenaa positions.
antenna rotation, repositioning or beam steering
mechani smto sequenti ally position the antenna at the
at least two different antenna positions. 5 7. The

et hTheanetHod 88 ¢ldimedny AME oAb dfhﬁe%r@@@@hh@%l&ﬂrﬁé Wherein the
wherein the compn estinmator is determ ned based on

c@mméﬁ esfimatéiis fté\‘ﬁ‘ﬁﬁ@d@aség%% and P is the

absol ute recei ve power rrved froman 10 RSSI val ue
read froma host controller interface HCl associ at ed

with the second A—-4,
A t+A,

P
where A=10%, and P is the absolute received power derived from an

RSS! value read from a host controller interface HCI associated with the second

device.

8. A base station for determining the Angle of Arrival (AOA) of a portable
Bluetooth device comprising:
at least two different antenna positions,
a Bluetooth receiver to receive a Bluetooth signal from the mobile
Bluetooth device at the at least two different antenna positions,
‘a processor to determine the AOA of the mobile Bluetooth devicé based on

the received Bluetooth signals.

9. The base station as claimed in claim 8 further comprising at least two

antennas angled at a squint angle of approximately 0.936 times the 3dB
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device. 8. ‘A base station for determ ning the Angle of

Arrival (AQA) of a portable Bluetooth device

conprising: 15 at least two different antenna _

positions, a Bluetooth receiver to receive a Bluetooth

signal fromthe nobile Bluetooth device at the at

| east two different antenna pdsitions, a processor to

determ ne the AQCA of the nobile Bluetooth device based

KHhdwid® sfesinvadehaiet ooth signals. 20 9. The base

station as clained in claim8 further conprising at

| east two antennas angled at a squint angle of

approximately 0.936 tinmes the 3dB 13 bandw dth of
choantenna., 10. The .base stati s claimed in claim

B TR AP AR el cap il § Rl pofpaning an ‘arteina and

rotation, repositioning or beam steering nmechani smt-o _

apgltennagiotations repRsitieAY taf aaimm SeRIiNg Mesbagism asequentially

two different antenna positions. 11. The base station

positdreihesantenna bhthe &t leastt ther differgnt iaatergnagrodRiforsyi t ch

to connect between the at |east two antennas and the

Bl uet ooth receiver, the RF switch configured to be

controll ed by the processor. 10 12. The base station

oSl e aait af efailed iNGFs Firfer (origricg ARG switch to

c%%%lélc{a b(tet(\)/vede%t ﬁ{enétnlgatsp Fwo antennas and the Bluetooth receiver, the RF

switch configured to be controlled by the processor.

12. The base station as claimed in any one of the claims 8 to 12 further
comprising Received Signal Strength Indicator (RSSI) module to determine the

signal strength of the Bluetooth signals.

13. The base station as claimed in claim 12 further comprising a Host Control

Interface (HCI) to provide the RSS! values to the processor.

14.  The base station as claimed in claim 13 wherein the processor is

configured to determine a common estimator based on

where A =102 where Px is derived from the RSSI values from the HCI.



signal strength of the Bluetooth signals. 15 13. The
base station as clainmed in claim12 further conprising
a Host Control Interface (HCI) to provide the RSSI
values to the processor. 14. The base station as
claimed in claim13 wherein the processor is
configured to determ ne a conmon estimator based on 20

Al -A2 A +A., P where A= 1020 where Px is derived
om RSSI vaI _fromthe HCl. 14 15. A system
ggh’pr gVﬁtS ?mPé' "one portabl e Bl uetooth device,

and a tiase station as clained in any one of clains 8
to 12YIgastRnePoReRIA Plyetaothggyiee.ddar ri val (ACA) of
the at | east one portable Bluetooth device. 5

a base station as claimed in any one of claims 8 to 14 for determining the

Angle of Arrival (AOA) of the at least one portable Bluetooth device.



