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R 1 *159159* Reference-free positioning systemwth
suppression of blocking effects Field of the

i nvention The present invention relates to a
reference-free positioning systens, and nethods .

enpl oyed by the system 5 Background of Inv j
There are many applications ip which an app wmﬂummm"“"
to determne its position. anpl es includ

control, fire fighting, and certain entertai nnd@ts*
systenms. 10 Currently, nost positioning nmethods are

based on one or nore external references [1], [3] at
pre-k ehoele itioning systemewitb dsipphessicf ef Bocking effects
are active transmtters and/or receivers. In other

tI h e passive reflectors. Such methods
m&—gﬁ—@isnl on of the apparatus by neasuring
15 the distance fromthe references to the device

The prebent thventibherettbs ted agferbhd@freb PositiMiag systems, and
transmtted fromthe references, and reflected from

ogg,pmplaves)by thedsystemne direction fromthe
reference to the device. Such nethods performwell,

I l'ications presetting the ref erences
BHEk'BUHSOﬁﬁﬁ rﬁBH’ or even inpossible. 20 O her types
of self p03|t|on|ng devices [2] do not enploy external
tﬁferences but .instead find their own Iocatlon usi n%e its

o AT PaNbrARRIGaRNY Hyy WYCh iARRaratsches itagdetermi
poditiom t BRaMPlEsC CincRideOMRbDE (dotrdtt b LAY, € FhbCNcertain

entertainment systems.

Currently, most positioning methods are based on one or more external
references [1], [3] at pre-known locations. In some methods the references
are active transmitters and/or receivers. In other methods, they are passi\)e
reflectors. Such methods calculate the position of the apparatus by measuring
the distance from the references to the device (e.g. based on the echo delay
time of a signal transmitted from the references, and reflected from the
apparatus), and/or the direction from the reference to the device. Such
methods perform well, but in certain applications presetting the references is
not convenient, or even impossible.

Other types of self-positioning devices [2] do not employ external references,
but instead find their own location usingv one or more of the following
components carried within the device: a compass (to detect the direction
north), an inertial position sensor, a velocimeter, or an odometer. Such
devices are convenient in some respects, but suffer from the problem that any
errors they make in determining their position tend to accumulate. As a
consequence, they are accurate enough for certain applications.
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north), an inertial position sensor, a velocineter, or
an odoneter. Such 25 devices are convenient in sone
respects, but suffer fromthe problemthat any errors
they make in determning their position tend to
accunul ate. As a consequence, they are accurate
enough for certain applicatiogs. 2 In reference [5]
(whi ch was unpublished at the“priority date of the
present application, but the disclosure of which is

i ncorporated herein by reference), we proposed a

refl ection-based reference-free self-positioning
natneferenasi[8] (wbisht wasi um)ubbslhmj at ¢he epriasity rdzfte eaft thengresent

T ) SR —,
iwé peopcedal reflbttion-basét refeparcy-fise BRI pSLitisiagg eh1ethod This

directional transmtter antenna for transmtti

(ﬁ%ﬂ!O@mg eshagliesi amesflections af tanswitied AR m@-egs v‘/r@m objects

b iving reflections fromplanar RF 10
Si gﬁjmrer?ﬁ% Fé:aes at the borders of a two-dinensional
region 60 (in Fig. 5 this region happens to be an

I e two antennas are rotate
é‘r L Pasic\aine gSPE‘?;J ig i Fh’fdfﬁ’fﬁqﬂ iR g he. A@gamﬁretgs 62nncludes a
I

%Y@Etloﬁ’é]%éﬂ%ﬁnlftéﬁﬁl?@ghé? rtré‘ﬁ’érﬁlfﬂ{l’?goﬁmr\‘!@ t?RQ?W%eUWB signal,

each a series of angu pOS ns so
1a8c 8i dicgctionak neceiverc antesmaafarefeceing meﬁlecjmneairbrmblanar RF-

el el 4t Pe Rl Pha e dmeeling snoigh &4 (hsFia. 5 ths
m@glﬁm hdppenish@t bé iieirrefilr pdrit8gb P eThe o %‘t&m& are rotated
pi cks up reflections at thto 5 angul ar positions

*ah@uaap\éﬁrasaisamﬁdngangl to mfegjonlﬁodulrt sy, mda&th& |tmsm|uer
SRR Sl e oA TLOEBL b, o e Mt ® g tht e
réceivergantennd re@élves a reflection from each of the sudes of the region 60
in turn, at the time that the two antennas point in a direction which is normal to
that side. Thus, the receiving antenna picks up reflections at up to 5 angular
positions. The apparatus includes a timing circuit for measuring the echo time
of the reflections, and in this way determines the respective distances to the
sides of the region 60.

Initially, the apparatus is at a position 64, which is referred to as the origin. At
this point, the measurement described above provides the apparatus with the
set of distances /3, Iy, I3, I4, and Is.

Subsequently, the apparatus is moved to another position 66. The
measurement process this time determines that there are reflections from
reflectors at respective distances /7, I2, I5’ (note that two boundaries of the
region do not produce reflections in position 66). Optionally, the apparatus
includes a direction finding device (such as a combass) to that the angular
positions at which these reflections are received can be determined relative to
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Initially, the apparatus is at a position 64, which is
referred to as the origin. At this point, the

nmeasur enent descri bed above provides the apparatus
with the set of distances |1, 12, 13, 14, and /5. 25
Subsequent |y, the apparatus is noved to another
position 66. The neasurenent,process this tine
determines that there are reffections from reflectors
at respective distances /1', /2, /3" (note that two
boundaries of the region do not produce reflections
in position 66). Qptionally, the apparatus includes a

anrahaolya angwamepsition, e that itrcamsbe lmmqnhmfe)y estabhsaned which
oF e Rl BuRe BN Br e, MleElobF 3 108 05%GHRRon tat .

&bslgl’ wereapmdunedpbgi theoBanfd réfigdtorst a@é‘nhb?z, Is, respectively).

t el establlshed which of the reflectors
éﬁms Iaﬂﬁﬁ' Zlﬁ gtharmemuadiraentso te (RF esignals themselves may be

SoaB L o0 1 chrpsidorcy! s By QR ToP bk, b

pbltneanagnhelspacmg lettveen ehb etigotartsositivhsRiored gporlding to /1, 12,
to ohtain this

5 exam ne
o HE S0 ABecTB hefpe i, paculer Besitions Biose,carseonding to I, L
hens t ti.0
P oo dian s SfeiGap, WD e, ARREEndBAG: s Riow, it is
sféar@etfanrvafd ta rf@dl the positioni afitbe Bppaeatum,rrem;vertd ltlm@ otigin.
li, 12, 13, 14, and 15). In either case, once the
correspondence is know, it is straightforward to find

Nbte fhaitd ideteraiiné Repcsiien & [, thecdéVice/ Aab Q? tr@@(ﬂQé 5@ idhst two

Note that to determ ne a position in
Efgk?PE%n% oM fespestive planes, andiit must haue Ireceived sefleations from

e e TR T ——

de\aoe twas dmrthe dorighe tpasition. Vieredviee, tHéewve erefiBstions tB8not be
or| I\/breaver the two refl ecti ons cannot

B%ra ;E%P&'Pﬁgﬁneﬁf? &onditigns re dneb the imethod-eferaference 8] can
bich @d cebrdirfdter §f3%6ml ahd Cédtimate the location of the device in the

coordinate system.

This technique makes it necessary to determine with some accuracy the
direction from which the reflections are coming. In practice the directional
transmitter antenna used in [5] will produce signals within a first narrow
angular range, while the receiver antenna will be sensitive to signals received
from within a second narrow angular range, so that a reflected signal will be
received even when the transmission/reception direction of the two antennas
is not exactly normal to any of the surfaces. The amplitude of the received
reflected signal is expected to be a Gaussian function of the difference |
between the transmission/reception direction of the two antennas and the
actual normal direction of the antenna (the so called direction of arrival, DOA).
As the two antennas scan the angular range (in ang_ular steps which should
not be greater than the two narrow angular ranges) there will be several
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build a coordi nate system and estimate the | ocation of
the device in the coordinate system This technique
makes it necessary to determ ne with some accuracy the
20 direction fromwhich the reflections are conmng. In
practice the directional transmtter antenna used in
[5] will produce signals withyn a first narrow
angul ar range, while the receiver antenna will be
sensitive to signals received fromwthin a second
narrom1angu|ar range, so that a reflected signal wll
ecei ved even when the transn1SS|on/recept|on

cﬂr\gé‘ i BASiHeNs 1t Whishasigpalsatefiested: fiase agivan yefiestamwill be
B0 i Wiignent HihinuliBs AEBHIhYT6 B GAlsdfE Huldth. he
qn‘lurahty af afnplitcies cdnebeefsedtﬂn,eatcfmerﬂtmg alyoriesa ol @r@duce a
St frgtiop pihishash ity heumegsuiad ampifudes: o Bk of the
Heriv¥@GaUdafin funtfios Ea b I@lﬁésgmﬁg?g@@d@ﬁ angul ar -

range (in angul ar steps not be greater

than the two narrow angul ar ranges) t here WI [ ]?e o

Y/ angqu| OSI i ons ,at ich, s re
?'Fo'?#%]eaﬁse r |BE‘?S8 %ﬂo 19 tB@“”'F%‘ée %@gp Miate Hmore “acturately
defldotioandirgetiong, Udeschqs oagbiitable® ihhen A AN of Flg 5. The
function. The plurality of anplitudes can be used by

gisclpsige f pf trqf@f eargolblt Blaa ds pherudacerpocatedsibyn reference A

fitinheabCoicbitdn ol ' hat, I 0B it ABirth GeaqrbRf above
esmammm by penforiiny thenestirhatecofchel BOAVBaSSEHAM BshtRematical

h, t timate nore accur at el refl|l ection
hfec%'g’lf‘?gﬁs ﬁmﬁﬁcﬂpg%ntla@m i BAWPE ammlﬁ@eeysff@m dheFirgspective

Meabufemeht Gngfy’ ﬁré’fwélgﬁt%eﬂgedlé‘é]egf"v?é]ghils AR5, The weight

i ncor por at ed Yy referen anen concept
fastonssanenbigheh éorcsignalsf oft highgr ampitudenrindfest; rtheewlelght factors

%& %gsé@e gﬁﬁlg h@dgﬁgﬁrﬁ%é{%sm e lPneve(?\ |E3Inrr%t emgtlvatec? by the
observation that reflections having a higher amplitude also have a higher
signal-to-noise ratio, and therefore intrinsically provide more information about
the position of the peak.

In the environments in which the RF signals are not liable to be blocked, it is
easy to satisfy the requirements listed above for the technique of reference [5]
to function, and hence a correct positioning result can be obtained. However,
if the environment from which the device receives reflections includes several
blocking bodies, a critical reflection may be blocked. The problem is
particularly acute if the blocking objects are human bodies, since a reflection
which has been blocked by a human body is likely to fall below the amplitude
threshold at which the device registers received RF signals as reflections. In
this case the positioning result based on the method in [6] may be wrong.
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function in which logarithm c power anplitudes from
the respective neasurenent angles are wei ghted by
di fferent weight factors. The weight factors are

hi gher for signals of higher anplitude. In fact, the
wei ght factors 15 may be the anplitudes thensel ves.
The invention is notivated by the observation that
reflections having a higher anplitude al so have a

hi gher signal-to-noise ratio, and therefore
intrinsically provide nore information about the

osition of the peak. 20 In the environnents in which
Ehwdhﬁll&\@ﬁ_@not liable to be blocked, it is
easy to satisfy the requirenents |listed above for the

ThE Fﬁégé*ﬁ |ﬁ\‘;er{ti%‘i1€5|ﬁ{%(’c§ Sﬂrﬁ%ldetr%v{)é'ﬁ‘& LR g?m?_é}e 5ﬁ8 s?stems

correct positioning r can tan
fdr ptdsmoardetedmma randflncpamﬂulametrmdsteand:eystemlwlmh at least
refjﬁctions in | ude ever klng bodi es, a

pastiafly Qvercome, q B¢ !9”8@ V€The problemis 25

particularly acute if the blocklng obj ects are human
bodi es, since a reflection which has been bl ocked by
tn gemaral teoohg, the present/inventien prdzpeisewtlnatearaappanam which is

th d, at ich the.de e redl stesreelve
gLt . BB i o Wi SRR S e TS T g

dipsensioma edion) ih€18d8E bbada idirebBdndlRF BENYESIREr arid also an IR

Summrihof t he I nvention The present |nvent| on ains to

peRsArdha &l7 HARScRiwerANGiR ReAROrATE sapt droughen angular
RPREAIoRIFR0 St BB s S FEChe AT

mgnalsqlsaclh abaltea- \Aﬁdd;kﬂﬁl@b(lMﬁ sigerals), artd\;l\ﬁcpl\@dﬁft: reflections,
tion propqQses,t n Ich 1s
|4 ¥EthIe d ReSiEng eldor B iA dRB0r s R SSTHGK %Used fadentfy
ﬁl?elﬁms\féﬁcfésrbﬁwdrﬁé’n bfd 6ﬂﬁé| (f E?Jh%@, anbis IHEGR, that h
directional RF transcelver an o an IR
posmonl_ng algorithm to reduce the likelihood of the positioning algorithm

failing.

Thus, the present invention makes it possible to provide a positioning device
which is more robust in an environment where human blocking can occur
(such as an indoor environment), as compared with a common positioning
method which is based on one kind of signals.

The positioning algorithm is preferably the positioning algorithm of reference
[6], and is accordingly both free of the need for external references, and does
not require a training or learning process within an environment defined by
fixed planar RF reflectors. In this case, the modification proposed by the
method may be to modify the algorithm for detecting reflection of RF signals
from the reflectors, in respect of angular positions in which the algorithm
determines that it is likely that any received reflected RF signal is likely to be
weaker, due to the RF signal having passed through;a human body.
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sensor. The RF transceiver and IR sensor are swept

t hrough an angul ar 10 range (typically 360) around a
common axis. The RF sensor transmits RF signals (such
as ultra-w deband (UWB) signals) and receives RF
reflections, to enable a positioning algorithmto
occur. The IR sensor is used fo identify |Ilikely

i nstances of human bl ocking of the RF signals, and to
nodi fy the positioning algorithmto reduce the

l'i kel i hood of the positioning algorithm 15 failing.
Thus, the present invention nakes it possible to

Fhis, meslificaioniafitheialgprithm be donsi kyhrengoviog érom twossideration in

B ERXhAAGT Abn0lF one 25 ol CEEIBRERR of i eclHiERF signal

Mﬁctﬁ hAanéstimatéd tomid Gk meﬂbctuén@ﬁéﬁda A0 (Fdeexample

gnals. The positioning %%orlt mis preferably the
ﬁaﬁ,pwtﬂamlﬁg algefhm maydie éte@riasemc[@f)ng an@xtra (usually initial)

SEERGBRLIng B 58Sl FRBAREE) 1] RET A8 o componeni

Idaerm ag reftemtion sfromt then rmmarn\bodqnﬂnnﬂthWawmb affects of the
In this case, the

fi | RF flect
ﬁgﬁqc?pgﬂargg%t IsA%tdS ress@gr?%g)r(%ﬁ]é nitiggathod may be to

nmodi fy the algorithmfor detecting reflection of RF

Adairinally féloaltéﬂh%tl(/él ' ﬁﬁo?ilfl dliohESPee! alﬁBriﬂﬁ"ﬁ%é’{ comprise

p05|t|on5|n whi ch agorlt m  determ
modifigation DﬁaﬂWeanyoceseebyeWhldf Ithe t appaBtis gledéctss whether a

eaSBolebf oDl PEEHIThr Sty & FueCtordpetil biypne of the

tdfiectdrgo Mhiehmolb Hice it thike liktGoadddant ﬁlﬁé‘%ﬁﬁﬁQé@’fﬁr@béﬁl@s of the
in .the E osi tioni ng orithmone or nore conponents

gcaived R 0%9%@%10§hgg%!9namst§mgaﬂl§0'@h thehenan dasy.

due to reflections froma human body. For exanple,

EAF SHSROON ) ShARKHAYLBRLSNHEL Sencichach) diiin
pegksain th&:eeﬂmmyslgﬂaé (iRRthertime clsimain) svhichaea@bbve a certain
threshold, the modification may be to reduce the threshold. The reduced
threshold may optionally be obtained based on the respective amplitudes of at
least one component of the received signal at a plurality of angular positions

at which the presence of a human body is detected.

In some embodiments of the invention, at least one property of the received
RF signal is used in the determination of whether a human body is present at
a given sector. Specifically, if for a certain sector the IR sensor indicates the
presence of a warm object, but the received signal for that sector is too strong
to be consistent with this warm object being a human body, then the
modification proposed by the invention to take into account the presence of a
human body, is not performed. In other words, one. might say that the decision
of whether to modify the positioning algorithm is a three-stage process in
which: (i) it is determined using data from the IR sensor whether a first
criterion is met; (ii) it is determined using data from the RF transceiver
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due to a reflection fromthe human body. In this way
the effects of the reflection are, at |least to sone
extent, mtigated. Additionally, or alternatively, the
nodi fication of the algorithmmay conprise

nodi fication of the process by which the apparatus
detects whether a 10 conpone of the received RF
signal is due to a reflection fromone of the
reflectors. The nodification take into account the
changed properties of the received RF signal due to

t hat signal passing through the human body. For
whethsira segondheriterionds Metdand Giikit is detenmineadagsing the results of

ef l.egt L ops identifyin eaks in.the reflected

it o serel Rlteigy WRindie e mopiloling SIGSTERR shquid be
rodiffdgeshol d, the nodification may be to reduce the
threshol d. The reduced threshold nay optionally be
obt ai ned based, on the respective anplitudes of at _
peompareddermiinrait taghniques; prefeved embediments gf the invention

i _ i ot ,
a8 Frpriuct, pESBhAL, BaTbimAe, if o Hinigh BREIGHE 2pFEnment
This permdtsta mure giradtieas Bpproachriopefdrgncd-frebeselfepasitiatng in an
20 RF signal is used in the determ nation of whether a
WGRQHGB\S'EQNP@" resent at a given sector. Specifically,

if for a certain sector the IR sensor indicates the
BrieEBBSEristionrPof e FRIBFrESt . but the received signal for
that sector 1s too strong to be consistent with this
war m obj ect bei n% a human body, then the nodification

Prajpusd deatiiremer theveyention wij nowk be ideseribed.Janthe sake of
BLRETRRECBY: 2oyt BOBY ol PBigliie PLBln: of

whet her to nodify the positioning algorithmis a
t hree- gstage process in. ich: (i) it is determned .
usii Sollisraies shemalicaldabe oparbiien of af yistem Which s an

EfnbbBIrh&t dfth8Bresdritiinvdriiohs deternined using data
fromthe RF transcel ver 7 ether a second criterion

is nmet; and (iii) it is determned using the results

of Fig. 2 illustrates how, in the embodiment of Fig. 1, there is compensation
of the amplitude of a received UWB signal in relation to its echo delay time;

Fig. 3 illustrates schematically a situation in which, in the embodiment of
Fig. 1, a human body blocks a plurality of angular sectors;

Fig. 4 is a flow diagram of the method performed by the embodiment of
Fig. 1; and

Fig. 5 illustrates the operation of a previous technique proposed by the
present inventors.

Detailed Description of the embodiments
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the first and second criteria whether the positioning
al gorithm should be nodified. As conpared to prior
art techni ques, preferred enbodi nents of the invention
5 have inproved positioning performance in a human

bl ocki ng environnent. This permts a nore practica
approach to reference-free self-positioning in an

i ndoor environnent. Brief DesCTription of The Figures

Preferred features of the invention will now be _
descri bed, for the sake of 10 illustration only, wth
referencetothefollovvlngflgures|n which: Fig. 1

iRefersingdirstly tchigndt aa apparatue Whyeh @tamaw@pdaneswttbm

We?\lﬁgh% fﬂﬂs rgfqﬁo %tlc%ﬂytﬂ'g ghﬁ%%ltlﬁ% l§ OEF tiansmitter

tahmrrma 13 (whipheadtbeoa UWB trdresnaitiet lfbﬂﬂan@lhtﬁng 8 laVse@nd an
nal in relation to its echo del ay ti ne;

Eﬁqe o edtannahafordecelying thersignalsnAl Iﬁamram and%typwelly
Eﬁ@f%‘fraﬁémlt@r%nt%%g@g%ﬁgWePQQMr $M%ﬁ§§ 1%, By dﬁle{:t#]é’enal.

ul ar sectors; gram
nmet hod perforned by the enbodi ment of Fig. 1 and
i.g..5 illustrates the operation of _a Vi QUS
Fe@maa%@ rBRUNE dheiAnsRationaniERng 3 arich (AgaiNer antenna 15 are
8
PR 91 BadieP ol USRI §1°07BIgH 80 e
tAngendn thiscage, the arﬁemmam&r‘e& rdysehmeshanishlly codpled to each

BTG o Fost b H e Plor AT Wi e BRPRENG dres dllmed. i
anly are is directional, then that one directional antenna is rotated, and the
other may be either rotated or not. Optionally, the apparatus includes a
direction finding device (e.g. a compass) to calibrating the angular position of
the antennas 13 and/or 15 to some absolute direction.

In either case, the transmitter antenna 13 and the receiver antenna 15 can
thus be considered here as a single directional RF transceiver, having a
single direction (within the angular range) of maximum transmission
amplitude/reception sensitivity. The term “directional transceiver” is also used
in this document to cover a case in which a single directional antenna plays
the role of both the antennas 13, 15.

The angular range is partitioned into M sectors, each centered on a respective
angular position. In each of these sectors the apparatus transmits a signal
using the transmitter antenna 13, and receives a reflected signal using the
receiver antenna 15. Typically, the transmitted signal is a single UWB pulse,
and this pulse is transmitted in only one direction within the sector.
(Alternatively, the pulse may be transmitted multiple times, and the
corresponding received signals averaged). 3
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RF receiver antenna 15 for receiving the signals. At

| east one, and typically 5 both, of the transmtter
antenna 13 and receiver antenna 15, are directional.
If both are directional, the transmtter antenna 13
and receiver antenna 15 are both rotated in sync
toget her around a vertical ags 11, through a 360
angul ar range. In this case,” the antennas 13, 15 may
be mechanically coupled to each 10 other (e.g. forned
as a one- piece unit), with their respective axes

al i gned. only one is directional, then that one
tie @99@@% ftuﬂteénmfauqi@s astirectional {Rsanser 14t whichhsyolséed

t?ﬁ%f}%é Wit ﬁ'egtﬂré&lpﬂgf aqtgﬂééﬁza}gé% é@%a@@ﬁ@fﬁ%gﬁsor 13 is

€S a rec conpass

always|papalbel ito the transmigsion/regeption direcion dhibeaditeztionsl
13 and/ SONe absolute direction, 15 In either

%@%"a e(@gtzﬁtw@‘ﬁf s %W”%P\'Pem@a Risensod conld be searnegd through
di rﬁgl onalnag%“?ﬁ%ﬁ] é’c?va(h%g d@rrﬁgh'ﬂ?rb‘:eh al'hém‘g{rﬁnscewer

sceil ver, havin ‘e dire
;Qmwtdendrthahthmg‘erencerbn’tgeen dthe timei thabrther Iaﬁstramemr and the

St 70 & Geied o7 Gabiemtp i oo b fybice g6 dpken

wamamb €d1rrﬁ>vénng>lreutibfmevs@é165) antenna pl ays
the role of both the antennas 13, 1 The angul ar

range is partitioned into Msectors, each centered on

g PRUBRALPcaA 1 kBt [ RGPt 8T mppreure

highesits sueoundingsreglBy adedtairetmnp@atureddtestiirethreshold)
| nal using the recelver antenna 15. Typically, the

Unad kadyn andidetermynale thedigapes stihe apraratssfrom the
wahﬁ %bje%tt'fﬁé‘éphérta?gs {;@n@@hgf r%as&é%%r&é&d? ({a g, Fone

sect or (Al'tefhative pul se nay ransm t

cmmorqarmcmi-mesesangi dehlees):mamgeﬂ)(eignyogemanm to find the

nal s, aver age
s%on of theap at)us W|91|n an environment, based on the signals

recewed by the antenna 15 and the IR senor 17, as described below.

Let us assume that, as illustrated in Fig. 1, the apparatus is within an
environment including walls 5, 7, 9. In this case, when the directional
antenna(s) are directed successively towards the walls 5, 7, the RF signals
will be transmitted from the transmitter antenna 13, reflected from the wall 5 or
7, and received by the receiver antenna 15. At these times the IR sensor 17
does not detect the presence of a human body, and the apparatus accordingly

performs a positioning algorithm, in the manner illustrated in Fig. 5.

Fig. 2(a) illustrates the amplitude of the signal picked up by the receiver
antenna 15 as a function of time when the antennas 13, 15 are directed at one
of the walls 5 or 7. It has two peaks: a first peak 41 indicating the received
direct-path signal from the transmitter to the receiver," and a second later peak
43 indicating the signal reflected from the wall 5 or 7. Note that there may be
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9 The apparatus further includes a directional IR
sensor 17, which is rotated together with the

di rectional antenna(s) 13, 15, so that the IR sensor
17 is always parallel to the transm ssion/reception
direction of the directional antenna(s). (Note that
in principle, the IR sensor ﬁBU|d be scanned through 5
the angul ar range slightly in“advance of, or slightly
behi nd, the RF transceiver, provided that the

di fference between the tine that the RF transceiver
and the IR sensor 17 are directed at a given sector

otger@@@kﬁmﬁmeﬁa thesecto,t due to alefiactians éronummerootjpcts (not

%rgbr\]/ﬁg‘ért?eﬁé %%@ t@%aatp(p%?%thgrgrbdogpge MI tiﬁgg’g pebks are

nhegtpeted: uThia peakhdB i she Usaakindceiged Wit thléy ndaximum delay,
n te eratyre detection threshold) such as

ReicaRng Sap T the duthashomiacs 1 s emarmmantor ¢ he

apparatus fromthe warm object. The apparatus
generally further includes a processor (e.g. one

B ARS8 R 6o o
thet hiall Bn BnTheorsoeied sigel stferidih & @:Bﬁiﬁénsbﬁﬁ)e'fdle%ls by
e antenna 15 and the IR senor 17, as described

fﬂﬁﬂl ing &by, A carmpansationiacteravhich depeadeyppn the distance along
thEetlﬁféoaJ)d"’é Ug‘hbs ana%h fa V\ﬁer Rt m'v@cét Uddfgﬂnezodlstance

wal |'s I'S case, nthe direction

attarmma(ls)(aaswnmgr ethaédtrmjcammatmlny ¢anstartts fohe UWBI Ssignal
t he. R transmtted fromth

RoaAcaNT it the sBARe Ts Khow: P aredasaRToR) Vvenq bEpdset of the
poakand é@@ethéeeoﬂa)zsehéﬁldrﬁ%taﬁ'ism SHaéd HRS85. After

tinmes the IR sensor doco not dorecty the ' pr sence
empensatian, Blﬁjt}eﬂe&tidntﬂw‘laimnltmef tha:pedk A&l is independent of

o ieEe ek By g Mgl of 7, ARA Felate gniy to the
abspptiorand bidckingsfranahe Ribjdets] up by the recei ver

In dealing with sectors where the IR sensor 17 does not detect a human body,

the apparatus employs a threshold &, (here referred to as the common
threshold). Any received signal with a peak amplitude lower than this threshold
is neglected. The threshold &, can be determined as

& =ala,-4,)+4, (1)
where 4, is the maximum signal amplitude (after strength compensation) in all

sectors and during one complete rotation of the antennas, A, is the average

signal amplitude in all sectors and all time (after strength compensation), and
a isaconstant (0<a <1).

However, referring again to Fig. 1, when the directional antenna(s) are
directed to the sector m (where m is an integer in the range 1 to M) which
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antenna 15 as a function of tinme when the antennas 13,
15 are directed at one of the walls 5 or 7. It has
two peaks: a first peak 41 indicating the received
direct-path signal fromthe transmtter to the
receiver, and a second l|later peak 30 43 indicating the
si gnal reflected fromthe maHH 5 or 7. Note that there
may be 10 ot her peaks between 't hese two, due to
reflections fromother objects (not shown in Fig. 1)
betmeen the apparatus and the wall, but these peaks
are | ected. The peak 43 is the peak received with
camtam§X| hmmqjmaéydlreqtlnm toata mealk ﬁfatthet IR sseniser f Uf tdetedts the

5, Na t.h
rHsERba, & BERE BOfN 2o st Be bl Kr B8aRE T dniefesls with
thechumbh tﬁ)dy721 Tﬁﬁd foﬁWEbVS?ﬁalﬁ bﬁcﬁkﬂiméﬁ Iof K Ridrial 31 propagates
conpensated for th nmultiplying it by a

hoeyehthe begy %c«tﬂroﬁ cwn inuesrpbaad IHhdrhis hean 32, amxﬁ reflected
t
foflthe W b, gt cheol e SRR RoAL i i sma

ﬂm@oattdrenﬂﬂte beampasswst thfougH itk hugal bo@{ Qna&ﬁbréﬁbgate as

j, N the ce [ pre-investigation
%le t@cﬁ e&ﬂé t he conpensation factor is
iIIustrat ed as the peak 45. After conpensation, the

reflection si gnal strength of the peak 45 is

WETRE R 1othe pOSGNRLHIGE A HERErDAT iR TR8 st ral the 1R
abssorpt? bas detbdbed)ahualgn bzt imﬂww@de(gét . thegﬁ{d it :!sgpossmle
Hirrihe "B s8hSof g By piest dae @Mpsays af ewaBmovbient without that
bBRCE befiar ﬁﬁ’mtaﬁ @cﬁd Wil %”H%ﬂpg{u@heén'mn@n ttﬁgﬁ( from_that of

recei ved “si tha peak a I"ower
othes smanng ob%@:ts,sthee@(mt\te!ﬁ UWBemghaleshobldtlrmo&Wt mshitored. A

Hﬁltn%h'Bo%da@s%rﬁs mos?%A’l)JWB glgnAq1 arg& Iso blocks most of the energy
of the UWB reflection from the wall 9. Thus, if there is a human body 21 in this
direction, the received UWB reflection signal 33 will be very weak, and

typically smaller than the common case threshold.

The embodiment assumes that there is a human body 21 blocking reflections
in this direction whenever the IR sensor 17 detects a warm object and the

amplitude of the reflection is smaller than the common threshold £ .

Note that the human blocking may affect several neighbouring sectors,
namely the IR sensor may detect this human body blocking in several
sequential sectors (shown in Fig.3 as m-2, m-1, m, m+1, m+2). For all
sequential blocked sectors the embodiment uses a reduced threshold &, ,

given by:

£ =ald,, — A, )+ 4, 2)
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where AP is the maxi mum signal anplitude (after

strength conpensation) in all sectors and during one

conplete rotation of the antennas, Amis the average

signal anplitude in all sectors and all tinme (after

strength conpensation), and 25 a is a constant (0 < a

<-1). However, referring agaifpto Fig. 1, when the

di recti onal antenna(s) are directed to the sector m

(where mis an integer in the range 1 to M which 11

contains the normal direction to a wall 7, the IR

sensor 17 detects the  presence of a human body 21.

Wherer dnsisi ednakimun gignal amplifude {aktersstipngth qqn@pensatlon)

human body 21, and only a small proportion of RF

dhgnsaquentigh sestnrs caffeqtad oby Hhishdupmany blackingidand 4 s is the

conti nues a bea 2., This beam 32, once ref|ected

ﬁ”&FﬁQ%é'QH&] |af§P'mH§ﬁ| 'R t&ﬁc‘éﬁ%%ﬂt@'tb{‘éc‘fﬂﬂwﬁﬁcmwaﬁﬁr strength
55,@ fnall proportion of the beam passes

thr ug e” human body 21, to propagate as the beam

33 towards the receiver 15 We now turn to the

positioning algorithmperformed in the case that the

TRe fediusedshresholdEsnotelssd frdalh seetons doagh wiichtBe antennas

it is possible for the IR sensor

sect m _Not e t hat

11% %d@{%@t hacause 2R nwnegesgatilyy M%HPEQ% ofg twiugdmit much
[ sh a

e Rio B PR ARGy 1ihenfpuch fbtechih:

recei ved UMB signal is continuously rmnl tored A

human body absorbs nost of UWB signal, and al so bl ocks

Wiken tiie UNéBasflectionlis bidckduebydBuman eotly othef refiattidrefrom the
wall 9. Thus, if there is a huan b0d¥h21 in this

Nalogen e Uy wealei 9ag) qcmmr@ & Mitho thes itigiyareflgstion | from the
PO P BBl tnd WOl bonp el Sen) AR AGHEAT i case

therembnstiypent. mayoperiforn il%fraegmgonthszdlréoilohrﬁostest the dlstance
grgngg 'egﬁal\r"\r{haﬁ'geﬁ/o%{y tth>1 ethIeRde%%éso sing ?I'?ltse%haltlona |rr1?ormat|on
estimated effects of the UWB reflection from the human body can subtracted
from the signal received by the antenna 15, and so be neglected in UWB
distance and angle estimations.

Note that processing described above (in the case that the embodiment has
determined that a human body is present) might generate a false (pseudo)
reflection when there is a human body in a direction sector but no object
behind the human body to generate reflections. This does not matter because
the positioning algorithm used in [5] can ignore it. This is because the false
reflection will not correspond to any of the reflections from the objects tested
when the apparatus was at the origin point, and hence will be ignored.

If the UWB reflection signal is strong (larger than the common threshold E

the embodiment deduces that warm object is not human body. In this case,
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anplitude of the reflection is smaller than the common
threshold ~,. Note that the human bl ocki ng may affect
several nei ghbouring sectors, nanely the IR sensor
may detect this human body bl ocking in several 25
sequential sectors (shown in Fig.3 as m2, ml, m
mtl, m+2). For all sequenthé bl ocked sectors the
enbodi ment uses a reduced thréshold 4b given by: ~b

= a(Apb - Anb /+ Anb (2) 12 where APb is the maxi mum
signal anplitude (after strength conpensation) in the
sequenti al sectors affected by this human bl ocki ng,
H?ﬂjre lﬁgﬂpa proeess:iee aagle andjdistangepestimatonsiwilhiee carried out in

conpensa | on% ﬂfﬁ‘%ﬁ%%c‘@%t@%&‘ﬁ{ hfé@%g{\gaggeme%sed in

all sectors through which the antennas 13, 15 rotate,
because an unnecessarily low threshold will admt ruch
Noteerthet esiveei ther embodiyserdmused thef UYEBt Isignals to make a

ABIRERNE0 O s Hes ) SR arkr BbigGT i LG RRdY Genet, tis
1518 tO inteirst m?nmeén@@apﬂ%%lf@cwutlh éngﬁa&'ran%b%lt would be

reflection from human body, althou
fIBU@'SP hardes th*ﬂ@”dletﬂWBeblo@klnGctaSUﬁs ofnIR hiasgirgsand positioning

n r Ln this directi
W "5 SRR OF e SRS 2h ik Subhci bR, Sfamals,
udmamgetdm IR sigdlal harayl pasyesrtAriu 1gwra himapSiddyat ed
effects of the UMAB reflection om t he hurran body can

subtract ed fromthe signal received by the antenna
and so be neglected in UWB distance and angl e

-@Eﬂ | AT . explatedh aboyeo s Inedifiieg cthebermaﬂkmmeg ( algorithm
de¥erib8§ 5n (B LdMfinfaimidad! i Jf.a§tart|ng from an initial state 51, the

apparatus first scans the antennas 13, 15, 17 around itself, typically with all
three being directed in the same direction at any given time (step 52). In step
53 the results are compensated using the compensation factor shown in Fig.
2(b).

In each sector, in step 54 it is determined whether the IR sensor has detected
a warm object. If not, the common threshold is used to process the received
UWB signal for this sector (step 55). If so, the process passes to step 56 in
which it is determined whether the received UWB signal is weaker than the
common threshold. If not (i.e. the warm object is determined not to be a
human body), the process again passes to step 55. It is to be understood that
steps 54 to 56 are performed in turn for each of the sectors.

In the case that a plurality of sectors were found for which the determination in
step 56 was positive, the embodiment in step 57 uses the UWB reflection

amplitudes for those sectors to obtain the reduced threshold &, from eqn. (2).

If there are two human bodies at different angullar positions (each indicated by
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20 determ ned that a human body is present) m ght
generate a fal se (pseudo) reflection when there is a
human body in a direction sector but no object behind
the human body to generate reflections. This does not
matter because the positioning algorithmused in [5]
can ignore it. This is becausF the false reflection
will not correspond to any of'%he reflections fromthe
objects tested 25 when the apparatus was at the
origin point, and hence wll be ignored. If the UAB
reflection signal is strong %{a(ger than the conmon
tehrseEiRs| af sectorsnid avdtichiitheniR ign@leindicates warwaonj bedy) the

OB e, oo Bl pBROGE 1€ CHBacn of e

GRdided out in the same way as in the case that no

war m obj ect was detected. Note that since the

enbodi nent uses the UMB signals to make a 5

determ nati on about whether a given warm object is a
Hoparalieb iy siep otin stap §8 thebembodinmentarsasdR tanging to determine

IhERls i iR warnfiohicd Rkffied S cchingolaayt [lghiscne
lemisadigient uses! tHeringedd i dadtulateViRttUWEEreTiaetish Aefbetied to
i}'réot her type of signals, such as UAB signals, because

"eREYEE{Eam Rhumgn pady & this distance &_ﬁlﬁﬂ_@mm@ﬁﬁhaUGstimated
SO Ve U SR AR ReR R e e 38, e ehoea

icorrectpd récelbedrdigmal. from an initial state 51, the

apparatus first scans the antennas 13, 15 , 17 around
itself, typically with all three being directed in

1M SteTPEE, tHb PphtrAls i%eértWe ﬂir&%bl& idB‘Faiﬁé& %Pstg%%% ?}é'tg process

step 15 53 the results are conpensated usin
therpeitected saceixed signshdarobtain Rirgindicatibh of the esfleiction from the

t. [ ep 54 it is determ ned whether the IR
é‘%ﬁé@?hﬂ &acgéert ect ed

Thus, in summary, in steps 55 and 60, the embodiment identifies the
component of the signal received by the antenna 15 which is due to the
reflection from a fixed object. Step 55 does this in the case of sectors for
which there is no warm object (or a warm object which is identified as non-
human), while step 60 does this for sectors where the presence of a human
body has been detected.

Using the data produced in this way for all the M sectors, in step 61 the
embodiment estimates the distances to the walls 5, 7, 9, and the angular
positions of the walls 5, 7, 9 (i.e. the angular position around the apparatus of
lines which are normal to those walls). This can be done using the method of
[6], for example.

In step 62, the embodiment uses the result to obtain an estimated position of
the apparatus. This can be done using the method of [5], for example.



a warmobject. If not, the common threshold is used to
process the received 20 UMB signal for this sector
(step 55). If so, the process passes to step 56 in
which it is determ ned whet her the received UMB signa
I's weaker than the comon threshold. If not (i.e. the
war m obj ect i s determ ned not éo be a human body),
the process again passes to ep 55. It is to be
understood that steps 54 to 56 are perfornmed in turn
for each of the sectors. 25 In the case that a
plurality of sectors were found for which the
determination in step 56 was positive, the enbodi nent

18514 B g PR T g T sl i

enay bé@)erforﬂntedtmroam@ug éwthmne@éMh@Sa@arﬂﬂuEf@tr@ﬂ&lated

angul ar p03|t|ons each indicated by 14 a series of
Jrretatadwni ch the IR signal indicates a warm body)
the enbodi ment cal culates a different reduced
threshold ~b for each of the bodies. 5 In paralle
tﬁdtrngh dnfy aisinglé embidiimbat efthedhventionusesbééh Hasgibd in
H% Etern1ne I he di st ang to 115 war m obj ect
cletal mansyvariations arapossible Withindhe;sgpe of e invention as will be
Qﬂggqb@ﬁgmkgﬁﬁ%d%pe range to cal cul ate what UWB
reflection i's expected to be received froma human
body at this distance, and renobves that estinated
signal fromthe signal actually received by the
antenna 15, to produce a 10 corrected received signal.
In step 60, the apparatus uses the threshold obtained
in step 57, to process the corrected received signal,

to obtain an indication of the reflection fromthe
wall in that sector. 15 '
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Thus, in sunmary, in steps 55 and 60, the enbodi nent
identifies the conponent of the signal received by
the antenna 15 which is due to the reflection froma
fixed object. Step 55 does this in the case of sectors
for which there is no warm object (or a warm obj ect
which is identified as non 2q human), while step 60
does this for sectors where tHe presence of a human
body has been detected. Using the data produced in
this way for all the Msectors, in step 61 the

enbodi nent estimates the distances to the walls 5, 7,
9, and the angular 25 positions of the walls 5, 7, 9
(i.e. the angul ar position around the apparatus of
lines which are normal to those walls). This can be
Refsrensesg the nethod of [6], for exanple. In step
62, the enbodi ment uses the result to obtain an

esti mated position of t he apparatus. This can be

: 30 ,. -

Hdmnyder Ravich. nRayul-eslie) B3 Melisk Briagenh:entagrated pesifioning
b ] . equence of steps shown

?#@f’g&”‘ﬁ%@g‘j'b?%?‘%@?ﬁgﬁgﬁ‘ﬁodi cally, and/or

whenever the apparatus is translated and/or rotated.

S8} AlkaBt i By diPafa SeRIc A SRl e o g panetnod

BAE Sy Slefn HrBof? UBDHAENE6PY e i nvention as will be
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i ngapar t [ o 140-9. 17 .
& o e goraRb 1P REtinG e din GOstio Wtingssedion having 2
phsality ofi plértaniRF-aighabreflectiy bodndarial, i@ bppairadliis BOMPABINg:
RF- si gnal {,efl lgive boundari es, the apparatus
con‘prgﬁ’ﬁﬁ.'onﬂelﬁl U@PECRIMET: RF transceiver; 5 an IR
Sensojp IR deflsdli on mechani smfor rotating the RF
transcei ver and |R sensor though a series of angular
posi t adatatientrhéchanisrarfgutadatingathgeRF drmhsgeivepand SRIsensor

rranged to recejve éci?/%..first data fromthe RF

QB pelss of dauiak posiions withia A angUlftianiareangy  he

RF tranpse6dsser aftangas o pécdilie (i?ﬂ&?‘ HéLa fri!n& tﬂ%jklf tAhSceiver
and (ii) second daf'a indicative of the radi ation
F‘QB‘(AW@@“RF sigpalspeseivedby tha®RF trapecdivemataeach of the angular

i-t 1 OQL @G iyt i:0g. th LSt dat.a to esti e
PREtEAL BT B3 RBhl oo UEhAE W bR retBliPa sPesied R the IR
semsoesand td petfoen asisitibring areithrh wsimpinelfirsh@ata to estimate

osi ti oni nfg L ,
e position of the apparatus within the region,
the processor further being arranged to modify the positioning

algorithm in dependence on the second data.

2. An apparatus according to claim 1 in which the processor is arranged
to identify a warm object and extract distance information from the second
data, the distance information being indicative of the distance from the
apparatus to the warm object.

3. An apparatus according to claim 2 in which the modification includes
removing from the first data a component due to reflections from a human
body at a distance from the system indicated by the distance information.

4, An apparatus according to any preceding claim in which the positioning
algorithm includes:

(i) for each angular position, determining whether the first data
indicates that the RF transceiver received a reflection from a boundary at that
angular position, and
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al gorithmin dependence on the second data. 15 2. An
apparatus according to claim1 in which the processor
is arranged to identify a warm object and extract

di stance information fromthe second data, the

di stance informati on being indicative of the distance
fromthe apparatus to the M@§n1objept. 20 3. An
apparatus according to claim2 in which the

nodi fication includes renoving fromthe first data a
conmponent due to reflections froma human body at a
di stance fromthe systemindicated by the distance

i nf or HRATPTHChoangulanppsilions: gbtaning istaneg data imdicating the

[ AL RN " iid.0nkRg | gorithm
@%ﬁﬁge@%% ib)%hﬁg?&eog@ﬁﬁgﬁg%?%m%%f!et%ﬂéﬁ: ar&(@t erm ni ng
whet hgii) udimg fher etistaﬂ?teedata ﬁd'ddh@ esrrf’elaptbndihg aﬂl@glar postition, to
transcejver receiyv a reflection froma boundary a
?ﬁgt‘ateéhslﬂoéft%ﬂd%fitﬁ?é‘ﬁpaé%s ythin the regiorsuch angul ar
positions, obtaining distance data indicating the
di stance of the boundary which caused the reflection,
and (Aniappasatug acberding toaclaim ddn avhicht steipe(i) of the positioning

RIS, BoAt o ks 2 s TartST slghahwnishoare gpove a
frsbthireshiid 28R tHY madifieafibRinBididg redlicy thEFRstthtestold to a
the_positioning algorithmincludes idéntifylng peaks

mAdified thessheld Bespgetaf angular rasiticnsdoewhichf thestecond data
HUERRYRL D ool RF sidrel afF oL B el e Plimahchooy.
angul ar positions for which the second data

6. An apparatus according to claim 5 in which the modified threshold is
obtained based on the respective amplitudes of at least one component of the
received signal at a plurality of angular positions for which the second data
suggests that the received RF signals are partially blocked by a human body.‘

7. An apparatus according to claim 4 or claim 5 in which, if the first data
indicates that, in respect of a given angular position the received RF signals
have an amplitude above the first threshold, the positioning algorithm is not
modified in respect of that angular position.

8. An apparatus according to any preceding claim in which the processor
is arranged to modify the first data to increase the amplitudes of RF signals
received by the RF transceiver with increasing echo delay.

9. An apparatus according to any preceding claim in which the RF
transceiver comprises an RF transmitter antenna and a separate RF receiver
antenna, at least one of the antennas being a directional antenna.
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10 suggests that the received RF signals are partially
bl ocked by a human body. 6. An apparatus according to
claim5 in which the nodified threshold is obtained
based on the respective anplitudes of at |east one
conponent of the received signal at a plurality of
angul ar positions for which the second data 15
suggests that the received RF"signals are partially

bl ocked by a human body. 7. An apparatus according to
claim4 or claim5 in which, if the first data

i ndicates that, in respect of a given angular position
t1fe r Aveapparakrs aceprding totanyeprenedingldaiodia vatniok ¢he RE

Hsisbolf E3BuSes B g8 HrkbOha i 5t whidRaperdtes y e
aiisiontassa rapdmittaranténrenind® b8 GLRicBind aht8nha, Whi ch

the processor is arranged to nodify the first data to
i ncrease the anplitudes of RF signals received by the

tr ner =\ .
Aoar A aoaEhechrBO1E Sny Mo Beig Rl in oG d e
tla@se€ivet iscarsaregecktto emityWBgsulses.RF transmtter
antenna and a separate RF receiver antenna, at |east
one of the antennas being a directional antenna. 19
49. An ﬁi@ﬂﬂfoﬁfdf‘%e?&%ﬁﬂgriﬁegﬁsﬁm dfraﬁcggﬁé}ﬁtu%l Wittih'd region
whi ch the RF transcel ver conprises a single
tiavisgta phuality of Rmsignal refiecte bowrsdariest theeapparatus on
m% | 1Ismtter antenna and as a receiving antenna. 5
ﬁ A'%n paratus according to any preceding claimin
whi chatdieediibnat REN&fRcEREri S arranged to emt UAB
pul ses. 12. A nethod for determ ning the posi tion of
an appBrBtseNs@ritanth a region having a plurality of

- RE- ST anBtatof mEEAANEMIBH PStALNG e RPGrHRRENEL %Rd R sensor
conpr rsing:

though a series of angular positions within an angular range; _
the method including performing a positioning algorithm performed on
first data indicative of RF signals received by the RF transceiver at each of the
angular positions, to estimate the position of the apparatus within the region,
wherein the positioning algorithm is modified in dependence on second
data indicative of the IR radiation received by the IR sensor, and to perform a
positioning algorithm.

13. A method according to claim 12 including identifying a warm object and

extracting distance information from the second data, the distance information

~ being indicative of the distance from the apparatus to a warm object.

14. A method according to claim 13 in which the modification includes
removing from the first data a component due to reflections from a human
body at a distance from the system indicated by the distance information.
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a directional RF transceiver; an IR sensor; and a
rotation nechanismfor rotating the RF transceiver and
IR sensor though a series of angular positions within
an angul ar range; 15 the nethod including performng a
positioning algorithmperformed on first data

i ndi cative of RF signals recgw ved by the RF
transcei ver at each of the gul ar positions, to
estimate the position of the apparatus within the
region, wherein the positioning algorithmis nodified
in dependence on second data indicative of the IR

A&di ath Bethet ascardingytorany ofielaims b2 to 44 dn whighethieopasitioning
%Q%d}ﬁﬁglehgmb g. algorithm 13. A net hod according to

'’nc ud| ng identifying a warm object and
ext r agt) forgeatrsamguar p@élﬂém&let@mﬁ r?"’Whé‘meii ﬁ?@ﬂl%t @éfa’i
i C

ormati.on e|n ative of
i GealRs Rk B GaRBgalv e soNe0:A ilestion oot A brsndary at that
ERGIRY pdeftidhdhpg to claim 13 in which the nodification
? g% remmoving fromthe first data a conponent due

t o r ei(li)dOt suets ahgalar positions, obiaidingadistandesdata deditating the
mlndlctedb t he d| tanejnformatlon 20
f Hlf‘\ F’@%ﬁﬁ’@ 8pdio 14 in

V\hl ch (mﬁ@smg?zhé Uﬂ;‘i‘érﬁ}ﬁé d&tastd fh'é%drﬂ%ﬁ:%ﬁﬁrlg %r?%uléloﬁo?tions, to

each u osition, determ ning

gstimate &\ﬂ ofithe apparafmstwithis dfes vegion.ecei ved a
reflection from a boundary at that 5 angul ar
position, and (ii) for such angul ar positions,

dBt ai A mgtrdjdsacanmaln@&b%lalﬁmEﬁiWHE:htd’dép @ bﬁirﬂ-;nﬁé’sﬁémng
F oundal g whij ch caused the refl ection,

algorithm includes identifying peaks in the reflected sugnal WhICh are above a

first threshold, and the modification includes reducing the first threshold to a

modified threshold in respect of angular positions for which the second data

suggests that the received RF signals are partially blocked by a human body.

17. A method according to claim 16 in which the modified threshold is
obtained based on the respective amplitudes of at least one component of the
received signal at a plurality of angular positions for which the second data
suggests that the received RF signals are partially blocked by a human body.

18. A method according to any of claims 16 or 17 in which, if the first data
indicates that, in respect of a given angular position the received RF signals
have an amplitude above the first threshold, the positioning algorithm is not
modified in respect of that angular position.

19. A method according to any of claims 12 to 18 including modifying the
first data to increase the amplitudes of RF signals recelved by the RF
received with increasing echo delay.



(ii1) using the distance data and the correspondi ng
angul ar positions, to estimate the position of the
apparatus within the region. 10 16. A nethod according
to claim15 in which step (i) of the positioning
algorithmincludes identifying peaks in the reflected
signal which are above a fir 4 threshol d, and the
nodi fication includes reduci the first threshold to
a nodified threshold in respect of angul ar positions
for which the second data 15 suggests that the
received RF signals are partially bl ocked by a human

[28dy. Al meihode@isoadrding dodany afoclaimbni26toi A9win ovhichethe RF

i fi hal o bt ai ned based on the
?P 88@g5&gb§%ﬁgéﬂggip%?e%t | east one conponent of the
received signal at a plurality of angular positions
for which the second data 20 suggests that the
received RF signals are partially bl ocked by a human
body. 18. A nethod according to any of clains 16 or 17
in which, if the first data indicates that, in
respect of a-given angular position the received RF
signals have an anplitude above the first threshol d,
the positioning algorithmis not 25 nodified in
respect of that angular position. 19. A nethod
according to any of clainms 12 to 18 i ncl uding
nodifying the first data to increase the anplitudes
of RF signals received by the RF received wth
i ncreasi ng echo delay. 30 21 20. A nethod according to
any of clainms 12 to 19 in which the RF transceiver
transmts UWB pul ses.



