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Positioning is a common requirement for many applications such as robot

control, fire fighting, and entertainment_. Many conventional methods for
determining the position of an object are based on external reference points
such as those described in US patent numbers 6,707,424 and 6,646,596.

The reference points may be active, such as a transmitter or receiver, or
passive such as a reflector. The position of the device may be calculated by
measuring the distance, delay and/or direction from the reference point to the
device. Whilst these methods for determining the position of a device may
perform well, the requirement of pre-setting the reference points is not
generally convenient and may even be impossible in some situations.

Many conventional methods use a transmitter/receiver device in conjunction
with at least one active/reflective device situated at a pre-determined position
as a point of reference. Frequently, a system is pfovided which is capable of
monitoring its own position relative to the active/reflective device, and this
system is attached to the object. The best known of such systems is the GPS
system, using satellites.

US patent numbers 5977958 and 6054950 describe methods for measuring
time-of-arrival with ultrashort RF pulses (UWB) transmitted from a transmitter
to an array of receivers. Despite the differences in technical details, both
patents require devices at pre-known positions. US patent number 5977958



+2 uses four receivers for its 2D scenario and US patent nunmber 6054950
needs at | east four receivers or beacons for 3D applications (these
receivers or beacons are here terned "explicit references"). There are
other simlar technol ogi es which are based on angles of arrival of received
signals instead of their times of arrival. In such technologies, nultiple
references are needed. Again, the problemwth this type of systemis the
requi renent for references at pre-known positions, which increases the
nunber of devices needed and introduces difficulty in setting up the
systens in certain situations or surroundings. Furthernore, such systens
require direct line of sight (LOS) between the transmtter and receivers,

and the perfornmapce decreases..s ly in th e ere L i ot
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transmitter cause the set of reflected paths to differ, so the received signals
constitute a signature of the position. The determination of the location of the
transmitter is based on a set of pre-calibrated signal covariance matrices
corresponding to possible transmitter locations. However, the uniqueness of
the signature is, in principle, not guaranteed and sometimes leads to large

errors when the multipath features of one location are similar to those of other



+The *'signal used for the distance and direction estimations in a preferred

enbodi nent may be, for exanple, narrow band radio frequency (RF), ultraw de
band (UWB), ultrasound or infrared signals. A further advantage of one or
nore enbodi nents of the invention is that the position information may be
calculated in real-tine. 4 According to a first aspect of the present

I nvention there is provided a systemconprising: a transmtter for
transmtting signals in a nunber of direcgions within a range of
directions; wherein the transmtter conprises a first rotatable antenna; a
receiver for receiving echoes of the signals fromany direction in the
range; wherein the receiver conprises a second rotatable antenna, the first

antenna bein ni p I he ;second ant enna: . and a processor
for processi %chg{aﬁgg'r e%@'%ﬂj\]/ée{rg?%g h@g t?%é i"\'/éﬁ'gcﬂ%q@g_t 3 'pr%s%rrﬂiﬁg%?ﬁ ve
of the di st aapplicftionhandysbase-stationds squiridefof &6 limpldnvéntatibhaces and the
direction of the one or nore reflective surfaces relative to the system

wherein the g\r cess d to determ ne the position of the system
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reflective sitslamationrwitiesutithe neetiof exterhahreferences, by using a north finder, an
inertial measuring system, a velocimeter and an odometer. Such systems are
very convenient, but the calculated position may not be sufficiently accurate.

In view of the foregoing problems with conventional methods and devices, a
need exists for an easily applied self-positioning method which does not
require the pre-setting of external reference points.

Summary of the Invention

In general terms, the present invention proposes a method and system for
determining the position of a device by transmitting/receiving reflection signals
to/from surrounding objects, and calculating the distances to the objects and
the directions of reflections so as to determine the position of the device itself.

An advantage of a preferred embodiment is that there is no need to pre-set
external references to obtain the position of the device and the method and
system is thereby reference-free and self-positioning. Also, there is no need

for training the system to enable its operation nor to include a database or
floor plan in the system.

The signal used for the distance and direction estimations in a preferred
embodiment may be, for example, narrow-band radio frequency (RF), ultra-
wide band (UWB), ultrasound or infrared signals.

A further advantage of one or more embodiments of the invention is that the
position information may be calculated in real-time.



In a preferred enbodinent) the first and/or second antennae conprise one or

nore mechani cally rotatabl e antennae each havi ng an associ ated beam pattern
gain associated with a beam pattern, the system further conprising one or
nore electrically rotatable antennae, wherein the one or nore electrically
rotatabl e antennae are arranged to be rotatable by varying the gain of the
beam patterns) of the one or nore nechanically rotatable antennae.
According to a second aspect of the presest invention there is provided a
met hod for determ ning the position of a systemconprising transmtting
signals in a nunber of directions within a range of directions using a
transmtter conprising a first rotatabl e antenna; 5 receiving using a
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pattern, the receiving step further conpri'sing receiving signals usi'ng one
or nore el ecffirstcartenna beigamiechamicelhnheeupigbledothe getbrd gatennaf, ande beam
patterns) of the one or nDre mechani cal 'y rotatable antennae. In a further
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Figure la is a _schematic djiagram showi ng a directional antenna and Tts
indicative of the dlstance of the system to one or more of the one or more
reflective surfaces and the direction of the one or more of the one or more

reflective surfaces relative to the system.

In a preferred embodiment, the first and/or second antennae comprise one or
more mechanically rotatable antennae each having an associated beam
pattern gain associated with a beam pattern, the system further comprising
one or more electrically rotatable antennae, wherein the one or more
electrically rotatable antennae are arranged to be rotatable by varying' the

gain of the beam pattern(s) of the one or more mechanically rotatable
antennae.

According to a second aspect of the present invention there is provided a
method for determining the position of a system comprising

transmitting signals in a number of directions within a range of
directions using a transmitter comprising a first rotatable antenna;



‘sect'ors of rotation according to an enbodi ment of the invention; Figure 1 b
is a graph of the variation of anplitude and direction of the received
reflection froma farthest object in a systemincluding the directional
antenna of Figure la; Figures 2a to 2h show a series of graphs of anplitude
against tine at various stages of processing of a received signal from
systemincluding the directional antenna of Figure 1 a; Figure 3 is a graph
showi ng a Gaussian function of anplitude &gainst direction obtained using a
non-linear |east-square fitting process and corresponding to a series of
sanpl es of processed received signals obtained froma systemincluding the
directional antenna of Figure 1 a; Figure 4 is a block schematic dlagran1of

a positioning device aq:g&;lglihggu% an %@é?\gélgggb?g% é‘hgh%gﬁ\ﬁg@%" g ure 5

is a plan view of a working drea hovmnga gto
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6 is an enl ar Vi e art of Figure 5 showi ng the positioning
devi ce accoraﬁfﬁ?r{jaoa%ﬁ éﬁ%o Fﬁé‘ﬁ% feinghempahanicaltyn ceupl %eoﬁq dhen seadngdt a
new positiongntinhgr and i s an enlarged plan view of a part of Figure 5
show ng the positioning device according to an ermbodi ment of the invention

at its origin and at a new position and show ng construction lines for
cal cul ating the new pofradessig dhe treceivedgechoes To Fdayiviee eBho Sdatassigagmt i ¢

ew of the of re 7 i ustr ting the effects of_ distance and
\d/: r\(,avct i on er ﬁ@éaeffngnq; tEf’Sﬁ‘c?té nee Pt he aﬁﬁmﬁg&veo?r Biore reaalivarsusiesesiapdi ng
area for usethd ditestiore ®?aHk GRS demeée réfet68  sUrftRRt tetitive RS e Sfstem:
Description of Preferred Enbodi nents
wherein the step of processing comprises determining the position of the
system relative to a starting position from the derived echo data signals
indicative of the distance of the system to one or more of the one or more
reflective surfaces and the direction of the one or more of the one or more

reflective surfaces relative to the system.

In a preferred embodiment, the receiving step comprises receiving signals
using one or more mechanically rotatable antennae each having an
associated beam pattern gain associated with a beam pattern, the receiving
step further comprising receiving signals using one or more electrically
rotatable antennae by varying the gain of the beam pattern(s) of the one or
more mechanically rotatable antennae.

In a further preferred embodiment, the transmitting step comprises
transmitting signals from one or more mechanically rotatable antennae each
having an associated beam pattern gain associated with a beam pattern, the
transmitting step further comprising transmitting signals using one or more
electrically rotatable antennae by varying the gain of the beam pattern(s) of
the one or more mechanically rotatable antennae.

Brief Description of the Drawings

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following Figures in which:



+The ‘'method for determ ning a position of an object such as a robot
according to a preferred enbodi nent of the invention will be described in
connection with Figures la to 9 and conprises two basic steps. The first
step is a distance nmeasurenment and direction determ nation step and is
illustrated with reference to Figures 1 a to 3. The second step is a
position determ nation step and is illustrated with reference to Figures 5
to 9. A positioning systemfor determnirg the position of an object
according to a preferred enbodi ment of the invention is illustrated in
Figure 4. Figure 1 a shows a positioning systemaccording to a preferred
enbodi nent which conprises a transmtter (not shown) coupled to a first

rotating ant ich i rotate a. full 360.degrees in a , .

subst anti al | 5@3‘2? ﬁ%ﬂ% a‘? épq%gﬁ%t%rh%g{g@@ﬁ?wm@r a; AIRCHAN ?)nﬁPEPg g its
signal s, for seetargberotatidn avédtgingaBdhn &MBbdinweritast theiiventishe refl ected back
to a second rotating antenna 3. The second rotating antenna 3 is

mechani cal ly _coupled to the first rotating antenna 2 and the output of the
second r ot at Figyreibdnmagrapnofdhe veriatian of apwliidsiane directien pf the (assived

i vi dbd 1 nt o HICChan Jrorh 4 Frt Bbiel o AEAdnAugioe dFedital flciha,”

sector m Fi giiFigute hashows the anplitude of the signal reflected back from
the farthest object 5 which is in sector mand received at the receiver. In

use, the antepnae 2, .3 yrotate through 360 degrees and in so doing take M
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by sectorm . asfener afddguneniae is transmitted, the waveform corresponding to
the received signal is recorded for an interval sufficient to recover the

mai n refl ectj r the farthest .object, in.the working. area, ILn the

di recti onal E@é%ngn%ygt gﬁ?%”hoﬁ‘})f?wﬂgﬁg{??@si@? fuﬁ"éﬁ'f’@cgf \Pé'ﬂglét}’gﬂa?gﬁ"%*m a
transnitted dibstormobtamed Qisity 28P/mon-ltead h%tisguﬁi@umﬁnaa ssf Yngeach
sanpl e, the envel ope of the received waveformis detected, “as shown I n

Fi gure 2b. TRerasRondieg Jaauserigs ehsamalest ofr processact recaiadsignglscabtairast ed,
as shown in Ei ] . ! f.the eformin sector mis ~'m
. A threshol @%{’ng@“‘vmﬁﬁﬁﬁ%gﬁgﬁﬂ%ﬁ' gnter?é‘ﬁ t'?u%i%hom in Figure 2c.

The signal is then passed to a slicing stage where it is sliced at a | evel

v + ~-m. VWeFiguréd isiablickisthemaniy diagmains of ai pusitichieg delite sotopdihgab dme
stage is zero. \Wiere the input signal exceeds the slicing |evel, tghe out put
of the stageeMboginant eftheravemtiom signal |evel . The output of the stage is
shown in Figure 2d for sector m The output of the slicing stage is then

passed to a gt bht Gkl i i | i w8l | ] ul se
Ndth 111 ter eSS, 8 plah AEW'81 ™ 3 4R Stblg 4 BRI diyied ..

I f the non-zeeeordingndd am arhkodimentdofnthesfiovention hests brigh Bnidnatvadtiew t he
out put of this .stage is zero. However, if the wwdth of the pulse is greater
than T, the 88§'ﬁ8?’ of this stage will be equal to the input signal of this

stage, as shown in Figure 2f for sector m The resulting waveforns are

st ored. Figure 6 is an enlarged plan view of a part of Figure 5 showing the positioning
device according to an embodiment of the invention at its origin and at a new
position;

Figure 7 is an enlarged plan view of a part of Figure 5 showing the positioning
device according to an embodiment of the invention at its origin and at a new

position and showing construction lines for calculating the new position from
the origin;



"After the antennae have conpleted a full revolution, there wll M sanple
wavefornms stored, as shown in Figure 2g which illustrates the anplitudes of
9 the stored waveforns over tine) the tine axis in Figure 2g correspondi ng
to the tine after each pulse is transmtted, rather than real tinme. The
stored waveforns are then filtered in the space domain in a space domain
filtering stage. A space domain threshold "s ", where 0 <s , is set for
the stored wavefornms. If at any time poimt along the time axis, the signal
anplitudes in K neighbouring sectors (which are continual |ocations al ong
the space axis) are larger than zero, and K > s , the output of the space
filtering stage at this point in the K sectors will be equal to their input
val ues. O herwi€.8 fs"@'sbh@h'faﬂb‘twé\ﬁ of¢he s sﬁ%?ﬁ Bf g@ﬁﬁrfﬁlug&aﬂﬁgt@ effects
illustrate thi's for case where s I's equa . e next st gels?
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transm ssi oneﬁfbddhﬁeMﬁﬁeLmégénttm@erﬁm,nal is received back at the

receiver, taking the instant of transm ssion as zero. The distance d from
t he object to theé)OSItlonl ng device is _given by d = cz / 2, where c is

t he speed of ion ahRieferred Embadimentsyssi an functi on of
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consi dered are denoted b +p Irection of the object may .
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distribution of the anplitudes of the reflections fromthe object. The
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for determning the direction. Figure 4 is a block schematic diagram o
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fromthe ant dovaed®ih séatokm.an object 24 and are reflected back to a
directional receiving antenna 26. The signals fromthe directional

receiving an ssed {o a receiver 28 where they are recovered
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stage 34. In the anplitude threshold stage 34, the aver age | evel of

In use, the antennae 2, 3 rotate through 360 degrees and in so doing take M

samples. Each sample consists of firing a pulse and processing the reflected




*11 the signal in a particular sector is determined and is added to a
predeterm ned threshold | evel. The conbined |level is then conpared with the
i ncom ng signal fromthe envel ope detection stage 32. The signals exceedi ng
t he conbi ned threshold are then passed to a pulse width filtering stage 36.
In the pulse width filtering stage 36, the pulses fromthe anplitude
threshol d stage 34 are conpared with a predeterm ned pulse width T and

pul ses narrower than T are rejected. The ®utput of the pulse width
filtering stage 36 is passed to a space domain filtering stage 38 where the
pul ses in a given sector are conpared with pul ses in neighbouring sectors.
The output of the space donmain filtering stage 38 dependi ng on whet her or

ot e syt gl | Ps ot St QamBiECANeShAUS, PAORES, BE SrfirGE L "

and delay estimation stage 40 if I n St o a el d

irection deahgle®) , thédiretbondl br:j‘teﬁh_aéﬁ/v@ c&%fttﬁ éér&g"@%oge@oebgz?@ggc#r%. 'n

nore detail below™ The outputs of whichever rectron a

estimation sifige ehGhqiulsdiés dahamitesd, thetwavsfomf ddirfeapbhamgiRrine fitehiege 42
is active is ed to a curve fitting stage 44. The output of the curve

as
fitting stag§%@§ Issreseedadi farcam infervat suiicient to regaven the arineflectionattdint i on,
t he out put o{hfﬁﬁh%isgs%kgm ﬁg%&%@al%%ti mati on stage 40 or the del ay
| [

estimation an rec ecl sion sttage 42, is passed to a distance
cal cul ation stage 48. The estimated direction data and the cal cul ated

di stance dat in theedipaationd! anteanaaystengishgwatinddgir@ 1) ¢he rédeiveld sigharfomnd
direction datg for .ﬁaah gﬁb' ect are]; ?rou ed in sequence. This data is then
passed to a AJASYHPALY elg'c'fﬁytti‘ﬁng SXRMBle, ag in; Higupey 2 ang fesreadke

device is cakamiphl ethe ¥AGSIOhEEOS Yid ‘?&éﬁed’m bl isIdeteltdd ]aqsefsﬂgl)g/ﬁé?u”pl &

when the antenna systemis at the origin, Irections and dela al |
maj or ref| ecFigie tected in one rotation of the antenna system are
estimated and recorded. 12 The estimated direction will be taken fromthe

tput of th i jdteri t 38, that.is, f fl tif
curbent 1y ob BTG VRIS o6 b {iholh 3 Sachisdelh s iR S8 arown I ¢ ha
is, the del aFijuse @2t i TS averagd Vasobrgd WHVefb"r‘@ iﬁisreggcfri ﬂnisiés 0)Slltf*{resholdf Com

estimated, the positioning algorithmstage 52 I ect a"direction

several knowwaldey te't (wisreas<t)ds tedreset, Bs @hdivhaa tFiguire Jdiese known

directions are directions which have already been estinmated at the origin.
The decision_cgcriterion is preferably denotable by, but is not imted to,
t he expressi Eﬁ.e signalds than passed tond sligng stagecwhketthiissliced at atevediv-ec) i on

estinmation I‘er‘,ﬂt ﬁt t.he current | ocation, and 5~k with
ere the signal is below this slicing level, the output of the stage is zero.

Where the input signal exceeds the slicing level, the output of the stage is

equal to the input signal level. The output of the stage is shown in Figure 2d
for sector m.

The output of the slicing stage is then passed to a pulse width filtering stage in
which the sliced signal is pulse width filtered, that is, a time threshold T is set,
as shown in Figure 2e. If the non-zero signal in the sliced waveform is less
that T in width, the output of this stage is zero. However, if the width of the
pulse is greater than T, the output of this stage will be equal to the input signal

of this stage, as shown in Figure 2f for sector m. The resulting waveforms are
stored.

After the antennae have completed a full revolution, there will M sample
waveforms stored, as shown in Figure 2g which illustrates the amplitudes of



‘vari'ous values of k denotes the directions which have already been
estimated at origin. Wien the systemis operating in state 2, the mgjor
reflections are estinmated but only reflections whose direction has not
changed fromthe previous position are used to cal cul ate the new position.
If there are no reflections whose state has not changed, then the system
operates in state 1. occasionally, there are several maxinum values in one
non-zero range of the space-tinme donain) @hich nmeans that there are several
objects in different directions around the device having al nost the sane
di stance to the device. In this case, there may be several maxi num val ues
found. The corresponding direction of each reflection found is estinmated
usi ng a nonl e sforé® IdveToinag '
function described aboveesf Usi géé{ E?egg%%giﬁ*ﬁgglg G\r/@bnr%]gsncgﬁggr%p?@w@c@]ons
around t he p#ha timshefigr @achdeulseyis Keansmitied; ratbler thah réml tifnet aihe sstared

di f h d
al S0 be._det oAvREAE- B R tertd 1B B Snach Homaln B seeeP e TS ey
be determ negtageN & RpeterdadarindsAsRt « Of Wi’ié’resloséﬁmié)fse'l;'fﬁ t@e”stofé’be or

more of the envel ope detection stage 32, the anplitude thre stage 34,
the pul se wi M@Nequmserifr?é anydlifee I@Int along ghe dim axisy the stgnal moplitedes BB,

the directio estimation and

di rection degii S| g%ﬂﬁi %‘g&]@aﬂﬁ'ﬁﬁg Pﬁ%ﬂnggé}b@sﬁglonghtggoqga&& 268
estimation stegtargér thtrst@rm@nda{ sul ahe%tﬁtmhé%pédéeﬂl?éri@ﬂa@@ A Ape S0
and the p03|t|on|n ?(grithm staa@ﬁSZ may be inpl enented hardwar e

and/ or sof t APt |"i\ &estass wilf r?élulﬁbdi% their dapet waloeag chQFWJSS,I thein of

he | nvent | ogV ekt Y pECITEErR; PRGRES poCqfe o) B daBhG Rl 2t ARSI cne

posi ti oni ng ageal tDSB_unknown but it is known to be a convex polygon totally
encl osing the positioning area, such as atriangle, a rectangle, or a

pent agon, exa A second preferred net hod may be used where the
| ayout of thghﬁo@? %tﬁﬂﬁg'saf éjeitg"ﬁ‘mﬂnf@\ﬁndbﬂﬁﬁqet ang ﬁmct@%@ﬁ\@chpmqigron

Vocateaoin if*é"égﬂﬁi‘i S inefTiistiibes i fajol cblderf R4 BMtMhECY, S5 Sary. e
gri gin, S(ﬁ t fram @ael’ﬂoanog\erf there lscﬂl;yegmaxumdimdﬂgmaiﬁnaaamf $@ctbr. O'Thbq.)dlhlﬁ

T t t Usi n
pr ocedur es ol FINEANEII0E 24 ot MR sy Sanghoes e iadne e ialen o
the reflectigm ﬁﬁﬁsr’ﬁ%sﬂﬁi@i‘t‘ﬁ%cbdléé)ﬂhﬁi ﬁie%iﬁﬁaﬁ igieééi\?eoo%?figgf‘the;r %%ﬁlﬁéal ues

are stored then in the device. Figure 5 sho ent agonal  posi area
60 and a postakinththeyinstantcf temsnissivadas keroei iﬁheuﬂmtanté;d ErotmmeEijleotm

posi tion def jjne i 4. The var i ous, di stanges of Qsi tioni ng
devi ce 62 frE)Hr?ﬁé] %ﬁ%rli Egg%&(%'ﬁ ?\f? Y 4T PRl aVBErS6 1S %‘é@ﬁfi%ﬁ' 1,12,
13, 14 and Is. An X-Y system of co-ordinates may 14 be defined with its
origin [0, O] Figura 3cshiovesil draphidfenGandsiahrfanttichlof BAMlitude b§sinseairé&id the

posi tioning aBtalne Lsisﬁ\gomolnnlmlt:alaglljefaest-s'quare fitting process and corresponding to
a series of samples of processed received signals obtained from a system
including the directional antenna of Figure 1a. To determine the direction of
the object from which the transmitted signal is being reflected, the reflected
signal corresponding to a group of signals in the space-time domain, the
sector containing the maximum signal is selected together with its
neighbouring sectors which contain a corresponding signal. P neighbouring
sectors are taken which occur before the maximum and P sectors are taken

which occur after the maximum, where P should be as large as possible, but
2P+1<K.



*Whert the positioning device noves to a new | ocation 66 in the positioning
area 60, as shown in Figure 5, the directions of the sides of the
positioning area fromwhich the reflections are sent and return and the

di stances 1,, h, |Ij, 14 and I5.fromthe sides of the polygonal positioning
area to the positioning device are recal cul ated. The results are then

exam ned to determ ne which of the reflections fromthe sides of the

pol ygon have the same directions as foundltat the origin. The di stance and
direction information of two of the reflections may be used to cal cul ate
the X and Y values of the new location (X and Y ). Figure 6 shows the
origin 64 and the new position 66 of the positioning device 62 together
with two sid ¥ atal h Cl

whi ch are usg?efge%tycﬁga@gﬁ ttﬁgséﬁéed\}v&g%@?:tt?gﬁﬁg@%ﬁt ﬁearxgﬁéﬁ {So(?llél'?ﬁ’gtgggé\g ce.
In Figure 6, 8,5, as$sshown amdgfiguisetiyeand dhé i centahsarighgs tofr theg Batrptesbelligh and
normal to side 68, and the x-axis; S~2 is angle between |ine passing

t hrough the @ongideretharedenetedtby 6he teiflje, 70 and the x-axis; i is the

di stance fromside 68 to the new position 66, and 12 is the distance from
side 70 to.the new position 66. As the distances and directions for the two
reflections flihendlirection akthesebjestinwy be aldtervined By, deteddining the Gaussidr? |

| 2 k h i L, . b t ] ~h = 1;: -I|, ..
o o T B oldh bESF Rt distifion Bt 966 Frapitides of e 16MRELONS nel
dli 2 hi 7 ; @ i i.al |
Fo sl do 70 R e fﬁ‘“ﬁﬁ?@ﬂ?a@f“’% uBteriited U5 d MoffBart ©
tan(,, - ~c lleastysquare fittingitachnique~ The)ngnlinepr éastSquane fitting{© a2well—c |

2) X + 012 / sgin(~=2 ; ) 5 The i nes intersect at the new

| ocation 66 g#‘e rrI‘et%%ih'é?%nivé\@emegﬁ]nceb%ﬁ%fkégp%%i POW%S't?hgoﬁe%a\’B@ﬁti on

66 is the poihttp:/frhathwceidswolfiaem.com/NonkiesrngasdtSaaaresFHfiHg htl. arFlgite & €

sol utions to_sﬁahe above t i near equations. Figure 7 again shows a section
[

I [
of the positSORWSgRRRRMYe; ofchitting e tGaussianfundion théhe@mplitedes.odnes and
the two side LehPny Iy i N t
determne t hzurg%éri (tgtfé(f)%%q Eﬁhﬂﬁ@%hg?gggﬂgé%gﬁ\ﬁ%ﬁgﬂ nﬁ%lgg%% ggg\?er{tﬁga!ingl e
a is the anglpelyrexeiabfittihgrtechnifue ity bbeiseevingtesidt dfom nbh-lineat feast-sakbre The
angle ~3 is Z.p[e a@%he. between a line 72 parallel to side 68 passing through
the origin 64"NELECARGUE-y is the angl e between the line 72 parallel to
side 68 passing through the origin 64 and a line 74 joining the origin 64

h J ; . L4 . f
to the new pQiet éstimfed éfrlrgnllamilréctm dlaﬁtthtoehﬁojéa%ﬁh bé&ﬁ@&gotthggdurg?]ﬁ‘mﬁé‘ngw

72. The distance between a |ine nornma I'ne 68 passin
position 62 geElaraEoriesperds to dhe peakiofdhe Laussiare fiikction amhis dénatedt e

di stance a; ¢ e,b. s the distance fromthe origin 64 tq the '
i ntersecti on%?%taﬁa%l lgfr@fheéﬁgc Mefs/ne ]EI‘f @?ﬁﬁ@ory' P§%bﬁwndn§-ﬁ%‘t'f@e3-bet ween
the origin 64 and a line normal to side 68 passing through the new position
66; and di st J J . . Or 4 gi nd the new
position 62. @ﬁgr g‘r‘?‘é’ﬁ%&sg]gﬁé;é@b@%ﬁ@%*@%@@%ﬁc@?a@@%ﬁa "follows , ~=9~,
-~c/2, (3) a=nl2-5~2, (4) a=A, ltanyr, (6)

Figure 4 is a block schematic diagram of a positioning device according to a

preferred embodiment of the invention. The device comprises a transmitter
20 which generates pulses which are passed to a directional transmitting
antenna 22. The pulses transmitted from the antenna 22 strike an object 24
and are reflected back to a directional receiving antenna 26. The signals from
the directional receiving antenna 26 are passed to a receiver 28 where they
are recovered in a signal reform stage 30. The output of the signal reform
stage 30 is passed to an envelope detection stage 32. The output of the
envelope detection stage 32 is connected to the input of an amplitude
threshold stage 34. In the amplitude threshold stage 34, the average level of



‘b =012 /eos~r , (7) 16 c=b-a=0d 2/cosyr-Ad,ltanyr, (8) y = arctan ~l"' ,

(9) ¢ d= cz2+0l;

(10) and the co-ordi nates of the new position 66 nay be

calculates.as follows: X' =d sin(,~3 - y) and Y'=d cos(,Q- y) (11 ) The
effects of errors in distance and direction on the accuracy of the
positioning of the positioning device, are illustrated in Figure 8. |

Fi gure 8,

four positions 78, 80, 82 and 84 show the extrene positions

n

(maxi num and mi ni mum) corresponding to tHd maxi mumerrors in distance and
The maxi num error for distance neasurenment is denoted by e, and
the maxinumerror for direction estimation is s2 . The real angle between
the two reflecting sides 68, 70 is given by ~ - (,~1-,~2) , The distance

137 % ST p afeligstrelqink i oI  fuigy es ° -

di recti on.

associ at ed wihrashold leve
assuned t hat
, it may be p _ _ _ _
a coupl e of embired tireshild afe Bedr faysdd® 4 PEIE QR

Nuneri cal |

0.1m and

. anide fcoorhinéa: leeal isotheni oombgremgviﬂf $Ige Mncdrhirigt ; 54
' [ , is, > ac

08 I OB ! Sl e o

of Snth i |y

iFfeHiFZQ‘s e 36,
y, in a preferred enbodi nent, the radius o¥ th p%?ltlom ng area
may be ar ounBulsg Widke filkasinanstags 86y the pulsiestfeoro dhewmmplitade threshpld stageound

shoul d

be smaller t

t h§4 dér{eeﬁ%BQre%r Wth TBrelStePn My plilsbBRidtd " a1 ipmég]s narrower

an
than T are rejected.

The output of the pulse width filtering stage 36 is passed to a space domain
filtering stage 38 where the pulses in a given sector are compared with pulses
in neighbouring sectors. The output of the space domain filtering stage 38
depending on whether or not the system is in a first state or a second state,
passes to a direction and delay estimation stage 40 if in state 1 or to a delay
estimation and direction decision stage 42 if in state 2. States 1 and 2 are
explained in more detail below.

The outputs of whichever of the direction and delay estimation stage 40 or the
delay estimation and direction decision stage 42 is active is passed to a curve
fitting stage 44. The output of the curve fitting stage 44 is passed to a
direction estimation stage 46. In addition, the output of the direction and
delay estimation stage 40 or the delay estimation and direction decision stage
42, is passed to a distance calculation stage 48. The estimated direction data
and the calculated distance data are passed to an arranging stage 50 where
the distance and direction data for each object are grouped in sequence. This

data is then passed to a positioning algorithm stage 52 in which the position of
the device is calculated.

When the system is operating in state 1, for example, when the antenna
system is at the origin, the directions and delays of all major reflections
detected in one rotation of the antenna system, are estimated and recorded.



‘de = 0.1 +3 ~tanC 180 ) os 1 g0/ sin ~- 2s2/ 2 =0.279 mc~
Preferably, the X and Y errors, that is the distances fromthe true new
position 6fi to the extrene error positions) 78, 80, 82 and 84 are snaller
than de . O her reflections, which satisfy the angle requirenent, that is,
where the angle between the two reflecting sides 68 and 70 is ~ ~c 14 , may
be processed in a simlar manner to calculate X and Y which are the
co-ordinates of the new position 66. The1orrespondi ng values of X and Y~
may be averaged for all pairs of these reflections. Note that the direction
estimation is only perforned at the origin ("state 1" in Figure 4). Wen
the positioning device noves to a new position, is only necessary to
determ ne wh e (o is
may assist 1 St AeOcAEACRChICe Bich e, tﬁ%?t@pétost e stage ined

nmoves from t fikening sfiaget38, dhatds; ﬂumsureﬂectlortstmjrre&'ftlblmﬁtamed from sonme sides
may di sappear and this may be due either to the beam bei ng bl ocked or the

le b h that ,th fl ected t the d
Rooever . ooni AowbVEr thd SubtBin B oskraiig in |Salan it haReadlay B esimatachu:
Therefore, taﬁdsné%bﬁﬁd %uﬁﬂﬁé‘lﬂn%c%n%eérﬂ?rﬁé?ﬂtétaﬂ lﬂ’té’?ﬂsﬁ%nﬁﬁ %[?g?orltﬂ S O

situations. Figure 9 illustrates the altefnative netho
system i n whbtaget & avill sselectief i dieattipol Wﬂh savenald mbwrpa:htaotnons ngs athea to

d 6 h
Poget her vt Reterirlied nsiBn . Fnend i AGGBRS drsePireeuidtis, snich diave ™"
progresses anheady teenaesimatet- at ithe dridis. tmﬁe%écgslan%itehan IQ' ﬁre?ér’aB%“ on,

it is possible that none of the refl ections received some of

| ocati ons wi Aenpiable byndutdsrpotiimibed tathaexprassign:r ef | ectl ons at t he origin
64. 18 The position nmust therefore be determ ned step-by-step, that is)
the current position j.s determmped by the position of the last |ocation and
the direction and%ﬁ%’%%fhcé"ﬂﬂﬂ@r‘e%ﬁa bet ween this locations and the
current |location (for exanple, location 1 and location 7 in Figure 9). For
exanple, if the device 62 noves fromlocation 1 to location 2 to |ocation 3
to |ocation where @ limtres divection estimatism essultsatsthevaurrdritQodatiot, aPfas 91 Wéth
(location 1 ) will be fixed as the origin. Distance and direction
estimations Varonsvalussiof udetiates the dicections| whibk héetetirdatigcthdert 8stimated and
t he val ues re ok ded. The x and y axes are defined at this point. Based on
the | ocation®o?™¥He start point, it is possible to build a 2D-axis (X-Y)
system As the device noves, di stance and direction estimtions are nade
peri odi cal | ywnhér thd badt R Skl & may
be assuned that t he gﬁf‘?ﬁﬁ%@ﬁ? |g?)rr1ts§t %Pe?stﬁf fi {3 e\rltvt@fléd'qﬂsaé% %%té eetd SO
that nost of buh@nhefretiestians M\O@ﬁedmeﬂqru|ha5cnobrmtamgeddfr9nanbespre:|musot

change suddep} ti result, that is to say
there is no Eu%lltléﬁ]egnra ﬁi: ch'r% @Q @A%P&thno He%es%rﬁppprf hf”B‘(‘%{'ﬁ on,
it first scamhoseastatd Has mtcmangedftbfeﬁ&he%lvswme erdtbginf sfdteqtions it

recei ves. From this information, it calcul ates the increases ~1X and DY

bet ween the w_and lly 3E?I ocation u5| ng, the reflections which have the same

direction as ﬁat'OPﬁ r&s 3R $eYR5al MmN . vatugs iBxengnen-zero rarge of the
co- or di nat esgghcd-fifhd 88Ma?Shich m@bRs iﬁﬂf)g{lfe(iiebé'rtexge %%I Bgfe:&ts Eh differpnt

co-ordi nates of the new position are
remai ni ng r efliregtidnsnarountli thie device diatihgraintostiithe saimendistarmi tharedeeitect ed
at the | ast ﬁ,]a I|n Ioc él on, are consi dered as, nutations and are not used

at this |oca %S%t oD e P SRRl MNBYIMYM e yalugs ofguad: s drhe
bl ocki ng by B@tfﬂ@épdlﬁilﬁ‘@fdlréc%ﬁrdfﬁébé’rﬂ réffedtlon fdtind®id b8fimatés TUskif & fion-

recorded for L
linear least square fitting technique with the same Gaussian function

described above.

Using the above procedure, the major reflections around the positioning
device may be determined, and the distances and directions of the reflecting



*19 possible use at the next |ocation. The above procedure is perforned at
each location as the device continues to nove. One or nore enbodi nents of
the invention may be utilized in personal devices for real tine
positioning. As one or nore enbodinents of the invention do not require
preset references or training processes, they are nore conveni ent and

fl exi ble than conventional devices requiring preset references or training
processes. Various nodifications to the eidbodi nents of the present

i nvention described above nmay be nade. For exanple, other conponents and
met hod steps nmay be added or substituted for those described above. Thus,
al t hough the invention has been described above using particul ar

embodi ment s) objdey fioah e beBRioAl ' Ishhy e the clai ms,
as will be cl g}aiir&j to the s'pk_i_l I _ec@rg%ﬁéér! m% ?ﬁgmé"g%&gpﬁ,ﬁé@; F?%Wl{ﬂﬁges Sit
and scope of PPAEONOf e positioningadesiice may bie détesmirteein conpri sing: a
transmtter for transmtting signals in a nunber of directions within a

f di ' ; ' t i tt i first rotatabl '
intonna: a ricd BRTered o bty GCRECLIBM oL HawReds onect marscet 88 | on

in the rangeenwlepei detebtion @@gyesz,qﬁépém?ﬁmd@ ﬁﬁéﬂwdrﬁhgéa@i Ct iy
chanically couplable to the second antenna; and a

the first ante .bei ng , ne
processor f oW"ﬂB%ﬂt@gEg%ﬁ"@%@Gr theppece demeinfitering:siage 38;Hbe dtitestion gmal s

i ndicative o ' { o[ te reflective surfaces
and the di regﬁagﬁeég'f’ﬁét@?r@%o%@'%%&élgweggﬁ@ns?ﬂﬁggg{'c?%F&Pls\'&n ftadene
system wher é2ntheeupve ditirprstage a4, ahgediréstioebetimianen td18q8 46 t iRfarmde t he
systemrel ati v& %(t) a stt artj'r g, position fromthe derived ec%o data signal s

i ndi cative of?FPHEUGNS33HEE é;f thenarrapgingnstiageo@ and the ositioning afgorithmmor e

reflective sgiaghadsmand ' ' e .of the one or nore
refl ective surfaces rgl ﬁmg%&?%desgggf%%%ﬁbzogé%@ CIOAPHARESPH ¢l ai m
1, wherein the processor further conprises a store for storing data

i ndi cative of Wehaeihedanefe dletertiningethe qosition tdfe they ositiorih@t devecd Oarene or

f th ' f 3. di | ai
T wher ei nt BoReSed Hckafding 0, blcTefiH, BhRigimants, 2 16! Ivanhonat Mngirsiat .
the rotati ngpredemedaneihodi Magebe iuted WharTReS Ié%fou‘ie&tﬁhsg?éiﬁ@niﬂéaér%%isglr| y

bei ng arranged to process, the received echoes I'n each sector se
4. A system %’gﬁlﬂ”m Rt B ® &newn, tawke e reanvexr polygoer tataliyprérrtsiag the

envel ope ce! G6ditiofing R85, §adh Qgtaeﬁf?bg%eggee@%’rgé{gf) §r 3 pertagon, for example,

corresponding to eath o e recel
A second preferred method may be used where the layout of the positioning

area is unknown and it is not a convex polygon.

With regard to the first method, initially the positioning device is located in the
centre of the positioning area, which may be regarded as the origin, so that
each side of the polygon will cause a reflection to the device.

The positioning device may be oriented with a compass. Using the
procedures outlined above, distance and/or direction estimation values of the

reflections may be obtained from all sides of the polygon. These values are
stored then in the device.

Figure 5 shows a pentagonal positioning area 60 and a positioning device 62
located therein currently situated in a position defined as the origin 64. The
various distances of the positioning device 62 from the sides of the positioning
area 60 are denoted by I, 1,, 13, I, and Is. An X-Y system of co-ordinates may



'21 5. A system according to claim4, wherein the receiver further conprises
an anplitude threshold stage couplable to the envel ope receiving stage and
arranged to slice the envel ope of each waveform correspondi ng to each of
the received echo signals at a reference level relative to an average | evel
of the received echo signals in selected a sector of rotation of the first
and second antennae. 6. A systemaccording to claim5, wherein the receiver
further conprises a first filter coupl ablig to the anmplitude threshold stage
for filtering in the time donmain each sliced waveform 7. A system
according to claim®6, wherein the receiver further conprises a second
filter couplable to the first filter to filter in the space donmain each

sl i ced wavef gerddfinadewrp itsn i i ‘ T ’Q ac

domain the refl ected siﬂgr:!gl gﬁggc[gf iggé)ltaghtaﬂgmr%ea?' Q%ﬁg'%&lé 3E3ﬁ30ﬁ1%i ch
each signal ®@Rtre of thespesitioning aseacasistiown ém Figavé 5y an output. 8. A system
according to claim7, wherein the receiver further conprises a Gaussi an

fitti t i ni . ' f ti fitting.t ce domai
{11 ered out pio {5 PRI AvER PRE o ‘beybenlion & in ip Hostioning 5)
wherein the @ms6DaassHoWmMin Figiee S1aheTdiierfions JPae Hidé bi' B bBRitbhIg "9

the space domain_filtered OUt@Jcté' fromthe second filter using
squares net h8tea fem whighdhe reflirctionsiarg seot ang retuen anddhaidistaices 1,9, I,he

recei ver fur m' 1 rmnati.on stage,.coupl.able to the
Gausls;/an i iut tg)i%ra\é'fst ageé ?lgggg? é@%ﬁﬁlé{%hgle@ﬁ@qrhw3%%&@%&8?'&?@99&?V'Ce
cor r espondi ngre tecsheuldiedecTherrestilts fage Ahen @xaMIRgd %6 deiSrrRing \ﬁgicﬁnéfethe

reflective surfaces rel ajive to e system 11. A systemaccording to claim
10, the rec eﬁﬂf&cﬁ?rﬁ ErF?B? E%ﬁﬂ?? 9} ﬂge ROlyoae hawadheisames disgetions asrfamad atng

time taken f{MbEgANS ThasSdi [ DY : Lfter 1o reception of
an echo signal rgglgi vgyéb?/lgt @Br@%i%ﬁloﬁia{o@ﬁa ?'é@@m%gfttﬁetrﬁﬁec ons

transmitted Biayrka used tecalcuiatethe MiswdaYi veluesdifehe inew lptatite (ot Satn@irlrez of
the systemto a reflective surface fromwhich the received echo signal is

reflected. 1g aYSd cordi to any one of the preceding clains,
wherein the %Iﬁgﬁ%fg s}gﬁv&g ﬁéfqr&re %g@%ﬁl‘@d??é’g pgﬁwoﬂcﬁﬁa@%@‘e\/ﬁ’%iﬁ?%lag device
posi tioni ng 62 ¢agethdr withstiwd SiNcaCEQ! At (pa 0.t .

posi tioni ng far ggg h_asra fixed {)aeeir%i %ﬁ,e?%{@ﬂsthg e S?Wéﬂgf?{%%pﬁéﬁ%’gﬁﬂ%tmsr st

and second ahe@nwliehase wged de salaviiateithe new position A6 afithe pésitidnihgsdesvite.
according to claim 13 wherein the positioning area has a pol ygonal

peri pheral spa ' h j n 15. A system.according.to c]aim 14,

wherein the 'E'r g@é‘;éslcﬁ’ ‘?‘UH ﬂﬁetr agé%ps?@éesenaﬁ IH{"? BPﬁs'aeté‘F‘Pﬁ'grb e srigie angr

determ ning fétnid 8! ld By, 'dntNtnk%-akid® $YR! &le between line passing through
the origin and normal to the side 70 and the x-axis: I, is the distance from

side 68 to the new position 66, and /, is the distance from side 70 to the new
position 66. As the distances and directions for the two reflections from the

sides 68 and 70 are known, 9,9, I, i, 1,, I, are known. Hence, the
change in !, may be denoted as A/, =/, -1,. Similarly, the change in 7, may

be denoted as A/, =1, —/,.

Two lines linel and line2 may be defined as follows where linel is
substantially parallel to side 70 and line2 is substantially parallel to side 68:

linel: Y = tan(§, — 7 /2)X - Al, /sin(& -/ 2) (1

line2: Y =tan(8, + w/2)X + Al, /sin(8, + 7 /2) (2)



'16. ‘A system according to claim15) wherein the processor is further
arranged to determine if two or nore reflected echo signals have naintai ned
their directions relative to the system 17. A systemaccording to claim
16, wherein the processor is further arranged to select a pair of the two
or nore reflected echo signals determ ned to have maintained their
directions relative to the systemas determned at the origin position. 18.
A system according to claim17, wherein tide sel ected pair of the two or
nore refl ected echo signals differ in their directions by at |east ~z/4.

19. A system according to any one of clains 17 or 18, wherein the processor
is further arranged to determ ne a change in distance of the system

23
from the r ef These wwosibanRTsES A (A8 rdif IdehbRYeeOr %%2§%§ﬁﬁ&ﬂﬁ§%§{;§e§§.or .

selected pair, 20. A systemaccording to clarm19,
further arrad§8dPesitiereiod the mew iecatiosi 66 i the poirg cfyinterBectRIrAbf Vet @nidhe

origin based t et 1 1 change. i n di stapce of the systemfromthe
reflective s6’??%b@£2f&"‘%?ﬁ@éﬁ%@@'&ﬂamy‘qe eYaiwe liseargauationst he
processor is further arranged to select any two or nore pairs of the two or

mor e refl ect EjuesToagaie r@io&vé’@s@ﬁti&@b@tﬁ@ﬁBsiﬂSﬁﬁS@r@ﬁ%é ﬁtc!}gﬂrg%gﬁ % ling]? d

their di rect'éﬁn relative to the system and det€&rmning
the system r8fd W Boshiendia and the bl sisles 68, Feofthe pafsitiomingpasid whith

or ocessor | < e nar B G actemife S bERAR s Afsbinbediaie b2 Tor e

refl ective surfaces have not changed their direction relative to the system

from the dirbcFigore fedisinadleat ishibecdniglé Mmafs by i tﬁmﬁg‘.hfﬁ[:.btnév? oR8iiBRM ned
t hat none of ége one ofr, rrg_re reflective surfaces has not” changed’its
direction t 9P e Xs Jheranglged isdhaanglerbewaarea diosiZ2 paratiel thsideyst em

based on th i i st th flecti

curtaces 1rod8 B2 trddkh MSABREEA,  Theiaseld 25is thergasiermeiweon dhadineo

lai m 22, whepej - i . t | pair. of

Cefl acton corp Perallehto RIBE B8 kst UL G tn o BRERG Ardt 3 dine t4 eibidoche

rel ative to @fNgih$fstodheawevdposition!8sd Thetdhri@ieys %éﬂglé%%é@ﬁ(ﬁ@ﬁhhpon-
i the

24. A system acggrd_i_ng to claim?23, wherein the selected pair o wo or
more refl ectM® &8nholR§ girtrrceiibeiveeen @ linenormdal ecline 68 bassiig kiesbhthe~C /

arranged to Y DARR 82 Uhd the iefetfion i brelr aad db: Cins Fonolatbas the.
;2{ lective stistancesa; aistanog i iBehe fidtaRsE SroRf e SHGNBA1PIhd MEersELRs! 58
' of linel and line 72; distance c is the distance between the origin 64 and a line
normal to side 68 passing through the new position 66; and distance d is the
distance between the origin 64 and the new position 62.

The angles and distances may be calculated as follows
B=8-x/2, (3).

a=r/2-39, 4)

y=r-f-a=x-(8-9). (5

a=Al/tany, (6)

b=Al,/cosy , (7)



'26. A systemaccording to claim25, wherein the processor is further
arranged to determ ne the position of the systemrelative to the previously
nmeasured position based on the determ ned change in distance of the system
fromthe reflective surfaces. 27. A systemaccording to claim 22, wherein
the processor is further arranged to select any two or nore pairs of the
two or nore reflected echo signals which have been determ ned to have

mai ntai ned their directions relative to tlBe systemat the previously
measured position, and determning the position of the systemrelative to
the origin based on an average of the position determ ned fromeach pair.
28. A system according to claim 22, wherein the processor is further
arranged to detmprLpgin OSy/t of (shhe systemrelative to the origin by
addi ng the chanﬁe? iﬁlzgggsivfi Zirgl }c}gttpyér’rﬁar)ued froma previously nmeasured
position to the position determ ned previously. 29. A system according to
any one of the preceding clainms, wherein the transmtted signals conprise
any one or nﬁr“'earﬁﬁancrlc'travﬁgdle band signals, radio frequency signals,
ultrasound, or infrared. 30. A system according to any one of the preceding
clainms, wherein the first and/or the second antenna conprises a directional
ant enna. 31. Aa B'T_acc rding to claim30, wherein the first and/or
second anten‘r{a—e gonp?a se @qu or nore nechanically rotatable antennae each
havi ng an associ ated beam pattern gain associated with a beam pattern, the
system furth HEOBSJordi ; ical rotatabl e t ennae,
wherein the %Iri]% or Nmﬂgﬁégﬁtﬁ%a Iys?ég){'(g'?gélrﬁg\é%ecﬁ at&?‘@sﬁﬁ%‘ﬂ@ed to be
rotatable by varying the gain of the beam patterns) of the one or nore
nechani cal | yArodaindfl-ey)aandifiael cos(@5y32. A(tBt hod for determning the
position of a systemconprising transmtting signals in a nunber of
directions within a range of directions using a transmtter conprising a
first rotat :tﬁ'% &S ef ek i distargenqng K%@thvmoreecﬂn@esacoﬂradyeoﬁibgeal s

from any di rgsdifi b hf t r aln [ i Ver .conprj ses second
rotatabl e an‘?gérllﬂ#g,nn? h%é tﬁ?%@ﬁgﬁ@ﬁg{}@é‘ ﬁf)é]ﬁjélgﬁéfﬂdcﬁ'l ﬂguggépl ﬁbf@gqrs ‘he
second ant erfeel pasiiops it <B0, 8P bhe S4esieowaHe eierie pdsHRNsVPnBGRnsaha
signal s indid%;l tive .of the dist of the systemto one or nore reftlective

nc
surfaces an U rosEspRNging éﬁ%ﬁ@%wua%eeror%m distange angt diteation: el at i ve
to the system wherein the step of processing conprises determning the
position of TH® reaGhHRIM 'éEt | j g the deriyed
echo data signals indicati verdgfd{sﬁae&giss éatnégg&BPRfﬁge @8&%@{3}6 %n@n%r%ﬁore

of the one anaxinienrerfdrefor idirecter bafmatisRds L herkh ?@%té. ¢ g{eg&?g%gﬂg })%Em)r 9

of the one or nore reflective surfaces relati've to the t hod

accordi ng t geflecting ZMes\88,ev0 Ishgiveno®tgssi npgstep. f |
storing data indicative of the di gt ancgg andg%i rezg)t iméshg?taf‘%gpi?éﬁﬁﬁ

rel ati ve to "BaEMYM @hias legationdodhe real locator ellyd givendyt f aces. 34, A

met hod according to any one of clains 32 or 33, wherein the first and
second ant ennaejare o ‘Zbl e i\n a fotating path, the processing step
further cor‘rp‘ileiﬁl(ﬁg* VT Y hdan sgcaset, Sin(rg—pﬁéit-lﬁwi)ﬁlbza nu of sectors and
processing the received echoes in each sector sequentially. 35. A nmethod
according to,any one of clainms 32 to 34, wherein the processing step
further congtd SASSgetated wi§ the distanee frenvthe new positlonte the ongiref or ns

correspondi ng to each of the received echo signals. 36. A nethod according
il 1 tude ¢ 1 BoRoRrlubdq dReh e etk Beflper 1ho cumerefiasting sides 68,70 is
27/4, it may be possible to detect a number of reflections at one location,
and a couple of reflections which satisfy the requirements may be found
easily. Numerically, in a preferred embodiment, the radius of the positioning
area may be around 3m, the maximum error for distance measurement may

be around 0.1m, and the direction error may be around z/180. The
maximum error should be smaller than



'26 of each waveform corresponding to each of the received echo signals at a
reference level relative to an average |evel of the received echo signals
in a selected sector of rotation of the first and second antennae. 37. A
met hod according to claim 36, wherein the processing step further conprises
filtering in the tinme domain each sliced waveform 38. A nethod according
to claim 37, wherein the processing step further conprises filtering using
a filter in the space domain each slicedi®aveformfiltered in the tinme
dormai n and grouping in the space domain the reflected signals according to
the reflective surface fromwhich each signal was reflected, the filter
havi ng an output. 39. A nethod according to claim38, wherein the

processi ng step furtther conpris det er qy ni a Gausshkan function fitting
t he space donai ndf hi[&ﬂ&@%ﬁpﬁleﬁ‘cb{mi /sl [ fer 9.4 |A gBbdpd according to
claim 39, whereint Gaussi ah8® yhct\{186 /det axdi nati pn |st ep conpri ses
determ ning a Gaussian function fitting the space donain filtered output

fromthe fi InEer u in% a)%\’gast squares nethod. 41. A nethod according to any
one of cl ainb'oj8raRly.45e Xaad Brrere thatde hasdistancesframithé éruecrewp position

det er m ni ng | fuggti orresponding to the direction

of one or rm?%wc;?het ﬁ%tr%'ﬂge(?r?& rsﬁﬂ)rngf ?gtw)%@ﬁqggﬁg larithando t he

syst em whose position is being determ ned. 42. A nethod according to claim
41, wherei n Offerlrens&s st ' ing ti taken from
transmission of a Si gnalé?gly'ﬁ(% gatﬁérfgt}ﬁsgranért@ggg p@?@?ﬁgﬁﬁ%@%g’h&ﬁe anglegnal

recei ved by Pefweesclbevtwo rsflectisp siddisrds tndthteist 5apywi g beSpeassé®in a
determ ne a distance indicative of the distance of the Systemto a

reflective stPYISEEINNGHaaIoHIatee X dingl Veavhichare the ab-ordinatds of trednew 27
43. A met hod 0 RN ny one.of clains, 32 to 42, wherein the one or
nore refl ect?@sgﬁcgfjrgbaggiggsggfs%%%'gg VRIUSS ¢f & g ¥ wRyrke averagedvionalla
peri pheral spaiseof thesefrefiedtiopsane, the first and second antennae being
rotatable . in the first plane) the processing step further conprising

determ ni ng Iﬁnt o&i M posi tion for the system whose position is to be

det erni ned. X9'€ Raihe, diregtion estimgtion ig icalynpadormed atitine toigimp ¢'stdte oriing

area has a prihygeaal i (=Y P e first plane, and wherein the
processi ng stgp f&?t ﬁer dc%ﬂ%'é@“d g#ﬂf%pﬁﬁv?ﬁ i?v%"&?” RBsiopeft iscoRlY echo

si gnal s havehensissan teedetermine whichdside te Fefleatibn ¢s front %ta?é%”i@%gfﬁs
position is tb@ﬁe measrred. _35. A net hod according to claim44, efern the
processing s Y ACRIEE It BYRIRiINgAaccyIatedgiTaspai r of the two or nore
reflected echo signals determ ned to have nmaintained their directions

rel ative to Whensthet g53iasniAat @& i gl N ition 46.. A nethod
according to fl ai m 4%, Wn?alrgi n @%?Zﬂ?\?%]sg?@ egﬁ%g#@f'ﬁ)gésé &ﬂ%@("isﬁt?naqﬁﬁi r of

the two or rEH@cCtQITs fsemesprae isidas may disappes atid this may béeiue SltHeabitRes by
e ¢~ ay b IthE

at leas ‘beam being blocked or the angle being such that the reflected beam is not

returned to the device. However, other reflections received will guarantee the

positioning output. Therefore, the system is capable of overcoming the
blocking effect in some situations.

Figure 9 illustrates the alternative method of operating the system in which
there is no defined polygon around the positioning area to provide regular
reflections. In Figure 9, the positioning area 86 is shown together with a

series of locations 1 to 7 as the positioning device progresses around the
area. Location 1 is the origin 64.

In this situation, it is possible that none of the reflections received at some of
the locations will have the same direction as one of reflections at the origin 64.



‘47. 'A method according to any one of clains 45 or 46, wherein the
processing step further conprises determning a change in distance of the
system fromthe reflective surfaces causing the reflected echo signals of
the selected pair. 48. A nmethod according to claim47, wherein the
processing step further conprises to determ ning the position of the system
relative to the origin based on the determ ned change in distance of the
systemfromthe reflective surfaces. 49. 18 net hod according to cl ai m 44,
wherein the processing step further conprises selecting any two or nore
pairs of the two or nore reflected echo 28 signals which have been

determ ned to have nmaintained their directions relative to the system and

determ ni ng The pusitidn Aiustfth athve t e t o[ Qi sed _on an
average of the ,Eosi.ti on det e?%‘%%%@a@%& p%?é%yﬁspﬁfﬁt'ﬁo@%aﬁ%%? i ng
to clai m 43, PofieRisndeteeminastby thenpositiep of the last lovatipn ispesthealivicibRiang | f

any of the o Lve surfages have not changed their direction
relative to ?ﬁteé?{scfrsr:a Eef%r%ﬁ%%ﬁeﬁ%wgﬁ?eﬁﬁ gﬂ"?ﬂ%@u?@é fhe (querent i lgratignodfari on,
and if it isexaEmpleyiovatioheanamatioh 2 ierigne gy more reflective surfaces
has not changed its direction, determ ning the position of the system based

on the changE in the di,sbance,s) of the one or nore reflective surfaces from
a previ ousl yrAESXANRIS: fdbedeyite 82 moveseiamdocatioor titmipaation|2ataosatiomBer ei n

t he processi ur ; i S |l ect ] pai r.of reflected echo
signal s det e%ﬁg&?f "fg%gggﬁr%fgn%ée%%?ﬁgi %g gﬁ?‘&@tﬁ'@ngr PositioplecatioRe
system as de ized tée the esrigins Distanes Wk dir@stibh htindai

according to % ir’g.Sl wher ei, tge step of selecti n&l‘ comlpﬁgs”gsgflsgﬁﬁﬂng a
pair of the Y &H} "H%PBJ%CE?W«'JC*P% e@fm?%d (Halest vndtheavalves reqordedi The

di rections byand y Hasst araCdeti : ; I . e 5 erein

t he processing sty{ep isafurtlr?ee?sagrt?'g@ﬁeg% %e{ éﬁlr%‘lﬁ%la&c%t@hgqg?ée g‘?rﬂl&g'{' nce
of the syst dhi%pessillado build @c2Daxis(6-Yasygsteanusi ng the reflected echo
signals of the selected pair. 54. A nethod according to claim53, wherein

th i h i ses determping the position of th
et o v ot at 8 HEPdoUES "oVl Pblstaiieet e pelpeion saimations (e dpeden ned
change i dipsrivaicallyl Noto SHat @19 A8 Mgl h%tél\@ﬁg”ﬁ{ﬁ&eﬁhﬂfhaé@bgm hod

according to_cl ai ra)SO, wherein the processing step rtherco
sel ecting arfSSlEGbihahihe pamplinaflocationswereosufficientiyetibse ttogethenascs tignal s

whi ch h i ned: i nt.ai ned t hejr.. di i 29
ol ativa o oSt BN RAchOn SBNGR T I REES A istaican danet sbeeeri ni ng
the positi orsusidenhe(msytation) aglcatripared withhthedaétreBul2aE iR &4 MEFs 3RoOf

t he positi Onmﬁl%tti%ﬁm ned from each pair.

When the device is moved to a new sampling location, it first scans around to
obtain information on all the reflections it receives. From this information, it
calculates the increases AX and AY between the new and last location using

the reflections which have the same direction as that in last sampling location.

For example, if the co-ordinates of the last position are denoted by [x,¥],
then the co-ordinates of the new position are [x*,¥]=[x + Ax,¥ +AY]. The
remaining reflections, which have different directions from those detected at
the last sampling location, are considered as mutations and are not used at

this location. The mutations may be caused by irregular objects or blocking
by human beings. Information on all reflections received is recorded for



'56. A nethod according to claimb55, wherein the processing step further
conprises determning the position of the systemrelative to the origin by
addi ng the changes in position determ ned froma previously neasured
position to the position determ ned previously. 57. A nethod according to
any one of clainms 32 to 56) wherein the transmtting step conprises
transmtting signals conprised of any one or nore of ultraw de band
signals, radio frequency signals, ultrasdand, or infrared. 58. , A nethod
according to any one of clainms 32 to 57, wherein the transmtting step
conprises transmtting signals froma directional antenna. 59. A nethod
according to any one of clains 32 to 58, wherein the receiving step

conpri ses repessiblecuss antHeSnéhati i ' I ho
accordi ng topcl ai m 58) wherein l?ﬁaetﬂ)tﬁrjaﬁgﬁa{b? Pﬁé) rggée%qugﬁf@@r%?@é@eﬁ%tn%%ht ting
signal s fronlo§akoRasiBe devisereontiours yo mavet abl e ant ennae each having an
associ ated beam pattern gain associated with a beam pattern, the

transmtting eprf 54 ansm tting signals.fromone or nore
el ectricall yo?‘gt g{a Ppeé]?ﬁr?gﬁ&n@{eén%r}ga% W‘Qng g Pﬁ‘éz%géﬁ‘n RRIEPRAINS)
of the one odevice® foecteahi timé! positibmingbl As asHeeHratorB L enthdfinBRE 2FCedi N9
to any one of cl wherein the receiving step conprises

ims, 58 to 60,
recei ving si 6‘?(31‘@0%5‘1%&°i>ﬁ@qwre Rieeetafaranceal o trainiag airoeessesrthay arach
havi ng an asgegé t ai ' wi,ith a beam pattern, the
recei 8i ng step fﬁ??ﬂ/gfl feg?rrgﬁ? sﬁgblgegﬁﬁﬁggéﬁgﬁ%lsdﬁ?f:ﬁﬁ SR Rseget -
el ect ri cal | yrefefieacasoe trainieg paecasgesar yi ng the gai n of the beam patterns)
of the one or nore nechanically rotatable antennae.
ACAl F. AR AY A . An A A A3E.AS, . Af L.AS. .AA .AA A . Af
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Claims:
1. A system comprising:

a transmitter for transmitting signals in a number of directions

within a range of directions; wherein the transmitter comprises a first rotatable
antenna;

a receiver for receiving echoes of the signals from any direction
in the range; wherein the receiver comprises a second rotatable antenna, the
first antenna being mechanically couplable to the second antenna; and

a processor for processing the received echoes to derive echo
data signals indicative of the distance of the system to one or more reflective
surfaces and the direction of the one or more reflective surfaces relative to the
system; wherein the processor is arranged to determine the position of the
system relative to a starting position from the derived echo data signals
indicative of the distance of the system to one or more of the one or more
reflective surfaces and the direction of the one or more of the one or more
reflective surfaces relative to the system.

2. A system according to claim 1, wherein the processor further
comprises a store for storing data indicative of the distances and directions of

the system relative to one or more of the one or more reflective surfaces.

3. A system according to claim 1, wherein the first and second antennae
are rotatable in a rotating path, the rotating path being divided into a number
of sectors, the processor being arranged to process the received echoes in
each sector sequentially.

4, A system according to claim 1, wherein the receiver comprises an
envelope detection stage for detecting an envelope of waveforms
corresponding to each of the received echo signals.
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5. A system according to claim 4, wherein the receiver further comprises
an amplitude threshold stage couplable to the envelope receiving stage and
arranged to slice the envelope of each waveform corresponding to each of the
received echo signals at a reference level relative to an average level of the
received echo signals in selected a sector of rotation of the first and second
antennae.

6. A system according to claim 5, wherein the receiver further comprises
a first filter couplable to the amplitude threshold stage for filtering in the time
domain each sliced waveform.

7. A system according to claim 6, wherein the receiver further comprises
a second filter couplable to the first filter to filter in the space domain each
sliced waveform filtered in the time domain and to group in the space domain
the reflected signals according to the reflective surface from which each signal
was reflected, the second filter having an output.

8. A system according to claim 7, wherein the receiver further comprises
‘a Gaussian fitting stage for determining a Gaussian function fitting the space
domain filtered output from the second filter.

9. A system according to claim 8, wherein the Gaussian fitting stage
determines a Gaussian function fitting the space domain filtered output from
the second filter using a least squares method.

10. A system according to any one of claims 8 or 9, the receiver further
comprising a peak determination stage couplable to the Gaussian fitting stage
to determine a peak of the Gaussian function corresponding to the direction of
the one or more of the one or more reflective surfaces relative to the system.

11. A system according to claim 10, the receiver further comprising a time
measuring stage for measuring time taken from transmission of a signal by
the transmitter to reception of an echo signal received by the receiver
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corresponding to the transmitted signal to determine a distance indicative of

the distance of the system to a reflective surface from which the received
echo signal is reflected.

12. A system according to any one of the preceding claims, wherein the
one or more reflective surfaces are located within a positioning area.

13. A system according to claim 12, wherein the positioning area has a |

fixed peripheral shape in a first plane, the first and second antennae being
rotatable in the first plane.

14. A system according to claim 13 wherein the positioning area has a
polygonal peripheral shape in the first plane.

15. A system according to claim 14, wherein the processor further

comprises an origin determining stage for determining an origin position for
the system. ‘

16. A system according to claim 15, wherein the processor is further
arranged to determine if two or more reflected echo signals have maintained
their directions relative to the system.

17. A system according to claim 16, wherein the processor is further
arranged to select a pair of the two or more reflected echo signals determined
to have maintained their directions relative to the system as determined at the
origin position.

18. A system according to claim 17, wherein the selected pair of the two or
more reflected echo signals differ in their directions by at least /4.

19. A system according to any one of claims 17 or 18, wherein the
processor is further arranged to determine a change in distance of the system
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from the reflective surfaces causing the reflected echo signals of the selected
pair.

20. A system according to claim 19, wherein the processor is further
arranged to determine the position of the system relative to the origin based

on the determined change in distance of the system from the reflective
surfaces.

21. A system according to claim 16, wherein the processor is further
arranged to select any two or more pairs of the two or more reflected echo
signals which have been determined to have maintained their directions
relative to the system, and determining the position of the system relative to
the origin based on an average of the position determined from each pair.

22. A system according to claim 15, wherein the processor is further
arranged to determine if any of the one or more reflective surfaces have not
changed their direction relative to the system from the direction measured at
the origin position, and if it is determined that none of the one or more
reflective surfaces has not changed its direction the processor is arranged to
determine the position of the system based on the change in the distance(s)
of the one or more reflective surfaces from a previously measured position.

23. A system according to claim 22, wherein the processor is further
arranged to select a pair of reflected echo signals determined not to have

changed their directions relative to the system as determined at the previously
measured position.

24. A system according to claim 23, wherein the selected pair of the two or
more reflected echo signals differ in their directions by atleast >7/4.

25. A system according to claim 22, wherein the processor is further
arranged to determine a change in distance of the system from the reflective
surfaces causing the reflected echo signals of the selected pair.
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26. A system according to claim 25, wherein the processor is further
arranged to determine the position of the system relative to the previously
measured position based on the determined change in distance of the system -
from the reflective surfaces.

27. A system according to claim 22, wherein the processor is further
arranged to select any two or more pairs of the two or more reflected echo
signals which have been determined to have maintained their directions
relative to the system at the previously measured position, and determining
the position of the system relative to the origin based on an average of the
position determined from each pair.

28. A system according to claim 22, wherein the processor is further
arranged to determine the position of the system relative to the origin by
adding the changes in position determined from a previously measured
position to the position determined previously.

29. A system according to any one of the preceding claims, wherein the
transmitted signals comprise any one or more of ultrawide band signals, radio
frequency signals, ultrasound, or infrared.

30. A system according to any one of the preceding claims, wherein the
first and/or the second antenna comprises a directional antenna.

31. A system according to claim 30, wherein the first and/or second
antennae comprise one or more mechanically rotatable antennae each having
an associated beam pattern gain associated with a beam pattern, the system
further comprising one or more electrically rotatable antennae, wherein the
one or more electrically rotatable antennae are arranged to be rotatable by

varying the gain of the beam pattern(s) of the one or more mechanically
rotatable antennae.
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32. A method for determining the position of a systém comprising
transmitting signals in a number of directions within a range of
directions using a transmitter comprising a first rotatable antenna;

receiving using a receiver echoes of the signals from any
direction in the range; wherein the receiver comprises a second rotatable

antenna, the first antenna being mechanically couplable to the second -
antenna; and

processing the received echoes to derive echo data signals
indicative of the distance of the system to one or more reflective surfaces and
the direction of the one or more reflective surfaces relative to the system;
wherein the step of processing comprises determining the position of the
system relative to a starting position from the derived echo data signals
indicative of the distance of the system to one or more of the one or more
reflective surfaces and the direction of the one or more of the one or more
reflective surfaces relative to the system.

33. A method according to claim 32, wherein the processing step further
comprises storing data indicative of the distances and directions of the system
relative to one or more of the one or more reflective surfaces.

34. A method according to any one of claims 32 or 33, wherein the first and
second antennae are rotatable in a rotating path, the processing step further
comprising dividing the rotating path into a number of sectors and processing
the received echoes in each sector sequentially.

35. A method according to any one of claims 32 to 34, wherein the
processing step further comprises detecting in the receiver an envelope of
waveforms corresponding to each of the received echo signals.

36. A method according to claim 35, wherein the processing step further
comprises slicing in an amplitude threshold stage in the receiver the envelope
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of each waveform corresponding to each of the received echo signals at a
reference level relative to an average level of the received echo signals in a
selected sector of rotation of the first and second antennae.

37. A method according to claim 36, wherein the processing step further
comprises filtering in the time domain each sliced waveform.

38. A method according to claim 37, wherein the processing step further
comprises filtering using a filter in the space domain each sliced waveform
filtered in the time domain and grouping in the space domain the reflected
signals according to the reflective surface from which each signal was .
reflected, the filter having an output.

39. A method according to claim 38, wherein the processing step further
comprises determining a Gaussian function fitting the space domain filtered
output from the filter.

40. A method according to claim 39, wherein the Gaussian function
determination step comprises determining a Gaussian function fitting the
space domain filtered output from the filter using a least squares method.

41. A method according to any one of claims 39 or 40, wherein the
processing step further comprises determining a peak of the Gaussian
function corresponding to the direction of one or more of the one or more
reflective surfaces relative to the system whose position is being determined.

42. A method according to claim 41, wherein the processing step further
comprises measuring time taken from transmission of a signal by the
transmitter to reception of an echo signal received by the receiver
corresponding to the transmitted signal to determine a distance indicative of
the distance of the system to a reflective surface from which the received
echo signal is reflected.
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43. A method according to any one of claims 32 to 42, wherein the one or
more reflective surfaces are located within a positioning area having a
peripheral shape in a first plane, the first and second antennae being rotatable .
in the first plane, the processing step further comprising determining an origin
position for the system whose position is to be determined.

44. A method according to claim 43, wherein the positioning area has a
polygonal peripheral shape in the first plane, and wherein the processing step
further comprises determining if two or more reflected echo signals have

maintained their directions relative to the system whose position is to be
measured.

45. A method according to claim 44, wherein the processing step further
comprises selecting a pair of the two or more reflected echo signals
determined to have maintained their directions relative to the system as
determined at the origin position.

46. A method according to claim 45, wherein selecting step comprises

selecting a pair of the two or more reflected echo signals which differ in their
directions by at least = /4.

47. A method according to any one of claims 45 or 46, wherein the
processing step further comprises determining a change in distance of the

system from the reflective surfaces causing the reflected echo signals of the
selected pair.

48. A method according to claim 47, wherein the processing step further
comprises to determining the position of the system relative to the origin

based on the determined change in distance of the system from the reflective
surfaces.

49. A method according to claim 44, wherein the processing step further
comprises selecting any two or more pairs of the two or more reflected echo
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signals which have been determined to have maintained their directions
relative to the system, and determining the position of the system relative to
the origin based on an average of the position determined from each pair.

50. A method according to claim 43, wherein the processing step further
comprises determining if any of the one or more reflective surfaces have not
changed their direction relative to the system from the direction measured at
the origin position, and if it is determined that none of the one or more
reflective surfaces has not changed its direction, determining the position of
the system based on the change in the distance(s) of the one or more
reflective surfaces from a previously measured position.

51. A method according to claim 50, wherein the processing step further
comprises selecting a pair of reflected echo signals determined not to have
changed their directions relative to the system as determined at the previously
measured position.

52. A method according to claim 51, wherein the step of selecting

comprises selecting a pair of the two or more reflected echo signals which
differ in their directions by at least 7 /4.

53. A method according to claim 50, wherein the processing step is further
arranged to determine a change in distance of the system from the reflective
surfaces causing the reflected echo signals of the selected pair.

54. A method according to claim 53, wherein the processing step further
comprises determining the position of the system relative to the previously
measured position based on the determined change in distance of the system
from the reflective surfaces.

55. A method according to claim 50, wherein the processing step further
comprises selecting any two or more ‘pairs of the two or more reflected echo
signals which have been determined to have maintained their directions
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relative to the system at the previously measured position, and determining
the position of the system relative to the origin based on an average of the
position determined from each pair.

56. A method according to claim 55, wherein the processing step further
comprises determining the position of the system relative to the origin by
adding the changes in position determined from a previously measured
position to the position determined previously.

57. A method according to any one of claims 32 to 56, wherein the
transmitting step comprises transmitting signals comprised of any one or more
of ultrawide band signals, radio frequency signals, ultrasound, or infrared.

58. . A method according to any one of claims 32 to 57, wherein the
transmitting step comprises transmitting signals from a directional antenna.

59. A method according to any one of claims 32 to 58, wherein the
receiving step comprises receiving signals using a directional antenna.

60. A method according to claim 58, wherein the transmitting step
comprises transmitting signals from one or more mechanically rotatable
antennae each having an associated beam pattern gain associated with a
beam pattern, the transmitting step further comprising transmitting signals
from one or more electrically rotatable antennae by varying the gain of the
beam pattern(s) of the one or more mechanically rotatable antennae.

61. A method according to any one of claims 58 to 60, wherein the
receiving step comprises receiving signals using one or more mechanically
rotatable antennae each having an associated beam pattern gain associated
with a beam pattern, the receiving step further comprising receiving signals
using one or more electrically rotatable antennae by varying the gain of the
beam pattern(s) of the one or more mechanically rotatable antennae.



