» e3el, | "6RT% A Local Positioning System which operates based on refl ected
wireless signals Field of the invention 5 The present i i tes to
a method for detecting the position of an object mﬁrele @"m @mgnple
Wi thin an indoor environnent, and to a systemfor detec

posi tion. Background of | nvention 10 Marly net hods det er mi ni figf'Phe position
of an object using a transmtter/receiver device in conjunction with at

| east one #cltoced/Positioning Sesteaywhichsoperatescbagedeomrefledtadwirelesd sigrsls i on as
a point of reference. Frequently, a systemis provided which is capable of
nmonitoring its own position relative to the active/reflective 15 devi ce,
and this s d to the object. The best known of such systems
is the GF‘S:F%I&rafltﬁe é%Eh the position of a GPS receiver |ocated on the
surface of the earth is determ ned using 27 Earth orbiting satellites (of
which 24 a in _operation at me T itncsZO.et enthe
ocelvep annedrepBativeRiutiates sh adhbtiod 1Be SelbcBng Ehe phstiEh B phARISS: | ng
the travel |Wiféle§sll)ﬂﬁfopéxérﬁgle0wmh% |habwﬁemumﬁﬁéntsah§wa@%lém fér 3D
trilateration net can lied to determnethe recei'ver's | ocation on
t he pl anet detealingHtsspiin IPOBKIQDn & Tom Harris) "How GPS receivers work"
http://el ectronics. howst uf fworks. com gps. ht M. The cal cul ations are
dependent 25 on an alnmanac in the receivers detailing the position of the
satellites mkgr_rm@' ofdAvéntish US patents (B977958 and 6054950 descri be
rrethods for neasuring time-ofarrival wth ultrashort RF pul ses (UWB)
transm'Pted fromthe transmitter to an 30 array of receivers. Despite the

di fference known
posi t1 ons. MR BehBlrta e RSl Bt S objdck g™ RaKbRfertecaler (i

pat ent 6054ﬁ$ibmaecrdm1wtctlbﬂamth 4t |eas’emwaaaet|\w/rdﬂeattmdewce 3|tf.|aled3ﬂ a pre-
application thes eivers or beacons are here terned I i cl

e er ences dpteIER RasEiopiARA POINOF FTolecRn bTOITYY A YRRt 5 Riabidedn

angl es of ayKitN® cadallé e meitopihgMalown pesiaan réaéuww fhetééf%/r@fleét"\ié val. In
such technol ogies, nultiple references are needed. The problemwth this
type oflSsygteyine, :andrtblsesys&mus gttached tortheathje@dnces at pre- known positions.
This increases the hunber of devices needed and introduces difficulty in
setting up the systems in certain situations or surroundi ngs. Furthernore,

such syst enhg Bestikrowd éfstichl dyaterné @tr@EP@@@eHﬁehvwmehtth@ mﬁb&ﬁl&ﬁrﬂftat er and
receivers, the performance decreases sharply in the areas ere LOS i s not

avai |l abl e. QBSSQWprbpata@mmgwwnfmofethmegr@usmter@mned sisingr2eFaithe a

f ult t
ot "The ¢ s SIBRRY o URRONRRIh 4 atiNdodrafigPal ally ik P BlsidhdBsno L BT
;aach ofﬁOad rhtat’meen d)lhe cbcreuﬂrl m?thléa(sjtdheeei ofthersatalligs areme;aeméanedebyf or _rred

romthe distances en .t he .detector nearpy ohj ects i
can be congaf@dning ng e of r; o(yya\{ %@&eaégé’@agélgﬁﬁq%@&'at |nd
the | ocati qpjaedratibg 'nﬁé’th@él caﬁcb’@ﬁﬁﬁlledtﬁja‘%fé?eﬂﬁ’hmlqé rééBWéf"@loEHgéh Bh&he

directional sensorsi(e.g. arin trasoni c sensors around the robot) or
scanni ng negdaneti (see(MarghaHaBa;alar&Tpm Hagts, "Hawg@PS mdew)erawdrlé'r e hi ghl'y

conpl ex. 2Q . .Capgras.are.als sed for pos ses images
of "ourr oundiiLEbtedRE a8t ks BmARE bimf TraeAUBERHY areiensiiart (T on

(or infagr medri an afREhAGTT e riabeﬁbw@é@uingstaéfpo%mﬁetﬁqﬁefsbt@mteg@t aﬁxcormar ed
to a database, to determi ne the current posi'tion and bearing of the robot.

However, ZEIE%H"@sterrs can only work in special environnents where
specific visible features (e.g. straight lines) are avail able. Another
di sadvantage is that daunting conputing resources are needed for inmage

processi ng U8 patersts 5977968@mnd 8084850 déscpibbanéthods I09Bapumytise-6f- met hod

of | ocation deter
! arﬁval w{trpm u?ras?\ort RF pulses (UWB) transmitted from the transmitter to an

30 array of recelvers. Despite the differences in technical details, both patents

—
—

require dev@ces at pre-known positions. US patent 5977958 uses 4 receivers for
its 2D scen{ario and US patent 6054950 needs at least 4 receivers or beacons
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30 which a transmtter transmts a radio signal and a receiver device uses
an array of antennas to receive the signal both directly and al ong paths
whi ch include reflections (rmultipath signals). Different |ocations of the
transmtter cause the 3 set of reflected paths to be different, so that
the received signals constitute a signa?ure of the position. The

determ nation of the location of the transmtter is based on a set of

pre- cal i br for &P sppiications (thesaneeeivensrarheacons mee peraitermedo'epplicit bl e

br i nei pl e, TefeRTGERTaTnelRAE e ifieh BoAYBRERS, Bhisi FetiRd dff nbigr " °
nul ti pat h ganialibPreceivednsighdls aidtead af thei timeg bf haivahda sueh tethmlogiesat i ons.
Furthernore) the teaching in this citation is neant for_ outdoor

appl i cati]?mUItéiHG referencesarginesdeds The gieklem with this synepf syatemds tha. 10 ;
voet ol et FRsirefr3ot, erkite bE BROKnoRN BRSIBRs AR cteBSQY WiiendmBeN BNC

further prepdevicesnssdedafd istedduces\diffieottyvn sdttinlg upthe sgstenisincv@rtahosi ti on.

The system may, be an object of which it is desired to ponjtor, the_position.
O it nmay BEUPNSQIFUIQINGNGS. RHIBRTMAre, sHgh g¥stems w'rsd"@&t lin@ Opr der t hat

{he posi || el OBPLBRNEA tneariinitel SR ERtver did bt iHficRloc! RicfBasdd®

present invention proposes at a positioning systemtransmts wreless
(normal |y BRarply inthiesareas sihierelLOS: tsinotsavadalje. al | directions within a

hori zontal plane, or all directions in a three-dinensional space) which are
refl ect®d by the surroundi ngs. The systemreceives the echoes, but w thout

measuring \Gaifitbsitidred | _héd@én@wvédlfihngéﬁds dfferPuseBTMgt dFulfraseIsigl tter and

25 receiver operate "omi-directionally"). During a training node, the
refl ected #agaduceraros lasardange finders targed @apeaswesant ofithe rspestiver set of

netvor ke, Elstags TRE 0pbiEst e BehipbEE <riuBbReFE A e TRl ot cs
of the ref H;ﬁ@bﬁ@l~.§iAQ@@!na_/lawrrbnge@mugéIc'angaewﬂmedtfmtth@umahdwr al network
Is to identify the position of 30 the Sé.tem based on reflected signals. In

a firsf5aspetveen the deleetoriapd naasby sbiecks. Jis ERAGH N PeiGpared tg a

; it Ml . o : U i ] ¢ hi
Fange of | arnoRf gt BiR bf el defatie 1 dfder f Ay e IoEafdif bt HRToBpLM 1
di rect i ons Howevep) these methedsinaive multiple directianat sensersqe.g. laering okl ess

Fecer ved eGSR Sralt e oRob G icpotRie g R a G R ce of
t he SyStemléébr%aﬁ%é‘ﬁﬁ&éﬁ%n@faréq{iélﬁgtcbﬁf‘plék!rfaceS; and an adaptive system

for: 10 during a Yraining stage, arning at |east one association between
the ecBB data signals and the position of the system based on training data

ot o and G Feed fiReL N iR By iRt ed BT PGB S e e
learnt 15 agetindingsrcadpturédtzfangdrtain Recationivitipa ceftainerientatiemnor N a second

aspect, the invention proposes a nethod of determ ning the position of an
obj ect, t hdnfiegmatien @bﬁgaqﬁ@ﬂ ﬁ@.m tth%ﬁﬁslmﬁgqsr%lhﬁieﬂéﬁ@% C@%Pgmpﬁfﬁﬁ fha

object in gliailide ¢4 Ut mihd tHe ciitrent position and bearing of the robot. However,

25 such systems can only work in special environments where specific visible
features (e.g. straight lines) are available. Another disadvantage is that daunting
computing resources are needed for image processing in these systems.

Another US patent, 6112095 proposes a method of location determination in

30 which a transmitter transmits a radio signal and a receiver device uses an array
of antennas to receive the signal both directly and along paths which include
reflections (multipath signals). Different locations of the transmitter cause the



20 range of directions which includes at least all directions in a plane;
receiving at the object echoes of the wireless signals fromany of the
range of directions; processing the received echoes to derive echo data
signals indicative of the distance of the object to a plurality of

refl ective surfaces; 25 during a trainiRg stage, |earning at |east one
associ ati on between the echo data signals and the position of the object
based on esétmfdeﬂactedg:ﬂhstcabmidii@em:ﬁ aoebluiatsthetreceimd;'sighals chatsitutdar i ng a
working stage . usi t data Si ssoci.ati.on to
et or nne. #BBanSE o fhe Par Tom T peter o ot dhe Jetigpd o e FERGRIBITT e
systens ar Ba§é’d36H|aesétfof|p?éfcﬁllmtéﬁ‘¥|gﬁﬁﬁéé\ﬁ§ri%n§§fiﬁ)éith@és eorrespymeng esho dat a
signals and positions. However) practice t 5reliability and

r obust nesspossubleetrammtteh@cahqns\dﬂqxwmﬁn the wmﬂbe@@lss of the signateie isntiodi nent s

Che- ccrbes Braci Bt AleEhedlapE Rolibinfi Babe \Ept RO R TBTREBRET .

Wi t hout  usfriure® stlone Ibcatidrearyéintilar esthibebi dfethartiowations) Fetitbrmidie sthe
enbodi nents of the invention operate as a "local positioni ng system (al'so

known in tt@athngamathm@taé@nasm%arﬁffw\@ltgs:@ﬁmlpcatlﬁn,mdca ge-station ison i s
est abl i she nate system which is defined by t he user
when generg?(i eﬁfﬁeﬂﬁg@ "?éhtgﬁ a. This is 10 in contrast to an "absol ute"
posi tioning system (such as GPS) in which the positions, typically of many
obj ect s are defi nefd relative to a co-ordinate systemon which all users
agr ee 9. e 0Ny 55 t on). Naturally, the user has the option
of choosi ng the position data to coincide with sone absol ute coordi nate
system but in general the present invention does not require himto do 15
so, so t hafThetpresentdindéntitincaimsstogprownide annewanidyusaful-methoddoy detesminiagt ai n
sorts of eghoes f R (ttlfl aIIy echoes fromreflective surfaces which are

pl anar, th %Ppgl 19N G 184 at i onshi p between the position val ues of the
obj ect measured rel atlve to a set of Cartesian axes and delays in the
echoes 20 relative to the transmtted signals. Thus, if the echo data

si gnal 45 ar dhgdneentiondfusthenprapasesta new aaddiselylsystera whichgetgrminasdts i near | y

nas. been  SGPEEen T Srsthaddn b8 in e PESRUAEA 1O¥ Rl K BRIBR N e
traini ng apdsitohkOngt mhy@em gépdrate anibwhichoistadtacheed td trasobjeptini drdenl I y
echoes fromreflective surfaces which are non-planar, no such |inear

r el at i onshithatdke positionpfithe object ean h@(ﬁ@@@?‘me‘gptl onal | y enbodi nents of the
invention may include a step of processing the echo signals to derive echo
data signals including nunerical values which are linearly related to the
posi ti@a vdhgesersl ternes,db¢ pceseﬁmarﬁdnlwomesdﬁaha pasitionirgosyatemexanpl e,

f th fl f . ' | a
bt ound 1 he tEsEYS WIESS Ty RN Slotes i gl dreblots ig, a1 SRS i 0. 4
6 small pi wﬁu@fa HB?Fz%htalWaﬁ‘ea‘é? Qliieltions Rf 4 ﬁs?rbbcmmeﬁéloaal S AL witiect

which is at a greater distance. In this case) di scussed bel ow, the echo
si gnal s fr @feneflected bydhe surretindingsr the s)istem mu/qsdhg@bpasebl&orﬂﬂwmt a

o “the- ob; dns s WARRiiesdRth RePoornB i Riafls ehaedn orBfiter iy ' o°
Fi gur eg5Pr ebesivedoperate 'sranicdirddtionaly $.rDudmy wittdining\mdde, dhe ceflanted for the
sake of signals are used to train an adaptive system, such as a set of transformation

learning (TL) units which is preferably a set of neural networks, to map the

varying'position of the system to the characteristics of the reflected signals.

During a working mode, the trained neural network is to identify the position of

30 the system based on reflected signals.

In a first aspect, the invention proposes a system comprising:



10 il.lustration only, wth reference to the following figures in which: Fig
1, which is conposed of Fig 1 (a) and 1 (b), illustrates a systemwhich is
an enbodi ment of the invention, and a situation in which the systemmy be
used in a method according to t he invention; 15 Fig 2, which is conposed of
Fig 2(a) and 2(b), illustrates a sinpliftied version of the situation of Fig
1 (b) and the theory underlying it; Fig 3 is a block diagramof a first
version of a si gnmnsmltberefsstragsmrttmgmrejées sgfnalg sn athdirections withiig 4 is a

bl ock di agram cond, versio gn rocessi,n nit, of .the system
of g 1: iane of Gstians cherange oh duedidne nraottdpss AedtractioBs i
clustering fae,%hnl ques which may be used in the systemof Fig. 1; Fig 6 is a
bl ock di agPam of a third version of a signal processing unit of the system
of Fig 1, 30 Fig réceivdi fon receiviogreshods of e yirelesp signat¢ bpm any directiores

pr obl en% encountered in certain applications of the systemof Fig 1 (a);

7 Fig osed of Fig. 8(a) and Fig. 8(b), illustrates a

probl em addr eSSQCer&es?Sd?%rtﬂ%be%mQ%éTféﬁel@d édfodstoaldriverscho date: 9 shows

the architecture of a neural network enployed in the enbodi nent of Fig. 8;
10 Fi g. 1osigRriscindicative epthsedistanceiqf the sysiemiteda plujality@fisefiedtivest r at es a
pr obl em adg{"qgé?sd a further enbodi nent of the invention; Fig 11
illustrate e f a proof contained in Appendix I; Fig 12 illustrates

anot her step of ahheiaptivekystent farned in Appendix I; 15 Fig 13 illustrates a
limtation in the applications of a system as shown I.n Flg 1 (a),in an
envi r om®rent whi é'H"ﬂﬁ§ te3ining$t90e.Jeatning Ak isast one association between the

echo data signals and the position of the system based on training data
composed of records of echo data signals and associated system position data,
and
during a working stage, using the echo data signals and the learnt
15  association to determine the position of the system.

In a second aspect, the invention proposes a method of determining the
position of an object, the method comprising:

transmitting wireless signals from the object in all directions within a

20 range of directions which includes at least all directions in a plane;

receiving at the object echoes of the wireless signals from any of the
range of directions;

processing the received echoes to derive echo data signals indicative of
the distance of the object to a plurality of reflective surfaces;

25 during a training stage, learning at least one association between the
echo data signals and the position of the object based on echo data signals and
associated system position data,

during a working stage, using the echo data signals and the learnt
association to determine the position of the object.

30
In principle, certain adaptive systems are capable of learning any possible
association between echo data signals and positions. However, in practice the



Fig 14 illustrates a limtation in the applications of a systemas shown in
Fig 1 (b) in an environnment which has parallel sides; 20 25 Fig. 15
illustrates a first case of a proof considered in Appendix Il; and Fig. 16
illustrates a second case of a proof contained in Appendix Il. Detailed
Description of the enbodinents Fig 1 (aP is a block diagramillustrating an
enbodi nent of the invention which conprises a wireless transceiver 11 and a
si gnal l-Ior oeslinbiligandirdbustnesdef the Jtaiaingcafio\/\fvorldﬁg isrimpsag\iedsins;bmferreull ses,
typically RF waves, via an omni- directjona ntenna , 16, .and receives

refl ected SmbAITepscatdae jnvendan dysselesting iy i scho dateRiSRIs @S on of ¢ he
transceive J ﬁﬁ¥§F y transmt a short pulse and then receive and
digitise tﬁg*%%ﬁ%%@?"ﬁ e Jgg%ised echoes are then fed as inputs to the
signal processing unit 12. 5 The antenna 16 is preferably an

omni -di fectjongl .ant gnna, ich is easier to.design,th di.regti qnal

ant ennas  ohote atipeRaEghodmanis af erpvefigmondtaie uifedt i3ies et 16
the transceifpincks” G8MeAhsq aba%.%gtéwg;rré%boammﬂt%fﬂ@iﬁoaﬁﬁ&p uni t
111, a timng control unit 112 and an D converter 113. 10 The signal

pr ocessi ngoperate B8 a dacaleositioningasysiemo (alse knowndo they literature s @i t can be
renotely stati.one The . ssed r M d. wi sly to
ot her pr oce%iétp/é sg/é%\tﬁrgﬁﬁmg] ﬁ’f? Bé$@%§sé$¥gﬁs§ﬁhtr§@'%&6 %ﬁo\gb%%%)% shows
how t he enggserewhickbis@fefined by the)uses wheadeneratingetie positiomdata>Thsiish is a
t wo- di nensi onal space defined by a polygon 13, The pol ?pn 13 in Fig 1 (b)
may fof0exdhprairast to@e ‘apselute) pasitioning,systemcsuch am@%é imwhighdhem 15 i s

| ocated. A ; : t of 1 area
14 Cuii o Pesins, Hbicay BEthard iRty o dcsipdRlatety o ot iyt 31 o2
a wor ki ng aneghichtatiiuseréagieen(i.esas and'absoluted positionin Natutally, teilsebiraf any
20 shape). . The gst? 15 attenpts . to identify its positio i thin the

wor ki ng spé@%oﬂﬁ M HT heosing theaoaition Fjﬁt?s'iﬂ%'%ﬁeewg’rﬁﬂ"@eé §OYER €€t i ng and

| dentifyi ”%r&iﬂﬁté‘é&?ﬁ?@ﬁx,BLhﬁf{Qﬁ?ﬂlﬂh@ rbSEntShittion’d Ehcﬂ%ﬁﬁﬁ’é‘h' to @b
anal ysing the recel ved echoeS, the systemoutputs the cal culated positions
of the16r aseceod that the coeartinatersystem m2y addyallytbenarhitrary. si t uati on nmakes t he
foll owi ng assunptions: Only reflections fromplanar reflectors (such as
walls and large itens of furniture) are considered. It is assumed that

reflecti onFdricaPbaiiPéorts 6PEEHIRS, Spédifcalfedhdesdidm refdctivasubracks Whegted out
since their ma?nl tude is 30 nuch snall éer than those from planar refl ectors.

9 Only di raseplangiothere isca fpea igtationshipcbriweenrthe ipegitionomlues of thee

reflection ' r L : [ h rocessi sing the
fact that ﬁ?@%%tgﬁﬁ%ﬂrgg gélalﬁ\égﬁ{lé ﬁ%hﬁﬁﬁﬁ?g@ﬁ?ﬁﬁ ﬁa@tsde&ecggy%) ﬁ‘eﬁ‘gi %]%&e gec hoes.
Only speculrelativettd v transmittedrsignale dThu dictheagchoafdta sigrals ake géweratedngest

5 conponent in_ a di éf use |refltﬁcti on, Pd f't her c? onents arg filtered out
before furta%eR lipheidhese Aglayse gndhevudl be inpdrly rriategdadhe pogition of e wi | |
consi der a Hidm!4ef A ' ] ' ' ). In
Thi's vers oI heRedRUY Mo Latelial aae Thas RESh TAURPUIA thig indar

t wo- di nensipropéerty jsadesichbie fordmpyoving thedltrainirgsang working etageasangl e has
corners A at position (0,0), B at position (xB,O, and C at position
(xc,yc). The di stances dAB, dAC and dBC, fromthe point P(x,y) to the three

si des ok t IFprigth@ngores sflected, §§?éifi¢a*l[g%&fo@9'ﬂdﬂ??ef§éﬁ$ﬁt(sh}‘fége§imﬁéﬁ grg) of

the reflected echoes (velocity of light x tinme-of flig ) to those
si des. Not e\arplanandassuahelinassselationship exists. In this cases, however, optionally

embodiments of the invention may include a step of processing the echo signals
to derive echo data signals including numerical values which are linearly related
to the position values of the object measured by Cartesian axes.

30
For example, if the reflective surfaces occupy only a relatively small angular
range around the object, they may reflect like point reflectors. For example, a



15 not know a priori which of the three echos it receives corresponds to
whi ch side of the triangle. A vector, (d,,dz,d3) , referred to here as a
"vector of distances", is formed by arranging the three distance values in
ascendi ng order, such that dl 5 d2 Sd3 . 20 It can be proven (see Appendi x
| below) that provided the triangle 31 Ps not an isosceles triangle, there
is a one-to-one mappi ng between the vector of distances and a correspondi ng
posi tion i smalipidce ainmetal Ay caise swghpa ngfléctionporf addarger abject whidhiis atach of

poi nt. O 1 Sotaper dhtacec TR 0a%h, SeUSEIRSRA e, the eReTansls i cect | on of
the |ines hille BLERTENCASIE A0S sed 10bBREratOEERO dafh SiBRalNInERARGTeNS! onal

space (di, é, d3), eac si x sectors corresponds™to a different

pl ane wi t hhumblees baviog.a e relation to theapgsitien vakies@f theiobjech measarethe

mappi ng%vw E’hé"?? iven 11()oi nt on the respective plane. In fact, these pl anes

can be i oY 'qqﬂ,@ﬁ2d+l3dk:2(Area of the triangle), where |1 12 and 13

are the respective 30 lengths of the sides of the triangle) and d;, d~ and

dk are different pernmutations of d~, d2 and d3 (d;,dj, dk) depending on

whi ch of t BelefDeseription of The Figuresb) the 10 point P is in. Therefore, the
mappi ng (and its inverse) between the position of the system 14 and the

vect or of distances can be described by six linear functions. 51t will be

appr ecihat ed’_réfeﬁ*eldtfbatmeﬁloﬁﬂfce ig_f/eﬁﬂg?q wichow rt:efdesisicxsibeali,cfeas ltrwsalttleoﬂener al } sg_d
romthe triangul ar space of Fig 2(a t he general pol ygonal space of Fig
1 (b), 1@&ndliustration oply, wWithgyetarence tp tl’%ﬁéﬁtﬁﬁ\é’m yreg imwhighe "presence of a

one-to-one mappi ng between this vector of distances and |ocations in the
pol ygon holds true in general cases. 10 Methods which are enbodi nents of

t he i nvent iFigh1j whichds camposiediafdrig tl éa) and Wi cilustratesiarsystermavhish ¢eearr at ed

by | ti the,. 15 ively in differ traini iti ,
3.0 by o SriseiagR S edriaiien, i drualon ifEine pREUNah B deskl ot
training dg almethb8 Eebidif ké HSinkénidn:Fi 9 1 (b) represent the 15 working

space within Ich the tralning positions are be arbitrarily chosen. Due to
t he ph&donenon illustrated in Fig 2(b) that the vector of distances shows

Co"be ol st I 2aWRERcR Prcspr P 228 uubitieb shiRliRed Spfidhet, ) oY
I s conposeh@kitipstion 6f Fig 1(brand thedt uhdedlyiRg (td1l, d2, d3) space. The

training data, i.e. pre 20 known coordinates (X;, y;) and the digitised
echoes received at these positions, is used to | earn the mappi ng bet ween

wor ki ng. st O1P P PRkl o e it VrE oEp s rTbARERR uik R T ' °

(xt,yt 20 amsgsiensopbig 1 on i s determ ned using the vector of distances and
the mapping. 25 Fig 3 shows the construction of the signal processing unit
12 in a first version of the enbodinent of Fig 1. The training node

wor ki | ow | i 3RS 8ABER ialiaUrlLEbRITIVETsRACI I EigHar droBesdIRG e hd oW | s
represented Dy solid arrdws. The system 15 inclulles a swtch (not shown)
for switchisygtemeohEignlt hese two 30 processing nodes. 11 In the training
node) the refl ected waveforns 2la received by the signal processing unit 12
are first pre-processed in a pre-processing unit 21. The unit 21 perforns a
pre- pr 9ges Fi§ o5 RIINER i8!E6mPBERd bf Fits. S{HRD 57d), SABWS ddstaéndg tediridgudsg t he
recei ved signals, averaging anon S|%nals of several em ssions reception
cycles to gle naypbe bised iy thepsysden ofFig: her steps (e.g. filtering) to
further renove noise or distortions. The pre-processed waveforns 22a are
then fed into a neural network 22. The training data al so includes the ~2D
coor di nat eFig® isachlotk diagram gfca third(version;df.a sighaltpresessihy caitrofiteat es 22c
are also fed into he _neural networks 22. The neural network coefficients
of the neursYS®BOf5i%122 10 are adjusted (using conventional neural network
al goritjgns) to reduce the sumover the training points of an error function
whi ch neasures the difference between the known positions (x;, y,) and the
out put 24 dfigthavhichuisatomposed &f Big Afakto 7(cy ilkstedtes protil@msameounfaredtio t he
neural network.22. 15 \Wen_so trained, _the system 15 in the worki ng node
can determcr?éé\"f ?pﬁéﬁqtpf‘ﬁr?f?&?,s at?"b%sté'Q 1s(f‘\iechoes. Signals are again sent
out by the system 15, and the




reflections are again picked up and fed as signals 21 b into the
pre-processing unit 21. The pre-processed signal 22b is then fed into the
neural network 22 which now determ nes the position (xt,yt) of the
transmtter based on the 20 mappi ng and outputs a position signal 24. The
wor kf | ow of a second version of the sighal processing unit 12 of the system
of Fig 1 is showmn in Fig 4. The training workflow is represented by the
dotted arrows while the working workflow is represented by the solid

arrows. Dupjng 25 the training,, . as in th ersion, of the signal processing
it 12 shblinS WhS S gornRseddifi g 4@ §P§ﬁ9-s§<hi iStrales aProNEs | he

P &= Pr 0Cesghiidsuth by Hniher BFBRIRBHES thBdndriRAl di stortions. The signals
42a out put by the uX|t 41 are then fed into a unit 42 to cal cul ate vectors
of distances 43a. The vectors of distances 43a are then fed into a neural
network_43_. al.ong with the cqordinates 44 of th resent .. 30 L poi nt
(i 1y )8 TR Seatrenf® thek st of el ngfuorsErnBlof&T e arbByahdft,

adj ust ed (gf;i:@gggonventi onal neural network algorithnms) to reduce the sum

over the training points of an error function which neasures the difference
bet ween 12 the known positions (Xx;, y;) and the output 45 of the neural

network 43 vVac 2 . t . In the
wor ki ng nogg'le]{bh %}ﬁeéoﬁééosiéﬁg%@{@ ngtagbceh%@(gm@g{s’%% #\ﬁf@éeﬁprey
pr ocessi ngaddidsséd byldfurthes enibodimenfofdhe idvéntione then fed into the unit 42

for calculating the vector of distances 43b, which are subsequently fed
into th@ neural network 43 which determines the 2D position (xt, yt) of the

t . . £ipr st d d
variant o af 8 DY iiaidOn W 6y ploreBhidiied rbApadiRdic 01 200 S s <

functions (RBF) networks. Whereas the first and second variants of the

si gnal processin o,not take any count. of .t.he inportance of the sectors
illustrated!d ib Bﬁ'&g@(% ?n%ﬁ?hf‘éﬁ Qfgﬁ? Qﬁ?Ofcﬁonﬁn?‘H@ng‘PBﬁa‘P'xgr ocessi ng unit
12 of Fig 1 includes neans for clustering the vectors of distances. The
clustering of the training data into six different planes can be done by a
Hough 15 ansied miljustrates gilimitatiprmin theraprlisatipng of psystens as sbewnrarkig!1(®@. 20

Gonzal ez, R rd. . i A 993). A Hough Transformis

frequentl ylﬁtéB%WQH&W%E%}%ﬁ%%ﬁ%%Wi%G%@P%s by determ ni ng whet her

they lie on a curve of specified shape. This nmethod transforns the

description_of the curve in the inmage space into the paraneter 3__p,ace to
R

reduce t he Fi@ifAdlustiates adimitationdn the applisatipns o asysten asishomsuind gl (Bbr mal
i mage 25 pr ' ' |1y, it has been found that a
Hough Tr ans"?%ﬁ%ﬂvgggh'\%@\%%ég%%éggl%ﬁ%g classify vectors of distances
obtain@d in a set-up as shown Fig 2(a) into the 6 planes. The Hough

Transf or matj on t hod, ho er, not_ converge.if requires the
surr oundi gl igtraes e iist Goss g eroaigonsidered in Appedix If; and
Fig. 16 illustrates a second case of a proof contained in Appendix 1.

25
Detailed Description of the embodiments

Fig 1(a) is a block diagram illustrating an embodiment of the invention which

comprises a wireless transceiver 11 and a signal-processing unit 12. The
30 transceiver 11 transmits short pulses, typically RF waves, via an omni-

directional antenna 16, and receives reflected signals (echoes) from the

surroundings.



13 Ot:her than by a Hough transform the clustering nmay be done by self
organi si ng networks. Self-organising networks detect regularities and
correlations in the inputs and accordingly adapt responses. 5 There are two
comon structures of self-organising networks) conpetitive networks and

sel f-organi si ng maps. These techni ques fBse entities referred to as
"neurons”, but these are not to be confused with the neurons used in the
neural networks 22, 43 used in Figs. 3 and 4. Conpetitive networks learn to

recogni se groups of similar input vectors. Self organjsi maps learn to 10
recogni se Eheuﬁl@ctwn of e EanscapEr Vs torepeatedytrandriths shAEPURa,Aoths

physicallyrﬂﬁp( ol r r { i nput
vectors. | % oteﬁgﬁgheﬁs}% a@EIeSbEP %’té ghggé{t-ﬂ{eb ﬁ@%ﬁj ké?ﬁgrgg%(géé?? e?e?dlbig "neur al
net wor k co#fputstoethiessignalipracéssirsg uhibrith of | ear ni ng using sel f organi sing
maps, the neural network 15 coefficients are adjusted to recogni se groups
of simYar distance-location vectors. A "distance-|location vector" is nade

up of the yaglfterta 46% Bféf@l%b)ffaﬁ?hﬁﬂ%‘ir%%tidﬁél%n&é}ﬁ\d{%ﬂﬁ&i isfadiéretol ocati on

(i.e. the training positions ( ,)). This distance-|ocation vector
provi des ndesighithan @ediraptionakantanna, espesialliyoohightbandwidthi Rig sigmeds. 20 Fi g

ceelors. "VBeRlRS e UGN 180G AT RN B T AL ARB NS ARG P o, ana are
f e_d into apuetgehérafiemanitith, 4 hmiﬁg)bbﬁﬁ@nmﬁ MR 4A¢ bArA/Df cémlé@t_eirqﬁ 3.46_b- The
unit 47 concatenates the vectors of distances and the 2D coordinates into

the di 4@ andbesignal paecessingunibi4 canthe ntegrataddtol the siansaeiveed by ar iheant hen
fed into a | i i -thocat i on
vectors. i nfs TamsREy 3Rattirea TR b Eegodisk bR niay B2 Fela e Wb RREN b cs | 1
them The othgryroddssing deeicesvia the wineless ransmilterdrt. di st ance- 1 ocati on
vector is input toit, is athe nunber in the range 1 to N indicative of

whi ch group the vector of distances 30 corresponds to. 14 In a triangle
.such as t higlg i h)ldhewe hdw the BiiboairHant 5 BEFigeH4PIsiFset iksHngéntt he
i nput vectcw% pﬂto g%Broups corPespondﬁ%g t@ éggé%torsng?p?hé trid%gle

di vi ded5 by which Isi a treedimensional dpace ddfinetdryi mgolygohdd. Tsemplydon Hhigh
transform thig.nethed does not require the surroundin o be . a cl.osed

ol ygon 1 n FEhAT TiRu e RiE BB oat Blam it GRS IS W08 Pt 15 8T

al ternati veodaled! AB! BCIOD, DE i EASstahg ferthe wallsalfithe offRel The dréa@own in
Fig. 5(b) and Fig. 5(c). This nethod of clustering is based on an

assunpt i on (Whigh iS shownrassa £estangleobutimay g aueether shgreiliairates @ | i near

t ransf or mat i Qp. . j di nat es.
By usi ng. st RRGEEE IR 455k oba the SAREET S cp Mg LA ' O
same | oe, sghpe).iTrtfeasyslt?mrrgH autemptmfibemmﬁs quﬁioamvidﬁngm nmrlﬁag@pgee f
position and a vector of distances of the posjtion can, be estinmpted.

these t hr ed4RY enpg 1 dranssmﬂﬁﬁsﬁéanaqg agd| qt?@'ﬂ%%@%ﬁ%é"ggﬁi on in

t he encl os [ i i ' be
corroct 1y G o e S o 35, B e o e or
and t he 2Dechoesl thatsystam outputs tte calctiated:pesitions ntihgHbansdeiverin s¢ali ng

poi nt's (thg.se#ﬁition of the points affects the success of the

estimation Vne “estimation of the linear transformati on may be done by

t he | eagt-square nethod. Fig 5(b) shows a lattice-like group of training
poi nts where the distance 20 vectors and the 2D coordi nates of the darkened
poi nt and theiehaidhia situatignspakesothe; folpwingsassumptionsi nate a |i near

Tnterest i o (v 3angfhos Tim AR sRiTRbI G ukh 4 WaRE e BB of
clustering pr OCQQmiWe%Hsm‘e@édth RSadsumiad th réflattions froanpbimt mat i on.

Vectors of distances 491 a extracted fromthe training data are fed,,

t oget her with | Goareemeithartda rotexistior gancke filteradioul sincedheifgnagniydeds t he

| i near I ansfor i X ] n converted into a vector
and thgp fed in{'ﬁﬁ%ﬁgﬁa@ﬁ%ﬁ%%‘g‘%@%‘?ﬁréﬁ@f?&%y whi ch they are
clustered into groups. The output 494 of the unit 493 whenever a given
linear transformation 30 is input to it is a the nunber in the range 1 to N

i ndi cative of which group the vector of distances corresponds to. 15
Concei vably, if the points shown in Fig. 5(b) do not all lie within a sane
section, i.e. they do not all belong to one cluster, so an inaccurate

estimation of the linear transformation will result. However, if the
training data is well distributed, such that there are many nore correct
estimations than inaccurate ones, the 5 self-organising network 493 can be
used to accurately cluster the linear transformations into a pre-set nunber
of groups (six in the case of a triangle). This nethod does not have the

e o . o o -



»Thi s .process is shown in Fig. 5(d), in which, during the training phase, an
adapti ve nodel 496 known as an LVQ (|l earning vector quantization) network
is taught to classify input vectors of distance 495a into the clusters
derived by the 20 clustering units of Figs. 5(a) or 5(c). During the
training phase, the LQV network 496 is 8inultaneously fed (as shown by the
dotted lines) with the vectors of distance 495a and the correspondi ng

i ndi ces 49, 4940miy directcedhoemare eonsideted. ifuhoesidrising friememultipleces are shown
as 497 in Fig. 5( During the working phase, the unit 496 is receives

. 25 . )
only the vect or5eflﬁc)tlan§p&t’r@e%lgoelrﬁrwﬁ"@yec&ogbwer%lth%mceaﬁagownatﬂa% based
only on themt og] 1 Ms r , i okhoed the
range 1 to N i nFjdlcgg?élt\;é&é%?@!?%%j%rrgggﬁ?ﬁ}eg"\%ﬁdwg%gSllfs an@é% corolreg'sponds
to. Again, thisOniybspeculacsflection inciudetin8peculaprafliéictign isthecsteongested

pol ygon. 30 16 Referring to Fig. 6, a.,third variant of e sj gnal
P ongact ng_uni ¢ CamRonent §-a Siiisealipclion andcher eosaPeRETth@re St Gitmode i s
shown in dOttedbéfer“l‘ﬁrtﬁé'rdpl%ESsé’iﬁ k flowin the working node is shown in

solid arrows. Again, In the trainfTng node, signals are transmtted to the
surroundi ngs by the system 15 and signals 5 reflected by planar surfaces
are received, by the.fransceiver 11 of the system 15. .The_.output 71 of the
't anscel veBearesaisidaraing eenaratete, W Wil onpBer s siEuged vBriern S gnal
di storti ongropie it D) SIn iohh ik EIYgbRH8 i ralabed By

calcul ate t?J {loe V'Z](_:Itloért é;?&glrl\ stsgt%@gsl,n tﬁ%d@%rﬁghbﬁ{épét 9_93a is! {éétgl] i?\_t oya

cl ust efl@ ngtriangie i aitwg-dimensippat spage definadeby doiondivatgsanas Thergangle

A tor nat | vdey oronk 8 Hastiorl 0,611 8BbfHioh 65 0 489 RERSHBOARY 1 i g
5(a) or 5(The(distines®dis, thcand dizl fohmthedaiat PHiy) tothe three sidesef thescr i bed
above) and a classification unit As menti oned

: 732_l(as shown in Fig. 5(d€%.@
above, t he tiangle 81; ate ealculates fragy thegl @Fe (tine of it pftbe reteced &chpgsh t he

| ocation d : : t §.St dit

out put s an?\?ﬁaé@ éﬁ'ﬁ,‘ﬂﬁ‘g@ﬁ{‘?%@*@*@?@f@ﬁ!&?ﬁ%@&fs’?‘ﬁggﬁaﬂhﬁsﬁé@ﬁg Otg ? ai ni ng
phase 16 t mat kndWwea ptiors whichnof theithreé3écHos it reneivesseorrdsponds $o vvehside
vectors of distances only. During the working phase, the clustering unit
732 is not Qﬁﬂwtrlm@-tmm@pas@,dgch)iwrm to heenas pswectpe of distanses”,

di stances wi f{hout, any input fromthe 20 clustering unit 731. The stem
furt o 1 ndt IRiEe R raBbng the Siies distanss velios n Asotging Sidensugh gk °f he
neural netvwprks 441, 742, 743 may be replaced by any other form of adaptive
transformati'on ainit” (an exanple is given below) . Furthernore, 25 although

three neural networks are shown, the nunmber is not limted to three (and is
in general many nore). According to the nunber of clusters which the

cl ust e2Png luean be proventaeerAppendinl below) thatprevided thedriangle 3driginegaoni t s
are activat; r: Qi unj L | i i espective
cluster. Sdg%r?%[%eﬂ%ﬁg%#ﬁé@r% er},g\et- é&a%fnp@%bgﬁﬁ%@hg\'f?%ﬂg unit 731
i's al so fedistante®andlacsdrrempondingspositioraimdthé3dandlecABE! Thé ntapping Is N33

passes the vector of distanc (which it ceji ves, f the classification
unit 731 ) faet 'tﬂ?@f%@'%ﬁa&‘]e?é’@ six seclors Pgﬁ‘ﬁ4tﬂ?"91?2§\8g]4ﬂdpa@ﬁfb¥i ed by the

[ | 78. 5 ‘ ' ATy E di
Tocat on ddrs g ATIBRLY widie pofit L) B8 Yiidr copfehF BEPiagLE Rl PO,
the si @dal im@rsedtiencfdhé linesmthichobisetizeachianglet Incothendjords, énl thauthireg
crrorf unctERTaRNEhSHRR (i o chE Gaoh ol bR S TS IoRBORAS IR et ng
(X5, y3) f’irﬁlaﬁé"ﬁ\litﬁiﬂ el spHee. Ehach %Enet;ﬁrr glé:{lié%n wB6tar hBs asérﬁlﬁi-oﬁé%éﬁpih@]f)ué to

the TL unit. In the working node, r signals 71 b are firstly fe
into the prwithhagivanpeigt oo therrespectivaplans. in factdthesg planesxean ke wiitenf ed

into the unj 21 19, Qht 5 f.dj stanc teg t or of

di st ances :HSSt ké’%lzﬁ’%{:’gk'fﬂép%% gg{h\éﬁﬁégé@?a\g%%\/‘i‘ 'ﬂ@gﬂﬂlk{\g%thgr{ggpéa Fassified
as bel @ogi rgngthswithetidesfthe sidtigle, dnd &ne, andagsare differemt pernutatidaswii ch
outputs a result 76b. The selection unit 733 feds the vector of distances
74a (whi ch d1 dpBndidadd;, dy .ol depeatingson which ofithersix sectoys ofdFigtaibirtheuni t 15
741, 742, 743... identified by the signal 76b. The unit 76 receives the
outputs of all the TL units and the signal 76b indicating which cluster the
vector of distances belongs to. The unit 76 outputs a signal 77 which is
the output of the TL unit associated with that cluster. 20 In the case that
the TL units 741, 742, 743 are neural networks, they nmay be very sinple:
preferably sinple 2-neuron |inear feed-forward structures (i.e. a two |ayer
structure having an input |layer and an output |layer, with no hidden |ayer).
This is sinply because the distance froma point to a line is a |linear

. — o L L - . - Y p— ~7 _\



18 Note that many variants of the systemof Fig 6 are possible within the
scope of the invention. In particular, as nentioned above, the TL units
need not be neural networks) but may instead be units which performa | east
squares estimation of linear transformation 741, 742, 743. The
transformation between the vectors of 5Qistances and the 2D coordi nat es
obt ai ned by estinmation based on | east squares is represented mathematically
bel ow. |f pbient FPeip fim. nﬁtélefoneehhetmapmegt(and ltsﬁnvﬁrse)emimeartﬂepbeltlbﬁ of

coordi nateg for ,one e clystered trainin i nt .ten as (for one
bornt vt hiha Sistacld and e vectdt Ghdtancas ke be Gestrbetiy S liRoral 1 1 he
traini ng dfijtghgh sub-index 1=1 to Mwithin this sane cluster: dl' dlz ...

diM xl xz ... xMdzi dzz ... dzM=A ... (2) Y, Yz YM' ' ' ' 11 ... drrt
drrz ... dr~.r 15 As Iong as M? 3 and not all the points fall on one

straigh ne,.the tran on nmatri A ca stimated in Ieast square
Sonce o | Vi gelSprb SRR iIR e BafER ) of uie 8PSt ffhEBS B bl | %50 S T
where D = dénefilided frontltd eiafigular space of Flg Z(EMtcltHe generdl g&ygdﬁal?space druaT
The various enbodi ments of the i nventi on have been descri bed above with 25

ref erence ©HFich¥(b3; atuhttwhb@fdem@st@ted)m Appendix Ipatthenraserse phat he
situation " r u froma

pol ygonal gh\?ltlr)?c)br?nen%m)@gt eg%gh?@ 1S W??%%#% %Edni)drzls blqgm‘ﬁtehet han t hree
el enent s prlyg@nuwldistreeﬁmgeneﬂa@caéesil stances, e.g. (d~,d2,d3..... dN), the
clustering wll then be to find 2D planes in the N-di rrensional space of

di st and®s. The Hough Transformis still applicable. If the nunber of sides
in the envi ; passuned.
The. st uct hINaRe which AEEBRd bty o B3 ndURRRL rtlud® ERamA T e An o

| i near feedvtﬁa:hWarrnhgsdataatsmeaerétedtblydocatmthetwstamdétsmesslflelvmg 1 (b) and

i d ded
Lol | | (HTerSts EaPing poriiors oVEDY latsiSe Fected Sanaisibievaaied o' "y
~to a pl a'l’ébe‘té‘ﬂ%’ltéﬁﬁ%?@ra'lrﬁné ﬁéfh)*ﬁfl@dbﬁe link% 1%fF|§4(H) @Eré&n‘t"fhé?h i's

again linear. The |inear nappi n%e be the sanme within 3D sections
di vi ded5 by waikingispacevithin auch { twnmgamtlonswecbmatbetrarﬂg chosgn.Pue t hen

ough Trandd SRePheNdBEn Py FStsd i la 0PEAAR 1ty on GFtibtaneSs Bfpas°"e (11
net wor ks, Hisdontinueus cmﬂldesh@tvtﬁe%dgewcf@ectdﬁ§ttﬁédrahi|n dat@Wﬂl tbhdttotti@
enbodi nents above do have sone |[imtations. For exanple conS| deri the

envi r onmentClustessd, suclrthat findhegaseref the gRvispIment erFlgl%EF)é it is |ge P
| ocat i ons %?Bﬁttggit ﬁ¥§fxyplﬁb85pec adﬁ g@o{paﬂ‘fe attﬁéWﬁg a%?é]tll%e p?g

measur ed, because I'r'ec 'ref 1 ons rom on
cannot 20  known coordinates (x;, y;) and the dlgltlsed echoes received at these posmons

des

is used to learn the mapping between the location of the system 15 and the
vector of distances. Then there is a working step in which the system 15 is
located in a unknown position (xi,yt), and its position is determined using the
vector of distances and the mapping.

25
Fig 3 shows the construction of the signal processing unit 12 in a first version of
the embodiment of Fig 1. The training mode workflow is represented by dotted
arrows and the working mode workflow is represented by solid arrows. The
system 15 includes a switch (not shown) for switching between these two

30 processing modes.



‘be received. Fig 7(b) is a graph of the intensity of the received signal
agai nst tinme when the system15 is in one of the shaded areas of Fig 7(a),
and contains only two peaks. For this reason, the enbodi nents do not work
wi thin the shaded areas of the obtuse triangle in Fig 7(a) because the
one-to-one mapping 25 pre-requisite is Hot valid. In those regions, any
pair of points that are symetric to the bisector of LA or LB give the sane

vector of [k theardiging rhiodeMvbe reflédted wdveforots 21é reesived birthevsigndl ty of the
net hod within the un-shaded area of the triangle where refl ectigns f,{om al

three si deBrasessiRg unit tbhgre fisshpredprosessaddn.a Aie-Rrogessing; Ut 2. Jheunit pe
[ | : j i ; i des.
%Qﬂlgr ! tsﬁg1 fk)%{@rrﬁgraepr%gﬁ'ﬂcaﬁ%m%g);@?@ré '&%%dgﬁlﬁéﬁgg%fkgﬁ'{bhhar@g si des

ar ea osen e user stemlIs wor kabl e
or not candigitisimgtit meceived signds naveragingleangeg signatshef sevebalrerissisohoes

duri t he trai.ni ion. It ) t that t -10- [
or oport3 { BICSPHN S3s EBaRRHica NoBerags opUy AN GAP)SPRRie S FTEHRENR angl o | <

not an i so ] ; i i
Cost om 15 i ToovBich of HeRriS: The jre-poc S WalEMEI, &t oA

one-t o- one fagt irnlnpceatrlyewal neteonagi 'ﬁlltge tre;tmilgwelateraleo anmtlydes tlhehw @_ODEcilmme§
t t t .
caui 1 at or P AR BTG PPBF Caimang thpse 20-ABbaIEs 20¢ B BRAed, fbutne

rectangl e. ngQrdfipweNSiks 2 Thel iburlBFtwons 66effitichtd of theaRiural netiokk 22ea, this
one-to0-one mappin roperty may still be valid. For exanple, referring to

the ret®ange adjustash(usingwonventiogal mewpl nefwark algarifhaktareduse the §HM snal |

triangl es j . das i W O r . still

hol ds_and gﬁé} %%3&%’&1"55?%@%&n‘éaﬂ}é“éﬁﬁﬁa‘éﬁi%g{“?%%ﬁ‘e%?ﬁaﬁ‘% t@?%‘ﬁ’ﬁééﬁh it is

t hteor eL [ E:albbw%rgﬁkndhm ﬁafiﬁonfl(:xi,tyfq) anc theapplipag 24 of tﬂnelnéeml netvhryrkEQmezL al
net wor e.q. o .high_levels of accurac ve arge enough numnber
of neurons“g'tﬁﬂ‘thpéfl’%\{erf@”%?a? are inRut to the Fﬁ@@&ngg"’qp\éys alimt on 20 the
conplexity of the neural network and the acceptabl e anmount of training
data. These factors may limt the performance of the enbodinent of Fig. 5,
but t hé5enh¥hdemsatraifed;ithe sgstem A i theewoetingmade ¢dn determinecits pasitiont ed
above, Fig. 1 (b) shows how the enbodi nent of Fiq. a), is, used,j,n a 25
a1 tuat i on_ 1 YONFASPEL G SRS, STGRAIE a1 agBIn 1t oy B e BbieHT 1R iR *, e
uses of theefatiRdsH8again bicked Uplahd UG ¥IgnalsP 1FiAtd heSpretbrdBessing

environment. |In certain environnments, reflective surfaces exist which may
be treateduad 3oiThe precproeessed signak22b istban fed inde the sevial ngbrerkrdd/ i ncl ude

the. aver agana a8 ddtentssh pob ol ikt e T B RO GERRNEE®, 1> M
resol viog trhgpplhg aadcsutpatstanpositivieeighal 24t ernatively, it may include an
obj ect which may have a substantially flat reflective surface but which is

in the far distance. In certain situations, such reflective surfaces 21
{ribut pos Al : ,
cohoes 11 omMeoirbante £LUEind ersith Gt sandtprduitiha Gt TI 48RS SrsighPv©
fil telred owsf)Fig dtiklehpwarligim%q. ﬁhetﬂaﬁniagbtmlléﬁlt?mﬁs m‘prﬁs@tedﬁyﬂhfeidmtﬂet _dde a -
i gna rocessin ni t ic arrange 0 0 ch re ctions. e
ani't 12" APaR bR theHiouine rarklodis tesese BRRP SR GHOWe: GHHTIGT T ec i ve
surfaceg Whihe '?ra%iﬁ%,eé§ F?Pﬂ'\b‘@ré’lro]ﬁ%f e 5RhbPEIdRESsing uritc| 2856wWh th Py 81y

conmbi nation of such echoes wth echoes “from planar surfaces. Initially, we
wi || consi dbe refiacted signals 41aase fasbinto thie pre-processinghinitt lald remevesneise 10

Feflacti vo i Fpelt @RI e SO THE 22 e Mo e LS AHE
pl anar ref | afit 42 fo b5lealate vetibrs\6f diktdneet A8aPTRE VeRtbrs bf HittancesMBh drep| ane
of a tranceiver as (XT~"~, rxn~) and the 15 position of the point-1like

reflector dbepfecdfinf aveural P))QF\N@MBJ&'@QJIW#M% eoprdinatesi4dt ofithe presenict or
for . (T PR . .
Spect 1 130a1 1SS Hoitt G4, UF ol oelal A6 s RBErRRIES AR ndJaPRbMI 43 ace

yred-P~Z  adjusted (using conventional neural network algorithms) to reduce the sum over

t he

the training points of an error function which measures the difference between



20 Al-though in principle a neural network can | earn such a non-I|inear
relationship, this is harder. However, if there are two point source
reflectors, at respective positions (xref-Pl, 25 yref-Pl) and (Xref-P2)
yref-P2), we can fornulate a linear relationship between the respective

di stances d~) d2 of these point-like refd ectors to the transceiver, by
squaring the two di stance equations and subtracting one fromthe ot her, as:
2 d22 ) - thekrsiviPBositieds B, y*)@rhdfktebutp%w&fﬂie né&firal nétwork wakwiien the
~xrej-P12 +. YreJ-P12 ' rci % ¥ 12 30 22 Simlarly, if there are no
| ess than VRGIEES are input ta.thesiqural GRWORK 43 tt erent | ocat | ons, two

i ndependent |inear equations can be fornmed relating the 2D co ordi nat es
(xT~"~,, yT,~, ~) with distance information which can be extracted fromthe
echo si gnalrstrferwmldngamddeemermﬂbetetdosignaly\mb arbepere prmuemdeinitbapre-t he 2D co
y ordin tes be un| ily.calcul in a
very si Fé%'ngou'l'%%‘l %Eﬁ%ﬁ%ﬂai‘% 3P é]t?/?h% HB%@?PE. on
(xT~"~,, yEalcuPatuﬁgﬂhéeeewrwHﬁ%@4wﬂm&« BEk éﬁ@séiﬂéﬂtl?*f@@ﬁité th@nce the

| i near transfornmalions have been |earnt fromtrainin a. 10 As in the
case of anaeyelngtwerk 4 whishdatesnings e 2Drrasitian (%, %serthQ@é@t,em BBst we
exam ne ths (1 eness of the mapping between the distance vector and the
transcei ve gméo ftion. This is a different geonetrical problemfromthe
previ ous case and a discussion of it is given in Appendix Il. Secondly, the
mapp mg@lbet ween the distance vector and the val ues (xTX~ yr~,~) must be

exani néd 13hel maweMQr@ dfethefisstrandhsecand aiants ata p@f@r@bly[ M favgr start
h, di
W t we stfééd gﬁﬁp?r;@ragdﬂlggg'\fﬁ?@ﬁ'?ﬁg @(L)Brn}ose nt sources residing

at the thre ver IC of Figs. 8(a) and 8(b),
denonstrates the probl em Fig. 8(a) shows the distances fromthe three 20
verti ces, ~ respecti,vel sition of, fhe

! Fansce; velhergaadhe fi5t a6 sezand ashpththe dbrial praeessineld dt tefeany
respect i ve'avécaﬁnt(af/ihe Yrﬁbonéef& ob/fRk swbréwustaé@éd il P@ Z(BL@trﬁkds\;aa\m&f can be
witten as: 25 dA = xP XA)2 +(YP .YA)Z Bz 5 - (xP JCC
~ Z + (5P fhegsignal padessiggtunit t2efkigat irmiudestmeamfm ahﬁtemm themntpzs)z (5)2
and (4)2 (A?)fé have 23 dA2 dB2 - 2(xB xA)xP + 2(yB yA).Yp '+ (xA2 +
yA2 xBz d C xA) xP +2(yC . YA)yP +(xA2 +yA2 ,x' C2 yC2)

The clustering of the training data into six different planes can be done by a
Hough transform (see Digital Image Processing, page 432-438, Rafael C.

20 Gonzalez, Richard E. Woods and Addison Wesley, 1993). A Hough Transform
is frequently used in image processing to link points by determining whether
they lie on a curve of specified shape. This method transforms the description of
the curve in the image space into the parameter space to reduce the
computation load. The detailed procedure can be found in normal image

25 processing textbooks. Experimentally, it has been found that a Hough
Transform is able very accurately to classify vectors of distances obtained in a
set-up as shown Fig 2(a) into the 6 planes. The Hough Transformation method,
however, may not converge if requires the surroundings are not closed
polygons.
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(7) i's actually a one-to-one |inear transformati on between a function of
the distance information and the 2D coordi nates of Tx/Rx position. 5 On the
ot her hand, the distance vector (a pernutation of dA, dB and dc) extracted
fromthe echoes is defined as: ~dndz~d3) _

(mn(dA dB, d~), m d(dA, dB, d~) ~m~(dA~dB~dt)) and we can have foll ow ng
formulation: dz dz xP z 22 - Azx3 .YP d~ _d3 1 which is actually linear
but with dOthenthan by blesgbftranstermtthelciustering may desdond by selfoeganisingi g.

8(b). Th iLvi ded b I cyl bi. f h.sid d O

s The so- BaaKe- o olgarising heRToRS et sBhy TS SRl oReRIRER . Vect o

will be a ﬁiﬁuﬁ@éﬁ@%c@@fdiﬂt{lﬁbﬁﬁﬁt fisplfisesiB and do thus the value of Azx3 is
er

15 different. This prop y of "clustered linearity" is quite simlar to
what we observed in the planar reflector case. As in the planar reflector

Che. 1 ecti vaRoR AT AR SRictidd SHaRbpaR o olE. SRRt T car neq,
the 2D coongiwierks apdsdifforgahiinginapsf Thesd fstharjueeusecatities referrddte
applications of the enmbodi nent descri bed above, the clustering of training

data and cP&sBeWRANgy kit theseararptde hegonfused with the neywons yseddnpdhes done by
Hough Tran f i ' I ationship
I ae d2 ajearlnetagke, W33, LRARFI, Pl Bomdiile FEREATIEYEUNT cver,
for the cl vstogniseygroups affsimiter inpekvedtons. Setfatgarisingunaps lsssnde! f

organi zi ng neural networ s,r‘l%ﬁlse_d otn q(Z:*;zti mat ed | i near, transfornat i.o%]F, as in
the pl ARar reeRANER] groupgt sifpiaringyt yeclars in sych @way thatnedrons RRYSICY: he
training d | ' i Sty i on of
pxs can boCALeAcESUIEtI 1RPRBuRPtIaheresPoRltty bIRY b eRtor s T, Pectl y
based on t itases,dbeistateiaftise netveorks iase detineédby ¢hewrat hetwarkicosficiesws!. i n t he
clustering to nake it nore accurate and robust. If we | ook closely at the 6
different values of AZx3 which in total have 36 5 elenents, actually only 9
of them ar ¢n beRét forisieeRRiRUsind BeF-otganiBingsAgPs, tHe hearaltict@oikhe el ements
of all 6 matrices that are |I1sted bel ow. 2(xB -XxA) 2(YB i

- YA) ( xAD+YAReffigiente areAdiustadie resogripe @raups ofgimilacdistance-location

YA) ~xA2+Y. X C xA) 2( YB
VA) chzs vRETREAb SRS Jas Rt o0 Rl M BBl e G BRREE
dc) 2(xc - xBngateMated Wikh tize (@etdr of the location (i.e. the training positions (x;,y)).

This distance-location vector provides more information for the clustering of the

training data.

20
Fig 5(a) illustrates a process of clustering based on distance-location vectors.
Vectors of distances 46a are extracted from training data, and are fed into a unit
47 along with the corresponding vector of location 46b. The unit 47
concatenates the vectors of distances and the 2D coordinates into the distance-

25 location vectors. The distance-location vectors are then fed into a self-
organising network 48 which clusters the distance-location vectors into a pre-set
number (N) of groups, based on the regularities in them. The output 49 of the
unit 48 whenever a given distance-location vector is input to it, is a the number
in the range 1 to N indicative of which group the vector of distances

30 corresponds to.



+ YB2 - xc2 - Yc )2(xc -xB)2(Yc -YB)~xB2' +YBZ- xc2-Yc2)where (dB d~ dA)2(, xA
XB )2~. YA YB ) (xA2+ YA2xA2YA2 )2(.XA .aCC)2' ~YA YC) (xCZ+YCZ, xA2YAZ) wher e
(d~ dA dB) 2(xB -xc)2~YB -Yc) (xc2+Yc2-xBzZ- YBZ) 2(xB -xc) 2(YB

-Yc) (xcz+Ycz- xBZ- YB2) where (d~ de2l xA xC) 2( YA YC) ~xC2+ YCZ. xA2YAZ) 15 Fig 9
illustrates one typical structure whichl4my be used in the enbodi nent as a
possi bl e inplenentation (a "conpetitive network"”) of the elenment 493 in

Fi g. 5(c). Id & tiiangle sach es\thaf inddg 22, theyself-srgenising networks W gammblusteri s wel |

Kk int Jit t . of .adapt i teps. , T b | ~di St~ i Eig. 9
Foceives. il MBUE veRtDrint6 Atk EomeRRRnaRd b Spatrs of Ma tienols AVPedduces
a vector hgyitRebrse@bRIHIke aztgua-tléﬁgﬁljrﬁt Bﬂ%sﬁfdatﬁéﬁsvﬂﬁl?%hgﬁrmt tHige

di stances bétween the input vector e vectors IWTIl forned fromthe
rows of theetheddoeeinghreqtiterthe. sunieeindingsi tofhet a gloset! polygomist shapeeandayer in

computer by_finding the negative distance between input vector p and the
‘wei ght ect%aPé’e lgggpﬁ%or%%ermrglg%csengngﬁ all biases are 25 zero, the

maxi num net i nput a neuron can have is 0. This occurs when the input vector
p equals that neuron's weight vector. The conpetitive transfer function
accepts a Aexalteipativetecelustering usingtherdistancedecation vaatersrs sheynts Fig. 0 for

posi 11 ve eoinait - 86 Thisfetod ot ping R Eak 3T R Ssfhafiehdng’S; Soes °
are 0, thewithireseetionsrofurosiclosadateay ¢indreris adinelap fraasfopmiation ibepuéery e or
has the | east negative net input, and therefore w ns the CO,ITpEtIt_I on to

out put 18 | vegles off distanges anglithe %Q§°Qrd}'%te§b5¥é'§iﬂ9nattlﬁés'ft3 AeighRgUERg

sel f - or ganigzk I I paanut  wei ght
ot Lo P PEITS wAEh U 1R e Rals g RETREEr SansBinadB hoaC s
proved to lbetweerytrmi2Daxoidihates cfianpositiormand alsctior ofedistancgsiof et | on based

on estimated |inear transfo . ons has another advantaqge that, optianally

2t the sambosition i ke SnIat I fte BiRe Relikiurfa TolREarrRit i Ron ¥ or
each cl ust qke AR ITHREEnCIGEEE afda, IRE AHEST frafsfMmAGSKidtaheskeBidp! e of
the self-organising network is such that after training the vectors forned

from t A& r @ad hsf camectlyrgaiimated ghhe linean transformations betweendhe sistaner:" of

ot mat od. NERTLATE R bRboidles S1g o etk fot Bty N Helg OBk ng
wi || cont aippirith ¢thel selédtitProf the Powite affebisaie stRcENbf the estinmdtiire). Tha!s,
optionally) the 20 vectors forned fromthe rows of the result input weight

matrix | W estimatiopofithe ineartsransiomationmay:be dong by thelpast-s8uatepi ace t he

| t f L i . Uni , . . ' . '
[ hose. untt nefed L&) Sfiphts o BfticéNideSgreld of Kfing Boifts WHefe 1 istiticd"S
possi bi2Di t wectors and the(28) coerdinates obthe derkehed poind@indethe 4cpeintsemeargstand
be-done. by taitareBes thesbtae aafiear tanstoiRafioy; FS lasdRee BRI TRE Loed
| (9)) actyabbignbli%o U BofRbF Per@St (6! > dhikbABI BBnAARR ful Iy utili zed

since only two €quations are 1 ncluded. W can actually take the advantage
of the third one in the clustering as: Gl2 = (.x p - ,xI ~2 -~1YPyl ~Z
(10) Fig 5(c) is a block diagram of a clustering process based on locally estimated
25 linear transformation. Vectors of distances 491a extracted from the training data
are fed, together with location vectors 491b, into a unit 492 for working out the
linear transformation. The resultant matrix is then converted into a vector and
then fed into a self-organising network 493, by which they are clustered into
groups. The output 494 of the unit 493 whenever a given linear transformation
30 s inputto it is a the number in the range 1 to N indicative of which group the

vector of distances corresponds to.



26 where | can be A, or B, or C depending on which area the transceiver is
within. Together with (9), we can further get: (dz dz)2z (dz d=z)21
3dz =B (diz -dzz)(d~z -dsz) (11) ~ix6 (d 2 - d Z) 1 2 (d2-d2) 1 3 1
This is because from (9) we know that the 2D coordinate (xP,yP) can be 5
formul ated as a linear transformof d,z18dzz and d,z -d3z. B, xb has
different val ues according to which of t he areas of Fig. 8(b) contains the
transcei veCongeivably, if thepairtoshbwn inFidiStb} the ndt all e edthireatsames section, used

for the clustering of trai n|n data,to further clas ify.a dISt nce vector
into the cbfr G%r%%talhbﬁem %?&’fbﬁ?ﬁraﬁp(ﬁ@ IBACGYal& ‘ﬁ%m‘i’tﬁﬁ%? h€ach of the

o1 X, poss! bhfeXaiftoffaforiwiEsul Hbhese: ¥ (8 aTHhE Hatibisial ajfrbuignar

nmet hod based on the trainin ata one'group obtai ned from cluster'ing
Then i n t hsucl thatriheneoare, mahyemmreroocrect estimatiehsthaninacqutate onefie 1 3 2

2.2 5 5208 dar RS iof ot Beiedie achuletbn el iR 0 2 had

current i nahsflrtafiBAS s & Se- éTél'rfNﬁ%?ertd?f grblﬁbé gl)ﬁldﬂﬁbrda@se d?a’ﬁahﬁle? one of
the six values estimated in training and

cl assi fyi ndhifomethaddoes bet bavathei meadvant@g% phraqinnshthersusraundings tohe

{ranscel voP® S CARYOFRER o 8o, dh ke b Mol EFMEHI 720 ror e ¢ han

three point source reflectors exist. Suppose there are N p0| nt sources

present, there will be N1 |inear constraints between the 2D
10  As described above, the self-organising networks 48, 493 |earn to output a

signal indicative of a cluster whenever an appropriately processed portion of the

training data (e.g. a distance-location vector or linear transformation) is input to

them. The output of the self-organising networks is useful because it can train

another unit, a “classifying unit”, to recognise associations between the training
15  data and these clusters.

This process is shown in Fig. 5(d), in which, during the training phase, an
adaptive model 496 known as an LVQ (learning vector quantization) network is
taught to classify input vectors of distance 495a into the clusters derived by the

20 clustering units of Figs. 5(a) or 5(c). During the training phase, the LQV network
496 is simultaneously fed (as shown by the dotted lines) with the vectors of
distance 495a and the corresponding indices 49, 494 obtained from the
clustering units (these indices are shown as 497 in Fig. 5(d)).

25 During the working phase, the unit 496 is receives only the vectors of distances
(shown by a solid arrow), and operates based only on them to identify the
group, and outputting the number 498 in the range 1 to N indicative of which
group the vector of distances corresponds to. Again, this method does not
require the surrounding to be a closed polygon.
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27 dz-dz 1 2 and the vector d'z d3z , while the relationshi between d z
coordinates (x, y) pdz dz 1 Nand this vector can be used in
classifying. This conpletes the discussion of the use of the enbodi nent in
- the case when 5 the reflections are entirely due to point-like reflective
surfaces (e.g. because echoes from othe#breflective surfaces are not
significant). However, the enbodinent of Fig. 1 can also be used in the

" conmbi ned" Refereingwivay ® Bigt®) spthivdavariant opthiensignaiiproeessing eaitd2sofdkigdtis |1 f by

foo), v o shoWdEha ok AENOBHBE e male o B et weav AdihBse fr om
poi i Sour GRsic 4 1A% Workpp 6o RO, K31l Teqai! BB ARhge. o

only distance | rmati on anar reflectors an | scar
i nf or mat i omddeysignalsarestransmittedtto the stimoundings hystheisystemy 16zar1d signalsng as

i s o sorelietled By Ml aubiBes iR ironvat ek s Rl pLfedel -
al gori thms 455 mé@m@u}] ¥ 9a White irénédéi\]zé}dyﬁ&iidf@wre-ﬁreéﬁég@g Une 7¢ngi vi dual

cases. If, however, the separation of echoes fromtwo of sources by

t he wavef orgmoye inoiassandsignal distastiens; ddieniitared signalsifge are then fediintosa

identify the. e I f ' fdLc . ectively;
2 sepat at A2 Siiiath B8 3ol o dfodhied Mhefe tumd 1HESI HBH oups. 3]
finally comhisterirngiciassifyindg unity3ab benélasteréd into prarssThieoni ng. The first
task is_done by utilizing the _different |inear transformatijons of the

mappi ndo0 betlsdering/elagsifing epitVsdanay emrlioy the Hpugh dransfatmaation. t he 25

t ranscei very J i ' r tdy A . far the
caoe 1 whiARrialel ¥imaViicludss ditbing Lk 781 dEh S hoidh  £E. Ba) &t
fall in a I5ceimplemertding’a clisteriig algoethniesuthtas thosé deserilséd abave)oamdNx3

oS 5 SR it P42 50wt i S0 As RGBS of et o
ol cul at ed g L T e e A U Rpioh el
assunptibon (from dathbasa7bhgnd the vector of distances, and it outputs an index

representing a cluster. This is used during the training phase to train the

clustering unit 732 to recognise clusters based on vectors of distances only.

During the working phase, the clustering unit 732 is not used, and the

classification unit recognises vectors of distances without any input from the

20 clustering unit 731.

The system further includes a number of neural networks 741, 742, 743. Note
that the neural networks 741, 742, 743 may be replaced by any other form of
adaptive transformation unit (an example is given below). Furthermore,

25 although three neural networks are shown, the number is not limited to three
(and is in general many more). According to the number of clusters which the
clustering unit 731 identifies, an equal number of the TL learning units are
activated and one TL learning unit is associated with each respective cluster.

30 In the training mode, the output 78 of the clustering unit 731 is also fed to two
selection units 75a and 733. The selection unit 733 passes the vector of
distances (which it receives from the classification unit 731) to the one of the TL



dtr x, d21 Er = - MJx3 Y. 1 d N\r 5 By conparing each elenent in MSEr which
iIs Nx 1, to a threshold, we can use the nunber below this threshold as the
nunber of planar reflectors and the nunber exceeding this threshold as the
nunber of point reflectors. A simlar idea can be applied to the vector of
(d,rz - d2r2 , d~r2 - d3rz , ~~~ d,;%7 - d N2 ) and (xr, yr,1) .
However, the analysis is nore conplex and not included here. 10 After

det er mi ni ngnitshdd h e 748fidedtified byihelsigubd 78 Snreﬂltalmem:séy thesetsstibhned

i nformation ?2 di st anc s fromthe. transceiyve é(o bg n b‘e use

posi ti oni nM §aPﬁ§s?r% EAF RO @P?md%{% e %I"\eod? APGSE g’tté’ t he

| deas and grtfiodeik |d’@1t|$iba%¥tﬁe%igﬁdl%c¥ﬁé é&efﬁdien@%fnhaﬁwnﬁn argf | ector and
one planar reflector 15 depicted in Fig. 10, which is conposed on Fig.

10(a) and a?djgsteﬂ (osing. cqnvgnthmqlalg@ttbm) tméeduqeetbe@@npcmernthg teginiagdi st ance

1P x5 7 bl oAb bR whi naSbrds the Wik ebinénid ot g 72

standi ng f ?6S|t|d5h¢s P, 3ednd e (ﬁﬁf)@f 76a\efihat T urithwhén thefsighaFA4a is input
transformati on between the distance information and the 2D coordi nate as: d

xP a _( )tothe TLupk3 YyP 12 do _ dD 1 29 However, the distance vector
that is obtained fromthe echoes: (d,,d2,d3)

(m n(d~, d~, dD), mi d(dl , d~, dD), max(de, d~, dD)) will be of different

per mut at i o thie workihg nlﬁdenreﬂefcfeﬂ aghalsﬁadbsamf‘fcrsw fed iRt@thelfreprocessing

cl car i oHN 31 The DiSesthainn /2t isihan it famanit 58 SBEIRGHPEIT L 1 rom
the trai i SstAnoeRONER, ife BDr Bf Attdiestinfod Rito B4 BRIt QRae . of "
di st ance (@B,ad,id&jassifiedmas beloagtyngdomeobflhe@ltstersdbgdmiclasarﬁdahbr}zuem z

732 which outputs a result 76b. The selection unit 733 feds the vector of

distances 74a (which it obtained from the classification unit 732) to the TL unit

15 741,742, 743... identified by the signal 76b. The unit 76 receives the outputs of
all the TL units and the signal 76b indicating which cluster the vector of
distances belongs to. The unit 76 outputs a signal 77 which is the output of the

TL unit associated with that cluster.

20 Inthe case that the TL units 741, 742, 743 are neural networks, they may be
very simple: preferably simple 2-neuron linear feed-forward structures (i.e. a two
layer structure having an input layer and an output layer, with no hidden layer).
This is simply because the distance from a point to a line is a linear function of
x-y coordinates. For example, in the configuration of Fig 2(a), the distances to

25 AB, BC and AC are:

dp=y
d _ (Yex = (xc =x5)y =XpYc)
BC = > >
\/yc"'(xc—xa)
(YeX—=xcY
d,= Ye <)

2 2
vXc +Yc




231312 10 For each group of training data, with index from1l to K (K
3), fronmwhich we are going to estimate the linear transformation, three
matrices of transformation M , M2 and M3 are obtai ned according to these
t hree possi bl e conbi nati ons of distance vector. Then by conparing the total
error of respective estimation, we can ¥ nd the correct conbination by
choosing the one that gives 15 the | east error by assumng a |linear

t r ansf or maNbtenthat eyt variafits bfthessysterhiofFig 6 laee possiblpwithinthe stbpewf ed
matrix i s used as the linear transfornmation for this rou ata. In this

way, we cathesinvertion. in pyrt&y&;ﬁr as @Qm@nee@mfenﬁ@ Tlaugi %nﬁﬁéeot/getr@uga. nto
pl anar SOU{&%&&Q{ bQR'n’?é afoeée ubi nﬂ?ﬁf a'lbddt gawé %@%&ﬁbrp S' bl e

val ues of rx e ed depen |ng o et her
A B C AZ +Infb'br/%ﬁn’sfdtiha%ibn+7432 742¢ 728 xThe BangfoyGatioh benidden-theDPeotaa quZ) A B

Spy o fistancesandine 2P spotinates phraifed by ESitmafioh BaseasiRas!  of | oct o
The ! ust exyigiedls 41388188 AAHERTARSIF BSRS, 1RoRRaAORg UBtuBEh 1 or gani zno

neur al net s agal'n. Usin e matrix val ues re arranged i n vector 30
form as mmtoes oftmetanees audghmm mgprdmates forn@mamfltheslmredttcalnlegrn to
cluster all §uts i nto ;t(%? clusters, s way, the clustering of

traini ng dH?‘é‘t s writtenyps (for ope R?r'wg‘ F'gb Xe\ed’ by 5 the combination of

these two steps. Then the linear transformation for each group of the

training data can be easily obtaj Red using a | east squares nethod. Wile in
t he working node, the classifyifig|is e through anot her di nension of
informati on again, like the cagd,i|n i ¢h there are only point sources.
This i 8910 because for exanpl elin Xease where zZd’ %@ t he correct

conbi nati on of d2 - d3 distanc¢ cdnpgnents from pl anar source and point
sources, d2z can again be formiPatled by a linear transformation of (d12'
(dz2 - d32 )2' dt (dz2 - d32 )' dI" (d22 - d32 )'1) SInCe d, and (d22 - d3

z ) are bog‘geﬁ(ﬂ)l‘ Affle ttr% Mtg% l]tﬁ@uﬁ) ndéx = Bl M%\/lﬂ\ftﬁrﬁs (sé%e‘&@tg[)"’( YP

-YO2 O d ere are only two erent possi
val ues of this |inear dt rar;,sfornatl oh and
' dlM as e
d d . d xl x2 xM
TR M =4y oy o 2
’ ) ' ’ 1 1 - 1
dm dzvz dNM_
15
As long as M 23 and not all the points fall on one straight line, the
transformation matrix 4 can be estimated in least-square sense as:
A= D pseudo — inverse(X) (3)
20
d
1 dl2 dlM x] x2 xM
d e dyy,
where D = oL Yand X=lyoy, o yy
1 1 ... 1

dyy dy, - dyy

The various embodiments of the invention have been described above with

25 reference to the situation of Fig. 2, but their implementation in the situation of
Fig. 1(b) is straightforward. Although the input from a polygonal environment to
the neural networks will comprise more than three elements making up a vector



they 'can al so be estimated using the clustering results on the training
data. When classifying a distance vector obtained fromthe echoes in
wor ki ng node, 20 firstly the distance vector is tried with all the three
possi bl e conmbi nations: Zd' 2 , zd2 z and Zd3 2 In each conbi nation, the
additional da - ds di - ds di - dx infd®mation of distance, i.e. t he

rel ati onship between dz2 , d,2 , d,z respectively and these vectors is

t est ed by ofdistantes, e.gl (cb;dzcdst i rdn),ethei clusteeng mill themgbertaifind BDoplanés it he si x

cases (threge different in ons of i sfance.vector 25 nen s and
Do di 11 or BN almangohCoHase o difeaney. TheboHSE TER S sfif abntal

classi fi edifid Auinb@r ©PEIIBS in HOEBRVIFSHIMER |§®hkh6\ﬂn%fp'ﬂels6?n9ﬁibbﬁépond' ng

| inear transformation |earned in the training node posi tioni ng

probl em i splenes caolbecassumed. s strygturecofithe nealsaltr@éwowfemalea theysame

S0l t1 chi ngRle Aetto] BEHF BRE- BRI stitiu BirbEffel, 1he Bt Fiia,
hi dden in 1{tg peEg 2 (arateniccdinidridioms Vidbakver, #ieé én%dﬁﬁéﬁts aré réa@nys ame
when extended to include cases of point 5 sources. The major steps,

cl ust er i nGeRentisdta red A3 3Gt Sineg tﬁéalétarwrroﬁ{aaafr@r(mww@ o

trai ning nod lassifying a real-tlme ech d applying the according
linear trag é}{é*raivcﬂoﬁvi-ﬁkt-iﬂéwﬁ)@(l ng node, appl y to all applications of the
enbodi ment di scussed above. 10 Al though the invention has been descri bed
above with reference to the abovllxgmuBi+€rfsD/many other enbodi ments are
possi ble within the scope of theﬂ’Ww Il be clear to a skilled
reader. For exanple, it will be obMbus t3G skilled man that the neural
networkg used in the enbodi nents are only exanples of the broader scope of

transformation | earning technologies. 15 32 Appendix | Statenent: "G ven
an ar bi t r awpichcigtagain lineayl ¢hetinear mapp&m wﬁldm;ﬁemmedviﬂnupaDrseotmnm nthe 5

e orce BN B) B Gtk Rt LB AR AR SRS MU RE 82 0re'©
nmappi ng befingarsn hwmlpnﬁnmﬁtmh@nsmé dffsﬂ |6Hst YadifRN$fRIHsthe Holgh 1t 1S

obvi ous that given a IEOI nt) there i's on one vector of di stances 10 (2)
Suppose thafartaﬁ@rmm@ addﬁ@lsare@@ho@biem 3fhspa0@i Thespewal petyorks, dz <_ d3 ,

it has wg(,&v%" 529% rm:i&énis s?éﬁ&’?ﬁ%e point within a tri angl e whi ch

gi ves |star'|ce vVec sufe t there are two points (x,, vy, )
and (xz yz whi ch give the sane di stance vector (dl,dz,d3) . If the
dlstancet Og%&three i des AB, BC a ACtotf]e ,flrst 0|nt are | abel |l ed
dAB, , ?NﬁeﬂRPV hay same; m&!@ﬂ% PF BXAMRE t hr ee

si des to tPtSr)}é@Eﬁﬁgtﬂpémlr rﬁeﬁiﬁéj‘?v&rﬁﬂ ﬁ hlcﬁzls?hdoﬁjcﬁggtrharylé r1ﬂl=.|f'e | oss

of general e are on e poss t| es daal daaz
daai dac mayobé cations whede\t errty)elemeet m aiyecztoanﬂd(swnadasccan:bejAaz : deC|

Sor oy 228 FrepsUPEE, Hetaupe 196 Satienacui sedctians fram ane e dng s catinot

paral | el t@eABcainEd AGg b 13 éjpﬁépﬁ@ﬁhé%tensﬁ]éf fhetredarRd- S|§’1’P£F%gfa%§them

respectively, both points nmust |'ie on these two |ines _25 concurrently.
Si nce t her M@ whenéhe aysteanhtd isinggnsecet thershededtareas of Rigyhta) andsontais

uni queness o'nR' tWoOﬁ{géI(s(. & tﬁ|sgre£§091, the embodiments do not work within the

shaded areas of the obtuse triangle in Fig 7(a) because the one-to-one mapping
25 pre-requisite is not valid. In those regions, any pair of points that are symmetric
to the bisector of ZA or £B give the same vector of distances. However, this will
not influence the validity of the method within the un-shaded area of the triangle
where reflections from all three sides of the triangle can be obtained. This
situation also can be generalised to a more complex space defined by more
30 than three sides. Whether the work area 14 chosen by the user of the system is



33 For case (b) the situation is shown in Fig 12, where FAI1AB, PD 1 AC, PE
1BC, PD 1BC PE 1 ACand PO=P D, PE=PE . It follows that PD /P E
and PEI/P"D, and therefore FP PDP D _ &G , Since FP =FP+PP" and FP P
E PE GP GP=CGP' +PP', it can be further deduced that FP=G* . Then toget her
with 5 PD=P'D, we obtain DPFD- DP @ . As aresult L DFP=L D GP'. Since
FG/AB, L DFP=L A and L DG =L B, it is showmn that the two points do not
coi nci de owbygkableor hbecan bafoure ost kanlookimgder ebanges inthe tnuentmgrtafr hand, i f
this condition is satjsfied, it nmeans that there is existing symetry in
the geonet BGNRKRS éq‘f@’q{heatfﬁjp@gasrﬁ?s{oﬁ‘ere are at |east two different points
with sanme vector of 1o distances. Case (c) can be proven by cal cul ati on of
the three distances. Wthout |oss of generality, the triangle and the

coor di nat eltswas rotediaboxpithaldhe anesivooie Mapping property Tortheenvignmemes from

 aac' 5 LVFia ) 0 yalld §ne fiTai6 s nbl g Rbslies JandiSORhE Yodml "y ' 1.7
+ Yc and ffid surduhdiigsebf thesysterh 15cird.a polygbw withrhoselthanthree dides (X AC *

BC - xB * (xc - xai Xc xa * Yc * (xa + BC) _ 20 ~ BC AC~x' + ~ BCz + AC
~Yl - Bcz W Fig (), the gne=ta-opg properiy of the ryappingdemajns true eply.if there is vi -

xa * Yc BC * - * = X~ * i i.bes a line
that (x1, yﬂg%yrrpuré%w 5%30%0@9%%‘%”0%@3&'5%% eegfjba%q %8y9g§§§8§scr i bes

(>r<] 2,y2) if equilatgdal %)alehtvafgmin\y.gfor 'ﬁnampmaif (tdiasbdd pamlh1ebsidﬁs liked reeilamgleal gebra
that it is jnpossible fo ot oints to be within the triangle. By cases
(a), (¥ ah@%ﬁr: YRR 'Urﬂr‘ﬁiﬁeﬁ%%%'(w' BSeHAINHh-atesh MIs APeri9-9N€ ect or of

di stances {fh p‘?f?g ary AP %8 peYaygn that the triangle is not isosceles.
10 Conbi ni ngp 1) gﬁ%? {% tége sPaterrent is proved. For the polygon with 4

sides, simlar reasoning can divide the possibility of follow ng cases
(where AB, F%Ftaxgr[r%p?er}orle%?‘rir?gr %) Ehréerefcf)aunrguférda?'g% shown in Fig. 7(c), within any one
of the eight small triangles defined by the dashed lines the one-to-one property

15  still holds and the present embodiment can be applied.

Finally, although it is theoretically proven that any one-to-one mapping can be
learnt by a neural network (e.g. RBF) to high levels of accuracy, given a large
enough number of neurons and training data, in reality there is always a limit on

20 the complexity of the neural network and the acceptable amount of training
data. These factors may limit the performance of the embodiment of Fig. 5, but
the embodiment of Fig. 6 is more resistant to this problem.

As noted above, Fig. 1(b) shows how the embodiment of Fig. 1(a) is used in a
25 situation in which the environment is defined by a polygon. However, the uses
of the embodiment of Fig. 1(a) are not limited to such an environment. In certain
environments, reflective surfaces exist which may be treated as point source
reflectors. Such reflective surfaces may include a small piece of metal material
(e.g. having a reflective surface for which the average radius of curvature is
30 smaller than the tolerance in resolving the distance to the object). Alternatively,
it may include an object which may have a substantially flat reflective surface
but which is in the far distance. In certain situations, such reflective surfaces



a) At' |l east two distances to two respective sides are equal, such as dABI =
dAaz 15 dace = dace dCDI - dDA2 dDAl - dCD2 b) Only one distance to a side
are equal, including dABt = dAa2 dABi = dAaz dBCl - dCD2 and dace - dDAz
dcDi - dDA2 dcD = dace d DAl - d BC2 d DAl - dCD2 35 ¢) Two

vect or - of - di st ances' el errents are of tadfally different pernutation,

including: d,~, = dBCZdABi daczdAai = daczdABi - dCD2dABi = dcDzdeci =
dcnzdace =coiBBGRC 8ign gﬂs\@er‘lrd/tﬁéd@afbes dAMasughCes su@@é@ﬁaddéﬁbve dDA21
dCDI - dAB27 dCDl - dDA2f CDI. - dAB2dDAlI - dAB2dDA1 - dCD2 - .dCD2dDAl

- dBCc2dDAl echegsciromnthese tefiestiye sarfaces mpay opiapally baDAQOIedeg fitgrssh 5
d = d 1
o5 2 acButla o VeRAofe 6, and usRBTem. Figteh R et JE b

For case (pbodebelngnmmuaﬂa&hlchflsté’rwngadtn eaiploy sushaefleetionse Tmeouam i2n the
sane ngnner_ a for tri n or cas ro en
by cal Ui atEYpe Ronfies 85 PoSiate apbi ousrSffetnas o refbiiye Sufdes Sufticy
any of theaf@éﬁécwéy ﬁﬂ?‘éﬂe@to’?@'éﬁt!ooébérﬁfe 6mngld‘ofn%.ﬁaﬁorpef Slich BKHEESS,
these two points are either identical (i1n case or cannot be within the
pol ygon at witheechaee fronrplanas surfaces e c) gi ven that there is no symetry in
the polygon (e.g. Fig 13, shows an exanple of a pair of 15 problematic
points) and there are no parallel sides (e.g. Fig 14 shows an exanple of

pai r of prphiigigRtwe wiPidohsider (e fsPof Yaese ‘Pb*sﬁibl‘ﬁﬂé@ imamich alldee, echee-
N>4, the condition for two points in the polygon correspondl ng to the sane

vect or 1&f sigealsmanalysed by the| sigaeal l@rgce&smg um WAvage from poiptdike reflectiveer e M
stands for ﬁﬁg tr|x with each row the function of the |line of each side
with coordPHates of x and y normalised; M is made up of rows of Mwith a
certain perrrutatlon 36 If Mand M are witten as: ~-M | M) and ~M 1 |
M 2~, the eﬂuat

IS s1tuat|on is not handled in the same way as planar reflectors because, if we

write the position in the x- and y-plane of a tranceiver as (Xturx,, YTxrx) and the

15  position of the point-like reflector as (X.t.p, Yrer.p), then the distance from point-
like reflector to the transceiver (Tx/Rx) is different and non-linear in nature.

Specifically, it is given by the equation:

d= \/(xmxx _xrej—P)z +(Vay/ e _yref-J_f')2
20

Although in principle a neural network can learn such a non-linear relationship,
this is harder.

However, if there are two point source reflectors, at respective positions (Xretp1,
25  Ywetp1) and (Xerp2, Yrer.r2), We can formulate a linear relationship between the

respective distances d4, d of these point-like reflectors to the transceiver, by

squaring the two distance equations and subtracting one from the other, as:

2 2 2 2 2 2
d,"-d;")= 2(%,r-p2 = Xperop1) 215 iyt 2(Vrepopr = Vrap-p ) V1x1re T Frgpopt” ¥ Voepopt' — Xpepops = Vrepomr )
30



Nx2 ~ NxI Nx2 ~ NxI can then be further re-witten as: x x Y Y ~ - M ~Nxa
X. - ~MZ - M ~Nx~or Ax~=B . Y. Y, 5If N>5) there will be no solution
to this equation unless the according rows in A and B are proportional.
This is inpossible based on the definition of Mand M and the assunption
that there is no symretry in the pol ygc%? and no parallel sides. 37
Appendi x || Appendix Il is a discussion of the uniqueness problemin a

poi nt sourSHénllsarb!nafr theresaer obl less thehvibnearpaintbsourseyreflectorgl at diffeventg
three vert ch are

ol nt i t hoFates. 18 BaEpeTdertingar snlaftnt St bet Bumd el 1 30 60>
triangle), oﬁd’ﬁbtés f(kﬂmeymg)t Wthlcﬁst@ﬂ&e nefdrixation iviiich¢ahise sRtrastedefomf

di stance fromthe point hree vertices of the triangle in_ascending

order. Di sﬁ\@s%chm@gnaisdméb@ tlamerfaﬂmtﬁgs Withéhese o pauationsedhe 2Bhcemd t he
di st ange Vgﬁlr%r%s éH{x}?gﬁ fg&&ﬁ bghﬁm 6E®“§ﬁc‘i’%a8ﬁ¥ tﬁgncmxaosae% § &8% Anar

pol ygons wi I SCUSS WTh

and poi nt sm’hlamﬂaprtosmer enmoditﬁeuﬁllssdiseessud pte)vnd:mslys the ipositionhtrgi ven a
point, there is only one distance vectar. pose we have a di stance

vect or (dl Yrxte), @8 Penrcaleulpted b\azar@lwng W@ ﬁﬁ @ signals, pPRcR: theatlinedere' s
only one pﬁbﬂgm‘%g‘?a’ﬁ‘i f\?\?e Béé?@rﬁtﬁmttrélh’ﬁpsdé@' s di stance vector. Assune
wo poi nts (XI', Y, an Xz, yz

there are I've the sane di stance vector
(d,, dz, d3 ) . If we mark the distance to the three vertlces A, B and C as

d d h | |y
thr e Toohei i the diase,of nalising qafiectiondsfrom pidhaipietestvg sygaces st W) qg1
= d8z and gXaffhe theluriqueAEss of ‘ﬁ‘?é n‘?e?p mg %ﬁvé’@r\ the @‘i’s;tal'ﬁ% vBaRr ahd tHe S

easy to prove the two points will Dbe identical, as shown in Fig 15. If vve
draw two clrapsesivei's positiom.cFhigtis A cdifferemt g\mmetn@ahmgblm fromithe peavipusB, =

dBz to t he%ég Sa?\%%' 5‘3&’5&&9 toq IP% rbtl\?er{nﬂ? Aﬂde%dﬂp II. hS.'eesc‘?)ntd‘ﬁ? t?\'er maﬁ)mg
between the distance vector and the values (XTwrx, YTxrx) Must be examined
15 closely, in order to formulate practical algorithms.

To start with, we still study the triangle case, with three point sources residing at
the three vertices. Figure 8, which is composed of Figs. 8(a) and 8(b),
demonstrates the problem. Fig. 8(a) shows the distances from the three

20 vertices, da, dg and d¢ respectively. Writing the position of the transceiver now
as (Xp, Yp) and the positions of the three vertices respectively as (xa, y8), (X8, Ys)
and (xc, Yc), the three distances can be written as:

25 d,= \Rxp _xA)2 +(¥»p _yA)2 (4)
dy =y(xp = %) + (¥ = ¥5)° (5)
de =y(ep = %) + (W = ¥c)? (6)

Using the formulation introduced before, from (4)%-(5)? and (4)%-(6)? we have:



38 concurrently. Since there are at nost two intersections of two circles,
the two points are either identical or just the two intersections P and Q
If it is the latter case, since dc, = dcz , point C nust be on the

per pendi cul ar bi sector of PQ On the other hand, A and B are al so both on

t he perpendicul ar bisector of PQ and 5 R2Bis neans A, B and C are on one
line. This is contradictory to our assunptions thus is inpossible. Then the

two poi nts nuste pe identjcal, as o of the intersegtions of, the two
circles. For c é}é 5)“9? \ﬁ#(éh_lxg?ﬂ T%@Yﬁétyeg"ﬁﬁ(’ﬁi §.YV 46, ¥msime) dBl 37¢BZ
the two points Wq%/edm:tz(xpeagmx}he(jgi £9l, By W th > genfrex At- B.2and radi us of
dB, dBZ . Call the two points P and Q ancf we have PA=QC and PC=QA si nce
dA, dcz and dcl = dAZ . Then with a conmon side of AC, we have DAPC -

DAQC. As ] LPAC = L d AP i i I t id.
Then the pdfpondtLiAIS: 2PRei-Bre dineat LenslaTanionPehiesing indembabise o
the symmet rdistahce Fioreatsh d&d tHeARBZofdinlRuaRdferx/Rk pBsiiBhpendi cul ar bi sect or

of PQ goes through point B since P and Q are two points on a circle
centeref at B. Then we have the conclusion that B lies on the perpendicul ar

bi sector of i syl hatk i .sasceles.triangle and fhis is
opposite toorgﬁpe\zgg{sh%gp%. tﬁﬁ}@isté?%}&fé@@uﬁopﬁiﬁug%mq c?gl‘.gl '263 Iﬂﬂﬂt d&ie c),
cal cul at i orextriaeteeifrom thedclibes &8 defimstehs:y are needed for the anal ysis.
Suppose we have tvvoapoi nts P(x~, y~) and Qx2, y2) satisfying this
constraint, we (Hadg.d;) =Xmio(@)) @y .« )hid(dAWR, &% Ymex(dB)&;,d())Y2 . YB) A8)1) 25
(xI xB)zZ "+ (.Yl .YB) Z = (x2 xC gz + (.YZ.YC)Z (Il) (xI xOz +(,V
yQ) Z = (,xzafBQA\;@C?DJ@V?A?EOV("nglf?"BVIa @Biracting (ii) and (iii) from (i)
respectively, we can obtain: ~(xB -xa- (1'a -Ya) Y~ +~xa2 'E YaZ -xax
-YaZ) =~xc -xa~ '~ ~Yc -Y ! »Fz Y&z| -xc2 -Yc2) (1V) uxc xA)x1 +Kl'C

Ya) Y~ #0xaz +Ya2 xc2 Yc2) [_';xa’xp=#,42%Ya Ya) Yz "~~xez'f' Yg2 xaz (¥pz) (V)
30 39 From (iv) and (v),dﬂe—éfan see fthat there is a linear transformation
bet ween the coordi nates of (x~, y~) and (x2, y2). W can express (x2, y2)
as a resul liin [ ryrat i " e ubsti g i i) to
obtain a st&:@é%-'grggpaf%a@? %gnﬁﬁe{é’gﬁdl&ﬁg&ﬁe\%’g%? ﬁé@’ésggf&'&%&br&gag

cal cul ati onjystfatédih PRy. B THet i B Ff&{eﬁ il a
with the paraneters _d?t egl%' necei égsg?%é@gygédq ﬁ%lpees 0 d“lt:"ng teﬁsgtgw%(@?%?@A B
and C. Accaide agtyQ igthe se-catled foir¢cumcentpes brokeach lof tieese arem sherdistanca of
the | ocus of Conféiﬁért@ o the case of planar obhects, there is no way

tﬁ i mit | It IY&C 's‘?lliﬂi%a ﬂ?@fm%a]j@@e?fm. Glnianf Actt 'éTtﬂFT NAle0h#,.AB%) )
; . . o . . .
{0 anot Rer HSIENE, Tl hebbin s Soufieindt uRpafi, KRG dmigs B pRel e one

of the hypebsehad inltheplararaeflestor eagwirt on the other hyperbola of the pair

that gives the exact sane di stance vector. However, since this only happen
for extreme cases, our nmethod may still be valid for general cases. This 15

o reeh Pad Irbiey p@AAY Réheclorbiiaetiif egl diffelcfiEtindar trhdrBrhlibnd Shitne

sources, it can be sim nducéed t hat ere are a Wo palrs: of
si ngl e poi way of clustegimgvtheaeteided techoes \istotane OBihecsix diffsrent arezsecarbe

d f i VWi | ith | fi i ,
dear e 281 SR L 20 okl Sl B S b BB RSeE eate n hE qe
gi ven that dﬂwcﬂ%nsgemh%%rﬂsadihﬁ(eﬁt%&Mseggtbgbg ﬁfeeclmstbhngaafaﬁdi@hgzqéggs and

of any symmetry. For the scenarios ere anar sourtes an

sour ces exiad Clapgifying ofireceived @choes imto oneief tehelustarspis done Hyt Houghnber
of total r I " e reflector the.constraint on the
di st ance vzlf:rtL’l ggfo\'ymrﬂlr\ﬁ%;&' §$?W%?§F¥W\#Pﬁ[}q{@ hesasr %erpgﬁésmpvrgfaa}lgppél& 'Br‘g'qiﬁo
mat t er . f r ordzpacer Howeves thigrteditiglie $©H610RNI Herere is a one-to-one nappi ng
bet vvee%t he 2D coordi nates and the di stance vector.

However, for the clustering part of the task, the embodiment utilizes self

organizing neural networks based on estimated linear transformations, as in the
planar reflector case. With at least a group of three points in the training data



Wth a nunber of three to four reflectors, there is possibility of two
different points giving the sane distance vector in theory. However, even
in this case, as 40 we have shown previously, it only happens on extrene
case of single curves and may not influence the effectiveness of the
enmbodi ments of the invention. 5 41 CU24ns 1. A systemconprising: a
transmtter for transmtting wireless signals in all directions wwthin a 5
range of divateoesit liloh drilite, f lodhl estirmatish bhal | daRbeéstirRaild aid the
directions in a plane; a receiver for receiving echoes of the wreless

si gnal s fr olsteringdofrteainingndata ddmebe aligetly baped orsthesefestinpationss Thege ishe

e SR S SeA  UABALS  EE ste o
Lo VB BSE1008: o  B kr LOORL PSSP PO BGELEET L1

conpos o] d | ' i hthpon
R e A S A L e

ata signals an

| ear nt assexaminiog therelementsiofiall 6rroarices thatrareflistatkbalpst em 20 2. A system
according to claim1 in which the processor includes a distance vector
determ nation unit for providing the echo data signals conprising nunbers

whi ch i ndi cat e'% e di tLaﬁyzces_ fro[f the systemtoeach of a nunber of
respective ref | 8¢ive)siPacds) 38437 YA s¥at et OWhehe@at 8sclajm 1 in
whi ch the prockser*p i2igluded dxgispahee legtdbr| determ nation unit for
providing the echo data signals conprising numbers which indicate the
difference of fh SoaregyQL 18 (x) +3,” ~xc - yc]
) 2 ) ,. | where (da dc dg)
2005 =x4) 2(5=y,) (x4 +y, —x5" =y )_
i _ _ 2 22 2y
10 2x,—x3) 2(y,—ys) (x32 +J’B2 xA2 yAz) where (dg da dc)
[2(xc —x3) 2(Vc—yp) (x5 +y5 —x" =y )]
[~ 2 2 2 24]
2(xC xB) Z(yc _yB) (sz +sz —x02 —ycz) where (dB dC dA)
(2%, —xp) 20¥4-ys) (X  +y, —x =y, )]
[~ 2 2 2 247
2xy—xc) 2(vg—yc) (xcz"'.}’c2 xAz—yAz) where (dc da da)
[ 2(xp—xc) 25 —yc) (xc" +yc" —x5 —ys )|
[~ 2 2 2 241
2(xB xC) z(yB yC) (xC2+yC2_sz—sz) where (dC ds dA)
2xg=xc) 2004—=yc) (" +yc =x =y, )]
16 Fig 9 illustrates one typical structure which may be used in the embodiment as
a possible implementation (a “competitive network”) of the element 493 in Fig.
5(c). It is a variety of self-organising neural network which is well known in the
literature of adaptive systems. The box |dist| in Fig. 9 receives an input vector p
and the input weight matrix IWI,l, and produces a vector having S' elements.
20 The elements are the negative of the distances between the input vector and

the vectors IWI,| formed from the rows of the input weight matrix. The net input
nl of a competitive layer in computer by finding the negative distance between
input vector p and the weight vectors and adding the biases b. If all biases are



di stances of the systemto a respective pair of the reflective surfaces. 30
4. A systemaccording to claiml1, claim2 or claim3 in which the processor
is arranged to nodify the relationship between the echoes and the echo data
42 signals to generate echo data signals conprising a plurality of nunbers
having linear relationships to position2%al ues of the system neasured
relative to Cartesian axes. 5. A system according to any preceding claim
whi ch i ncl zdes thecinasinsurnngetSinpat! acheumhf gamcmaueils 0.t Tisis cdoctire when el

classifying unit being arranged: during trainin stae to partltlon

t he echo dg’iP&‘ tsyeman Gﬂuﬁlﬁe eHrAR Sd\ﬂ’ﬁ'w trvested u q{@vﬁd%@?r %
system | ea é@@é) | Po‘ill?&l

si gnal s of rf%(g?mgﬁs er(é By 'Htﬁllégg%cggﬁfd;tééfﬁogntdpgﬂmgght Gn stem and 10

during t hef@malhneglremsa@apeptothdae'(mnner\'elwhrthm nelost assod:lateeichmthdmearrmsgnal S
bel ong re t he, agdapt.i ve, s emdeterm Ny jtion of
oyst om fiet RSN dleiment SESUBPG: FiThewinRer & GHL fohd AL DlaseSase 0. 4o,
syst em accenélintird® whedd weight védten id fosesUsd Bid hiandbtbahak! thenfedspi t 15
i ncludes a clustering unit adapted durlng the training stage to derive a

©

cl ust er i ndegativelinehinprs, and &@Bimeemnaé compaditiantth autpute ho Based on

25900t at i onte BAERRS ofvetE etV LR SRIEY Sraser b e, Aoy ="
during t he gopiekbhtheddleffent® oPtHePimbutwelght trastrix TWEX cBaRAforded B beddualiat a
signals. 20 7. A sy stem according to claim6 in which the classifying unit

is arrAngJO@aomﬁmsge hissmethasyis\psevest taybeveryzsuacersiyl osimulaions. A system
according to claim7 in which the clustering unit during the 25 training
stage is arranged to take as input a vector conprising the echo data

si gnal s andJsihg selforgamizatiopdsagedoors estimated jirsdarrtrarstomaetionst laschaother i n

Faput 2 ve AN el ORICHAI -ines saiiew Hutes ohel dSGerNes NSCHOF PERRAIED ccho
oroces " oA RaRREQiatAloP et er e bl TESE il )
net wor K5  working principle of the self-organising network is such that after training the
vectors formed from the rows of the input weight matrix IWI,| will be the
“average” of those inputs of one cluster. In this method, the input vectors are
the estimated linear transformations, so that the result IWI,| after training will
contain the six linear transformations we want to estimate. Thus, optionally, the
20 vectors formed from the rows of the result input weight matrix IWI,| can be re-
arranged into matrix form and used to replace the results of the TL units(e.g. the
units 741, 742, 743 of Fig. 6), making those units unnecessary. However, the
embodiment is not limited to this possibility, and in other realisations of the
embodiment clustering and transformation learning are treated as two different
25 functions which may be done by different methods.

For the classifying, another metric is used. In (9), actually the information of
three distances was not fully utilized since only two equations are included. We
can actually take the advantage of the third one in the clustering as:

30 d’ =0 =) +(p — ;) (10)



11. A system according to claim210 when dependent upon claim5 in which 5
the adaptive systemincludes a neural network for each cluster, the neural
network being trained using training data for the corresponding cluster to
| earn the association for echo data signals of the corresponding cluster.
12. A systemaccording to claim11 in wfich each neural network is a two 10
| ayer network. 13. A systemaccording to claim12 in which each neural

networ k perforwier | casde AUoEB, @r Ofddpendingooin swhidld atda thhe Hepisesivee &or di ng
to claimb5 in which the adaptive systemincludes for each cluster a
respect i veWithinJogetharwth (i wesaafuehendeting the training stage to derive
a respective linear transformatipn of its jnputs. 15. A system according to
claim 14 in which the transfornation(dini-és )deri e 20 the 1inear
transformation by a | east squaregs al gp?i_ggmbased on (i) vectors of

di stances as an input and (ii) p @iztl §sgfjeted with the echo data
signals as outputs. 16. Aa§2y§t313 ccofdi T 3e?ny precedi ng claim i|11) whi ch
the signals are RF 25 wirel ess g gnal(a’r2 —1072.2)A syilstem according to claim 16
in which the transmitter is an ofmi direcyepnal jantenna. 30 18. A nethod of
determning the position of an opject;!the frethdd conpri sing: 44
transmitting wireless signals frpmthe dbject in all directions within a
range of directions which includes at least all directions in a plane;
recei vi ng ahis fie hasause Eemotd) wie inewnihall thes 28 gegrdinateofxmyn) 62N the
range of directions; 5 processing the regeived echges jo derjve echo data
si gnal s n&?'mi{'?'@g 8% a E‘Beﬁ'f §'iaé]ﬁg§”bpft¢le“(§bj aRd dio—#;pl dhal hay different

refl ective surfaces: ,durjng,a,traini ng stage, |earning at | east one

associ at i or\faE'&tsv\%%Wr?'ﬁ'g @C%m@apﬁﬂgq_ TR ogﬁ:dgt ﬁg’)p&ﬁf'f‘ﬁnthgf tsrm%c%\ﬁrt em
based on eeghd tHi!rRlftichBRIpSWRINA the Yistarts Jebldr @ah bXPGédd fit tHalclustéfnglefi Nng a
wor ki ng stage, using the echo data signals and the | earnt association to

aﬁ_t er m ne thinipg data da f@ﬂ?@m@asﬂﬁeatdismpemeﬁr@mw é*lag@pcneﬁg alfQﬁ-_c'naq)Tf 18 in
posi 1 on'vineesedidh 5B eFRlroaR. P4 YOnaT BhenbERoueR o Brcare ™ *°

10 firstly estimated using least square method based on the training data of one

group obtained from clustering. Then in the working mode, the metric of:

(dlz "dzz)2
(d12 —d32)2
(dl2 —dzz)(dl2 _d32)
@’ -d,")
]2 22
(dl "'ds )
1

abs(d12 - le6,1

N

15  is used to select the one that minimize this value as the group that current input

distance vector belongs to. In this metric, B, is one of the six values

estimated in training and 1=1, 2, 3, 4, 5, 6. With classifying done, the according
linear transformation obtained in the clustering phase can be applied to get the
2D coordinate of the transceiver. The same idea also works for scenarios where
20 more than three point source reflectors exist. Suppose there are N point
sources present, there will be N-1 linear constraints between the 2D



20. A nethod according to claim18 or claim 19 in which the echo data
conprise signals indicate the distances fromthe object to each of a nunber
of respective reflective surfaces. 20 21. ~ A method according to claim 20
when dependent on claim 19 in which the respective reflective surfaces are
substantially planar. 22. A method accod@ding to claim18 or claim19 in

whi ch the echo data 25 signals conprise nunbers which indicate the
difference of the squares of the di[sjanges]of the systemto a respective
pair of the reflective surfaces. 23."'A néj hod according to claim22 when

oP o1 ke COREIBAER 18 el |5 pel LV nis e RaneaRif bR |

to 22 including a step of determniing, a tyansformfromthe echoes to the
echo data signals according to the tuffe of the reflective surfaces. 5 25.

A et hod acg rﬁl.i n o any, of %iai rps l&.to 24 further including: during the
training S?Héé,'sﬂgrciqrtqa&ﬁ%ﬁs FCBS¥Y'd-gnal s of the training data into
clusters, the adaptive system |l earning an association for each cluster

between the echo data signals of that cluster and the associated positions
of the obj dbis cempletes the disgussien o the ngesafdhe erabodimentiimhavense vehenst er

bosi L1 on of4 RENEARES, 8 Bebhau g, B IS (BRRYE SRS B T REREIE g
cluster. 2echéesrefrtrad ottietoraflottvé oswurfaie® abve i motwBigriificahh. duHowevehethe

training stage a cl ust%r,i ng unit derives a cluster index indicative of a
cluster as$§flodimgntyof Fig.nt camalsabe usegnial the pamkined’asase.ywhere both

| earns ass %ﬁ]e | &Rt etrgﬁe@tﬁf%ﬁg@% "’h; ﬁt Wil Wnaée gt(gf% gh& S‘E@{nﬁl{d}gi’ CEs,

and during wor ki ng phase to ou ster on e echo 20
dat a si gnalos.unijue pulsetshapeasfcamydohthase W) we2éan sepédniatd thérechoes friohryi ng
unit enploys a learning vector quantization algorithm 25 28. A nethod
accor gji1_ g the Planan spurces ﬁﬁgéhof‘h roa @ﬂ'&tr"r%"%\iwet%@gg“&i ‘-Iﬁ?pggﬁaor\‘)%ct or
conpri si ng kmbe?ﬁm@qnﬁm tian,g@.gl sngmsfah%eaﬁﬁ%hﬁ&ﬁ%ﬁ?glawa?rﬂéﬂec-’%@rs andret hod
according to claim27 in which t clustering unit takes as Input a vector
conpr i si ng disdardiogthe infognatiomfroorpeist saurdes rtomearfasmethiepaitiening taskgasl s

and associ ate [ t] . 46_30 net hod_ according,to any_of cl ai 18
P06t el e a8 88 MsBfation (etugrds BBfe R kieE Bt doeflorg 5T, o
neural netWojskalso straight forward to combine these two information using algorithms

15  similar to what is introduced before for the two individual cases.

If, however, the separation of echoes from two kind of sources by the wavefbrm
is impossible, , the embodiment is arranged to 1) first identify the number of
planar reflectors and point reflectors respectively; 2) separate the components

20 of distance vector into these two groups; 3) finally combine this two kinds of
information in positioning.

The first task is done by utilizing the different linear transformations of the
mapping between the distance vector and the 2D coordinates of the
25 transceiver's position. With one group of the training data (e.g. for the case in
which there N point sources, at least N data points that do not fall in a line), we

can first estimate the matrix of transformation M, , between distance

vector(d,;,d,,,~--,d,;) and co-ordinate vector (x,,y,l)using a least squares



31. A nethod according to claim 31 when dependent upon claim25 which 5
enpl oys a neural network for each cluster, the neural network being trained
using training data for the corresponding cluster to | earn the association
for echo data signals of the corresponding cluster. 32. A nethod according
to claim 31 in which each neural networZis a two 10 | ayer network. 33. A
nmet hod according to claim32 in which each neural network pertorns a |inear
function ofethed,i agsuhting Bl tRé reffectotsha@d planar dhew ThenceidanZcalculatéhtheh t he

adaptive s i ncl udes f ach_cl uster respective transformati on unit
whi ch dur.]@atn Quarg-RirAg @Yl%gé oty Paleylated edistancey vactaie Hasedardt ofat i on

of its inp ng@%o whi ch the
transforna’?%t?maﬁﬁrl' to?’tagﬁé“ ve ﬁgéqm%ﬁedg]rﬁth?dgr?%ﬂ%tl on by a | east squares
al gorithm based on (i) vectors of dds ances_as an input and (ii) positions
associated with the echo data sig Eal,s as outputs. 36 A nmethodaccording to
any of claims 18 to 35 in whichy the'r ange fy 5 directions is all
directions within a three-di nendi dnal | spatd.”’30
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UV] caV] cal] ca] caV] ca] caV] ca~+*~BHdn} xsni c\ Whi d_] c] ca

UV] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalca
] caV] ca V] #ig]Ha] sladwsitiiecthree components of a distance vector. With -

sq( ./ 2V*Lzupkf a\ Whi c\ Whi d_] c] ca] ca] ca] %a] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
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dc = \Rxp "-"7C)2 +(Vp _yc)2

20 dp =\/(xp_xb)2+(}’P_yD)2

where 4x+By+C=0 is the equation of the line ¢ standing for the planar

reflector. Again we can form a linear transformation between the distance
information and the 2D coordinate as:

d, e
dcz_dDz = Ay, J’lp (12)
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are going to estimate the linear transformation, three matrices of

transformation M, M, and M, are obtained according to these three possible

combinations of distance vector. Then by comparing the total error of respective
estimation, we can find the correct combination by choosing the one that gives
15  the least error by assuming a linear transformation property. At the same time,
the corresponding estimated matrix is used as the linear transformation for this
group of data. In this way, we can successfully separate the components in
distance vectors into planar source and point sources. However, there will still

be two possible values of the matrix estimated depending on whether d. >d,,

20 ord.<dp:

A B C

V&' +B 4+ B Va4 +B*

and

25

2050 ~xp) 2(0c =¥p) (x5  +¥p

A B

"xcz ".VCZ)

C

VA + B

| 2(xp —xc) 2(yp

VA? + B

N A* + B

-Ye) ("7C2 +yc2 _xz)2 —yoz)

where Ax+By+C =0 is the equation of the line ¢ standing for the planar

reflector. The clustering of these two different cases can be done by self-

organizng neural networks again. Using the matrix values (re-arranged in vector
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caV] ca] ca\/] ¢ Hg bwo B-{??Q,"é] caV] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca’ | (+4swo#zup
kf Y e YTW] ca

V] c*aV] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca

V] c*aV] ca In this way, the clustenng of training data into 6 different groups is achieved by

01219 A e et L s g

V] cha] caV] g PR haltraiAin d‘a’fé‘ egn be easily obtained using a least squares, methad.
V] c*Ma: RWW~bsuz&(~ysni d Y] ca] caV] ca] ca] ca] cag] U calca UV]caV]caV]ca

UV] caV] caV] ca] ca WV] caV] ca U\/] caV]ca] ca U\/] ca\/] ca U\/] ca\/] ca

3\/]/] g:a g:} @@hvﬁcﬁtﬁ%%%{% @@ﬁ%atb?cciéﬁ Y%éf#%gﬂoj%w SBtRH R fon of

UV] caV] ca] geibtraaticralagaing dikk ahk ctiseaihoabichatheild afe onkd pYiMseurcds: Al is

10  because for example in the case where |: 2} is the correct combination of

2 3

distance components from planar source and point sources, d,” can again be
formulated by a linear transformation of
d>,d,’ -d})?,d(d, -d,}),d,,(d,’ —d})))since d,and (d,* -d,*)are both a

linear transformation of x,y and
15 dy' = (xp —xc) +(p - yc)? OF
d22 = (xp "xD)z +(¥p _yD)z-
There are only two different possible values of this linear transformation and
they can also be estimated using the clustering results on the training data.
When classifying a distance vector obtained from the echoes in working mode,
20 firstly the distance vector is tried with all the three possible combinations:

d d d .. e
[ d22—1 dsz]' [ a2 _2 dsz:l and [dxz —dez]' In each combination, the additional

information of distance, i.e. the relationship between d,, d,*, d,” respectively
and these vectors is tested by those two values estimated in the training mode.
From all the six cases (three different combinations of distance vector

25 components and two different quadrature formulations), the distance vector can
be classified into the correct group and be applied with the corresponding linear
transformation learned in the training mode. The full positioning problem is then
solved. The whole procedure has been verified in simulations.
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109&' (0 164fkough the myigntign has been described above with reference to the above

embodiments, many other embodiments are possible within the scope of the

invention, as will be clear to a skilled reader. For example, it will be obvious to a
skilled man that the neural networks used in the embodiments are only
examples of the broader scope of transformation learning technologies.

15
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10 Statement:

“Given an arbitrary acute triangle which is not isosceles and a point within the

5 triangle, the distance vector is defined as the distances from the point to the
three sides of the triangle in ascending order, there is a one-to-one mapping
between the point position and the distance vector.”

(1) It is obvious that given a point, there is only one vector of distances.
10

(2) Suppose that there is a distance vector (d,,d,,d,) with d, <d, <d,, ithasto

be proven that there is only one point within a triangle which gives this distance
vector.

15 Assume that there are two points (x,,y,) and (x,,y,) which give the same
distance vector (d,,d,,d,) . If the distance to the three sides AB, BC and AC to
the first point are labelled d ,,, d ., and d,., respectively, and the distances to
from the three sides to the second point are labelled d;,, 4., and d,,,

without loss of generality, there are only three possibilities:

dABl = d,«wz dABl = d,wz dABl = dBC2
20 (@) 1duc1 =dyca s (b) 3duci =dpc;  and  (C) \dyc1 =d g, -
decx = dBcz duc1 = dACZ d3c1 = dAC2

For case (a) it is easy to prove the two points will be identical as shown in Fig

11. If two lines are drawn parallel to AB and AC, with distance d 51 = d 43 and

d4e1 =4 42 to them respectively, both points must lie on these two lines

25 concurrently. Since there will be only one intersection for two straight lines, the
uniqueness is proved (see Fig 11).
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109%& () - 19WP(D Samd%th@efqrg N —%& =—p - Since FP'=FP+PP' and

GP=GP'+PP’, it can be further deduced that FP=GP’. Then together with
5 PD=P'D’', we obtain APFD = AP'GD'. As a result ZDFP=2ZD'GP’. Since
FG//AB, £DFP=£ZA and ZD'GP'=/B, it is shown that the two points do not
coincide only when the triangle is an isosceles one. On the other hand, if this
condition is satisfied, it means that there is existing symmetry in the geometry of

the friangle and there are at least two different points with same vector of
10 distances.

Case (c) can be proven by calculation of the three distances. Without loss of
generality, the triangle and the coordinate systems is aligned as shown in Fig.

12 . Then the distance from a point () to the three sides AB, BC and AC,
15 respectively, is:
dp=y
do . = |J’cx —(xc —X5)y— xBJ’cl
BC —
\[)’(2: +(xc - xB)2
d = I}’cx_xc}’|

- 2 2
V¥c + Ve

and following equations must hold.
(i) For (x1,y1) :

[xB*yC__&_]x _l_[AC*BC—xB*(xC Xp) xc] xu Yc (xB+BC)
20 BC ! BC? e BC?

(1)

(ii) For (x2,y2):
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Equation (1) describes a line that (x1,y1) must fall on given case (c) and
5 equation (2) describes (x2,y2) if (x1,y1) is given in case (c). It can be proved
using algebra that it is impossible for both points to be within the triangle.

By cases (a), (b) and (c), the uniqueness of a point corresponding to a vector of
distances (d,,d,,d;) is proved, given that the triangle is not isosceles.

10  Combining (1) and (2) the statement is proved.

For the polygon with 4 sides, similar reasoning can divide the possibility of
following cases (where AB, BC, CD and DA are the four sides):
a) At least two distances to two respective sides are equal, such as

dABl = dABZ
15 dBCl = dBC2 .

dcm =dpg

dpa =dcpy

b) Only one distance to a side are equal, including
dABl =d 4, d i =d gp
dpey = dep, and dper =dpa
dcm = dDAZ depy = dBCZ

dDAl = dBC2 dDAl = dcuz
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) BCl cp2 dpe, = DA2 ch BC1 = @ pgy

dcm = dDAZ dcm = dDA2 dcm = d,wz dcm = dDAZ dcm =d 4,

ngAl =d AB2 LdDAl = dcnz ngAl = dcm dDAl = dBCZ ngAl = dBC2

dABl = dcm Fd,wl = dDAZ rdABl = dDAZ rd.aun = dDA2

5 ) dBCl = d,wz ) dBCl = dABZ daa = dcm and dBCl = dcm

dcm = dBCZ dcm = dBCZ dcm = d.wz dcm = dBCZ

\dDAl = dABZ \dDAI = dcm ngAl = dBCZ \dDAl = d.wz

For case (a) the uniqueness of the vector of distance can be proven in the same
manner as for a triangle.

10  For cases (b) and (c), it can be proven by calculation that there is at most only a

pair of vectors that satisfy any of the cases. Even when a solution for two
different points exists, these two points are either identical (in case b) or cannot
be within the polygon at the same time (as in case c), given that there is no
symmetry in the polygon (e.g. Fig 13, shows an example of a pair of
problematic points) and there are no parallel sides (e.g. Fig 14 shows an
example of pair of problematic points).

15

For a polygon with more than 4 sides, i.e. N>4, the condition for two points in
the polygon corresponding to the same vector of distance can be written as:

X x'

Mys|ly|[=M'ysi )y
1 1

20

where M stands for the matrix with each row the function of the line of each side
with coordinates of x and y normalised; M' is made up of rows of M with a
certain permutation.
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5 If N>5, there will be no solution to this equation unless the according rows in A
and B are proportional. This is impossible based on the definition of M and M’
and the assumption that there is no symmetry in the polygon and no parallel
sides.
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Problem:

“Given an arbitrary triangle (having three vertices which are not on one line)
which is not isosceles and a point within the plane of the triangle (not
necessarily within the triangle), the distance vector is defined as aligning the
10 values of distance from the point to the three vertices of the triangle in
ascending order. Discuss the uniqueness of mapping between the point position
and the distance vector. Further discuss the extension of this hypothesis to

polygons with more than 3 sides. Further discuss the case with both planar and
point reflection sources.
15

Discussion:

1) It is obvious that given a point, there is only one distance vector.

2) Suppose we have a distance vector (d,,d,,d,) with d, <d, <d,, we need to
20 prove that there's only one point within the triangle that gives this distance

vector. Assume there are two points (x,,y,) and (x,,y,) give the same distance

vector (d,,d,,d;). If we mark the distance to the three vertices A, B and C as

d,, d, and d,. respectively. Without loss of generality, there are only three

possibilities:
dAl = dA2 dAl = dcz dAl = dnz
25 a) {dp =dp, i b) {dg =dj, and c) ydyp =d, .
dcn = dcz dc1 =d dc1 = dA2

For case a) it's easy to prove the two points will be identical, as shown in Fig

15. If we draw two circles with center at A and B, with radius 4, =d,, and

dy =dg, to them respectively, both points must lie on these two circles
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5 this means A, B and C are on one line. This is contradictory to our assumptions
thus is impossible. Then the two points must be identical, as one of the
intersections of the two circles.

For case b), which is illustrated in Fig. 16, since d,, =d,,, the two points have
10  to be on the circle with centre at B and radius of d, =d;,. Call the two points P
and Q and we have PA=QC and PC=QA since d, =d., and d. =d,. Then
with a common side of AC, we have AAPC = AAQC. As a consequence,
ZPAC =£0CA and APQC is an isosceles trapezoid. Then the perpendicular
bisector of AC coincides with that of PQ because of the symmetry of isosceles
156  trapezoid. However, the perpendicular bisector of PQ goes through point B
since P and Q are two points on a circle centered at B. Then we have the

conclusion that B lies on the perpendicular bisector of AC, which means that
ABC is an isosceles triangle and this is opposite to our assumption. Thus P and
Q must be identical.

20
For case c), calculations based on analytical geometry are needed for the

analysis. Suppose we have two points P(x4, y1) and Q(xz, y2) satisfying this
constraint, we have.

=2 )+ =v)" =06 = %) + (0, — )’ (i)
25 G =)+ =) = (%, = %) + (0, — ¥c) (ii)
(o =xc) + = ye) = (=2 + (1, -y, (iii)
By subtracting (ii) and (iii) from (i) respectively, we can obtain:
Aoty =00+ 205 =Y I+, 40 %" =0s )= 2o =2 + 2y =V a +0 435 X =V (iv)
e =2 )% +20 ~Y IR+ 1) 3 =Y )= Ak =%V + 204 = V) + 0 + Y5~ =3, (v)

30
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5 actually P must lie on a hyperbola with the parameters determined by the
coordinates of the three points A, B and C. Accordingly, Q lies on another
hyperbola, linear transformation of the locus of P.

In contrast to the case of planar objects, there is no way to limit the position of
10 the transceiver within the triangle of ABC, thus really there exist two pairs of

dy=dc,
hyperbola locus (since there is another case where {d s =d 4 ), where for each
dey =dg,

point on one of the hyperbola, there is a counterpart on the other hyperbola of

the pair that gives the exact same distance vector. However, since this only

happen for extreme cases, our method may still be valid for general cases. This
15  has been partially proved in our simulation results.

With four point sources, it can be similarly induced that there are at most two
pairs of single points with equivalent distance vector (since there is one more
degree of constraint). While with no less than five point sources, the mapping of
20 2D coordinates of a point and the distance vector is unique, given that the
polygon formed by the five points are with parallel sides and of any symmetry.

For the scenarios where both planar sources and point sources exist, similar
discussion can be made. The key point is the number of total reflection sources.
25  With more reflectors, the constraint on the distance vector will be stricter. With
no less than five reflectors (no matter from planar source, or point source), there
is a one-to-one mapping between the 2D coordinates and the distance vector.
With a number of three to four reflectors, there is possibility of two different
points giving the same distance vector in theory. However, even in this case, as
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a transmitter for transmitting wireless signals in all directions within a
5 range of directions, the range of directions including at least all directions in a
plane;
a receiver for receiving echoes of the wireless signals from any direction
in the range;
a processor for processing the received echoes to derive echo data
10  signals indicative of the distance of the system to a plurality of reflective
surfaces; and
an adaptive system for:
| during a training stage, learning at least one association between the
echo data signals and the position of the system based on training data
15 composed of records of echo data signals and associated system position data,
and
during a working stage, using the echo data signals and the learnt

association to determine the position of the system.

20
2. A system according to claim 1 in which the processor includes a distance
vector determination unit for providing the echo data signals comprising
numbers which indicate the distances from the system to each of a number of
respective reflective surfaces.

25
3. A system according to claim 1 in which the processor in includes a
distance vector determination unit for providing the echo data signals
comprising numbers which indicate the difference of the squares of the
distances of the system to a respective pair of the feﬂective surfaces.

30
4. A system according to claim 1, claim 2 or claim 3 in which the processor
is arranged to modify the relationship between the echoes and the echo data
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signals belong to, whereby the adaptive system determines the position of the
system using the learnt association of the corresponding cluster.

6. A system according to claim 5 in which the clustering and classifying unit
15  includes a clustering unit adapted during the training stage to derive a cluster
index indicative of a cluster associated with the echo data signals, and a
classifying unit arranged during the training stage to learn associations between
the echo data signals and the cluster indices and during the working phase to
output a cluster index based on the echo data signals.
20
7. A system according to claim 6 in which the classifying unit is arranged to
employ a learning vector quantization algorithm.

8. A system according to claim 7 in which the clustering unit during the
25 training stage is arranged to take as input a vector comprising the echo data
signals and the associated positions.

9. A system according to claim 7 in which the clustering unit during the

training stage is arranged to take as input a vector comprising a linear
30 transformation derived from the echo data signals and associated positions.
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the association for echo data signals of the corresponding cluster.

12. A system according to claim 11 in which each neural network is a two-
10 layer network.

13. A system according to claim 12 in which each neural network performs a
linear function of its inputs.

15 14. A system according to claim 5 in which the adaptive system includes for
each cluster a respective transformation unit adapted during the training stage

to derive a respective linear transformation of its inputs.

15. A system according to claim 14 in which the transformation units derive

20 the linear transformation by a least squares algorithm based on (i) vectors of
distances as an input and (ii) positions associated with the echo data signals as
outputs.

16. A system according to any preceding claim in which the signals are RF
25 wireless signals.

17. A system according to claim 16 in which the transmitter is an omni-
directional antenna.

30 18. A method of determining the position of an object, the method

comprising:
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during a working stage, using the echo data signals and the learnt

association to determine the position of the object.

19. A method according to claim 18 in which the echo data signals comprise
numbers having linear relationships to position values of the object measured
15  relative to Cartesian axes.

20. A method according to claim 18 or claim 19 in which the echo data
comprise signals indicate the distances from the object to each of a number of
respective reflective surfaces.

20
21. © A method according to claim 20 when dependent on claim 19 in which
the respective reflective surfaces are substantially planar.

22. A method according to claim 18 or claim 19 in which the echo data
25 signals comprise numbers which indicate the difference of the squares of the
distances of the system to a respective pair of the reflective surfaces.

23. A method according to claim 22 when dependent on claim 19 in which
the respective reflective surfaces are point-like reflectors.
30
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during the training stage, partitioning echo data signals of the training
data into clusters, the adaptive system learning an association for each cluster
between the echo data signals of that cluster and the associated positions of
the object; and

during the working stage, determining which cluster the echo data
signals belong to, whereby the adaptive system determines the position of the
object using the learnt association of the corresponding cluster.

26. A method according to claim 25 in which:

during the training stage a clustering unit derives a cluster index
indicative of a cluster associated with the echo data signals, and a classifying
unit learns associations between the echo data signals and the cluster indices,
and

during the working phase to output a cluster index based on the echo
data signals.

27. A method according to claim 26 in which the classifying unit employs a

learning vector quantization algorithm.

28. A method according to claim 27 in which the clustering unit takes as
input a vector comprising the echo data signals and the associated positions.

29. A method according to claim 27 in which the clustering unit takes as
input a vector comprising a linear transformation derived from the echo data
signals and associated positions.
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15 34. A method according to claim 25 in which the adaptive system includes
for each cluster a respective transformation unit which during the training stage

derives a respective linear transformation of its inputs.

35. A method according to claim 34 in which the transformation units derive

20 the linear transformation by a least squares algorithm based on (i) vectors of
distances as an input and (ii) positions associated with the echo data signals as
outputs.

36 A methodaccording to any of claims 18 to 35 in which the range of
25 directions is all directions within a three-dimensional space.
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