Environnent Estimation in a Wreless Communi cation System Field of the

I nvention The present invention relates to the field of wreless

conmruni cavoanry/14ker3parti cul ar the present invention rel CEATU20100006768
detection, tracking and characterisation of objects in the environnent
surrounding a wirel ess conmuni cati ons system Background of the invention
Wrel ess conmuni cati on systens nmay be represented in terns of a transmtter
100 and receiver 104, separated by a chapgnel 102, as shown in Figure 1. The
transmtter transforns the data into a signal suitable for transm ssion
over the channel. For the purposes of determning the transmtted data, the

goal of theEmﬁc]'bitﬂi erPEdtinition iy a WiteRiss Conmnunication8ystem

di stortions e signal and to obtain an estimate of the data. The
channel 102 represents the effects induced by the environnment surroundi ng
the wirel ess communi cati ons system The channel 102 nmay distort the
transmtted signal in sone way. FigldrefdthednyentioNnons may i ncl ude anplitude
distortions, frequency offsets, phase offsets, Doppler effects, distortions
resul ti ngHer present triveation cakateretcs theafieldt ofweireless communications. e it partiowar

recei ver 104 may | nclude a ghannel .estinmator. The .channel LBt QF
observe &N¢ e@@?é’é‘d '%‘1%&8[‘ {eﬁaftaeshﬁg tﬁ%e%quf;@?'br{ragk'ﬁg EP n%@éé@%gg?fg?yft he
channs| %fect@ﬂﬁtr@eémmhﬁqéht@uﬁmamr@% wirelesshasetiunpatiohdsgstehser vat i on.
The content of the channel estimate is related to the environnent that

I nduced the channel. Spatial paraneters pertaining to the transmtter 100
and/ or receiver 104 devices nay  be kng Such rameters may include
spatial coordinates, velocity %anég}éh&t'nxﬁgﬁ%r exanpl e, the devices
may be positioned at known fixed |ocations. Spatial par am?t ers may al %8 be
obt ai ned Wirelesa carmspunicatien sysiemsymayste rerrepeted in terms of a transmitter 1

and receiver 104, separated by a channel 102, as shown in Figure 1. The
transmitter transforms the data into a signal ‘suitable for transmission over the
10 channel. For the purposes of determining the transmitted data, the goal of the
receiver 104 is to remove the effects of the channel distortions from the signal and

to obtain an estimate of the data.

The channel 102 represents the effects induced by the environment surrounding the
wireless communications system. The channel 102 may distort the transmitted
15 signal in some way. Channel distortions may include amplitude distortions,
frequency offsets, phase offsets, Doppler effects, distortions resulting from multipath

channels, additive noise or interference.

The receiver 104 may include a channel estimator. The channel estimator may
observe a received signal that has been distorted by transmission over the channel
20 102, and generate a channel estimate based upon this observation. The content of

the channel estimate is related to the environment that induced the channel.

Spatial parameters pertaining to the transmitter 100 and/or receiver 104 devices
may be known. Such parameters may include spatial coordinates, velocity, and
acceleration. For example, the devices may be positioned at known fixed locations.
25 Spatial parameters may also be obtained from a Global Positioning System (GPS)
receiver or similar device. Furthermore, spatial information relating to the



receiver or simlar device. Furthernore, spatial information relating to
thetransmtter 100 may be passed to the receiver 104 within the transmtted
data contwoteil0Am4esanpl e of such a case occurs in Dedi caCehi@hmwvooieange
Comuni cations (DSRC) systens, where transmtted data may include position,
speed, acceleration and heading information, as described in SAE

I nternational, "Dedicated Short Range Communications (DSRC) Message Set
Dictionary," J2735, Decenber 2006. Refergnce to any prior art in the
specification is not, and should not be taken as, an acknow edgenent or any
form of suggestion that this prior art forns.part of the common general

know edggrangnfiisit Hab! ﬁqawbégyas@bhefo jttves iregéioer A4owithirathé ianspritted data
coul d reasonably be expéected to be ascertai ned, understood a%h{yﬁg rded as
| ge

rel evant coptentper Aon exkmpledof rsydhe ar caseSuAFRTy BY PREICAIRfk:
e e o FAEPLGRUBHSEASFGTS S o kP it iy o postn.

char act ert: environment surrounding a W rel ess
conmmuni capeeds asysleritionoangrisearting rinfarmatonaas odeguzibedi ini B4 dnterrationad of

the system and i nfor i on ext ted f f ived b
of the i PeaEsted Shtmeis GRavByaraehTIRaRED Merede,Sen o EoRath talitne
system n@y%de%&%deheir state in the nessages they transmt. At the

recei ver the nessages nmay be recovered and formpart of the receiver's view
of the transmtter state. According to a first aspect of the invention

there is cprou flad,a,ESRadt B tHeS$pEEHdatBnas ndRVArPERENY vt bedtdReh 2@, an

wirel ess conmuni cat |r§ﬁ6 system the environnent including at |east one
i nf | ect orackhatvlddgEhesnit sort aay dainn tafdseggastips, thah dhiseptierdad fepnssparg:of the

;ecel V! N%ommon %létne?a{l nalvd gaenl"?\nAltht,t?aqiaf5roar1rr‘1fo{hre?ﬂ?rf§.dtiét%rn &%nat (RS PrivFhYi @
10 could reasonably be expected to be ascertained, understood and regarded as

relevant by a person skilled in the art.

Summary of the invention

The present invention provides methods of detection, tracking and characterisation
of objects in the environment surrounding a wireless communications system, by
15  processing information pertaining to elements of the system and information
extracted from a waveform received by an element of the wireless communications

system.

Transmitters in the communications system may include their state in the messages
they transmit. At the receiver the messages may be recovered and form part of the

20 receiver's view of the transmitter state.

According to a first aspect of the invention there is provided a method for estimating
an environment surrounding a wireless communication system, the environment
including at least one inflector that inflects transmitted signals, the method
comprising: '
25 receiving an input signal transmitted from a transmitter to a receiver via a
wireless communication channel,
receiving system state information pertaining to at least one of the receiver,

the transmitter and the inflector;



Wi rel ess communi cati on channel; receiving systemstate information
pertaining to at |east one of the receiver, the transmtter and the

i nfl ect orwe=biomaud7ag at | east one property of the infleeCoraAtamadoss t he
received input signal and the systemstate information. In another aspect
of the invention an environment estimator is disclosed that collects
observations over time that contain systemstate information. The

envi ronnment estinmator uses said observat 'bonS'to estimate aspects of one or
nore inflectors. Inflectors are elenents”in the environnent that cause
reflections or diffractions of radio waves. Said systemstate information
may rel ate toebtimating tatdeast orex property, of the mflectosrbased emdhe médaivedinput
within the environnent. In anotfher aspect of the invention a first

i nf | ect ofiaNghand thesystemyeials IAFAMRUSY use in estimating the environment
where . An inflector is located relative to the transmtter by a inflector
transmtter unit vector and an inflectqr transm ttetr d Lver

] | st gnce Ar €8
i s | ocat dyapether aspeetpfdhe invantiopsn epvice i&LMataE HSéﬁ%%ps%FQat\ggﬁ?%? and
a recel vepsLRGHBARL vl B@NBfat: cSRAM sgéBi SAKe WAGimAtidrePTRS CervirtBintdi

receiver refative to the transmtter iS equal to the sumof the vectors
r epr e5enestimatdreuses |said @bseniatipns cot estirhater papeetst ofepnaner maseipfieftprs-

relative t he inflector. .A.second infl ' :

et or i ndlieRiIeaT® SRS 4 SFE SrronFienn et R riatonf o, Aaeipfis o
recei ver rydibhyave e &Hid Spdtbm stat@irfibiiationeay relafaitsl transmittirs f eceivees,ithe
converted to a path | enfjt h difference (e.g. by multiplying said tine

di f f er eneavisgnmist apd énflestorsivgthin the enyiEan™eM . t he di stance fromthe
transmitter to the receiver added to said path

In another aspect of the invention a first inflector constraint is determined for use in
10 estimating the environment where
. An inflector is located relative to the transmitter by a inflector transmitter unit
vector and an inflector transmitter distance
. A receiver is located relative to an inflector by a receiver inflector unit vector and
a receiver inflector distance
15 . Constraint: The vector representing the receiver relative to the transmitter is equal
to the sum of the vectors representing the inflector relative to the transmitter and

the receiver relative to the inflector.

A second inflector constraint may also be determined where
. Two versions of a transmitted signal arrive at the receiver with a measureable
20 time difference.
. Said time difference is converted to a path length difference (e.g. by multiplying
said time difference by the speed of light)
. Constraint: the distance from the transmitter to the receiver added to said path
length difference must equal the sum of the distance from the inflector to the

25 transmitter and the inflector to the receiver.

A third inflector constraint may also be determined where
. Two versions of a transmitted signal arrive at the receiver with a measureable

frequency offset.



| ength difference nust equal the sum of the distance fromthe inflector to

the transmtter and the inflector to the receiver. Athird inflector

constrai rworeaw/iahwe be determ ned where . Two versi ons @CTAWNBEVIBO6St ed

signal arrive at the receiver with a neasureable frequency offset.. Said

frequency offset is converted to a speed difference (e.g. via

mul tiplication by the speed of light and division by the centre frequency)
Constraint: The conponent of the transgitter vel ocity towards the

i nflector added to the conponent of the difference of receiver and

i nflector velocities towards the inflector nust equal said speed difference

A fourth,i Hdi¢frequesenstisatiivconwerted soalypeddtidifferened (aigevia rultiplichtiecbyr i s
constrai ned across observations . A first apd secogld observati on occur at

di fferent thesreed ohlghtiand divisias, Rhthe eRIIRERIYERY) first and second

observatio 1 s cal i fi | 45 | | he
nt Lector carstal Thp 2bffhonsfypf U wbfimifhYpldiRy bliaRicne FHBHGF dddel
posi tion i go theecbmponsnt dfethepdiffetenee aftreseiver aind siflebsrevelatities tawandsthes
the inflector transmitter unpjt vector at said first observation tine

mul ti 9l i ed iHflecteranpslequdl aid $RERGSIHTBESNCE st ance at said first observation
time . A second inflector positionis the transmtter position at said
second observation tine plus the inflect g)rq qu%nsnj tter unit vectgr at said

second oWsdpvehi diflectare cROSYRIPE | B@YbRlsh gwpiged; SR the INfedPhne at

sai d sec | ' : second inflector position difference is
t he sai d%ggggﬁggla\r%?%%?%éééggasﬁﬁon mnus the said first inflector position

Const r gi i firsThAd lsetohd bbsémation aeoar &f diffedint timesnce and t he second
inflector position difference nust be equal

. The time difference between said first andasecond observations is calculated
10 . A first inflector position difference is the inflector velocity multiplied by said time
difference
. A first inflector position is the transmitter position at said first observation time
plus the inflector transmitter unit vector at said first observation time multiplied by
the inflector transmitter distance at said first observation time
15 . A second inflector position is the transmitter position at said second observation
time plus the inflector transmitter unit vector at said second observation time
multiplied by the inflector transmitter distance at said second observation time
. A second inflector position difference is the said second inflector position minus
the said first inflector position
20 . Constraint: The first inflector position difference and the second inflector position

difference must be equal

In another aspect of the invention one or more constraints are used to derive cost
functions. Said cost functions may be combined over observations to produce

another cost function.

25 In another aspect of the invention a hypothesis set is created of unknown inflector
properties. Cost of each hypothesis in said hypothesis set may then be calculated

using said cost functions.



I n anot her aspect of the invention one or nore constraints are used to
derive cost functions. Said cost functions nmay be conbi ned over

obser vat iwo0too4grreduce anot her cost function. |n anot hecTadpewiooafest he
invention a hypothesis set is created of unknown inflector properties. Cost
of each hypothesis in said hypothesis set may then be cal cul ated using said
cost functions.ln another aspect of the invention constraints on the rate
of change of position and/or speed are iﬁcluded in the observation
processing I n another aspect of the invehtion constraints on inflector

| ocation or velocity are induced through know edge of map data. Functi onal
uses for |@yrowésr akpédicofeths irvemtioh existraniteromithe absd of eangeedt pasitiont her
aspect of the invention provides a systemfor estimting the environment
sur r oundi@ng/af speediase dneleded: il g Regsvalinn RIPCEEYRBr i si ng: an i nput operabl e
to receive a signal transmtted via a communi cati on channel; an input
operable to receive systemstate i nformation; an_environnent est

j t
oper abl e In @nethemasreditofi thgsinvention eapsirainky opniaflester Obé(g(ggl"ﬁ)ﬂ(rgr?he
i nput s; 24 RH tkr{d?ﬁleﬁgé’\éifﬂ‘iéwdétge environment estimate. The
may |

envi ronment” €st1 nator cl'ude"an observati on generator which outputs at
| east one observation generated using at | east one of said inputs. The

envi rg Q@Jhgﬁﬁri%;@tegrfopgéftp&%%m% ér{‘\ﬁ}BHﬂFerﬁ‘!%sﬁP%%rVaSEiéPéb REQGREROr Whi ch

proce one sat servation as input and provi des an estimate
of the environnment as output. The systemstate information may include at

least ong angl PLELELAR tHe ThvehtBh H1bYiBBs ' system for estimating the environment
surrounding a wireless communications system, comprising:
an input operable to receive a signal transmitted via a communication
channel;
10 an input operable to receive system state information;
an environment estimator operable to estimate at least one feature of the
environment based on the inputs; and

an output for providing the environment estimate.

The environment estimator may include an observation generator which outputs at

15 least one observation generated using at least one of said inputs.

The environment estimator may further include an observation processor which
processes at least one said observation as input and provides an estimate of the

environment as output.

The system state information may include at least one and preferably a combination

20 of:
position;
speed,;
acceleration;
heading;

25 velocity;

elevation;



position; speed; acceleration; heading; velocity; elevation;tine of

transm ssion; time of reception; transmt power |evel; receive power |evel;
signal towvoaopedeBi o (SNR); | ocation of system conmponeRCI/ARNDIDIGES

ant ennas; structure of host; presence of an obstacle; information relating
to an obstacle, such as its location; tenperature and weather conditions,
rain sensor information; sun sensor information; vehicle w ndscreen w per
rate; information avail able from autonotve controll er-area network (CAN)
bus; map data; statistical confidence estimates for any of the above. The
structure of the host may conprise at |east one of: size of host; type of
host; shaped gmdestransmission;

time of reception;

transmit power level;

receive power level,

5 signal to noise ratio (SNR),

location of system components, such as antennas;

structure of host;

presence of an obstacle,

information relating to an obstacle, such as its location;
10 temperature and weather conditions,

rain sensor information;

sun sensor information;

vehicle windscreen wiper rate;

information available from automotive controller—area network (CAN) bus;
15 map data;

statistical confidence estimates for any of the above.

The structure of the host may comprise at least one of:
size of host;
type of host;
20 shapéd of host;

construction material;

The system state information may be obtained from sources at or nearby at least

one of:
transmitter;
25 receiver; and

environment.

The input system state information may include receiver information may, comprise

at least one of:



construction material; The systemstate information may be obtained from
sources at or nearby at |least one of: transmtter; receiver; and
envi r onmewo.20fg4978put system state i nformati on may i nclPOGAWWEI0NES
information may, conprise at |east one of:received signal sanples; an
estimate of the conmunication channel between transmtter and receiver. The
estimate of the communi cation channel may conprise at |east one of: a tine
domai n channel estimate; a frequency donmgi n channel estimate. The i nput
system state information obtained at or rTﬁear the transmtter is contained
inthe transmtted signal and extracted at the receiver for input to the
envi ronment egéddiPédPsignahsarmplest system state infornmation pertaining to the
transmtter nmay be derived at the receiver. The derived input system state
i nf or mati on pantestimatg of the hemmumieatian ehanng) betwganisansmities anddgeeiver.
speed; accel eration; heading; and velocity. The observation, denoted W may
I ncl ude at | east one of: the point T representing the position of the
t r ansni t fTae:estimate of the communication channel may comprise at least one of:

a time domain channel estimate;

5 a frequency domain channel estimate.

The input system state information obtained at or near the transmitter is contained in
the transmitted signal and extracted at the receiver for input to the environment

estimator.

The input system state information pertaining to the transmitter may be derived at

10 the receiver.

The derived input system state information pertaining to the transmitter may include
at least one of:
speed;
acceleration,;
15 heading; and

velocity.

The observation, denoted Q, may include at least one of:
the point T representing the position of the transmitter;
the point R representing the position of the receiver;

20 the instantaneous velocity vector v, for the transmitter;
the instantaneous velocity vector v, for the receiver,

a channel estimate h;
time of the observation «;

the received signal;

25 The observation generator may output an observation for at least one of:



the point Rrepresenting the position of the receiver; the instantaneous
vel ocity vector vt for the transmtter; the instantaneous velocity vector
VR for thwoneneiswws; a channel estimate h; tine of the ®bIAU2at0/000768; t he
recei ved signal; The observation generator may output an observation for at
| east one of:each received signal corresponding to multiple transmtted
signals separated in tine; each received signal corresponding to nultiple
transmtted signals overlapped in time;, gach channel induced between a
transmtter and a receive antenna, in th& case of nultiple transmtters;
each channel induced between a transmt antenna and a receive antenna, in

the case of mahkhRbEeilE RigHal 2BHE8PEadingas imalipleansmitiedesighals weparated
transmt antenna and a receive antenna, in the case of multiple transmt

ant ennasjn iMe; obser vati on generator may group observations contai ni ng
common conponents, w thoyt replication of.said c C ats. F
observat i on pP@EBsgrSFeWﬁ p§'8‘§%|sscoﬂe§p@g‘9fn£ngo pﬁ%@?‘? ywm%gas?'aﬁ%lg
i nfl ect olpoybpgp&edin imeai d environnment. The inflector properties may
conprise at |east one of: position; speed; acceleration; heading;,
5 each channel induced between a transmitter and a receive antenna, in the
case of multiple transmitters;
each channel induced between a transmit antenna and a receive antenna, in
the case of multiple receive antennas;
each channel induced between a transmit antenna and a receive antenna, in

10 the case of multiple transmit antennas;

The observation generator may group observations containing common

components, without replication of said common components.

The observation processor may process at least one property of at least one

inflector located in said environment.

15  The inflector properties may comprise at least one of:
position;
speed;
acceleration;
heading;
20 velocity; and

elevation.

The output environment estimate may include at least one hypothesis on a property

of at least one inflector located in said environment.

The observation processor may apply at least one constraint upon at least one

25 property of at least one said inflector to calculate said output environment estimate.



vel ocity; and el evation. The output environnent estimate may include at

| east one hypothesis on a property of at |east one inflector located in
sai d enviwonumnts4973he observati on processor may apply arcreagbiomoeres
constraint upon at |east one property of at |east one said inflector to

cal cul ate said output environment estimate. The frequency offset paraneter w
may be cal cul ated from said channel estimate, h , in the tinme domain, as
the rate of change of phase of the tap cQrresponding to the inflected path
relative to that of the tap corresponding to the direct path. Cal cul ation
of said frequency offset paraneter w fromsaid channel estimate is

per f or medrhel fleciferic) @HsePparadheteR el béearurzaéd fonoéaisaihntehestehate,
estimate; across sone section of said channel estinmate; and at intervals

t hrough 9aiid ted eimeedoraaln, asttke raeiaf ochange diphase of thertapaguréspdndingtos a
plurality of observations under sqme assunption on fhe pasition of one or
nor e sys%@‘l"ﬁ@ﬁﬁﬂ%i‘s’eﬁ“ﬁ’ﬁ tp é’lﬂ;égtth? R ?&\E’P‘?SW NG éﬂ W@ctt 3

constraints nay be conbined to forma system of equations, and said
observati on processor. nmay sol ve _sajd system using at | east, one input

obser vat iGaculation ot grid fé%”&"é)‘\\?ﬁ?%hﬂ%rﬁ%{"eéﬂ 9@198%9&&‘38%\ ?%Wﬁ%tﬁt's esti mat e
out pug n?)\érﬁbmaiv?éaaﬁllelasfgﬁégpl e inflector property solutions. Said
observation processor nay reduce the set of feasible inflector property

sol utions pri eirégs betduthtionisf saidahanaebéstimateof : addi tional constraints;

and addi tional input observations; Additional observations nmay be provided
by at | east omeress sarae serliegnphgaid channel estimate; and

at intervals through said channel estimate.

Said constraints may be applied across a plurality of observations under some

10  assumption on the position of one or more system components with respect to time.

A plurality of said constraints may be combined to form a system of equations, and
said observation processor may solve said system using at least one input

observation, to output said environment estimate.

Said environment estimate output may comprise all feasible inflector property

15 solutions.

Said observation processor may reduce the set of feasible inflector property
solutions prior to output, using at least one of:
additional constraints; and

additional input observations;

20 Additional observations may be provided by at least one of the following:
reception of at least one more transmitted signal from the same transmitter;
reception of at least one more transmitted signal from an alternate
transmitter; and
reception of at least one more transmitted signal via at least one more

25 receive antenna.



reception of at |east one nore transmtted signal fromthe sane
transmtter; reception of at |east one nore transmtted signal from an

al t er nat ewOnargudBer; and reception of at | east one noPETIATRNBYN001668d
signal via at |east one nore receive antenna. Said constraints may be used
to derive one or nore cost functions and evaluate cost for one or nore
hypot heses on one or nore inflector properties, and said observation
processor cal cul ates said cost functions, ysing at |east one input
observation, to output said environnment égtinate. A set of points to be
used as inflector |ocation hypotheses nmay be sel ected by quantizing sone

regi on ofggidgoRstrinRBYbe BHdoRgiverongyr mere ebsidfuadtiensoamd eadluatsast one
of transmtter; and receiver. The output environment estinmate madcorrprise
I%\ﬁés%

at | east copifoppnemt more kunathesasopr PRg ofyRrerBledonprapertics, cost
| ue; . nf |
va ue :o§§%w§¥wb %#cg s <3 chc?:Pa%% éair?]iycﬂﬁt RGr&Rny! Jsﬂ@e gtighsyondipet cost

val ue; or proper ypot heses with “cost value within sone
pr edet er wbsedativa oneetpiit saidteneirbgmenbhesiimaten sai d i nfl ector property with
the | owest cost value; a set of one or nore inflector property hypot heses
W th associ ated cost bel ow sone predeterm ned threshold; a set of one or
nor e §nf |Aesdtaf points¢o beassed dsinflestor \adationdypothesestroay hetselesded by
observati on processor nay Cc &%I ne.a plurality of said cost functions across
at | east 9yAB '?'HS&P%E@'Q\}&PF  eriog ervation processor may combine one
or nore said cost functions across a

Said region may be selected around at least one of
transmitter; and

receiver.

10  The output environment estimate may comprise at least one of:
an inflector property hypothesis with the lowest cost value;
a set of inflector property hypotheses with equally lowest cost value;
a set of inflector property hypotheses with cost value within some
predetermined distance from the hypothesis on said inflector property with the
15  lowest cost value,
a set of one or more inflector property hypotheses with associated cost below
some predetermined threshold,;

a set of one or more inflector properties with cost value assigned to each,;

Said observation processor may combine a plurality of said cost functions across at

20 least one input observation.

Said observation processor may combine one or more said cost functions across a

plurality of input observations occurring at different times.

Said cost functions may be applied serially while reducing the size of the hypothesis

set on one or more inflector properties at intermediate steps.



plurality of input observations occurring at different tines. Said cost
functions may be applied serially while reducing the size of the hypothesis
set on orwoaniome3i nflector properties at internedi atePSTAIRIBAI0M 68
observation processor may cal cul ate the cost of each hypothesis using at

| east one cost function, then reduce the hypotheses set size by renoving at
| east one nenber, before applying at |east one further cost function. At

| east one menber of the hypot heses set y be renoved having at | east one
of : cost greater than sone threshol d; agg cost greater than some di stance
fromthe | owest cost. The observation processor may constrain the speed of

the i nfl ei®bbs&@hlon PRSddsabnmagredifiilatecthercospekdactohppotbiesig using ableasbne
of : excluding inflector propertillﬂeél%;pot heses havi ngmsrgeed, outsi de of sone

pr edef i nenercasBINcEiR| thenmgduee wothesprepelSiFy RN BRI ME to sone
distri b”ﬁ%ﬂg%ﬁ%&g&%g@%ﬁﬂ%%%@i oRBRLMAE LAt Riritlieh,. COSt to speeds outside

of sone pi nd assigning a cost according to sone
distribution controlled by speed; The observation processor nay constrain

7 I B A et oAt

| east on In a ion where its path is not

bl ockgd; on segst geatdrthanednitafhiesteditd et by a map; and on a road. The
observation processor may use at |east one additional feature of said

estimate of tlcestgneataritbanisomeadistanse frorddlbe ipwsstiaest.pr esence of at | east
one additional inflector, to determ ne at | east one said inflector property
for said additional inflector.

The observation processor may constrain the speed of the inflector, said constraint

on inflector speed comprising at least one of:
excluding inflector property hypotheses having speed outside of some

10 predefined range;
excluding inflector property hypotheses according to some distribution

controlled by speed,;
applying a higher cost to speeds outside of some predefined range; and

assigning a cost according to some distribution controlled by speed,;

15  The observation processor may constrain at least one said inflector property by
considering the inflector to be at least one of:
a reflector;
heading in a direction where its path is not blocked;
on some constrained path defined by a map; and

20 on a road.

The observation processor may use at least one additional feature of said estimate
of the communication channel induced by the presence of at least one additional
inflector, to determine at least one said inflector property for said additional inflector.

The additional channel feature may be a time domain tap in said time domain

25 channel estimate.

Information received by said environment estimator may be used for at least one of:



The additional channel feature may be a tinme domain tap in said tinme domain
channel estimate. Information received by said environnent estimtor may be
used for WO 20aE976ne of : provi di ng an al ert when det ect iPRE/A2pWI0OOM6E &
collision threat; nodifying the nature of an alert; nodifying the trigger
of an alert; reducing the likelihood of false alerts; inproving positioning
accuracy. Know edge of at |east one reliable source of position
informati on, conbined with the relative H cation of said reliable source to
an unreliable source of position informatfon, may be used to perform at

| east one of: detecting the unreliable source; tracking the unreliable

source; and cersedihgh albs wtmnetiet@atmgs:cpnteatual&mllmmmhremnent esti mat or
output may be used for altering nmap information via at |east one of:
detecting err mmbiymgm@ nates eiedn 8¢t correcting erroneous map information;

and augnent i n?n Cﬁ @% rraB ornmatjon. Brief description of the draw ngs
Enbodi nents o ‘? At ?rn?/e?ﬂﬁ 'wi || now be described wth reference

to the drawingg ﬁ%ﬂ‘ﬂé HEInBLBYT fatds skt schemat i c dr avi ng of a
conmmuni cat i ons sys Figure 2 : 1s an exanple environment with a two-path

chanmgl ; Fi guirapving pesiichiageccarabyawi ng of an environment estimator;
Fi gure 4: illustrates processing occurring at a transmtter in a
conmuni cat i ons

Knowledge of at least one reliable source of position information, combined with the
relative location of said reliable source to an unreliable source of position
information, may be used to perform at least one of:
detecting the unreliable source;
10 tracking the unreliable source; and

correcting the unreliable source.

Said environment estimator output may be used for altering map information via at
least one of:
detecting erroneous map information;
15 correcting erroneous map information; and

augmenting existing map information.

Brief description of the drawings

Embodiments of the present invention will now be described with reference to the

drawings, in which:

20 Figure 1: is a schematic drawing of a communications system;
Figure 2: is an example environment with a two-path channel;
Figure 3: is a schematic drawing of an environment estimator;

Figure 4: illustrates processing occurring at a transmitter in a communications

system and including the use of system state information (SSI);



system and including the use of systemstate information (SSI); Figure 5:
illustrates the transmtted signal being subjected to the channel and

provi des woOe0teret73c drawi ng of an observati on gener at oPCraWwbhw/0ee of one
receive antenna; Figure 6 : illustrates the transmtted signal being

subj ected to the channel and provides a schematic drawi ng of an observation
generator in the case of two receive antennas; Figure 7: is an exanple tine
dormai n channel corresponding to the envi 1i$nment of Figure 2; Figure 8:
illustrates a loci of feasible solutions Yor inflector position by
conmbining first and second constraints; Figure 9 A and 9B: illustrate an
exanpl e gjuiei BN ilfugtratedf lties tteangpoitted | signaindeing sabjecterbttai thed chansell andg a
system of ‘equations derived fromconstraints; Figure 10 A B g: illustrate
an exanpPeovdgs@ iséhem@ﬁ'cidrﬁil’WEIQthrarb%%ﬁW%ﬁ'P’bB?'&?r%gq 'B)jfh%ﬁﬁfs?io gnedsgeive
functi on? %g{niaved fromconstraints, to a first observation; Figure 11 A B
and C iPU0s¥Fate an exanpl e solution for inflector position obtained by
appl ying cost functions derived fromconstraints, to a second observati on;
Figure 12. ar rdd st an ex I i Heehai

sol uti ons%'q%cg?%'mﬂﬁ’gc Béré 6@%@%%“@%?5@@% E&@p%&%&éc{:gg fungtg?'gﬁsa_nd

deri ved prevideasichaimatis drawingssf droobservations generater indbeaseinf dwodecene
Detai |l ed description of the enbodi ments Enbodi ments of an environnent

esti mat oA W38escri bed that all ows detection, tracking and :
characterisation of objects in the environment surrounding a wreless
communi cations system by processing infornmation pertaini to.syste

el enent s Figtei 1l rar?aﬁ‘%mg@xt'm&c‘?%a%rg?ﬁrﬁ‘eﬂ 885%85“9\'&96@&?‘%1 S oﬁg&e&?}oﬁed

t echni qugigd?%% potential application to wireless comruni cati ons systens,
e.g. DVB-T, -H, |EEE 802.1 1, |EEE 802.16, 3GPP2, Dedicated Short

Figure 8: illustrates a loci of feasible solutions for inflector position by combining first

10 and second constraints;

Figure 9 A and 9B: illustrate an example solution for inflector position and velocity

obtained by solving a system of equations derived from constraints;

Figure 10 A, B,C: illustrate an example solution for inflector position obtained by

applying cost functions derived from constraints, to a first observation;

15  Figure 11 A, B and C: illustrate an example solution for inflector position obtained by

applying cost functions derived from constraints, to a second observation;

Figure 12 A, B and C: illustrate an example solution from combining solutions for
inflector position obtained by applying cost functions derived from constraints,

across both a first and a second observation.

20 Detailed description of the embodiments

Embodiments of an environment estimator are described that allows detection,
tracking and characterisation of objects in the environment surrounding a wireless
communications system, by processing information pertaining to system elements

and information extracted from a received waveform.



Range Communi cations (DSRC), Communi cations Access for Land Mbiles (CALM,
and proprietary systems. Cbjects in the environnent may be either

st ati onarwoaniomid7Be. They nmay al so be fitted with wirelPesswormmoicgat i ons
equi pnent. For exanple, in a Dedicated Short Range Communi cati ons ( DSRC)
system the transmtter (Tx) 100 and receiver (Rx) 104 nay be included in
an infrastructure Road Side Unit (RSU), or On Board Unit (OBU) in a
vehicle. The transmitted signal nay be ingflected by objects in the
environment, e.g. through reflection or 3|4ffract ion. Exanple inflectors

i nclude vehicles, signs, buildings or other structures within the

envi ronnent, which nay be equipped with transmtters and/ or receivers
thenmsel ves. Figure 2 shows an exanple environnment with an inflector 200

i nducing a two path channel between the transmtter 100 and receiver 104,

where: Tihe BefSibdd tEUNNRARY hade thtten@si Appitatidn toewireres nedrhatuniaionR i s
a point representi ng t he BOS|t|on of the receiver 104; P £S a  poi r}}

r epr esentsysigmsee.gobVB-bnDYB-Hh EEEE . 11 nifiEe 802 Bo GCRHF 2 erﬁgte Short

| nstant anegis, VELAFhIncARTSC(DISKC] NSdrhdlEalibhy ABSssy/Ror SLBRE Mobiles

I nst ant a y vector he Tecel ver ; Vp 1S the I nstantaneous

vel ocht y (EAEM) ah@prégrietaiyosysternsf | ector 200; TR is the vector frompoint T
to R TP is the vector frompoint Tto P, and PR is the vector frompoint P
to R It is also convenient to define the follow ng, where | . || 2denotes

the L2 NaybjectsRnTthe Bhviromfentirsay be eittier statidrary ian mokileli Toeyiroay gisape; \\
-tii e unit vector in the directjon of

fitted with wireless communications equnpnﬁeﬁt. For example, in a Dedicated Short
Range Communications (DSRC) system, the transmitter (Tx) 100 and receiver (Rx)
104 may be included in an infrastructure Road Side Unit (RSU), or On Board Unit
10 (OBU) in a vehicle. The transmitted signal may be inflected by objects in the
environment, e.g. through reflection or diffraction. Example inflectors include
vehicles, signs, buildings or other structures within the environment, which may be

equipped with transmitters and/or receivers themseives.

Figure 2 shows an example environment with an inflector 200 inducing a two path
15  channel between the transmitter 100 and receiver 104, where:
T is a point representing the positioh of the transmitter 100;
R is a point representing the position of the receiver 104;
P is a point representing the position of the signal inflector 200;

7, is the instantaneous velocity vector for the transmitter 100;
20 i, is the instantaneous velocity vector for the receiver 104;

v, is the instantaneous velocity vector for the signal inflector 200;

TR is the vector from point T to R;
TP is the vector from point T to P; and
PR is the vector from point P to R.

25  Itis also convenient to define the following, where | . |, denotes the L2 Norm:

- (P-T)

ii,, =— 2 is the unit vector in the direction of 7P;
|P-71,



Ltp is the distance between points T and P; LPR is the distance between
points Pand R, and Zy.L = 77?| is the distance between points T and R
Fi gure 3 whaww/@4998ock di agram for an environnment esti meCOAU2019000768
environnment estinmator nmay operate at a receiver 104. Alternatively,
functi onal conponents of the environment estimator nay operate in a
distributed fashion. In sone arrangenents the environnent estinmator nay
operate off-line, using information that1 s previously captured. The
functi onal nodul es described herein (incl )évgi ng the observation generator
303, Ogbservation processor 302, Tx Data Constructor 400, SSI Extractor 504
an servationgamst ruct or 506) nay be . inple d in hardware, for
exanpl e appl‘;hc‘ﬁ“%‘g?sﬁe@eﬂi"@tY‘?’F%t@b!"éf‘ﬁcf'r&réﬁeﬂirg’?ﬁ'ASI Cs). Other hardware
i npl ement ati onsti nclaude, but are not limted to, field-programmable gate
arrays (FPGAs), structured ASICs, digital signal processors and discrete
| ogic. Altefpat “TsP}%I is, thetdistanee bebvegn poiats é8Neey: be i npl enented as
software, such as one or nore application prograns executable within a

conputer systen h of 1, | . ut er - readabl e nedi um
and be | oad Wz is &%%ﬁe%%nﬁoﬁ%@ﬁéﬂ%?ﬁ%&?& readabl e nedi um for
execution by the conputer system A conputer readable nmedi um having a
conput er pr pdr-aTRI ettheetistancé between poimsuT@mdpRogr am product . Exanpl es of
such nedi a includ® but are not limted to CD-ROMs, hard disk drives, a ROM
or integk [ It d kdt e [ i
corrpullger-':?éelggaglség P a%s%@g:ao r%r@dﬁ)é, gﬂ@ﬁ%@%ﬁa%ﬂ@g}ﬁr&) ?P gne;hn\%"sog irT(I)ennt
gmhannel estimatat may loperateratactaceiver d 04nditeanativelyp furstional cemponeets efdhece.

e or nore received. signals are input to. an observation_ generator
Syst em s€RVEONRERt ﬁﬁtﬂmﬁﬁ)r(@@' Ppﬁ@ea{?%dﬁgﬁ?‘ﬁﬁaﬁa?mo?‘h@' %%ggrg}féqqg@ﬁgrﬂs

gener at Okne TBRvironment estimator may operate off-line, using information that was

previously captured.

10  The functional modules described herein (including the observation generator 300,
observation processor 302, Tx Data Constructor 400, SSI Extractor 504 'and
Observation Constructor 506) may be implemented in hardware, for example
application-specific integrated circuits (ASICs). Other hardware implementations
include, but are not limited to, field-programmable gate arrays (FPGAs), structured

15  ASICs, digital signal processors and discrete logic. Alternatively, the functional
modules may be implemented as software, such as one or more application
programs executable within a computer system. The software may be stored in a
computer-readable medium and be loaded into a computer system from the

- computer readable medium for execution by the computer system. A computer

20 readable medium having a computer program recorded on it is a computer program
product. Examples of such media include, but are not limited to CD-ROMs, hard disk
drives, a ROM or integrated circuit. Program code may also be transmittedl via
computer-readable transmission media, for example a radio transmission channel or

a networked connection to another computer or networked device.

25 One or more received signals are input to an observation generator 300. System
state information (SSI) may also be input to the observation generator. The
observation generator 300 outputs one or more observations 303 to the observation



observation generator 300 outputs one or nore observations 303 to the
observati onprocessor 302. (Observations 303 may include information fromthe
recei ver W020evid4%gst em state i nformati on. The observat iPo/AiRowass®s 302

t hen processes the observations 303 and outputs an estimte of the
environment. For exanple, the environnment estimate may include position
estimates for one or nore inflectors in the environnment. System state
information (SSI) may pertain to the tralilém'tter 100, receiver 104 and/or
the environment, including: . Position; . Speed; . Acceleration; . Heading;
. Elevation; . Tine of transm ssion or reception; . Transmt power |evel;
Recei ve peysyssbesel: ObSegriont B0®inssy Relude (rEdifyatiorl froat ithe receisgrs 6

conponents, such as antennas; . Structure of the host; Size, t f
st FoAnd, ST Siete infmationsnT be dibsenmin paseryan 308 1T Brogamesdhen -

vehi cul a%ggﬁg/t%goﬁgiﬁvia ?ﬁ@mﬂt@r‘amﬁ}d&% Wiqhe eng@nﬁ'fe&‘f.ﬁrF@ﬂ BxampleZ &hef

vehi cl e; ra host Is constructed. . er information

known t o eabivonmeht estimateo megnincluder pesitioplestimatash éopeae @icaorg inflectistiac| e

and ipformatian relatin
giopratlan relating to the obstacle, such as

System state information (SSI) may pertain to the transmitter 100, receiver 104
and/or the environment, including:
« Position;
+ Speed,;
10 . Acceleration;
. Heading;
. Elevation;
. Time of transmission or reception;
. Transmit power level,
15 .« Receive power level;
. Signal to Noise Ratio (SNR),
. Location of system components, such as antennas;
« Structure of the host:
o Size, type, of host. For example, if the transmitter 100 or receiver 104 are
20 mounted in a vehicular host, this information may include:
» Type of vehicle;
= Size of vehicle;
o Material with which host is constructed.
. Other information known to about the environment. For example:

25 o The presence of an obstacle and information relating to the obstacle, such as
the location of the obstacle, . obtained for example from an automotive radar
system;

o Temperature and weather conditions, and/or information allowing such
conditions to be estimated, e.g. vehicle windscreen wiper rate;

30 o rain sensor information;

o Sun sensor information;



the location of the obstacle, . obtained for exanple froman autonotive
radar system o Tenperature and weat her conditions, and/or information

al | owi ng wochiociamdBt i ons to be estimated, e.g. vehicl e RCEAROBEHNN0TB per
rate; o rain sensor information; o sun sensor information;o Map data, e.g.
i ndi cating |ocation of structures and roads; . Information available from
autonotive controller-area network (CAN) bus; . Statistical confidence
estimtes for any of the above. Figure 4,schematically shows processing
occurring at the transmtter 100. Data n&z be collected fromone or nore
sources of systemstate information (SSI) 402. SSI sources 402 may be

| ocated at ,orvagaata, h;-elgtrnamm tiecatibnlof strugtures @R roads; | ocated with the
transnitter in a vehic Anot her exanpl e of “an SSI Rgurc s a

vehi cul ar Gxsrmation mrtablerﬁynp%m'vg&%@"%-%ﬁ.n@ orky $rmati on
such as Ve@t&ksﬁcﬁp&ﬁﬂld@ﬁ@e@sﬁhﬁt% f’HrLé?W ofthe 3BBLEES 402 may aI so be | ocated

el sewher é envi ronnent e SSI avallable at the transmtter,
e.g. via a wreless comuni cati ons I ink. SSI nmay be conbined with data from

R T R

the Tx d rans ter produces the transmt
si gna$ Wm@be&dlléenedtftmsmne bemureasommeemof system stats informatiem(S81)4022. A

data storage faciligt V|ddto stgre, the her tr I
or for (§ée"'{°‘ﬁ%¢$ d@é m@ﬁ rI ecl‘r '1% dtr?%@%gaérﬁﬁ)f ‘Faf %g% Tt Y
col | OCat %até&‘uﬁth%g'tFHri%%lft@ﬁn”&Qéh'blé | ARGINEE eSAFpRIDPAAISSIistuptemaOR dn a
pertaining to the transmtter 100 in the transmtted signal. For exanple,

t he tranyehicutar QAN bus] whickimay pi@4denagcess P Mehlpt@cgt@&jlrﬁﬂrmmorsa%h as
vehicl e. E {%:let 55058 ha Brke Stdts S 49 S6LRksI 402 Rty dI188 88! I0dted! diskikRéretin the

envi r onn¥
10 the enwronment, making the SSI available at the transmitter, e.g. via a wireless

communications link. SSI may be combined with data from other sources 404 at the
transmit data constructor 400, which then outputs the Tx data to the transmitter 100.
The transmitter produces the transmit signal which is then transmitted via one or
more transmit antennas 406. A data storage facility may be provided to store the

15  SSI either transiently or for longer periods.

The transmitter 100 and receiver 104 may be collocated, thus avoiding the need to
include system state information pertaining to the transmitter 100 in the transmitted
signal. For example, the transmitter 100 and receiver 104 may both be located on

the same vehicle.

20 The transmit signal is subjected to the channel 102 induced by the environment,
including the presence of the inflector 200, as shown in Figure 5. The received
signal is collected at the receive antenna 500, and input to the receiver 104. The
receiver 104 processes the received signal to determine the transmitted data. The
receiver 104 also performs processing as part of the observation generator 300.

25  Figure 5 shows receiver processing in the context of the observation generator 300
and may omit details pertaining to the common operation of a receiver 104 apparent
to those skilled in the art. For example, the receiver 104 may also make the
transmitted data available to other components of the system. The receiver 104

outputs receiver information, e.g. received signal samples and/or a channel



i ncluding the presence of the inflector 200, as shown in Figure 5. The
received signal is collected at the receive antenna 500, and input to the
recei ver wWo2nioraed7secei ver 104 processes the received sipgmalU20w/odeteer m ne
the transmtted data. The receiver 104 al so perforns processing as part of
t he observation generator 300. Figure 5 shows receiver processing in the
context of the observation generator 300 and may omt details pertaining to
t he conmon operation of a receiver 104 aqgarent to those skilled in the
art. For exanple, the receiver 104 may al'So nake the transmtted data
avai l abl e to ot her conponents of the system The receiver 104 outputs

recei ver dsfifntét TRE . chandel letifiate tnay Blprevded s thedfime and/or frequency.
channel esti mate. The channel estimte maé be provided in the tine and/o

| r
f r equencyomatai INCIUding 0ae oG reere ehannisl esimatm SAMNES MRTSYRAAURNYY e PWone

durati on. revi T - aSsi gn tion CT) i hONS,
PCT/ 2006PA&6&§01 ,%@Ff%ﬁ@é‘%@zm gﬂ?r@@%ow AS'S%@OG pu Iihgﬁg%hﬁnder
W PO publRCHR006/AU0HIR0Y , VIPZTIROIT2A600022 0 0310d 580 T/20080280004508 spublished
(respectively), contents,of which are i erej nce,
di scl ®se W@?emé)vﬂ%a el H’?t'PBr PP YPPEishg W@%@%@#Wch%ﬁgp&géﬁﬁtes
In recel szb@émgdm %%?b&ﬁ&éw) tHENESERls SOWhRIN @kdSnéorpbRitedtidrein by
information sent by the transnitter using the SSI extractor 504. Data may
al so be ceferentesddiscloseosystemsmans Joethods far pyevidings the ereasired nehaone!
(SSI) 502...SSI sourcesﬁ?(}ﬁdfrmy be | ocated at or near the receiver 104, e.qg.
t

a GPS unielStimt?%@a'iega'v the receiver in a vehicle. SSI sources 502 may
al so be |l ocated el sewhere in the environnment, making the SSI avail abl e at

the receiyer, .e.qg. .via a wrel C [ L on LN t

i nf or mat | ﬁ@ﬁ?&%’?ﬁgg?ﬂerﬁ@ mngﬁ’n%grg%%&n%étgl @o@é&ﬁ er is\ietgg QX ee

receyyer trMemiftér uemgnmleessaemrget@s%oat Da¢a neseialser bé blietted fraanphe orn

the SSI extractor 50f) may track the received poiltloéls of the5trans | tter

100 over morgesources of system state information (SSI) 502. SSI sources 502 may be
located at or near the receiver 104, e.g. a GPS unit collocated with the receiver in a
vehicle. SSI sources 502 may also be located elsewhere in the environment,

making the SSI available at the receiver, e.g. via a wireless communications link.

156  System state information pertaining to the transmitter 100 may also be derived at
the receiver 104. For example, a process at the receiver 104 (for example in the
SSI extractor 504) may track the received positions of the transmitter 100 over time

and use this to derive speed, acceleration and heading of the transmitter 100.

The observation constructor 506 is provided -with receiver information from the
20 receiver 104, for example received signal samples and/or a channel estimate. The
observation constructor also receives SSI pertaining to the transmitter, ofr example
from SSI extractor 504 and also SSI pertaining to the receiver, for example from the
SSI sources 502. The observation constructor 506 forms an observation 303 from
the available receiver information and system state information. The observation is
25 denoted QJi], where i is the observation index, and may include:
Tli]1 the point (x7i ], yAi 1, zdi 1) representing the position of the transmitter
100; _ |
Rli] the point (xg[i ], yrli ], z&li ]) representing the position of the receiver 104,

v,[i] the instantaneous velocity vector for the transmitter 100;



and use this to derive speed, acceleration and heading of the transmtter
100. The observation constructor 506 is provided with receiver information
fromthe woeceinan97304, for exanple received signal sanplPes/Aanadlomomschannel
estimate. The observation constructor also receives SSI pertaining to the
transmtter, ofr exanple from SSI extractor 504 and also SSI pertaining to
the receiver, for exanple fromthe SSI sources 502. The observation
constructor 506 fornms an observation 3031§romthe avai |l abl e recei ver

i nformati on and system state information.”The observation is denoted W/],
where / is the observation index, and may include: T[i ] the point (xj{/ ]
, yt{i 1 . 21 the insBhefRBUSN@IddIY eetdrifoptheadectiver ivansmitter 100; R[i ]
the point { i ], YyRIi ] , zR[i ]) representing the position of the
recei ver 104 VI bhhnhdl@stir®t@nt aneous vel ocity vector for the transmtter
100; vR[ i ] thg i nstant aneous vel ocity vector for the receiver 104; h [i] a
channel estdfijat eTimd of théioteseofatidme observati on; the received signal; other
system state information, as described above. The observation index in
square br aék@t’@c‘?'ge &orth used to denote val ues taken di rectly from
Wil or derdigflsidiem dtaieonfthidtion! Bs Westripdiiapoidie transmitter 100
transmts nultiple signals separated in time, e.g. nmultiple packets, the
observation generator 300 may output an observation for each correspondi ng

r ecel ved 1hbilerydtiont 1R IS Guitel BraBRERS S Alneb@ ssctPloAdéHAd Valudd takennd
the receiver 104 has Mrecelve antennas then up to NxM observations are

out put. Hiretthefroas@[ipbr derivedofremtinfansation ém §[ilt he observati on generator 300
may output an observation for each channel induced between a transmtter
and a receive antenna. '

When the transmitter 100 transmits multiple signals separated in time, e.g. multiple
packets, the observation generator 300 may output an observation for each
10  corresponding received signal. If there are N transmitted signals separated in time

and the receiver 104 has M receive antennas then up to NxM observations are

output.

In the case of multiple transmitters, the observation generator 300 may output an
observation for each channel induced between a transmitter and a receive antenna.
15  If there are N transmitted signals and the receiver 104 has M receive antennas then
up to NxM observations are output. In the case when N transmitted signals are
overlapped in time in the received signal, transmitted data and receiver information
may be determined using techniques described in our commonly-assigned
International (PCT) Applications, PCT/2003/AU00502 and PCT/2004/AU01036,
20 published under WIPO publication numbers WO02005011128 and WO03094037
which are incorporated herein by reference. In this case, if the receiver 104 has M

antennas then up to NxM observations are output.

In the case of spatial diversity systems using multiple transmit antennas, operation
of the observation generator 300 may be considered equivalent to the case of
25 multiple transmitters, as will be apparent to those skilled in the art.

Figure 6 shows a schematic illustration of an observation generator 300 when the
receiver uses two receive antennas 500, 5002. A first observation 303 is formed as



If there are Ntransmtted signals and the receiver 104 has Mreceive
antennas then up to NxM observations are output. In the case when N

transm t two 20i0grad7s are overlapped in tinme in the recei Pew/Adi2gralog768
transmtted data and receiver information may be determ ned using

t echni ques described in our commonl y-assigned International (PCT)

Appl i cations, PCT/ 2003/ AU00502 and PCT/ 2004/ AU01036, published under W PO
publi cation nunbers WO200501 1128 and V\¢2 094037 whi ch are incorporated
herein by reference. In this case, if th& receiver 104 has M antennas then
up to NxM observations are output. In the case of spatial diversity systens

usi ng mMuhbkglited rAE. t Atssyoad, chaARal | W220fis t rluckdebyathensgeowndingr
300 may be considered equivalent to the case of nultiple transnitters, as
vv:ll be gppiserment dnelhding e Inresense chdharipflegpp 4090, ass thgdrapseuh signal c
i1 lustratjon.o . ' ene : r el v ~
receive &Hﬁgélﬁn{{gﬁgé%hg%%% L‘gaf@r gt égé)cg?{edr 3%%'%6%15%&?% for @?éﬁgﬁgﬁﬁed
above. AijrfeanatbreisasiitalnetiOR describetLfoe dhé ginghe astenmaucaieng Tbavecenee o4

i ncl uding the pr f the jnflector. 200 the t it signal |
{1 om B r aRUHALRS & Sorsthel .ol SECBIAT FaeeTauomARRRorifos 18 SE plandd iy k"< °

| nf or mat itrﬁ_)é‘o Zééoﬁkpfré‘éé]@é' Atertifs 0bbedTh@obsBRatioRdchsiicii0E ages seem

receiver 4 outputs a second set of receiver information correspondi ng to
t he si gnataté nipfarmiatiom and thecseebndeset o resevendnBooationhte &eea $SECOR

" acei vor OPRPUANL P> d Vo PRPLOAT, bt HRE SVl o oot RREARES it use

al so be wsdd than MO RSEdivé apRinm@iss that use nore than two receive ant ennas.
In the case where precise information on the location of transmt and/or

receive antenna(s) is available in the SSI, this informati on may be used

during cahgNe Qiais@nwﬁéréDgFébié@ nefohfatiGReh ehs toaionoof transmitsand/bo rebeive
observation processor 302. Cbservations nay, be . .
antenna(s) is available in the SSI, this information may be used during calculation of

path lengths.

Each observation is passed to the observation processor 302. Observations may be
grouped to avoid duplication of common components. An example where such
15  grouping may be used is if multiple antennas provide multiple channel estimates for
the same received packet with common SSI pertaining to the transmitter. The
observation processor 302 may receive observations generated by system
components that are collocated with and/or part of the receiver 104. The
observation processor 302 may also receive observations from system components
20 elsewhere in the environment, e.g. at another physically separated receiver, and

transferred to the observation processor e.g. using wireless communications.

The received signal in the environment of Figure 2 is a combination of:

. The transmitted waveform from the direct path from the transmitter 100; and
. The signal that propagates from transmitter 100 to inflector 200, then from
25 inflector 200 to receiver 104.

A first constraint on the location of the signal inflector 200 is therefore:
P=T+ Lt = R— Lyl | (Eqg. 1)



grouped to avoid duplication of conmon conponents. An exanpl e where such
grouping may be used is if nultiple antennas provide nultiple channel

esti mat eswbapiwtag7sane recei ved packet with common SSI pemtAdi2niongoted t he
transmtter. The observation processor 302 nmay receive observations
generated by system conponents that are collocated with and/or part of the
recei ver 104. The observation processor 302 may al so recei ve observations
from system conponents el sewhere in the vironment, e.g. at another
physically separated receiver, and transferred to the observation processor
e.g. using wreless communications. The received signal in the environnment
of Fi gur Eigures7 ahewsbanasiamplef chanrBhan tthentime tdadaina(vefto moriatised pewdirr ect

path fromthe transmtter 100; and . The signgl t prapagates.from

t ransm t defay1oofile) icereseppdingotp, the cpny! it P{erckta'%‘ﬂfgzgo ?@“‘? &@Cge‘?ath‘m.
A first @ng I ' 0t i I g it t d ds t

t her ef or SBH%E'Q +t<ﬁt&B§?ﬁeI:%§‘thggRét( %@% ﬁ F}pgﬁrlgﬂ%&gﬁoﬁh z?a(%ﬁ %)(sgr?al 2 ©
channel ichahhe! tapne Be2rat delay bh Indhisaéxareplepbué®?2 daisdgwer powes)relative to

correspondi ng he envi rongent of .Fiqure, 2. ' t ds
to ch%nné?p ?’aﬁbq d%a@god?crppﬁ%d BTOPﬁ@t'PH%%%f%dthggﬁﬂg%ég:btggggsnl gggi){h%ﬁgﬁgel
tap 702 @ireebath) ahd dtttiruatisa @ the poift2oh atflectiver20RWeThe dinaé i diffetemceap
?i 700 due to increased propagation loss (as the inflected path is |onger
t han t he beétween theatwn chaonelttapsismtiter fat- 1t hENGinstantaneous pbase o i€ Cfhe
time difference between the two channel taps is Ath =t2 - t . The

i nst ant asbange phabase.afdapuile 780 addgP%mMay AR NS, t aps 1700 and 2 702

may al so differ. Assum ng propagation at the speed of light, c, Atn relates
to the path length difference between the direct and inflected paths,
pr ovi di ndssugén@rpfopagationiattthe,speed rak light, €at Ar.C retades dp (hey path deagthons

of the transmitter 100 T, and receiver 104 R the | enagth of , the direct
10 difference between the direct and inflected paths, providing a'second constraint:

Lip + Log = Ly = At (Eq. 2)

Given locations of the transmitter 100 T, and receiver 104 R, the length of the direct
path L, is determined geometrically. An estimate, Az, of delay difference Ay, is
obtained from the channel estimate /. For example, Af,, may be measured from a

15 time domain estimate of the channel.

Combining the first and second constraints enables the observation processor 302
to infer that the signal inflector 200 is placed on the loci of the ellipse 800, shown in
Figure 8, having foci at the transmitter, 100 7, and receiver 104, R. Point P is the

actual location of the inflector in the example.

20 The frequency offset of the inflected path, @, may be determined from the channel

estimafe h, as the rate of change of phase of time domain tap 122_702 relative to that

of tap fz, 700. The frequen‘cy offset may be calculated across the duration of a

channel estimate or some section thereof and/or at intervals.-

The frequency offset, , is due to relative Doppler, providing a third constraint:



path LTR is determ ned geonetrically. An estimate, Atn , of del ay
difference Atn is obtained fromthe channel estimate h . For exanple, Atn
may be newsieunwdi4ig’om a time domai n estinmate of the chanmelr/AtCorvmonicng t he
first and second constraints enables the observation processor 302 to infer
that the signal inflector 200 is placed on the loci of the ellipse 800,
shown in Figure 8, having foci at the transmtter, 100 T, and receiver 104,
R Point Pis the actual location of the,ijnflector in the exanple. The
frequency offset of the inflected path, , may be determined fromthe
channel estimate h , as the rate of change of phase of tinme domain tap 1
702 relative to that_of tap_, 700. Tpe frequency offset 2§ cal cul at ed
across the durati on'ei +Ectiatfer =estimate or some sectioﬂ&%h eof and/or at
intervals. The frequency offset, w, % s due to relative Doppler, providing
athird constraint:w V7. MI vP - vVRy uPR = -c- , (Eq. 3) CO Were: c is the
speed of light; CQ0 is the centre frequency of the transmtted signal;
denot es Y¥RESF dot product. Further constraints nay be derived from Egs.
1-3 by differenti g it pect to tinme, making use of velocity and/or
accel erati%n frdﬁﬁéégggﬁﬁéﬁgéﬁéinfornation where applicable. In one
arrangeneny,, assigith@@ehtie figtfuepey of thestrangthitiedagignali . e. [v | = 0, the
observation processor 302 determ nes one or nore feasible inflector

| ocatbons,. P, byerssteyivegtaridet prothtct.ai nts in the foll owi ng system of
equations: T + Lrputp -K L PRUpR

Further constraints may be derived from Egs. 1-3 by differentiating with respect to

time, making use of velocity and/or acceleration from system state information

where applicable.

In one arrangement, assuming the -inflector is stationary, i.e. |v,|=0, the

10 observation processor 302 determines one or more feasible inflector locations, P,

by solving the constraints in the following system of equations:

T+ LTPﬁTP =R- LPRﬁPR
Lpp + Lpg — Lz = Atjyc

- - - w
Vpolpp +VpolUpy = —C——
@,

"”TP "2 =1

”“PR ”2 =1

By representing P =T + L,ii,, = R— L,,ii,, the above system is quadratic (in #, and
ii,,). The solution may be obtained using techniques apparent to those skilled in

15 the art, for example the Newton-Raphson method. Note that it is only required to

solve either for. L,, and #,, or L,, and i, , ie. one of these pairs can be

eliminated if desired, e.g. to reduce computational complexity.

The system yields four solutions, two imaginary and two real. Each of the real
solutions corresponds to feasible choices of P, consistent with the input observation.



Ltp *-PR~ TR = At 12Cw vT uTP + VRUPR = - ¢c-w0 | =1 1 By representing
P=T+ Lrprp RL PRUPR the above systemis quadratic (in tp and uPR) .
The sol utworrorap44ye obt ai ned usi ng techni ques apparent PoTIARE®/WKIB] ed i n
the art, for exanple the New on- Raphson nethod. Note that it is only
required to solve either for Ltp and tp , or LPR and uPR, i.e. one of
these pairs can be elimnated if desired, e.g. to reduce conputational
conpl exity. The systemyields four solutigns, two inaginary and two real.
Each of the real solutions corresponds t6“feasible choices of P, consistent
wi th the input observation. The observation processor may apply techni ques

t o reducehphbisseridtiditptatesSomaiyapply!techriguesito réduad thid senbiguitynsg. by
descri bed bel ow. In another arrangement the observation processor 302

det er ni nénclugiag additional elsesvatiens, @s|dascobed belaW.ons, P , and feasible
velocities, vp , by using two or nore observations. Assunme input
observations W/] at tine t{li] and Wk] at tine tbk] > t[i] . An assunption
may be mini@ngther awangemestthe absestaton RIQaesSpeis 38t detgmings. Org Ol l e,

wh jfcl- f L i d ffiCi I j : j
of lePhTe“i ﬁ%%tg?olﬂhegéhﬁ%@qﬂw Sran fe%*af'q'?%aéﬁd.@%réﬁt %ﬂ“&ﬁ@ﬁﬁ?ﬂ 8ot or
ty, . . t t i
observal PERSHRIEE oo MR BN SESAaREHS b B b HATRE A JTIme | g
i]PR [i I +aoh T - TP - ; i1
[7'} A [D't]fy;r]hf[l].Lﬁ\hl%]shﬁ'ldlr_ﬁlgﬁ[T}E?]bﬁﬁdelﬁrﬂt{gin‘ﬂe%r[IdS&atlanw[th]re§pe7d~lb]
time. For example, when [k]-7[i] is considered sufficiently small to ignore

acceleration of the inflector:
Vpli]=v,[k]
10

Hence the observation index is omitted from the inflector velocity, and the following

system of equations may be solved by the observation processor to determine P

and v, :

TTiY+ Lyp it [i] = R[i] - Lpplilipg[i]
T[k]+ Lyp ki [k] = RIK] = Lpp[kTtdpg k)
Lpp[i1+ Lppli]- Ligli]= A1, [i]c
Lk + Lyglk]— Lig[k] = Aty [k]e
wli]

V[ [i]+ ({)‘P — Vg [i]).iiPR li]= _C’az

5y K1 K1+ (5, = 9y K] =~ 2
Jiire 1], =1
|25 (K], =1
“ﬁPR[i]nz =1
|y [, =1
Ti)+ Lyp Yy i1+ (e LK) = [11) = T+ Ly (K iy K]




V7. [1]-M ,[i] +( vP - VR[i])'UPR[i] -c- On WKk] vt [K]*TP [K] + ( vp -
VRIK])'u PR[K] =-cQn I [2=i [s [*]||2 =1 T[i] + Ln ,[I]S17,[i] + Vv
(T[k] - twolproa4dq7k] + Ltp [k]Ju rp [K] The observation pPOTRIR01/B0ASNMBY
determ ne velocities of the transmtter 100 and receiver 104 fromthe input
observations. Alternatively it may al so ignore accel eration on either or
both, thus setting: vr [i] vt [k] and/or VR[i] = VR K] in the above system
Once again this is a systemof |inear 9 guadratic equations (in Ltp , LPR
, UTP , PR and Vp ) and the solution may fie obtai ned usi ng techni ques
apparent to those skilled in the art. The first ten constraints in the

system a"r?lesétSEQrVatﬂ#Pbid?:é%!s@rn%@iné)h@ét%rrhﬁe Wﬂ@cmés Q)f\m@mahbmlﬂtér 0@ andThe
final constraint enforces P[K] P[i] + vp (t As for

t he caseregaiver |[\04 froro the Hapuhlqbsqu\eaimﬁrc E!’tart'é{ﬁlYt dt |rn%| %'éOt 9GR8 uPR
Sol ut i %FE?J gﬁ?l?%ﬁg%ﬁ ﬁcfh'uges%t@%"e may result in multiple feasible
S :

choi ces tase observation processor 302 nay:
Qut put all feasible ch0|ces of P; . Increase the total nunber of
constraints to resolve the anbL it us| addi ti onal observations, for
exanple: o In tinme, e.g. recepﬁ]g iykﬂéﬁgpﬁer packet ;

S Vplil=vglk]
in the above system.

Once again this is a system of linear and quadratic equations (in L;,, L, . Uy
and ¥, ) and the solution may be obtained using techniques apparent to those skilled

in the art. The first ten constraints in the system are simply duplications of those for

10  the case when |v,|=0. The final constraint enforces

Plk] = Pli]+V, (r[k]—[i]) . (Eq 4)
As for the case when ||v,| =0, the only quadratic constraints involve i, and #,, .

Solutions to the systems described above may result in multiple feasible choices of

Pand v,. In such cases, the observation processor 302 may:

15 . Output all feasible choices of P,
. Increase the total number of constraints to resolve the ambiguity, using additional
observations, for example:
o Intime, e.g. reception of another packet;
o In space, e.g. another antenna; and/or
20 o In space and time, e.g. reception of another packet from a different

transmitter.
. Create a hypothesis on inflector location 13[k]=P[i]+\7,,(r[k]—r[i]) at time z[k],
and test whether this hypothesis satisfies one or more of the constraints using an
observation taken at time z[k], e.g. L ;[k]+L; [k]—LTR[k]=At,2[k]c.



o In space, e.g. another antenna; and/or o In space and tinme, e.g.

reception of another packet froma different transmtter. . Create a

hypot hesiwoanio/iigd7ect or | ocation P[k] = P[i] + vp t[Kk]- PCliguzostoooicse t [ K]

, and test whether this hypothesis satisfies one or nore of the constraints

usi ng an observation taken at tine t[k] , e.g. Lt ~[k] + LPR [K]- LTR [k] =

Dt12 []Jc .In one arrangenent the observation processor 302 solves a system

of equations derived fromthe constraintgc.as descri bed above. Figure 9A and

9B show sol utions for an exanple systenlagving a single transmtter 100,

recei ver 104, and inflector 200. Feasible inflector |ocations are

gglﬁz)r SS ?nire@nbyarlt@@rhgéfrﬁenag}é mbh?wbtibespr?gxemdméz sOlves cb system iof requations sor
eterm nes two feasible solution or._ inflector | ocati.qn and velocity.

The sol uEPEVES OB IR GNSIARS R dessbedkabayes. FgLihaA Shd SRVt bR OLo Sy

anbi gui { yordy SRSADI YRR Kavins SHRAE tiHshiifler ! 00 CRRivei R4, st fletices at

the correct solutron, “shown in“Flgure 9B. This exanple is given for

t wo- di ne@8Dondeasjide einfleitae ecatiarise ageviepraaanted rhyy peints omsddeelogities B¥ne

ot her_nunber of di nensi on and_t echni S Lbe [0 ' g to

such %pa@é@"‘ﬁrl I ?5‘3’3&5‘_’ %Ipé%qes[sgrt%éieggﬁrﬁﬁég &"r#] ? %%élglret I.gBldrt\ﬁggo IPer

ar r angenifecidieloeBE6H \aidi G8loBit C RO BoRMIBNSRE SHOWH rii IRigureo9Aonysingca one

or nore cost functions, and evaluates a cost for _one or m)r‘ﬁgmégm heses on
c

proper t i égther ohsenvatipactoredder nambiguitypasi deseribeds e, 1 PevatiPRn:;
headi ng; ., M&k8F3bY théH'drriveS'dt YR tBRect solution, shown in Figure 9B.
This example is given for two-dimensional space. However, the environment may
10 be considered in some other number of dimensions, and techniques described

herein applicable to such spaces will also be apparent to those skilled in the art.

In another arrangement the observation processor 302 uses constraints to construct
one or more cost functions, and evaluates a cost for one or more hypotheses on
properties of the in_ﬂector, such as:
15 .« position;
. speed;
. acceleration;
. heading;
. velocity; and

20 .« elevation.

The observation processor 302 may evaluate a cost for one or more hypotheses, P,

on the inflector location, P, and/or one or more hypotheses, v;, on its

instantaneous velocity, v,. A set of points to be used as location hypotheses is

chosen by quantizing some region around the transmitter 100 and/or receiver 104.

25  Similarly, when a cost function is dependent on ¥;, a set of instantaneous velocities

is chosen as hypotheses for the inflector.



The observation processor 302 may evaluate a cost for one or nore

hypot heses, P, on the inflector |ocation, P, and/or one or nore

hypot hesew 201144998 it s i nstantaneous velocity, v . A seCTHNU2pw000%8t 0 be
used as |l ocation hypotheses is chosen by quantizing sonme region around the
transmtter 100 and/or receiver 104. Simlarly, when a cost function is
dependent on vP , a set of instantaneous velocities is chosen as hypot heses
for the inflector.The observation procesigr eval uates a conbi nati on of one
or nore cost functions for the input set “of observati ons and hypot heses,
and then outputs an estimate of the inflector state. The output may be one

or more qfhe ebdeifali®it prdsEssby RORRRS avédribinbtioh @fiesie coatorg adase figmatiomst han
one |location may be output if several are equall r siml arlx li kel
oehem

The vel odot thenipput set & ohpetyatings laneRYPaiBRses; Atk hafoPuPtitaA SRS ty
may be Olfltué’mﬂe#or%‘?éﬁ%.r %h@égpﬁggﬁglﬁ’e\lm&t’m%& mdraidry 1ikely); . A set of

| ocati on ‘hypotheses W th co e i'n some predeterm ned di stance from

the | ocati qmehippatidresiypottiesls Wik thewewéstcesst vaiialémore tharebneflocatlomcimiay
hypot heses with cost value within sone predeterm ned distance fromthe

vel ocPty hygcrutedt i€ sarem! afreequalyar pd ry, ik€¥: A set of one or nore
| ocati on hypat f@ﬁ&%%é&h@%@%hﬁt’tﬁé‘ 160t é&t%l@é’gﬁd’%iﬁaﬁh@h@?velocﬁtysmtayOf
Cl pot d cost

one or nore velo eses W th assocl ate el ow sone threshol d;
A set of becmspubifi seyerat Aeseguallytdr simdarly ikelg), assi gned to each; . A set of

e oL eSSt b ST NE P B0y bkinca™
obser vat i ofrdph BERRAtioh HiypSihBsR with iz Bwedt cbdivaldé; n c)
10 . A set of velocity hypotheses with cost value within some predetermined distance
from the velocity hypothesis with the lowest cost value;
. A set of one or more location hypotheses with associated cost below some

threshold;
. A set of one or more velocity hypotheses with associated cost below some

15 threshold;
. A set of location hypotheses with cost value assigned to each;
. A set of velocity hypotheses with cost value assigned to each;

Using the first and second constraints of Eqs 1 and 2 a cost function for use by the

observation processor is:

20 (@, By=abs(|P -], +|R- B, — Ly - Atyyc)

where abs(.) denotes the absolute value.

Using the third constraint of Eq. 3 another cost function for use by the observation

processor is:

C(Q,P,7;) =abs I



where abs(.) denotes the absolute value. Using the third constraint of Eq.
3 anot her cost function for use by the observation processor is:The abs()
functi on wayotw4gaBst i t ut ed by, or conbi ned with, sone eChaU2b1M00768N,
exanpl es of which include: . power; nmultiplication by a scaling factor;
and . log. The location of the inflector 200 and its instantaneous velocity
may be consi dered constant across observations taken at the sane tinme, or
within some limted time wi ndow. Cost fu?fti ons may be conbi ned across
these observations, dividing the observations into n (potentially

overl apping) sets W , W2, W, as follows: Cl.=a G ( [i],F)+ a
2C2(W 1] Thetabs & furﬂﬂ‘Gﬁ(Mby]bd:bubst(tEted By, teXéombined with\\saimer ethendufdidrowi ng
| abel s apply total .conbi ned cost / observation index; n nunber of cost
functi on§X§'éiP||ﬁj %fr)’fé'l“PBdPC'd‘iiﬁf number of observation sets; a a weight applied
to cost funﬁ j for observation i; and F hypot heses on one or nore

i nfl ectof B 3’8 rt| es, assuned constant across all observations in the input
set. For ehmmle;aﬁoﬁwamémgefaom and nore of: P hypothesis on the position
of the |nflect or; and V hypothesis on the velocity of the inflector. For

exanp? e ap!ﬂgjl ng a single cost function across all observations gives n =1
and

The location of the inflector 200 and its instantaneous velocity may be considered
constant across observations taken at the same time, or within some limited time
window. Cost functions may be combined across these observations, dividing the

observations into n (potentially overlapping) sets Qi, Q, ..., Qp, as follows:

10 C, = a,C(Qi), )+ a,C,(Qil, ) +...+ Y. a,C,(Qi, D), (Eq. 5)

ieQ) ief), ieQ,

where the following labels apply:

C, total combined cost

i observation index;

n number of cost functions being applied, and number of observation
15 sets; |

aj a weight applied to cost function j for observation i; and

) hypotheses on one or more inflector properties, assumed constant

across all observations in the input set.

For example @ may include one or more of:

20 P hypothesis on the position of the inflector; and

Vs hypothesis on the velocity of the inflector.

For example applying a single cost function across all observations gives n =1 and

Q, containing all observations.



WL containing all observations. Cost functions may al so be conbi ned across
observations occurring at different tinmes by considering the inflector

vel oci ty wot2o1ipg48nst ant. G ven observations W/] and Wrau2eto/odmse t[/ ]
and t[k], we may substitute P[] = P[A] - v (t[k]- t[i]). For exanple, cost
functions may be conbi ned over two observations to formC , and then the
substitution applied to formC as follows: C(W/],WK], P[i], P[k])
=abs(|P[/] - - LTRJ[i] - Atx2 [i]c) - T[?b\\z +\\R[k] - - Lm[K] - Atn
[kl]c) letting P[i] =P[K] - v (t[k] - t[i (Eq. 6) + abs (\P[k) - 71 + \\
R k] P[k]i 1 * [K] [k]c) Cost functions may be applied serially while
reduci ng gdug fahétordf nidie alkopbe hesmbinedt acasorsbservations dodureing cat giffepentt i es
(e.g. location and/or velocity) at internediate steps if desired,

reduce céimes by considedngiheciaflestor reloci apppdea ernsiditterGen &bssr\@i@%gﬂl] may
cal cul ate the cost of each hypothesis using one Qr nore cost functions,
then renand Qykjoahdimes tfiy andt k], see mbptsubstitute o#fi] grkl-ev; (tkhncEPne For

t hreshol d, or have cost greater than sone distance fromthe | owest cost,
bef ore ajpmbyriphe cost fanctiansenfayr bé eonuuised favec ttivonsbsesvations talferedl Geand| n
one arra nt th observ Ilonégr ocC ssoim 02 assunes a stationary

i nfl edt oF'geﬂ) e syhstituiion appliedig c®F BNOWEri ved fromthe first and

second constraints as described above, to determ ne the cost of points
around the transmtter 100 and receiver 104. An exanple result is shown in

Fi gure 10AC(Op, D[kﬁgﬂ[ﬂ}m[k])n:dﬁsg}fmi]Gt’l‘[ﬂr]JEd-I“fR&‘QeP[z M-dodt]- Aargmd) ght regions
I ndi cate high cost. As expecte t he st lik

+ abs(HP[k] T[k]” +|Rik]- P[k]” — Ly [k]- Atlz[k]c)
letting P[] = P[k]-¥,(c[k]-[i]): (Eq. 6)
| Pk, (21— <[iD - TTi],
C'(QLil, QK1 Plk]) = abs| +|RIi1— PLk]+ 5, (k] - <[i])|,
—Lgli]- Aty [ile

+ abs (||13[k] ~T[k]|, +|RUk1 = PLE]|, — LrelK1- At,z[k]c)

Cost functions may be applied serially while reducing the size of the hypothesis set
on one or more inflector properties (e.g. location and/or velocity) at intermediate
steps if desired, e.g. to reduce computational complexity. For example the
10 observation processor may calculate the cost of each hypothesis using one or more
cost functions, then remove hypotheses from the set that have cost greater than
some threshold, or have cost greater than some distance from the lowest cost,

before applying one or more further cost functions to the reduced set.

In one arrangement the observation processor 302 assumes a stationary inflector
15 200, and applies a cost function derived from the first and second constraints as

described above, to determine the cost of points around the transmitter 100 and

receiver 104. An example result is shown in Figure 10A. Dark regions in the plot

indicate low cost, and light regions indicate high cost. As expected, the most likely

(darkest) region determined by the observation processor using this cost function is
20 elliptical. The circle marked 200 indicates the actual location of the inflector.



(darkest) region determ ned by the observation processor using this cost
function is elliptical. The circle marked 200 indicates the actual |ocation
of the invDeotoor4478 t hi s arrangenent the observati on pr®cCEsdn1030@768l so
applies the followi ng cost function, based upon the derivative of the
second constraint described above in Eq. 2: C(OP)= - P\\ -iLmiAtnc)
Figure 10B shows the cost across the region according.to this function. The
observati on processor 302 then conbi nes 5 sults fromthe two cost
functions, e.g. via a linear combination §uch as in Eq. 4 . The resultant
conmbi ned cost is shown in Figure 10C. Figure 11 shows anot her exanple

resul t sei thigraridiyentent teboiereatioroprédessob$6Rvalso appties dbe Sollowing st

Figure 10. In this case the result is generated usin second,observyati on
based onfundticgnbasedeepdbe deonative Pgthec $ReoNnd; %Qnsir@é'grqaf’&q‘gﬁg\ﬁggv?dﬂﬁ'
Movenent ,of the transmtter 100 and receiver 104 cause the plot to differ
fromthat of Figure 10. In all plots the set of nost |ikely |ocations

gggdi cted for the inflector includes the actual |ocation of the infl ector
. Figure 12 shows the result, gf-ter, theg observati on, progessor 302 has
corbi ned the results §I6@v\,ﬁ)1"-ﬁb$('rﬂﬁr'eT"w§ #d'ﬁEg'tﬁ?émrﬁ%zcg. via a linear
combi nation. The leftnost plot Figure 12A shows the conbined result from
the .cost function derived fromthe first and second constraints, ie a

conbi gat | 9, 61 0B RBRLSIHE LSt LBk i Fagibh Ctodthdindnts 18- fuRefofl d¥he

pl ot Figure ows the conbi ned resul romthe cost function based upon
the deri vbsénatioh groeessar @302 thamscombines results frombithetwo rcast funalionss eg.

illustrated in Figs 10B and 11B. The ri t t | - th
Conbi nat HGhe JReBL EAMERAIRR AN Bnd" Bt ¢4 TEeBadtovbbiodkt s shORAn' 1°
combi nat ipgyyr8figdie costs illustrated in Figures 10C and 11C. By conbi ning

further observations, e.g. fromnore received signals and/or another
recei ve antenna, the

Figure 11 shows another example result set for the same embodiment of the

10  observation processor 302 as Figure 10. In this case the result is generated using a
second observation based on a signal received 100ms after the first observation
was taken. Movement of the transmitter 100 and receiver 104 cause the plot to
differ from that of Figure 10. In all plots the set of most likely locations predicted for
the inflector includes the actual location of the inflector 200.

15  Figure 12 shows the result after the observation processor 302 has combined the
results shown in Figure 10 and Figure 11, e.g. via a linear combination. The
leftmost plot Figure 12A shows the combined result from the cost function derived
from the first and second constraints, ie a combination of the costs illustrated in
Figures 10A and 11A. The middle plot Figure 12B shows the combined result from

20 the cost function based upon the derivative of the second constraint, ie a
combination of the costs illustrated in Figs 10B and 11B. The rightmost plot, Figure
12C, shows the combination of both cost functions across both observations, ie a
combination of the costs illustrated in Figures 10C and 11C. By combining further
observations, e.g. from more received signals and/or another receive antenna, the

25 location of the inflector 200 may be further refined.

The observation processor 302 may also apply further constraints. Inflector property
hypotheses may be excluded from the hypothesis set, or costs on inflector property



| ocation of the inflector 200 may be further refined. The observation
processor 302 may al so apply further constraints. Inflector property

hypot hesewormay/lae97@xcl uded from the hypot hesis set, or ®osia20mv/0006Bect or
propertyhypot heses may be cal cul ated after applying one or nore constraints
on the speed of the inflector 200. For exanple, the inflector speed may be
limted by applying a higher cost to speeds outside of sone predefined
range, or by assigning a cost according h8 sonme distribution controlled by
speed. It may be appropriate to constraifi“the direction of travel of the

I nflector 200. For exanple, it may be appropriate to consider the inflector

200 as aHypbirebemapbed eaadateal aftdrt Spplying Wrieoor mloré cavetraints ba tharspeetli al |
or orthogonal, to the ellipse 800 constructed using the constralntg shown

in Fi gur @f ghe inflactgr 200.aFpF 6¥aMAle the iptecier apeed Fﬂ-:ayl be dimited Bw@PRYNG Pty
of ‘the it ggr?eqt By ABsndels BHRIMY B Solift predeifled” B%@%kfmyb;{\)gsfg@wgd%r é8st ©

be headi In a s pa 'S not ata may be
used to (a@netdlragtbsmhbmtnbuﬂlmebmmmiﬂy spéed.ity such that travel is
constrained to be on a road with boundaries defined by the map. The above
techni ques may al so be applied in the case when the environnent includes
mul til el nfdyese wpﬁaropﬁanda tact!ﬁristran'athe' dfréekinmof wialvel phthes inflectan20@athore in

t he channel, e.g in the tine e and he ce, new set
of constr%?m%e’tﬁe{'f‘aléﬁ%?o ‘?ﬁﬂaé%ttBrc?ﬂ% én(%@ﬁgcﬁ %@0 s Pt 1% IﬁCto%dang
vel oci ty Bhstrhf @Qflr’ebﬁ&ﬁ"l fitrdVe? @b e tthé@ﬂ%‘?t 8F BHtABFonalS itd Ghé Nslligew 8e0

met hods to estimate the environnent surrounding a wrel ess conmuni cations
system alcboatructaﬂmmih@mQIlSUalntskﬁﬂwvﬂ/MBllmg to be processed and
provided to recipients, e.g. the driver and/or occupants of a vehicle,
and/ or used as input to another connected system such as: a vehicle
system It may be appropriate to constrain the location and mobility of the mflector 200. For

10  example, the inflector 200 may be considered to be heading in a direction where its
path is not blocked. Map data may be used to constrain inflector location and
mobility such that travel is constrained to be on a road with boundaries defined by

the map.

The above techniques may also be applied in the case when the environment
15 includes multiple inflectors. Each additional inflector will induce a new feature in the
channel, e.g. a new tap in the time domain channel, and hence new set of
constraints that enable inflector properties such as position and velocity of the

additional inflector to be determined.

Using the above methods to estimate the environment surrounding a wireless
20 communications system allows information about the environment to be processed
and provided to recipients, e.g. the driver and/or occupants of a vehicle, and/or used
as input to another connected system, such as:
a vehicle system;
a road side system;
25 a safety system;

For example, the information may be used to:

provide an alert when detecting a potential collision threat;



a road side system a safety system For exanple, the information may be
used to: provide an alert when detecting a potential collision threat;

nodi fy alwot2810/@49y3 by changi ng the nature of the al ert Pom/Ate10al0&T8
trigger; reduce the likelihood of false alerts. Estimation of the

envi ronment surrounding a wreless conmunications systemvia the nethods
descri bed above nay al so be used to i nprove positioning accuracy. For
exanpl e, know edge of one or nore reliabég sources of position information,
conbined with their relative |ocation (as determ ned via detection,
tracki ng and/ or characterisation) to an unreliable source of position

i nf ormati on, - mudifyealertsdc.gobylehanging theaohture of the atect onthe alent digges! e
source. Information, ohtajned, b stigmting the environment surrounding a
wireless co e thg i‘eb%‘?%ﬁ‘yﬁgiﬁ %'ggﬁ be used to detect and/or correct
erroneous map information, or to augnent existing map information. These
map al terations y. al so be provided tp a central body responsible for.
revi ew n&si'ﬁ@t'ﬁﬁrr;’%d@ﬁae%‘ﬁﬁ)'ﬂﬁ%'?tr?LH[RH‘ UFINE .Ssﬁ%né}‘lw 'Hﬂﬁrﬁysgesmi\fjrﬂt or

may be iy fthdEs %sbﬁlﬁéﬁ %bB@éCIﬂsY S babliged & impravel pbgiforingeaccpesdy.
processing I nput data that was collected prior to i1ts execution. It will be
underst obdr examplécknowledgieon§ dhe dromee datinklefsawsees ©f tpasitiofysdermatian. on

extends to all alternative c i ' r: t T TRYY I
Feat ur os cHERTESh iR el, {E Regbh 188 BiehifRednid Bicteork agdi Ehdit
di f f er engha@ickirivationN 3o M sihtdliabke ¥auiceusf pbsitibhainforenatiopechay be ubed to
i nvention. It wll also be understood that the term"conprises” and its

gr ammat i datech.drackanrd garraetdheiunreliable s9WEes i cation is equivalent to the
term"includes" and should not be taken as excluding the presence of other
el ements or features.d ains:

Information obtained by estimating the environment surrounding a wireless
10 communications system may also be used to detect and/or correct erroneous map
information, or to augment existing map information. These map alterations may
also be provided to a central body responsible for reviewing the map data and

distributing updates.

The environment estimator may be run online as inputs become available, or in

15 offline mode, post processing input data that was collected prior to its execution.

It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or the drawings. All these different combinations

constitute various alternative aspects of the invention.

20 It will also be understood that the term “comprises” and its grammatical variants as
used in this specification is equivalent to the term “includes” and should not be taken

as éxcluding the presence of other elements or features.



1. Anethod for estimating an environnment surrounding a wreless

comuni cation system the environment including at |east one inflector that
i nfl ects woaosmistd7ed signals, the method conprising: reeeirxaurgloanoicBput
signal transmtted froma transmtter to a receiver via a wreless

comuni cati on channel ; receiving systemstate information pertaining to at
| east one of the receiver, the transmtter and the inflector; estinmating at
| east one property of the inflector baseg on the received input signal and
the systemstate information. 2. A metho 23s claimed in claim1 wherein
said estimating estimates at |east one of: a position of the at |east one

i nfl ectoigjafinyel ocity of the at |east one inflector; an acceleration of the
at | east one inflector; a heading of the at | east one inflector; a speed of
the at |least one inflector; and an elevation of the at |east one inflector.

3. A nmethod ag metdBfrieltiflatihgah fvidnment3ufrouhbitg & Wiitlésyi ng; i ssuing an
alert dependent on the estimted property of the inflector. 4 . A nethod as
cl ai med icomrhunicatiompystem theyenwirenmenkinclivdingaat Igastaneinfisetonthal

ai med (o endr s _ _
comr si M RFREY finde el enBiing, ° 708 1) O *the at | east

one igfl ect or rukdiingRPARPut SHRAMPANSIItEE Fom Bltratsneittet trea esvdiverviant ;
andgenerating an indication of erroneous mapped information if said
conpar i n@ Witdiegacemmnuniratiorephanrnel; -

receiving system state information pertaining to at least one of the
receiver, the transmitter and the inflector; ‘ '
estimating at least one property of the inflector based on the received

10 input signal and the system state information.

2. A method as claimed in claim 1 wherein said estimating estimates at
least one of:
a position of the at least one inflector;
a velocity of the at least one inflector;
15 an acceleration of the at least one inflector;
a heading of the at least one inflector,
a speed of the at least one inflector; and

an elevation of the at least one inflector.

3. A method as claimed in claim 1 or claim 2 further comprising;
20 issuing an alert dependent on the estimated property of the inflector.
4. A method as claimed in claim 3 wherein the alert is indicative of a

potential collision.

5. A method as claimed in any one of claims 1 to 3 further comprising:

comparing the estimated at least one property of the at least one

25 inflector with mapped information descriptive of the environment; and



6 . Anethod as clained in any one of the preceding clains, wherein said
system state information includes at | east one of: position; speed;

accel er atwonpiongaaisng; velocity; elevation; tinme of tramemiAdRdwo0ts8ne of
reception; transmt power |evel; receive power level; signal to noise ratio
(SNR); | ocation of system conmponents; structure of a host supporting the
transmtter or the receiver; presence of an obstacle; information relating
to an obstacle; tenperature and weat her nditions, rain sensor

i nformation; sun sensor informtion; veh?gl e W ndscreen w per rate;

I nformati on available from autonotive controller-area network (CAN) bus;
map data; stagbhAélating dintication of estonesls mdppeddinfornfatihéf sdidve.

comparing indicates a discrepancy.

6. A method as claimed in any one of the preceding claims, wherein said
system state information includes at least one of:
5 pdsition;

speed,;
acceleration;
heading;
velocity;

10 elevation;
time of transmission;
time of reception;
transmit power level;
receive power level,

15 signal to noise ratio (SNR);
location of system components;
structure of a host supporting the transmitter or the receiver;
presence of an obstacle;
information relating to an obstacle;

20 temperature and weather conditions,
rain sensor information;
sun sensor information;
vehicle windscreen wiper rate;
information available from automotive controller—area network (CAN)

25 bus; |
map data;

statistical confidence estimates for any of the above.

7. A method as claimed in any one of the preceding claims, comprising:



7. A nethod as clainmed in any one of the preceding clains,

conpri sing: generating an estimte of the conmmunicati on channel between the
transm t two 2ardi4g41@ recei ver. 8. A nethod as cl ai med i nPamAwN®/006768 he
preceding clains wherein said step of receiving systemstate information
conprises extracting systemstate information pertaining to the transmtter
fromthe received input signal. 9. A nmethod as clainmed in any one of the
precedi ng cl ai ns conprising deriving add'g%i onal system state infornmation
fromthe received systemstate information. 10. A nethod as clainmed in
claim9 wherein additional systemstate information pertaining to the
transmtter i gederaitMgchraésﬂrhatermaé\oemmaﬂjcammehamlelmetwdeemrﬂmj in claim10
wherein said derived i nrput, system state information pertaining to the
transni t t@nsmiteransksthe recelyet: one of : transmitter speed; transmitter
acceleration; transmtter heading; and transmtter velocity. 12. A nethod

as clainmed in _any one of the preceding.clains conprising:. generating an
observat Bon, Aen6thad 3§ claipad 7 apk98e Aike Bfeqeﬁéf‘?@@gﬂ%g\d“%gﬂ'ﬁéﬁ"ii ggal and

the receigy Ooif]rt)é%[?ﬁfjﬁeq;trsgéf%nit\ Q6 RbtRBtior BSmBRSES ¥Rirh&ihg Srsteii digitedt | east

one of: a | senting the position of the transmtter; a point R
r epr eSentinfogmaticn pesainingtocthettrensmittei frem: theneceivedinpitsignalvel ocity vect or
vr for the transmtter; an instantaneous velocity vector vR for the
receiver; a channel estimate h ;

9. A method as claimed in any one of the preceding claims comprising

deriving additional system state information from the received system

state information.

10. A method as claimed in claim 9 wherein additional system state

10 information pertaining to the transmitter is derived at the receiver.

11. A method as claimed in claim 10 wherein said derived input system
state information pertaining to the transmitter inc!udes at least one of:
transmitter speed;
transmitter acceleration;
15 transmitter heading; and

transmitter velocity.

12. A method as claimed in any one of the preceding claims comprising:
generating an observation, denoted Q, from at least one of the received
input signal and the received system state information, the observation
20 including at least one of:
a point T representing the position of the transmitter;
a point R representing the position of the receiver;

an instantaneous velocity vector ¥, for the transmitter;
an instantaneous velocity vector v, for the receiver,;

25 a channel estimate h;

a time of the observation t; and



a tinme of the observation t; andthe received signal; 13. A nethod as
clainmed in any one of the preceding clains conprising generating

obser vat iwoo0foor4913e in said estimati ng wherein said obfemAdRd®OT8] ate t o
at |l east one of the follow ng cases: o each of a plurality of received
signals corresponding to nultiple transmtted signals separated in tine; o
each of a plurality of received signals corresponding to nmultiple
transmtted signals overlapped in tineg; 3 each of a plurality of channels

i nduced between a transmitter and a rece ée antenna, in the case of
multiple transmtters; o each of a plurality of channels induced between a
transmt antefaretefled digeall ve antenna, in the case of multiple receive
antennas; o each of a pIurality of channel s i nduced between a transmt
antenna and a receive antenna, in the case of nultiple transmt antennas.

14. A meyBod Asmetrid@sclaiméd # Shy 3ne @fMtié prexgdirgs cluphsigomprising e

observations containi ng conmon conponents to avoid replication of said

conmon cgrperatingbsesvatiengdendse issaid gshgating Vﬂ?ﬁfeﬁh%é'gp RE/AYPBEedi ng

clains c | Si.ndg; ' : ne hypot hesis on future val ues of
gé;g{e o é}Qeaﬁedpefﬁ @iithgq?@%W|}ng%%Ee9.

the at | one pro ast one inflector. 16. A nethod as

clai ngd in @ngagReopfa tpigrantye cfdrdkivddi signatlbeceirespaidingsta mdltipte
conprises applying at |east one constraint upon at |east one property of at
| east one sai Hanamitted signalssepAraledHBAME claimed in claim 16 wherein said

estimating is GoAsShf & NSratti brt Radeived SibRAIR cofféspdidiy <t multiple
transmitted signals overlapped in time;
o each of a plurality of channels induced between a transmitter and a
10 receive antenna, in the case of multiple transmitters;
o each of a plurality of channels induced between a transmit antenna and
a receive antenna, in the case of multiple receive antennas;
o each of a plurality of channels induced between a transmit antenna and

a receive antenna, in the case of multiple transmit antennas.

15 14. A method as claimed in claim 13 comprising:
grouping multiple observations containing common components to

avoid replication of said common components.

15. A method as claimed in any one of the preceding claims comprising:
generating at least one hypothesis on future values of the at least one

20 property of the least one inflector.

16. A method as claimed in any one of the preceding claims wherein said
estimating comprises applying at least one constraint upon at least one

property of at least one said inflector.

17. A method as claimed in claim 16 wherein said estimating is constrained
25 such that:



where: T is a point representing the position of the transmtter; Ris a
point representing the position of the receiver; P is a point representing
t he positworromfi4841e i nfl ector; uTP o is the unit vector PC/AUe100i0078t | on oOf
PR ; Ltp is the distance between points T and P; LPR is the distance
between points Pand R, and | . |]|2denotes the L2 Norm 18. A nethod as
claimed in claim16 or 17 wherein said estimating i s constrai ned such that:
Ln, + L - L - t12C= Owhere: LTR = is theg.di stance between points T and R;
At =t2 -t is a tap delay difference be en two time-domain channel taps,
froma direct signal propagation path at tinme and an inflected signal
propagat ip gth_gulyune_uﬂ and ¢ is the speed of light. 19. A nethod as
clainmed in clal'm18 conpr|5|ng determ ning said tap delay difference
paraneter Atn froman estimte of the comunication channel.20. A nethod as
cl ai nred |q1gla|n119 conprising determning said tap delay difference

par anet e g by measuring a delay difference between taps corresponding to

the diregt pawa%ﬁhtlrébr‘e%%hﬁﬁgmébosnﬂoﬁ@fdwééﬁénémtt&rof the communi cation

channel in the tinme domain. . A nethod as clainmed in any one of clains
16 to 20 Rwherds a psamtdeeasenﬁng H@e pasiien of tha fREeV@lich t hat :
5 P is a point representing the position of the inflector;
i, =71 s the unit vector in the direction of 7P

" eI,
- (R P)

L, = TP[2 is the distance between points T and P,

is the unit vector in the direction of PR

Ly, =||PR , is the distance between points P and R; and

10 |. |[7 denotes the L2 Norm.

18. A method as claimed in claim 16 or 17 wherein said estimating is

constrainéd such that:
Lyp+ Loy — Ly —Atj,e=0

where:

15 Ly= Nﬁﬂz is the distance between points T and R;

At, =t,—t, is atap delay difference between two time-domain channel taps,
from a direct signal propagation path at time t; and an inflected signal
propagation path at time f,; and

c is the speed of light.

20 19. A method as claimed in claim 18 comprising determining said tap delay

difference parameter Ar, from an estimate of the communication channel.



vi .u w TP +{vP - vRy UpR +c- =0 wn where: vr is the instantaneous velocity
vector for the transmtter; vfi is the instantaneous velocity vector for
the receiwenpi0g4473 the instantaneous velocity vector f@®@CTiAR0I0IZEL OF; W
is a frequency offset of the inflected path; wQis the centre frequency of
the transmtted signal; and denotes vector dot product. 22. A nethod as
claimed in claim2 1 and dependent on claim 7 wherein said frequency offset
paranmeter wis determned fromsaid estigate of the comruni cati on channel.
23. A nethod as clained in claim22 wherein said frequency of fset paraneter
wis calculated fromsaid channel estimate, h , in the time domain, as the
ralt et of QPan?ﬁ\ mbtrrdmasf 5 chimédién tlapnd@(rjc:mp:‘nsidgr@ettemtrﬁmg saiflitapt ed pat h
relative to at of the tap corresponding to the ect path. 24. A nethod
as cl ai mdglayrdiffeegneg p@Za'ﬂ”@tQ'BAKmhé}yemﬁaéldfl"éﬂjﬁéiei'%g'grﬁres%egbeft}"@ﬁﬂency of f set

ar anmet f d
Dol ot PR CUEapadnE b Mo pefuara imelar ertinsrtlefimaBis n8le, oos <
some secihffinhicsfoRUIMIH uRskimgRiotaiand 0 at intervals through said

channel estinate. . A method as clainmed in any one of clains 16 to 24
wherein said estlmatlng I's constrained such that: \A\u.TP h - 1= 0 ; and |
2- | 5 -21. A method as claimed in any one of claims 16 to 20 wherein said

estimating is constrained such that:

- - - - - w 0
Vpotiyp +(Vp — Vg Jollpy +C— =
0

where:
Vr is the instantaneous velocity vector for the transmitter;
10 v, is the instantaneous velocity vector for the receiver;

is the instantaneous velocity vector for the inflector;

1) is a frequency offset of the inflected path;

w, is the centre frequency of the transmitted signal; and

. denotes vector dot product.

15 22. A method as claimed in claim 21 and dependent on claim 7 wherein
said frequency offset parameter o is determined from said estimate of the

communication channel.

23. A method as claimed in claim 22 wherein said frequency offset
parameter o is calculated from said channel estimate, fz, in the time domain,

20 as the rate of change of phase of the tap corresponding to the inflected path
relative to that of the tap corresponding to the direct path.

24. A method as claimed in claims 22 to 23 wherein calculation of said
frequency offset parameter @ from said channel estimate is performed for at

least one of the following cases:



26. A nethod as clainmed in clains 16 to 25 wherein said constraints are
applied across a plurality of observations under sone assunption on the
posi ti on WO 201140473 n0r e syst em conponents with respect POTIAUZRI/WOEBSSYSt em
conponents conprising at |east one of the inflector, the transmtter, the
receiver and a source of systemstate information. 27. A method as cl ai ned
in claim26 wherein said estimating is constrained across a plurality of
observations such that: r[i] +l r ,[/]i éé,[i] +H 0?2 ,(r[*]- t[i])-r[ ]1-Z
77, 7, ]= Owhere: bracketed terns indidte an observation index; t[i] is
the time at which observation i was taken; and t[k] is the tinme at which

obser vati on, k Jaasss! thk@iurafiéh of'saBidnafAnasestingateed in any one of clains 16 to
27 conprising deriving further constraints for said estimting by

di fferenti abi mgragistspme sgetien phsaidghanpel estimatehsfdas cl ai med in any one of
clainms 16 to . I Sd.04Q. Y1 oIl ality of said constraints to
forma syst%m%gwqg%jig[ﬁ%ﬁg?h g%'g?ﬁgﬂgg%t%?{ehg conpri ses solving said

system usi ng at | east one input observation. 30. A nethod as clained in any
one of t precedi.n P erej i h@{? a set of

f easi bl egsol u?\ %’ﬁgh@o% ?l?é F’Wéﬁwﬁﬁf%ﬁa@rﬁ%. ?ﬂv&%@[\ﬁ% as claimed in
cl ai n5 30 egifiating i Bonstthined gutihehatet of feasible inflector property
solutions using at |east one of: additional constraints; and additional

i nput observations; 32. A nethod as clained in claim3 1 wherein the
addi ti on%wﬂ)b_sle;yaghgns are provided by at |east one of the follow ng:
2 ! .

e, ~1=0.

" 26. A method as claimed in claims 16 to 25 wherein said constraints are
applied across a plurality of observations under éome assumption on the
10  position of one or more system components with respect to time, the system
components comprising at least one of the inflector, the transmitter, the

receiver and a source of system state information.

27. A method as claimed in claim 26 wherein said estimating is constrained

across a plurality of observations such that:
15 T[il+ L, [iT4,,[i] + ¥, (e[ k] = 7[i]D) — TTk] ~ Ly [KJu;p [ K] = 0

where:

bracketed terms indicate an observation index;

7[i] is the time at which observation i was taken; and

7[k] is the time at which observation k was taken.

20 28. A method as claimed in any one of claims 16 to 27 comprising deriving
further constraints for said estimating by differentiating with respect to time.

29. A method as claimed in any one of claims 16 to 28 comprising:

combining a plurality of said constraints to form a system of equations, and



0 reception of at |east one nore transmtted signal fromthe sane
transmtter; o reception of at | east one nore transmtted signal froman

al t er nat evonargmueBer; and o reception of at |east one EOTAWNEMBMGEt ed
signal via at |least one nore receive antenna. 33. A method as clained in
claim16 to 32 conprising making a hypothesis on inflector |ocation P[k] =
P[i] + vp(t[k]- t[i]) at time t[k] , and meking a test that this hypothesis
satisfies one or nore of the constraints gsi ng an observation taken at tine
t[k] . 34. A nethod as clained in any on8%0f claims 16 to 33 conpri sing
deriving one or nore cost functions fromsaid constraints and eval uating

costs f olgaRNEsthatif] CoMpRSEESIOMgOshi@BPste UBIng dt iddstonerinpuoperti es, using
at | east one i nput observation, to estimate said inflector property.35. A

met hod a;ob§ea4aﬁ@d. in claim34 conprising selecting a set of points to be
used as inflector location hypotheses by quantizing a region of the
environnent. 36. A nmethod as clained in claim34 or 35 conprising selecting

a fﬁt OIof 3iOn|st&fme_ thast s gleimed in apy gaeaf e peaceding elaias whesenfdid ng. 37. A
met hod as . | ‘ - ! S| i ni

o urar i £ poBiiG benrABY ot of feduiBe Brjatibrs SortheABLIOF bRERERID T NG 2
nmet hod as clained i n claim 37 Wnere! n sai d post functi ons are conbi ned .
acrosg sad ORROYA S0 Beifibl . 4b BnBAkiAg FESEGNG e Ra bt N sets W,

feasible inflector property solutions using at least one of:
additional constraints; and

additional input observations;

32. A method as claimed in claim 31 wherein the additional observations
10 are provided by at least one of the following:
o reception of at least one more transmitted signal from the same

transmitter;
o reception of at least one more transmitted signal from an alternate

transmitter; and
15 o reception of at least one more transmitted signal via at least one more

receive antenna.

33. A method as claimed in claim 16 to 32 comprising making a hypothesis
on inflector location 13[k] = P[i]+¥,(z[k]-[i]) at time 7[k], and making a test
20 that this hypothesis satisfies one or more of the constraints using an

observation taken at time z[k].

34. A method as claimed in any one of claims 16 to 33 comprising
deriving one or more cost functions from said constraints and
evaluating costs for one or more hypotheses on one or more inflector

25  properties, using at least one input observation, to estimate said inflector

property.



where: C is the total conbined cost / is the observation index; n is the
nunmber of cost functions being applied, and nunber of observation sets; a)
is a wei gD 2ampi4ite9d t o cost function j for observati on PCTRAWYPaIBSESs on
one or nore inflector properties, assuned constant across all observations
in the input set. 39. A nmethod as clained in claim38 conprising conbining
one or nore said cost functions across a plurality of input observations
occurring at different tines.40. A netho 0as claimed in claim38 or 39
wherein said conbination is performed for-observations W/] and W/c] using
the substitution: PW =P[k]-vmt[k]- t[i\) - where: bracketed terns

i ndi cat e 3gn ops@ettd 88 clalided in Blaimi3s domptisiagiseleting kesqtafpiointepo esent i ng
the position of the inflector, corresponding to observation index / ; P[K]

i s hypot hesisedxas inflectesionaticagvesthases Py fAPENG 2 539180 of € i nf | ect or,
correspo gl,fpgm}]gnfbservati on index k; t[i] is the tinme at which observation
i was taKen; and t[k] is the tine at which observation k was taken. 4 1. A
nmet hod as clainmed in any one of clainms 34 to 40 conprising applying said

cost Tunglyl o3 ABHAN Ly cfid IEEEHY 4185 BbrprRhgdiiBpigEskeeeet on one

or nore inflector properties between said serra i cation of cost
f unct4 ongnstantaneous velocities as hypotheses for said estimating.

37. A method as claimed in any one of claims 34 to 35 comprising

combining a plurality of cost functions across at least one input observation.

38. A method as claimed in claim 37 wherein said cost functions are

combined across said observations, after dividing said observations into n

10 sets 4, Q, ..., Q,, as follows:

C, =Y. a,C (Q[i, D)+, a,C(Qfi], @) + ...+ . a,C, (9], D),

iefy i€y ieQ),

where:
C, s the total combined cost
i is the observation index;
15 n is the number of cost functions being applied, and number of
observation sets;
aj is a weight applied to cost function j for observation i;
i) hypotheses on one or more inflector properties, assumed constant
across all observations in the input set.
20

39. A method as claimed in claim 38 comprising combining one or more
said cost functions across a plurality of input observations occurring at

" different times.



42. A nethod as clainmed in claim34 conprising: calculating the cost of a
hypot hesi s using at | east one cost function; and reduci ng the hypot heses
set size WO 220myma¥i7ag at | east one nenber, before applyi RGTAU2DBAHO768NE
further cost function. 43. A nethod as clained in any one of the preceding
clainms conprising constraining an estimated speed of the inflector. 44. A
nmethod as clainmed in claim43 where said constraint on inflector speed
conprises at |east one of:o excluding ianector property hypot heses havi ng
speed outside of sone predefined range; 6 excluding inflector property
hypot heses according to sone distribution controlled by speed; o applying a
hi gher cagt t @ sRERtSaLlairhe ivtlaidBs o 38iehensid saithgembaration igissi gni ng a
cost according to sonme distribution controlled by speed; 45. A nethod as
cl ai med iperfaryed fer dfpsarnatignse@bhand) hklusirg thewpbsditytiPrconst rai ning the at

| east one inflector property by considering the inflector to be at |east
one of: o areflector; o heading in a direction where a path of the
ianectorﬁ%ﬁ:ﬁpq_bL@p@ed1ﬂp on some constrai ned path defined by a map; and
o on a road. 46. A nethod as clainmed in claim?7 conprising using at |east
one additional feature of said estimate of the communication channel

i nduced Q%H§Qe presence of at | east one additional inflector to determ ne
at | east e said

5 bracketed terms indicate an observation index;
P[i] is hypothesis on the point representing the position of the inflector,
corresponding to observation index i,
P[k] is hypothesis on the point representing the position of the inflector,
corresponding to observation index k;
10 ¢[i] is the time at which observation i was taken; and

7[k] is the time at which observation k was taken.

41. A method as claimed in any one of claims 34 to 40 comprising
applying said cost functions serially; and
reducing the size of a hypothesis set on one or more inflector

15 propeﬁies between said serial application of cost functions.

42. A method as claimed in claim 34 comprising:

calculating the cost of a hypothesis using at least one cost function,
and

reducing the hypotheses set size by removing at least one member,

20 before applying at least one further cost function.

43. A method as claimed in any one of the preceding claims comprising

constraining an estimated speed of the inflector.

44. A method as claimed in claim 43 where said constraint on inflector

speed comprises at least one of:



inflector property for said additional inflector. 47. A nethod as clai ned
in claim46 wherein said additional channel feature is a tinme domain tap in
sai d ti mewoansi/n4oBannel estimte. 48. A nethod as cl ai me@/Au208NPo®R t he
precedi ng clains conprising; generating an output based on said estinated
inflector property; and providing the output as an input into a connected
system 49. A nethod as clainmed in claim48 wherein said connected system
is at | east one of: o a vehicular system,g a road-side system and o a
safety system 50. An apparatus for estimating an environment surrounding a
W rel ess comuni cation system the environnment including at |east one

i nflector thatexchidifinfiettorpsdpdriyclysotoeseshaving spepdioatside obspimiesi ng:  a
first input for receiving an input signal transmtted froma transmtter to
a receiver vi #redefines r@88ecomuni cation channel ; a second input for

receiving S¥ SRR il Bop hﬁ%}@‘pﬁﬁtﬁé&é& Q&dr&in%ttols‘%ﬂ'?é dRBfoutiont he

receiver, t ransmtter a ector; an environment estinmator for
estimati ng at coatretledby speegerty of the inflector based on the received
I nput

[ | d th t te i t] 5 1. AS f ' '
an” o r onnen GPEITEA NG Gohit spes aRs P Av R RVEHTANE cnvi ronment

including at Igast one inflector that inflects transmtted signals, the
system conprising: at |east one transmtter, a receiver that receives an

i nput si gnad EsaENING a east aenarding tosemarlistrdutioncontrgiled byspegdimuni cat i on
channel ; S

45. A method as claimed in any one of the preceding claims comprising

10 constraining the at least one inflector property by considering the inflector to
be at least one of:

o a reflector;

o heading in a direction where a path of the inflector is not blocked;

o on some constrained path defined by a map; and
16 o on aroad.
46. A method as claimed in claim 7 comprising using at least one additional
feature of said estimate of the communication channel induced by the
presence of at least one additional inflector to determine at least one said

inflector property for said additional inflector.

20 47. A method as claimed in claim 46 wherein said additional channel

feature is a time domain tap in said time domain channel estimate.

48. A method as claimed in any of the preceding claims comprising;
generating an output based on said estimated inflector property; and
providing the output as an input into a connected system.

25 49. A method as claimed in claim 48 wherein said connected system is at
least one of:

o a vehicular system;



at | east one source of systemstate information pertaining to at |east one
of the receiver, the at least one transmtter and the at |east one

i nfl ect orwoanierwd7sonment estimator in data conmuni cati eaTwitizhiotdeere8 ecei ver
and the at | east one source of systemstate information for estimating at

| east one property of the inflector based on the received input signal and
the systemstate information. 52. A systemas clained in claim5 1 wherein
at | east one of the transnmitter, receivea and inflector noves. 53. A system
as claimed in claim5 1 or 52 wherein salé at least one transmtter and
receiver are collocated.54. A conputer program product conprising machine
readabl e proghaBshdide spstentiamdon a machi ne-readabl e recordi ng nedium for
controlling the aoperation of a data processing apparatus on which the
progr am code @&afelysystenperform a nethod for estinating an environnent
surrounding a wirel ess conmuni cati on system the environnent including at

| east one inflector that inflects transmtted si&nal t hod

. ., the,
conpri si 8§: r AdecapRargtugfor AplimatingARIeNviraReNt sudoungpg 2 ngr%§ﬁi tter to a
receiver : 0 L Gt : s atl I AH state
i nf or mat F%hﬁ%@?’@%ﬁﬁ %ﬁ?@ gﬂ@ ?g@@d@%ﬁ@gﬂgﬁg artégglﬁvdg%mtﬂ%gt%? fﬁfa?r'{sm tter and
the i&f édfleats trassrmittedi signals, thearipavatespooymising:of the inflector based on
t he received input, sitgnal and the system state i,ﬂf rmation. )
a first input for receiving an input signal transmi eg from a transmitter
to a receiver via a wireless communication channel,
a second input for receiving system state information pertaining to at
least one of the receiver, the transmitter and the inflector;
10 an environment estimator for estimating at least one property of the

inflector based on the received input signal and the system state information.

51. A system for estimating an environment surrounding a wireless
communication system, the environment including at least one inflector that
inflects transmitted signals, the system comprising:
15 at least one transmitter;
" areceiver that receives an input signal transmitted from the transmitter
via a wireless communication channel;
at least one source of system state information pertaining to at least
one of the receiver, the at least one transmitter and the at least one inflector;
20 an environment estimator in data communication with the receiver and
the at least one source of system state informatién for estimating at least one
property of the inflector based on the received input signal and the system

state information.

52. A éysfem as claimed in claim 51 wherein at least one of the transmitter,

25 receiver and inflector moves.

53. A system as claimed in claim 51 or 52 wherein said at leastone

transmitter and receiver are collocated.
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54. A computer program product comprising machine readable program
code recorded on a machine-readable recording medium, for controlling the
operation of a data processing apparatus on which the program code
executes to perform a method for estimating an environment surrounding a
wireless communication system, the environment including at least one
inflector that inflects transmitted signals, the method comprising:

receiving an input signal transmitted from a transmitter to a receiver via
a wireless communication channel;

receiving system state information pertaining to at least one of the
receiver, the transmitter and the inflector;

estimating at least one property of the inflector based on the received

input signal and the system state information.



