WO 2010/ 144973PCT/ AU2010/ 000768 1 Environnment Estimation in a Wrel ess
Commruni cation System Field of the invention The present invention rel ates
to the fiwbaomil4we78el ess conmuni cations. In particul ar Poe/AReRE0b768

i nvention relates to the detection, tracking and characterisation of 5
objects in the environnment surrounding a w reless comruni cati ons system
Background of the invention Wreless conmuni cati on systens may be
represented in terns of a transmtter 10q and receiver 104, separated by a
channel 1.02, as shown in Figure 1. The transmtter transfornms the data
into a signal suitable for transm ssion over the 10 channel. For the

pur poses of EfRlif6AERY BSEnidtomin bewWideless Ceonuminidation $ystener 104

is to renove the effects of the channel distortions fromthe signal and to
obtain an estinmate of the data. The channel 102 represents the effects

i nduced by the environnment surrounding the wreless comunications system
The channel 102 may distort the Fieldefthetiayentiosi gnal in sone way. Channel
distortions may include anplitude distortions, frequency offsets, phase

of f set s, Thepplesentiniveatien reiatesota thenBeldesfuvir¢lags icoomunications. h It paricalay,

additive noise or, interference. The receiver 104 nay | ngcl : I
est i mat otNe TRESERkL MVENtIQL; feﬂﬁtteér t%ﬁDe o‘g%gf;@ ’anggﬁévéﬁgsﬁg‘aﬁg&e’? 'Eg{?&ﬁa%f
been i styprdctslirbihel driviofnsit@uruRting @ witksRedord@uibitationsdystener at e a
channel estinmate based upon this observation. The content of the channel

estimate is related to the environnent that induced the channel. Spati al
paraneters pertaining to the transmtter_ 100 and/.or receiver 104 devices
may be known. Such par arreter@%rpHBpLﬂfé}@dQ{’meEoordi nates, velocity,
and accel eration. For exanple, the devices nay be positioned at knowqofoi xed
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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



WO 2010/ 144973PCT/ AU2010/ 000768 2 transmitter 100 nay be passed to the
receiver 104 within the transmtted data content. An exanple of such a case
occurs i rwDediogiated Short Range Conmuni cations (DSRC) sPSTATR)1MIETS
transmtted data may include position, speed, acceleration and headi ng

I nformati on, as described in SAE International, 5 "Dedicated Short Range
Commruni cations (DSRC) Message Set Dictionary,"” J2735, Decenber 2006.

Ref erence to any prior art in the specifijcation is not, and should not be
taken as, an acknow edgenent or any fornfof suggestion that this prior art
forms part of the common general know edge in Australia or any other

j uri sdi CijpRnfitert HBD fBSbepasedr fo Uk qebkider d@dondthlry tie tearpenitted databe
ascertai ned, understood and regarded as rel evant by a person éﬁé#‘l din the
0

art. Sumeantenti tAB iexagle off THChraseate | AGBNEI Bh Beeigalrts S nge
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nessages déb%Ynt?}é 1t. At the receiver the nessages nay be recovered and
of the

form part receiver's view of the transnmitter state. According to a
first aspect of the invention there is provided a nethod for estinmating an

envi ron i . i i i i t
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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;



3 estimating at | east one property of the inflector based on the
recei ved input signal and the systemstate information. |In another aspect
of the irwenvior4ea environnment estinmator is disclosed PhatAwolnwetss
observations over time that contain systemstate information. The
environment 5 estimator uses said observations to estinmate aspects of one
or nore inflectors, Inflectors are elenents in the environnent that cause
reflections or diffractions of radio wavgs. Said systemstate information
may relate to transmtters, receivers, the environnment and inflectors

wi thin the environnent. I n anot her aspect of the invention a first

i nflector conssfimatihgiat Idastesme pesberty olithe inflet®rdxasiedetn tite réeeieed inmAnent
where An inflector 1s |ocated. rel e*tlve to the transmitter by a inflector
transni t Signayand t%é)’ﬁ?“’aﬁ'@t%wf‘?rﬁ?q % or transmitter distance A receiver

Is located relative to an inflector by a recelver I nflector unit vector and
a recei ver I nfl ector distance 15 Constraint: sg v%ctor rvgg iﬁ"«{} the
recei ver manaﬁe\vesv@cttcpfé e inyeItionaly endranment esiimatar s dis

represent, Ev%ﬂﬁné ﬁ\}eﬁ"cﬁﬁ’i’é r?dtaééMﬁlnt 9}/&@%\ lstAtas fﬁfbltrﬁétlcﬁfﬂdThéleeﬁ\mQﬁhV@ft

relatlve ect or second | ector constraint may al so_be
det er8n nedtlmawreuses saidl \nbseelaélooastmesfanat%asne@@e@f engreN marej iplegtors.he

receiver th arreasurea tine.diffe f [
convert edf‘vﬂ%?t%{sp%'fehelﬁ ﬁ "al%g? e‘?ﬂé’f{ggm(e@q Sﬂ&bca%%ak&k%&'gﬁs Y J@F{d%ﬁs o

di f f er enggqiBYvdVeR. SRREdystbnl stk Inforntativi maiyntlaté It@trénsmrmrere feceiversicthe
transmtter to the recelver added to said path |ength difference nust equal

t he sum ehvirdrment aad inflectermwitiin th eRWEYMERE. t he 25transnitter and the
inflector to the receiver. Athird inflector constraint may also be

determ ned where Two versions of a transmtted signal arrive at_the
recei ver Imianhtherraspest ebthecinveatier adirsbinflegior copgiraint is determined for Use in

2010@&3?1%;@?%@@%%%86999%(3&ﬁpl %’il d frequency offset is converted to a

spee Via mu i cation by the speed of |ight and
di vi si on b\ fificetit kelochfAH fs1GdVe 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.



Constraint: The conponent of the transmtter velocity towards the inflector
added to the conponent of the difference of receiver and inflector

vel oci t i ewOtowandw3t he 5i nfl ector nust equal said speedPdiriAteowrnoered f ourth
inflector constraint may al so be determ ned where the inflector is
constrai ned across observations A first and second observation occur at
different tines The tine difference between said first and second
observations is calculated 10 A first inflector position difference is the
inflector velocity nultiplied by said tiﬁe difference A first inflector
position is the transmtter position at said first observation time plus
the infl ectguid fregoenty biisetusiconvertédio atspeaddiiffierente ¢o e vieatrultiplicatien by
multiplied by the inflector transmitter dis%ance a§ said first observation

time 15 A $hespeed af lightasnd divisian By thesceree FeavRMWt er position at said

second observation. i ' I ib?:”i:; | aid
second obs qpé%rlagﬂ. ﬂ‘%@%ﬂ |ebplggg{gn§/rgﬁﬁrgrﬁlekf\@ectl &8@%%%%&%{ ?‘]grgéﬁ:}g? gﬁge at
sai d secongo el esvpbnent of thie diffesstceraf recéivecand inftesitar welodities towards the t he
sai d second inflector position m ng?f the said first inflector position 20
Const P ai nt infiegtorimpstequal satd $peqsudifel&SI$edi f f er ence and the second

I nfl ector position difference nust be equal |In another aspect of the

i nvention one or nore constraints are used to derive cqgst fuynctigns. Said
cost fundt iferghminflestorc 6ppetAAL @Y @@efhﬁ‘at‘f%ﬁgmpﬁgp r@eﬂ%df‘ﬁ%?toﬁo@t
functi On'co?t?ﬁ?ip@&%'i’@gs S5RE0hticHs the invention a hypothesis set is created

of unknown Tnflector properties. Cost of each hypothesis in said hypothesis

set may thepfilkeandlsevbad edsewviatign vecdr aidiffefambtitriesns. WO
2010/ 144973PCT/ AU2010/ 000768 5 I n anot her aspect of the inventi ?n
const r ai nt Jhertimadiffereace betwranysaidifirgiand $Qﬁ?”é’rﬁpﬁ9r""%tf%’l§dsﬁakq #Mefuded in

the %sery% i‘i?srt] iﬁ)ﬁeoc(fgrssg)sr}ﬁon 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 constraints on inflector |ocation or
vel ocity are induced through know edge of map data. 5Functional uses for
out put s ovothw/@mBr onment estimator are al so descri bedPCA/A20LOO768Spect
of the invention provides a systemfor estimating the environnent

surrounding a wirel ess conmmuni cations system conprising: an i nput
operable to receive a signal transmtted via a communication channel; 10an
i nput operable to receive systemstate ipfornmation; an environnent

estimator operable to estimate at |east dne feature of the environnent
based on the inputs; and an output for providing the environnent estimte.

The envi n@raRercaspadtt 6F tHEajnvemtibn deorastranits esrv dhé categefiestainge ohipokition
out puts at 15l east one observati on generated usi.ng at | east one of said
i nputs. PRE/asHPeed@AeARCldded %ﬁ@rowqtmi%’rce?ﬂeaude an observation
processor which processes at | east one said observation as input and
provi des an estinmate of the environnent as, out

! ut . Th
i nf or mat ivp@neen awediofdhel @agmmh@oaﬁfaalmsepeflﬁﬁ??% e e ng?%g]b%fgt )
VO

posi tion; " LOR: Ing; 25vel ocity; el evation;
D30/ 1aanARER BTk FhAbUgE o ARG, g
5  Functional uses for outputs of the environment estimator are also described.

A further aspect of the invention provides a 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;



time of transm ssion; time of reception; transmt power |evel; receive
power |evel; 5signal to noise ratio (SNR); |ocation of system conponents,
such as awoenraly97structure of host; presence of an obswPatisgpoiovherssat i on
relating to an obstacle, such as its |location; 10tenperature and weat her
conditions, rain sensor information; sun sensor information; vehicle
W ndscreen w per rate; I nformati on avail able from autonotive
control l er-area network (CAN) bus; 15map.data; statistical confidence
estimates for any of the above. The str u@t ure of the host nmay conprise at
| east one of: size of host; type of host; 20shaped of host; construction
mat eri al ; The tignesbetiasdraiseionnf or mati on may be obtai ned from sources at or
nearby at |east one of: transmtter; 25receiver; and
envi ronment . 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:



WO 2010/ 144973PCT/ AU2010/ 000768 7 received signal sanples; an estimte of
t he communi cati on channel between transmtter and receiver. The estimte of
t he conmmiDcatov@mw76hannel may conprise at | east one of: PaTiAuUIR10)OMESB N
channel estimate; a frequency domai n channel estinmate. The input system
state informati on obtained at or near the transmtter is contained in the
transmtted signal and extracted at the receiver for input to the
envi ronnment estinator. The i nput s¥st em state information pertaining
to the transmtter nay be derived at 10t he receiver. The derived i nput
system state information pertaining to the transmtter may include at |east
one of ! speedregi¢éd SigAki Sarmple8headi ng; and vel ocity. The observation,
denoted O, may include at |east one of: the point T representing the
position of tihe estiorateiof the communieation ¢hanngl bebyramijansaities aindiTeFeWLr-t he
recei ver; 20the instantaneous velocity vector -VT for the transmtter; the
I nst ant aneous velocity vector RR for the receiver; a channel estimate h;
time of fThe estiswate af ithe) communicatiane¢hannes may-gomprsergeleapbens af'i on
generator may outgut an opservation for at |east 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:



WO 2010/ 144973PCT/ AU2010/ 000768 8 each received signal correspondi ng
to multiple transmtted signals separated in tine; each received

si gnal cowoespanrg’ag to nmultiple transmtted signal s ovecraapew/aosresi ne;
5each channel induced between a transmtter and a receive antenna, in the

case of nultiple transmtters; each channel induced between a
transmt antenna and a receive antenna, in the case of nmultiple receive
ant ennas; each channel inducgd between a transnmit antenna and a

receive antenna, in 10 the case of nultiple transmt antennas; The
observati on generator may group observations contai ning conmon conponents,

wi thout repli edkhQqBcéiled dighdt @BrRBp6AMIAG N6 MhEitip[ENeandraiticdadignals epaestedr
may process at |east one property of at |east one inflector |ocated in said
envi ronn¥htimel5 The inflector properties may conprise at |east one of:

position; speed;, accelergtion; heading; vel gci ty:..and fl.an. o
out put envi r offfERt fsg?'i"ﬁat Sighg) i?ﬁ{ﬁfgj@@?nq egost%‘Htéaﬁyptg%%g@ﬁ%aons'gnas
property Rbriappéc®astimene inflector located in said environment. WO

2010/ 144973PCT/ AU2010/ 000768
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.



9 The frequency offset paraneter ? may be cal cul ated from sai d channel
estimate, h, in the tinme domain, as the rate of change of phase of the tap
corresponstongioia4d7Be i nfl ected path relative to that of pClauz2am/000768
corresponding to the direct path. Cal cul ation of said frequency offset
paranmeter ? fromsaid channel estimate is 5Sperforned via at | east one of:
across the duration of said channel estimate; across sonme section of said
channel estinmate; and at intervals through said channel estinate. Said
constraints nmay be applied across a plurality of observations under sone 10
assunption on the position of one or nore system conponents with respect to

time. A pihardduencyloffset pacmrster 3 Ridy baxaltlatedrionesaidactannel astimiatesm of
equations, and sai d observation processor may solve said system using at

Iseazt one; iinphé tinkesdomaln, as thé oateLafp:hrangelocﬂ poasé o6 theetap eyréspanding to
ai d envi ronment estinmate out se a i bl.e inflector
pr oper t y thes¥legtadopath rg@tlueégg}@t\;gaﬁ{%ﬁa 6%%%}"]'% OQJEeeCtlpﬁb'set of

feasible inflector property solutions prior to output, using at |east one
of : additional constraints; and_additional PrUt ob ervati

Addi t i on&ialeation af sajd freauensy offsel P aigr éﬁ pELS]! &‘?@"B?P?ﬁgn?%ﬁl 'B owi ng:
recepél O;be?lforr‘%d \&faglﬁggfog?[)fget ransmtted signal fromthe sane

transmt rece ast one nore transmtted signal from an

alternate tfa%’i:mésttﬁé,dmaﬁbn of said channel estipatepn of at | east one nore
transmtted signal via at | east one nore 25 receive antenna.
across some section of said 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.



WO 2010/ 144973PCT/ AU2010/ 000768 10 Said constraints nmay be used to derive
one or nore cost functions and evaluate cost for one or nore hypot heses on
one or nowe 20ril4eBor properties, and said observation pcocdeswyoemBcul at es
said cost functions using at |east one input observation, to output said
environment estimate. 5 A set of points to be used as inflector |ocation
hypot heses may be sel ected by quantizing sonme region of the environnment.
Sai d region may be selected around at | egast one of transmtter; and
receiver. 10 The output environnent estintite may conprise at | east one of:
an inflector property hypothesis with the | owest cost value; a set of

i nfl ect ogap epestiainiaiay besaedtotderkelstd gr ineresbsicfanttioral ard enaltiate of
i nflector property hypotheses with cost value within song

pr edet er GpakiOr ansiaiiBere MRAtheRSYHONAOSNOTENLRGIEr PIAPEEIgSANG Rkt y with
the 15| O@@%\ﬁwﬁﬁ% ngéérées;or 8a|cul%te€3?ﬁtcd§ft flﬂ{t‘i’ioﬂg Mﬁ}aﬂnlgégte&ﬁé’fnpﬂi operty

hypot hes associated cos ow sone predeter threshol d; a set
of one obbgenationflcesutput gaidEeviroement ektirmats. val ue assigned to each;

Sai d observation processor may conbine a plurality of said cost functions
across at 20l east one input observation. Said observation processor may
conbi fie @nsetasf puirite t6 dieclseasds inflactor totatianrhypstheseisumay beyseddctedh pyt
observations occurring at different tines. WD 2010/ 144973PCT/ AU2010/ 000768
11 Sai d QH3BHZIBYISOMS %QEV‘W'@QI’T&H ate the cost of each hypothesis

using at | east one cost function, then reduce the hypotheses set size by
renovi ng at | east one nenper, before z?ggl yi ng fat | east one further cost
t least’one™o

funct i on Said region may be selectéd around a
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.



At | east one nenber of the hypotheses set may be renoved having at | east
one of: 5cost greater than sone threshold; and cost greater than sone

di st ance woemotag7Bowest cost. The observati on processoPCRaY20m 0768 N t he
speed of the inflector, said constraint on inflector speed conprising at

| east one of: excluding inflector property hypotheses having
speed outside of sonme 10predefined range; excl uding inflector
property hypotheses according to sone di§iribution control |l ed by speed;
applying a higher cost to speeds outside of some predefined range; and
assigning a cost according to sone distribution controlled by speed; 15 The

obser vat igyd BpERaHEN pFateseenaidyaddicilate thasiosbobeach Hypothesistusingrableast y by
considering the inflector to be at |east one of: Eﬁreflector; headi ng in a

di rect i ownatrestfuncopathenireduee the Bathesemsalsiige By remeyingt 15astP¥er i ned

géd?t irrgg;gp&ﬂge?%%?or@ Jpgy%gégﬁa%gtﬁﬁéggﬁrb%dﬁmﬁﬁf may use at |east one

eature of communi cati on channel induced by
the presence of at |east one additional inflector, to determ ne at | east

adai ¢ onAlt A ERE mPRBETbL he BindRbsed el hafbE ehibveRTiing at least e of: | o

channgl esti mgbgt greWferaAAA/sLAADIIESHYIAURNL0/ 000768 12 providing an alert
when detecting a potential collision threat; nodifying the nature of an

a: ert; nodifyicogt gleaternrthggeomss distansedram the iwesigoshe |i kel i hood of fal se
alerts;

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:



5i nmprovi ng positioning accuracy. Know edge of at |east one reliable source
of position information, conbined with the relative |ocation of said
reliabl e wounwelr44y3an unrel i abl e source of position inf@cEat20m/000my be
used to performat |east one of: detecting the unreliable source;

10t racki ng the unreliable source; and correcting the unreliable source.
Said environnment estimator output nmay be used for altering map information
via at |east one of: detecting erroneous gep. i nformation; 15correcting
erroneous map i nformation; and augnenti né exi sting map i nformation. Brief
description of the draw ngs Enbodi nents of the present invention will now
be described prévidingferr sleraviien teecting s paentialrcollisiarhthreat; Fi gure 1: is a
schemati c draw n a communi cations system Figure 2: is an exanple

envi ronment \Amaﬂg%!lrtg/\kb\ep'&thf%ﬁfaafhéleﬁ Figure 3: is a schematic drawi ng of an
envi ronment est I‘{]E’t or, MO 201@/ 144973PCT/ AU2010/ 000768 13 Figure 5:

i | lustrates t RPN Reigges? i ng subj ected to the channel and

provides a schegmat |h§1HH%I|HBOBfof?élSQQ§@fsvat' on generator in the case of one
recei ve antenna; ure 6: Illustrates the transmtted signal being

subj egted to ﬁrhprﬁ@pé@t@nﬂdg&cpumoydes a schematic drawi ng of an
observation generator in the case of two receive antennas; Figure 7. is an
exanpl e tinme domai n channel corresponding to the environnent of Figure 2;

Fi gure 8Kriowlegde of atleast ord raltablessmirbe of pokitibhanfortation nddrebined withsthel on
by conbining first 10 and second cons&ral nt S‘ﬂ@b\éﬁre 9 ,? illustrate

an exanprelae lacaganb sajdeliablesouser iq ABANK BWiCEP cPr?tsg\oﬁ‘ed by sol vi ng
a systemof  Aoual I8y bdeiseU¥qd Perormcaneastany &f:

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);



Figure 10 A, B,C illustrate an exanple solution for inflector position
obt ai ned by applying cost functions derived fromconstraints, to a first

observat iwo203Higare 11 A, B and C illustrate an exanmpCe/ARbuiaoensf or
i nfl ector position obtained by applying cost functions derived from
constraints, to a second observation; Figure 12 A, B and C illustrate an

exanpl e solution from conbi ning solutions for inflector position obtained
by applying cost functions derived from i$nstrai nts, across both a first
and a second observation. 20Detail ed descYiption of the enbodi nents

Enbodi nents of an environnment estinmator are described that allows

det ect i OFiguré asKilnGtratss eherteaisehittedt signalobeiry sabjected ttbethenchaometeand
surrounding a wirel ess conmuni cations system b rocessi ng informati.on

per tai ni REPMIdS SCEAMHE FEAVIGRTEN PRssTHaRam HeRSaeliPdRS FASH oA ORBErPTLa
wavef orm,  \W2.2010/ 144973PCT/ AU2010/ 000768 14 The described techni ques have
potential applTcation to wireless comuni cati ons systens, e.g. DVB-T,
DVB-H, | EEE 802.11, |EEE 802.16, 3GPP2, Dedicated Short Range

Conmruni cat {,QnsSa( C?ﬁ%‘n{ 100S . el [ SHARSD nd
propri et ﬁé}ﬂgygt E@éﬁ%&sj ec s%ﬁ'ﬁgaeﬂ I ?gﬁ%ﬁrﬁj srl#g bed\/g?t{r?%rs Cgt ati o‘ral_g?y or
nobi | 5. Preydess sehemaltie drawvingdofvan bbseévatiers geveratomindheicase afqwpgaeeive For
exanple, in a Dedicated Short Range Conmuni cations (DSRC) system the
transnit @BFENMAR) 100 and receiver (Rx) 104 nmay be included in an :
infrastructure Road Side Unit (RSU), or On Board Unit 10 (OBU) in a
vehicle. The transmtted signal nay. be inflected by,objects in.the

envi r onmEigured:ds amexrgRle; gﬁ“ﬁe@:‘?m%w ﬁ?a’meﬂ PPH@?PB%‘_"n%JQﬁbFee’}VHPPEZﬁ'}Srosf

i ncl ude Yfﬁl]rél s, signs, buildings or other structures within the

envi ronnent, ich may be equipped with transmtters and/ or receivers

t hensel ves. Figure 2 shows an exanple environnent with an inflector

200 1 nduidie s, iR R 1a 16i D1 82bIDRIRSR TR LRIIBSHIGH byl 86mBiiting el ver

104, wher i'S a polnt representing the position of the transmtter 100;
Ri s &0 poiantd seepndzensiraigts;he position of the receiver 104; Pis a point
representing the position of the signal inflector 200; i1.7, is the

i nstant aneous velocity vector for the transmtter 100; 20vis the .

i nst ant afégure & & and 9B vllustate faor exdropleeselutien faninflectos positiameand velocity

I nst ant anepus | ocity vector for the signal i ec ; TR is the
vector f O "b%‘;{ﬁt/ S?“@'XE & SY¥ "i‘Q?Fﬂaa%&‘g‘?’?“rerdo’ﬁ&&o‘i°h\%{r??’ﬁ% P; and
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.



PR is the vector frompoint Pto R 25It is also convenient to define the
foll ow ng, where 112denotes the L2 Norm (P -T) uTp = 11P -TlI12 is the unit
vect or i rwOhelodi4neati on of TP ; WD 2010/ 144973PCT/ AU20P0T0QQ08800%8 (R - P)
u" IlRis the unit vector in the direction of PR, Lrp =OTPL is the

di stance between points T and P, pR =DL is the distance between
points P and R and is the distance between points Tand R 2 5 Figure 3
shows a bl ock diagramfor an environnent estimator. The environment
estimator may operate at a receiver 104.1 ternatively, functional
conponents of the environnent estimator may operate in a distributed
fashion. In sone arrangenents the environnent estinator nay operate
off-line, using information that was previously captured. 10 The functi onal
nodul es descri bed herein (including the observation generator 300,

observat i -  aedlatidh o SEklEE! coramuniGaibnand
Cbser vat iTg% %gmgeo%ue'@(h% ap&-éﬁﬁél isp I 0 i nan

6) may be inplenmented in hard e, for e | e
app: i cat isystesped.¢i BV&Te@V&EdYEEE&Q?%L( IRGEC802.16 9GP nér @ﬁla'tcéte‘i(gﬁgrt
I mpl ementgat i QNsA | - but Ak ot A Yol i’ <Pregr bl e
arrays. (EAGES) oG o) BRBCE, CornbEfPalions hELSsET oA PAE WSS o
| ogi c5 Al(CALM) bMélpyopridtanyfsystémenal nodul es may be inplenented as
sof tware, such as one or nore application prograns executable within a
conmputer system The software may be stored in a conputer-readable medi um
and be | @tsjeétsi intthe araaBRLient may beneifiiesnstatienarp mpunebile. e dtal| reayredsaivef or

execut] O?ittg% vbi?ﬁw?r%%%%tggmfn%%ﬁc%@oné e%%?g)nl%ter?{ 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,



20 readabl e nedi um having a conputer programrecorded on it is a conputer

program product. Exanples of such nedia include, but are not limted to

CD- ROVs, Wendiodi4sk3dri ves, a ROM or integrated circuit. PPTodrarmoonse nay

al so be transmtted via conputer-readable transm ssion nmedia, for exanple a

radi o transm ssion channel or a networked connection to another conputer or

net wor ked device. 25 One or nore received signhals are input to an

observation generator 300. Systemstate Lpformation (SSI) nay al so be input

to the observation generator. The observ $i on generator 300 outputs one or

rlrgre observations 303 to the observation WO 2010/144973PCT/ AU2010/ 000768
processor 302R -Gbhservatiaons 303, |.ncl.ude_i-pf ormation fromthe

recei ver 10Upram _Gt) &ﬂr@t%'ﬁvq’QPbﬁnﬁE\é ﬁ."k'%é’fgﬂi;ervation processor 302

then processes e @bservati ons 303 and outputs an estinmate of the

envi ronment. Foy_ x.anRIee,_ the environment estinmate nmay include position

estimtes fop zﬁ%'é’ﬁ; therdistanee between paints ¥ 18ddMyvi ronnent . System state

information (SSI) may pertain to the transmitter 100, receiver 104 and/or

t he envi ronpent j5INGL WAl 3D~ PASIL LQR A . cel eration; Heading;
El evati on; Hﬁ.#@” E% H%Q%%ns%%?\ét%'&ﬁggé@??ﬁ%?d %I)’rag%’sm' t power |evel; 15
Recei ve power level; Signal to Noise Ratio (SNR); Location of system

conponents,Lﬁ_tmlfri sisthealistance bStweeri poietoT dndeRhost :  Si ze, type, of host.
For exanple, if"t transmtter 100 or receiver 104 are 20nmounted in a

vehi cyl arFigsmgtB shBld 4 'HIGKBIGPAM™RY 4l ehVifénment estimator. The environment

estimator may operate at a receiver 104. Alternatively, functional components of the
environment estimator may operate in a distributed fashion. In some arrangements
the environment 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



Type of vehicle; Size of vehicle; WMaterial with which host is
constructed. Oher information known to about the environnent. For

exanpl e: @bQoiM4gBesence of an obstacl e and i nformati oRCTAWERDINNYOT6® t he
obstacl e, such as the |location of the obstacle, . obtained for exanple from
an autonotive radar system Tenperature and weat her conditions, and/or
information allow ng such conditions to be estimated, e.g. vehicle

W ndscreen wi per rate; 300 rain sensor %ormati on; sun sensor
information; WD 2010/ 144973PCT/ AU2010/ 000768 17 o Map data, e.g.

i ndicating |location of structures and roads; Information available from
aut onot i peoc’br GoRer ObsepvatioheB03 iayNinchuds infdilmatim froal theméceleec 404
estimates for any of the above. JIEL%;{G 4 schenmati cal %ihows E‘?ocesmtngﬂ)
occur r i ngndtsysirimstatesifermationoo bservalion HOCESFYeef2dNeN FRRHTEES M fior e
Sources BE)séﬁ(/%tuSHQ oAt §nd ’Htf?ﬁl.'ﬁ@tér?%sﬁ%'té &Qﬁe é&ﬁroﬁ%rﬁesFﬁogxémbléJQhe

| ocated a near the transmtter S unit located wth t

t ransni t eaviromment/ ekiimate rrmmlmmdee&asmb@ astlrrmtesﬁpr goe.urqrernncez'nf@cg)rs |n
vehi cul ar, CAN .bus l\éﬁl ch may provide access to vehicle state information

such s \V%?EY&OFEB% and brake status. SSI sources 402 may al so be | ocated
el sewhere in 10 the envi ronnent, neking the SSI avail able at the

transmt a wrel comuni.catjons link. . y . hhped
W £h dat SYplesty Seiveloduatart (S50 S8V REERarCiT: Al IR erdg0doA
whi ch thgﬂdmilttﬁélbﬁvﬁﬁ%aﬁt Gidladihg; the transmtter 100. The transmtter
produces the transmt signal which is then transnmtted via one or nore

transmt .aPositioas 406. A data storage facility may be provided to store the
15SSlI elthg transiently or for |longer periods. The transmtter 100 and
receiver y be col l ocated, thus avoiding the need to include system
stat gpi nf opERElePatigier taining to the transmtter 100 in the transmtted
signal . For exanple, the transmtter 100 and receiver 104 nay both be

| ocat ed enHeadingime vehicle.

. 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;



20 The transmt signal is subjected to the channel 102 induced by the

envi ronnent, including the presence of the inflector 200, as shown in

Fi gure 5.woheiwwewdved signal is collected at the recei veTavizerwimos00, and
input to the receiver 104. The receiver 104 processes the received signal
to determine the transmtted data. The receiver 104 al so perforns
processing as part of the observation generator 300. 25 Figure 5 shows
recei ver processing in the context of thi observati on generator 300 and nay
omt details pertaining to the comon op Zati on of a receiver 104 apparent
to those skilled in the art. For exanple, the receiver 104 may al so nake
the transnit tigdp drita &yaindadatingtiecationesf stachaesng rohdshe system The
receiver 104 outputs receiver Information, e.g. recei ve?( aﬁ%@atl) sanpl es
and/ or a-cifpreation\avaitahie ir@zrgagﬂomthemp@e 82 (g twiQrk; ( P4he channel

esti mat e.”@aﬁ%‘ﬁcgf?dﬂf%‘:eﬂcb%stti 1dd & fthe fabgggency domain, including one
or nore channel “estinate sanples over some duration. Qur previous

comonl y- assi gned I nternational (PCT) Applications, PCT/2006/ AU001201,

PCT/ 2007/, 0] PCT/ p ' ol i i on
e L A R e i B
cont eft s ngdy ?&éidbﬂieeﬂeddfrmomnﬁ) oarrmterm)(;ﬂc?]s bf/ slysttae‘r etate infafmsalioz é3§lbs4%z

and nmet hods for providing t r i red chanpel , estinates~d n_recej .
The obseﬁﬁdtﬁ%cg%r‘?'é?a’ﬁ‘@ %%"5’3&&qiisors%?re{hesfrgf‘@mf rof%t?'gh%sgﬁé Hg?ﬂt he
10 transiddhEd withitRE tidHmiftbr B VaRicRY. ﬁﬁ&he%&é?@gél’oﬁéﬁ sdisouetd 40Réslaf rom

one or nore sources of systemstate information (SSI) 502. SSI sources 502
may be | vehicatarZBANrbussavhichenay peavide acoass to yehiglecktate mfernpafianyede @Swi t h

the receiver in a vehicle, l . SO I ein
the envi MaIF RS ENE ot SBlyS S5 RaUES 02 Bl d B BCALBI SRR

Wi I el @ss tik@ B itbAMen®NMmakingk thel SShysiatiabk at ¢hé rtfamsmittenre.pevisaanwirgless t he
transmtter 100 nmay al so be derived at the receiver 104. For_ ex le,. a
process &omragnicatiens/ink. 182! mayrbecampined with H@t%EP%QWPAEPBEC%g@ alpe
track the r j b it r@ﬁb' b iR n8hfitterS €00 hi s
to deri vzraggggqu&gc@g%‘gpg@?(?r?@é#gnﬁ‘eg{g? ng o#‘fstq hgh??%%\sé%btt?%?ﬁloo: The

obser vat iThie transmitiectprod66ss itee trameimdesignat whicdkcis then transmittad wia PReMAt he

cst | mat e aRaTARNER AT BTt ARG ALY B, STy By neY S BsRad FRRE e

tran‘fgittS%heit‘PifeFtr%éti%'tI?ofr'f&ﬂb r gefigdict or 504 and al so SSI pertaining to
the receiver, for exanple fromithe SSI sources 502. The abservation

constructor 506 forns an observation 303 fromthe avail abl e recei ver

i nfor mat i1gR fRGsAKET AVOSARS Peddiel! 10 hidly- bd kellekned Vihus&ivoiding She ereided

Qi], where I is the observation index, "and mai/ include; Till the pojnt
ra

(xT[i ], inclpde bystem state infopnetion pergining ta e frrpsmiter: 1O t testarsraitedoo.
AR i e f ; . . ST X
Fhcet ver S Far e B bt ddoladE et | AP malofhe 16atey dnf®

100; WOtRE amMEAHABCT/ AU2010/ 000768 19 i; Ri] the instantaneous velocity
vector for the receiver 104; [i]a channel estimte;

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



t[i]Time of the observation; the received signal; 5other systemstate
I nformati on, as described above. The observation index in square brackets

i s hencefwotznueery3t o denot e val ues taken directly frompQriAu2ero/oderssved
frominformation in OM Wen the transmtter 100 transmts nultiple signals
separated in tinme, e.g. nmultiple packets, the observation generator 300 may
out put an observation for each 10 corresponding received signal. If there
are Ntransmtted signals separated in tng and the receiver 104 has M
recei ve antennas then up to NxM observati'Gns are output. In the case of
multiple transmtters, the observation generator 300 may out put an
obser vat igafinf0. €REE cHamRRElestintits afaP Hevpeovided riandei tiner andidr dreericye
antenna. 15 If there are Ntransnitted signals and the receiver 104 Q&ﬁ M

recei ve SOMaAIRAIOCIUNG ape 6 MK el ssliiate sARPAIRE BYRT SOReiEatde Qfen N
transmt 81 gnal s ¥ in t L e regpivgd si icati
transm tﬁ%négga an&aﬁn&gmgérsgfbﬁggr natilg{r?%ﬂ%@brte det grpnb1yr2ed usi gl’lcatlons,

t echni quEEC TIRS06/ALLAD 120 10 UPCT(ROATHAYO8623 tnand | REE2007/AUAN 150 THublished

Appl i cations, P 03/ AY00502 and_ PCI/ 2004 publ i :

W PO PubIlUngsf i og/%%gber%“ 88011198PERy V&Méﬁg@z% ch%pzaﬁzgﬁgﬂ’at ed
herein vabgbeésm@as [(ReshBEBVARS Bhel EorftBts! SCHHIEH atd4nberpoldtaatieerais byhen
up to NxM observations are output. In the case of spatial diversity

syst ens usfenencey| tisploset systems anst anethodsofar Rrevidingr theeregpied v shanne!
gener at or Footnambe conq'ggered equi valent to the case of 25multiple
transnit SEPPAGE SCPVBE parent to those skilled in the art. WO

2010/ 144973PCT/ AU2010/ 000768 20 descri bed above. A second channel 1022 is

i §oct or n0gPsaatRl 6P AR ot Tefine AR Bt RUBRRERE Reph P ne

secong r episHatteNlLSINGhe088| eratemsDUat Data ngdiyraldoobei collebteal freth ese or
descri bed for the single antenna case. The receiver 104 5 outputs a sgcond
| SQUY{pE? %\‘Lhzoma(yh €

set of rd&eeievepuicRs Rhaystem elate dafosmatioy SN PO2si
second e .a?%?ﬁ@%?{l%g%?ceivg?eldﬁb?,?%vé‘@@uﬁﬁ%ﬂé £Q'witDfheUeRBiveY i &M

state informati on an second sé f receiver In ormajuontoforma
second olveaickat i 88! Iurcehis®2aprayoatso banloghted lefsevdwtetin theppowironmest,ver s

t hat use nore than two recei antennas. 10l n the case where preci.
| nf or mat IBAKIGA e BS) GYaNattn 2bing FReLArs & GnliPgt WSSO UL BIFALPGS K
available in the SSI, this information may be used during cal cul ati on of
pat h Iengéths. ) . . . .

15 ystem 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;



Each observation is passed to the observation processor 302. Observations
may be grouped to avoid duplication of commbn conponents. An exanpl e where
such 15 gwoupiog49may be used is if multiple antennas pr@®grida2miwiiee
channel estimates for the same received packet with common SSI pertaining
to the transmtter. The observation processor 302 nmay receive observations
generated by system conponents that are collocated wth and/or part of the
recei ver 104. The observation processor 2 may al so receive observations
from system conponents 20 el sewhere in t environment, e.g. at another
physically separated receiver, and transferred to the observation processor

e.g. using W[l]eHﬂéSn@t@maﬁélo@@t vEforifecttievedeiviegnod; i n t he environnent
of Figure 2%s a conbination of: he transmtted waveformfromthe direct
pat h fromtp@ot r@Eﬁghr?efl%stlﬂr%Qe and The signal that propagates from
transmtter to nflector 200, then from 25infl ector 200 to receiver

104. A fi rs:t[l]con'ﬁmeaoﬁmembstelmmtlamcation of the signal inflector 200 is
t heref ore: =T + L7pfin, = R- LpRiipR(Eq. 1) WO
2010/ 14497:4|3€TP53®29@L(§1Q5@(1)768 21 Figure 7 shows an exanple channel in the

time glomai rbtﬁ%iL &F{htaﬁ\réfﬁlé BESRAA af dedyris®hbbea. corresponding to the

envi ronnent o gure 2. The direct path corresponds to channel tap hi 700
at time tl. The inflected path corresponds to channel tap h2 702 at del ay

In tg‘hé d?d&%’mit%nh% &0 %ﬁaﬂe%bk@t@%'heh@é@dw@é@to%émeWalJééOtadaﬁ to

|ncrease propagati on oss the inflected path is |onger than the direct
pat h) andiraetthefroat Qfihorderived foarnrinfoomatiof ie€il.on 200. The time difference
between the two channel taps is Atl12 =t2 tl The instantaneous phase, and
rate of change of phase, of taps hi 700 and h2 702 nay al so differ.

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



Assum ng propagation at the speed of light, ¢, Atu relates to the path

| ength 10di fference between the direct and inflected paths, providing a
second cowetoaw1973LTp L PR LTR At 12C(Egq. 2) G ven | ocRCIax0mf000156
transmtter 100 T, and receiver 104 R the length of the direct path LTRis
determ ned geonetrically. An estimate, Ali2, of delay difference Atl2 is
obt ai ned fromthe channel estimate h. For exanple, Alu nmay be neasured from
a 15 tinme donain estimte of the channel ,,Conbining the first and second
constraints enabl es the observation proc%gsor 302 to infer that the signal
inflector 200 is placed on the loci of the ellipse 800, shown in Figure 8,

havi ng f ggkcriied NebdveansA tégiond1@Pahnern22eds! inglucé@4 byRthdosurolhdisgt he
actual location of the inflector in the exanple. éo The frequency. of.fse'\t of
t he |nfl@ovmnrpanh,ln@bplnga%q)@raw&enpﬁéhef'gg@ﬁtph Q0 g dhe Eﬁfﬁﬁ%{ Sgnal a5

e Bl IO NS P TGO i edhd S s e o

tap LI 7 “The~frequency o across the duration of a

33?3/”3'4 gﬁ%mgt}& ' olstamedsas tescriidukefoe dhe asinyle antennancases allbe revgver 104
4973P AU2010/ 000768 22 . 17T TP +(i P12).11 PR =7 -C EQ., .

Wher €2 | SUERMES @eaa@ngrseti gffecelysr @fPHBa%hP?fée?ﬁ%cﬁ%é?/ g S{%ﬁr}pgﬁéﬁ%f‘t ed

signal ; ﬁ?&@g&gﬁ Y@@i%‘ Aenry 8d0st - THe!IobBBFatIBASEIRIticrS06 Rees asystad

fromEqgs. 1- y differentiating with respect to time, making use of

vel oci t y state/ inforaationeand itbe secandsget &b recaiver | infasmadionote @fer @ second

appl i cabl e. LI n r.an sym I, Qf [ S ty {,
i.e. v= ,%S‘?W@t'&'@ %eralr\;ﬁﬁ |a%ﬁ’?%$c%'c8§§o¢’£%%% .Qgg%rtﬁi 4n ?Bg]%é%#ﬁrngrtgg?gééi bl e
i nf 1 ect omdrechhh GRS redBivduntRingsng the constraints in the follow ng system
of equations: T + LrpfiTp = R - LpRupR LippR LTR = At 12C T TP R n PR =C

10 In the case where precise information on the location of transmit and/or receive
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+Lyii,, = R— Lyl  (Ea. )



COO0 By representing P =T + LTplirp= R LpR | pR the above systemis
quadratic (in |iTp and EipR ). The solution nmay be obtai ned using

t echni quesoapane™ to those skilled in 15 the art, for PexapRbm/o0omss

Newt on- Raphson nethod. Note that it is only required to solve either for
LTp and u7,,, or ITR and PR, i.e. one of these pairs can be elimnated if
desired, e.g. to reduce conputational conplexity. WD

2010/ 144973PCT/ AU2010/ 000768 23 The obseé\fation processor my apply
techni ques to reduce this anmbiguity, e.g. by including additional
observations, as described below. In another arrangenent the observation
processorFigftd Tesheows amsexamepler chiannel fieahebtiraei ddrhaint (with ooanabssd peweand

f easi bl | ities, , by ' t 5 [ .y '
obeer vat HBlRY efeiehicoresaonding  iendhesnronmantygl Rgire 21 e, A Mathon
V\”Egnb?[ EFG?FIE?&HH& ks chth@lC h{t 9Bt 4OAmY £h }rﬁé RRfécted pdtitorfe@borys sl e,

. i's considered sufficiently sm to ignore accel eration of
t he i nf| ebapnel fap]h=702 ap deldy Lierodhishexabpler ha¥ 02 hasHawgrr ipowsfiretadiveftoom

by 118 ol Py Z0FcfiesbYneted PlordbiatBil RS PShEThfooEd Wi M padR i 68, 11
= Tkl +dir&eRphiH)PhKd attenuation at the point of inflection 200. The time difference

between the two channel taps is Af,, =t,—1,. The instantaneous phase, and rate of

change of phase, of taps hy 700 and h, 702 may also differ.

Assuming propagation at the speed of light, ¢, Az, relates to the path length

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 h2 702.relétive to that

of tap fz, 700. The frequency 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:



LTp[i] + p Ri] LTRU1 17p[k] + R k] LTR k] = T[11.171 TP[1]PR[1]).11 PR 1]
= UCHTP[ k] -1- ( 3 pRIk])1 71. pRIk] Ri] - ?RUNPR[i] R Kk]- L pRIK]ri

pR[ k] At WRLLO/A8976[ k] c c co[i] 1117TPU1112 =1 11' 4 TPLIMA26/004763 P
RU1112 =1 1117 P R 1112 =1 T[i] + LT p[i]ii Tp[i] + i7p (Zik]= T[k] +
LTp[k]iiTy[k] WO 2010/144973PCT/ AU2010/ 000768 24 The observati on processor
302 may determne velocities of the transmtter 100 and receiver 104 from
the input observations. Alternatively it y al so ignore acceleration on

either or both, thus setting: fjr[il=1;T[k] and/or 5[i] = [K] in the above
system Once again this is a systemof |inear and quadratic equations (in
LTD, L pi? fiTPPR _ . @
Vp sty + (Vp — Vg Jollpp = —¢—, (Eq. 3)
0
Where:
c is the speed of light;
@, is the centre frequency of the transmitted signal;
5 . denotes vector dot product.

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.



and v1,) and the solution may be obtained using techni ques apparent to
those skilled inthe art. The first ten constraints in the systemare
si nply duwbi2eswi4ea7s of t hose for 10t he case when || vp | PCEAU2TTv0bTi6Ral
constraint enforces P[k] = P[i] + ( r [ kl]- r [ i]) .(Eg. 4) As for the

case when Ivpjl =0, the only quadratic constraints involve urp and iipR
Solutions to the systens descri bed above may result in nultiple feasible
choices of P and v,. In such cases, the ggservati on processor 302 may: 15.
Qut put all feasible choices of P, Incre&se the total nunber of constraints

to resolve the anbiguity, using additional observations, for exanple: In

time, e.ghel @SRPlatih pfoceBebNATayPasHPitechniguey & eedwcegthigamtibiguityng.gnby;

and/or 200 In space and time, e.g. reception of another packet froma

di f f er enincluding gdditional oloserations, Rpsinseabed b&IOW-nf | ect or | ocation P[k] =

PUD p(r[k]- r[i]) at tinme r[k] , and test whether this hypothesis satisfies

one or nore of the constraints using an observation taken at tine rH%
Bo7e6s8

e.g. Lrplqidnetherp®rangement ithe -ohserviationc peocepgen 98/ detegnaissTPREPS1

25 | g t .t he. i X302 . t

o unt i onfedRinBIBRERBE IodiitRor t AnnfbaRlide FRRRI%y SobY iy WB{SThRdre | o
h | i f l. i i t Wt ;

; oooiSor BbsSRAGRAL, SR iGndY ShSENARSHE ol ShPEne, LIATBHY. Kk S0 %ime

repr ese”tr?@ﬁgxgpokﬂtﬁsuﬁiﬁiio\ﬁeﬂpggiBei RradRYuporffHeP itflectb foGitRRY With ir€8pect to

processor etermnes two si bl e solutions for inflector |ocation and
vel oci tytimehe Bet lé)daﬁﬂﬂe,aﬂrméihqglkl]iﬂi]Fiis]Lu.‘cmsi!:krewssmfﬁcienﬂw$maH tobsgrrorat i on
to reduce anbiguity as descri bed above, the observation processor 302 then
arrives accelemtoorofdbe inftdabon on, shown in Figure 9B. This exanple is given
for two-di nensional space. However, the environnment may

{;P[i] = vp[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]




10 be considered in sone other nunber of dinensions, and techni ques

descri bed herein applicable to such spaces will also be apparent to those
skill ed iwoth®w/a473 |1 n anot her arrangenent the observat Pom/AiRome®ews 302
uses constraints to construct one or nore cost functions, and evaluates a
cost for one or nore hypotheses on properties of the inflector, such as:
15. position; speed; acceleration; heading; velocity; and 20 el evati on.
The observation processor 302 nmay evalua&s a cost for one or nore

hypot heses, P, on the inflector |ocationf™P, and/or one or nore hypotheses,
1 71-3, on its instantaneous velocity, vp . A set of points to be used as

| ocat i on Tihungdersation SrocessolCHOS finyietenniid vlogities BF the tapsnitarunoD ahd
transmtter 100 and/or receiver ‘104. 25Simlarly, when a cost function is

dependentecgivér, 194sdtoraf thensinput aahsenatipasoci MteENativelyndls dnansal§@pidMises

for the inftl or. 4 PG+ AU2010/ 000768 26 The observation

processoracgellgﬁfﬁne%n é\m&%rorr%’%éﬁi %@goﬁﬁ or nore cost functions for the

i nput set of observations and hypot heses, and then outputs an estinate of

the inflector state. The output nmay. one or nore of: The | ocation
[ mvmtﬁ(%%})

hypot hesis with the | owest costr t han one | ocation may 5be
output if several are equally or simlarly likely);

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.9. L ;[k]+ L [k] - L [k] = At,lk]c .



The velocity hypothesis with the | owest cost value (nore than one velocity
may be output if several are equally or sinmlarly likely); A set of

| ocat i on Woppotoias®s wi th cost value within sonme predet ePairmadoiwomace from
the | ocation hypothesis with the | owest cost value; 10 A set of velocity
hypot heses with cost value wthin some predeterm ned distance fromthe

vel ocity hypothesis with the | owest cost value; A set of one or nore

| ocation hypotheses with associated cost Qel ow sone threshol d; A set
of one or nore velocity hypotheses with ?a soci at ed cost bel ow sone
15t hr eshol d; A set of l|ocation hypotheses with cost val ue assigned to

(5T o T8 ST skt o SO e e o
g A bonn i e oS ss bk LSS dalio.dnd S8’ shll Shlbnb
VoL e, T Bl SSRGS SHEtrardrite g, FRBIvumH e eciee by
200. Feasible inflector locations are represented by points, and velocities by
5 arrows. The observation processor 302 determines two feasible solutions for
inflector location and velocity. The solutions are shown in Figure 9A. Using a
further observation to reduce ambiguity as described above, the observation
processor 302 then arrives at the correct 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.



)

-112 15112 WO 2010/ 144973PCT/ AU2010/ 000768 27 The abs() function

may be substituted by, or conbined with, sonme other function, exanples of
whi ch i ncwoadeto/i4per; nultiplication by a scaling facPomAtan/oieeg. The
| ocation of the inflector 200 and its instantaneous velocity may be

consi dered constant across observations taken at the sane tinme, or within
sone limted tinme w ndow Cost functions may be conbi ned across these
observations, dividing the observations é%t o n (potentially overl apping)

sets 00 -1, -2, -
++ Eac, (§[i], i02iEn" (Eq. 5)

(I

10

15

20

, hn, as follows: 10 EaiiCG(d[i],cb) + Eai2C 2

The observation processor evaluates a combination of one or more cost functions

for the input set of observations and hypotheses, and then outputs an estimate of

the inflector state. The output may be one or more of:

. The location hypothesis with the lowest cost value (more than one location may
be output if several are equally or similarly likely);

. The velocity hypothesis with the lowest cost value (more than one velocity may
be output if several are equally or similarly likely);

. A set of location hypotheses with cost value within some predetermined distance
from the location hypothesis with the lowest cost value;

. 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
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:

C(Q, Py=abs(|P-1|, +|R-P|, - Ly, ~ Atye)

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 GT:(P_T)+(§’S—ﬁR).ER_P)+c£
' |p-1], — r-7] @

2




where the follow ng | abels apply: CTtotal conbined cost observation index;
nunber of cost functions being applied, and nunber of observation 1l5sets;
aga wei ghwvoappliiserfsto cost function j for observation i pCandi2bipootseses on
one or nore inflector properties, assuned constant across all observations
in the input set. For exanple (13may include one or nore of: 20Phypot hesis
on the position of the inflector; and hypothesis on the velocity of the
inflector. WO 2010/ 144973PCT/ AU2010/ 000??8 28 Cost functions nay al so be
combi ned across observations occurring at different times by considering
the inflector velocity i;i5 to be constant. Gven observations SIMand (k]
at tinme TMeaswh(Yklctionemagpybes shbstitutedeby] o1 cembiried withk semEUBtheFdunction,
exanpl e, cost functions maa/ be conbi ned over two observations to form C,
g{l_d} 5t hleE;(@'ﬁ'@%SEMsWW"PUt'ﬁ'QiH pplied to formC as follows: C (ON, 5-2[K],

N = abs OP[i] - TUl02 iI] PUL112 LTRUL- At ufi +
P o boweRs OFLT RET] [i1C) + abs TP[K]

. multiplication by a scaling factor; and

5 .« log.

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 Cr =Y a,C (il @)+ a,C(QiL, ) +..+ ) a,C, (Q[i1, 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.



R k]- P[112 - LTR kK]- At 12[K]c letting P[i] = P[k] - i;j5 (ilk] -41]):
(- p (r[k]- TN - T[i] 2 i;P291)112 CV2[i],11[K], P[k]) = abs +P[K](T[K]-
"L, TRE] -WOQ0(0Eg4978) + abs (11P[ k] - TR1112 + R[ k] P€2/AU20LiDR0KI68 At
12[ k] c) Cost functions may be applied serially while reducing the size of

t he hypot hesis set on one or nore inflector properties (e.g. location
and/or velocity) at internediate

28

Cost functions may also be combined across observations occurring at different

times by considering the inflector velocity ¥; to be constant. Given observations Q[i]
and Q[k] at time <[] and 1[k], we may substitute P[i]=P[k]-¥;(z[k]-<[i]). For

example, cost functions may be combined over two observations to form C, and

5 then the substitution applied to form C’ as follows:

C(Qi1, Q1K1 PLi), PLT) = abs (| P1i1— 7171, + R0 - PLil], - L Li) - Aty lile) |
+ abs(Hf’[k] - T[k]”2 +|Rik]- }3[k]]|2 — 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])|,
— L[] At [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.



steps if desired, e.g. to reduce conputational conplexity. For exanple the
10 observation processor may cal cul ate the cost of each hypot hesis using
one or nowe 20wet4497anct i ons, then renove hypot heses frompChARetl/wbm8 have
cost greater .than some threshold, or have cost greater than some di stance
fromthe | owest cost, before applying one or nore further cost functions to
the reduced set. In one arrangenent the observation processor 302 assunes a
stationary inflector 15 200, and applies 8 cost function derived. fromthe
first and second constraints as descri bea above, to determ ne the cost of
poi nts around the transmtter 100 and receiver 104. An exanple result is
shown i n|Fitgyrararydmentr ther sigdaraatiom prduessboBORralso applies\the dellowiagdcdstght
regi ons indicate high cost. As expecéed, t he nost Iai&rggc{eyspﬁﬁar a%St%'ri%i on
det er mi n&nasignt haseshyepy dbe slerivativegtthe $RGANG gafistr gdiahovedn Ea.
20el liptibcal . The circle marked 200 indicates the actual |ocation of the
inflector. WD 2010/144973PCT/ AU2010/ 000768 29 In this arrangenent the
observation processor 302 also applies the follow ng cost function, based
upon the derivative of the secgnd.constr int~gesacri bed abqve in Eq. 2: C
(C, i3) = abs(,-lllPC@Pﬁ?ah%é%fﬂ"ag+ﬁaﬂR5FP arelxos: 4h the cost across
the region according to this function. The observation processor 302 then
conbines results fromthe two cost functions, e.g. via a |linear conbination
such as i e i } | Wikl A0Crhe

Fi gur% llﬂgﬁ%\/\rgﬁgngﬁ ﬁ\('avrg ty)%latﬁgﬁaaregis%l ?.%Sg%@%réﬁ?zaggnng gqnlgog]:ﬁgg?\t of the
10 obser vbtematipn pressssor B2 thenFcgubinesaesults fions thedwotaest feraiions; €.9.

generated, using a second. observati.on bags on _a.si elVv after
Pho 11 1 otieBdBRaRePGR RN SR A b bsant N6 e uap SROREEcios 4R A
recei ver FlfiffeCiy¢se the plot to differ fromthat of Figure 10. In all plots
the set of " nost likely |ocations predicted for the inflector includes the
actual location of the inflector 200. 15 Figure 12 shows the result after

the obsepyqlb o1 PERRAS THotRER eRample TR ME et or rthsUbarmes Bawadirfien ofirtae10
and Figure 11, e.g. via a linear conbination. The | eftnost plot Figure 12A

shows0 t hebsematinrpreesssior 302:a Figure 39t Im thie crsea thr restdlisrgenerated Ysingad and
d trai ntS, i i f Lllasteateds i j
Ton ang $eRoRd b BrvaliPn i oG ek RRel O fdding driét e it BsEhBERS

t he cost wWagnelkean RMrvethamast theetrdesritier iN09 ahdtreceivecd0d causst thes plot tbe a
conbi nation of the costs illustrated i

(Ii in Fi% flOB ? 135%8. The ri hg%g?t

ol ot Fi gilfes o ha ehviiouiee 1 Dot Al et ring seh af mast kel Tesationsradicied fasor

obser vat 'tr?%gmebrbrff?aaagéﬂ?é%&ﬂa%céﬁ% 6PHeSinfiédtepboat ed in Figures 10C and
urther o e.g. f

11C. By conni ni ng servati ons, romnore received signals
and/ or anot her receive antenna, the 25l ocation of the inflector 200 may be

further rediefh sh¥fsARLYeldt LRPHHE BRRAUIRAOF@Res8or 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



hypot 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 |imted
by appl yiwgQ 2a10ni4¢d7@r cost to speeds outside of sone predeTiatediormomge, or by
assigning a cost according to sone distribution controlled by speed. 5It
may be appropriate to constrain the direction of travel of the inflector
200. For exanple, it may be appropriate to consider the inflector 200 as a
reflector, and constrain its direction oéotravel to be tangential, or
orthogonal, to the ellipse 800constructed~using the constraints, shown in
Figure 8. It nmay be appropriate to constrain the location and nobility of

the i nfl egpethed@8:mapbeldhicuiaeal aﬁertémuaﬁ Icﬂmtorrmb@@caastrbmts:onahdeypeddto
be headlgglnadlrectlon where its I's not blocked. Nap [;‘? be

used to ©bitke inflesterrd@QcFer examwie. dheanﬂp%bﬁwqqfnsaychet"ﬁmedt P)é@BP
constrai iy ﬁ\ér et 18" era%aﬁufgi oP%BPr‘E@ Wﬁ\%n' ﬁg;eb%rtWa@@ nin % gbqve

t echni que al'so e appl'red 1n the ca envi ronme

i ncl udes amsubtd"m t sorhealistribatiorEaottroltidi by speedl nflector will i nduce a new
feature in the channel, e.g. a newtap in the tine domain channel, and
hence new set of constraints that enable inflector properties such as
posi t§on lanthyvisé apiproprizte tthecomdtain treadirectidreof travebob thed énflectkom2@0. Usirng

t he above nethods to estinmate fhe environne surroungl wi rel £5S 2
conmuni c &¥ABINE sl ham e BRRECRTAE T ﬂa‘f‘?’?ﬁﬂd%fbﬂlﬂ "#{?89 g(li)é]%r?nén'ieﬂ%

proc esse%ﬁ&?’aw Ry 'dﬂ%@tuéﬁ) drafdvell @Bt Se t8ngentldneod bhhégoﬁéld/t@rthéCélWBSOOf a
vehi cl e, and used as input to another connected system such as: a

vehi cl e cpsstucted usingithel constpintershaBainsbipute/8syst em For exanple, the
information may be used to: provide an alert when detecting a potenti al
collision threat; WO 2010/144973PCT/ AU2010/000768 31 nodify alerts, e.g.
by changilihgay e alapnopaata‘ tot ¢ansitain the)looahen andrmobilityggfethe lﬂéﬂ@l@ézf)ﬁe For

i keI hood of f Estl VAR

i r of Bes SafiRln LRNGREOLI00 BN, PR R fhid, SEoE Reebi A dhshisuen? s o

used to igHeH Q¥ hddASbéke)) W@a@cdaiéamy be used to constraln 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;



5 For exanpl e, know edge of one or nore reliable sources of position
information, conbined with their relative location (as determ ned via

det ect i orwoOnecldita7d and/ or characteri sation) to an unrelPCaNRIBIVI®TE Of
position information, may be used to detect, track and correct the

unrel i able source. Information obtained by estimating the environnent
surrounding a wireless 10 conmmuni cati ons system may al so be used to detect
and/or correct erroneous map infornationgqor to augment existing nap
information. These map alterations nmay also be provided to a central body
responsi ble for reviewing the map data and -di stributing updates. The
envi r onment eatddifqtalertsrqubby chan@nQithr&zna&rérqﬁttﬂ%ab@b@rﬁea}altItréggei,, or in
150f fl i ne node, %q es neguI data that was collected prior to its
execut i on. Itr% g I 'é?%‘i Bg f@lsshalertPhe i nvention disclosed and defined
in this specification extends to all alternative conbinations of two or

nore of the individ features nentioped or.evident fromthe tex r .t he
dr awi ngs Sﬂ\mat'f’ﬂé%fell!‘ﬁl ?@‘@F‘Eﬁ?e@oﬂ'ﬂf‘ﬂﬁ‘ﬁf%é WHﬁZe(sist ?ﬁ@wqag'ﬁgsaﬁytsgﬁrﬁa\f'%ve
aspects Bbdi%’ SR5EABed 4BblethhY S Beb@sdN e impRVE bb@liloﬁlhgléwuf@lcy

corrprl ses Its granmatical variants as used in this specification is
equi val efbr teuamniet bnowladlel ofdese crnmoss deliablactousees St RPsitiPne idPIRRYRN. t he

oresence coh ol Bet. (6! SIS Sa e EERHHN T8 aclARBE 4 HEIBEEH AHRRIY RS 22

d ai ns: envi surround rele

communi Céhb%t&l@‘h@ﬁ) t6 e @nvelra@motnomof pdsm@namfdmtonomeay el asédrtot hat
inflects transmtted signals, the nethod conprising: 5receiving an input

si gnal t deteskitrackand éﬁfacﬁthéhW'tacbé? SPYCE recei ver via a wirel ess
conmuni cat i on channel ; recei ving systemstate information pertai ni ng

to at | east one of the receiver, the transmtter and the |Qflect
estimati H@foaﬂaill@asﬂb@m?dp Y eestmating nthei RNVIONGIEN 2 SHEOYRJINGe 3 e‘ﬁ’E?\?éa

101 npyt kb ! GBS 16 EBFHR Grishebl8i B

cl ai %h%?'gfnr{ salﬁcfhg\é{k)ﬁ1 | élgé?)e n{égg{&;?é ss%'dooge of arp05| tion gf

the at | grfstmation, | orf toeatigment exnstlng map mformatnon 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.



a velocity of the at | east one inflector; 15an acceleration of the at |east
one inflector; a heading of the at |east one inflector; a speed of the at

| east onewbnbioeatws; and an el evation of the at | east oreTimbbeabers 3. A
method as clained in claim1 or claim2 further conprising; 20issuing an

al ert dependent on the estinmated property of the inflector. 4. A nethod as
claimed in claim3 wherein the alert is indicative of a potenti al

collision. 5. A nethod as clained in any_qne of clains 1 to 3 further
conprising: conparing the estinmted at Iégst one property of the at | east
one 25inflector with mapped information descriptive of the environnment; and
VO 2010/ ¥44imsPCT/ AU2010/ 000768 33 generating an indication of
erroneous nmapped information if said conparing indicates a discrepancy. 6. A
met hod as clainmed in any one of the preceding clains, wherein said system

ﬁgggfnénﬁeglﬁgg @&tﬂd&fdﬂ@%ﬁnﬁftinb%ﬁémﬁﬂﬁmﬁéﬁt shP@Shting s wilekssds, accel eration;
communication system, the environment including at least one inflector that
inflects transmitted signals, the method comprising:
5 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

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



10el evation; time of transmi ssion; tinme of reception; transmt power |evel;
receive power |level; 15signal to noise ratio (SNR); |ocation of system
conponentwp 28tovi4¢478r e of a host supporting the transm t PEr/AArRo0tolpe0T8CEI Ver ;
presence of an obstacle; information relating to an obstacle; 20tenperature
and weat her conditions, rain sensor information; sun sensor information;
vehi cl e wi ndscreen wi per rate; information avail able from autonotive
controll er-area network (CAN) 25bus; map gat a; statistical confidence
estimtes for any of the above. WO 2010)?’ 44973PCT/ AU2010/ 000768 34
generating an estimate of the conmunicati on channel between the transmtter

and the recei yeheratingtan ifditatiba &f @sronleausetappedinfororationfif ¢did precedi ng
clains wherein said step of receiving systemstate information conprises
ext r act i 6eMPREingindicates SAIREHPARCYon pertaining to the transnitter fromthe
received input signal. 9. A nethod as clained in any one of the preceding

clainms conprising deriving additional systemstate information fromthe
recei vedBsyst Annethadsas aleipad in 8AY 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:



10. A method as clained in claim9 wherein additional system state

10i nformation pertaining to the transmtter is derived at the receiver. 11.
A et hod e 2010zi4md i n cl ai m 10 wherein said derived i npai/ARstodmss at e
information pertaining to the transmtter includes at |east one of:
transmtter speed; transmtter acceleration; 15transm tter headi ng; and

transmtter velocity.  12. A nmethod as clainmed in any one of the
precedi ng cl ai ns conpri si ng: generg&i ng an observation, denoted Q
fromat |east one of the received input Signal and the received system

state information, the observation 20including at |east one of: a point T

representing ybaepaidigtaroestrhatehsf the zormunieatiomcpanmel between dsent i ng t he

position of the receiver; an instantaneous velocity vector i)-7. for the

t ransni t t@nsmitten and e "eF8YES vel ocity vector i:i? for the receiver; 25a

channel estimate h; a tinme of the observation T; and WO

2010/ 144973PCT/ AU2010/ 000768 .35 the recei ved signal;.13. A nmethod as

clai med Bn anf® BREhask as plaiped dzanygnelof ithe PEeses %F'ﬁﬁ“@é\f‘n@fﬁlﬂiﬁ%‘?

observat i r [ | : L ' ' i relate to
sggrbzoig r%cteﬁ/ﬁf‘gfe SPF%‘% dtRSinfBRhAISh YORPRLEs SRIrdctiRP§ystah a

at | east OW ng cases:
5 information pertaining to the transmitter from the received input signal.

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 includes 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



50 each of a plurality of received signals corresponding to nultiple
transmtted signals separated in time; each of a plurality of received
signal s cwonespamddng to nultiple transmtted signals overiAappedodtest i ne;
each of a plurality of channels induced between a transmtter and a
10receive antenna, in the case of nultiple transmtters; each of a
plurality of channels induced between a transmt antenna and a receive
antenna, in the case of nmultiple receive,antennas; each of a plurality of
channel s i nduced between a transmt anteﬁﬁa and a receive antenna, in the
case of nultiple transmt antennas. 1514. A method as clained in claim13
conprising:  the receéivedigg@alnul tipl e observations containing common
conponents to avoid replication of said comon conponents. 15. A method as
clainmed in any one of the preceding clains conprising: generating at |east

one hypothesi A@@tﬁd&é’é@laﬁﬁé&l%aﬁ* ohB®faihe prasdimydaiipcomerisingof t he | east
one inflector. 16. A nethod as clainmed in any one, of _trg)g) precedi ng cl ai ns
§

wher ei n genheratiegi ehservajionsfpr use in %ﬁiﬁ!%ﬁiﬁ‘tfﬁﬁgxﬂ’r@d§t" $Aid QOSREMAENIQNSt upon at
| east onl%ngo%ieér#@(t%&f’a{%toﬂtﬂg%”c%mgg%ggsf nfl ect or. 17. A nethod as

cl ai ned erei n sail timating is constrained 25 such that:

36 T g LTpré Tpach Roft 4-RituraliBR of0 reduived sigsals poiresporefimgstentraigiplene
position of the transmitter; is a paint representing the position of the

recei ver; 5Pi ¥aaspittett sigeplscsaparated InRE'S0si ti on of the inflector;

o each of a plurality of received signals corresponding to 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 muitiple 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:



- (P-T) is the unit vector in the direction of TP " 1113 -12 (R-P) PR -is

the unit vector in the direction of PR, P112 LTp=rp is the distance between

poi nts T WO®R0Fy142973 LpR =VP 112 is the distance Ipemagemopoirss P and

R, and 10 ILL denotes the L2 Norm 18.A nethod as clained in claim116 or 17

merei n said estimating is constrained such that: LTp LpR - LTR - Atuc = 0
ere:

36
T+ Lyptiyy — R+ Lpgiipy =0
where:
T is a point representing the position of the transmitter;
R is a point representing the position of the receiver,
5 P is a point representing the position of the inflector;
i “(P Jh) is the unit vector in the direction of TP
il (R P) is the unit vector in the direction of PR;

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

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.



Atl12 =t2-ti is a tap delay difference between two tinme-domai n channel
taps, froma direct signal propagation path at tinme t1l and an inflected

si gnal prwpagaider3path at tinme t2; and is the speed of PCIrgu2010/0M68

2010/ 144973PCT/ AU2010/ 000768 37 20. A nethod as clainmed in claim19
conprising determning said tap delay difference paranmeter At12 by
nmeasuring a delay difference between taps corresponding to the direct path
and inflected path in said estimte of t comuni cati on channel in the
time domain. 5 21. A nethod as clainmed in any one of clainms 16 to 20
wherein said estimating is constrai ned such that: 177' 617TP +-1-3.R). 17PR +
C n v Cp3. wheymethiod ds thairhéeé in oleirartSacmopssing | detetminirg said thpr t he
transmitter; 1017Ri s the instantaneous vel 00|t q\h&%tor for t he receiver;

fﬂ s thef ﬁl’ﬁ?\ﬁ@ﬁ@ﬁﬁ@@@é@@e&r i 84, \RYCTEASEHI BKiE granse betwieen, f r equency
of fset of the inflect th
ot gnal : CiaRs cRiRA R b et pat,end g pah il sABE et o *Th el &t m

21 and d%ﬁﬁ?ﬁ@r’ﬂ&aﬁh ehanBl Tn Meetiderdoraaid. f requency of fset parameter co is
det er m ne romsald estimate of the communi cati on channel .

5 21. A method as claimed in any one of claims 16 to 20 wherein said

estimating is constrained such that:

S - o~y = 1)
vT-uTP+(vP-vR)-uPR+c——O
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:



23. A nethod as clained in claim22 wherein said frequency offset
paraneter co is calculated fromsaid channel estimate, h, in the tine
dormai n, 280asiwtie7sat e of change of phase of the tap corcesyendioogeéso the
inflected path relative to that of the tap corresponding to the direct
path. 24. A nmethod as clained in clains 22 to 23 wherein cal cul ati on of
said frequency offset paraneter co fromsaid channel estimte is perforned
for at |east one of the foll ow ng cases: ,,WO 2010/ 144973PCT/ AU2010/ 000768
38 across the duration of said channel &8ti mate; across sone section of
said channel estimate; and at intervals through said channel estinmate.

25. A rmethod agrédsthBRflirhfloBysaiiehahnel @étibatés to 24 wherein said
S5estimating is constrained such that: din-112-1=0 ; and 26. A nmethod as

cl ai med i n el acrassisme sgstiomef said chanpetesttpatsi And are applied across a
plurality of o) r Hﬂ?fej on on the 10 position of one
or nore sys?e%?@g%ﬁmgeﬁ@“‘%ﬁ]9%"’@?@58?‘3?‘0 I re, the system conponents

conprising at |east one of the inflector, the transmtter, the receiver and
a source ,@f syst ) I I. ' . laigwed in claim?26
wherein 3 id Z‘s’ﬂ“.%@h‘%ﬂf %%;aaérn%gr@?bgi%ﬂgao f%(r:ar'g@s@{d;?ﬂxgﬁr%b%o observati ons
such % halgstiflibglis- Ehétrained SMeh Mat] ) - T[ k] - 1- Tp[ k] firp[k] = O where:
bracketed terns indicate an observation index; r[i] is the time at which
observation i was taken; and

|, —1=0; and

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



r[k] is the tinme at which observation k was taken. 20 28. A nethod as
claimed in any one of clains 16 to 27 conprising deriving further
constrai nwe 20wvi4sEBd estinmating by differentiati ng w t hPCESIRAL0/00G7681 Ne.

29. A nethod as clainmed in any one of clains 16 to 28 conprising: conbining
a plurality of said constraints to forma system of equations, and WO
2010/ 144973PCT/ AU2010/ 000768 39 said estimating conprises solving said
system usi ng at | east one ‘i nput observatggn. 30. A nethod as clainmed in any
one of the preceding clains wherein said”Estimting generates a set of

feasi ble solutions for the inflector property. 5 31. A nethod as clainmed in

clai m 30 sgm@gtinséqu écﬂﬁFﬁgé&sémmgsﬁiq e sternasing et iledst @piednpptr oper ty
solutions using at 1 east one of: additional constraints; and additi onal

i nput obobseamations; 32. A nethod as claimed in claim31 wherein the
addi ti onal observations 10are provided by at |east one of the following: o

reception of at |east one nore transmtted signal fromthe sane,.
transmt 38 : & methgst asalaimedin pey onenidheprecadingglains ¥heseaid t r om an

I _ . _ , g : q
S gnal vestRURg geelated kel ¥ TR Scichle BF g ARGBR B (PO g T
claim16 to 32 conprising making a hypothesis on inflector location P[k] =
Pl i ¥ | .. . _ ¢ thi

hg/:oz)t %elsi@'gah r&\PlﬂLosJ%%élaﬂ’be%ﬁlaé ]:ﬂé&{égﬂ%b églg% s'hggrit'engggélpgbseri/;t i on

taken at féadiBledhflector 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.



34. A nethod as clained in any one of clains 16 to 33 conprising deriving
one or nore cost functions fromsaid constraints and eval uating costs for
one or nowe 2hypididteses on one or nore inflector 25propePCIradj20W4i00my8 at

| east one input observation, to estimate said inflector property. 40 35.
A nmethod as claimed in claim34 conprising selecting a set of points to be
used as inflector |ocation hypotheses by quantizing a region of the

envi ronnent . 36. A nethod as claineg in claim34 or 35 conprising

sel ecting a set of 5instantaneous vel oci Pes as hypot heses for said
estimating. 37. A nethod as clainmed in any one of clainms 34 to 35

conpri si ng, copbinatHudl &s blaimhad it glafrh 320sdmprisingiselextiagreosst aftpdirtasd one

I nput observati on. 38. A nethod as clainmed in claim 37 wherein said cost
f unct i ondeaisedaasmibliaelor qaben hyrpthesesdananiizing aredPn@f iRii ng sai d

obser vat ieﬂoﬁ‘%ﬂrggﬂtn 10 sets Q, 0 -1, -2,, as follows: cr = E ail (QU,
(13) + ECit2c2 put 4.0 i C21li ES12i Er2" where: CTis the total conbi ned cost

is the observation index; 15 nis the nunber of cost functions being

appl 1 ed. 5gnd AUYFRHo hs BREAEY T bl S & 358bmpfisig SHibctfiePh Serft 0 cost

function™ for observa
5 instantaneous 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.



ci ) hypot heses on one or nore inflector properties, assumed constant across
all observations in the input set. 20 39. A nethod as clained in claim 38
conpri si ryocormisd7ag one or nmore said cost functions acPossRO0EBIty of
I nput observations occurring at different tinmes. WO

2010/ 144973PCT/ AU2010/ 000768 41 40. A nethod as clained in claim38 or 39
wherein said conbination is perfornmed for observations OM and { k] using
the substitution: fi[k]- ip(r[K]- mhere:4? bracketed terns 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

hypot hesigg). on Al inethitsd &8 claffe@ e BlEiMBE dsressmmbt'e‘mrsaw comeiratibhdst or
correspondi ng to observation index k; 10r[i] is the time at which

obser vat ipefformed don efkaatyvations fkand Q[K]H@'mg stbstitutian: observati on k was
taken. 41. A method as clainmed in any one of clains 34 to 40 conpri sing
appl ying said _cost functions serially; and reduci ng the size of

a hypot hegfijs= B -@1(cpkle-¢4]) nor e inflector 15properties between said serial
application of cost functions. 42. A method as claimed in claim34
conpri si ng:

where:

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:



calculating the cost of a hypothesis using at |east one cost function; and
reduci ng the hypot heses set size by renoving at | east one nenber, 20before
appl yi ng W0 2bmai976ne further cost function. 43. A netircti/AARowl@irsed i n
any one of the preceding clains conprising constraining an estimted speed
of the inflector. 44. A nethod as clainmed in claim43 where said
constraint on inflector speed conprises at |east one of: 42 excluding

i nflector property hypotheses having spe 2 out si de of sone predefined
range; excluding inflector property hypg heses according to sone
distribution controlled by speed; 50 applying a higher cost to speeds

out si de of éowcl@:ﬂﬁd‘fﬂ‘niﬂé&@rb%my lBypsbthased Baving speed dutside of domg t o sone
distribution controlled by speed; 45. A nethod as clainmed in any one of

t he precedi ng PEEETiREAI@RPRI si ng 10constrai ning the at |east one inflector

property by_c ' | ' } SoRse Afstrinionef | ector;
heading in 3 %?r%@ﬁdoﬁg\e/\#g?gkgxépﬁﬁ%%tﬁgﬁéeg?%?rgﬁpgé I'S ng{StrE)bllggr?ed; on
some constrai gedtrpiedbyepeaedd by a map; and 150 on a road. 46. A nethod as

claingd in cl aa'pr;T)]IyanC 2 Hhaner cost o Isr?é:r’edast oS of¥ind %géééfﬂré%lrange;
and -

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

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;



feature of said estimate of the conmunication channel induced by the
presence of at | east one additional inflector to determ ne at |east one
sai d i nfwotoro/guoperty for said additional inflector. POTAU20R/00etRod as
claimed in claima46 wherein said additional channel feature is a tine
dormain tap in said tine domain channel estimate. 48. A nmethod as clained in
any of the preceding clains conprising; generating an output based on said
estimated inflector property; and providh g the output as an input into a
connected system 25 49. A nethod as clarhed in claim48 wherein said
connected systemis at |east one of: a vehicular system WO

2010/ 144973PCH/ roHd&ldE 8piéa ahd 0 a road-side system and o-a safety
system 50. An apparatus for estinmating an environnment surrounding a

wirel ess cormarfiafelyisystei)st em the environnent including at |east one
inflector that 5inflects transmtted signals, the apparatus conprising:
a first input for receiving an i nput signal transm té_ed froma transmtter

to a recépyerAW%Pniifﬁqsépé§§t"86ﬂ'?ﬂ|ﬁp(%WBH"’@!’?&EH@P‘,‘” Ing @ WKeesBond i nput
for rece'c&trﬁ%u@éféﬁ&ﬁ%ﬁtgﬁetﬁé‘é ifBHh iR@IDHﬁ'n‘gZ%trlSahcblfg infIBeRf tipgte of the

receiver, ransm and the I nflector; "10an environnent estinmator for
est i nft i ifleats frarsitiedesignalpetheyappfaratus doniprisingr based on the received
i nput signal and the Sést em state information. A system f estimating

51. .
an envi r onneng fissinBuh _Fﬁ@CQiViﬁBraé‘l ipRYt ﬂﬁ%ﬁfﬁr&i‘?'ﬁ@ﬁ f%@éﬁ“i"l’l‘ga@nvi r onment
I ncl udi ngorr%heé‘rggg; vi%@lr?felsgCctoﬂ{mﬁﬁi%tibr%@ﬁﬁeﬁ; transmtted signals, the

systemc east one transmtter; a receiver that

receives an i adcoht malt for psTeiving eystémostateimfomeation pertainingdoatwi r el ess
conmuni cati on channel ; . . )
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.



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 orywO20mn4¢4m3i r onnment estimator in data communi caPCOmU2)tk007Tee
receiver and the at |east one source of systemstate information for
estimating at | east one property of the inflector based on the received

i nput signal and the system state information. 52. A system as cl ai ned
in claimb51 wherein at | east one of the taansm’tter, 25r ecei ver and
inflector noves. 53. A system as cl ai med% n claim51 or 52 wherein said at
| east one transmtter and receiver are collocated. WO

2010/ 144%A3PCH APt Pregiath produkt cémpaisipgtraachine geadatyle gllogtantonpr i si ng
machi ne readabl e program code recorded on a nachi ne-readabl e recordi ng
medi um  fcededeeRnder ana marhingreaadabls regordinggnedigrm fels oM inghtieat us on
whi oh 1 NGRS £ 886 SERESIAG albgapﬁ%%%ﬁcﬁ?rﬁé‘ﬁ%g{/r@ﬁw &sdd Mating an

envi ronment” surrounding a 5 wreless conmuni cation system the environment
i ncl udi ngxatufesds tpeofioemi anfrieticdd fortdstimatingl acesvitanamsnti suredinginghal s, t he

met hod conpri sing: ... recejving an input signal. transmtted froma
transgi t tfeless %M'%'P”\ﬁﬁ*eénvﬁﬁe%’é@ﬁmﬂiﬂ%%épg@i '%‘%ﬁ’ﬁ'gl ;

' eCel VI NGniaetdraibinflbets! friniRLH @y [thé Méttiod eoniprisfigpt one of the
10receiver, the transmtter and the inflector; estimting at | east

one property oécdiviagianfinput signakdsansmittet ferom adedansmittentsua recejvern viand t he

system state informatian. .15 )
a wireless communication channel;

receiving system state information pertaining to at least one of the
10 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.

15



