Characterisation of a Wreless Communications Link Field of the invention
The present invention relates to the field of wirel ess comrunications. In
particul ayot2om/puesent i nvention relates to the charact ecirsatiomoofs2 a

wi rel ess communi cations link as either |ine-of-sight (LOS) or non

| i ne-of -si ght (NLOS). Background of the invention Wreless comunication
systens may be represented in terns off a transmtter 100 and receiver 104,
separated by a channel 102, as shown in Figure 1. The transmtter

transforns theadata into a.signal itable {or transm.ssion over the
channel . For tqg‘a;f@rcﬁﬁgssaaaté‘?no%?@r‘a“ﬁ? sflq-Ieothb‘a"ﬁgf'&!kthe goal of
the receiver 104 is to renove the effects of the channel distortions from
the signal and to obtain an estinate of the data. The receiver 104 may al so
provi de paraneters pertaining gaid BethEsRletfbrsi gnal , such as a neasure of

recei ved power. The channel 102 represents the effects induced by the
envi ronnment surroundi ng the wirel ess communi cati ons system The channel 102

may di . ; : 2 i .
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I nterference. Spati al ranmeters pertaipi to the transmtter 102 and/ or
rec i\Féﬁf‘eiﬁﬁe'8§'\§|@@9§$°58°ﬂﬁ'8 '.'@@Hﬁﬁ%mters may i nclude spati al
coordi nates, velocity, and acceleration. For exanple, the devices may be
positioned at known fixed | ocations. Spatial paraneters may al so be

obtai ned froma G obal PosiBackgriurfd 6f the (riéntiorecei ver or sinilar device.
Furthernore, spatial infornmation relating to the transmtter 102 may be
passed to the receiver 104 within the transmtted data content. An exanple

of sudNiralegaseniaghicatiom sPsdhanay behipreseg ifCarmysicatiansmittd?SRO and
SyStenr1e;a’cei\\ll\/<(a]|Sa r1<(a)4’ separated by a channel 102, as shown in Figure 1. The transmitter
transforms the data into a signal suitable for transmission over the channel. For the

10 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 receiver 104 may also provide parameters pertaining to the received signal,

such as a measure of received power.

The channel 102 represents the effects induced by the environment surrounding the
15 wireless communications system. The channel 102 may distort the transmitted 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.

Spatial parameters pertaining to the transmitter 102 and/or receiver 104 devices may be
20 known. Such parameters may include spatial coordinates, velocity, and acceleration.
For example, the devices may be positioned at known fixed locations. Spatial
parameters may also be obtained from a Global Positioning System (GPS) receiver or
similar device. Furthermore, spatial information relating to the transmitter 102 may be
passed to the receiver 104 within the transmitted data content. An example of such a
25 case occurs in Dedicated Short Range Communications (DSRC) systems, where
transmitted data may include position, speed, acceleration and heading information, as



transmtted data may include position, speed, acceleration and headi ng

I nformati on, asdescribed in SAE International, "Dedicated Short Range
Comuni cawDanr/#BBRC) Message Set Dictionary,” J2735, DecemirnoZ0062
Reference to any prior art in the specification is not, and should not be
taken as, an acknow edgement or any form of suggestion that this prior art
forms part of the common general knowkedge in Australia or any other
jurisdiction or that this prior art could reasonably be expected to be
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art. Summary of the invention'The present I nvent row

char aM&srsagetSeirDloﬂiormrw nJéVéﬁ,sDeoember 2@dé.ons |1i nk, by proceSS| ng

i nformati on pertaining to system conponents and i nformation extracted from
the received waveform The w rel ess comuni cations |ink nmay be

char aleferesed tasary prioeadfinsthghdpgdifidationris mut; And esholids hghbe(thkél)ad, iamk. 1 n
one aspgect of the invention tpansm ter I nclude their t he
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the invention there is provided a for characterising a wirel ess
commuréasanablysbe iexpecteshtor be iasgertainedi undgrstendiandpegaeted ag relepast by en of

a tragéﬁgé)tnt%églﬁ(iﬁé I ng dat a repr esent i ng a pOSI tion of a receiver;

recei transmtted power “at an output of the transmtter;
receiving a neasure of received power at an input to the receiver;
generating at |east one non line-of-sight nmetric to characterise the

w rel ess |ink between the tiSummadryafthednvértiorcei ver based on the
position of the receiver, the position of the transmtter, the transmtted
power and the received power; and outputting the non line-of-sight netric
to ch@hactmresent timventiore! essvides methods for characterisation of a wireless

10 communications link, by processing information pertaining to system components and
information extracted from the received waveform. The wireless communications link

may be characterised as a line-of-sight (LOS) or non-line-of-sight (NLOS) link.

In one aspect of the invention transmitters include their state in the messages they
transmit. At the receiver the messages are recovered and form part of the receiver's
15 view of the transmitter state.

In another aspect of the invention there is provided a method for characterising a
wireless communications link, comprising:
receiving data representing a position of a transmitter;
receiving data representing a position of a receiver,
20 receiving a measure of transmitted power at an output of the transmitter;
receiving a measure of received power at an input to the receiver;
generating at least one non line-of-sight metric to characterise the wireless link
between the transmitter and the receiver based on the position of the receiver, the
position of the transmitter, the transmitted power and the received power; and
25 outputting the non line-of-sight metric to characterise the wireless

communications link.



communi cations |ink.In another aspect of the invention, a systemis

provi ded for characterising a wireless comrunications |link, conprising: an
I nput opewakbh®/Me7pecei ve a point in space representi ngPChAoVWI®A Oof the
transmitter; an input operable to receive a point in space representing
the position of the receiver; an input operable to receive a neasure of
transmtted power at the output of thé transnmit antenna; an input operable
to receive a neasure of received power at the input to the receive antenna;

an non_|jn&-of - sight_( ect Qr era . | east. non
l'i ne- rc?)rf‘ sdlng?r%&rrae rel%c Offc’)tﬁlét eerﬂmﬁ)befaeggstgﬁn{? gg)glé&(f%oﬁﬁt eaq %ﬁ%ﬁ%‘é‘ b %ndrqu%‘

out putcohtmumications livgk, icbenpriging:i ne- of -si ght nmetric. According to a anot her
aspect of the invention said non |line-of-sight detector includes a

transmi tarrinpat opeeablertodreneivec @ paintuinaspacevtepreseatiog| theepositidn oeft the s

t he di stt?nrﬁsg_ﬂ{&%,v\een the transmtter and the receiver, using said position
of the tT& 'er and position of the receiver inputs. According to a

furg her t | fav i btht AN e h bl -af Sy e iof s an
obeer e R Rt R B S 1O ol e B Sloh o M et
| oss, uslieegivesi d neasure of transmitted power and neasure of received power
I nputs. According to anot her aspect of the invention said non |ine-of-sight
det ect®oran iputdererablepteoreceive, at mepgyre ehitrapsmitiad RAWER ajdheroytpeisofthe
nodel | e : according to a nodel using the transmtter-to-receiver
di stancgréa)rzérﬁ%%ﬂﬁnlah anot her aspect of the invention said path | oss nodel

I s adjeusithpif RpRFULIE tOReddive AANERSIR of G8BEIVEd PoWer at the input to the receive
10 antenna;

e an non line-of-sight (NLOS) detector operable to generate at least one non line-of-
sight metric for the wireless link based on the inputs; and

e an output for providing the non line-of-sight metric.

According to a another aspect of the invention said non line-of-sight detector includes a
15 transmitter-to-receiver distance calculator which calculates and outputs the distance
between the transmitter and the receiver, using said position of the transmitter and

position of the receiver inputs.

According to a further aspect of the invention said non line-of-sight detector includes an
observed path loss calculator which calculates and outputs an observed path loss,

20 using said measure of transmitted power and measure of received power inputs.

According to another aspect of the invention said non line-of-sight detector includes a
modelled path loss calculator which determines a modelled path loss, according to a

model using the transmitter-to-receiver distance as input.

In another aspect of the invention said path loss model is adjusted depending on
25 environmental conditions.

In another aspect of the invention said position of the transmitter and/or receiver input
are provided by a fixed location, communication to the non line-of-sight detector; a



I n anot her aspect of the invention said position of the transmtter and/or
recei ver input are provided by a fixed | ocation, conmunication to the non
| i ne- of - sWwoh1odetwet or; agl obal positioning system ( GPSpPCTstpwAomL a,
and/or inclusion in data transmtted to the receiver. In another aspect of
the invention said neasure of transmtted power input is provided by a
fixed | evel, communication to the non4dline-of-sight detector, a measure
relative to some stage of the transmitter prior to the transmt antenna,

storﬁg#gei).aaq osﬁieﬁ{ Séﬁ?erhggﬁgf {r%@%@té tﬂ‘?\%/&%‘:fﬂl |orne|ﬁedé{§ RARGCS téthe

esti n ano invention sald neasu recei ved power
| nput réceipgrovi ded by at | east one of, output fromthe recelver, a neasure
relative to receiver input or some stage prior to the receiver input,

and/ or stored data. In another aspect of the invention at |east one

par ampt a@hotieecisbectef thd imvention daidemeasarcodf fransraitiedt polveonput isnpreviduet/ or
sai d neasure of received power input is provided to the non |ine-of-sight

det ecPyra fixed levph) GRINMENICANIOR 19 tharMaretng-of-§ighk SgHRCOT PnMERskifefe BRI of
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metric gen uses measur ed path 1 oss 1 nput ed path
| oss ldatmtransm'gteddoahe remjvexuapdtoram éstimsateone non | i ne- of sight netric,
e.g. where said output is the difference between the two path | oss inputs.
I n anot her aspect of the invention the non |ine-of-sight netric generator
maps t{mandther mpac’eofothbviaemﬁdres&iﬂmp%drel ofsrecéivpdtm:vmrtinpahietmevidedl bye

' ect of the mvea@{on sai d .non, Ee of - si ght
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accor diJae 'Sﬁbrtt8$hé(?éé§vé}fm§@{| dnbi/orRedrelt@ftd 0- receiver distance input. The
non |ine-of-sight netric generator may map the path loss difference to a

non |ine-ofsight nmetric value prior to output. The nmapping nmay conprise at
| 9@st |Pghdther aspect of the invention at least one parameter used to calculate said

measure of transmitted power input and/or said measure of received power input is

provided to the non line-of-sight detector, or a value for such a parameter is assumed.

In another aspect of the invention said non line-of-sight detector includes a non line-of-
sight metric generator which uses a measured path loss input and a modelled path loss

15 input to generate and output at least one non line-of-sight metric, e.g. where said output
is the difference between the two path loss inputs.

In another aspect of the invention the non line-of-sight metric generator maps the
difference between the two path loss inputs onto another value prior to output.

In another aspect of the invention said non line-of-sight metric generator bypasses said
20 measured and modelled path loss calculators according to the value of said transmitter-

to-receiver distance input.

The non line-of-sight metric generator may map the path loss difference to a non line-of-

sight metric value prior to output.

The mapping may comprise at least one of:

25 said path loss difference mapped onto said non line-of-sight metric according to
some predetermined function;



said path |l oss difference mapped onto said non line-of-sight netric
according to sone predeterm ned function;said path |oss difference mapped
onto a pr¥@eWYHi#H8d said non line-of-sight netric assi §ENMRBI0PAIT2pat h

| oss difference value; said path |oss difference and said
transmtter-to-receiver distance mapped onto said non line-of-sight netric
according to sone predeterm ned functPon; said path | oss difference and
said transmtter-to-receiver distance nmapped onto a predeterm ned said non

| ine-of - si ghid PBIT IdssadiffelsiRe hfappal osehl prabbfinfied 8bf h@hhld@éﬁSltc;ht

difference and said transmtter-to-receiver distance; a function tha
quant imetsc aabignpedita SB&tm*ﬂN@ﬁ;ﬂ@#&r\C%\mua function that quantizes said
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upper sawmrrye oﬁa@rﬁﬁié?ln@ub&mun@fdsd}na@lrwaeﬁﬁmeasmh&r&ﬁ to each bin. The
non |ine-of-sight metric generator may determ ne bin mermbership for said

patth | oss daidf gathross drﬁpc&nc&amﬂwsalhatarmmttepm-redeoﬁ distahee erapped ado a

bet ween |d.Io r .and u ndarles t hen uts ric
val vepheddtaianddcraid oy e ot SRHHC Hsionschles tistanrinations) SebhBale a
| east one gfss d.ﬁ@rehbe%ndvgat.@tdaﬁyﬁmt?érmhebmeﬂdmmesel ected such that it
demar cates the expected value of said path loss difference input as either

| i ne- of - si gifun¢tiadPShab quantizds seid phthsioghtdifferadce;harek bi ns, with boundary

between first and second bhins selected such that it demarcat es the expected

val ue of saifangiamthadguaptizascraid fransatrr-taeepvaEAistanee: of - si ght or

unknown, and boundary between second and third bins selected such that it

demarcates the expected value of said path |oss difference input as either
urfifhodhednap sy have ap irpujispace segmented into bins.

Each bin may be defined by predetermined lower boundary and upper boundary, and

said oUtput metric values are assigned to each bin.

The non line-of-sight metric generator may determine bin membership for said path loss
difference input, such that said path loss difference lies between said lower and upper
15 bin boundaries, and then outputs said metric value assigned to said bin membership.

The bin segmentation may comprise at least one of:
two bins, with boundary between bins selected such that it demarcates the
expected value of said path loss difference input as either line-of-sight (LOS) or non
line-of-sight; and
20 three bins, with boundary between first and second bins selected such that it
demarcates the expected value of said path loss difference input as either line-of-sight
or unknown, and boundary between second and third bins selected such that it
demarcates the expected value of said path loss difference input as either unknown or
non line-of-sight.

25 The non line-of-sight metric generator may bypass said measured and modelled path
loss calculators according to the value of said transmitter-to-receiver distance input.

The bypass may occur when:



The non |ine-of-sight nmetric generator nmay bypass said neasured and

nodel | ed path | oss cal cul ators according to the value of said
transm t t\EO20H/HEYBi ver di stance input. The bypass may GEEN2MHWNN0$AI d
transmtter-to-receiver distance is above sone threshold value; said
transmtter-to-receiver distance is bel ow sone threshold value; During said
bypass said non |ine-of-sight netric generator out put nmay conprise at | east
one of: a fixed value nmetric; a netric value cal cul ated according to sone

function okapptrshdrharte Péc%‘vér%“%ﬁbéﬁa%\fé §6}ﬁé thred@oleeaLyer may have two
or nore receive antennas. The observed path [oss is calculated for each

recei ve ansaidniaanshittet-tareseivearatistboce ecleéloar saime tlinesboldatatue;at i on may
conprise at |east one of: a calculation for each receive antenna where
per-antenna position information is avail able; a val ue consi dered

equi v@lwing seid bypassisaidnaen lindref-sight metkde gensiaidnt output hmaygsomeprdgenat leagt use
at | east gne metric calculated fromat |east one antenna to output at |east
one ofP"®P'per-antenna nmetric val ue; maxi num per-antenna netric val ue;

M i num peL-BaLSANR FF{%ttﬁé .c val ue; average per-antenna netric val ue, taken
across all "réceive antennas; average per-antenna nmetric value, taken across

a subset Of HRARE IR RIMAStedaBECEdRIgAto Sdrfe Mahatiombit SaitihgapehitRpitenna
metric values; The non line-of-sight detector nay nake an estimte of the

pover Tegeivaidistanget of the

The receiver may have two or more receive antennas.
The observed path loss is calculated for each receive antenna.

10 The transmitter-to-receiver distance calculation may comprise at least one of:

a calculation for each receive antenna where per-antenna position information is

available;

a value considered equivalent across antennas.

The non line-of-sight metric generator may use at least one metric calculated from at
15 least one antenna to output at least one of:

a per-antenna metric value;

maximum per-antenna metric value;

minimum per-antenna metric vélue;

average per-antenna metric value, taken across all receive antennas;

20 average per-antenna metric value, taken across a subset of receive antennas;

and

a statistic relating to the per-antenna metric values;

The non line-of-sight detector may make an estimate of the power at the output of the
transmit antenna and uses this to represent said measure of transmitted power at the
25 output of the transmit antenna input.



transmt antenna and uses this to represent said nmeasure of transmtted
power at the output of the transmt antenna input.An expected |oss nmay be
cal cul at ediOa0mag’ng t o sone nodel when said transm tt ePCTHNTROEI00ETE2

di stance i s bel ow sonme val ue, and then said expected loss is sumed with
sai d neasure of received power at the input to the receive antenna to
produce said estimate of the power at7the output of the transnit antenna.
The nodel nay be sone base | oss at a distance with an additional |oss per

st marcoRfEeifiosi il B caldRae Hic8ing T8 SheITIAEPYba Tl ffpfich 57 ¢
speci teceivaradistaniceeis Belowussaeivalli® amditiaen eaids expdictetiloss i®summéd avith

signal s, received fromthe same transpmtter, assum ng power at the output of
the tSaiksMeasHR Qﬁrﬁﬁc%&%élpob"@fs%ii @‘%E‘PPH&‘? dhgreeeye rﬁi&%’ﬂ“%tto tieduer $gid of

the teafnatd ofiieSitiier aﬁ@e:&%Bbdtio??ﬁé’fraﬁ'érgﬂ?n‘f'@ﬁﬁd.c generator conbines said

nmetrics derived from sai nputs recelve uring sone tine w ndow. The
conbi nati on nay be perforned by filtering nmetrics over the tinme w ndow
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Performng a kK average of netrics over e time wn rformng an
aut o- degads.si on of netrics over the tine wi ndow, and Conbi ning a tine-based
sel ection of sanples fromthe wi ndow. The non l|ine-of-sight detector is
enpl oyed to provide input into at | east one connected system The connected
syst eifheayorb inedof-sigfht tmetrie generatov eay vdcord gy saidnestmnateasf thiedsowgisakethe and

output of the transmit antenna for the specific transmitter and uses it to characterise the
link for further signals received from the same transmitter, assuming power at the output
10 of the transmit antenna equal to said estimate of the power at the output of the transmit

antenna.

The non line-of-sight metric generator combines said metrics derived from said inputs

received during some time window.

The combination may be performed by filtering metrics over the time window according
15 to some function.

The filter function may be at least one of:
Performing a block average of metrics over the time window;
Performing an auto-regression of metrics over the time window; and

Combining a time-based selection of samples from the window.

20 The non line-of-sight detector is employed to provide input into at least one connected
system.

The connected system may be at least one of:
a vehicular system;
a road side system; and

25 a safety system.



a safety systemInformation received by said non |ine-of-sight detector may
be used for at | east one of: providing an alert when detecting a potenti al
col | i si orwOlpwatsg9700di fyi ng the nature of an al ert; nodiPCyiatmgotoneoteri gger
of an alert; reducing the likelihood of false alerts. The non |ine-of-sight
detector output nmay be used for altering map information via at |east one
of : detecting erroneous map i nformati8n; correcti ng erroneous map

i nformation; and augnenting existing map information. The map alterations

nmay b?nfBFrﬁE{i \ ?eée%egj 6 8hid orpﬁ’rib’-of-gﬁg?gﬁ&k& rh8y bE&ise8WbNgt IeBSt SR oflat a

and distributing updates. The non si ght detector may be run online

as inputs besviding anaaleeiwhen détecting al potentidl-colliglun thedatct or may be run
of fl i ne, post _@_rocessi ng input data that was collected prior to its
execut i on. MAYiNg ibedwaiu alegl i ons 1ink may be | EEE 802.1 1 conpliant.

I n yet another.,. aspect, .of t i nvention nmethod said receiver has two or nore
ikl B tiager ofar 8

recei ve an ¢t of the invention said non |ine-of-sight

mety i ¢ geneddichg ARNNRS0d dF fals®hldres derived fromsaid inputs received

during some tine wndow. In another aspect of the invention said non
| i ne-of -si ght detector may be run online as inputs becone avail able, or run
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execution. Functional uses outputs o envir estimator are
al so temstonbed. Bri ef description of the drawi ngs Enbodi nents of the present
invention will now be described with reference to the

detecting erroneous map information;

correcting erroneous map information; and

10 éugmenting existing map information.

The map alterations may be provided to a central body responsible for reviewing the
map data and distributing updates.

The non line-of-sight detector may be run online as inputs become available.

The non line-of-sight detector may be run offline, post processing input data that was

15 collected prior to its execution.
The wireless communications link may be IEEE 802.11 compliant.

In yet another aspect of the invention method said receiver has two or more receive

antennas.

In another aspect of the invention said non line-of-sight metric generator combines said
20 metrics derived from said inputs received during some time window.

In another aspect of the invention said non line-of-sight detector may be run online as
inputs become available, or run offline by post processing input data that was collected
prior to its execution.

Functional uses for outputs of the environment estimator are also described.



drawi ngs, in which: Figure 1: is a schematic drawi ng of a conmuni cations
system Figure 2: is an exanple of a line-of-sight link; Figure 3: is an
exanpl e ovoaoror447one- of -sight link; Figure 4 : is a scirematti2zelodwenseng of a
non |ine-of-sight detector; Figure 5: is a detailed schematic drawi ng of a
non |ine-of-sight detector; Detailed description of the enbodi nents

Enbodi ments of a non |ine-of-sight deBector are described that allows
characterisation of a wireless comunications |link as either |ine-of-sight

(LGCS) or non |ine-of-sight.. . Rl i jpof ormation pertaining to
syst em conponents and in?%?'%@‘b?%"@ﬁ%"ﬁé’!ﬁ@%ﬁ?%“@%e recei ved waveform The
descri bed techni ques have potential application to wreless comruni cati ons

Short ERnEtesfRh e Praset e on Pl B e e w5l o s
( CALMdramigngBr iBpghiehary systens. In a wirel ess communications link, a signal

is transmtted fromtransmtter (Tx) 100 to receiver (Rx) 104. The presence
of objFégiire 1i.is alsehematic ciiawing of @ e@undinigations system,ni tter 100 and recei ver

10 | ead.t | tipl th t th ' . The t itted
o BB TR e bemnt 2. 5 by g |
refl egld 8 Pis hfe&éﬁﬂé B?a n'c:%é}fﬁgl-ﬁi?sri]&ﬁt ingf |l ectors include vehicles, signs,

bui |l di fgs or ot her structures wt he énvironnent. A wireless

comu Figtae 40 s a Ischémiatic dedwiagrafetomiing-oBsight detdoter, udes a dir ect

| i ne-of -sight path between transmtter 100 and receiver 104. Figure 2 shows
an ex&igure Sois a detdedi sohenmtie drawingwh 2 eandingrefisightrdeiectost t he recei ver
104 via two paths. - Path PO is -adirect |ine-of-sight path between
transmtter 100 and receiver 104, making this a LOS link. Path Pl arrives

at and receiver after hgafidd dddcrptidh 8f théBniidifferdS0:

10 Embodiments of a non line-of-sight detector are described that allows characterisation
of a wireless communications link as either line-of-sight (LOS) or non line-of-sight
(NLOS), by processing information pertaining to system components and information

extracted from the received waveform.

The described techniques have potential application to wireless communications
15 systems, e.g. DVB-T, DVB-H, |IEEE 802.11, IEEE 802.16, 3GPP2, Dedicated Short
Range Communications (DSRC), Communications Access for Land Mobiles

(CALM),and proprietary systems.

In a wireless communications link, a signal is transmitted from transmitter (Tx) 100 to
receiver (Rx) 104. The presence of objects in the environment surrounding the
20 transmitter 100 and receiver 104 may lead to multiple paths arriving at the receiver.
The transmitted signal may be inflected by objects in the environment, e.g. through
reflection or diffraction. Examplés of inflectors include vehicles, signs, buildings or other

structures within the environment.

A wireless communications link is categorised as LOS if it includes a direct line-of-sight
25 path between transmitter 100 and receiver 104. Figure 2 shows an example of a LOS

link. The transmitted signal arrives at the receiver 104 via two paths. Path PO is a



If a direct line-of-sight path between transmtter 100 and receiver 104 is
absent then a link is categorised as NLOS. Figure 3 shows an exanple NLCS
i nk. As wiDt2bhioriaed7pr evi ous exanple, the transmtted sigmal/Anroiowesreat the
receiver 104 via two paths. However, in this case path PO is obstructed by
a second object 300 and the signal is diffracted. There is no | onger a
direct line-of-sight path between tram@nitter 100 and receiver 104, nuking
this a NLOS link. Figure 4 shows a bl ock diagramfor one arrangenent of the

poi nt oL i o Piont Belif bBleet rah it ot b beeh 30ar ilipthig L o
space linkp PasiePtiiargvéd at ans rédeweraafftdr Ibeingeefiectsd ofPan Abjea200e of

transmtted power at the output of the transmit antenna; and Pf? A neasure
of received power at the input to the receive antenna; The NLOS detector

400 mifya lkireeblinofbight pathbétedretrahsritted r100r and réddiesr, 104 isshbsantethen fer
| ocati on. The NLOS detector 400 may be run online as mgut_s becone

avai | 4BKd$ ctegafiseds as r[‘éL%deF'%’(Bgt3 shewesan ryampietNidatalitharisygth the
colg eﬁf&ﬁo Sanfdle | i ?ﬁﬁ%%t@@g&rﬁ? dr |9§§ tth@_lfhe?:%ﬁ/etr'm via tiBYpdiRsat 2

fi Xxed"l ocat1 on, Known a e transmtter p05|t|on
may alHowenercionthisicase @dth &0t |IseotN1ﬂEte1bb9ca secadrxD pbject 36Qdarid thre sigmaéis dat a
in of f|l

ne d Thetr nsmtte its position.in ta
{F ans RGO, o e Rk foRger aireht oS thsighlaadh syl tansgiee 1B ghe
det ec}@ée,@qof%a@ﬁgqmgg ,NEOBSRk. system may include a GPS that determ nes
the position of the Transmitter 100. This information may be included in

the transmtted data, determned at the receiver 104, and input to the NLOS

det ec uréotpsha_ﬂ d Bib%kvcﬁé 'f&r‘ 8Re_dRrdmyeniint At tﬁe'r%ﬁﬁh&@f—cgg‘f"{aﬁge%ctbhe

NLOS detector 40 For exa a DSRC system may I ncl ude a
deitler #Dﬁeénpwte tqmﬂm NLEYS detetctmr 40écaiever 104. The receiver position may al so
be communi S'at edPtoPnttirb gpaNcl:‘eorSepC}gsent}ng the position of the transmitter;

R Point in space representing the position of the receiver,;

PT A measure of transmitted power at the output of the transmit antenna; and

PR A measure of received power at the input to the receive antenna;

15 The NLOS detector 400 may be collocated with the receiver or transmitter, or at some
other location. The NLOS detector 400 may be run online as inputs become available,
or in offline mode, post processing input data that was collected prior to its execution.

The transmitter position, T, may be at a fixed location, known at the NLOS detector 400.
The transmitter position may also be communicated to the NLOS detector 400, or read

20 from stored data in offline mode. The transmitter 100 may include its position in data
transmitted to the receiver, which is then made available to the NLOS detector 400. For
example, a DSRC system may include a GPS that determines the position of the
transmitter 100. This information. may be included in the transmitted data, determined
at the receiver 104, and input to the NLOS detector 400.

25 The receiver position, R, may be at a location known at the NLOS detector 400. For
examplé, a DSRC system may include a GPS that determines the position of the
receiver 104. The receiver position may also be communicated to the NLOS detector
400, or read from stored data in offline mode.



400, or read fromstored data in offline node. The transmtted power, PT,
may be at a fixed | evel known at the NLOS detector 400. The transmtter
power maywel2sw/1de976omuni cated to the NLOS det ect or 400pPCorAlResdd0dT6OM
stored data in offline node. The transmtter 100 may include the transmt
power PT in data transmtted to the receiver, which is then input to the
NLOS det ector 400. |In another enbodi néht the transmitted data may include
transmt power |level relative to sone stage of the transmtter prior to the

transfig ?Qﬁﬁﬂﬂ@d%@r ﬁﬂ%gg H&“&Pé?&bhqgv&%\:ﬂ% 39 'tﬁéfﬂl_%%'c%‘iéaér 30p.
gai ns, antenna configurfati'on and galn, and oOther paraneters thaf can be
used (Thecinamsrittee peWwer imayaiddhbe comirodhicetdd tovtter BILOR detector 400/ ot head
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assi gredindgstd TRhsHitted o thd fodeRie?! WRARNNASWREN iﬂgigwt t6 e N OB HBtHctdr 400. ¢ i

receiver 104 for input to the NLGS detector I n anot her enbodi ment the
r eGei wopthEr2mbodiment dhe teanshited date mayincludestransmiéd pawerclevelealativepta  or

some stage prior.fo the r i ver Jnput, Thi t , be gomi it h
i or SBOTG AtAeEgR it 8o RET M o e ralSirit SHeRte B, S LI Faaldr
gai n, régediigheysirii loaBee aNGt ganBar#ntehed Sconfiyuigticn nante gii, lahdarsther
enbodi ment, where one or nore of the Z%étem | osses and gai ns, antenna

conf i §araneiens dhat eaD Re used ta Ralculaie ikt dn anothar emkodinenfewhere ©aecal at e
PR ar k 'agiwsed LARUESinTBYhA e
accon&%gegpw hégsgféaﬁi g’?%%gfaﬁﬁor n&t?@%ﬁHgggoﬁg é’ﬁ%?oen cd(?)ﬁf Pglehcen?nitg?eal S,
witth pacdmeteroithatt cam Heeusgd dopdalgddted P Tt Are moknbwn e thdses iyt bel edssigrasd 400
to generate .one or nore statistics on the output nmetric. Figure 5 shows a
bl ock 2P WYL ¥aBIeS he NLOS detector .400. The transmitter-to-receiver
di stance cal cul ator 501 cal cul ates and outputs the di stance between the
transgitter position | and the receiver position R .as follows:
he received power, F%EI may be output frorfpl tﬁe receiver 1%4 tjor mptWS to the NLOS
detector 400. In another embodiment the receiver 104 may output receiver power level
relative to receiver input or some stage prior to the receiver input. This output may be
15 combined with information regarding system losses and gains, antenna configuration
and gain, and other available system parameters, to determine PR. In another
embodiment, where one or more of the system losses and gains, antenna configuration
and gain, and other parameters that can be used to calculate PR are unknown, these

may be assigned assumed values.

20 Inputs may also be accompanied with statistical information, for example confidence
intervals, with such information being employed by the non line-of-sight detector 400 to

generate one or more statistics on the output metric.

Figure 5 shows a block diagram of the NLOS detector 400. The transmitter-to-receiver
distance calculator 501 calculates and outputs the distance between the transmitter
25 position T and the receiver position R, as follows:

a=|r-7,

where | . ||2 denotes the L2 Norm:



d =WR - T where . L denotes the L2 Norm The observed path | oss cal cul at or

503 cal cul ates a neasure of the path loss, LO, as follows: - P - P The
nodel | ed wat2no@swocal cul at or 502 cal cul at es t he nodel | @edTparhidwoss?2 LM
according to sonme propagation nodel. In one arrangenent the expected path

loss is calculated for a line-of-sight link between transmtter 100 and
recei ver 104, using the followi ng | ogd2stance free-space path-loss nodel :
LM=1L ref + 10910 v Wiere: d is the distance between transnmtter and

recei er.; | t e
pat h 110s00ieiued Bt Sod SLFRERRS 503 REafes s BT g b 10F. £3 400
| oss dolkiwesace exponent; | n anot her enbodlnent, the | og-di stance free space
path | oss nmodel is replaced with an equivalent |inear nodel. O her

enbodi nents are al so possible where the nodelled path loss, LM is
cal cul ated using sone other path Ipsspgmogel, as will be apparent to those
skilled in the art. In another enbodlnent envi ronnental conditions nay be
known and used by the NLOS netric generator 504. For exanple the presence
of ra ted
u tn e pHefi pRR1oGT taREIAEP TS Bichatkh In oGt Rist IR Z G ablordEF

gerder & @bn@érmgdﬁbﬁm@dblbw nSERs arrangemehe thee bsaedsted epatl& I@ss tsotélomatezﬂ
with the transmtt In the case when the NLOS netri enerator 504 or

t r ans9ha &meﬁr@'gh&?ah PGB’V%P'&"T@BW&% 09anrd éﬁq%vqsf1q4h@swgnfagcf%@wng log-

distance free-space path-loss model:

Ly = L,y +10y log,, 2
ref

Where:
10 d is the distance between transmitter and receiver;
drer is the reference distance (in same units as d);
L.er is the path loss (dBm) at dp;
Pr s the received power in dBm; and

y is the path loss distance exponent;

15 In another embodiment, the log-distance free space path loss model is replaced with an
equivalent linear model. Other embodiments are also possible where the modelled path
loss, Ly, is calculated using some other path loss model, as will be apparent to those
skilled in the art.

In another embodiment, environmental conditions may be known and used by the
20 NLOS metric generator 504. For example the presence of rain, fog or snow may be
known, e.g. via one or more sensors collocated with the NLOS metric generator 504, or
communicated to the NLOS metric generator 504 as detected by sensors located
elsewhere, e.g. collocated with the transmitter 100. In the case when the NLOS metric
generator 504 or transmitter 100 is onboard a vehicle the status of the windscreen
25 wipers may be used to detect rain. In this embodiment, the NLOS metric generator 504

may apply a specific propagation model in the case when rain is detected. For



W pers may be used to detect rain. In this enbodinent, the NLOS netric
generator 504 may apply a specific propagation nodel in the case when rain
i s det ectwo.20foorewanpl e, the NLOS netric generator 504 may/Aizelotdoeréabove
nodel with an adjusted value of path | oss exponent, g , in the presence of
rain, fog, and/or snow. The NLCS netric generator 504 uses the neasured and
nmodel | ed |ine-of-sight path | osses tol8enerate and output a metric that
characterises the link as either LOS or NLCS. I n one arrangenent the NLCS

netri r i I e S
rodel [P2ATTHIE SR NEO Y GBhERaror Sof o FlRBlife OVESRolBLWAR A Kaflid
per f oviahgd ofrpa&htldmarexﬂm\elnb,gypm therprasentenaf nain, fog, amfoestawli nent, the NLOS
metric generator 504 outputs a NLOS netric | = AL . A snall value of |

indicates that the nodel is well matched to the observed channel. Wen the

nodel e RROS Infsthic i rieth@r B0 081388 rﬁeéétﬂédoéncﬁ In%uen@adme of-§|ght Ip'iatrcl ose
to zero, or negative, this indicates that the link is nore likely t LOS

than lpsEes ttogererats yandaokitpyih 3 deetric \that shaeactarisesi thei bk @§ ellﬂmr LG@ pr nk

g rtor My s s R B 5T NCOS, iRt R el od HifBflics o,

be Vi detnge®thd diesdrobd @ndnodellgtlite- a-gighppathqassesaut put value | according
to some predetermined function; Input D mapped onto a predetermn ned out put

value | assigned to that input value; Inputs D and transmtter-to-receiver
di stance d mapped onto out put val tﬂLLaqur ding to sone predeterm ned
function; Inputs DZ and transnitter- t 0-r &cei ver distance d mapped onto a
predeterm ned output value | assigned to that conbination of input values;

A fun iont q iz in d -t i ver di stance
d pri I%"B%{?f? ﬁg% gfbet 'ﬁ%’*‘iﬁ&?ﬂéﬁ? ttr&éf’lgorgg&tlipge@a dﬁgﬁ‘ﬁ?he map i nput
space |s segnented into n bins labelled b,, ...,

In one embodiment, the NLOS metric generator 504 outputs a NLOS metric A=AL. A

10 small value of A indicates that the model is well matched to the observed channel.
When the modelled path loss calculator 502 uses a line-of-sight model, if A is close to
zero, or negative, this indicates that the link is more likely to be LOS than NLOS.
Conversely, a high positive value of A indicates that the link is more likely to be NLOS
than LOS.

15  In another embodiment the NLOS metric generator 504 maps AL to a metric value prior
to output. Such a mapping may be via one of the following:

o Input AL mapped onto output value A according to some predetermined function;
o Input AL mapped onto a predetermined output value A assigned to that input value;
e Inputs AL and transmitter-to-receiver distance d mapped onto output value A
20 according to some predetermined function;
e Inputs AL and transmitter-to-receiver distance d mapped onto a predetermined
output value A assigned to that combination of input values;

e A function that quantizes inputs AL and/or transmitter-to-receiver distance d prior to
applying one of the above maps.



Each bin bl is defined by predeterm ned | ower boundary b,' and upper

boundary b . Qutput netric values X1,..., Xn are assigned to each bin. The
NLOS et rwo 2geviguebor 504 det erm nes bin nmenbershi p for PCopaR20@00976guch
that b[ AL < b" , and then outputs the netric value X1. In one enbodinent,

with n=2, the input AL is mapped onto one of two values X or X2 , and the
boundary between bx and b2 is sel ect ed4such that it demarcates the expect ed
value of AL as either LOS or NLOS. In anot her enbodinent, with n=3, the
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nodel I'e 0SS cal calato he transmttéer-to-recelver distance d is
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metri ¢ dener ats 'a varage 'metri ¢ v Ihdrc g

th%t.ttﬁgﬂétﬁgvélﬁelg/g.s I'n anot her enbodi nent, during bypass node the NLOS
metric generator 4 outputs a nmetric value that is calculated according to

some function of the transmtter-to-receiver distance d. |In another

enbodi ment, the NLOS netric g_gn,erator 504 bypasses the neasured and

nodel IR@ngaMbodmentwithNz2ote input Ué tsrmaphRed Lata ppe i twpwalues 4t Bhde d i s
above sone threshold value. In one enbodi nent, duri gjgngg/pass nmode t he NLOS
met ri @ngeherkaundasnbetwran bs apds bhxissslestad swehrthat § demarcates. therrinestechy
that the link is NLCS. anot her enbodi ment, during bypass node the NLOS
metri Hag"@rgplé{‘cﬂs@ rdé%@f%etri c value that is calculated according to
Sone function of the transmtter-to-receiver di stance d.In anot her

B e i e Gma, Wit 23, tePirut BE s ' hashad oBib SHESr Hhbd vaflees

10 A,A4,,4. The boundary between b and b, is selected such that it demarcates the
expected value of AL as either LOS or unknown. The boundary between b, and b, is

selected such that it demarcates the expected value of AL as either unknown or NLOS.

In another embodiment, the NLOS metric generator 504 bypasses the measured and
modelled path loss calculators if the transmitter-to-receiver distance d is below some
15 threshold value. In one embodiment, during bypass mode the NLOS metric generator
504 outputs a fixed value metric value, e.g. indicating that the link is LOS. In another
embodiment, during bypass mode the NLOS metric generator 504 outputs a metric
value that is calculated according to some function of the transmitter-to-receiver

distance d.

20 In another embodiment, the NLOS metric generator 504 bypasses the measured and
modelled path loss calculators if the transmitter-to-receiver distance d is above some
threshold value. In one embodiment, during bypass mode the NLOS metric generator
504 outputs a fixed value metric value, e.g. indicating that the link is NLOS. In another
embodiment, during bypass mode the NLOS metric generator 504 outputs a metric

25 value that is calculated according to some function of the transmitter-to-receiver

distance d.



PR per-antenna avail able, allow ng per-antenna calculation of LO . If
per-antenna position information is avail able for receive antennas then d
i s cal culwbediopgud7ant enna, otherwi se d is considered eqRCTAERNL/QCTOOSS
receive antennas. In this case, the NLOS netric generator 504 nmay use
metrics calculated fromeach antenna to output one or nore netrics, such
as: Each per-antenna netric value; The maxi num per-antenna netric val ue;
The m ni num per-antenna netric value; The average per-antenna netric

val “e’lnttagﬁéﬁ{érae%ﬁ’c?oﬁn@n't tﬁeeFféeY\ferafoﬂgé‘ﬁho oT'ﬁ?or%Yr%Eg% é}ﬁ{aﬁﬁé‘é Wﬂﬂ%’ﬁ‘r?é e
et’ o elating

val ue, €n across a subs receli ve antennas; ome statistic r

t o t hep pper-antenz availdble, \Glbwi®y per&nteraid dakrilatiorod ¢ombilnperamtering he
above. I n another enbodi nent, the NLOS detector 400 makes an estimate of

t he pmesitioatinfdmmatiohpsitavaiflablbadot reseive antemnasrthen 4 is caldulatsspéehastenoa,
represent the jinput P7-, as follows. Wien the transmtter-to-regeiv

i 5t 2 REEEWISE IR CORFISBFAd Sanylent AgrossdcelRRRRRRT cn flus sope: e NEDS
calsculneétﬁe_%%@%tar B4 Ra§ U FRAMSs chlelilafedh BhE eabli dMnMfte BlPUt Frdof om
the transmtter-to-recei ver distance, as sone base |oss at a di'stance with
an addaerednafrickpsuchpas: di st ance decade, e.g. 6QdB at 20m pl us 27dB per-

di stance_decade. The estimate is then calculated according to P = PR+ L .

The NCOFEAE PetapienBAdnelicH ey record this val ue for the specific
transmt . Fo ' |s received fromthe sanme transmtter
100, t'he-iﬁ% mjaﬁq‘g@gﬁ\ é%'&%ﬁﬁéﬁééﬁgﬁ’ﬁ@ieeri sed as LOS or NLGCS using the above
met hOdS’Tﬁéﬁ’”mm%%ht nd MetrRWays: of the transmt antenna equal to Pt'
. I'n another embodi'nment the NLOS metric generator 504 conbines netrics
dero ved The Bveraget serrantenve theldtic valdes tikentdomess\aih cssaiveCantennasi on may be
performed by filtering ' ,

¢ The average per-antenna metric value, taken across a subset of receive antennas;

e Some statistic relating to the per-antenna metric values, e.g. variance;

e Some combination of the above.

In another embodiment, the NLOS detector 400 makes an estimate of the power at the
15 oUtput of the transmit antenna, P;, and uses this to represent the input PT, as follows.
When the transmitter-to-receiver distance d is below some value, e.g. 25m, the
expected loss L, is calculated according to some model. For example, L, may be
calculated from the transmitter-to-receiver distance, as some base loss at a distance
with an additional loss per distance decade, e.g. 60dB at 20m plus 27dB per distance
20 decade. The estimate is then calculated according to P, =P, +L,.. The NLOS metric
generator 504 may record this value for the specific transmitter 100. For further signals
received from the same transmitter 100, the wireless link may be characterised as LOS
or NLOS using the above methods, assuming power at the output of the transmit

antenna equal to P;.

25 In another embodiment the NLOS metric generator 504 combines metrics derived from
inputs received during some time window. Combination may be performed by filtering
metrics over the time window according to some function. Example functions include:

o Performing a block average of metrics over the time window;

e Performing an auto-regression of metrics over the time window;



metrics over the tine w ndow according to sone function. Exanple functions
I nclude: Performng a bl ock average of netrics over the tinme w ndow,

Per f or m MYO2MB10a44H0r egr essi on of netrics over the tinme RCRAIRO10Q9H92Ni ng a
ti me-based sel ection of sanples fromthe wi ndow. |nfornmation obtained by
characterising LOS or NLOS conditions _of a wireless |link may be processed
and provided to recipients, e.g. the dPi ver and/or occupants of a vehicle,
and/ or used as input to another connected system such as: a vehicle

SyStel. @ohfting kiifing Y RsfisefctBhRinkahiice fonle wikARR. e, the i nformation

may be used to:~ provi an alert etecting a potential collision
threat; nodify alerts, e.g. by changing the nature of the alert or the

by cndobfdibn obBAEE el gt ng T8 oroBLOR Buidfidun of e ERer ok W "
space bespyroaessed and grovitied detrecipientsl/ @f. ty devdr Rid/oneetsparme of af wshfele] on,
or to au?ment existing map informati on. These map alterations may al so be

pr ovi @8d/argisedasinpit \panrstheesoagted system. seeh@® ng t he map data and
distributi ng\{#‘Pﬂat es. The functional nodul es described herein may be

i n% enent e@ YEIHESYNE®, for exanpl e application-specific integrated
circuits (AS CB) . her hardware inplenentations include, but are not
limted to2f Iséq?)% Pahmabl e gate arrays (FPGAs), structured ASICs,
digital signaleiiegssors and discrete logic. Alternatively, the functional
nodul es may be |f§lgerre’nt ed as software, such as one or nore application
prograns executable within a conputer system The software nmay be stored in

a com}g&g%ﬁt&iﬁfﬁ%gi ,g?ggg%chgédi%i into a conputer systemfromthe

conputer re medi um ution by the conputer system A conputer
readabl e nmpdbvide ba\dlery when detecting a potential collision threat;

10 modify alerts, e.g. by changing the nature of the alert or the alert trigger;

réduce the likelihood of false alerts.

Information obtained by characterising LOS or NLOS of a wireless link between two

points in space may also be used to detect and/or correct erroneous map information,

or to augment existing map information. These map alterations may also be provided to
15 a central body responsible for reviewing the map data and distributing updates.

The functional modules described herein 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 (FPGASs), structured
ASICs, digital signal processors and discrete logic. Alternatively, the functional modules

20 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 compu{er readable medium having a
computer program récorded on it is a computer program product. Examples of such

25 media incIude,'but are not limited to CD-ROMs, hard disk drives, a ROM or integrated
circuit. Prograrﬁ code may also be transmitted via computer-readable transmission
media, for example a radio transmission channel or a networked connection to another
compufer 6r networked device.



conputer programrecorded on it is a conputer program product. Exanples of
such nedia include, but are not limted to CD-ROWMs, hard disk drives, a ROV
or i ntegrUPd1i44¥0i t. Program code may al so be transni PCEAUZPH/000762
conput er -readabl e transm ssion nmedia, for exanple a radi o transm ssion
channel or a networked connection to ?nother conput er or networked
device.It will be understood that thel!fnvention disclosed and defined in
this specification extends to all alternative conbinations of two or nore
of the Widipd dHAbrtEG UhSE tRENhUEHRM QiscRisedehd ! a&fRdden ttAt spécitib&tion
drawi ngs. All these different conbinations constitute various alternative
aspecextasdst ke allhadamative comiinatioasseof wouataneodd theatindividuak features

"conpr " and it. j var L,ant.s S j hi. cifli .on is
cqui v aranpred o vReht R e de BN dFaling Al Hesh B AT S TbIoE « he
pr esegonstititeovdrivusadiRmative @spdotgbfittesintdmidds 1. A nethod for .
characterising a wireless comuni cations |ink, conprising: receiving data
representing a position of a transmtter; receiving data representing a
posi t itall discibé @REEME6Gd fIRf ehe tdith ToiMmiestanl itsIqrammaticll vanaets st used
output of the transmtter; receiving a nmeasure of received power at an

i nput it dhis Hpecdicationris efilivalant taythe temasinchidesnand sheulds nel Battakenras to
chara ' j e ' ransmitter and the receiver
basedggﬁhpﬁg thgér%%@eoﬁqthgpélg@gﬁﬁ??f«%ﬂ@retgmi tion of the transmtter, the
transmtted power and the received power; and outputting the non

| ine-of -sight nmetric to characterise the wireless comunications link. 2. A
method as claimed in claiml1l conprising: determ ning a di stance between the
transmtter and the receiver, using said position of the transmtter and
position of the receiver. 3. A nethod as clained in clainms 1 or 2

conpri si ng:



determ ni ng out puts an observed path |oss, using said neasure of
transmtted power and said neasure of received power inputs. 4 . A nethod
as cl ai mey0i2010¢14497 3 wherei n sai d observed path | oss i $CTNRH0AEH2 as:
where: Lo is the observed path loss; P1. is a neasure of transmtted power
at the output of a transmt antenna; and PR is a nmeasure of received power
at the input to a receive antenna; 5.1& nethod as clainmed in any one of
claims 2 to 4 conprising: determning a nodelled path | oss based on the

di stance and a nodel of path |losses.6 . A nmethod as clained in claimb5
wherein said nodel of path |osses ¢EAIMS =Lref +10y1 Og10 *rcf where: LMis
the nodelled path loss; d is the distance; d f is a reference distance (in
sane units as d)\ Lref is the path loss (dBn) at do, PRis the received
pover i h dpmethatfog characteriging Boviselgss comerunisationsHink, gomprsimgt hod as

clained i &l | sing..adj Usti . paranmet er of the nodel of
pat h Iossges&éé\@hg]r%f%éeqqgg%%dr%R@gwggloﬁéotﬁ%%ﬁgﬁ . 8. A nmethod as clainmed
i n clai m fesdivingidata hepreséitinga poditiohafeereesivepent is adjusted in the
presence of at |east one of: rain; fog; and snow. )
5 receiving a measure of transmitted power at an output of the transmitter;
receiving a measure of received power at an input to the receiver;
generating at least one non line-of-sight metric to characterise the wireless link
between the transmitter and the receiver based on the position of the receiver, the
position of the transmitter, the transmitted power and the received power; and
10 outputting the non line-of-sight metric to characterise the wireless

communications link.

2. A method as claimed in claim 1 comprising:
determining a distance between the transmitter and the receiver, using said

position of the transmitter and position of the receiver.

15 3. A method as claimed in claims 1 or 2 comprising:
- determining outputs an observed path loss, using said measure of transmitted

power and said measure of received power inputs.

4. A method as claimed in claim 3 wherein said observed path loss is calculated as:

L0=PT_PR

20 where:
Lo is the observed path loss;

P, is a measure of transmitted power at the output of a transmit antenna; and

P, is a measure of received power at the input to a receive antenna;

5. A method as claimed in any one of claims 2 to 4 comprising:

25 determining a modelled path loss based on the distance and a model of path losses.



9. Anethod as clainmed in clains 7 or 8 conprising detecting said
envi ronnental conditions using at | east one of: a sensor collocated with a
non | i ne-wb-28i0gilat97oetri ¢ generator that generates sai d mom/AUG208/000763i ght
metric; a sensor collocated with the transmtter, an output of the sensor
bei ng communi cated to the non line-of-sight nmetric generator; a status of
vehi cl e wi ndscreen wi pers where the ndf |ine-of-sight netric-generator is
nount ed onboard a vehicle; and a status of vehicle w ndscreen w pers where
the transitter i nt ed onboar vehicl e d.th tatus is conmunicated
to the 'o%] rlg"leﬁ]?-do%-gll‘p’ %g%{?'ﬁf%%ggﬂgﬁeéﬂ 8?@1’898% %qi%iosggsd?'ai med in any of
the pregs@gg Mb?ngso herein said step of receiving a measure of the
position of rarllsdqftter conprises at |least one of: determining a fixed
| ocation of the transm tter; obtaining the measure.froma gl obal .
positioning system (GPS); retrieving the position fromstored data; and
extract,Rget he position of the transmtter fromdata transmtted to the
receiver. 11. A nethod as clainmed in any of the preceding clains wherein
sai d neagisrtheghodelmadspathtiess;power i nput is provided by at |east one of: a
fixed level; a reasure relative to sone stage of the transmtter prior to
ésntrlfg; 'g@PB‘Fed data; and

a5trans 1t ant inclusion in data transmtted to the

recei Ved,, 12a réfrBhd®distincel @ 8&8feiuhids & the preceding clainms wherein
sai d neasure of received power input is provided by at |east one of:

Ly is the path loss (dBm) at dp;

Pr s the received power in dBm; and

¥  is a path loss distance exponent;

10 7. A method as claimed in claim 5 or 6 comprising adjusting a parameter of the

model of path losses according to environmental conditions. .

8. A method as claimed in claim 7 wherein the path loss distance exponent is

adjusted in the presence of at least one of:

15 . rain;
. fog; and
. SNOW.

9. A method as claimed in claims 7 or 8 comprising detecting said environmental
conditions using at least one of: |
20 . a sensor collocated with a non line-of-sight metric generator that
generates said non line-of-sight metric;
. a sensor collocated with the transmitter, an output of the sensor being

communicated to the non line-of-sight metric generator,

. a status of vehicle windscreen wipers where the non line-of-sight metric
25 generator is mounted onboard a vehicle; and
. a status of vehicle windscreen wipers where the transmitter is mounted

onboard a vehicle and the status is communicated to the non line-of-sight

metric generator.



output fromthe receiver; a neasure relative to receiver input or sone
stage prior to the receiver input; stored data. 13. A nethod as clained in
any of theopoeckd7ng cl ai ns conpri sing receiving at | eaPCTAROPA0ETSRt er
used to cal cul ate said nmeasure of transmitted power input or said nmeasure
of received power input, the paranmeter conprising at |east one of:

i nformation regarding system | osses; 20nformation regarding system gai ns;
ant enna configuration and antenna gain. 14. A nethod as clainmed in claim

model | o\t mefsch g8 bné AR shy il pheBesie it RReféin o aaCER BEr ..
Lo is tﬂeeewtngaavmbswebf thesposition of el tsarismeittep dempeidepat leadsbome of5. A

met hod as clainmed in_ claim14 conprising mapping said path |oss difference
to a non FPiRSMiNINgiagiedipcation Oiaﬂhﬁéf@‘sin?dﬁet,o output. 16. A nethod as

clained i R east one of: said
path | ossaggfl'?\egglr%e nagg% %% sal %@ﬁﬁﬁgpgé}&%ﬁé rﬁ)' metric according to
s@ne predﬁteevmgeldebosmbndmmsmrddm&éﬂ dress di fference mapped onto a

redeterm ned said non ht nmefric assigned t ath | oss
8 i ff er enc&Xtya¢t &Q t?\e posmon of the tran%mltter rom data tra%sm?tteé) to the re%eltver

11. A method as claimed in any of the preceding claims wherein said measure of
transmitted power input is provided by at least one of:

o a fixed level;
10 . a measure relative to some stagé of the transmitter prior to a transmit
antenna, |
. stored data; and
. inclusion in data transmitted to the receiver.

12. A method as claimed in any of the preceding claims wherein said measure of

15 received power input is provided by at least one of:
. output from the receiver;
. a measure relative to receiver input or some stage prior to the receiver
input;
. stored data.
20 13. A method as claimed in any of the preceding claims comprising receiving at least

one parameter used to calculate said measure of transmitted power input or said

measure of received power input, the parameter comprising at least one of:

. information regarding system losses;

. information regarding system gains;
25 . antenna configuration; and

. antenna gain.

14. A method as claimed in claim 5 comprising calculating a path loss difference

between an observed and modelled path losses as:



said path loss difference and said transmtter-to-receiver distance mapped
onto said non line-of-sight nmetric according to sone predeterm ned

functi on;WO810d4g80h | oss difference and said transm tt &TAIRP NP2 r

di stance mapped onto a predeterm ned said non |line-of-sight netric assigned
to that conbination of said path |oss difference and said
transmtter-to-receiver distance; a filnction that quantizes said path |oss
difference; and a function that quantizes said transmtter-to-receiver

di st ance. A7 _p et hod as clainmed in claim 15 or 16 wherein said mapping
conpri ses ségneMting i nput space into bins. 18. A nethod as clained in
claim17 wherein each said bin is defined by predeterm ned | ower boundary
and upper boundary, and said output netric values are assigned to each

bi n. 19. Whet@t hod as clained in clains 17 or 18 wherein said bin

segnment gfi on ¢ [ ; ne of: two bins, with a boundary between
bi ns selected %Eﬁ? ﬁgtlg%%%'ﬁ%%nﬁgary demar cates the expected val ue of said
pat h | obg igihief abysemesd pathulbss;sared t her | i ne-of -sight (LOS) or non

IiSrrle- of - si ght ; aa‘d %hr%ﬁ bins, with a boundary between first and second
biths seles B8 BodaledhReth!R8S-houndary denarcates the expected val ue of said
path loss difference input as either |ine-of-sight or unknown, and a

boundary_bet ween second and third bins selected such that the bgundar
denmar ca{%sA PP@EQQ@P@H“%I'%QP%P CAMPASING BEPPHS $AH Rt "P#ﬁ)d%&%ﬂg t her

unknontts nbAinb IdfRidHt Al el ord, BTG, 25 claired in any one of the

precedi ng clainms conprising calculating an observed path | oss for each of a
plurality of receive antenna. 2 1. A nmethod for characterising a wreless

comuni £At iORRthdd Ks GAHEd i @9im15 wherein said mapping comprises at least one

of:

10 . said path loss difference mapped onto said non line-of-sight metric according -
to some predetermined function;’ ' '

. said path loss difference mapped onto a predetermined said non line-of-sight
meétric assigned to said path loss difference value;

. said path loss difference and said transmitter-to-receiver distance mapped

15 onto said non line-of-sight metric according to éome predetermined function;

. said path loss difference and said transmitter-to-receiver distance mapped
onto a predetermined said non Iine-of-sight metric assigned to that
combination of said path loss difference and said transmitter-to-receiver
distance;

20 . a function that quantizes said path loss difference; and
. a function that quantizes said transmitter-to-receiver distance.

17. A method as claimed in claim 15 or 16 wherein said mapping comprises

segmenting input space into bins.

18. A method as claimed in claim 17 wherein each said bin is defined by
25 predetermined lower boundary and upper boundary, and said output metric values

are assigned to each bin.



receiving data representing a di stance between a transmtter and a
receiver; receiving a neasure of transmtted power at an output of the
transm t tWo;20r0¢@@d70i ng a nmeasure of received power at amCIr010t00016Re
receiver; generating at | east one non |ine-of-sight netric to characterise
the wireless Iink between the transmtter and the receiver based on the

di stance, the transnmitted power and tB2 received power; and outputting the
non |l ine-of-sight netric to characterise the wireless comruni cations |ink.

Fecor detbdh eifRich He DLt SRR ac” il GhEreit, 080 b REBHiS R
oper at i sgmpifised stdbastormcessi ng apparatus on whi ch the program code executes

to performa nethod for characterising a wireless comunications |ink,
conpri si ng: tweckingi mjthua hovegarysbetweaen hinsoselectad sfick thattharvibousdary

recei ving data esanti.ng. osiition of . .a. t | Vel cei Vi a sure
of transm ttaaeedn%rg:\% S ﬁ‘[% Sﬁg%%gufél%é Q[I?hsea'q Pgﬁ@ﬁﬁﬁ gﬁeréi%eeilmﬂ%saeﬂﬁggur e
o5 recei ved IPRVERsight @O3)grion kng-besighgeinder ; generating at | east one non
| i ne-of -sight netric to characterise the wireless |ink between the

transnmi«ter thrae bins, witbed beundrrydibtwren Hisstoaryd seeondbinstselecedisush thahe

position of ,th ransm it e nsm.tted d the recei ower ;
and out putt ithse?%@(f%% cﬁrﬁér_caic—{és f%%x%ﬂeﬁc@@g\é\ﬁfg?g@t B?PEJsd’Stsh 'f%?g%q%ess
comuni cat i dRgut agkithetJineAdf-sighesrlinknowat, st douAdas hetween derlofdsand
comuni cations |ink, conprising: means for receiving data representing a

posi tion of thirdipshelectad syrhuiat the boupdary drmataaies Bin exrefited yalieyesi ti on
[ a recei Vesra;iq E‘a’ﬁ‘ﬂlﬁs% tﬁfeffe_rrgﬁ@é iHpld a8 &iRarUhEn&in bF ABR Thblgdigiver at an

out put of the ansm r

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

an observed path loss for each of a plurality of receive antenna.

21. A method for characterising a wireless communications link, comprising:
receiving data representing a distance between a transmitter and a receiver;
15 receiving a measure of transmitted power at an output of the transmitter;
receiving a measure of received power at an input to the receiver;
generating at least one non line-of-sight metric to characterise the wireless link
between the transmitter and the receiver based on the distance, the transmitted
power and the received power; and '
20 outputting the non line-of-sight metric to characterise the wireless

communications link.

22. A computer program product comprising machine readable program code
recorded on a machine readable recording medium, for controlling the operation of a
data processing apparatus on which the program code executes to perform a

25 method for characterising a wireless communications link, comprising:
receiving data representing a position of a transmitter;
receiving data represénting a position of a receiver,
réceiving a measure of transmitted power at an output of the transmitter;

receiving a measure of received power at an input to the receiver;



means for receiving a neasure of received power at an input to the

recei ver; nmeans for generating at |east one non |ine-of-sight netric to
char act erweeotoa49mwr el ess |i nk between the transmtter aou/Athelovees2yver
based on the position of the receiver, the position of the transmtter,

transmtted power and the received power;

i ne-of-sight netric to characterise t23e w rel ess communications |ink.

10

15

generating at least one non line-of-sight metric to characterise the wireless link
between the transmitter and the receiver based on the position of the receiver, the
position of the transmitter, the transmitted power and the received power; and

outputting the non line-of-sight metric to characterise the wireless

communications link.

23. An apparatus for characterising a wireless communications link, comprising:
means for receiving data representing a position of a transmitter,
means for receiving data representing a position of a receiver,
means for receiving a measure of transmitted power at an output of the
transmitter,;
means for receiving a measure of received power at an input to the receiver,;

means for generating at least one non line-of-sight metric to characterise the
wireless link between the transmitter and the receiver based on the position of the
receiver, the position of the transmitter, the transmitted power and the received
power; and

means for outputting the non line-of-sight metric to characterise the wireless

communications link.

t he

and neans for outputting the non



