WO 2010/ 144970PCT/ AU2010/ 000762 1 Characterisation of a Wrel ess

Commruni cations Link Field of the invention The present invention rel ates
to the fiwbdonfiawénel ess comunications. In particul ar pag/snesande2
invention relates to the characterisation of a wireless conmunications |ink
as 5 either line-of-sight (LOS) or non line-of-sight (N LOS). Background of
the invention Wrel ess communi cation dystens may be represented in terns of
a transmtter 100 and receiver 104, separat ed by a channel 102 as shown in

Figure 1. The ansm.tter transfo alnto.a nal |tablefor
transm ssion o¢ba acterisatien o f:a Wsﬁ% iﬁ’ S(ng ng the

transmtted data, the goal of the receiver 104 is to renove the_effects of
t he channel distortions fromthe signal and to obtain an estinate of the
data. The receiver 104 may a'ﬁﬂeﬁi@YPﬂ?hﬂﬁﬁﬁ ers pertaining to the

recei ved signal, such as a neasure of recelved power. The channel 102
represents the effects induced by the environnment surrounding the 15
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signal 1n sone way anne stortlons may |nc tude istortions,
f r equepregemtf rhsemimn psbiaas tof fhsaeclsaraﬁtqmqshbon e:fffaam\tlmjesﬁ emmmumxraatlaneslmn asg

f | t th ch dd terf . Spati al t
perd aioHneE e o R CASKEE PEh g RN GNLARIG ver 104 devi bes. mmy be 20

known. Such paranmeters may include spatial coordinates, velocity, and
accel eration. For exanple, the devices may be positioned at known fixed

| ocations. Spatial paraneteBackgsouridsof tiie imvientiosd from a d obal
Positioning System (GPS) receiver or simlar device. Furthernore, spatial
information relating to the transmtter 102 nay be passed to the receiver

104 wiwirerst onimanisation egstéaisimagiceitipred¥nted arns0df & uaRsmitkly 10058nd
occurs in Dedicated Short Range Communi cati ons (DSRC) systens, where

receiver 104, separated by a channel 102, as shown in Figure 1. The transmitter

transforms the data into a signal suitable for transmission over the 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 nformation, as WD 2010/ 144970PCT/ AU2010/ 000762 2 described in SAE

I nt er nat iwoab1o/14Bgdi cat ed Short Range Comruni cati ons ( DBROAURg@Q®2 Set
Dictionary," J2735, Decenber 2006. Reference to any prior art in the
specification is not, and should not be taken as, an acknow edgenent or any
form of suggestion that this prior ar® forms part of the comon 5 general
know edge in Australia or any other jurisdiction or that this prior art
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relevant by a person s unmar e rnventio

preseMessagerSet@ctpnnarydelQ?ﬁﬁl Becdamber 2806Gwr act eri'sation of a wireless 10

comuni cations |ink, by processing information pertaining to system

conponents and information extracted fromthe recei ved waveform The

wi r el Kefereopetoi arat prias atti inktheespduificatian ds treotj apd sm)u&i hoheedbken g, gnOS)
non-J i ne -sight (NL | | nk. n one aspect t he |nv t|on
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of thé transmtter state. In anoth aspect of the invention there is

provi teascnabiyt be @xpectedhtar be tascedaingda understead and megaidest asmslevankby a

conpri TR ata representing a position of a transmtter;

recei 9?#3’%0%?@9Cf'86b§%éﬂti ng a position of a receiver; 20receiving a neasure
of transmtted power at an output of the transmitter; receiving a neasure
of received power at an input to the receiver; generating at |east
one non |ine-of-sight netri Summargraftheringentibr W rel ess i nk between the
transmtter and the receiver based on the position of the receiver, the
position of the transmtter, the transmtted power and the received power;
and 2%asgt paresemtg inbentiomn provided - shethbdsretfor ccharacteisativer icfe 4 hevinglegsyl ess

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.



comuni cations |ink. WD 2010/144970PCT/ AU2010/ 000762 3 In anot her aspect
of the invention, a systemis provided for characterising a wrel ess
comuni cawPanR)/14497k, conprising: an input operable to PETAUZEI0AIPBR2NL i N
space representing the position of the transmtter; 5 an input operable to
receive a point in space representing the position of the receiver; an

i nput operable to receive a measure oB transmitted power at the output of
the transmt antenna; an input operable to receive a neasure of

(o) oA Hoct M b 8 herlr e R RN R R har R Bg; o Afidless’ 2

for tlenmwhumicationd limk coageidimyy the inputs; and an output for providing the
non |ine-of-sight netric. According to a another aspect of the invention
sai d monam jinpulooperajiie toetansive a poinidias spaaes repeasenting cthet positiori afethe

di st ance, ér?slnjf# ator whi ch cal cul ates and outputs the di stance between the
transm tt{ Gt he recei ver, using said position of the transmtter and

posj t i,on,of; | SHES - i-ACEOL g e
[ n\slsent [ Oaﬂr‘?gg?%’@g@% ﬁgpo#- sig ta 8{@C@0r§ﬂ?ér%régree§eg\ﬁﬁ%g§gr ééﬁﬁggtﬂf I"E)é;s
cal cul atreceiMer,ch cal cul ates and out puts an observed path | oss, 20 using

said neasure of transmtted power and neasure of received Rower I nput s.
Accor @i n3 irPWreRaiableatyhErgeivs at meapuigeAt transittey Rewer iatd 6fQL§P@‘h9f the
det ect ory, i nodel | ed path | oss cal cul ator which determ nes a

nodel | eér%ﬁa%;hwgggesﬁaaccordi ng to a nodel using the transmtter-to-receiver

di st arcea@nputRperable to Féceai® bftasifBasftre8éiveéd oWy it i@ ThprA itdl tHskdtdiws s
nodel is adjusted depending on 25 environnmental conditions. WD
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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



gl obal positioning system (GPS), stored data, and/or inclusion in data
transmtted to the receiver. In another aspect of the invention said
measur e oVotnewimd7?dt ed power input is provided by a fixedTIA2ei0/000762
comuni cation to the non |ine-of-sight detector, a neasure relative to 5
sone stage of the transmitter prior to the transmt antenna, stored data,
inclusion in data transnmitted to the #eceiver, and/or an estimate. In
anot her aspect of the invention said nmeasure of received power input is
provi g %oh@@séys?é]ﬁ (®dps OQ&RH& d%Eé”Hr{dg& ihEkSIofeh ddta r{Pa%%H{n c‘i ?A ?r{é ve
tore elve I npu sone st recerver 1nput, stored
data”réééwéneumnher aspect of the |nvent|on at | east one paraneter used to
cal cul ate said nmeasure of transmtted power input and/or said neasure of
recei ved power input is provided to the non |line-of-sight detector, or a

val ue In ahothés laspeptofithiat iBlventiormsaidnedasiire améhlsmmnmhenofnpuh% pmvamd on
said non line-of-sight detector includes a non |ine-of- ght nmetric

gener By # fiypd lavelscammupicationda thetnen resof-sight dstaeter, r%’ﬁl@laﬁtlff riatve tss 15
| NRUL ghh DY gﬁa&etr\%”ﬂaﬁ%g't%r Bior! &2 ?Qﬁsr’ﬁﬁ%ﬂtéﬁ‘ﬁa Oftof %@Watérehﬁlu%mne n?
e ditf et ween n

where saird oUtput 1st erence e two path I'oss i1nputs
anot hdatataesmitied tbhbe ireceiven, andidi@nnestichatee- of - si ght metric generat or naps
the difference between the two path | oss inputs onto another value prior to
out put . I n anot her aspect of the invention said non |line-of-sight netric
gener & anothepaspest ofathe iﬂGemwtimsﬂaiddnaashremferlebeidepqidwérdeput:isl pmi/iaIEdrby
accordln to the Vﬁéﬂ'ﬁ |dtransmtterto recti r dlstancetE The
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non 'bfsrf?eogﬁr%r%tthéf?éééuﬁer\ﬁﬁbmeaﬁalo?rstéred%ttﬂut The mappi ng may. conprise at
| east e of: 25said path Toss difference napped onto said non

line-of-sight metric according to some predeterm ned function; WO
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a pre termne d non line-of-sig metric assigned to s path loss
di f f emaaseire adf degnsmitted 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 loss difference and said transmtter-to-receiver distance mapped
onto said non line-of-sight nmetric according to sone predeterm ned

functi on;WO810J144HPh | oss difference and said transm tt &TAI2POE)To2r

di stance mapped onto a predetermnined said non |ine-of-sight netric assigned
to that conbination of said path |loss_difference and said
transmtter-to-receiver distance; a fAnction t hat quantizes said path |oss
difference; and a function that quantizes said transmtter-to-receiver

di stance. 18idTBatHissMBiffefence ﬁ&dp@ﬂuént%péyeﬁéméﬂ shief Aok [ife- of@i@ﬁt bi n
may be defined by predetermnined I'ower boundary and upper boundary, and said

out pumetse eissigneH te saish pathdesydiferencesvalhebi n. The non | i ne- of - si ght

nmetric ener rm ne b ers. for said at h | oss rence
ot onRal Getniiats SRS and S dransoate s Mseh s iSBhPa st Ghip
upper sé@ ﬁbrﬂluﬁ’é’-@ﬂg@h't ﬁ?etné‘@@cér’am@; PUdmeé f’pré@étérrﬁihbﬂ'fﬁnétﬁirﬂe assi gned to

sai d bin nenbership. bi n segnentation may conprise at | east one of:

t wd bi ns, wtdkpa\ibdosisadnyfeb&ncmﬂ baiddrarensitte etb-moeliver ldigtance dcanpradamras a he
expect ed, val ue

i d pat di ff.erence inpu selther [
(108, PisdetBminesad b e oksho et amianed i That sotrkisaieh el sakhpaltf ot
and second|ddsnfifféRines R %ﬂahgﬁﬁttértto%ﬂéﬁléﬁaﬁﬁaﬁdée expected val ue of sa| d
path | oss difference input as either line-of-sight or unknown, and boundary

bet ween seadudctiordthabquantiesssaid path legs slifidrenbeitand demar cates the expect ed
val ue of said ath | oss djfference input as either unknown or non

| i ne- of - si grfunct ﬂ’l@éqHéﬂtqqsn%a'@]traé‘ﬁ@}‘ﬁerntBtrIePE'VSEH@F%ﬂ‘-@r may bypass said
measured and nodell ed path | oss cal culators according to the value of said
transmtter-to-receiver distance input. The bypass may occur when: WO
2000/ Thegnapeayke\ELan duditspage Seomeriethite Pins: - t o-r ecei ver di stance i s
above sone threshold value; said transmtter-to-receiver distance is bel ow

sone threshol d val ue;
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:



During said bypass said non |line-of-sight netric generator output may
conprise at |least one of: 5a fixed value netric; a netric val ue

cal cul at e§O8W9Hd7Ag t o sone function of said transm tt @ TAIREWE0YIR

di stance. The receiver nmay have two or nore receive antennas. The observed
path loss is calculated for each receive antenna. 10 The
transmtter-to-receiver distance cal ctl ation may conprise at | east one of:
a calculation for each receive antenna where per-antenna position

i nf or mat i oRajgStrayeFhittBRkE recive distaRe8 A6 RsGMBItMAdsABId @AuESS ant ennas.
The non line-of-sight metric generator may use at |east one netric

cal cul at ed shidanarssmittér-te eexteiveralistahea ismbelowmsdrpatheshbldastiuene of . a
per-antenna netric val ue; maxi mum per-antenna metric val ue; m ni num
per-antenna netric val ue; average per-antenna netric val ue, taken across
al | r éngingesaih bgpass saiddworelirgof-pight areten generdton cutpat omy donkpriseaat least a
subset of receive antennas; and a statistic relating to the per-antenna
metri €N §aﬂfues The non I i ne- of - si ght detector may make an estinate of

t hg power QtﬂxtePE{/a%g Hétt f the transmt antenna and uses this to represent
sai d neasure o transmt ed power at the 25 output of the transmt antenna

i nput.  WOa2fedid A4 RQlduaiealacésidir to some function of said transmitter-to-

receiver distance.
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.



7 An expected | oss may be cal cul ated according to sone nodel when said
transmtter-toreceiver distance is bel ow sone value, and then said expected
| oss i s swored/Mmid7n sai d nmeasure of received power at tRE€TiAG20t0/000762 he
recei ve antenna to produce said estinmate of the power at the output of the
transmt antenna. 5 The nodel nmay be sone base | oss at a distance with an
addi tional |oss per distance decade. The non |ine-of-sight netric generator
may record a said estlnate of the povver at the output of the transmt
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t he ouecmiverl&sta‘ncbhls belawsmmeamlwnanmm@i shid erpectedtliosanie sanrhél!E vvltwver
at the OUFT@%:?HO]C ihe transmt antenna. The non |ine-of-sight nmetric
[ &5 T

gener &2tk segiveddawer satibie; gyt 19 4he Jareive rﬁj’ﬁ?@“? de Arodecqi §Rithg

sone ormed by filtering netrics
over Fﬁgﬁta}mngﬂ@mwr{)c%vv?ra%gﬁ?g’?&?éh%gm%ﬂggﬁélt%m%ﬁ%n The filter function may

be at least one of: Perforning a bl ock average of netrics over the time

W 3doWheRaLEEl Fal% @.8 ﬁaé@%s‘asséffgrhlé{g BE Wi S ltlérﬂf? I6é§§8m?ﬁe nonand

Combi ning a tine- base ection sarrp rom-t W ndow.

l'i ne- déead@,ht detector is enployed to pI’OVI de i nput |nto at | east one
connected system The connected system may be at | east one of: a vehicul ar
system a road side system and 25a safety system WO

2010/ IhégﬂcﬂPEﬂ'é-AUE@lﬂ)/n@ﬁﬁE@?ér&ramf mnamtécmnd raasaiidvaiirhlgrteseﬁ thenmower at the

| i ne- of - si det ect or ed for at le iding.an, al ert
when 83{%%‘]&[& gaggpgmt%ﬁ/nab&r%ﬁgIsgﬁcq‘lﬁ,t%maf er an uses |tQ Y1aract rise 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.



nodi fying the nature of an alert; nodifying the trigger of an alert;
5reducing the likelihood of false alerts. The non |ine-of-sight detector
out put newokelustedof or altering map information via at [PeastU20ne007T62
detecting erroneous map i nformation; correcting erroneous nmap information,;
and 10augnenting existing map information. The nmap alterations may be
provided to a central body responsi bl 8 for review ng the map data and

di stributing updates. The non |ine-of-sight detector may be run online as

| Nput $1BRARHEN PYRIVEPb P said nonlh -?ggitgh{ Héfe%fdr%SVBFﬁEEQQBPét BBt Si%e 5’{’2

of fline, post processing input da at was 15 collected prior to i

execut i on. pidwiding reel sles wiemusatecting arpoténtied coligidpethrdzifE 802. 11 conpl i ant .
In yet another aspect of the invention nmethod said receiver has two or nore
recei ve anfrasifying the natyie aft alert, aspect of the invention said non

| i ne-of -sight .poetric .generator nmbi nes said 20 netrics derived fromsaid
I nput s recg?qpé@an@uﬁhﬁ{ggg%rn@ftqq ﬂ% i ndow. I n another aspect of the invention

saigd non | igficig Bl |iﬁ§5§6tfpg|sérg;é,ge run online as inputs becone
avai |l abl e, or run of# I ne by post processing input data that was coll ected

prior to its execution. Functional uses for outputs of the environnent
oscr e B o e e H o A o
be dedzastbed ofi th reference to the draw ngs, in which:

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.



Figure 1: is a schematic drawi ng of a conmmunications system 5 Figure 2: is
an exanple of a line-of-sight link; Figure 3: is an exanple of a non

| i ne- of - swoho10/i4mkp Figure 4: is a schematic draw ng of paTmanoiooeersof - si ght
detector; Figure 5. is a detailed schematic drawi ng of a non |ine-of-sight

detector; Detailed description of the enbodi ments 10 Enbodi nents of a non

| i ne-of -si ght detector are described 9hat allows characterisation of a

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

| i ne-of -sight (NLOS), by gr. ' J.nf qraat i an. taining to system
conponents and inforrratioﬁhgﬁﬁé%{lgﬂbproco?r%ﬁgr#ergg'é@@%ved wavef orm The
descri bed techni ques have potential application to wreless comruni cati ons
15 sy ne,. €. 4q. -T, DVB:-H. | 802. 11, | EEE 802..16. 3P di cat ed
Shor 1 BRI BBt NBa: pisREnT Raon I OAN: e ERETREDC BN ISISTERRS Robid o5

( 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 alsshematic ciiawing of @ e@undinigations system,ansnmi tter 100 and

receiyer 1%4.ma | ead . to m[llti | e (ilt s arriving at the receiver. The

t r &nsmMY'e 'ﬁﬁ%&?‘amﬂﬁ B@ai'H?T‘gﬂgatg 'BE' objects in the environment, €.g.

t hroug Jr@{éa%éﬁ%&amgg%i)férn%ﬁtlﬂn%[bf—%ﬁt hkes of inflectors include vehicles,
ul er

si gns, I ngs or structureswithin the environnment. A wrel ess
comu Figtae 40 s a Ischémiatic dedwiagrafetomiing-oBsight detdoterd, udes a di rect

| i ne-of -sight 25 path between transmtter 100 and receiver 104. Figure 2
shows Figure oaifpa detdiled sopematickdraming of aneniline«af-sighfrdeateetor;i ves at t he
receiver 104 via tw paths. Path POis a WD 2010/ 144970PCT/ AU2010/ 000762
10 direct line-of-sight path between transmtter 100 and receiver 104,

making this a LOS |i nlé?egggg daégc?'fﬂtidfﬁafme Shibddiffdntger after being

reflected off an obje

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 wDt2h10tl3¢978 previ ous exanple, the transmtted siPgmaU2aroioy®e at t he
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 NLCS |ink. Figure 4 shows a bl ock di agramfor one arrangenent of
the n i ne- of - Si 3 are:
Poi nt (alﬂﬁHsE@%’gF'rs®P?g§£?%§€éﬁééﬂ #1 ?rondtfgg E?h '&gﬁg%ﬁ" gljlj'%t ﬁg)%space
repr esigkt Path Phearfioed bt and edcdiver effmeuewg refletted ofean wbqlacﬁfzom ansmitted

power at the output of the transmit antenna; and PR A neasure of received
power at the input to the receive antenna; 15 The NLOS detector 400 may be

col | o¢fa4 efirewi nﬂie-bheughegatwaétvmert transmiitielr 100 and adcetasre! 4 i‘seabimathénra The
NLCS detector 400 na e run aonline as inputs becone avail able i
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at th tra er position nmay nlcated
t o t hélddev@rdiet thid casdl @ath m nsermttMtéd by ssecand db]‘mt |3|®Ocﬂrid th&a sngmdé is The

transm ter include its, position in data, transmtted

oo Gl AN isB RgRr & BEE e S sidh SRE setiEeR ctassmise: 1B and
exarrplr@ce,@erDﬁﬂCn%ﬁ@m,g%yNLgsl ifke a GPS that determ nes the position of
the transmtter 100.  This i nformatl on may be included in the transmtted

data, determ ned at the receiver 104, and input to the NLOS detector 400.
25 Th?lqﬁée‘i ‘éﬁéw@%bwcﬂ%a&anﬁ”ﬁr BRe &rrah 'eﬁ?e?}{t'd?rthgrlﬁﬁ‘hﬁé of-8Rhbldetector

det ec exanpl e DSRC system may I nclude a GPS that determ nes
t H® pdot |lmuteft01tﬂraaN|LQfedetactCKm4JOaﬂ$e recei ver position may al so be
NLOS det ect or,. 40 m stored data in offline

t th
o™ v 3010/ FRS BeTPA RISt PRSTATCOL NG TR poner BT 1y be
at a fixedd eve nsmtter power nm
al so biaxcor"?rmxl EaHWBQ%%P%%ﬁCtor f&omhe@g%lgé‘?rom storeg dat a |%

of fline noga. Thenbasuerdfttiisnifiéd mawer At thedeutpbeof therteansmipan@nnBTand dat a
transmtted to the receiver, which is then input to the NLOS detector 400.

In 5 anot h&R enBdueasure qfhecelvamnmewe@ltmamumthewepau@ antemraii t power

| evel relative to sone stage of the transmtter prior to the transmt
antenna input, and/or information regarding systeml| osses and gains,
aritsenfraed‘dhOSgdetaciom f0fnnhay diencolinodted with therreneiver or traasmitier, oe absethe o

and oSS, Ot SR HOS AR Bhe O gk Tul A B Al nBu e BeTbiar can

be usedir effid Medal Bostprotessind iHput datdese waR)colecrepribiad itesswention.al ues.
The received power, PR may be output fromthe receiver 104 for input to

the NLOS
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.



detector 400. In another enbodi nent the receiver 104 may output receiver
power level relative to receiver input or sonme stage prior to the receiver

i nput. Thwe 20wywd7omay be 15 conbined with informati on PEFaEdrgosiset em

| osses and gai ns, antenna configuration and gain, and other avail able
system paraneters, to determ ne PR |In another enbodi nent, where one or
nmore of the system|osses and gains, Ahtenna configuration and gain, and

ot her paraneters that can be used to calculate PR are unknown, these nay be

assi A ﬁé!ﬁ@tg e&&w&s P?%??giétnét Taked! 120 189 I%M%%?é“r\ﬁfb deledbAUbp! | Cal

|nformat|on anpl e con ce interv W th such ornmat 1 on bei ng
enpl oyide ﬂugnsmlaen@nwernnapfalsm glatcomhenicatedﬁlﬁﬂthe)N@@&rdetentmnéomonrmasa&i

stati tlcs on .t out hows bl o m of the
N6 Horssiasrd st W pithe Sade.« e wanstelier Job Ak ideees ie banari pet
cal Cu'mrt ASdARGraMehieS té bR Fac%ﬁ@?c\ﬁ/hmtmséh ﬁrtllﬁntté WS NLOS HeRRtdasa0 | o T
and the receiver position R, as 12 where .112 denotes the
L2 ﬂworanpther\@rammmmgne)Mansmz@w/atmmmmmtraowérmrplaval tedative to

o ol sl sBR, R BbSRuh BRI e RS bikenRESnp e prfilor, MradiBian, " ©

aCCOF%gH}dIigt QGysStne Pseeagand OQalﬁi@d&Antehﬂa OMf@drmm gahﬁ @fﬂf:‘cdtﬁér pat h
loss is calculated for a |ine-of- sgggk; li nk between transmtter 100 and

r ecei Parameters @isatn@an h@ uszﬁd tenralguladyy A s danethercembpdimeniaihers Snengel
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rocei JEe G 4 ysten"sFes S Yl ahEhfAEolt Bt drdiogl fa Bifler
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assumed values.

The received power, PR, may be output from the receiver 104 for input 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:



y is the path | oss distance exponent; 15 In another enbodi nent, the

| og-di stance free space path | oss nodel is replaced with an equival ent

| i near nowel20100ue0 enbodi nents are al so possi bl e wher e PCAUTODEION A pat h
|l oss, LM is calculated using sonme other path | oss nodel, as will be
apparent to those skilled in the art. In another enbodi nent, environnental
condi tions may be known and used by thd 20 NLOS netric generator 504. For
exanpl e the presence of rain, fog or snow may be known, e.g. via one or

e
nor e S I ] ' r nimunj cat ed
o tha R eseriy AT Ia Kokl ffods RUTENeL R AREIAS O (R2 batfl oSS TR e o
e.g. ¢aolowscated with the transmtter 100. In the case when the NLCS netric
generator 504 or transmitter 100 is onboard a vehicle the status of the

wi ndscreen 25 wipers may be used to detect rain. In this enbodinent, the
NLOS netric generator 504 may apply apfipq?ific propagati on nodel in the
case when rain is detected. For WS 2010/ 144970PCT/ AU2010/ 000762 13
exanple, the NLOS netric generator 504 may use the above nodel with an

) o SR bafdkSs e RS 80 Shisuateh T BOQHIBATRAR ok, L Bosordlg e
| i Be- &b seh@ghprapaightibn ssedell dngeiee aabagamend tieekpectedtpdth 1ddwis calculated

characterises the link as either LGS or 5(£ILOS., I n one arr%ngeman,t t he NLOS
met ri TR liae-9f-sight Gink bgtwegmiraasmiter 400 and Frree VRS e Hstngethg FolkowiBg lag

nodel |y a,géé\ﬁégjs-glg%ﬂ@%tr?ﬁ;ggl,Jngaéles: AL = Lo - LM The cal cul ati on of AL may

be pertormed In og or linear domains.

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 app]y a specific propagation model in the case when rain is detected. For



I n one enbodi nent, the NLOS netric generator 504 outputs a NLOS netric A =
AL. A 10 small value of A indicates that the nodel is well matched to the
obser ved wbannel44970hen t he nodel | ed path | oss cal cul at oPCHFOA208EH0 72

| i ne-of -sight nodel, if Ais close to zero, or negative, this indicates
that the link is nore likely to be LOS than NLOS. Conversely, a high
positive value of A indicates that thd3link is nore likely to be NLOS than
LCS. 15 In another enbodi ment the NLOS netric generator 504 maps AL to a

Met Il G ualdie e Rtg@m%fﬁé’g%ne%%ém luad tﬁgyadb%vh@dgf‘%itﬂfaﬁ Q8justed
foll om ng: I nput AL mapped onto outpu al ue according to sone

pr edetvatue ofqohthloss exponent npuin the praggrece ofran, dogradfoesmowed out put val ue
X. assigned to that input val ue; | nputs AL and
transmtter-to-receiver distance d mapped onto out put value X. 20according

L0 SOMhePNELE Phatribegbrietalr 504 usbSRNE mébsitBE A RedadIca! litdof-Sight ‘ﬁggh

di stance d mapped onto a predeterm ned output value k assigned to t
conbi fegsesntcogeneiate ans autput aametrie tthah chaeacteris@st theelink @sueithex LQ&do6r

transm,tter-t.o-recejver di L or | yd e ps.
w020 1A dhonte PebBReRER 63 SR s MhbBic S ehed B achp cARBefis, e sifffede
segnebeddeemtic Obderoad aabahbéeliddalire-bi-sight pathilossedyy predet er i ned | ower
boundary b,' and upper boundary b,u . Qutput netric valuesare assigned to
each bin. The NLCS netric generator 504 determ nes bin nenbership for

i nput AL, such thatAL, and then oypuys_g the netric value /1, . In one
enbodi nent, with n=2, the input AL is ﬂapﬁbd onto one of two values .11 or
and the boundary between bi and b2 is selected such that it denarcates the

expected val ye..of .-as _either I ) . ther.. odinent, with
n=5e e Sefalifid of oo RN A Bt e tap o DB RGRIAS 7 15 The
boundary between bi and b2 is selected such that it demarcates the expected
val ue  of AL ither, L unknown. The undary. b n_b2. and [
el ociBanebeRent, habO SR HehermhE TSR STGS Tadfie Bl R nown
orig\L&kall value of 4 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.



I n anot her enbodi nent, the NLOS nmetric generator 504 bypasses the neasured
and nodel l ed path loss calculators if the transmtter-to-receiver distance
d i s bel owo=zome41%ot hreshol d val ue. I n one enbodi nent, @ariAlEess node
the NLCS netric generator 504 outputs a fixed value netric value, e.g.
indicating that the link is LOS. In another enbodi ment, during bypass node
the NLOS netric generator 504 out puts1é netric value that is cal cul ated
according to sonme function of the transmtter-to-receiver distance d. 20 In

ol N aeyHonent, M M Ao o LB e R i B SRR RS o
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metric g nerat or ptit's "a” ne accordi ng

to so r | e d
20101 TS HORE P ReSn GRGpRSREHIIfbur B Sheh KA A EhP e ?%%\e@;%ner PSS has
Inmscqh@pﬁﬁnéggﬁbyg antennas with values P R per-antenna avail abl e,

wi ng per-antennda cal cul ation of LO. If per-antenna position information
|s avallable for receive antennas then d is cal cul ated per-antenna,
othermnse i s consi dered equival ent across receive antennas. In this case,
t he NIOSns afabedimenbriwithnge, Beinpal Adsis m@ppewn&lpaamﬁ‘@e velugs dadh 4,

antenna to output one or nopre netrjcs, such per-antenna netric

val ue@ndthe haundaprbptyeembednd breisrselectad lfélch ﬂrﬁblt mmarﬁﬁ%%etheaﬁﬁpéﬁﬁﬁp
metric vaI r-antenna nmetric value, taken across all
recei YalugR e%{ﬂa?ase'g‘ﬁrﬁé-aqg g@é?%er-antenna metric val ue, taken across a
subset of recel ve antennas; Some statistic relating to the per-antenna

metri ?n val var.i an&:1

ano er embgdlment t en"3 the input AL is mapped onto one of three values

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.



Sonme conbi nation of the above. I n anot her enbodi nent, the NLOS detector
400 nmakes an estinmate of the power at the 15 output of the transmt

ant enna, WO andi4eses this to represent the input PT, asPColAwae/oovsen the
transmtter-to-receiver distance d is bel ow some value, e.g. 25m the
expected | oss LE is cal cul ated according to sone nodel. For exanple, LE may
be calculated fromthe transnitter-tolbeceiver distance, as some base | oss
at a distance with an additional |oss per distance decade, e.g. 60dB at 20m

Pos 1 Bofelr SRR AT 0 fal Bho REiforeebaf Stefithe WA gy ¢ 19
speci fp,c pef-antatinal evaildile, Rllowing ipeerantérgizplcaldustivrved 11 omit iperamtenna

transmitter 100, the wireless |ink my be characterised as LOS or NLOS
usi ng positioatinfoematioh dsl ayvaiatsia rfon ceqeives antennakdhentgist calEulates perastenna,

antenng equal to 1):.. 25 In apother enbodj nent, the N .nmetric,ge or
504" COMATHSE S CPDSITERT GRH ROk AR SCPLEA VBB R ThaS Grge: HaNhDtiov:
Compi pRdttieyeHRYatbe 50Ar hay RS Riktidd ERtUREdRbA 88cH \Ypteritftd bIBHUMIHEOHF
according to sone function. Exanple functions include: Performng a block
aver ageorefmetsicsi #¢chodsr the tine window, Performng an auto-regression of

metrics gver the time w ndow, WO 2010/ 144970PCT/ AU2010/ 000762 16
Conbi fi néa%h Pefra0teRRadNeEICa@Y&n of sanpl es fromthe window. 1nformation

obt ai ned+by .ch terisin N conditions of a wireless. |ink my be
proce§se h%ﬂ@’@i@&\ Fﬁ%@’ﬁ@?éﬁ%ﬁéﬁ’?ﬁge.g. the driver and/or occupants of a
vehi C'oe1Tﬁé‘H"{iHiFnd1'ﬁ?@r-§%té Iheldt @Wigeher connected system such as: 5a
vehicle system a road side system a safety system For exanple, the
| rifgor wat Ties at@sagespersrena metric value, taken across all receive antennas;

¢ 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;



provi de an alert when detecting a potential collision threat; 10nodify
alerts, e.g. by changing the nature of the alert or the alert trigger;
reduce t HEOI2DI0&M4i¥7Bod of fal se alerts. Information obt aPREMUZ)10/000762
characterising LOS or NLOS of a wireless |ink between two points in space
may al so be used to detect and/or correct erroneous map information, or to
augnent existing map i nformation. ThedB map alterations may al so be
provided to 15 a central body responsible for reviewing the nap data and

di StT l.DUELAMIHAG Y fifle-bHaBA'SWMioAHsalffd fidnfifiRclingef, herein may be
i mpl emented 1 n hardware, for exanple application-specific integrated
circuits (ASICs). O her hardware inplenentations include, but are not

ai gi ¢ obarian SpfiRed S M RARREO5 51 OS Solorks PLEMORC T TuY ona
nodul @@ Zdcessedand frbvidedite detipichis tag! the kivdr @sd/oNBcAlpdms ©f apydhiclatl i on
prograns executable wthin a conputer system The software may be stored in

a conm@diar-ysedpineukiaganethaheomieqtedharsiemisych aSonput er system from t he
conput er readabl e nedi um for execution by the conputer system A conputer
readabl e n@dYRIHFRRYSI®Ta conputer program recorded on it is a conputer
program pr Qduct,. .@a | es of such 25 nedia include, but are not limted to
CD- ROVE, hgrrgagisé 8{%}9% a ROMor integrated circuit. Program code nmay

al so be trg%&t taph@ conputer-readabl e transm ssion nedia, for exanple a
radi o transm ssion channel or a networked connection to another conputer or
net wor ked device. WO 2010/ 144970PCT/ AU2010/ 000762 17 It will be understood

t hat tF'&?e&QNﬁﬁE,itﬂé'i bﬁﬁé@&rﬁaﬁ\a&[ﬁg{ geldpsd in this specification extends to

all alternatrve conbinations wo or nore of the individual features

menti oned providé dardlert whent detetting a potdrtial dokistondhrealy | t hese different
conbi nations constitute various alternative aspects of the invention. 5 It
wild  al so peodifyciieds.cod. bheabangieg the pature @b thesalert errfheialert figgarat i cal

o e o B BB T oot bt el v or
features. WD 2010/ 144970PCT/ AU2010/ 000762 18 CLAI M5 : '
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

computer or networked device.



1 A nethod for characterising a wireless comunications |ink, conprising:
receiving data representing a position of a transmtter; receiving data
repr esentWAgIH/dé¥Pt i on of a receiver; 5receiving a neafGrAWBP1{00843 i tt ed
power at an output of the transmtter; receiving a neasure of received
power at an input to the receiver; enerating at | east one non

| i ne-of -sight netric to characterlse fhe wireless Iink between the
transmtter and the receiver based on the position of the receiver, the
posi tioRilPhet ﬂﬁdéfs@é@d”théﬁ'ihe |H€‘eﬁtfo'11ﬂ%ﬁ§cids‘é‘é| BAYCHeMEd tu'i‘ethfse‘é?é(\! ﬁgatlikm"er
and 100utputt|ngf the non line-of-sight netric to characterise the wreless
comuektemdsotes dlii kternative, aembiatiess cohitwedor rmefeaioh thec dndividuahdeatures
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cl ai mednstitutd wariduslal@rnativeoagpdcis bPthe invéletical. m ni ng out puts an obser ved
path |l oss, using said neasure of transmtted power and said neasure of

recei ved power inputs. 4. A nmethod as clained in claim3 wherein said

obger viagl Rdbé apdeisiosdtitltiié estmhConystisesPand itSRyraMmiatical vheamts dshesed
observed path loss; PT is a neasure of transmtted power at the output of a

t r ansi thigrerasificatignds Frauivalantiadhe den “naludess ansbabeulst netbeitaken aso a
recel KeeidBing thd pre YA & Uhér QAR GHAGAQ/R00762 19



6. A nmethod as clainmed in claim5 wherein said nodel of path losses is: L
ref +1 Or logio dr f where: LMis the nodelled path |oss; 5dis the

di st ance;WEn2810/544978 r ef erence di stance (in sane units a®CdKU2DHEN0762 t he
path loss (dBm) at do; PR is the received power in dBm and ris a path |oss
di stance exponent; 107. A nethod as clainmed in claim5 or 6 conprising

adj usting a parameter of the nodel of1®ath | osses according to
environmental conditions.' 8. A nmethod as clainmed in claim?7 wherein the
path | oss distance exponent is adjusted in the presence of at |east one of:
15rain; fog; and snow. 9. A nmetHebAHMSc|aimed in claims 7 or 8 conprising
detecting said environnental conditions using at | east one of: 20a sensor
collocated with a non line-of-sight netric generator that generates said
non | i n&- éf methas fomeharasterising arvingless cometrdeatiansHinkheompsisingi t t er, an

out put of . | LG t non |ine-of-sight netric
generator;ré&qv'ﬁs%%% réﬁ%@%tﬁ%@‘ﬂ@%ﬁ@bﬁoﬁata@é?ﬁlgggreen w pers where the non
|'i ne- of - sirgddivingtdata refirgeaetiraj @pokkionwint redevepoard a vehicle; and a
status of vehicle windscreen wi pers where the transnmtter is nounted
omboar d arQe&lying & BEasyieolfdransmitted powenahap AuiRut el the dransmitterie- of - si ght

Metric gen&deiing 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 baéed 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.



WO 2010/ 144970PCT/ AU2010/ 000762 20 10. A nethod as clainmed in any of the
precedi ng clainms wherein said step of receiving a neasure of the position
of the trwomotsey7oconpri ses at | east one of: determ ni mgTat2toadoicocat i on
of the transmitter; obtaining the neasure froma global positioning system
(GPS); bretrieving the position fromstored data; and extracting the
position of the transmtter fromdatalBransnitted to the receiver. 11. A
nmet hod as clainmed in any of the preceding clains wherein said neasure of

transmtted | 0 LS. pLovi by at. |ea ne . a.fixed level; 10a
measur eé'r 21 @Eﬁ‘\,\f@r?goc%@%a 4 g'&ﬁ“ 5’? ‘ﬁﬁﬁrng F%‘ﬁ'éﬂ?@‘%‘éﬁ paﬂﬂqsspg ' transnit
antennay -stong@,dsta=and inclusion in data transmtted to the receiver.
12. A nefhod”as clainég in any of the preceding claims wherein said measure
of 15received power input is provided by at |east one of: output. fromthe
receiver; a neasure relative to receiver input or sone stage prior to the
recei vgfpdpaput; stored data. 2013. A nethod as clainmed in any of the
preceding clains conprising receiving at | east one paraneter used to

cal cul dtweissthiednodellaar patbfloss;ansni tt ed power input or said

5 d is the distance;
der is a reference distance (in same units as d);
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.



measure of received power input, the paranmeter conprising at |east one of:

I nformati on regardi ng system | osses; I nformati on regarding
syst em gavopiiz@daeroenna configuration; and aoranelogats2 WO
2010/ 144970PCT/ AU2010/ 000762 21 AL = Lo - LAl where: ALis the path |oss
di fference; Lo is the observed path | oss; and 5LMis the nodelled

path loss. 15. A nethod as claimed i BOcl ai m 14 conpri si ng mappi ng said
path | oss difference to a non line-of-sight metric value prior to output.
16. A h ' ] | rej | d i |.9es.at } east
one of | Thsanarset Ay Beirhé fipcaif or YiEr Bldbedic) o' WFAREAGPSER, of
metric receiviny) agndasuse ik thy polsitien of thedrdnsmittepoompsisesl apialst bnsofdi f f er ence
mapped onto a predeterm ned said non |ine-of-sight netric assigned to said
pat h | ossdatarminieg @fixgs loeationsaf thegeansmites di f f er ence and sai d
transmtt Yol ' L &1 SRR BEiti t | .l i ne-of -sight
metric ac?é?%@ﬂgqﬁgﬂ%’%%ﬁégggg m n@ggﬂnéﬁ@' i n?&hg% path |l oss difference
alkd sai d tetdesingtthepositiondwen storedidatarerel mapped onto a predeterm ned said
non |ine-of-sight netric assjgned tq that conbination of said path |oss
di £ 1 er enc EXEAEGNG RAskiRE ot hB ansmiteriom daip SPREUteS utheuRseIvER ¢ hat
quanti zes said path loss difference; and :

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:



a function that quantizes said transmtter-to-receiver distance. 17. A
nmethod as clainmed in claim15 or 16 wherein said mappi hg conpri ses
segment i NYoi2AP4%Pace i nto bins. 18. A nethod as cP&rdR010/p0¢76ai m 17
wherein each said bin is defined by 25predeterm ned | ower boundary and
upper boundary, and said output netric values are assigned to each bin. WO
2010/ 144970PCT/ AU2010/ 000762 22 19. ARlnethod as claimed in clainms 17 or 18
wherein said bin segnentation conprises at |east one of: two bins, with a
boundar y ;bef ween bins sel ected such that the boundary
demar cat’€s the ®xpected val ue of said path loss difference input as either
5line-of -sight (LOS) or non line-of-sight; and three bins, with a boundary
between first and second bins selected such that the boundary demarcates
the exp¥Be& val ue of said path loss difference input as either
| i ne-of i ght oundary between second and third bins
sel ect ed such ?%g%qﬁﬂgm%§U% aF@‘ émar cat es the expected val ue of 10said
pat h | obg igihief abysemesd pathubssisarel t her unknown or non line-of-sight. 20. A

t hod as.clainmed in any one of the preceding clains conprising calculating
g% obs ’V&Hﬂﬁﬁpﬂg?%§%p? (l08Sich of . a plurality of receive antenna. 21. A
nmet hod for characterising a wireless conmuni cations |ink, conprising:

recei vi data representing a, di stance between a transmtter and a
r ecei velS. Aebef A games Giamotd CPREHING BEPPEELFaILPAR 168 diieenca he
transm {ot Lhon iRERIF S r?getgité%!uee?ﬁértbe&ﬁwt‘?d power at an input to the

recei ver; . generatli | east one noh line-of-sight netric to
characterise the wireless |link between the transmtter and the receiver

based ofrt heqd ; r ! : : j r.~and
2000t puﬁ-i PR Bs Sailres i QRTS WARrEIR o bR coffifiskE et 104G ond
communi@fati ons |i nk. : :

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 some predetermined function;
. said path loss difference and said transmitter-to-receiver distance mapped

onto a predetermined said non line-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.



22. A conputer program product conprising nmachi ne readabl e program code
recorded on a machi ne readabl e recording nedium for controlling the

oper at i orwof20m/dad7a processi ng apparatus on whi ch the prograammadersexecut es
to performa 25nethod for characterising a wirel ess conmuni cations |ink,
conprising: receiving data representing a position of a transmtter;

recei ving data representing a positioR2of a receiver; receiving a neasure
of transmtted power at an output of the transmitter; receiving a nmeasure

2010/ 1440 70PEH S 350 bR o e JEER, 1 wherdh 5id i sggmentation

| i ne- of carhpides @it least drie 6har acterise the wireless |ink between the
transmtter and the receiver based on the position of the receiver, the
posi ti on of tweebinsavéth ta beundary betwesm binsdselestad aueh tthat the: douwadapower ;

i rel ess scRIcBias B2 kP88 Ra e Had pa SO, pirrked ARG s "

wisr el ess conmnémghmn@é,)icn—knorcm{g;bf.gibng:anaeans for receiving data
representing a position of a transmtter; neans for receiving data
r epr esent i ngheeepbigist With aboundarydietween first and secontkbbins salected ssichithgt a

nmeasure of t 1tted po t ut put of e ransmtter;,. ns. for
recei vi ng at 2@@'@3 cfeéﬁ%{cggeds gg%\%?(pggtegnv?lkgu?flgé'd?ﬁa{ﬂ L:ocséi g'rﬁlg?g ans
for generatiifguteds kit lin@Aef-sight br tekriwrs i i a BBURU&NY Petdeharicehdhd he
wireless |ink between the transmtter and the receiver based on the

posi tion of thifd bins selectadesugh,that theyboppdary demarcatercthe axrented ¢plua pk
Ypansm tt ed ROWBEHARLs HitfreAGEInpet as either unknown or non line-of-sight.

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 representing a position of a receiver,
receiving a measure of transmitted power at an output of the transmitter;

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



15power; and means for outputting the non line-of-sight nmetric to
characterise the wirel ess communi cati ons |ink.

10
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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.



