1 6 NOV 2006 WO 03/104825 PCT/ AU03/ 00700 A METHOD FOR DETERM NI NG FI ELD
RADI ATI ON LEVELS FOR A RADI ATI NG DEVI CE FI ELD OF THE INVENTIC%kk@ﬁd& sent
i nvention rel ates to radiating 5 devices such as antennas

THE | NVENTYR$18%25heal t h and safety reasons radiation Iev%‘F’gAUWOBWPantennas
nmust be accurately nonitored and controlled. Regulatory bodies require
radi o frequency wireless 10 operators to ensure radi ation |evels conply
with the rel evAnuEfiEabt FORNDESERETYING TR RADYYIAe LEVRLS FORQAI res the
coll ection of technical data rel aty N QNGng{,il ﬁon—l evel's and exposure
limts around a reI evant antenna@%—gﬁﬁ-ﬂﬁq—éechm ques for radiation
estimati on &P i N8EORt eri stics of the antenna to a point

Source and use far fi ohe tHEOkYnt O FRkia ¢ At QN ralig¥elSgfOr an
ant enna. Thefi%resent i nvention is ainmed at providing an 20 inproved nethod

for deterti nPRYLFSEi SEFBn2FeBBFERPRF+ radiating devices such as antennas.
SUMVARY OF THECKGMEUEDCDFAmHErnmmemne aspect of the present I nvention
there is provided a % mc{ fleeld radia'ad on eve els for a
radi ating device corrprl SI ng EpSo oA NG AP BI F 3T at i on
char act eri st Ezemofntennadi aushgbelmwatmhvmﬁnig:caraﬂa@eid gbntheliladi ati ng
devi ce, whi chegadshoap%eawgt B8qhilfe dféﬂaﬂﬂ%dﬂé}rcg halAdiekadi ation

char act er%t ics and determining a near field 30 radi at I on characteristic
from t heltrod8PEFBFOLE FRaSPSBRE Tdiztiem §le 9y pridberPEd that the
nmodel i s choseletantahpabxhmahd s&péty i dhdafiatip pler.actraissti cs.

requires the collection of technical data relating to

radiation levels and exposure limits around a relevant
anﬁenna.

15 Existing technicues for radiation estimation
approximate the characteristics of the antenma to a point
source and use far field theoxry to calculate radiation
levels for an antenna.

The pregent invention is aimed at providing an

20 improved method for determining radiation levels for
radiating devices such as antennas.

SUMMARY OF THE INVENTION

According to one aspect of the present invention
there is provided a method for determining field radiation
25 levels for a radiating device comprising the steps of
determining far field radiation characteristics of a
radiating device, providing a model of the radiating
device, which model approximates the determined far field
radiation characteristics and determining a near field
30 radiation characteristic from the model for at least one
point in space.
' It is preferred that the model is chosen to
approximate near field radiation characteristics.
It is preferred that the method includes the step
35 of determining a boundary between near field and far Ffield -
radiation.

The method may include the step of determining



It is preferred that the nmethod includes the step 35 of determning a
boundary between near field and far field radiation. The net ht)g ﬁ%%

i nclude the step of determ ning 16 NOV 2006 WD 03/ 104825 PCT/ A § [%0 2
near fiel VP %H1%8%on density fromthe nodel. Preferably RGAPRANA

i ncludes the step of determ ning near-fdeld radiation power density |evel
over a plurality of positions in space. It is to be understood 5 that
space i ncl udgs, 0Cceil e d{dinsicildenisittet Eremptbeemddel or unoccupi ed space

and an articular area 0 th radi ati & | P ferred that
y particu S8 2l Uhe LAFLAL BEGNLL s Ladep RIE

t he met hod includes t ration pattern or gain characteristics
of the 10 r agétdimoniay sy ridmlcheadietdorhegyasl deBFIFY el g7+ a0 %t i on

patterns. It_is ed: t s dafiAatii0 R adtel. er R0k sgJ8bnbe CiAdacsevodt i CS
are determ n"’ledp;PE)"‘[HﬁEoy(t:ucsr;lrfenlélggd1 e

romd ata such as that availahle | 00Kks.
15 Pr ef erfabl yhatespatd otheHeder S qUR o dphyEc ét §¥H‘ﬁ?‘ﬁﬁesﬁﬁe%%§€n’bm dt h
in the two ogiheQefchpied dépfddl adddingt ippryiatfiernsreht argupdetbered t hat
the nethod includes determ ning physical characteristics of the device to
20 det er mi neTeRAR2FLPIFFRY YT udi ati on characteristics. Preferably the method

i ncl udes the step of Pt ous dhreferuestdhatnthedmeghedpiasiHirRgtiRie® i ce
by a plural Lty Oéiég%{it'Q&épﬂr&f?gaﬁ@@{aqia&etxqs@riesewwhaent of the

i nvention th& 28%“Tadia i'ng device conprises a vvinrgétafntel%ri%l The net hod may
i ncl ude the sedpabingr@eVEFagEEOm Nkl tYHQUHRRP R T3t T35 Phe | ength and

spaci ng of eagRi.WibR ghesBphs{ormng the wire antenna.

It is preferred that radiation patterm or gain
characteristics are determined from documented data such
as that available in handbooks.

15 Preferably the method includes the step of
determining 3dB beam width in the two orthogonal far field
radiation pattermns.

It is preferred that the method includes
determining physical characteristics of the device to

20 determine the far field radiation characteristics.

Preferably the method includes the step of
providing a model including representing the device by a
plurality of radiation sources.

According to one embodiment of the invention the

25 radiating device comprises a wire antenna.

The method may include the step of providing a
model including estimating the length and spacing of each
wire element forming the wire antenna.

Each radiation source may comprise one wire

30 element.

Preferably the method includes calculating mutual
coupling between all wire elements of the radiating
device.

Preferably the method includes assembling an N by

35 N impedance matrix for the radiation sources.



Each radiation source may conprise one wire 30 element. Preferably the
met hod i ncludes cal cul ati ng mutual coupling between all wre elﬁemnrtdg%of

the radi at]j ng_ devi ce. Preferably the nethod includes assenbl i ng an
35 N irrpea%‘ﬁ BSrix for the radiation sources. 1 6 NOV 206 3&@90@3/ 104825

PCT/ AU0O3/ 00700 - 3 The method preferabl3dy - ncl udes cal cul ati ng vol tage for
each wire elenent. The nethod may al so include determning current in each
wire elenent. 5 Prefema wdhedmiregdrabtiudaelmibsi payenlptdng i nver se

I npedance matrlx b%eﬁaco g: volta e vegtor (zero for parasitic elenments
and 1 volt f®PLiR9 Tl t'E) &"¥et Hod preferably includes assigning
one or nore Huygen's 'J!hea/edeeihqg'bmw edgpcinciydeadRtAFREDEIS MBHIES™ Y0 The

met hod may also vgﬂe Ing magni tude and phase of each poi nt
source from curre

sin(0) dependence forPlgﬁzﬁgrnﬁ%lrye térwggwgeﬁt?g()de?‘ g&%ﬁ h‘é&&?eﬁ”ﬁ ﬁs?hmeng :

direction of ;Lhergt e{@ﬁé&én@é\dn@wn g tahe:on&nﬁnnidmtlama orcbbrebe*Poi nt
source to each poi n

t jn, th| the re f di pattern. it
is preferred ?:ﬁa?a¥?l%l%‘f %ﬁe’f“ﬁ‘\ﬁ%aaé}s Bot Y el:(rjllefaor:tl fdl%‘; ar?%te%‘ngﬁtf ?el d
ef fects when cal cul at |'rigetﬂw:haabrnraﬂ§naﬂod&' dincdadiesp GSHLIBIRY 82 28 The
met hod prefefabl ynhgééh'dgswé@ * i GoBtdLN At A8l afifenellemtneach

point in space supp to the radi ati ng_de The
preferably includes ra'ﬂlil%ltm?ﬁgh%\}‘i‘%lesa Sthilgeinds \F‘%& “é&%mf’omaﬁer%‘g |gc

singl e or phgggdpoankayss 28cRf poDEONShesce dipmh esyrrdroniereaniondas and

other regular The method preferably includes assuming a sin(0)
dependence for each wire element ((0) being measured from
the direction of the elements) and summing the

15 contribution of each point source to each point in space
within the near field radiation pattern.

It is preferred that the method includes both
near field and far field effects when calculating the
contribution of each point source.

20 The method preferably includes scaling field
strengths determined at each point in space, by power
supplied to the radiating device.

The method preferably includes radiating devices
which are Yagi-Uda, log periodic, single or phased arrays

25 of monopoles, dipoles, rhombic antennas and other regular
or irregular wire antennas.

It is preferred that the method includes
providing a single point source for each wire element with
a length less than half the wavelength of radiatiom

30 emitted from the radiating device.

The number of point sources for a radiating device will
preferably be a multiple of the wavelength divided by two,
i.e. twice the length of the radiating device divided by
the wavelength.

35 Preferably the method includes providing scaling
factors for miscellaneous effects such as weather,

obstacles, other antennas, metallic structures and



or irregular wire antennas. it is preferred that the nethod includes
providing a single point source for each wire elenent with @Nh\fn@ h | ess
than half _the wavel ength of radiation 30 emtted fromthe I‘}:\ iat % devi ce.
The nunbe™ QP 982t sources for a radiating device will FESTAEBARY pe a
multiple of the wavel ength divided by-two;- i.e. twce the length of the
radi ati ng device divided by the wavelength. 35 Preferably the nethod

incl udes proui.dipgrscakipdcthackoss boheri seeldmnantisielifders such as
weat her, obstacles, other antennas, netallic structures and 1 6 NOV 2006
WO 03/ 10482538 pFAPD3FBB786E*SHi&Fectric structures or other factors

whi ch affect radiati necekdaiagt eoi shother Asdmddinaptt efakdehereefBbdi nent of

t he present . inventio he_radiat.jn LCEs i Sn AL ARSI fhrERNna. 5
Preferably tlt?é’errr%tlﬁgd@P%cﬁﬁggghgépegﬁr?%n ® ph geirbcal characteristics of the
aperture5ant enna fronPraferpbam V\Pﬁthe\éh%f&ah‘t 4das detee R cal

characteri S(tjdtg,%iia&ql wilg R eGak icsl 3¢, thapgf@ntere taetaime ffont ltbreaperture
and field 1 i stribution. The st egggf provi di ng a nodel nay include
‘0

2
repr esent i nPREe WSk PR TRF AT EE ne Huygen's wavel et source.
Preferably the methodrhacphgedcahechhepcoéristbesmingludre Rumicaduti on from

each wavel et _.source _at. each | OGN $PRRE: abbrisSrPr £Agr#R514 hat the
met hod i ncl dHeE 1t Hé“psetdgﬁlcedf tg%m%tlr?g F%eecon?ir)léf)utji:on from each wavel et
source aGVver disthikadigdgitvensi onal coordi nate systemin space, e.g. 20

rectangul ar, circul ar (e RRled c20prdirAaiRgSYSHedAR]l may include
representing the aperture by at least one Huygen’s wavelet
source.

Preferably the method includes the step of

15 summing the contribution from each wavelet source at each
point in space.

It is preferred that the method includes the step
of summing the contribution from each wavelet source over
a three dimensional coordinate system in space, e.g.

20 rectangular, circular or polar coordinate system.

Preferably the contribution from each wavelet
source determined includes power, voltage and current.

It is preferred that power density level at each
point in space is determined using known power density

25 formulas such as those described in more detail
hereinafter.

According to another aspect of the present
invention there is provided a method of estimating
radiation power density of electromagnetic radiation

30 comprising the steps of identifying a radiating device,
representing the radiation device as a plurality of point
sources which radiate electromagnetic r;diation,
estimating power density level at a plurality of positions
in space for each point source and determining the total

35 power density level at each position, by summing the
contribution of each point source to the respective

positions in space.



Preferably the contribution fromeach wavel et source determ ned incl udes

power, voltage and current. it is preferred that power densi.t gﬁ el at
each poi I n. space i s determ ned using known power dens'g,é} ‘%rrml as
such as t&%%gsr)ﬂ’é@%ri bed in more detail hereinafter. Accofdi’fg*Y8%not her
aspect of the present invention there i3 -provided a nethod of estimating
radi ati on power density of electromagnetic radiation 30 conprising the
steps of identifying ay agd pkeBgrdedi ckat theresemod mgpahdesadi ati on devi ce
as a plurality of point sources whi radi.at e sghegt L PRRIDEty Cof adi ati on,
estimating poveRt 5P é’\?@’lerafiegsggﬁr g?jivty o? poletions 3|Pn space for
each point smgieiemn. determning the total 35 power density |evel at each

position, by summing therLaRbL BUE facabaeanbipakst asoplapiie e
respective positions in sn%ace. 16 NOV 2006l V\QQ%B/ 194%25 PCT/ AU03/ 00700 5
It is préf erpeser ansHey Msiedd ifc 9FaRR1ae p FAPPAGEERe pover density

level for a @AgaddddcDéal Pasiddodial RBrefoehehl Fore nmet hod incl udes

di splaying the ~ 5 power, densi.ty, | evel.s i r Led abyl 848, which

di agrammati cal , pict orTHf "ber% &%t 6Pﬁ1h%'?%e%%§%3%o§grr%y i ncl ude_choosi ng
posi tions whifd ifté antwoadimensiionadsicndibree dimeasdrpetsFBAEAEBGT di nat e
system 10 Pge;g(r_n%ply poi nt sources include any portion which requires at

| east two por¥| ons ' to represent the radiating _de\cl}lélfcie. aPr ef SLEPLX t he
met hod ilicl udes summi nrefrRraRie PO SAYFASS, P dEEEr el at one position

for all poi nfpi5nSPUEGESek CRE CREIEE NGrd heoriaitizat ity re@wesentr Ebe t o
radiating device.
Preferably the method includes summing the power
density level determined at omne position for all point
15 sources representing the radiating device prior to
estimating the power density level at another position.
Alternatively the method includes estimating the
power density level for the plurality of positions for ome
point source, storing the estimated power demsity levels
20 then estimating and storing the power density levels for
the plurality of positionms for another point source and
summing stored power density levels for each point source
at each position to calculate a resultant power demnsity
level at each position.
25 It is preferred that the method includes
identifying a plurality of radiating devices.
The method may include representing each
radiating device as a plurality of point sources.
Preferably the method includes calculating the
30 total power demnsity level for each radiating device.
| The method may include calculating the total
power density level for each point source at each position
and summing power density levels calculated at each
position.
35 - Preferably the distance between each point source
is determined by the distance between points in space.

Thus in a rectangular coordinate system the spacing



estimating the power density |evel at another position. Alternatively the
met hod i ncludes estimating the power density level for the plural éty of
positions _for one point source, storing the estimted po ' Bty | evel s
20 then eYQRUI%MH and storing the power density levels fRSTAWEB%rality
of positions for another point source-afd- sunm ng stored power density

| evel s for each point source at each position to calculate a resultant
pover densi {yewbeNehrfd SAGR PaFH 11 Wetedmile ithepseheingdbengeerhe met hod
includes identifying a plurality of radiati LeS adl8cBBENOd nay

i ncl ude repPedBHt Fﬂﬁr%%%h.‘“t%éa‘f%‘ﬁ% ggs\’/%:neé%si%%\é%ur ali ?% of goi nt
sources. Ppefiaeabliy theceetdodlting vtk smezd QAlnt FUEKRESIBOFoFEP power
density |l evel .for.eac jating device. The nethod nmay include

cal cul at i ngrf‘ﬁléa%%flgl Qe{r)g%'r density level for each point sgurce at each
position5 and sumi ngIpolerrerfrTEsd At SR RCATETESach position. 35
g’r eferab'% the i dik SbaNRea bt Y& eDs €8881 §Of Péqeauy eeldct miwea@mneitied by the

i stance between points_in space,. Thus_ Lnh a.rect Hadpordi nate system
t he spaci ng rPdGaNGVnZ00§°W9E$63?Ebﬁ§2§am{£%%%0 6 bet,vvee% g_ri d
points will deterni nepteessisly nghbanerked poilndesogdedtlakiitd EPser

di st ances bet, adj acent .- DOENL S, LR SRACRaFEStE1idd MY &heoi nt sour ces
for the raﬁn\i\ftﬁ%}&n e\?ie(a:lg. fggﬁi %sppréfgrre?j t hat, thedel ect romagneti c

radi ati 00 nesslirsd.nos dexdes - f r EREENEFYePECRFD bed ¥5di%ti on. However

ot her radi atjqiydid nicldded mBnal srabliylahneasthatennel udes cal cul ating far

field and near tield tapering,characteristic t J16s & adiakidigydevi ce.
This may be acconpl i Sﬁ§afﬁ§f“ﬁéy fhaCeEroR megs&:é)éd 1€ » &

error.
Preferably the method includes calculating the

15 far field and near field tapering characteristics for each

position.
preferably far field Pd formula is

Gd+2.15
Pd = PoweratAntenna®*10 10
B AnDi*
20 Gd = Antenna gain with respect to dipole of

analysis angle

PaA = Power sent to antenna aftexr lossy items.
Di = Distance from antenna.

Preferably D far field distance =

A

2
2(theantennna coffprtivennertiye)

25 - if aperture > 1

Mone Fiald ~sl~miations - define break point of

16 times [ aperture> 17}

Pdparane = 41.3*Pd (para - parabolic aperture)

Breakpoint = .16 DEff - parabolic aperture



predeterm ned formula or field neasurenents. Preferably the error neasured
is radio frequency error. Preferably the method includes q@lmvln%i ng the
15 far field and near field tapering characteristics for each J0Si ti on.
Preferabl WY& 1%¥281d Pd formula is Gd+2.15 Pd _ Power at AfATR%00 10
4iDi2 20 Gd = Antenna gain with respect7 t-o di pole of analysis angle PaA =

Power sent to antenna after lossy itenms. D = Distance from antenna.
Preferably D far field distance = .As2fff 2(rbBepahgular capdiprure vo~~nortr~3
Ol 25 if aperture > ]A nYe"- -" "' tions - define break point of .16

times if aperture > 1ﬁ%p‘§ré‘NlEd’: 41.3*Pd (para - parabolic aperture)
Breakpoint = .16 Dif -acuerddal tcoapecthes embBofinenro0st Wrs ORETAEL5

PCT/ AU03/ 00700 _ 7 i%xgartr%xfe 4d ?@o@l@@ra AReLLY" 8 RdReshimikg fitenading to

anot her _errbo%i?‘r’r%xﬁ i e present 1nvention there is provided a method of
det er mi niSng Fadiaticn rkaitas dipy ey dadipdring ASYRGPI ﬁﬁmgﬁi'i?tﬁgc‘b%ri sing the
3 teSFcS:eOf dgf?ﬁ]&%}%" Bﬁtc’?}é’éebﬂ:ﬁ%ji%d af.gixatﬂi@ld: haddateébhsthasacbérastadsat i ng

i ce, ng_t he, boundar ef ween . near .tie a '
radi ation, defe?nFadiRtite edf’s%ﬁ'aé}e%?ﬁ“’ﬁfmg E%Fnk)g}lﬁagﬁgc%egé’%%?i ve to

the cl osest near field and far field radiation, determining the

displacement of a point in space relative to the closest

10 point on the radiating device and calculating the power
density level at the point in space.

Preferably, the method of determining field
radiation levels for a radiating device utilising the
closest point method includes the step of determining

15 characteristics of the radiating device in a similarx
manner to that used in connection with any one of the
previous aspects or embodiments of the invention.

It is preferred that the power density level is
determined by the aforementioned formula for Pd.

20 It is preferred that the power density formulas
are modified according to modification factors affecting
the gain of the radiating device and the degradation of
radiation as a function of the displacement of the point
in space from the radiating device.

25 The method may include modeling the radiating
device as a plurality of point sources.

Preferably displacement is determined by
determining X, Y, Z vectors in space.

Preferably the displacement is determined using

30 azimuth and elevation angles of the point in space.

It is preferred that the method includes
determining the orientation of the radiating device in
space to determine down tilt.

The method may include the step of determining

35 any offset in the displacement as a result of down tilt of
the radiating device.

The method preferably includes the step of



10 point on the radiating device and calculating the power density Ievel
at the point in space. Preferably, the nethod of determ ni ng flel d
radiation | evels for a radiating device utilising the cl 98 nt net hod
i ncl udes tWRO¥I4E50f determ ning 15 characteristics of th”ecyfé'éq;‘gf’?"ﬂg devi ce
ina simlar manner to that used in cemhection with any one of the

previ ous aspects or enbodi nents of the invention. It is preferred that the

power densi taelzéyxﬁ‘inﬁ% Hetaidrinothdy A %a@feoﬁ%mm:ls@ﬂedtherﬁmﬂ'xf or Pd. 20
It is preferred that t are .no

power densi rmul_a Lfie ccording to
nodi fi cat i onPLaRe % ]aﬁlf%"cbfl 0§ ¥ JIr‘lﬁ’(ﬂ:f %rﬁ’aatflagfll g~ e‘\g?ge&%nd t he
degradation of radi atyﬁféisa}ﬂj wiet inetholl tihelddesl abenﬁhepocbft he poi nt

in space from he radlat I 4 t he
P cylating t]l’ura {é&@%vgie%%w%qf Bchic! Hdertpeeldag

radi ati ng d%v poi nt sources. Preferably di spl acenent
i s deternned bgsulietesf nth# r@l%la{le@%é{fort@ei @%"ﬁ&cén PPaFEr 5bPY t he
di spl acement . },3 deseLringedassidd. 30 azinuth and el evation angles of the

point in space. It referred that the r1\113r hod i ncludes determning the
orientation E&Eﬁﬂ%ﬁﬁw THON QF THE [ PRAWINGS to determine down tilt. The

met hod may i nclude the %mﬁﬁré&taﬁb&mmt F aime piresenti mthJetlon

di spl acenent are uIt of down t wce. The met hod
preferably |W&?‘Ejd%% dezpror=4 %}N&fﬁ oéomg‘%%jlos/ 10%825 PCT/ AU03/ 00700 8
determ nlthg lrfefehenpelh@ thes@ae@mp%nmgsuctreawwm dth plane or length

pl ane or height of thepiadiati Nghaleyi£eschdiiefiy dilayriale ofebhadthad! ofles

the step of calcul atin he effective reduction of antenn erture as
P determlnlng powexr dens&ty of a point {n spacei%é%p EH 8

—t

using a closest point algorithm;

Figure 2 shows a schematic diagram of a method of

15 performing power demsity of a point in space determined
using a Hyugen’s wavelet method for an aperture antenna;

Figure 3 shows exposure limit boundaries of a
test antenna using traditional modeling techniques;

Figure 4 shows exposure limit boundaries for the

20 same test antenna using a closest point algorithm
technique;

Figure 5 shows a power demsity plot for the test
antenna exposure limit boundaries shown in Figure 3; and

Figure 6 shows a power density plot for the test

25 antenna modeled according to the closest point algorithm
in accordance with the present invention.

The best mode of performing the present invention
will be described with reference to three different
embodiments.

30 Antennas typically fall into two main categories.
One of these is wire antennas and the other is aperture
antennas.

A method for determining power density radiation
levels for aperture antennas in accordance with the

35 preferred embodiment of the invention may incorporate a
closest point algorithm techmnique or a multiple point

source technigque.



5 aresult of the displacenent of the point in space from the radiating
devi ce. BRI EF DESCRI PTI ON OF THE DRAW NGS A preferred enbodi mnent of the
present invention wll now be described by way of exanpl eldm0y it h 10

r ef er ence AW B2icconpanyi ng drawi ngs: Figure 1 shows a PSAHEFROIC0 di agr am
of a nmethod of determ ning power densi®y-of a point in space determ ned
using a closest point algorithm Figure 2 shows a schematic di agram of a
met hod of  1auRRr Heisthy EoNesLaetehéy of a point in space determ ned

usi ng a Hyugen's wavel et _net hqd for aperture_an 3. o EL OHL BaBoSIOWS
exposure 1inmit bounda®¥ e%e%‘?r’a{"e‘?e“slf%%het gﬁr?goﬁvﬁvﬁgk??ggﬁe%ngl nodel i ng

t echni ques; votugr 2, 4asbess BapssuLe7l in tSablindhecsiereorllhetP® sane test
antenna usi ng a.cl psest i ' tﬁ&my Hits it HaRlia teB0BBoR power
density pl otsq'f“&[etc‘ ew?¥s$9 g%%%h%g%égg%%ye [Tt bs(;Lquari e shggn in
Fi gure 35 anchtelingsr és6tehamely pbeefadefield BAVRT SRSt 8425 ant enna
model ed accqrdingotiget Beuckeseshrogbntagig@rot him drnteanzordance with the

present invention. The best node. of _performng t ' tieggp will
be described with ref&PehtRieEet fiY Eg‘a‘f?‘?‘terae%%rareésgog‘{&?%e?r%tt?&%%gmtennas
typi cal ly fatielianibaibwpattemneamager besuse@ne Dieshesthibityith® ant ennas and
the other is aperture ntennas.. A L fl6d ef i D PRIt idessi ty
radiati on |BFEEH g?ra%:eLF ar gaﬁt gﬁ%%gggﬁjrgc%ordance Wi hmtihe 35 preferred
embodi nent ofi tehe O reeRBOBh Haythachepbiertrl and F&3dttSFdi M-28FGorit hm

t echni que Or7"8€e g8 gPRler SRWEGeyt esbnulueis lgHrdddbP006 WO 03/ 104825
PCT/ AU03/ 00

Gd+2.15

_ PoweratAntenna*10 '°

Pd 47Di?

Where Pd is the estimated power density, Gd is the

15 antemnas gain with respect to a dipole at the analysis
angle, PoweratAntenmna is the power sent to the antenna
after lossy items such as a signal feeders, Di is the
distance from the antenna. Units for the formula are
Watts per centimeter squared.

20 The inventor has observed that this far field
estimation grossly overestimates the power density in the
near field area around the antenna. From observations and
theory, according to one embodiment of the invention an
algorithm has been developed for determining how far away

25 the far field is from an antenna (and hence when the far
field power density formula becomes accurate). The
algorithm is described in greater detail hereinafter.

If the effective aperture of the antenna is less
than 1 wavelength at the operating frequency then:

30



9 POWNER DENSI TY CALCULATIONS As described in the Mcrowave Engineers
Handbook, Volume 2, Artech House 1971 to Sadd, Theodore L1], the sinplest
way of estimating the power density radiated fromb5 ant ennad N @@ apply
the far fiv‘é@&‘/ﬁ’dg@r density formula to a point source reffféA¥R{AT%00on of an
antenna. To achieve sufficient accuracyiLorenufacturers far field gain
patterns must be used. These exhibit the antenna far field gain
characteristics foryabdedirections 10 (i.e. 0 to 3600) in the horizontal
and verti caID,p-L;a/més.—*Ek‘;Te_T-ar field power density formula is given by
Gd+2.15 Pd _ Powel-at'Antenna * 10 10 4rDi 2 Were Pd is the estimted
power density, Gd is tIt%e }lt% apleppas gé‘bé‘rt‘!‘ﬁf@ {$pesdeds© thath el € at the
anal ysis angle, Powerat En enna I's 1he power sent to the antenna after

| ossy itens gpiel a» a sayrdledgrddetsthdi operahing df seawercyr ¥ He ant enna.
Units for the formula are Watts per centineter squared. 20 The inventor
has observed that this far field estimation grossly overestimtes the
power density in the near field area around the antenna. From observations
and the%ry, accordi g 4e@ one enbodi nent of the invention an algorithm has
been dev Ioanf-f'fdr" devaesgmi ng how far away 25 the far field is froman
antenna (and hence when the far field power density fornmula becones

accurate) T\%erﬁr?%ééggi%éj%ér&%d_si erdbeaios dgbathriereinafter. |f

the effective aperture e antenna is less than 1 wavelength at the
operating fr&%@ﬁiﬁe&%ﬁ&&@d 2006 WO 03/104825 PCT/ AU03/ 00700 10

To compensate for the overestimating effect of

just using far field calculations it is necessary to

10 determine the reduction in gain in the near field due to
the finite size of the aperture. From power density
observations for uniform line sources and tapered
illumination aperture antennas a general break point
distance must be determined where calculatioms change

15 modes between near field and far field. An associated
taper method can be used to calculate near field radiation
levels. The break point for parabolic antennas is
determined as 0.16 times the far field distance. The

taper method for the parabolic antenna is defined as:

20 Pd =41.3*% Pd

parabolicNF
where the Di used in the Pd calculations is just Dfar-
field, irrespective of how close a distance to the
antenna. The break point for rectangular aperture
antennas is defined as 0.25 times the far field distance.
25 The taper method for the rectangular antenna is defined
as:
Pd e ron oy = Pd 5
where the Di? used in Pd is replaced with Di times the

breakpoint distance. This effectively makes the power



wavel ength "D.rar-rrrrr - 27r If the effective aperture is greater t han or
equal to 1 wavelength at the operating frequency, then: @ o
~)irr-jrerd = wavel ength wherein Aea is the antenna's effe}ﬁi‘"l ‘“él?)erture.
NEAR F| ELWVEAVI®E2ATI ONS To conpensate for the overesti matREYABBOAWY of

just using far field calculations it Lsipecessary to 10 determ ne the
reduction in gain in the near field due to the finite size of the

aperture. Frayndiedeidedans with ab&atéabfoms’Dﬁoxnutﬂné onen Y | Heelsb Hagderand

tapered illumnation aperture ant ennas r eak point distance
must be det eMAthed Bihe (RGP AFSFFBNE cHA galr‘renlg{e)s bet ween near field

and far field. An assggkdkeda Eépﬁétﬂaamdaﬁause beedrs etb texicidl cul at e near
field radiation |evels. The Er eak point for Ear abolic an%ennas is

det er ni ned a@ré)relﬁ:mm ltlhé‘-hf@amelairelfée&ﬁstéﬁ et TRMUERPEFSHE hod for the
parabol I ¢ anlenig. | s A8ld Nefhas ov%(} oBH AaEaBa KME) 8sdore e Stbibase the D
e ) cu

used in ations IS ar - d, irrespective of how cl ose
a di stance tmﬁ&&hammaﬂimsbm@alcam@mtforoanteenaﬁgnha\? Baerhave

antennas is defined as 25 tines, .t far e The t aper
met hod for t%’efﬁ%‘&%%ﬁﬁcé?e:atrﬁeean% SXFEE nedkggg E@qﬁgmggnmdar NF = Pd
where the Di A Mfad epl aced with D tinmes the breakpoint

£Lp

di stance. This effectively nakes the pgower .1 6_NOV 2006 03:{ 10 8%2051_,
PCT/ AUD3/ 00700 - 11 dsfsus rewes dpmsAty Aevelst c3PDPei ACTREMHEST 9 el d

rat her toha”an/Q&@eM :f‘!p fg%éeééhxtw%cj ladnit@ky) key characteristics
of the antenna. This enables the antenna to be accurately
modeled.
According to one embodiment the far field

radiation pattern can be determined from the Fourier

15 transform of the electric field across the aperture. When
most of the radiation is concentrated in a highly
directional beam, then close to the antenna there is no
significant diffraction pattern when observed close to the
main beam direction. That is radiation from any point

20 source in the aperture travels almost the same distance as
radiation from any other point source in the aperture when
the observation point is confined to the non-shadow
region- the aperture dimensions translated in the
direction of the radiation, a simple inverse square law

25 can be applied and a good approximation to the radiation
levels is obtained. In the shadow, i.e. outside the
aperture translated in the direction of the main beam,
diffraction effects occur and the field is attenuated.

The optical equivalent is a parallel ray of light

30 falling on an irregular hole in an opaque material. When
observed very close to the opaque material, the shape of .
the light beam is the same as the irregular hole (the

Fresnel region). When observed far from the irregular



These taper nethods can be seen to still overestimate in the near field,
but to a nuch | esser 5 extent. This snmall overestimati on buyil Sqnme
tolerance into the calculations to cater for antennas that Br@? L'@ve

di fferi ng"y? B¥¥#§2%es different to those exhibited. APERRIFAURYPENNAS
Before power density |evels can be detamm-ned for 10 an antenna it is
necessary to identify key characteristics of the antenna. This enables the
antenna to heiagcuhat ehigenbsletintt A& oorafimgle of Rysunbebedi KeALRhe far
field radiation pattern can be determ ned fromthe ukLer ransf orm of
the electric field act®BsS*i%e "appecrat]ucr‘rbﬂ.a &S A5y ggat Eégrg%?ééi on is
concent r at ed, iR @1 BhoALY 1 8{F #OFéRNah1Pen dhtbgdmede radiskéoant enna there
is no significant diffraction pattern when observed cl ose_t bh& mai n
beam di r ect pebkteThat and thei Beven FYRPLLRY Hoi ke ﬁ?esr%ﬁ‘lrc‘?eafln e’aperture
travels al mst, {he, 3398 41 8LACEuRS middiBLl AOc&HOMAD Exonhehopal Nt Sour ce
in the a%erture en "the observation point is confined to the non-shadow
regi on- therageatibe ganeeshons OnamsantEprexiprte aRFEML®n of the

radi ation, a,sinple inverse squarg. |la N: ' i&tgood

appr oxi mat i G StEHPRETPRGS: FBRY g‘&% é\hlggn%%t élpﬁ%%.ﬁ)ﬁlér?%r@%hadow, i.e.
out si de the r gREHCHE t("aRghehed wavehetdsoectéesh afradwe the n beam
diffraction effects occur and the field is attenuated. The opti cal

equi val ent iapextyacal lel ray of light 30 falling on an irregular hole in
an opagyg material. Ven geserugdcer v16kose peihbeanpagimmention 2 t he
shape o the light beamis the same as the irregular hole (the Fresnel

regi on). Wiefuldbsdreed-dimersiomaihevpiveas of ¥he REFABD6E \ﬂfﬂb’ﬁ‘i 825

rpg;{ '3\?_3/ 0070Qr0er _thlez anmoelneriast Heenigr{?iggnhs wifeh.Of rReCéiSé &t RssumhOf er

algorithm is set out as follows:

1. Find the displacement of the analysis point
15 and the centre of the radiating element.
2. Calculate the effective reduction of

antenna aperture as a result of the

displacement.
3. Find the displacement vectors X, ¥ and z
20 dimension values between the centre of the

antenna and the point of analysis.

4. Rotate the displacement vector by the
antenna’s mechanical downtilt in three-
dimensional space (to calculate the

25 analysis with respect to the antenna face).

5. Find the Azimuth angle (the angle in the XY
plane from the centre of the antenna’s
aperture face to the analysis point in the
X-Y plane);

30 6. Find the Elevation angle (the angle in the
7 plane from the centre of the antenna’s
aperture face to the analysis point in the

7 plane);



In order to calculate the near and far field radiation density given only
two orthogonal radiation patterns and the power supplied toUNh_e aperture
antenna, 5 the nechanical structure nust be determ ned frdmh e‘§®

radi ati on WaPYH#RS. Once an approximate aperture distri bBRET/4PO3087Rnown t he
antenna i s nodel ed by point radiators,i4"Huygen's wavel et sources) across
the aperture. 10 According to the closest point algorithmnethod a full

t hr ee- di nensi onal anal ysi s aghlBésahttght geinghhbwed thw anGsi@agnt ennas

| ength and width. The closest point algorithmis set .o s 1.
Find the displacenent of tH&1g IF%FEengh{;alESaé’ﬁ%Pq ég%egf\rtgre of the

radi ating el ement. 2. Cal ciyiataalhaecatlfacki semergiehy on of antenna
aperture as a result of the i splacement. 3. Find the displace nt vectors
x, y and z 20 di nendi.on v@ness thet wosateAedd ERLAEEPERE heP Yt Rnne and t he

poi nt of analysis. 4. Rot ate b el aglsggﬁggntﬂlgﬁ t Phe D¥nt&6na aidna’ s
mechani cal downtilt in thrée~ dimensi ona space (to calculate the 25

anal ysis with respect to thdaae debxafinederhrogghFrhel ;-qa.'éa;la@ql mith angl e
Lo the analysi s point |n { RASEAAPSRERtOR. "oBtsbi RACRE R EonPiniel ) . °°
(the angle in the Z plane frgig tdie eerlebdaofacthe antenna’'s aperture face
LET;2E02?85¥863120Iranr]trg} é%éﬂé¥¥2ét %;%agggiéo gspygég%é%94§g§bht
10 + electrical downtilt compensation is
inside +/-1/2 the effective antenna height,
then the new source Z position is set to
the antenna’s centre height + the Z
component of the downtilted offset
15 | Else
The new % position is set to the sign of

the offset *1/2 the effective antenna

height;
10. If the antenna width plane offset is inside
20 =/-1/2 the effective antemnna width, then

the new source X and Y positions are set to
the antenna’s centre X and Y positions +
the width offset along the antenna face + X
and Y components of the downtilted

25 elevation offset,
Else,
The new X and Y positions are set to the
sign of the offset *1/2 the effective
antenna width.

30 The new antenna source positions are then used in

the calculation at this analysis point.
In the summaxry the closesf point algorithm

determines that for any point in space either within or



anal ysi s height going along the antenna height plane (obtain through the
rotated displacenment’'s z dinension); 8. Fromthe rotated di splacement
obtain the 5 analysis distance along the antenna width p]&M&VQﬂﬁtainéd
t hrough t Weo oxtoas2ed di spl acenent’'s Xy plane vector's conprumNos/oatoong the
antenna face 9. if the offset (analysis;gisplacement height 10 +
electrical downtilt conpensation is inside +/-1/2 the effective antenna

hei ght, thepddigid1@WeSaUhee FLepagiEbirOfibidseadiatidhdaurdamnya’ §h@ent re
hei ght + the Z conponent of the downtilted offset 15 Else The e Jrew
position is Lsme!t slemisd tyi davel athEhi POEPt+ 1?231??1%3 et SRE Kt enna

hei ght 10. LIy 4 ARCRAd Moh oBhARE off ERE! apSriils dentdiher/ - Wil he
effective anténna w th en e new source X and Y pOSItIOI’]S are set to

t he ant enna'golentir=e tl&eawdo\éep@smlmSaGCOFﬁénw 80 htlt fEBTP LA he

antenna face + X a.n onents of the e elevati on of fset,
El se, TRe ¥ % SRenEe TXE f“og%ﬁﬂkésﬂ%‘gﬁ tﬁea%)ffset x1/ 2
the effecti V@ooﬁﬁ{ﬁ}{&g \Mfdtt'Jhe Ydibhe :Lme\spamaeaaawsbllr@e posielerati® t hen

used in the calculation at this anal Si S pol nt . t he the cl
_ : gn::a,l osest
E ii gp é ?
er

poi nt al gor i 2hgde cank rarigesh RIS r%?: 5Gi© ace® within or 6

NOV 2006 V\DQQA}Q ﬁ?&foqgﬁo‘gp/tqg%erture is merely shifted to the

most appropriate position to become the closest point on
10 the antenna to the point in space.

Referring to Figure 1 for points in space lying in
the Far field 10 power density calculations can be made by
simply using the previously highlight power density
formula. However for points in the Near field 12 inside

15 the boundary 11 the taper function must be applied to
accurately determine power density level. This taper
function linearly reduces the effective aperture size in
length and width as the distance from the antenna
increases, until the Far field distance is reached, at

20 which point the closest point algorithm merges back into a
point source analysis. The Near field calculations are
based on the modifying factors incorporated into the power
density Near field formulas hereinbefore described.

The closest point algorithm also takes account of

25 the orientation of the antenna including its tilt.

For any point 13 in space which is outside the
face of the antenna aperture, the closest point source
would be on the perimeter of the aperture 14.

As an altermative to the closest point algorithm

30 method power density levels can be determined using an
accumulated point source method. .

Thus as shown in Figure 2 a point in space 15 has

a power density level which is determined by the



14 outside the near field/far field radiation boundary, the power density
| evel at the point in space is neasured relative to only one point on the
aperture antenna. This point is the closest point accordiifghilo.cithe

di spl acem¥2 03410426 a whi ch i s determ ned from neasuring tRCTHAUOH00780

coordi nates of the point in space as weit as the elevation angle and

azi muth angle. For each point in space the radiating point of the aperture
is nerely shiddwila@ddeffmat oEppodpti aberpesi 16oant bhe e Rhe cl osest
point on 10 the antenna to the point in space. Referring to Figure 1 for
points in sRREYYhGn the Far field 10 power density cal culations can
be made by sinply ugigngikhe cheevhnoreky Pbghti ghopbulen mierisid \ehef or nul a.
However for points in the Near field 12 inside_ 15 the boundary 11 the taper
functi on nusdpdewgsplardenrm matyfdrdty PeeMerRIRE SOREY tgﬁng‘f’%{y |l evel . This

taper function linearly r affeClate cp@rt UrBeSkigei 6f tlmngth and
wi dth as * he® ’I’r:‘é?gaor{tagl fér/%rm Ll:'écl%ZnJ{atekﬁlr?a loi n?raeases, until the Far field

di stance i s speshed, apsridravhisc o ralidvd asleds dst cOBDHRCELEB VM mer ges

back into a _point squrce analysis. Th r fiel | cul ati ons are based
on the nodi f$*RYy PRERT spl?%’o‘f%]grs‘oﬁ% °|efn?%%t ﬁé:rglg\%élr%%'densi ty Near field

f ormul as her ei nbef or g gles dtidad zel ke Ishapsat ofiokhe apgutiranhas Reehkes

account of 25 the orientation of the antenna inc|udi |t | Fgr any
poi nt 13 in dphewmiedhnthe WELFee t tl'feétgeé’frﬁsl?é&fnﬁg?ﬁ’n% %lﬁié&r)?ﬁrg, t he

cl osest poinf soure be,@Pcdihe PRid MRixdeOfof harvailett soerdds As an
al ter natf@e %’8‘3’3%% §|%%\g§%g%0:§%t algorithm 30 nethod power densi téE‘l evel s

can be det er fiageHe USétgrainedchvinus tng B pHindles QA RAWGE TPHuE*EE shown

in Figure 2 a_point ip space 15 ha r : i Clhoics
det er m ned b?lﬁﬂﬁnﬁ Bl ZSEEth le.esé1 e héifflsal Waxj‘él\@rlgﬁm O

elements longer than this the number of point sources
increases proportionately with the number of half
15 wavelengths in the element.

As an example the Yagi-Uda style antenna is
discussed. The 3dB beam width in the two orthogonal
radiation patterns are used to gain an estimate of the
number of elements in the Yagi-Uda antenna. 2 standard

20 configuration is then used to represent the antenna.

The sum of the contributions from each point
source to every point in space in the vicinity of the
antenna is used to determined the Near and Far field
intensities. Thus as shown in Figure 2 the contributions

25 from each of the point sources 16 are combined to provide
a power density level at point 15.

As with the closest point algoxrithm the field
strengths are scaled in accordance with the power supplied
to the antenna.

30 EXPOSURE LIMITS COMPARISON

The following diagrams display the exposure limit

boundaries (using 2 and 10 W/m® for the red and yellow

zones respectively) of the existing and new calculation



WO 03/104825 PCT/ AU03/ 00700 15 accumul ated effect of point sources 16 on
the antenna aperture 17. As with the closest point algorithmnethod the
aperture antenna nust first be nodeled fromthe two 5 orthbfdfélclbar field
radi ati onwaoymases. The size of the antenna aperture is rdrau@ab®al ated in
conjunction with data on the physical fé ze of the structure. Once the size
and shape of the aperture has been determ ned the aperture is then

represent ed by, 0UIBeE 0l o110 HHY0SRoALURY CURE SOUYEon Thexnirba) of
wavel et sources e -det Brm ne y using a single point source fgr each
el ement Wit hhaxrdsdrgitls béssheh&eshakbtanpay etles RFEuEGETAG Bt s M6fger

than this the nunber _of poi,nt .sourLces, i AR &k A ntedinkh t he
nunber of hatat s &GRS é%@flﬁglf’ﬁ’atlheu%ileﬁéég "z\sé %?1 exanpl e the Yagi - Uda
styl e antenngg i jlerHiFGUSS 8@ al R izdBsbasrenidthted atheltswplaehogonal

radi ation patterns are used to g}:i n an estimate of the nunber of elenents
in the Y&gi -¢ektret efif® FARYSEnPard 20 configuration is then used to

represent thg ant enna.nyThenpaRidfod he contributions from each point
source to every point in space in the vicinity of the antennadiPFs ul%ed to
determined the Near ahe Esillpwdng dipgeasstreRreseRfs the YR 9T 'gdre 2

the contributions, 25 from eac . LAl SQYLESSg1lEndl RewoOnbined to
provide a p%’v”\%‘?q“cf:e iﬁipﬁeesvegfmag{lorgggler?t@l‘fg As wiih the cl osest_ poi nt
al gori t hm t hg1 £l thnsStiengihs vt soalesgiaisn afcbhdah¥pewPeRiPeE power

el T LSty 0 RECE (TS QT act st apberi o,
the red and yghioyadPss $SBPELIh Y aing Hitdnha axi dtiengifnddnew dal cul ation
point source located at its phase centre. See Figure 4
WIRE ANTENNAS
The Huygen’s wavelet method can also be applied to
15 wire antennas. Such antennas can be classified as Yagi-
vda, Log Periodic, Phased Arrays of Monopoles and Dipoles
and Rhombic. The fields are calculated using a single
point source for each element with length less than half a
wavelength. For elements longer than this the number of
20 point sources increases proportionately with the number of
half wavelengths in the elements.

As with the aperture antennas before the wire
antennas can be properly modeled it is necessary to obtain
the 3dB bandwidth in the two orthogonal radiation

25 patterns. Once this has been done an estimate may be made
of the number of elements N in the antenna.

With the number of elements equaling:

~

N=-- where 1 is the length of the antenna and A is
A

wavelength
30 the length and space of each of the wire elements can be

determined.

The method then requires a calculation of the



1 6 NOV 2006 WO 03/104825 PCT/ AU03/00700 16 techniques for plan

(hori zontal) and elevation (vertical) boresignts of the tﬁ t gn,g nna, the
Argue CTA610D-R. Note that in the traditional full nodeli 3’@ |<4%% on t he
antenna iVEOP3®4825fi ed as a point source |located at its phREBSUG/KOWItre. See
Figure 3 POWNER DENSI TY COVMPARI SON The §¢l Lowi ng di agrans represent the
power density graphical representations of the existing and new

al gorithms fgirdde dasdl Bl YvaeenohltitheleypatBedhbehe 18rBREEMY the
(omidirectional). Note that in the traditional , full nodeling solution,
the antenna ass¢wlely 95 dhad & NIREIEBTPB3F5tEred at its phase centre.
See Figure 4 WRE ANTENMAS jEhenBU%EePesit WY &hebadRt DS taleso be appl i ed
to 15 wire antennas. Such antennas can be classified as Yagi- Uda, Log
Peri odi c, Phiseerse riayseddnddiopeitadxade Dudsied iednBY RABATSIhe fi el ds
are calcul ated using_a single i.n .69 f QF el 40 dwengt h

| ess t har? halP1829%aY ef ehY .(q:(%%reltpgin%ln%ls%co%&grﬁgﬁﬁgﬁ ?ﬁgi? \r,:!(ja<S nunber of
20 poi nt souggesehNe1&@ases) proportionately with the nunber of half

wavel engths in the elements. As with the aperture antennas before the wire
antennas can be properly nodeled it is necessary to obtain the 3dB
bandwidth in the two orthogonal radiation 25 patterns. Once this has been
done an estinmate may be made of the nunber of elenments N in the antenna.

Wth the nunber f =l ements equafi rTq: N= 2 where 1'is the length of the

antenna and X i g ,wavel 92‘2“% 30 h;g | ength and space of each.of the wire

el enents can be | detler hiH d. ";I'he metlhod then requires a calculation of the
In Zln "'*ZJUL_ LV"__

10

This gives an example for determining the current
for an n element array.
A Huygen’s wavelet point source is then assigned
15 to the current locations of each element in the antenna.
The magnitude and phase of the point source is directly
proportional to the current calculated previously.

Assuming a sin(0) dependence for each wire element

(0 is measured from the direction of the elements), the

20 contribution of each point source is added to every point
in space in the vicinity of the antenna. This includes
both near and far field affects. Thus the effect of each
point source on a point in space is calculated in
determining the overall power density level at the point

25 in space. This is similar to the approach used in the
Huygen’s wavelet method used for the aperture antenna
algorithm. )

Field strengths are also scaled dependent upon the



1 6 NOV 20106 WO 03/104825 PCT/ AU03/ 00700 17 nutual coupling between all
elenments in the array and the assenbly of the N x N inpedance matrix. To
obtain the current | in each elenment the inverse inpedances N)Wallsi x is

mul tipli edvdogs/molscol uim 5 voltage V vector (0 for parasirdmaedsensnts, 1
volt for the driven elenment). -1 [11.Z3§......2Z, J V1 12 212 V2 |In Zln
...-Znn Vn 10 This gives an exanple for determning the current for an n

el ement arr gyhye B $oVawel ahtReinat. source is then assigned 15 to the
current |ocations of each elenment in the antenna, _ The, magni tl{q:e and phase

of- the point 'sourceThe gffest| 9f BeEPOILFoRRE FHHeUr ©*cal cul at ed
previously. sAtssuggu%gasa SR {,@%%qr; BGe pb@hte86lribECusi fgeMhagd 0 i s
the direct] the

nmeasured from on o el enents), the 20 contributjon of each
poi Nt sour cetheomeldedries e Vismagepoiountriippusgate thet AEXIV cPRi PYLRF t he

antenna. This includes .both near far.fial 215 cdhds1ibeosd fect of
each point SHITES ci'rf‘at}beoi’?ﬁd]ﬁ agf)d;%éuel £ies cglngtgelgglkg “determ ni ng the
overal | powesrdehsid Vad @Vetordd. the point 25 in space. This is simlar to
t he approach used in the Huygen's wavel et§ et _ggd us e aperture

S

d for. t
antenna al gorithm HMreliFsspredgrrsdafers) PE3 g@ﬁ%ﬁﬁ%‘?\? upon the 1 6
NOV 2006 WO, 03/ 304825 RCT/ALD3Y 00700 onl & reP QW1 chichipld by tbapaneenna.

software. The software is preferably configured to store

10 = data relating to different types of antenna. This data
would include manufacturers antenna pattern files in a
number of different standard formats. In this way it is
possible to compare an antenna being modeled with existing
data.

15 Tf an antenna being modeled does not fit an
existing manufacturers antenna pattern file the software
is able to receive measured data relating to antenna
patterns and create an appropriate file. This can be
added to a main database for storing antenna pattern

20 files.

Typical antenna pattern properties which are
stored include pattern type, fregquency for that pattern,
system loss, resolution, linear averaged, pattern cut,
pattern type, electric tilt and effective gain.

25 In addition to the above files storing basic
antenna patterns may include data relating to the
horizontal beam width, the vertical beam width and the
front to back ratio. It is preferred that once the main
characteristics of an antenna have been characterised the

30 antenna can be modeled according to one of the above
described methods. A power density graphical or visual
representation then can be obtained and the software is

able to highlight the near field and far field radiation



The effect of metallic and dieletric support structures can be nodel ed by
poi nt sources using image theory. These images contribute to the array of
point 5 sources in the nodel and the field intensity cal cqlgaN(jvongﬁ are made
as bef orewo es/iotRspreferred formthe above described e VATRAN6700f t he
invention are inplenented by conputer_ ggofiware. The software is preferably
configured to store 10 data relating to different types of antenna. This

data woul d dnaldide mRAvkaet trerendntensarpat t ehasd idekférermemariser of
different standard formats. In this way it is_,possible to conpare an

Y .
ant enna bei iy gidethtedniioh bdrrck pAg whatg. 1B5FI9ULEE ahi%hny bei ng nodel ed
does not fit an exishing gEL@Eé&réﬁéta@ﬁénmftwéﬂeeri% fad1e e sof tware
is able to receive neasure ata relating to antenna patterns and create
an appropri at€lddd e rthitercaf esoddiddn: ophinpsnsedatadase s or storing
antenna pattern 20 files pical antenn r rd igh are
stored i Acl URSPETEFh ¢ 6;5% PP@'&Ee%gysﬁgP’p?%té?ég%tBt(Cé)%g,]Bé g?%%%n?l oss,
resol ution, |inear aweragedispapkefsresd, thpat tike nsdftperelisctatile i1t and

effective gain. 25 in addition to the_above files storipng pasic t enna
patterns nmayreFRFddeakmRewes S to Yevelshgrr, oRE 1:1'Bgaif'#%vil %S,’&?he

vertical beag whdihyand the, fiila adask rakha. rhdibsiphetertre that once
the main characteristics of an antenna have been characterised the 30

ant enna can sefetylevetiescorliisg dieamasoicarhdeapseeucaestri R dSHe hods. A
power densit raphi cal or, visual _.repr .atisan then can be obtained and
t he sof reg?gyag‘tb?gh?%aﬁqodlf'ﬁ iliﬁe‘ﬁig’fﬁ}%r@ fté"l and far field radiation 1
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patterns using different colours. These differences are highlighted in

bl ack and white in Figures 3 to 6. It is preferred that the software is
able to select a nunmber of resolution options so that the 5 resol ution of
the power density patterns can be varied. It is also prefdfrNd X0fat the
software is able t record safe power density levels and restrict the

I mges produced for near field and far figgd-radiation to the safety

val ues. This diagrans can be produced which show 10 only the hazardous
level s of radiGuAIMS 1 6 NOV 2006 20 CLAIMS 1. A nethod for determning
field radiation characteristics for a radiating device conprising
determining far field radi ati dmetizodcter | détesmining Sf fekd atadiptdon ce,

deternining a Jgele@lrd s E8%AL | {1 %adENi £y §05EZe oy illg (€l d

radi ati on characteristics termnling a near atIOI’l

char act eri sti cdetermining nfrp| fiekd aadiationcharrcteristing ef 2 The
nethod as ¢ a'f@dlétfhﬁé %é%ﬂcé n%é@éﬂﬁnﬁi@gté‘eméaﬂ’ Of €ied oFdautihg

boundary betwe e near field and far, fleldr on, of the at i ng
devi co. 3. Theldiel ol BB hekhe et FHead raslat fon hatpdtr (e

det erm ni ng nemdfde&drmﬂdmgl@me@herlsiéydffmaitwommradﬁemsm ﬂmmhod
as cl ai ned |n aim n e step. o ernlnlng power density

| evel over %?%r%ﬁ??jy %c?r p%%g*?% e s%%%’é %“ 2 %t hod as claimed in
claim4 i ncI uding the s2ep drheletetrbhodiag dbaimeddin chaimcl ekneludingf

Lhe 20 13 alify gl e | deddBKLADOL AL A et B CrEH] PAL HonPeT0S,

6. The nethod as ncl udi ng determ ning the
3dB bean1mndtrﬁm¢|iqx)ﬁﬁqh@ggmggatlon of the radiating dev ce.

3. The method as claimed in claim 1 or 2
including the step of determining near field radiation
density from the model.

15 4, The method as claimed in claim 3 including
the step of determining power density level over a
plurality of positions in space.

5. The method as claimed in claim 4 including
the step of determining beam width characteristics of the

20 radiating device in two orthogonal far field radiation
patterns.

6. The method as claimed in claim 5 including the
step of determining the 3dB beam width in two orthogonal
far field radiation patterns.

25 7. The method as claimed in claim 6 including
the step of determining physical characteristics of the
radiating device to determine the far field radiation
characteristics.

8. The method as claimed in claim 7 wherein

30 the step of determining a model includes representing the
device by a plurality of radiation sources.

9. The method as claimed in any one of the
preceding claims wherein the radiating device comprises a
wire antenna.

35 10. The method as claimed in claim 9 wherein
the step of providing a model includes representing the
radiating device by a plurality of wire elements.



far field radiation patterns. 25 7. The nethod as clainmed in claim®6

i ncluding the step of determ ning physical characteristics of the

radi ati ng device to determ ne-the far field radiation characteristics. 8.
The nethod as claimed in claim7 wherein 30 the step of det &b Alhiliy a
nodel includes representing the device. % a plurality of radiation
sources. 9. The nethod as clained in any-oA& of the preceding clains
wherein the radiating device conprises a wre antenna. 35 10. The net hod
as claimed in claim9 whklei nThehmethen ab plarmddngnacxﬁihdloruﬂaihding

representing t alkn t NOV
2006 21 17, e BEERORE MsERHLEEREY chel1MbEYY  Yad) odb s S U it
estimating theelemgph ESaumipgcthg vaddathngi devieeenent forn1ng the

radi ating device. 12. The;etggd aatﬁba' %dcigiﬁéé'{?iéélé_lr%ﬁrﬂ%h&@ﬁ?h

wire element is reprgsented as a,radiation source . The nmet hod as
cl ai med in %l afAFROWERe| BleHEREndssTepresensed pat # RAMALEOD BRI Foy
between all the wire el EentPhe héthdhicabBethadmes gﬁaéx&ihiin(iﬁﬁlﬁdihg

LgfLﬂﬁgP?ng théH 05%35 %o?aiﬁgﬁathﬁeﬁPh%ﬁxdﬁ?ﬁgﬁf q%%ﬁggéélgﬁﬁngh each

el enent. 15. Twereeehementscl ained in claim 14 including the step of

nul tiplying the inverse {fpedajge, gEL{JhXiEy Jll.%iﬁl %%%ﬁ(ois aﬁg"?‘?’%’%. to

determ ne the current in each ele cla m

15 includidfy Ehe step of assemhlipgaaruigby ¥ m&mcgm\mr%m@é to
each el ement agghealatindi Re!PE18RGE! FYfCedl P1@RéEnOTto determine the

current in each element.
15. The method as claimed in claim 14 including
the step of multiplying the inverse impedance matrix by
15 the column voltage vector to determine the current in each

element.

16. The method as claimed in claim 15 including
the step of assigning a Huygen’s wavelet point source to
each element and calculating the magnitude and phase of

20 each wavelet point source from the current determined.

17. The method as claimed in claim 16 including
the step of summing the contribution of each point source
to each point in space within the near field.

18. The method as claimed in claim 1, 2 or 3

25 including the step of providing a single point source for
each element with a length less than half a wavelength.

19. The method as claimed in any one of claims
1 to 7 or claim 17 wherein the radiating device is an
aperture antenna.

30 20. The device as claimed in claim 19 including
the step of determining the physical characteristics of
the radiating device and providing a model including
representing the aperture by at least one Huygen’s wavelet
source. :

35 ' 21. The method as claimed in claim 20 including
the step of summing the contribution from each wavelet
source to each point in space.



20 each wavel et point source fromthe current determ ned. 17. The nethod as
~clained in claim16 including the step of summ ng the contribution of each
poi nt source to each point in space within the near fleld 18. ag met hod
as claimed inclaiml, 2 or 3 25 including the step of prdi Ming¥% single
poi nt source for each elenment with a length less than half a mavelength.
19. The method as clained in any one of e€l22ns 1 to 7 or claim 17 wherein
the radiating device is an aperture antenna. 30 20. The. device as clained
in claim19 including thg,st®ReChefBbar ahnbmaﬂnaa EHY&lSﬁk shapetdid sti cs
of the radlat£ﬂg devi ce and ErOildln a nodel i ncl g representing the
aperture by, at “PEBPWERcIPRFIEKR Le¥alcpE an¥opPiBt 38 SBACE LS npt hod as
clained in cl adetébminedudsigg the Soemudh summing the contribution from
each wavel et source to each point in space. 1 6 NOV 2006 22 22. The
method as clained in claim21 wherein the power density |evel at any point
In space is determ ned using thg“LanuIa G&d+2.15 5 Pd Power at Ant enna *
10 10 4nDi  23. Tpgwaﬁkjwﬁhﬂyilgl aned in claim1 conprising the steps of:
representi sy tRE Fadrattop_—gevice—as a plurality of point sources which
radi ate el ectronmagnetic r%ﬁ?atlon 10 estimating power density level at a
plurality of positions in space for each poi nt source; determning the
total power density |eve tion cp ntribu fn of

sugning he
each point source tot Tesﬁsﬁt?ﬁ had 28 6 éiWﬁ sbﬁc%ialm compris
the steps of:

representing the radiation device as a plurality
- of point sources which radiate electromagnetic radiation;

10 estimating power density level at a plurality of
positions in space for each point source;

determining the total power density level at each
position by summing the contribution of each point source
to the respective positions in space.

15 24, The method as claimed in claim 23 including
the step of displaying the power density level for a
plurality of positions. _

25. The method as claimed in claim 24 including
summing the power density level determined at each

20 position for all point sources representing the radiating
device.

26. The method as claimed in claim 25 including
the step of calculating far field and near field tapering
characteristics for each position. o

25 27. The method as claimed in claim 26 including
the step of calculating the power density level at a point

in space by using the power density formula



15 24. The nmethod as clainmed in claim23 including the step of displaying
the power density level for a plurality of positions. 25. The nethod as
claimed in claim24 including summ ng the power density |evel determ ned
at each 20 position for all point sources representing the irfagiyatimng
device. 26. The nmethod as clained in claim25 including the step of
calculating far field and near field taperﬁﬁg characteristics for each
position. 25 -27. The nethod as clalned in claim26 including the step of
cal cul ating the.po at a point in space by using the power
density fornul aPdl= 2%MFgﬁgnkﬁxa%ﬁ) d+2. 15 Pd Power at Antenna * 10 10
4,rDi2 for far field raddabi’on and modi fying the far field power density
formula for near field radiation, which. nodification affects the antenna
gai n, power sent to the 5 antenna and the distance fromthe antenna to the
poi nt  source. 0 ' | l,al.m 1 npLl Sl h ps
of : determ ni nggtghglgou%%pngaéva\ggﬁhggglrd quéligy?ﬁzg %%6 Fg %Ig'g g 80&8?
radi ation, det dammtprgfbhmudasﬁba-cm&t fdleld radiation,Swhgéenrel ative to

t he closest p0|nt ? 2 ating device and cal cul ati ng the power
density | evel ifjga bPﬁta feShgctheogntenpa gainy ROVEELPRBY FR ERSi m 28

i ncluding 45 hheeﬁhapaﬁ& FRdeli Bahbe R0k thATaeKES £5 end pboht!y of

poi nt sources. 30. The nethod as clainmed in claim?29 | ncluding e step of
appl ying a cl o884¥Cgei nt algorithmto

28. The method as claimed in claim 1 comprising

the steps of:
determining the boundary between near field and
10 far field radiation, determining the displacement of a
point in space relative to the closest point on the
radiating device and calculating the power density level

at the point in space.

29. The method as claimed in claim 28 including
15 the step of modeling the radiating device as a plurality
~ of point sources.

30. The method as claimed in claim 29 including
the step of applying a closest point algorithm to
determine the power density level at each point in space.

20 31. The method as claimed in claim 30 wherein
the closest point algorithm determines the displacement of
the point in space from the closest point on the radiating
device. |

32. The method as claimed in claim 31 wherein

25 the closest point algorithm calculates X, Y, Z
displacement vectors from the point in space to the
closest point on the radiating device and calculates
azimuth and elevation angles to the closest point.

33. The method as claimed in claim 33 wherein

30 the closest point algorithm determines the orientation of
the radiating device and scales the power density level
determined according to the orientation of the radiation



determ ne the power density level at each point in space. 20 31. The net hod
as clainmed in claim30 wherein the closest point algorithmdetermnes the
di spl acement of the point in space fromthe closest point ongtype ;x@di ating
device. 32. The nethod as clainmed in claim31 wherein 25 the closest point
algorithmcalculates X, Y, Z displacenent Jyectors fromthe point in space
to the <closest point on the radiating device and cal cul ates azinuth and
el evati on angl %i%ﬁ’t.% t he cl osest point. 33. The nmethod as clained in claim
33 wherein 30 S"osest poi nt al gorithm determ nes the orientation of
the radi ati ng devi ce and3dcal @het methofraslldimed enckladft 88 nwhedein

di to t i i .Of. lat i 1.6 .NOV, 2006 24 .devi .
T The et nogiss LR, B4ty RIGIATH il cniares tB8 BovEs: APSELER: |  hm
cal cul ates thelS3®dr usdngi the power densdtyhEormmia dedsitgotrporatesaany
i ncor por at es aﬂbldgf%@t&bﬁatf'a%'io&aﬁbﬁﬁi%@fecilfl Ehlf pBEﬁthhnEphaesi’écfn' S

in the nearfi;1 ) .
the near field.



