21 NOV 2006 NEAR-FI ELD ANTENNA ARRAY W TH S| GNAL PROCEZSIN@/ 2066hni cal
field of the invention This invention relates to signal processing for
array antennas and in 5 particular to an antenna wherein its field pattérn
can be controlled electronically to obtain information about the nature of
insect infestation in materials, Background of the invention 10 ' :
Conventional imaging radar .requires the control of transmitted and/or

recei ved wavefronts (beanformng), In particular, target detection systens
as used in mlitary and conmercial applications require accurate beam

steering of t rarﬁghktﬂ%&qj ﬂﬂ?ENWAﬁmigg§%%§§gPﬂmCW$ﬁg' In an

anal ogous application, detection of t I nsects, 15 such as

termtes, in £ U ui res..accurate signal transm'ssion and
processi ng. ugﬁb&qﬁ#ﬁgf@%tﬁ@%ﬁaogg assigned to the present applicant,
describes a systemfor detectjng the presence of. insects in a_sf.ructure by
transmitting a m S)F‘bﬁ/\!é%“ “dﬁ%teg% torse !mqa_ss;m?pr(ﬂr@tytﬂng%{]{@gsaq Mt he
received_ signal are detected and processed to indicate the presence or.
ot herwi s of Paficuliséetan anfmgosiera)siefiabpalisrm a8 H%tc%r@r@ 0 -
determ ne the nunber, species and activity of the insects. Control and
processi ng ofeledenicadly do optain bﬁwwmﬁoﬂ@oah%@maéuresﬁﬂwt neastatipiBcur at el .

~determ ne the presence, |ocation and type of activity of insects. 21 NOV. .
"2006 2 Typi cafdeyialsi n nost conventional applications, far field beam

steering is
Background of the iﬂvenﬁf:m
10 Conventional imaging radar requires the control of fransmitted and!‘or
received wavéfronfs (béamfoﬁning), in particular, target detection sys’zems
as used in military and commercial applications require acourate beam
steering of transmitted signals to defect and identify targets.
In an anai_agdus appiicatibn; detection of the presence of insects,
15 such as termites, in a structure requires accurate" signal transmission and
processing. Australian Patent AU 693939 a_saighed fothe present appﬁcapt,
describes a system for defecting the presehce of insépts‘ in & structure by
{ransmitting a mibrawave signalinto a wall, Any d_igturbances in the received
signal are detected énd processed to Indicate the presence or otherwise of
20 insects. | |
The above system however, is not able to determine the number,
species énd activity of the insects. Control and processing of the field
~ pattern Bf‘thé antenna Is required to accurately determine the presence,

 location and type of aciivity of insects.




perfornmed. It is also possible to control the transnitt@d N@¥r2006l d pattern
of a transmt antenna. However, this is expensive and difficult to do, as
it I's necessary to control the magnitude and phase of the carrier signal
to each 5 transmtter array elenment. Typically PIN diode phase shifters and
attenuators are-used. Phase control and nmagnitude control is poor, even

th th bi t f
e ot et uBBage Cﬁ@%ﬁ"o&llslﬁ"lﬁ%abﬁ’é%’l dléaﬂ%!glb;eéwnétsn%%ggle:

f fect t tt t h
Cvall 10 Tn Bonons 185 Por R AR RO RaNe T S BRI DFe 'a
_invention to provide a receiving antenna haV|ng a controlled field
pattern, by Wagsmiilanbernd.ottawryess thihés exesnsie andrdifficelf dhalos as 1331t is a

further object of the inventi-on to provide an antenna for use i-n detecting

t he presencenecessbey toacshted tthy hiagnithdé sedgitmserofdhs tawier sipmal to aachyi cr onave
signal detection system. Summary of the invention 20 In one form although

it needsnot ganéhRtePNhbiradr clepdiand th@iBsIRaGRRl didd Phasbeshimeest bag resides
Fn an antenna assembly conprisi ng an array of receiving el enents that

Feceive of OnaSyBRoRd ekl Bhaa cohlrhl o2 nd iy BE BHupl iR stbnone

- frequency; niXéf neans nes e recel a reference
21 NOV 2006 3, sj nal xtract i n- ha e ( | F signals
fromthe reclélltl?e @%%loz PRiEr QPWr %dgl %‘:ﬁ’gﬁ%@t"é a&ﬂ%‘f%ed to
form conpl ex_signal vectors;

Allumination control of the transmitted near field pattern in general is

ineffective when transmitting into an mhomogeneous structure such as awall

10 in a house.

Object of the invention
It is an obhject of the invention to provide a receiving antenna having a
controlled field pattern, by digital beamforming of the' receiver array signals,
16 ‘ _ ltis a further objeo’c of the invenlion fo providevan antenna for use ln
-detesting the presence, number and ao’tivity of insects in a struc:turé, ina

microwave signal detection system.

Summary of the invention
20 In one form, although it need not be the only or indeed the broadest
form, thé invention resides in an antenna assembly comprising:
an array of receiving elements that receive signals transmitted into a
field of the array' at least at one frequency;

mixer means that combines the received signals with a reference




-adj usting neans that adjust phase and magnitude val ues 2f N€Q¥12066 5 said
conpl ex signal vectors; sunmm ng neans that sumthe adjusted conpl ex signal
vectors; and processing neans that spatially and tenporally filter said
summed conpl ex signal vectors to detgct changes in the field due to noving
objects. Preferably the received signal is a mcrowave signal reflected

"froma 10 target in the field.- The mcro e.sl.gnal .i s prefer. y at a
_noni nal fr§@J@gw>@ﬁ0§m"@%§e‘(W‘?HQE&@@&%Z&H%@P&%HQ%%Q %Céc{e%gcond

~fiom nal frequency of 61 GHz: The phase and magni tude val yes for adjusting
~ the conpl exigiamarthereic, $rs! and Scsigasis aenanhieed xR GIDRIERGIR] scanni ng

can be conputed 15 adaptively or |ooked up froma fixed |ook up table. The
processi ng vaess, may include filter means for filtering said sunmed
signal. The processing nmeans nmay include anplification means for anplifying

the sumred conplqgx,sg ndMh=E Ry ph8sd bhi engshituy viiRishifbidchesf means. 20
I n anot her formag?“| t qulﬁéﬁ%‘/enti on Pﬁe?e IS provﬁhed a system for detecting

compr i 81 ng 48 BB ErdMSetlans "oper at  vel y coupl od o a tranimitter
2 part of 21 NORUSBORS Benks Ut Aet eoeaned g bF SBlydfis: et for
: receiving said mcrowave si gnatltsﬁi n @?l? f;gl d 01;}0}3?13 f&gar‘%%/idogunti?nceed Vi ng
el ements, at saiffosgssiegsreaisethpt enadaibyandigmporally |
complex signal vectors io detectr changes in the field due to moving_ objects.
Preferably the received signal is a microwave signal reflected from a
10 targetin the field. |
The microwave signal ';-s preferably ata nominal frequency of 24 GHZ.
_ The microwave signal may be at a second norninal frequenéy of 61 GHz.
The phaée and magnitude values for adjusting the compiex signal
vectors to achieve beam steering, focusing-and scanning can be computed
15 adéptive!y or [ooked up from a fixed look up table. |
Thé prdcessiﬂg means may include filter means for filtering said
) summed signal.
The processing means may include ampliﬁcation means for amplifying
the summed complex signal, which.may be filtered, by said filter meané‘:.
20 n anmo_ther form of the invention there is provided a system for detecting
insects, insect nurﬁbers and their activity in a structure, the system
comprising:
signal gehera’cor means operatively coupied to a fransmitter meéns fo

thereby transmit 'mic.rowave sighals at least at one fréquency into a part of




processor means for -processi.ng and controlling the receRt®NOYi2808 5 si gnal
to provide an output signal ‘indicating the presence, activity and nunbers
of insects. Brief description of. the drawings FIG 1. is block di agram of a
system for detecting insects; .10. FIG2 is a block diagram of the m crowave
assenbly of FIG1;, FIG3 is a block di-agram of a smart antenna data

- acqui sition ci rcwt in accordance with the invention; FIG 4 is a bl ock

di agr am of " H'&sHEHGIUSt enna in accordance with the invention; 15 FIG5 s a
bl ock di agram of the processing circuirt of a snmart antenna jin accordance
with the inventienaray®f Rra@idng sleipents [ArTepaivingsaidRinPEaY GRS Bl | y
locating targets in a receive pattern grid of a smart antenna array. 20
Det ai | ed degdicidbdf be pfaytdfecpidhgeieadertshatisaie at lcbat eneirequenad andrm  t he
invention will be described with reference to a smart antenna as nay be

‘used in a systewg?@ées%ﬁ ﬁs‘éan@%%fmo@éw@ﬁdoéontmmsme%@@md fleki tes, in
a structure using mcrowave signals. However, it shoul d-be noted that the

mart st enaee! 3 AReERoH S Sord RN BlettoREMy I L on'to

near-field antenna ﬁ;atterns but the invention is not limted. to this
speci fic si t\WRRAOTHIRSCEhpl i cant' s prior Australi.an patent, AU 693039

describes a 5 systemfor detecting the presence of insects in a structure
usi ng m crowave - -

Brief description of the drawings
FIG 1is block diagram of a system for de‘;ecting insects;
10. FIG 2 is a block diagram of the microwave aésemb!y of FIG 1;
FIG 3 is a block diagfam of a smart antenna data acqu'isition circuit in
accordance with the invention; | |
FiG4is é block diagfam of a smart an’cenné in accgrdance with the
_invenﬁon;
15 FQG 5 is a block diagram of the processing circuit of a smart antenna
in accordance with the invention; and
FIG6isan il!uét{ative.examp!e of spatially locating targets in a receive -

pattern grid of a smart antenna array.

20 Detailed description of the preferred embodiment
In a preferred form, the invention will be described with reference to a
smart antenna as may be used in a system for detecting the presence of
pests, namely termites, ina structure using microwave signals. However, it

should be noted that the invention can also be used in other applicaﬁons




| Si ghal s, which descri ption is incorporat ed herein by re2®NOMYE006he pr esent _
invention wll be described briefly with reference to that system
Referring to FIG .1, there is shown a block diagramof a system 1l for
detecting insects, such as termtes asbdescribed in AU 693039. The system
10 T conprises a mcrowave assenbly 2 that transmts a continuous wave (or
. pul sed) mcr, SirgAd antdniast TRARIRYLES 4 dé2iBdn. efbkasisgaathemaybe
nodul at ed bygﬁggﬁ?at@r 3. SrllgnaIAs' 4 are transmtted into region 5 to detect
. the presence, or. .ot herw se. o r..t h0ssfdrsis rideliatded si-gnal s
6 are pajssec?pph%t?oap F%@é%ﬁiggigé%Pﬁg If%’%eqé?ghg ep?Pocesm ng. Conmands and
progr am ng

Hjay be'input .to the processor fromthe (optional) keypad 9 or
from vari oudNiSpAesHR SUgHYnost i cs 10. The out put from the processor is

di spl ayed on a display 11. Referri ng to FIG 2, the_ ele Bts f the
m crowave assenb) The appécaiiswarion AwsiraligrtRatent, Thi @%@g FSPePudes a
signal generator 13 for 20 generating the signal at 24.125 Gz at a

pri mar y5out paitsterR@r détecting thempyesendepultinferts in a shieltireusing N#CT@E@%er and
transmtter unit 14, which is coupled to antenna 15. In use, the antenna
i's located ckiggakywRRhar8piptRin ishcatpuidibdBefath By irefesdtioe. Witieprdsent egi on 5,
which is nost“often a wall but may be another part of the structure. 21
NOvV 2006 6 C T Ak Qsvd@rRpr ovi des a
reference orﬁvéﬁﬁéﬁg@% ﬁ#@é{?fé&dﬁ@&%ﬁ%?@%@%%% or¥e i nput of a m xer
16. The other input_-aof m 16 is.connect [ [ itry of
the recei ver/tranéﬁf@rﬂﬁg to Eﬁ#tﬁ E,refsr%Wiaﬁoéﬁg%ggﬁﬁgg%ss&gﬁegﬁ 1II’Q](saﬂi S

rovided. 5 M xer 16 conbi nes reference signal Re recejved signhal Rs
-{)o - detecting insects, such as termifes as desgcribed n ;\UaG%%DBS. _Efjhe sys%erﬁ
10 1 comprises a microwave assembly 2 that transmils a continuous wave (or

rpulse'd) microwave signal at a frequency of 24,125 GHz. The signal may-be
modulated by modulator 3.

.Signals 4 are transmitted into region 5 to detect the presence or

- otherwise of {ermites or other insects. Reflected signaié 6 are pas_sed 7toa

15 - processor 8 for signal procéssing.' Gommands and programming may be
input to the processor frorﬁ the (optional) keypad 9 or from various optional
diagnostics 10. The output from the prqocessor is displayed. onadisplay 11.

‘ Referring fo FIG 2, the elements of the microwave assembly 2 are

shown in more detall. The assembly includes a signal generator 13 for

20 generating the signal at 24.125 GHz at a primary output, PO. The primary
output PO is connected 1o a receiver and transmitter unit 14, which is
coupled to antenna 15. In use, the antenna is located closely adjacent orin
abutting relationship with the region 5, which is most often a wall but may be

another part of the structure.




provide a conbined signal Cs conprising a beat frequencglNOY@0eat at the
out put of m xer 16. The signal ‘i's then filtered, anplified, digitised and
_processed in processor 8 and displayed on dlsplay 11 to indicate the
presence of insects. 10 Referring to G 3, there is shown a bl ock di agram
of a smart antenna data acquisition circuit 17 in accordance-wth the

dnvention. In thi e i ment dat UISI Clrecui 17 W

descri bed havi ng '?3%%%%%60”&’1%8&&% 939 Wg%r e‘?ré)éf"tdlefi @i%‘?@?ﬁ‘ir and the
. m crowave ass%r;g In the present enbodi nent; a}‘tran

ant enna (notL %F*”ﬁ@f ('1@) §’§D§| &efio %Q‘F’Bﬁ%‘?ﬁ%m@ﬁefﬂ@cgﬁ%ﬁt %WPPU?M and

m crowave signal generator A receiver antenna 22 can be an array of

si xteen el en@frfwe(ﬂﬁus;comm@ﬂied o the ransiverfaircuitiyl o dhe sdeierfiimnsositer onl y) in

pl anar configuration as shown schematically in FIG 4. OQher transmtter

confi gur ati omsit 44 efrgrasdiith a.re2divétieidriatRssSbovsviddie distribution of the LO
(Local Oscillator) to 32 mxer diodes. One of the diodes in each pair

associ aged with t el engt h
Gor ay. his s o oo e B e R DLt t he

| channel. T ostrip.
tonever . it Oyl Sl Ee T co e o Rt P e RS o Rl e T e
present applicat 0{1 for get ecting insects in a wall, a planar antenna
structure |s°'étQ§’b %8 i8euvr e behi nd obstacl es, such as - cupboards, and
covers a larger area than a single el enent. The receiver antenna 22
recei ves signals Theedgnelos thes flteredn eanplifieds digitisest eagl pioceased in
‘transmitter/receiver unit 14. The received signal Rs is split and
di stri buted p;omséorrasanﬁetspttéyedpm tisplay 1180 iffdieatethé ptevepcanéimsamient | onal
10 : Referring to FIG 3, there is shown a hlock diagram of a smartantenna
data acquisition circuit 17 in accordance -with the invénﬁon. In this
émbodiment‘ the data acquisition cireuit 17 will be described having regard to
the insect pre-sen_ce detection system 1 and the microwave assembly 2 in

FIG 2. In the present embodiment, a transmit antenna (not shown) is.

15 coupledfoa transmitter/receiver unit 14 and microwave signal generator 13.

, : A receiver antenna 22 can'be an arfay of sixteen eiem‘ents; (’thié
| aumber Is chosen for lustrative purposes only) in planar configuration as
shown schematically in FIG 4. Other transmitter configurations are possible.

20 The line shows the distribution of the 'LO (Local Oscilla’cor)_to 32 mixer
diodes. One of the diodes in each pair associated with the same anten{ﬁa

eiement is fed with a quarter wavelength delay. This is to provide an output

" Q channel. The other diode outputs the | channel. The antenna elements

can be rectangular patches on microstrip. However, it should be noted that




br oadband W ki nson power dividers, however, other type21NO¥i2§08l
distributors may al so be used. A second set of power splitters 19
distributes a local oscillator signal 10 to mixers 16a and 16b. The | ocal
oscillator drive to the Qnmixer 16b i delayed by 1/4 wavelength in a
delay unit 21 with respect to the | mxer 16a. Oher nethods of generating

a _di ff er entd abgabasesshi fhedfreSéhtdppieaton fudatasing usatising wahydri ds coul d
" be used. Tthégﬁllragcﬁz}grve s! gngchRs is distributed (in phase) to m xers 16a and

15 16b. M X 16 d i ) i d |
oscil | at or Xp?é‘ﬁs?fi %?rﬁga E%@%&f@{égéﬁ p3nahgsG R obshkt pemdtoas

_ nerator 13, with received signal Rs to
extract | and Q|

F f th i i Vel
(o 10 10H: (SHPbBATIS RROIRVER & BIerAige haT & JRgesiignghy " espect i vel y

recerved m crowave

frequencies at 24.125 and 61 Giz are_processed to exirac | and Q
conponents. A FiBlaireeeivet enterpa@aiasebes sigres)n ¢8eh aﬁ@eg&#?ﬁﬁ B

Gscillator (VCO is tuned to an output frequency between a#1%@0625%;5 and
12. 2GHg. A genragestahatansititenmaosiver yaihdfailte) epryad é9&P"ul tipl es
of the fundanental frequency. Then a second harnonic of 12.0625GH

(24.125G%) z?ﬁa‘i%!is%iﬁdtéa myhefireBEEOPEplitk?s 26HHeb4iEYs arecomentonal n the two
| SM bands. e selectron of the 21 NOV 2006 8 appropriate harnonics is

perforned by b SHyifidilshf" F idbfLAHSREVSS Sther rofpsigelay on t he
basi s t hat %FP@‘@B%BQ ?\Hﬁérktgﬁ ?g}{% Ie‘ﬁglgst rial, Scienti fiquieﬁd Medi cal ) bands
and as such permt unli c&g1 ed transm ssion. The principle of receiver
beanf or mi ng WRERUPISIHARED M F€%ot 5 restricted to any particul ar

frequency of operation. The principle a

| ies f h i di
-and far fields ofsgaongdiset ahPenaLEPBeE gﬁplgﬁalautgrﬁaa@ggl o%%ﬁétor'srﬂérﬁﬂne iate

- 10 fo mixers 16a and 16b. The local oscillator drive to the Q mixer 16l? ié
delayed by ¥ wavelength in a delay unit 21 with respect to the 1 mixer. 16a.
Other methods of generating é differential phase sﬁiﬁ of 90 degrees, such as
quadrature hybrids could bé used. A
The received signal Rs is distributed (in phase) to mixers 16a and
16 16b. Mixers 16a and 18b combine reference signal Reffrom local oscillator
20- in the signal generator 13, with rebe—:ived signal Rs to extract | and Q {F
‘components of the received Sigﬁal respectivély (0.1—1 OHz typically).
in this arrangement, the received mictowave frequencies at 24.125
and 61 GHz are proceésed to extract the | and Q components. A Field Effect
20 “Transistor (FET) Voltage Controlled Oscillator (\(GO) is tuned to an output
frequency between 12.0625GHz and 12 .2GHz. A comb generator (harmonic
generator) produces integer multiples of the fundamental frequency. Then a
second harmonic of 12.0625GHz (24.125GHz) and a fifth harmonic of

12.2GHz (81GHz) are centred in the two ISM ban'ds. The selection of the




i nvol ved. A total of sixteen vector signals are extract @l NO¥@R086enting |
and Q conponents of the received signal fromthe sixteen elenents of the
receiver 10 antenna array. The antenna data acquisition circuit 17 of the
present invention provides conplex ve@ctor signals containing tenporal
information about the reflections froma host material such as a wall and

pot enti al t%ﬂﬁ?ﬁéﬁaﬁé’iHal?h’anicssigg%ﬁ?éﬂ%ﬁ?)g%aﬁ‘rdpgggIﬂﬁ@i@[ml ex vector signal

~further con i nfor mation hase and quadrature information
(coherent data) .and spatial .data,  si h :Si Qat iyl points
in the near fi el-ﬁ‘%ﬁﬁf%qL*‘?r‘gﬂeWP&@?%ng%ﬁ@ﬁgjeaéérééﬁd%t& ec 53. t?\{]rhe conpl ex
vector signals containing the aboye information can,be ro to
control thelSM @ﬂduﬁfﬂﬁ{:@iﬁﬁﬁcénﬁg\é@'%ﬂiﬁa% %’?\&1@? Sl %ﬂ%ﬁﬁ%@gggo with
the invention. In the application to the pest presence detecti.on zystem of ..
Fi G 1, the wemsmissiind Thatpriacipioof rcheiveebesmitorming dasriibes NeSaI'$IN%d and

processed to detect the presence, activity, nunbers and types of insects in

a struyctur RsHitt8d 36 aﬁyﬁ%bﬁouid?ﬁf@i{udnng ofiopetatioRl Thé prinbigkeapiashionn a
bl ock. "diagramof a 21 2006 9 processing circuit 23 for processing the

acqui red coppl rXﬁﬁ%%ecﬁé@%cﬁfér?iéld%%%l%e anRtbrppecesisaritbend belagspat tern

i n accordance W’ e 1 nvention. The conplex vector signals | and Q

represent. the; egl and inmagi nary conponents of the conplex vector signals.
The | and Q'@’Pbﬁ ts are pre- 5 filtered and anplified by bandpass

T o AR b sl e b PO BT e
; components of the received signal from the sixteen elements of the receiver
10 antenna array.

The antenna data acquisition circuit 17 of the present invention
provides comp[ex vector signals containing temporal information about the
f;aﬂections from a host material sucﬁ as a wall and potential targe’gs within,
such as insects. 'Each complex vector signal further contains information on

15 in-phase and quadratﬁre infofmation (coherent data) and spatial data, since
there are sixteen spatial points in the near field pattern at which the signals
are detec_ted;

The complex vector signals containing the above information can be
. processed to control the field pattern at a receiving anﬁenna, in accordance

20  with the invention. In the application to the pest prese'nce detection system
of FIG 1, the near field pattern of the receiver antenna is controlled and

processed to detect the presence, activity, numbers and types ofinsectsina
structure such as a wall. |

Referring now to FIG 5, there is shown a block diagram of a




of 0.1 Hz and an upper cut-off frequency of up to 100%&?1fﬁavﬁwpﬁoserof
these filters is to reduce aliasing and offsets in the digital, processing.
Any controlled filtering can be perforned by the mcrocontroller using
standard 10 IIR, FIR or DFT/DCT al gor®thns. The filtered and anplified
signals are digitised by an analog to digital converter 26. A processor

means such psocesgings deittaofor efoc2ésihgdhe veguirde cotipiy ventet stgigalalis and
performs signal processing. The mcrocontroller 27 is programed wth an

al gori t hm f-@pnirdPaf P@%’é%&%ﬁ@@ gﬂt @hl IS RCLFOIMELWiItN A% erﬁiu%a| s to
control the near f| e pattern t

he receiver antenna 22. In. one form

the m crocontroll ‘ i I I anform ng
of the near fiel @gg%%ggaﬁ%@'é%gﬁté é%;f)rg @t gg{ra%lspg}\% "ln W ng
steps: 1. Signals fro ach m xer are Qonver ol ar form A | ook up
Lable 20 (E%wpqrgena% BePIG ek SHRR For T o tcgﬁgnﬁl?r%"eet Préso i

i ncl udes conpensation for i naccuracies in the '/4 wavelength delay in the
Q conponenffiltarat angamplifed yrisadpass emplifiet Béandi2i rasperively.edieal

errors. The LUT is used to performthe Cartesian to Pol ar conversion and
conpensat i orfiltboy aiem@taoy hehe passAlitdiMygBaly hdving a Idher phaddrafuaagh si gnal
is nodified according to a spherical wavefront enmanating froma grid of -

likely sour 9. HO G Qﬁ'dbbé} cﬁt"-@f‘i’“ﬁ@qtuléhﬂy%f URCRS PR, em@pra@togéobme for
exanpl e an area of 100mm [ ong, nme wi de by 10mm deep he grid can be

Smm i n | engiyoand it g@&@%@@aﬂg%%ﬂgetsnﬂg.kts&a%@&@g BBy The

exact grid | oc i on an acing 1s erm ne so t hat
_;al lasing is c%\{‘z%oﬂ gﬂitermg camae perfarmed by the microcontrol!er using standard

10 iR, FIR or DFT!DCT a[gonthms.

The filtered and amplified sigrials are digitised by an analog to digital
converter 26. A processor means such as a microcontroller 27 receives the
digitised signé[s and performs sighal processing.

| The microcontroller 27 is programmed with an algorithm for
-15 processihg the digitised complex vector _signalé to control thé near field
pattern of the receiver antenna 22. | ‘—In.ohe form, the microcontroller
processes the signals to provide spherical -beamforming of the near field

pattern. The rqicro'controller periorms the following steps:
1.. Sighals from each mixer are converted.into polar form. A look up table
20 (LUT) is generated from calibration for a test target, so it includes
compehsation for inaccuracies in the ¥ wavelength delay in the Q
componeﬁt and mixer imbalance including other static differential etrors.
The LUT is used to perform the Cartesian to Polar conversion and

compensation for inaccuracies.




domai n. Such aliasing can result in anbiguities and spulfiNGVi2808et
detection. 3. The sixteen conplex signals are sunmed coherently (conplex or
vector) 10 for each focus point. The summed signal nagnitude and phase
distribution is anal ysed wusing spectr®d analysis such as Fourier Transform
to spatially locate targets wthin the grid. The raw conplex | and Q

signals recej vefls ﬁ:.age &1 88LR BARaAS Wdiﬁ%@ fa@@é!ﬂﬁfigrtoeé( $esicAuRat@front

i nperfections. in € ant enna geonetry, differences between array el enents,
el ectronmagneti ¢ _coupli bet n_el: t [ ene ' - '
response. char a%p‘@}agmggfgmgf aW?@e?ﬁ![ﬁé‘uﬁe%\??ﬁc%%ﬁppﬁiE’gﬁgﬁdﬁ{g%g@g na

distri-bution of LO (reference), and other factors. ese, | rfectjions can
becor rect ed bR GBS B6RrRPlE e g TR O CFRM 50

corrected received signals. can_then be adjusted to steer and/or_focus the '
.array onto a spéds by dOtman deepof he ghd canhnmanflengie apd ddh apg 2 t o
produce an inage. Since nost of the detection is likely to involve the

presencg of i naspde et upﬂDS@Pbm.cThaE&ab’edrm isoafforaand speseing is
pl ast erboard, concrete etc, the tfield patterns are distorted by the

material . In Syeh.&Raes ,bgftgteiza\llagh@ﬁo?ﬂ% thal aReithg iaalidedid reaphase can be

obt ai ned by pl aci ng coop target or targets in accessible positions,

- such as- behind wal ikn_it he A - Sk i@l S rgets
may invol ve m&{ﬂr}’iﬁuﬁg égglﬁtagaglbg,c _ otéseug@)\ﬁ %%‘Pb@ﬁfé&r%@;gﬁlﬁ{@%n a!r-%?%
discrimnation. Additionally, such cooperative targets can be 5 designed to

of fereffective 884U ng cross-sections, conmensurate with that of the

insects being detected. Insects also present a fluctuating scatterin
: 3. The sixteen complex signals are summed coherently (complex or vector)

10 - for each focus point. |
The summed signal magnitude and phase distribution is analysed
using sr.)ectral analysis such as Fourier Transform to _s_pa’tiaily locate targets
“within the grid.
The raw complex | and Q signals received by the aﬁtenna array
15 contain errors due to imperfections in the antenna geometry, diffierences
| between array elements, é!ectromagneﬁc‘ coupling bet\}ufeén elements,
differences in the response.characteristi_c‘s of mixers, uneven amplitude and
phase dis{ribution of LO (reference), and other factors. These impetfections
can be corrected by calibration on a “point” transmitting antenna. The
20 corrected received signals can then be adjusted to steer and/br chus the
array onto a specific targef or scanrthrough a large target volume to produce
an image. Since most of the detection is likely o involve the presence of
' inhomogeneous, anisotropic materials such as‘timber, plasterboard, éoncrete

etc, the field patterns are distorted by the material. In such cases, an




cross-section because of relative rmvef‘rren:t of their bod1 POV 2086t h r espect
to the electric and nagnetic fields of the m-crowave signal. A correction
exanple is described belowwith reference to FIG 6. 10 Consider focusing a
spherical wavefront on a point X.in thiee-di nensional space (one of 2000
or, so grid points). Array elenent B (say) is on the correct radius XB.
Consi der an, gk Aan bESbeHist@pg BlabingModpbativéiargdticc keigets mal | er

t han XB. Th%&%lﬁ?%?}?ag?&pﬁg .rr?xer at A nggds tgo gg del ayed = by an anount
equivalent to AC. The | at . int eanBhaseinlogdh ft of
(AC/ 2.)x360"H%c‘qu§§g’.1e %8@%'ﬁ%@i&%ﬁe&ﬁbe%@‘ﬁ?@ﬁ@%ﬂadﬁr‘ﬁi‘gna| at Aylhas t he

magni tude MA and phase QA(degrees),. The e, corrected: ph I ; ‘
OA+( AC/ 2.) x880RET8 wﬁa?geé%rm%étm EedFQQB%F%%rSﬁ%%er%hsf’ E?I aSrgrggltenents.
The mcroprocessor perfornms this rotation of a con%ex nunber. A sli ght
magni t ude ceozcceitiovarskdiseisipatien giaditenalty, surheinperRivedREsE ¢3R°% 1¢ 2 20
signal reduction with range, since the scattered-signal froma ?oi nt target
propagal es ides@nsghe biferdifomive ScaitaringAfross-sadtions; epramenswigin With thate ar r ay
el enments are corrected for these phase errors, the signals are converted
back -to Car to‘??lﬁ@ﬁxs%@fs”@éirix% Hefictth sedfsealad deskand gdiuntuatimgdc@tisiiogal s are

added together (coherently) and a total 21 2006 12 vector is conputed,
whose magnitude is .M \ IS sePbo pare veareEpee for each
‘of the 2000 Cé?ss§%e(§|}4ln3:§%89¥§?%érl§dn\%?tzggrpgﬁn{m . AnyM ﬁaj or peakg in such a

hi stogram are likely . to be due_t i scatterers.: the respective grid
points. 5 Alrdige %?ﬁ‘g@%e{‘ﬁge%%&einglc'%OSNa%%reva@]alf ocused on a target.

oint, the signals fromall the receiver antennas.are. summed_i ase
P ? A correction example is described below wﬁﬁ reference (’Eo ey E

10 Consider focusing a sphefica[ wavefront on a point X in three-dimensional
space (one of 2000 or so grid points). Array glement B (say) is:on the
. correct radius XB. Consider an array element A. Ii$ distance from X is XA
which is smaller than XB. The output of the mixer a’f A needs to be delayed
by an amount equivalent toVAC. The Iatte'r éan- be transi_atéd into a phase
15 shift of (AC/A)x360 degrees. Say'fhat the measured polar signal at Ahas fhe
- magnitude M and phase BA(degrees). Then- thé porrecited phase is
Oa+(AC/A)=x360. Similar corrections are perférmed for all array elements. The
microprocessor performs this rotation of a complex number. A slight
rﬁagnitude correction éan also be performed to compensate for the 1%
20 signal reduction with range, since the scattered signal from a point.target
propagates in a spherical wavefroni.
After all signals from all the afray elements are correcte§ for these
phase errors, the signals are converted back to Cartesian format. | signals

are édded together and Q signals are added together (cohgrently) and a total




- (coherently). The signals fromall other targets ‘have r2hdNaV@2086es and
thus on average sumto zero. Currently, the single | arge aperture ant-enna
produces. a scranbl ed sum (Fresnel Int e&ral) of all targets and spurious 10
reflections. This applies to .desirabl et4argets as well, since RF energy
takes different paths to arrive at the single m xer and hence every target
suffers frorechrisicémanitds eihbsé magtiiederie bl afthphady Bd. iMhe vefuesof i gnal
processing algorithmis to obtain the maxi num anount of coherent spati al

i nf or mat i on’ arakeHiputdteidr 2aaR LS tRIMDINE! do GRPbbiRts sichiBidamated Yo n one

enbodi mrent as applied to an insect presence detection system the

di ment as to an pr esence .
mai nl v becalabhes i ar e TS5 e oie fhy o ofle bibolteoialars AR, Flui g

studs and n(r)r%gi n(gr can cau%e these refractions. Materials such as b
tinber,. conlcret@ e WRUMSoard etc may be i nhompgeneous and ani sotropic 20
and distort the wavefront in unknown and unpredictabl e ways. Once an
estimat® of target Maeadvantags obihg wethod sdhghwbenfipensedan 2 B9t ne tuned
to obtain a nore accurate target |ocation by using nmaxi num entropy or
fuzzy | ogi ¢ pacthringwignals Wpieall he rededres rardenogs @ge reeummakdnst phase
Refraction is conpensated by deliberate distortion of the phase front. A 21

NOV 2006 | 13(cpRésflysRihklstthdlgfrbhealidsthemaidets Maaangam ghasavandanle to
them -=various techniques in fuzzy logic. In one exanple, assune a | ocal

m -vari ot fu ure al ocal
The contro of TRe Siharay a0y GV, RS sl elhe ke S eRfe It nea

If romits Sp-h&rold%‘&les .Seahgcg"%m%r?gd tsﬂren (Fresnel lntegrai) of all targets and spurious

10 reflections. This applies to desirable targets as well, since RF energy {akes
different paths to arrive at the éingie mixer and hence every {argel suﬁerg
from mutuai and self interfefenoe. The objective of the signal processing
algorithm is to obtain the maximum amount of coherent épa‘ciaf information
about the targets and their spatial distﬁbutioﬁ. |

15 : in one embodiment as applied fo an insect presence detection
system, the wavefro_nt from the target (insect) is not likely to be truly
spherical, mainly because of refraction at the material boundaries. Walls,
including studs and noggins, can cause these refractions. Materials such as
timber, concrete, plasierboard etc may be inhomogeneous and anisotropic

20 and distort the wavefront in unknown and unpredictable ways.

Once an estimate of target location is obtained, the phase front éan
be fine tuned to obtain a more accurate target location by using maximum
entropy or fuzzy logic technigues, typically implemented using neural nets.

Refraction is compensated by deliberate distortion of the phase front. A




magni t ude of the new, - coherently summed signal is conpa2dNGNt2006t s
previous (unperturbed) value. |f the perturbation has resulted in a |arger
signal, it is accepted and further adjL{ tments are made. Qtherwise, it ‘1S
rejected and another (different) perturbation introduced. The rules on the
10 choi ce of gertur‘bﬁlti Qns, can, be @(gt ained froma neural net, with fuzzy

logic, or . bY=&CHi PEled do Hhe g dvoud dravasraasily muilaRier thihami MaFPHS. The
nunber of |ocal maxima indicates the nunber of scatterers and hence the
nurber of i nékdbniiuesHe fuagiipgigde of each peak indicates the size of each
i nsect. These estimates can be refined by applying signal processing 15 in

the time domai n (it ankiex@mpldhassunesadesalthaximurhes faind frsespheddat i onary
targets and the nunmber. of m ssed targets. In an alternate enbodi nent, a

dynam c or clhesgfiont! @ah Ki B8 r S Lapal ' i be
realised by splitting theKti ms:d’ige@{imgsribogﬂ;to&r!r%t ggec%bg?néx%ﬂ?f}%?ﬁ%% ?ﬁt‘go-

separate (ov peictol r ik GEr \ d r.form ng
simlar 6zﬁjbea ({)acrLim ng?gﬁglgééggﬁ%eﬁg% c%%elﬁ?rg’%?hslrﬂi‘{ss %d;f:ﬁesr%gggq% 8\5@&}5‘% t ar get
tracki ng, using H dde rkov chain processing., H dden Markpv tracking is
achi eved by %Q%Hgﬁg&o% Pﬁﬁ’piwg'eﬁf%yssw sighghi cpiperes ithedtsang
assigning probahilities to causal relationshi ps between frequency 21 NOV
2006 14 bi nPrevicusfumaiturbed) valugy Brihafiariprbriar hpairesiultedingadetgeir e al |
that survive this process and the probabilities of tracking such events

tend to 1. Oslpal df isennatpted aratairthermdjistmesed af® mady, qethstwiaekiinig, such
as a Kalman filter. The principles and operation of Kalman Filtering can

be found 5 irglecrRdn@i®efiofidY [HFREEN pettiMfBhNErodEsdd. MBd Alle®font thacki ng:
‘Principles, techniques and software” by Bar-Shal om Yaakov; Li Xi ao-Rong,
publ i shgd b}’ choice of perturbations can be obtained from_a neural net, with fuzzy logic, or
by similar techniques, such as maximum enfropy 'filtering_.
The number of local maxima indicates the number of scatterers and
hence the number of insecté. The magnitude of each peak indicates the size
of each insect. These estimates can be refined by applying signal processing
15 in the time domain (tracking). This reduces the number of false or étationary
targets and the number of missed targets.
In an alternate e_mbodiment, a dynamic or close fo real time version of
rthe sighal processing can be realised by splitting the time series from each
mixer 16a, 16b into separate (overlapping or contiguous) segments (frames)
20 and performing similar beamforming analysis on each frame. This can be
followed by target tracking, usihg Hidden Markov chain processing. Hidden

Markov tracking is achieved by obtaining overlapping FFT's of the signal time

series and assigning probabillities to causal relationships between frequency




YBS publ i shi ng, '(1993 by Artech House Inc)f.. Perform ng 1NQY 2008y sweep of

the local oscillator during the nmeasurenent period can enhance the dynam c
processi ng. Such a sweep 10 can either, be digital (stepped) or anal ogue
(chirp). Either could be used to assist'in range resolution and anbiguity
resolution of the received near field patfern. The resulting signals can
be anal ysed®B§ itagicest Fdvie| byentprlbcdalsmb it dgnmin eye 7l thatSHnivegl ysis) .
Further details of the operation and inplenmentation of Gabor processing
may be founthi$ procsada@andibe mephadiiiiesafitmekbngds wihgmantaienedbiion, Gabor

anal ysis and al gorithns: Theory and applications” by Friedl ander,

~ B.Department of Ethet bitemlation thddeipntagbe G ReeAigROtrablihy et ¥sef .
California, Davis, California: Zeira, A. Signal Processing Technol ogy, Palo

Ao, Cal i Relthan ik FondiaaRicled addBpet i i0ahah Rillreh dalibd AR T O,

m crowave signals a re received~and analysed to

determ pe the ._det.eqgt ed, onpari s f. the two near filed

patter ng caﬁ]' tgﬁé%ﬁés\rgg&t'éﬂgggh?ﬁ? H‘i&%\gﬁgﬁe?‘ﬁaﬁmgﬁ?’?i ?ﬁﬁ@?,]ngyggwe@i Ze.

Spectral anal ysis such as a spatial Eourier transform my be performed to
~deternine i jaussesicesoitwaig” by RagPhglomhy aakav hliapsnsgselishiechy above
description assumes 21 NOV 2006 15 that the target is a point. In a
realistic sivBfapuldishindd1993 feitriesh Hausedach spatial di mensions and
spatial structure. This results in magnitude and phase variations in the

scattered wavef r diérforiviigyi d Urkjuehte cumespy o ehbdsasisessilappldsringetiect ed
fromdifferent parts of the target have different phases and cause 5

farser e Vil et S SRR S b
reveal 1KY can either be digital (stepped) or analogue (chirp). Either could be used to
assist in range resolution and émbiguity resolution of the received near field
pattern. The resulting signals can be analysed by Gabor or wavelst
' processing (Frequency-Time FT analysis). Further details of the operation
and impl_ementétion of Gabor | proéessing may be found in “Gabor
15 tepresentation and éignal detection, Gabor anaiysis and algorithms: Thedry
and applications” by Fried!ande_r, B.Department of Electrical and Computer
Engineeﬁn_g, University of California, Da’v.is, - Ca!ifofnié: Zeira, A;Signal
- Processing Technology, Palo Alto, California, 1997, Page 353-380.
In anoiher form.of the invention, microwave signals at 24 GHz éﬁd 61
- 20 GHz are received and analysed to determine the type of target detected. A
comparison of the two near filed patterns can be used to determine a species
of insect, type and size. Spectral analysis such as a spatial Fourier transform

may be performed to determine insect species.

The "imaging” algorithm discussed in the above description assumes




features of this diffraction pattern and thus, an estin@f NQY 2086 spati al
extent of the target. (Under ideal conditions, it is possible to carry
this technique to. its linmt: a full reconstruction of the target geonetry
by an inversion process.) 10 AdditiondP information about the target size
-and geonetry nmay be obtained by repeating the "imaging" process at .

-di fferent rthat twavergef tequssict. &3 .a Misﬁra@ituat@mdherth@gé]aﬁdﬂ@thZ@fO1. The .
receiver array. has different angular resolution and anbiguity pattern at

di fferent niciRrawddqauantiptial fhetoenThratss ivfageisde end phesat 15
di fferent frequencies reduces overall anbiguities and inproves resolution.

2. The t - e Madchi i ‘ d@ighasof t t
20 ot ARGt R R b R anaboipg agiazyr et e
Rayl ei gh). For d/2>>1 .1he cross-sectjon 0 agtely 20
(Rat el 0o oot RS L B ot BBl pRaG-LaRa Rl ! v
Wl erfot hsconsiiLstveldesiacivmeasiase GlZGHH R Ao GRsTeiR)
frequencies). Measurenents of the ratio of received signals at the two

fr equenci esFpundsi Teardifsien iofi thatsigmelsfiramdbetreceegarray an EY&R! KYm and 21
NOV 2006 16 smmller than about 2.5mm  The invention:is not limted to

i magi ng appfdfatdsWithis tifradashpgttemeind heist e egimateadfitoe spatialosdenbl of an
arbitrary recei-ver near field pattern. For exanple, a zone pattern may be

sener ot o2 1 B HRAaRugP RS chedebAglioRe. Fipskoanuts cagy ofs pepeiguate L by

: security | n%?t%ty a fﬁﬂec%ﬁ%%lct%n gftﬁte%%%{ geometry by aninversion prqcess.)

10 Additior;al information about the target size and geomelry may be
obtained by repeating the_. “imaging” process at different microwave
frequencies. Two factors contribute to this:

1. The recréiver array has diffefent angular résoluﬁon and ambiguity pattemn
at different microwave fre'quéncies. The combination of measurements at

15 diﬁéreﬁt frequencies reduces overall ambiguities and improves
resolution.

2. The target scattering cross-section is a function of the ratio of targefc size
to the wavelength A. For d/A<<7 the cfoss—sectio'n varies as A7
(Rayleigh). For d/2>>1the cross-section is conét_ant and approximately

20 . the physical size of the target (optical region). For d/A~1 the cross-section
oscillates dramatically (Mie- or resonance region). The wavelengths
involved are 12mm @24GHz and 5mm @61GHz (the two 1SM

frequencies). Measurements of the ratio of recsived signals at the two

frequencies provide diserimination of insects larger than about 20mm and




PIR (Passive Infrared) security sensor usually includes2i NQ¥R0 Fresnel
Lens to' generate a fixed zone pattern. The present invention provides a
control and processing of the field 10 pattern of a.receiver antenna
array. It provides accurate detection afd determination of the type of
target in a spatial region in the near field of an antenna. The array of
el enents in t hesmelsithen abotehdmmf the present invention provides
significant advantages over a single elenment: 15 1. At |east 3dB SNR

i nprovenent due t qhHeoRgERidn B B6EHRIRE: tolimRYRG  Sibaior. RS hetddve
i nterference between Fresnei zones; 3. SuppreSsion of spurious static.

. reflections; Wats ' ' i G L0 _operat or
nandshake: 28 AR Gt Bl and UL e b RRRPRENE: PG Bkt Rant o
nodes and/ or tihodes at specific spatial ocatjons; and 7., Indjcation of

Che di rect s of BEABRRE aneRefenh GedlE ddfiaratn it muim e es of dsiorian ng

i nsect $I leries and in tracking these back to the nest. __ 21 NOV 2006

17 I'n ar al t &HaEPWENEnBhaPhee Hansits tyeinsaotenel ether dapvipgroljects. &ugtent  and

control of nulls (and maxima) are provided in the receiver pattern of the

array. For ejesipligyued are well krovrain the seadgtytinddsinmFoparanple, @ standbgs 10nmm
apart. Insect novenent across these maxinma and mnima result in 5

fluctuati.ons RIR (rhesshveckiffaast) ety sdemaisiiallif Vs adpdche Seresnel
fl'uct uati ons ’ _
Lens to generate a fixed zone pattern.
| The present invention .provides a control and processing of the field
10 pattern of a receiver antenna array. It providés accgra’té detection and
determination of the type of target in a spatial region in the near field of an
antehna.
| The array of elements in the receiver énte.nna ofthe presént invention
provides significant advantages over a single element;
15 1. Atleast 3dB.SNR improvement d ue to coherent prdcessing;
2. Suppression of destructive interference between Fresnel zones;

3. Suppression of spurious s’catic.reﬂecﬁons;

4. Suppression of spurious microphonic effects due io operator

handshake;
20 5. Trécking of insect movément;
6. Deliberate placement of nodes and/or antinodes at specific spatial '
locations; and
7. Indication of the direction of motion of the insects. This is useful in

identifying insect galleries and in tracking these back to the nest.




" can reveal insect activity. This inplenentation provi de21iNO¥r26i on with
si npl er processing. However,. it is difficult to separate the information
about insect nunbers frominsect speed. Hence, this nethod nay be used as
a "watchdog operation". Insect activitly above a threshold can be used to
trigger 10 the instrunent into full inmaging node. I'n another variant, the

pl acement of naxinen alirinative smiteglirbentdofrtae iiveméby, aiehlmnraterplaoemnute t he
direction of nmotion of the insects directly. This node of operation can be

enhanced by addicogtral d‘m@lh@mmtaﬁim@fa?“eé?fw&é‘tﬁnttﬁé%éea{réﬁﬂ%ﬁeﬁn'thtﬁe
activity. The provocation nmay take the firmof 15 a nechani cal

di st urbance, aagy AcQUSEI !é"tﬁé‘x‘ﬁfﬂ@?‘éﬁ b mafe &) ﬁ)?ﬁlré?fﬁ% R Grefllss QHWnce

is known that certal n acousti-c and el ectronagnetic requenC| e turb

t whi t d th f | ead t t
et St PR AR R A ed B4, nao:g:]gﬁf

exposi tgon OH @‘ROdS %gl nsect control 20 using el ectromagneti c em ssions
i s pres&nted %é}e NS Pf leg reqRiRd isignat Tyapei analysls af4bssy logeptionsi ch al so
refers to prior art. The invention has been described with reference to
exenpl ary cBlid AP YR tiBSCTHRativsy., This isipeindniaéion gireddebanfoonhtio newtthdi nent s
are envisaged within the spirit and scope of the invention. 21 NOV 2006

18 Clains lsimriceprecessingdieneveiieaiffcuss eaphmid Bie |ﬂﬁirﬁ|%1hbﬁ§bl5m}’c' ng
insects in a region conprising: an array of receiving elenents that

lrggglt ve sgggﬁ#srégz ﬂgﬁgs‘ré 166 8BS sfbedP HdrRkdtd ndifo R AYbd BsLhe é ggi on " at

“watchdog operation”. Insect activity above a threshold can be used to trigger
10 the instrument into full imaging mode. In another variant, the placement of
maxima and nulls rﬁay be directional, in order to compute the direction of

motion of the insects direcﬂy. |
~This nﬁode of operation can be enhanced by adding a mechanism to
provoke the target insects into a_ctivify. The piﬁovocation may take the firm of
15 a mechanical disturbance, an acoustic disturbance or an electromagnetic
disturbance. It is known' that certain acoustic é;nd electromagnetic
" frequencies disturb insects, which will cause .g'rea-ter movement and
therefore lead to stronger. and more fréquent disturbances of the
- electromag.netic ﬁeids. A thorough exposition on methods of insect control
20 . . using electromagnetic emissions is bresented by Philip Callahan in US

patent 5,528,049, (1996), which also refers to prior art.

The invention has been described with reference to exemplary
.embodiments. Howéver, it should be _noted that other embodiments are

envisaged within the spirit and scope of the invention.




m xer means that conbines the received signals with a réft QW2806signal to
extract in- phase (t) and-quadrature (Q IF signals fromthe received ‘
signal $,” wherein the t and Q signals are conbined to form conplex signal -
vectors; 10 adjusting means that adjust phase and magnitude val ues of each
of said conplex signal vectors in real 18ime to create a beanfront that is
deliberatel’y distorted such that the beanfront has a plurality of nmaxi ma
and mni ma vdlig#ss summi ng, means that sumthe adj usted conpl ex signal
vectors; and 15 processing neans that spati ally and terrporally filter said

sumred conpl ex si gnaéleumhagﬁetmrdemmassémmhsdeﬁentmgma‘?m@!ielseﬁi%ln time
corresponding to at |east one path of said insects noving in said region.

2. The ant'ennag psfienbbiipasing! ai m 1 wherein the array of receivi ng elenments
are adapted to receive mcrowave signals reflected froma targetin 20 the

field. 3. The-antengpagapenioxiviiy abmiofs hattBssiss Shhis tRiremieiiigoreans i s

adapted to detect the noving insécts In a near field of said antenna. 4.
he e enge R bus) B oS R IR g Zﬁ?QﬁnaC§2‘§22§?§e§f
O g et ol e SRS BN o kIS AN VAR 29dsaloe valves
"F'n‘;"efi‘ti e S T BRSSP AR s Y, e
m Cr onave S| gn%!gnlaiss %Ehe?eﬁn the 1 and Q signals are cembmed {0 form complex mgna!
vectors; |
10 adp,stmg means that acijusfz phase and magnltude va‘ues of earh of
said complex sugnal vectors in réal ime to create a beamfront tha’c is
delibérately distorted such that the bea;nfront hasa p{ura!rg of max;ma and
_ minima valué_s;- | A' ‘
sumn-ning,means that sum the adjusted qamplex signél'vectors; and
% ﬁrocessiﬁg means that sp.atiaﬂy aﬁd termporally fitter said ;Limmed
| | Cﬁmplex'sigﬁai veciors to &etect changes. iﬁ %he’_ﬁ;eidévef fime corresponding
o at least one path of said insects moving in sald region.
2. The antenna assembly of claim 1 whereln the array of receiving
. elements are adapied to receive nii_(_.;:mwave signals reflected from a i_argét in
20 the field. |
3. The anﬁénna assembly of claim ‘ilwh@rein tﬁe processing means is
adapted o detect “tha‘ roving insects in a near fleld of said antenna.
4, The antenna éssemf:aly ;f claim 1 wherein th‘e'.adjuéting means

compensates for received signal imperfections.




frequency of -nonminally 24 OHz. 8. The antenna assenbly &f NOMi2808-wherein

the microwave signal is at a -frequency of nomnally, 61 GHz. 0, The

antenna assenbly. of claim2 Wuerein a first mcrowave signal is 10.at a

. frequency of nemnally 24 GHz and a second m crowave signal is at a
frequency of nominally 61, GHz. 10. Thd%ntenna assenbly of claim | wherein

t he processing neans includes filter neans for filtering said sumed .

- signal 11. ' Hhe- T atemassentilyofdiain 4wherinthe egiustrg@eprd&stitihiy neans

15 includes anplification nmeans for anplifying the .sunmed conpl ex signal.

12. A nethod b readmingkiznd ptabevsies t6 pasduet aidesiedabiconafielshpetiginal s
received by the elenents of a m crowave antenna array for detecting noving

i nsects in a §egi ofhd BRlAHHaNGRbIP RTalR] 1 Wherelgtiel pskssifgomete
antenna.array with a local oscillator signal to 20 extract in-phase (1)

and quadraturﬁro(dg);eéggﬁgnggg}oﬁgﬁ:@g‘g%ﬁiiﬁgeétgg.l fedfy.Q signals to form

conpl ex signal vector ase and magni tude val ues of ‘t he

SSE}OLE%?E?S"*I ot o REAnteRe R blyiE oiinZ FbRI PpaRRolRle s ta i
and m nl na val_ues,;

- 2006 summi ng the adj usted conpl ex signal
vectors to foffﬁﬁﬂﬁlﬂ%}{.@é\lﬂ%ﬂgﬁﬁygﬂéé u 9 Ju npl ex sig

s; and processing the total signal
Spatial inforials ol MEGrEAASSNBNRLSIHIT £ WECRIGIG Btiae G e &4
corresponding to at | east one path of said insec¢ts noving in said region
frequency of nominally 61 GHz. : . .
9. The artenna assembiy_ of elaim 2 wherein a first microwave signal is
10 ‘ata frequency of nominal{y 24 GHZ and a second migirox;vave signalisata
| .frequency of Homiﬁaﬂy 61 GHa. | ..
10. The aﬁtenna assembly of claim 1 whergéin the processing means |
includes ﬁiter,h’eea_ns for filtering said summed signal.
.11. " The antenna assembiy of élaim 1 whereinl.tﬁé pmoe;sing__ means
15 includes ampliﬁcétioﬁ méans‘ for gmplify;gng the_summed cqm'piex signal.
| 32, A method of extracting mheﬁent'spatiéi information from signal; :
' ;ei:w_eiﬁed by the elements of a rﬁicmwéve anfcénna array for detecting moving:
insecisin a .regioninc!u&ing the steps of. |
' mixing slgr__nals fro.rn the antenna .aﬂ'ay' with a local oscillator signalto -
20 extract in-phase (1) and quadrature (Q) IF signals;
" combining the | and Q signals t§ form complex signal vectors;
adjusﬁng'phase and magniiude values of the complex sigrgal vectors

in real time to create a bearhfront that is deliberately distorted such that the

beamfront has a plurality of maxima and minima values;




13. Thé nethod of claim 12 wherein Si spectral analysis2aiNjoVi209fs are
Fourier transform-algorithms. 14. The method of claim12 wherein the phase
and magni tude values are conputed adaptively. 10 15.- The nethod of claim-
12 wherein the phase and magni t ude val are l.ooked up froma fixed

I ookup table, 16. The nethod of  cl ai m 127 f urt her |ncI udi ng the step of
conputi ng phase and magnl tude val ues from.cali br

n_obt ai.n by ,f ocusi ng
the: receiver ant&HREIEH e adiusinseramplpy signgler s g’? f ?t@}f %ﬁ’% i

| aced in
strategic of 15 accessible locations within or

near the structure under
test. 17. Thevadprsg@ndf C aim 12 further including the step of conputi ng
magni-t ude and phase val ues, that adjust the field si patterns of said-

nal
antenna array to hameasmgﬂhetﬂt&laéﬁ@ueﬁbmauﬁg ﬁtﬁﬁ“ﬂ? letprelms| :
anplitude contours. 20 ' 18. The nethod of claim 17 wherein the equal phase

. and equal anphd et salvohersnt epatiinfengaiibri o detechehmngeaidhe fiald eéer noti on
Is likel.y.to cross sald contours 19. The nethod of claim.17 further

i ncl udi ngs t he e ks RkRRth BEIBBASR péihy oRgalliisedts moving it said egidrhe
received signal resu t|ng romtenporal 21 NOV 2006 21 fluctuations in the

I d I I tud
Lo A B oM S e

I'ncl udi ng the step of

converting I uations into polar format. and corrputl ng
fluctuations %q“??ﬁ‘%ﬁﬁlﬁb@%g‘%

hase of the received signal.
14."  The method of clai 12 wherein the phase and magnitude values are

computed adaptively. | |
10 15, Themethodof claitn 12 wherelri the phase and magnitude values are
. looked up fram- a fixed look up i=ble.
‘ts. The method of claim 12 further mc!udmg the step of computing phase
- and magnitude values from calibration obtamed by focusmg the receiver
- antenna onfo a cooperatwe scatterer or sc.atterers piacad in strategic or
15 accessible Iocatsons within or near the struc’ture under test
17.  The methad of claim 12 ?usther mcﬂ-'dmg the step Qt c;omputmg
magnttude and phase vat_ues, that adjust‘the field mgnal'pat_terns of said
antenna .enay to have a centreti_ed geon*tetry: of equal ph_ese znd equal
amplitude con’tours.' ' | ' |
20 © 18, The method of claim 17 whereln the equal phase and equal am_plitude | '
" contours are erranged'ih & manner where insect motion is IEker; 1) eross said
| contours,
19‘ The method of claim 17 further mc%udmg the step of detectmg phase

or amplitude modulation of the recelved signal resulfing from temparal




21. A signal processor for extracting near or far fiel d23iN@¥I2006r om an

el ectromagnetic. antenna array for detecting noving insects in a region
conprising: mxer nmeans adapted t-o extract ‘i n-phase ([):and quadrature (Q
.10 signals fromsignals received by.receiving el effents of the antenna array
in the region;, converter neans adaptedZflo. conbine the | and Qsignals to
~form conpl ex S|gnal vector's, adjust the phase. .and a I|tude of the .
-conplex si gné]uc’meﬁommthﬁllaedIQsigmeiStiodm@iabsec@Sﬁﬁm el phaseiand
deliberately distorted 15 such that -the bearnfront -has a plurality .of.

maxi ma and - migual sapligds @ntburadd the conpl ex signal vectors to formtotal
.vectors; and processor neans adapted to process the total vectors to

~extract coherzmnt spatriethodidTicRimetd RRhEPIndRIdeRS the kasposiconrettirey Fared d over
time corresponding to at |east oné path of said Insects noving in said

region. 20, Q channel fluctuations jnto polar format.and computing fluctuations in
-5 - magnitude and bhas_e of the received signal.

21, . A signal processor for extracting near or far field signals from an
sleciromagnétic antenna array for detecting moving insects in a reglon
' ccxmpﬂsmg

rmxer means adapted {o eXxiract xn-phase OF and quadrature (Q)

1 D_ sign‘als from signa-!s received by feceiving eiemen_&s qf the antenna array in
" the reg:on, | o |
converter means adapted to combme the 1 and Q sgnals to farm
_ complex stgnai vsciors, adeSt the phase. and amphtude of the complex
_ s:gna[ vectors in r_ea} t:me o createa beamfront that is dehberate_ty distoﬂgci
15 ‘

such that the beamfront has a plurality of maximé--and minima values, and
add the complex signal vectors to form total vectors; anci_

processor means adapted fo process thé total vectors io ext.ract‘ '
coherent spafial. i,nfonna’(ié_m Ato detfec_'t changes i the field over time

- corresponding to at least ona path of sald insects moving in said_region,
20




