LOW ENERGY RADAR SYSTEM FIELD OF THE DISCLOSED TECHNIQUE The disclosed
technique relates to radars in general, and to IOW 5energy radar systems, in particular.
BACKGROUNE &R HEDISCLOSED TECHNIQUE Employing rddal Syt r detecting

intrusions into protected areas '%Mﬁ%%“aﬁmﬁgwf ms transmit an 10 electromagnetic
i.e., el ctionally

wave toward the protected area er omni-dire or toward a selected sector) and detect
and analyze reflections of the electromagnetic wave from objects in the protected area. The reflections

of the electromagnetic wav Zﬁ%}é gaa] istence of objects and may
further be determined, the &%ﬁgﬁg an %ﬁ%@%ﬁ@%@@%@%bjects. These properties may
be, for example, the loEatiatisofdhecdifebniaus r dadeiydasakienadagsystain ankdolaatation of the
object and the trajectory 0O erg?ge t rl{]ﬁi locity of the object (i.e., the speed and direction of
motion of theegé%%t.a%beé%ﬁ aﬁ]a %‘e }ar ?/a?édar systems scans the protected area by transmitting
the 20 electromagnetic wave via a mechanically rotating directional antenna. Alternatively, state of the
art radar systems scan 6;% §' ?ns'g %@%Mﬁﬂ( 2 transmitting array, a
receiving array or both)éﬁ‘%w%t.ﬁs aten?l\ﬁltj). lg% é,85i7, to Fullerton etl%af‘lt,jentitled "System and
Method for Intrusion Dieteptinfingsiagiar ErsersnieliriRiesinaialysons intecesatesiasd using a sparse

array of timeé‘p%jg.ul ed, idg b radars faf, jptrusi etecti h tg Fullerton
includes a plura |ty§ Tiﬁeg \I&%Vd?ﬁate (TI\%/I\?EL‘JItrSVl%/Eilge Ega%%?(ug\i/%%%aﬁgg(}%ﬁ?;v%id TMUWB

radars) positRifetirednaiine praeetedresd E4BR TVIORHEEAdaRPansi® a LA Dulse or pulses
(-e., a short giise gfdeub Al SHCIRNANH oW psaralecisd aiRa- FAeh T WRijadar receives

reflections of these transmitted pulses from objects in th(jaa%rotect_ed area. The range of an object from
each TM-UWBflegians ofdiesirctavasmig war fipre opiarfst BriveRolesie® a%8m the TM-UVVB

radar to the ofjjeciaBeiprekdpiie diM-HNBdReaD wHIe RRSIIRRRLEE ehirsbisfiRiesmined 5

according to the ranges of the ob%ect from each one of the TM-UWB radars. Thus, the system to

Fullerton creliggtdhagxisiange of ahissisert aawctirther Rgideiesanssadrergstiech signal
received aftesqn Kitiplranpbietnendormnd Jigacll appeas sykpiantalnidentisalwhereas

example, the location of the object (e.g., relative o the radar system), the
orientation of the object and the trajectory of the object or the velocity of
the object (i.e., the speed and direction of motion of the ohject). Typically,
State the art, radar systems scans the protected area by iransmitling the
20  electromagnetic wave via a mechanically rotating directional antenna.
Alternatively, state of the art radar systems scan the protected area using

an array of antennas (i.e., a transmiting array, a receiving array or both).
U.S Patent No. 6,573,857, to Fulierton et al, entitled "System
and Method for Intrusion Detection using a Time Domain Radar Array” is
25 directed toward using a sparse array of fime modulated ultra wide band
radars for intrusion detection. The sysiem 1o Fullerion includes a plurality
of Time Modutaied (TM) Ultra-Wide Band (UWB) radars {abbreviaied TM-
UWB radars) positioned around the protected area. Each TM-UWB radar
transmits a UWB pulse or pulses (i.e., a short pulse of low duty cycle)
30 foward the protecfed area. Each TM-UWB radar receives reflections of
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10 physical movement within the monitored area will alter the characteristic of the received signals.
The received signals are continuously averaged to generate a nominal received signal. The average
received signal R 8BFAERd from each succeeding received signal. As SfhSHABE0H there is no

movement V\{thin trt1e monHor d area rihe av%ragg recgived 3[15 sli%rfal and each succeeding received
signal will be %Soestéﬁrt.'iﬁw 8@&@3‘?3 FHLY é,%aF\Aiﬁ ﬁ'éesﬁﬁ 81?(1) nif e s ré%?%%% ocess. If
movement daesaigect Vit deeim oot Breadarsignakiaimésedt aftercitngulitragtion process. With

a stationary farget resept, each sigpal received after an jnitial scan of the monitored area will
appear 20 Sl{,l‘ s%a%@@@%ﬁ‘?@aﬁ‘gﬁ?s@c%r%8%?#?&%3@‘%{%6?58‘&?& a?gga(%il?g er the
characteristibatkhi riéreeiTad Sighialsaddn. reCavgibsitjinal o e oplhijpad Uslyiatearagedito generate a

nominal received signal. The average recgived signalis subtracted from eac ing received
signal tosdetgfrg?rqe’g' oé%rr{:%%traﬁg%\)ﬁl\ﬁlig%% r%ﬁ?@é&ﬁ?ﬁa gﬂ%@é%ﬁ(é%jHNlQUE It
is an object chdaesdiscidsied thehsitpierto prokidéedoovedate e rermpdeadanagethotidiend systems. In
accordanceﬁmet%gi %gsed technique, there is thus provided a low energy radar system, which 5
includes a rddar signal génerator, a transmitter, a receiving array, a processor and a power controller.

The receiving array inMﬂﬂegaqbwmwwﬁ%getviﬁ@dmtem andedvpliralityroaredaii@rs. The
processor INgleSR A SIARFLPLRLESSA AL A RIFACH ESENRLIS FRURIEd with &

corresponding antenna. The radar signal processor Is coupled with the 1o recelving array. The detector
is coupled withiigisabinaveigaal pidaasss: meiisoekassnhwdllalies towsleeragtaripécratiar signal

generator, wiify e KRRV e FEGSYAR0 AN SO G BIRFF SHRUaFRA fadar signal

generator generates a radar signal. The transmitter transmits the radar signal via a transmitting
antenna. Ea88 @ittt drereled 159n8lrecdNera1etRes crGeiNghridgRicves a respective

signal correspanielipgstp fRiiRCEans afihatanymilegiradasisigng! framaaasanandiie rpdar signal

processor determines a scene reflections map. The scene reflections map includes values

representingthéfie oA HERYERSR WM i maiered 15588 ol h BB SN &2a¥Sbtector 20
deteCtS@bje@iQ@%M%&H%ﬁ%@@éﬁ%%&%@%r pRdinssleeasian s ehiasgealing to the scene
C

reflection map and a clutter map. The clutter map includes values representing clutter reflection

characteristi@&FJIA SEIREYELIEUESAHOWIRIHE S HITAHIORRIRCES I Ji TRA¥ERIRNbf the radar
signal genergtss thetiansuttiar dnsl e neeeddna@zaya 2bighahcegidassgiiviitanetzer aspect of
disclosed techniﬂue .there is thus proyided a Jlow energy radar. system, which includes a radar signal

generator, aTARBREION tPERERSRting! AHhy 2 aSPHRRE0Y r BHIEL FowkP e RENTRIIWinsmitting array
includes a phaedityeef traftemitingisititinrasandf phealityopiitses mittess. Wille pigsessor includes a

and witCiho TURSECOR ALl R TERE U R RO W i A o LrBrbssor. The radar
signal procesdier itheocipdedaiatisticeaettevrecdiedisigntis.is Thapledaivithl thigmatiaesignal processor.
The power 8o rtﬂjllﬁcglj!%@mé%lee!%é'végq E%e é%%%rrg{gngl nominal received signal. The

average recelved signal is subtracted from each succeeding received

signal to determine movement. |
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5 generator, with the transmitting array, with the receiver and with the processor. The radar signal

generator genr%(?r?%%%%%gﬂar signal. Selected ones of the transmitters seqy ntlalll)y transmit a

: i AN . L2008
respective sig oward a selected direction in a scene. The receiver receives reflected signals from

the selected directiogmﬁs\g?x }%r@@%lﬂg&?g@fp égqrni@@ scene reflections map.
es valu

The scene reflections map inclu es representing reflection characteristics from each selected
location in the scene. This detediectiefdbe disielossdntschnjatsinaisaddaqamitidasrresponding

location theregl.aggoiding 1o e scensy Rsunnmap and.aaiter k- dhC fliarma includes

values representifig ¢ eflection characteristics from each selected location in the scene. The
shuts down deldutoae Bfatfe idausighaMiseratdgwh e rrargm ety apidieind waiebceiver. In

accordance yifh pfurthet aspectatslislasediischaigus, Jiete.s ISARiiedalgw gneray radar

method. The method includes 20the procedures of determining a clutter map of a’scene, transmitting
a radar signdbreviaspitensce o wat ¢eabRisg by tashoshdn ik astaeleciedesne P akfennas in an

antenna array @ fespectve AIRALCNERSRRNIRG O iefieslions ofthe lansmiited sighal from the scene.

The method further includes the procedures of processing the received signals to determine a 25

scene reflecti A AHEH SIEERTBIFBE SN HRCEYen Eaf TRBAVSAIS RO HRIPSONEPIBast according to
the scene reflegHon BN d s Gl tterBaR BRIER A BRGRIZHON GO RIRANENGS The

disclosed technique will be understood and appreciated more fully from the following detailed
descriptién tARERMNELATIAGtioN RifietReler dSvirrieieduMidR. the radar signal processor.

The power controller is coupled with the radar signal generator, with the
transmitter, with the receiving array and with the processor. The radar
signal generator generates a radar signal. The transmitter transmits the
radar signal via a fransmitling antenna. Each of at least selected ones of

15 the receivers in the receiving array receives a respeciive signal
corresponding to reflections of the fransmitted radar signal from a scene.
The radar signal processor determines a scene reflections map. The
scene reflections map includes values represeniing refiection
characteristics from each selected location in the scene. The detector

20 detects objecis and tfargets in the scene and the corresponding location
thereof according to the scene refleciion map and a clutter map. The
clutter map includes values representing clutier reflection characieristics
from each selected location in the scene. The shuts down at least one of
the radar signal generator, the transmitter and the receiving array.

25 in accordance with another aspect of disclosed technique, there
is thus provided a low energy radar system, which includes a radar signal
generator, a receiver, a fransmitting array, a processor and a power
controller, The fransmilting array includes a plurality of transmitling
antennas and a plurality of fransmitiers. The processor includes a radar

30 signal processor and a detector. Each transmitter is coupled with a
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5Figure 1A is a schematic illustration of a low energy radar system, constructed and operative in
accordance with an embodiment of the disclosed technique; Figure 1B is a schematic
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igure 4 hich1s a schematic illustration of a range map, generally
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igure 40, which is a range map generated for a

location basetetfFtae dtentian Migureairin HiR 6PaaHG RGPl SariRBp et StRRIAITEIMhe 30disclosed
technique;  {he Figirgais @8eRBMAfC Histratignof lowgnergydadapeansppsiadsapd operative in

accordance with another embodiment of the disclosed technique,

10

determines a scene reflections map. The scene refiections map includes

" values representing reflection characteristics from each selecied location

15

20

25

in the scene. The detecior detects objecis and targets in the scene and
the corresponding location thereof according to the scene reflection map
and a clutter map. The clutier map includes values representing clutter
reflection characteristics from each selected location in the scene. The
shuis down at least one of the radar signal generator, the transmitting
array and the receiver,

in accordance with a further aspéct of disclosed technique,
thera is thus provided a low energy radar method. The method includes
the procedures of determining a ciuiter map of a scene, transmitting a
radar signal toward the scené and recelving by each of at ieast selected
ones of antennas in an antenna array a respective signal corresponding to
reflections of the transmitted signal from the scene. The method further
includes the procedures of processing the received signals to determine a
scene reflection map and detecting objects in the scene and the locations
thereof at least according to the scene reflection map and the ciutter map.



Figure 6 is a schematic illustration of a method for processing 5 received signals from a scene, in
accordance with a further embodiment of the disclosed technique; and F%gure 7 is a schematic
illustration of &' FEEEREPESnstructed and operative in accordance with a6l B B8 nent of the

disclosed technique. 10 D E@#‘J_E %B{P W ENTS The disclosed
technique overcomes the d%a van@ ges o thgaﬁgﬁ%?prow migg'%ﬂovel low energy radar system
and method, the radarSysteisapssdtdsairadus tnahseissimiedsitody dodttagetaciaicing 5 power
dissipation of thereof. Furthermare, the lo rgy.radar syst e di t ique employs
either a recerf?{S i‘?ﬁ%@&% E‘ae;l%sor?}ﬁ |r§1%ga\ér}%§§§ergb%€f%grt caé@i%}kf%rﬁngoﬁ%sérﬁﬁ?nﬁgﬁ?gward selected
directions, thibeeyaenadding tegbower dissipation typically associated with mechanically scanning an

area (e.g., with a rotati irectipnal an gmg? iQ:10 d r ystem
accordir% to the disclo@gﬂ%cﬁﬁq%e%s %/plca é/%ém@?ogﬁgcﬁ §oﬁdgf:a%$ (‘)%yﬂyegﬁn ' j \g/%%rﬁty of a
protected areggteny, toopevictedennd Dpriative dn atpoidance witbferestetiodidghade to Figure 1A,

which is a S%*ﬂ%”&?é@%&%ﬁ“@ﬂﬂﬂi%b Jlow energy radar system, generally referenced 100, 15
constructed and operative in accordance with an embodiment of the disclosed technique. Low energy

radar system 100 inclUdesr® raiBaisignargematigollivelratiaramdnaittepwen eirassiHithg antenna 106,
areceiving a&ﬁ@%rga%o? HOSERSERdL AaRaveTGaRiratiendde aLommetncatinns wnsmitter 120 and

a communications antenna 122. 20 Processor 113 includes a radar signal processor 114, a detector
116, a tfacker egbpdiaeterHbe flsciognst tEEONRBEIving array 108 includes a plurality of receiving

antennas 1101, 1102, gy 0N AT &PIUEAlR A cCaRiVonidh2 HLagu-oAdRY. fadigure 1A

transmitting antenna 106 may be an omni-directional transmitting antenna or a diregional 25

transmitting &XfEARa (EQISHERICshteAPR, YRRF'EHENd). TRESCH ittiMfAntBARYB06 may transmit

only toward the,HigeHeRsAIseciRie¥ath g fiteetionality of the antenna. It is noted that transmitting
antenna 106 does not mechanically scan the protected area. Furthermore, each onge of receiving

antennas 1101, 1102, FIGHEORE nidyPo eSS i tmmiNusiaitth &' aAteMEb e HiHSH5R&I antenna (e.g.,

a horn agtengmgmhasi aiapRacerdYIRiadCHpitEANte Mgl d s, inastcongantantatmas receiving
1101, 1102, ...,11 ON, recejves si%?als from the directions associated with the directionality of the
antenna. It isHEBEEARAMM & EEIFCIRSS tggcmﬂgi’@ceiving antennas 1101, 1102, ..., 110N are

positioned at known refaue=pasitions (hmtﬂedqﬁonsc@mbﬁﬁgnwm& threrg tmimmn.iiReceiving
T e R B SR S e e
received by all of receiFiggrastergasil Hild 4002nd 4R @Ke schematic Hlustrations of a
20 -scene where a low energy radar is used, in accordance with another
embodiment of the disclosed technique;

Figure 4C, which is a schematfic illustration of a range map,
generally reference 420, in accordance with a further embodiment of the
disclosed technique;

25 Figure 4F is a range map generated for a location based on the
scene in Figure 4D in accordance with another embodiment of the
disciosed technique;

Figure 4G, which is a range map generated for a location based
on the scene in Figure 4F in accordance with a further embodiment of the

30 disclosed technigue;



io from a selected direction, constructively interfere, thereby defining an elongated area, known as the
main lobe of the antenna beam pattern. Power controller 117 is coupled with radar signal
generator 102%®ith taia&ihitter 104, with receiving array 108, with proce¥stH£48/8H#8 Hith
communications transmitter 120. Transmitter 104 is_further coupled with 15 transmitting antenna 106
and with radar signal GaAdiato? 1652, Ratfii SR ghHSKREPTs e otPRENvifiY8Eeiving array
108. Each ogerfftresriveifd baddiha? in. ddctiNdanceuplel widtifeeairespanckng onehef receiving
antennas 1101, 1102, ...,110N and with radar signal processor 114. Radar signal processor 114 is
further coupRIGUREPFRIFLNBIGHE! 20 generator 102, with detector 116 and with interference nuller 119.
Tracker 118 is coupled \yiifedgtectorsthewitticniedetance slublembtfoantbwithocesyingnications
transmitter 120. Inte feren?ge ?uller 119 is further cou&lgef with gete]pt%mg@orgmuni{:ations
transmitfer iSFARNER PR HAM BRSBTS AR YB3 Bnd it FERI8IMTR 251n general,
radar systenpflP@ afiiempisdteghieigsictetedt moving objects located at selected locations in a
protected area or sceﬂg. To\;t?at end radartsigiﬁaltgetneratg)r 102 enerateS %cr:?éjcinésni nal. This radar
signal may be a conti USHS a@e?é%ﬁ@%ﬁ% f"es.g? PURe AR s‘f&ﬁa ,% crhlrp signal transmitted
during a trangpeissios timesuedodiiora piittalinnofiBY petsbsdiragrdlsoftrémsmiftediodedng the
transmission time-period). The pulses may be modulated (e.g., chirp) or unmodulated. When the
pulses are moauIa u&. each pulse may be modulated with a different modulation scheme. Radar signal
generatar 102 provides the radar signal to transmitter 104, to radar signal processor 114 and to each
one of 5 receivers 1121, 1122, ...,112N in receiving array 108. Transmitter 104 transmits the radar
signal via transmitting antenna 106. For example, when, radar system 100 is employed to detect
humans, the radar signal repetition rate may be on the order of seconds and a duty cycle on the order

of 1% can be achieved. The duty cycle of the transmitted signal lo substantially reduces the power
dissipation of low energy radar system 100 relative to prior art radars.



The transmitted signal reflects off objects (i.e., stationary or moving objects) in the scene (not shown)
around low ene%)g?/ radar system 100, back towards low energy radar system 100. Each of at least 15
selected ones'df FELEVErE 1121, 1122, ..1112N receives, via the respe&%ibﬁﬂgf{@f"}@ceiving

antennas 11011 1102 H\Q&S ﬁ.gﬁwﬁﬁﬁéﬁﬁ@@@%qﬁto reflections of the

transmitted signal fron’Ptﬁe SCEneé selec 1122, ...,112N
simultaneously receivésigiiatictserh wbthdqiirectienscroae dpendisgdr@nitrgeto ainthftom all the

ranges). Each.one qf the selected on frecei [, 1122 ... 11 i the received signal
thereby to r;%récr)rs%%égpPjgﬁ%ggl%f%%hg@éﬁ?%@e@orgﬁsﬁ ']He%ehllr%.;fﬁég%adoqrﬁ%osite signal
associated withaagystwiecparkicatana(ilew &setsciesiatirdotiy cynid, dswiebyettrarnis) according to
the received signals.recel S rece \ . For example,
when tra%snﬁ@ﬁ(?é%?%%ﬁi%%%i%@%{ﬁsl%na, \/%Ihl gﬁ%%ﬁﬁﬁ#fi&%ﬁ%%ﬁﬁ%ﬁs, radar signal
processor 11aditissiopeddashoitiecenpings tibeameteing@eaner coirassanding to the selected

range and adsl 1% Rese AU CHERTSelSRLARNAL toOdRr irsieg ARine selected so

direction. Ra processor 114 then sums the filtered recelved signal to produce the composite
signal assocafséithen RgEtn tadte P@RESmitiss Tadieran ShRteed theastRiialifhal Wibd receiving array

108 received fheefeciionsabinadraaruies [@adar fianad. Rewriccaneiisnail buiw fown radar

signal generator 102, transmitter 104 and receiving 5array 108 (and consequently receivers 1121,

1122, ..101121Q) ket seqeiseCond sel@yrenerayriagatosyBlett deeeiting itiiiasigisalgsedessor 114

determines agieBaR AN endilgduts” Mearindlirsthn valuesitamigsenting the reflection
characteristics of substantially stationary i0 objects located at the selected locations in the scene (e.g.,

trees, houseBIY&Ated BE33)(SHe HIGRSTINEISHhA) HRIATHhANBL MRAh each entry is associated with a

corresponding selecteg igspdiqrs(iis. rRsOHRERONFITIRaECIed raRahaRd 2 ser@spAiading selected
direction relative to system 100) in the scene. Each entry in the matrix includes a set of values 15

representing tHSIERIRBr RENGCHON cRERIS HARY  SYSIRNe PR Y c 2867 BTHEde Yiter reflection

charactesistiepigiuddonpyanlieatioe avetrgpeReiey evel somdhndariation (be.tiayerage energy
level of the cgm ositg [ al,associ?tted with the loc tion{/a d thi veraséa com osi(f delay from the
n%ﬁ? g 165

correspondi SBCAf .'H@Hﬁ/ of ﬁ’@’c@ﬁﬁf@gité hal S KW ﬁﬁsth ?iron). Each entry
in the clutter snamimganiardher iNGyde statistidetbehtpactaristes asisiog atedenita thea;|uter reflection

O AR A S S oo, o). et
characteristicgrasunittedic2ts eftplasndtidre 620 Radng objentriatiectiomsraataiesiogal pRocessor 114
PrOCESSES  Processor 113 includes a radar signal processor 114, a detector 116, a
tracker 118 and an interference nuller 119. Receiving array 108 inciudes
a plurality of receiving antennas 1104, 110,, ..., 110y and a plurality of
receivers 1124, 112,, ..., 1125. In Figure 1A, transmitting antenna 108
may be an omni-directional transmitting antenna or a directional
25 transmitting antenna (e.g., hom antenna, Yagi antenna).  Thus,
transmitling antenna 106 may transmit only toward the directions
associated with the directionality of the antenna. It is noted that
fransmitting antenna 106 does not mechanically scan the protected area.
Furthermore, each one of receiving antennas 1104, 110,, ...,110y, may be

30 an omni-directional antenna or a directional antenna (e.g., a horn antenna,
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the received signals from receivers 1121, 1122, ...,112N and determines a scene reflection map. The
scene reflections map includes the values representing the reflection characteristics of all of the
objects locatett 4 8W thE&Selected locations in the scene (e.g., trees, hoB§EELAHBAPY Bar and

humans). Sim\il\[’z,ar to the clutter map, the scene, reflection néap may be a matréx. Each entry in the matrix

is associatePWitPhAURFREB g LLRERIEFIBEARGNNZ:, 4 REfreepomang St BRhge and a
correspondingssiiggstedidicgctionpin the, scene. iseshventryighine matix finclidesiaget of values

representing the reflection characteristjcs of the selected location correspondjng to that entry.
Furthermore 2P2G5H4 e‘l'l”é?o%b%sfg?af%&n l%tgg(iﬂg @lﬂ%%‘apl%l&dm?ﬁa %f&ue%e reflection
map. It is noteddhatystemerionedelogyacaticasgt saleaiessones.of reggiversthiN gké22.....112N
simultaneous]| '

receive, via.a respectjve one 10,0of receiving antennas 1101,.1102, ..,110N, signals
reflectedsfrorﬂgaelﬁ%gﬁoﬁt #Pf?%?é J(?rl\%ﬁ\ﬁ-eloﬁ%ﬂgm%o@?sigﬂﬁﬁ ?We@}é H'Z?B%&%@% s the received
signals to detiesnainectfvestafle ciRarehdmgctaristicaony front 1i0g, selettey legaiosis i tae scene (i.e.,
the selected Io%?ttioneF%o .no%n?(%essaril corr%-is qnd to all of the locations from which the antennas 15

receive the s’?é’naigf adar &gna‘%?o SR TR ™ &rj‘ﬁ%gtfed Cgibetci!rgglgvr\?ir&;’%'aﬂ?e@. Radar
signal procediseai)l 4 pProwdés:stietpie oiittes ssevieas fdgtialss map badtjesthdteuntap to detector
116. Radar 'ﬁﬂgg r r 114 further provides the determined scene reflection,map to 20
interferences[nu err%%g?g@%%eél JSP &fg c?é{t;%cﬁ[’;é f)i ?gé{f’lnr?t re}péggﬁag ir?g 1thls(f‘cl%r’r('e‘Sr;](rnz‘;%ihg locations
thereof accofthing @ Swiedededisfietivon nustanctitradyclimterfanap. e tyrndaftecedrobject’ refers

nerein to anchigsiieselec (G SCefe  PaIPRBL LA AYeS 1B dsteries gplects and the

corresponding locations thereof to tracker 118. Tracker 118 tracks the etected objects, and
determines the paramétevecretamridoiemeté @cteuiadvidbteaday sishe, genecasey 40d.speed) in the

scene. Trackgfl 18 Aeteminesf m%ﬂl%ﬁfgfgm%@zﬁg%%ﬁﬁeﬁ 48 sfgne. The term

‘target refers herein to a group of previo ects, associated to a single

moving obje @O ieaiRNVIRASSU SIS af Teasmittciédyforiher argeiechwititteristics. These
target charaglefisHagrpauMentos SrEENRIRI RURNIGHE - 25E ST BHYAOeR1RS Of figymoving detected

object in the scene (i.e., locations at which the moving detected object is located relative to system
100). The tagj8fheharpnaeaisnds Malraiaosind iMét saapiviRovaTR Iy BBthERtSyrie of

receivers 1124, 1125, ...,112y is coupled with a corresponding one of
receiving antennas 1104, 110,, ...,110y and with radar signal processor
114. Radar signal processor 114 is further coupled with radar signal

20 generator 102, with detector 116 and with interference nuiler 119. Tracker

| 118 is coupled with detector 116 with interference nuller 119 and with
communications transmitter 120. Interference nuller 119 is further
coupled with detector 116. Communications {ransmitter is further coupled
with communications antenna 122 and with detector 116.

25 In general, radar system 100 attempts to at least detect moving
objects located at selected locations in a protected area or scene. To that
end, radar signal generator 102 generates a radar signal. This radar
signal may be a continuous wave (CW) signal {(e.g., & sine wave signal, a
chirp sighal fransmitied during a transmission fime-period) or a plurality of

30 pulses (i.e., also transmitted during the transmission time-period). The
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5 detected object in the scene, the estimated direction of motion of the moving detected object in the
scene. The target characteristics may also be the previous and current composite signals
characteristics 6t &' #¥%ving detected object in the scene or part theredf CFAHEPE may further

classify the targets (e.g., huma r and determine when a wh r these targets correspond to
targets of intgf’g‘?,‘?s(e&.@% abéam%%‘éﬁ%‘f%&‘?a% rB?&Eé%@%&&ia?ﬁ%h?}gg%ntﬁ?Se?%g ﬁlsterest). Detector
116 may storgéhechastettristics plibe detpdiedhnizjetiscanditrackeiffEi8nnmpsidetidne characteristics
of the targets and of targets, of interea;t in ada basl]%gnot shown).,Each %”e of.tracikeir 118 and

detector 116 PHOVIdE 15 3%e§§g sS5ESERP it s%i&é’{gaspi} fon of the datected objects to
interference tralerriitd: Rédall ta terdat isidetiheprassagyoupidf detdcted ebjictsmssotiated to a single

detected moving .object exhibjting com characteristics, Thus,{kack. fb]%ﬁ)ﬁ [ the parameters
associatéd wﬁ%c%hveeig ér%% sl]o détéét%b}gcfg ?S!Yr'\?grfg%ar‘?gj roltéﬁerﬁF . %ile?'%%ence nuller 119
determines thrarsfaitt dhie actarfeigrpbbjectdrsmitiieasaatportor ©Of defewteskabjets are interfering

bject t i i b : ' , tly,
orterence NI 100, Mesfal Lt G0 A BB B TR, o Fel i e
according to theditigationseofithy iretferthg @tﬁ@@@ﬁ&@ﬂﬁﬂwgﬁé@léwfé&wl@v@m Eenjunction with
Figure 5. Afte gy Signal prosesan Ll 4 prosRsSENEySEeief) SUpRISIRiaFigrALp detected

objects in the scene qnd)tra er 118 tracked the detecCted objects, determined targets and targets of
interest in thedesinaliptyveeddrtmoltbe 1nmwaadissiRaliwngirevdseopmna radar sysigsttor 116

provides the iferniation (slating getegiga objects (e.g., location, signal characteristics or both) to
communications transmitter 120. Tracker 118 may also provide information relating to the targets and

targets of interest (e.g.] fife Hansstideshjsianalaialestistel nhissisatbs willaR @MYR%or the
classification,af, e REJEDILP FOMEWRIFATIONS YRORRYEREIR0 1 GBRMBICAieRSyansmitier 120

transmits at least a portion of the information provided thereto to a control station (]not shown) via

communicatidR8 -aRRGin oM I&ItHBHgBIR B URS PR, BERERUERionFRE s Afitét 188Fhay be

wirelessly coyplestaythribe dOreestiakstation. communisatirdapss)ivier thadsprdrgoupled with the
control station via a wire (e.g., coax cable, twisted pair and the like). It is npted hgwever that

communicatiGA&srAhTRREARE PR RNl AcatidPeanterl @28 FREPEENED {fith an alarm
system providiggaandagissiignmmae icanaTiiesbra tafeior edinsatttefiniryes! ivsletepied. This '15
indication m? be a vjsual %%d audlo or a tactile iné%jcation. After Igﬁgmuniﬁfttions tra smitter 120
transmitted t7S%Ha {b%he LRt SEELRR, POGEr BntBREMEY shifs dowtfeommdrititions

transmitter 12{multandleityensedivaovsigads tordigust tBewtidvimasohammapoillistation of a power
versus time diagram, generally refefence 150, of the 20 low energy radar system 100 of Figure 1A, in
accordafite wﬁ%%?ﬁ? e#}‘é:)%ﬁ?ﬁgnﬁ)f{m% aﬁ‘&‘ﬁégd t%ea(f iqcl)fe]:‘fe Iy %i%ra%ﬁfg%ﬁirﬁgepser?gds 152 and 154
represent theréresigeniteld 2ignad 2epetijondntenaides., ibacheafdived pegods 1s2end b4 represent a
cycle in the opergiion ot jow enercradar SYstem 190.(igre JA).T e neriafisad and 162
represent the 2 sigr‘%i??i NSMISSIon and reception period’(i.e., the time required to fransmit the
signal). TimeqoenjpukitéSSgnal h6daeipteseniitheatiinatiaciedskingtimaridics Eachabedest signal
processing peti 5 the ti f rati f : ‘]e’léé-\'}'é@e-periods 160
and 166 reprgg’ggﬁﬁhegfr}%eﬂ%%ég%}é\?ﬁEﬁﬁﬁtg)sgg?gﬁl&%f%&%S%Ja%&e]%?\éﬁosﬁgrﬁ%%y no i30 power. In
general 2aftefthihsigetdaias ampsiohrpeaivarsse Andi 182, ..., 112y. For example, when

transmitter 106 transmits a CW chirped signal, via identical non-coupled

antennas, radar signal processor 114 filters, in each received signal, the

same frequency band corresponding to the selected range and adjust the

phase of the filiered received signals to orient system 100 in the selected

s0 direction. Radar signal processor 114 then sums the filtered received
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WO 2010/086858PCT/IL2010/000078 power controller 117 shuts down radar signal generator 102,
transmitter 104 and receiving array 108 (and consequently receivers 1121, 1122, ..,112N). After
processing tinEO7EHHEE*%8 and 164, power controller 117 shuts down bréeEEE880%8 % 1t is noted that

after idle peripd 160, prior 5 to transmission period 162, power controller 117 powerts up at least radar
signal generd@ald?, Wé’ﬁ{%‘?tté}el83‘3%?%5@1\%8%?&5 ’B?anﬁ%r%&ﬁ?gwpﬁy rgéief{’/ers 1121, 1122,
...,112N, Furibgrsnater pliod terareeassiag iherioddtod siopakraantrelteividg ovesrsids processor 113.
In general, the power consymption qf the radar system accarding to the io disclosed, technique
depends on Eﬁgeé\{/%%ﬁeré Lﬁl‘gmgrﬂ tE@é‘_’?ﬂ?&%}fﬁ‘&f’uﬁ‘@&?gr%%‘f"grcgﬁ@ﬁ@%’hﬁg e) main lobe
aperture angigugdorygte mgampimentgchersxantd?, hesrajisten 00 0aeteatsdivintans at a
maximum range of meters, with a main lobe aperture, angle of egrees an rocessor
operatina po@v%?yofl ggg%ﬁlﬁ%ﬁ?&%ﬁg@urﬁ?%ﬁeﬁ ? LT %gﬁi‘m‘elﬁ%& si%s? %‘?’1&@%4 (i.e., the
transmitted ahdreedeived signal repetition intervals) may be on the order of 1 second. The duration of

each of signal ransmiss o ATHEEPRIONIme Perlade do0 ASLAgeray begn g aer of 10

ion time
millisecond and the powerrélc}sscfpla ed &gﬁ%%o{ﬁese peri may be on the order on 10 Watts.

The duratioreofc@@tieactepthef stgeal_msiﬁﬂmw@iquarﬁ&middw thay wiuss the order of 100
mii-seconds anddhepaandissipatan s 2R3aUwALe (e LBERIBIR e amymade to Figure

B % 2
2A, which is a’'schematic illustration of a low energy radar system, generally referencéd 200, 25
constructed ahitoiscleniiedrebdberaaiectodithcationsirciBaliangm{®th& erssl 698698 chnique. Low

energy fada;p%%%[%% ‘n%'nga&t@dﬁ{a@%%ggsgeé%t%%ﬂ@ ARSMELRE akay 204, a receiver

206, a receiving antenna 208, a processor 209, a power controller 215, communications transmitter
216 and a carapagitetiond aAteoRESASNHIRGC seterted JamlitiuteS aa SUFeHRREMABIBCessor 210, a

detector 212, a racker 214 A a corresponding selected direction relative to system
100) in the scene. Each enfry in the matrix includes a set of values

15 representing the clutter reflection characteristics respective of that
focation. These clutter reflection characteristics include, for example, the
average energy level from the location (i.e., average energy level of the
composite signal associated with the location) and the average composite
delay from the corresponding location (i.e. delay of the composite signal

20 associated with the location). Each entry in the clutter map may further
include statistical characteristics associated with the clutter refiection
characteristics (2.9., the variance of the energy levels and the variance of
the composite delays). Each entry in the clutter map may further include
detection thresholds for each clutter reflection characteristics, as further

25 explained below.

During object detection, radar signal processor 114 processes
the received signals from receivers 1124, 1125, ...,112y and determines a
scene reflection map. The scene reflections map includes the values
representing the refiection characteristics of all of the objects located at

‘30 the selected locations in the scene (e.g., trees, houses, moving car and

-10-



an interference nuller 217. Transmitting array 204 includes a plurality of transmitting antennas 2201,
2202,..., 220N and a plurality of transmitters 2221, 2222, ..., 222N. In Figure 2A, receiving antenna 208
may be and omEtitegtfshal receiving antenna or a directional receivin %W&%Hgf(}(’é}fﬁ?, 5 horn
antenna, Yagi antenna)..Thus, receivi t may.receive signals o e directions
associated with e ire)&;’:’{i’i]frh1 rIiEJ/ g‘??hé]grg%%%?n ’jﬁ%ﬁﬁgﬁﬁe‘r&ﬁ?ﬁ‘ﬁﬁn & n%ggj rgoge]s not
mechanicallynatdn thdEpobteetdyy aredhEuntadrixaee asaciciatedofdithnsmitimg spritedings 2201,
2202.....220N' m e an omni-directional antenna or @& directional i a a (e.g,, a horn antenna,
Yagi antennsa?.l 6%(5 e%)c S one OP fnten%a;% %?gfsgﬁ{@"g 2%%%%?%5%%?%9% S tO\?vard the
directions assuoisteohwitty theleetpk clitestirel fioiattieseokthdeahsenttingnatitermaiiikis noted that
when radar 0,s,S r it S ; , -are itioned at known
relative sposi@c/)an[fd(%ss,g1%%0%%%}1&5%1%%}%@%@%%25 g%ﬁ%&gﬁvai%ﬁ? rgt%ng"sqn%{li%é) gqnﬁgn nas 2201,
2202.....2208elngipdIsotséipo sitivrepdndirkhdwvithge emisiricdl wiieioner ge. ¢adeik igiakquare or linear).
Thus, the d transmi ignal he adjusted such that the signals transmitted by all of
transmitting%?r%%%ntsnga}gégoglpggg §9}29 O%@%évarﬁ%gectmirecﬁon, constructively 20 interfere,
thereby defifiag anlelsnguted dhed; lasomeaianechihevshebflershiseiaaictcanepaifern.
Furthermor(a;,er@&g@@r%%1 ,amj%ge??'ﬂ”f‘@,\,a&?ﬁUHQI%%WY(&%W%?'@%GQ %@C{R@eaﬂ@g array similar to

receiving array 108 (Figure 1A). Thus, the receiving array may receive signals from the selected

directiof? tovrd GPERINGaRSRINGS ahiéhnak!f201; 200y 2siarBeoN efladatdud@rler controller 215
is coupled Witk J6AE $10ak ARRAIAIOTZAe VSN BB HIYSACHR: 8Kb VW @4 8REY 26, with

processor 209, and with communications transmitter 216. Each one of transmitters 2221, 2222, ...,
222N is couhed"RAPIEEoREEBnrdespE e dRe rRtipef Rt shRERI90RI%H 2P ITOM220N and with

radar signal gRnemion<dAoBarsie i 9Rds JusRer (icourles Wik &6QT188RANAING reegiving antenna
208, with radar signal processor 210 and with radar signal generator 202. Radar signal processor 210

is further cofASIERERAN YaBar st dncriiesr 269, Wﬁﬂ%@éﬁéfmm Heh ANERBAShce nuller 217,

Tracker 2 14riscepupasawillyfafiotectoaddr? Sndavigrdataéeienae nglleidiar Reteetos@12 is further
coupled with interference nuller 217. Communications transmitter 216 is further coupled with
communicatfSHSUHRERIGN™18 with detector 212 and with tracker 214

Radar signal processor 114 provides the determined scene

reflections map and the clutter map fo detector 116. Radar signai
processaor 114 further provides the determined scene reflection map to
20 interference nuller 119. Detector 116 detects objects in the scene and the
corresponding locations thereof according to the scene reflection map and
the clutter map. The term 'detected object’ refers herein {o any object
detected in the scene. Detector 116 provides the detecied objects and
the corresponding locations thereof to tracker 118, Tracker 118 tracks the
25 detected objects, and determines the parameters related to these
detected objects (e.g., size, frajectory and speed) in the scene. Tracker
118 determines if the detected objects correspond to targets in the scene.
The term 'farget refers herein to a group of previously and currently
detected objects, associated {o a single moving object in the scene, which
so exhibits at ieast a selected group of target characteristics. These target

-11-



In genera!, similar to radar system 100 (Figure 1A), radar lo system 200 attempts to at least detect
moving objects located at selected locations in a scene. Similar to radar signal generator 102 (Figure
1A), radar sighdf JUAEPATSY 202, generates a radar signal. This radar sigrfal’ Y BE%4 Eontinuous wave

(CW) signal or a plyrality of pulses. When the radar signal js a pluralit Ises, the pulses may be
modulated o?kl@%#‘?ﬂﬁ fﬁ’a@ﬁy \ekmefﬁrtﬁé(%n&gléas 3?8\3? l ated, 8%%%@&2%%§9%8ecﬁ10dulated with a
different modiwatinbvinhe e diael rabprcsignaligeneater 402 providiesithatravisohittéteradar signal to
transmitting array 204, to radar signal. processqr 210 and to receiver Félﬁ Transmitting array 204
sequentiallyif?gxﬁ?ﬁitg?ﬁw C%é?%%%%ﬁgo%%ar%gefgjé?g&%ﬂgc%%%%o milar eré%raqre%ystem 100 of
Figure 1A, wierrakstdes systena 0Quithemileydddo eltecttbdmesiscitye tddérsignaliegpetition rate s,
for example, pn the grder of seconds and a cycle qn the.order of 1% can be ieved. The duty
cycle of the t gﬁ%?ﬁtﬁe %sﬁ%%af%gggtasrﬁ?&?y %H%ceegsg %%év?é’?e g%?pa%oﬁﬂ%%?onw%?r?&gy radar system
200 relative to®6rgrideiztimtatgett is btedctias, aflleads mphb clearaviesisf transities 2221, 2222,

..,222N transmit, simu ously, yia t S ' es; NSMIttl 2201, 2202,
...,220N, sigrﬁglsttﬁ%n{3 F@eﬁ%g?re%rﬁén méef‘gcégt%ﬁr%g&’% glgrﬁ% ?rigr%i?n%i%&s?gnagfref%lcts off objects in
the scene arouniin@0 deteeiesr phjaciainsiizteat 200, apktbiradsfowlenekgy retarmsggtem 200.

Receiver 20 geiven: iy 3A8'INg 4019008 08, signalscourEPRUAdNGS (Eflestians of the

transmitted signal from the scene. Receive provides the rece signal to radar signal processor
210. After travisetiies thasy Zogaiasonispatnciecigageiyelliniatastesver Reaivawsitge reflection of

the transmiigsivateRIanalcRmpes ealRTe'a B do R JIRLESRIBIRiADS transmitting

array 204 (and consequently transmitters 2221, 2222..... 222N) and receiver 206 or at'least one

thereof. Sim#&Pte e shaiqeierrtes sidha telgrpio iRt mitdapisst 1d 81t @adar signal
processor 23 dlelermies aiek R RIS S587S- (RN BbinsbAaierfiendeadessional processor

210 processes the received s,%%]als from receiver 206, determines a scene reflection map and updates

the clutter mEPhcBBRIY-to theFteRBGeRECidsREp] AR ABRLICHIBHABOVE 8t R dRIected ones of

transmitiers 222dm2P22, d8sociddll Wiy 4TeBRBteE PUHRIC ATl BB JRSPRBMEtONS Of transmitting
antennas 2201, 2202, ..,220N, signals toward all directions_in the scene. However, radar signal

processor 21DtBHSEESEHISTct AR e R effhialR, Ry QRS HRINGRL 78 & HEY AL ERSRC R Aracteristics only

from selectedjpsaiionsspdhaeaceng Higidhselasteehivaatonside romisagagsasiyrarcorrespond to all
of the locations from which the_antennas rec%i] e the s,i(?nals . Radar signal proces%‘%gﬁilo is also

further describEiARRE IRsEigd e s FREER L histe B MATFRIBmiRBFANEF S0 AR s mit to each
selected diregiipn anskeadgraiigeal girogessted 1dpratesses theesigralsaecriited fiard. that selected

e A S T TR .
of the selecterd @igettippsition il dsttcibtheldetdsterkdivofienms) abibrsposirabgoaisssor 210

processes th;%é@@e%? B%C%g/&g ggg] cg?orggeﬁgcleer%teﬂ Qire?‘f%‘s .., 112y, Conseguently,
interference nuller 119 nulls the effects of the interfering object on scene
- reflection maps at least according io the locations of the interfering objects
25  as further explained below in conjunction with Figure 5. After radar signal
processor 114 processed the received signals, detector 116 detecled
objects in the scene and fracker 118 tracked the defected objects,
determined targets and targets of interest in the scene, power confroller

117 may shut down processor 113.
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Radar signal processor 210 provides the determined scene reflection map and the clutter map to
detector 212. Radar %;gnal processor 210 provides the determined scene reflection map to
interference ntiftet*24%*Etnilar to detector 116 (Figure 1A), detector 215%185%%1(%08%%06 in the scene
and the corresponding.locations thereof.according 1o the.scene reflecti clutter map.
Detector 212 providengﬁ%eatgrejéd B ?g‘?}%ﬁg'}%@ﬁg{ fi‘fﬂ?’éiﬁ%\%ﬁ% tgg&%@rgﬁlggfé%?gre 1A) tracker
214 tracks tlie.gleteiedtiobjectsigant deteratiesistics paranisitrs rédatedmiwézatetscted objects in
the scene. Tracker.214 10.determines,if the detected object rgets.in.the scene.
Tracker 214t‘fﬁ2§rﬂjr %rej%)assﬁle e rté‘rgée@%]:?q ggtggr%?ﬁ?é% v?/ﬂ?egrﬁhgﬁﬁjgﬁgé%@ h%sgﬂgrgets
correspond targetetsaf itstayetst. Getinier®s? 12 .gndthactieteztzdneljsnt engracBasiisieristics of the
detected obj ts target interestin.a t 0\{\{.@. 1 r 234 and 15
detector5212§ g%\%s éggarﬁr@gte%é%as?saﬁigeé%vkﬁgt Ige%tg’l.3 j} ésfseﬁ@?e? portion Q?%e detected objects to
interference carer@izaindlattensnaiiere iGdnullet oI FidERECNS), egartisce hdlfer 217
determines e efiaet of foedriederinaienismR RN IRENERNIREA GG and
consequently the effects of the interfering objects on scene reflection 20 map, at least according to the
determined Iediton ot SRoMridsingORREISiPRAtABIEIRalrEd RIBAUaTtBhjtSEEBn with Figure 5.
After radar signal. processenidd pncenned thegsrsiyasksignalasegiedapRb2 Witeniad the detected

objects in the scene and tracker 214 tracked the detécted objects, determined targets and targets of

interestih thecster estabqsbwisnasnindtrtion Yanandier d8fMmppdeasaumied with Mecording to one
alternative, defeelareliRromdesine (Bfgrmationteiniingieidgtesipd biprisike;9- iHasation or signal

characteristics or both) to communications transmitter 216. According to another alternative, tracker
214 may alsOPRV RGNS CRIIHG S teiRe tanFENtigh d' i M6 SAMBNRISEIE target
characteristigt6agSii021qN.0f the (EgpiiIcCommUaIcatiRng rapsmiiebrdwdifgcaiding to yet
another alternative, both detector 212 and tracker 216 provige the reslrgectjive ir(gor[i[gition thereof to
communicatiJACHEAR HRERIR 160 RIB UG AR ERT L e FhRTRE H5 at 1055t part of the 5

information prenddaerihesalp tea sopisobstatien Mefishewn) visctkmindiisttians aftenna 218.
Similarly to communication transmitter 1 Figure 1A), communicatjon transmitter.218 is wirelessly
coupled with R EORIFGHGRE RSN @e%%oﬁ%ﬂﬁmgéﬁ)ﬁﬁ%%%ﬁeﬁgfﬁ 'i%tall %Ttg iQlinled with the
control statiosoviarecotiediieg 1 thakeshievinisted paii:aAbbes ramsniitterid@ions transmitter 216

transmitted the data togghf?control.station pow; nﬂ;r.oller Zéé Shle]tS down communiri%tions transmitter
216. According t §

rco
éeaﬂfé?nlgti\';'g,"‘fré’ﬂ@g%tt ﬁg a %‘3/82 ’S(g%]lj%rl’iltilg”)? tranSmits the radar signal
toward eachijeftciédrdobatipmand precedisoe 20 protegsesriiy refeivadssitilofibm each selected
direction, 15 Ageqding o ggiher listnaliys. LANSEING oy 204 segueniialiyyagamits the radar
signal téward a group-of selected diréctions and protessor 209 processes the received signals from
that group ofesetestedatitedtibestisciosetingtbnjguandihdicgitem ki, tirap prariodg Akdy 204
sequentially gﬁ‘&‘s{?,ﬁszggeréégﬁf %}Qe”?ﬂﬁt;‘?}%'\lﬁﬁ?ea”s?éj%‘? ?&{q%‘ifﬁ&hdfm&ﬂ%v,si?&,a@gdw Qgessor 209

[ € C

processes the recelved Signals from all the select Irections. _
time periods 152 and 154 represent a cycle in the operation of low energy

radar system 100 (Figure 1A). Time-periods 156 and 162 represent the

25  signal transmission and reception period (i.e., the time required to transmit
the signal). Time-periods 158 and 164 represent the sighal processing
period. Each one of signal processing periods 158 and 164 represents
the time of operation of processor 113. Time-periods 160 and 166
represent idle periods in which the system 100 dissipates substantially no

as  power. In general, after the signal transmission period 156 and 162,

-153-



Reference is now made to Figure 2B, which is a schematic illustration of a power versus time diagram,
generally r.eference 250, of the low energy radar system 200 of Figure 2A, in accordance with another
25 embodimeMbI#E%SElosed technique. In diagram 250, time-period8 2% 4H I8 B represent the

scene scan repetition interval (i.e., each of time periods 252 and 254 t a cycl
of low energh PAGASEIRNFRAd) TSy ﬁ\gasré)g%rl,sg@, 9.??@@@%?’;3@%2&%?%%%%.,264m

in the operation

represent the gadangigeatitang migsipniasd taee ptionspatieds B4ceivéne tirfie reglitgd to transmit
264N,

and receive the signal). Each one of perigds 2561, 2562,.....256N,. and 2641, 2642.. ..
represents the ﬁéﬁ&méﬁ&%‘“&ﬁ%@é&% ﬁﬁﬁalqﬁ@‘i@léﬁ%f&ﬁiéﬁ%.pﬁ e%é:t?\pﬁ 0,1 I8Lch one of
transm!ss!on1ti?eﬁ1mgamn25§ﬂod§s&a;.1.25,6M anac26d thabdRer. iRéperirebi€demeche sequential
transmission of the radar signal.to a 5 group of selected directions (i.e...a i bove,
?_ansmitt?_n% 1o Lo BRE RS o ai'|%89f {?1%9”59&886‘380 g%é‘tﬁlg%\?’% U ségrg? t{ec}ggl%ﬁed directions).
ime-periods; o8l getératc?58MLantiatGoAIE66204., 266N reepivrents ey sithl pretessing
period.Each one of the signal igE\Pr?ceﬁ?g geé%ods 25 2582'%’%%?1%%% r[)él Zg 1y 2862, .,266N,
represents tH& U8 SF SperStiEH 6 Brocessor 209. Tirhe-pRriods 2601, % ﬁG(SM and 2681, 2682,
..,268m reprpseristiagdenisidéd jpuhehctrdrpderet torsumepsion eregsaaer 200is ubstantiall
zero. Similar to low energy r%jgrr ﬁ[ﬁ@é@@éFﬁw’g\a 1@0%%eﬁg%§{ggegg%?%i%and 15 y
reception peﬁ88@i§é1, @E Y ,an 41, 2 22 AM'" power controlfer 215 may shut down

radar signal gésuioatat mmmmagd@rmym%aﬁ@%m@t@Wﬁa@s@qm@%im, 2222, ...,222N
AR R ANIER! AIRIRIOLRISINGAMSBL0Kk 78 n IRt Hna <53Rin and 2661,

and receiver
2662, ...,266

15

20

25

30

m, ‘power controller may shut down processor
components. For example, when system 100 detects humans at a

maximum range of 300 meters, with a main lobe aperture angle of 30
degrees and a processor operating power of 200 milli-Watts, the duration
of each of time-periods 152 and 154 (i.e., the transmitted and received
signal repetition intervais) may be on the order of 1 second. The duration
of each of signal transmission and reception fime-periods 156 and 162
may be on the order of 10 millisscond and the power dissipaied during
these periods (i.e., P4} may be on the order on 10 Watts. The duraiion of
each of the signal processing time-periods 158 and 164 may be on the
order of 100 milli-seconds and the power dissipation is 200 milii-Watts
(i.e., P3).

Reference is now made fo Figure 2A, which is a schematic
fllustration of a low energy radar sysiem, generally referenced 200,
constructed and operative in accordance with another embodiment of the
disclosed technique. Low energy radar system 200 includes a radar
signal generator 202, a transmitting array 204, a receiver 206, a receiving
antenna 208, a processor 209, a power controller 215, communications
fransmitter 216 and a communications antenna 218. Processor 209
includes a radar signal processor 210, a detector 212, a fracker 214 and
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zo 209. It is noted that after each idle time-periods 2681, 2682, ...,268N, and prior to the respective
transmission and reception time-periods 2641, 2642, ...,264m, power controller 215 powers up at least
radar signal g&ErHBPe68, transmitting array 204 (and consequently trafnSifiaer ¥ 2222,

...,222N) and receiver 206, Furthermare,.prior to.signal processing 25 time-peri 661, 2662,
...,266m, pofer ?(5%%@@%‘/\@ 'up-%‘r?‘g énslgti)%gz(’i‘é?. e §rﬁeﬁ%§‘f§i%%% %T‘ét%é{}% égure 3, which is
a schematiciliussrationgoaniatined 220lgtB2tag.abjeeBmadseepkyralibcodrdansmitittea further
embodiment.gf the. disclosed technique..In progedure 300, a 30 clutte t eis
determined. ceﬁg‘%f map #?c%deqsnt e’zgl\“/%uﬁe'%’ ré%?giélggﬁinagn ﬁgqgf%@ﬁ)ﬁr}%{hgrgag%lstics of
substantiallycstatiatisytiobictsderdatedoat the s cleatdd dctatiah saochéngoanienThdelgitter map may be
matrix, in which each entry s associated with,a corres [ { ion. i scene. Each
entry in the 8mxai"r’1*§ﬁﬁés§a 'taoq% Q/%?&'esﬁ%%%éi%‘%r;\??%g r&fﬁﬁ%re gci%]r?? gégéﬁc%eristics
respective obthasleaailgnir&acthendiysictivreschataciates nvdihidribeditecticerabtdtietidae characteristics

associated with t tter reflecti ] teristi Fz%%h ' £ gy further include
detection thres e&ﬁ%&é@gﬁ%luﬁe&ﬁ%ﬁﬁﬁ ﬁ%ctens@%ﬁfmgﬁ%ﬁé%%% radar signal is
transmitted tthesprbéestethardhisiradhesipra), wastbens Ciransiniied aaanas ¢<8ine wave,

chirped) or apjyrality 9b hePulses may fr-mpsiptadianHamodulatadaulses, With reference

uls
to Figure 1A, sig?hai 'g'ene%itoﬁ]a.gz generates a radar signal and transmitter 104 transmits this radar
signal via 15aréernattiegant@nharnoentennain bacteaniesey; a rEspsctReofefRREedPEignal,

corresponding,{Q.elecsons of g, ansaied SERHLOTGHA SRR FhE AR AREh of at least

selected ones of antennas in an antenna array. With reference to Figure 1A, at least selected ones of

receivers 112$saaiated witlplio taspemnivs, diteatioeditiespehiiitiehis BHilib Afig Iennas 1101,
1102, ..., 110N.jg FRsteaciva sianal canssroading torefieaians oftieskansgisataigaeal from the
scene. In procedure 306, the received signals are processed to i . .
2204, 220,, ..., 220N are positioned at known relative positions (i.e.,
15 locations and orientations) there between. Transmitting antennas 2204,
2205, ...,220n méy also be positioned in a known geometrical structure
(e.g., circular, square or linear). Thus, the delay of the fransmitied signals
may be adjusted such that the signals transmitted by all of transmitting
antennas 2204, 220,, ...,220x, toward a selecied direction, constructively
20 interfere, thereby defining an elongated area, known as the main lobe of
the antenna beam pattern. Furthermore, receiver 206 and receiving
antenna 208 may be renlaced with a receiving array similar to receiving
array 108 (Figure 1A). Thus, the receiving array may receive signals from
the selected direction toward which transmitting antennas 220, 220,
25  ...,220y transmitted.
Power controller 215 is coupled with radar signail generator 202,
with transmitter array 204, with receiver 208, with processor 209, and with
communications fransmitter 216. Each one of fransmitters 2224, 222,, ...,
222y is coupled with a corresponding one of fransmitting antennas 220,
36 220, ...,220y and with radar signal generator 202. Receiver 206 is further
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determine a scene reflection map. The scene reflections map includes 25 the values representing the

reflection cha{%t%gﬁslgcs of all of the objects (i.e., both stationary and mogjl?%obj)%%%), 8Iocated at the

6858 .y 761 .
selected locations in the 'scene. Similar to the clutter map, the scene reflection map may be a matrix.

Each entry igé{UEln %&ngg,isg%%q%%gg : 3E0Le %gwﬁgl%gg m%tmgresi@gprresponding

selected range corresponding selected direction) in the scene. Each entry in the matrix
includes a spregassoesAtPraseshtintitheaddie tignah gerssatic2idm tHRasEectt Rication

correspondingdadbiateptry. WG eBER I Iatedfal Lighsiopsherarssspnl idietermines a

scene reflections map. The method proceeds to procedures 308, 310 and 314. 5In procedure 308,

objects in thelaiester 2f2andowith dtedateit® g 8 the Jeapsrlittiosaaicdritiihe clutter map.
For exampleydhe-enesay leyris e siisemar RifsUbiractaddionine poresppmding energy levels

in the scene reflection map resulting.in an energg/ difference map. Each entg/ in the energy difference
map exceedifyaiesr¥gHbinRrssaeRRUIGIR therGPBVRINCBIRNEN NS MEtBFRiH Pas a detected

object in thesseefe. MitdafWRAC IRMiRIEa dhsdstRi1 26 gIgiRataokierss i tharipene at least

according to the scene reflection map and the clutter map. From procedure 308, the method proceeds
to proceduré@'@'ﬁ%‘f&rﬁh‘MSIn procedure 310, the clutter map is updated according to the scene

reflection map. For exginglenarROripniRirihe valdes igyoegluteomaguie derymines; for example, as
a long term weighted average of the corresponding values in the scene re Ie%tiori% map. With

referené® to BIgHE 2RO 2HSMGEHIR Bideasieiad ks Shie st IRe SR Aot 5{‘8.%20 In procedure

312 the deteglestiohieatsdngtsnscemriartiackedaV\dgibeydhesaiahjads ¢Brgesponil to targets is also
determined. As mentioned above a r%et refers herein tq a %r.oup ofvsreviou ly and cm‘lrrently detected
objects, assbBRAEF Y EISHRIIE i?& BBt eR: AR ERL WHIEh ‘&b feast a selected

group of targgty be a continuous wave (CW) signal or a plurality of pulses. When the

radar signal is a plurality of puises, the pulses may be modulated or

15 un-modulated. When the pulses are modulated, each pulse may be

modulated with a different modulation scheme. The radar signal

generator 202 provides the fransmitted radar signal to transmitting array

204, to radar signal processor 210 and to receiver 208. Transmiiting array

204 sequentially transmits the radar signal foward selected directions.

20 Similar to radar system 100 of Figure 1A, when, radar system 200 is

empioyed to detect humans, the radar signal repetition rate is, for

example, on the order of seconds and a duty cycle on the order of 1% can

be achieved. The duty cycle of the fransmilted signal substantially

reduces the power dissipation of low energy radar system 200 relative fo

o5  prior art radars. It is noted that, at least selected ones of transmitters

222, 222, ...,222y transmit simulianeously, via the respective ones of

transmitting antennas 220, 220,, ...,220y, signals from the corresponding
locations.

The fransmitted signal reflects off objects in the scene around

a0 low energy radar system 200, back towards low energy radar system 200.
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25 characteristics. With reference to Figure 1A, tracker 118 tracks the detected objects. From
procedure 312, the method proceeds to procedures 314 and 316. In procedure 314 the effects of
interfering obj&tYS* 61 HiE% cene reflection map, are alleviated. Initially tH&EHfSEL GF&interfering
objects 30 on the signals.received by the receiver or the receivers iséetermined. onsequently, the
eftbcts of thaNRENEHTE B SRR (e S R g SR PR FRREAE focations of the
interfering olijectslablitinecier ahee taufdgnitied Asipnarferencehaubeeidd nRkisdhaseftedss of interfering
objects on the scene reflection map. The me{shodﬁiﬁtums to 5 procedure 322 AF rocedure 316,
the targets APENEESid T%&*Yg e?ég&ﬁjre ] E; 48 e R BT5RERes Pe determined. With
reference to tFagureitidy, tiaakel 04 &elassifiesitirad eteteditargetnanckdetesmivesifdbiese targets

correspond tg targets of interest. 10What follows is an example of the operatign. of the low energy
dpispliniarest. 4 v Ble.9f the,onpratin obife

radar of the diScl6E&d ghcrjuq & AR @ﬁtf%ne a%‘O\S/ig,rﬁe owgﬁgpgnfrrac?arr systgpnuoﬁ the disclosed

technique determineade losighah ofideteated oB¥Lts insthensitime asowrglingdd thiasdene rgflection
map and a CLL&[ @?gﬁt@s?’ﬁr‘l{%ﬁﬁi %pﬁgr? s the %g@s é’ﬁ 3h%e%‘\%pgﬁ<§§ %f 1 ) received

er
signals reflected from su stationary 6vjetts i cBne. Avalug in the lufter map is
determined, feashxamagteracéording to a long term weighted average of one value in scene reflection

maps, and is updated [ i i ] at entered the
scene at a given momgﬁ‘fﬁ ﬁr{i E:i%r%%%;%@ﬁé%@n%g%§ﬁéﬁagr@%eﬁg% Ta%ggjrrlg%%@%{%qecome part of
the clutter. Régésehee, isada signel i@ rigesesrd] dodaprminear whilsareahehibte illustrations of
a scene, ge r ; r ' ol r with a further
em bodimen:%%y]gé’ ﬁs%@g%%}égfrﬁ%%e%&%}gggﬁé? 4%%@2(%‘5%{%@%?%&?%%%%%m low energy
25 radar 402egeivembiseadrdiam feceivaedRudBierngy raprestnt eilantien valaes (e.g., the
value 3 may sgRreseRtkilamaiatal PhaoTRAEMYAYRFUIRIMATE RSRRZPENIAS direction angle

in degrees. The direction of zero de%ges in the figures was arbitrarily chosen. Scene 400 includes
forest 404 atfREiRRRHoASES Fgfeastapaleieangaem oCinttRBTRIBRIRgFeri®tdn of Figures

4A-46, gdocatiopph theny transmit simultaneously, via a respective one of transmitting
antennas 220,, 220,, ...,220y, signals toward all directions in the scene.
However, radar signal processor 210 processes the received signals, fo
determine ihe received reflection characteristics only from selecied
locations in the scene (i.e., the selecied locations do not necessarily
20 correspond to all of the locations from which the antennas receive the
signals). Radar signal processor 210 is also further described below in
Figure 5. It is also noted that transmitter array 204 may fransmit to each
selected direction and radar signai processor 210 processes the signals
received from that se!éc’:ed direction {i.e., fransmitter array 204 and radar
25  signal processor 210 alternately operate). Alternatively, that transmitter
array 204 segueniially transmiis to a group of selected direction {i.e., all of
the seiecied directions or a subset of the selected directions) and radar
signal processor 210 processes the signals received from those selected
directions,
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WO 2010/086858PCT/1L2010/000078 scene is denoted by two values in square brackets. The first
value corresponds to the direction angle and the second to the range. Thus, for example, the location
of forest 404 i&§BYEHFH5 2]. Table 1 represents an exemplary cluttePEP-EU#8HE&ed by IOW 5

energy radar 402 trangmitting a chirped modulated CVV signal and receiving signals with an array
including omni-directiﬁ%ﬁ%célgm%fé?ﬁ%%%% Ny le%ﬂi\,"t Sro%/% cdoer %rgg?]eéf Fang

tosranges and the
columns to diggletition. lhagh enity theaclittew cosesipordisdottre 2dlectidtacharanperédtics of location

(i.e., direction and range) corresponding to the,ig entry. In Table 1, o e values cqrresponding to
the average QW&W@JSJ@‘ c%rrﬁ%ig?ﬁe éﬁb%al%eg rsrglc'){gfgd %ﬁ%‘?her?@lsggeigtri}ve oac%tigﬁs, are listed. Itis
noted that thiggerisakressanellmod gt Meireilaascadetratopleién{ifigntedbMotiederdsp@nid to real values. It
is further_noted, that the clutter map might include_ other par t ich: ented. Table 1
15 includes |\%e§%e Eé #gnbnesﬁ%ef% geroﬁv%% atﬁ e{ﬂTgD S I%%ﬁ%dﬁ%%%?é%@g(ﬁg%%%ioIumns). Itis
noted that thaeozakaingotoetEondeTeteefangie? ah thnddtestituitef 48agegieeteiaubsiantially higher

o e BriliEe hd SBlichid LR [RPESERLE DA 2V GHRLRCRY HbERE oy 1gvel of the
posite signal associated with the location of forest 404. ~ Table

(Figure 1A) fracker 214 tracks the detected objects, and determines the
parameters relate& to these detected objects in the scene. Tracker 214
10 determines if the detected objects correspond tfo targets in the scene.
Tracker 214 may further classify the fargels and determine when and
whether these targets correspond to targets of interest. Detector 212 and
fracker 214 may store the characteristics of the detected objects, targets
and targets of intereét in a database (not shown). Tracker 214 and
15 detector 212 provide parameters associated with at least a selected
portion of the detected objects to interference nuller 217. Similar to
interference nuller 119 (Figure 1A), interference nuller 217 determines the
effect of the interfering objects on the signals received by receiver 206,
and consequently the effects of the interfering objects on scene reflection
20 map, at least according to the determined locations of the interfering
dbjects as further explained below in conjunction with Figure 5. After
radar signal processor 210 processed the received sighals, detector 212
detected the detected objects in the scene and tracker 214 tracked the
detected objects, determined targets and targets of interest in the scene,

25 power controller 215 may shut down processor 209. |
According to one alternative, detector 212 provides the
information relating to detected objects (e.g., location or signal
characteristics or both) to communications fransmitter 216. According to
another alternative, fracker 214 may also provide information relating to
36 the targets and targets of interest (e.g., target characteristics,
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classification of the target) o communications transmittér 216. According
to yet another alternative, both detector 212 and tracker 216 provide the
respective information thereof to communications transmitter 216.
Communications transmitter 216 ftransmits the at least part of the
information provided thereto to a control station (not shown) via
communications antenna 218. Similarly to communication transmitter 120
(Figure 1A), communication fransmitter 218 s wirelessly coupled with the
control station. However, communication transmitter 218 may be coupled
with the confrol station via a wire (e.g., coax cable, twisted pair). After
communications transmitter 216 fransmitted the data to the control station
power controller 215 shuts down communications transmitter 216.

According o one alternative, transmitting array 204 sequentially
transmits the radar signal toward each selected direction and processor
209 processes the received signals from each selected direction.
According to another alternative, fransmitting array 204 sequentially
fransmits the radar signal toward a group of selecied directions and
processor 209 processes the received signals from that group of selected
directions. According to yet ancther alternative, fransmitting array 204
sequentially transmits the radar sighal foward all of the selected directions
and processor 209 processes the received signals from all the selected
directions.

Reference is now made fo Figure 2B, which is a schematic
illustration of a power versus time diagram, generally reference 250, of the
low energy radar system 200 of Figure 2A, in accordance with another
embodiment of the disclosed technique. In diagram 250, time-periods 252
and 254 represent the scene scan repetition interval (i.e., each of time
periods 252 and 254 represent a cycle in the operafion of low energy
radar system 200). Time-periods 2564, 256,, ...,2566 and 2644, 264,,
...,.264y; represent the radar signal transmission and receplion periods
(i.e., the time required fo transmit and receive the signal). Each one of
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periods 256, 256,, ...,256y and 264,, 264, ...,264, represenis the
transmission of the radar signal to a selected direction. Alternatively, each
onhe of transmission time-periods 2564, 256,, ...,256 and 2644, 264,,
....264y represents the sequential transmission of the radar signal to a
group of selected directions (i.e., as mentioned above, fransmitting array
204 transmits to all of the selected directions or a subset of the selected
directions).

Time-periods 258,, 258,, ...,258y and 266, 266, ...,200y
represents the signal pfocessing period. Each one of the signal
processing periods 258, 258, ...,258, and 266,, 266, ...,266y
represents the time of operation of processor 208. Time-periods 2604,
260,, ...,260,, and 268, 268,, ...,268,, represent the idle periods in which
the power consumption of system 200 is substantially zero. Similar to low
energy radar system 100 (Figure 1A) after the signal transmission and
reception period 256, 256,, ...,256y and 2644, 264,, ...,264y, power
controller 215 may shut down radar signal generator 202, transmitting
array 204 and consequently transmitiers 222,, 222,, ...,222y and receiver
208 or a part thereof. After processing time-periods 258, 258, ...,258y
and 266,, 266, ...,268),, power confroller 215 may shut down processor
209. It is noted that after each idle time-periods 268, 268,, ...,268y and
prior to the respective transmission and reception time-periods 2644, 264,,
...,284y, power controllar 215 powers up at least radar signal generator
202, transmitting array 204 (and consequently fransmitiers 222, 222,
..,222y) and receiver 206, Furthermore, prior to signal processing
time-period 266;, 266, ...,266y, power confroller 215 powers up
processor 209.

Reference is now made fo Figure 3, which is a schematic
iliustration of method for defecting objects in a scene, in accordance with
a further embodiment of the disclosed technique. In procedure 300, a
clutter map of the scene is determined. The clutter map includes the
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values representing the reflection characteristics of substantially stationary
objects located at the selected locations in the scene. The clutter map
may be matrix, in which each eniry is associated with a corresponding
selected location in the scene. Each entry in the matrix includes a set of
values representing the clutter reflection characteristics respective of that
location. Each entry in the clulter map may further include statistical
characteristics associated with the clutter reflection characteristics. Each
entry in the clufter map may further include detection thresholds for each
clutter reflection charactetistics.

In procedure 302, a radar signal is transmitted foward a scene.
This radar signal may be a CW modulated signal {(e.g., sine wave,
chirped) or a plurality of pulses. The pulses may be modulated or un-

modulated pulses. With reference to Figure 1A, signal generator 102

" generates a radar signal and transmitter 104 transmits this radar signal via

transmitting antenna 106.

In procedure 304, a respective reflected signal, corresponding to
reflections of the transmitied signal from the scene is received by each of
at least selected ones of antennas in an antenna array. With reference {o
Fi_gure 1A, at least selected ones of receivers 1124, 1125, ..., 112y
receives, via the corresponding one of receiving antennas 1104, 110;,
... 110, a respective signal corresponding io reflections of the transmitted
signal from the scene.

In procedure 308, the received signals are processed to
determine a scene reflection map. The scene reflections map includes
the values representing the reflection characteristics of all of the objects
(i.e., both stationary and moving objects) located at the selected locations
in the scene. Similar to the clutier map, the scene reflection map may be
a matrix. Each entry in the matrix is associated with a corresponding
selected location (i.e., a corresponding selected range and a
corresponding selected direction) in the scene. Each entry in the matrix
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0.050.130.17 020 0.09 0.04 0.15 0.01 20Table 1 is brought herein as an example only. According to
the disclosed technique, the number of selected ranges and directions may be larger or smaller. The
selected locatiORS" A& &Ermined according to characteristics of low enBrd{Frdd4P%8fthe disclosed
technique (2,9;) 149 24 ¢ vatues representing the reflection characteristics from the

selected location corresponding to that entry. With reference to Figure

1A, radar signal processor 114 determines a scene reflections map..-

The method proceeds to procedures 308, 310 and 314.

5 In procedure 308, objects in the scene are detected at least
according to the scene reflection map and the clutter map. For example,
the energy levels in the clutter map are subtracted from the corresponding
energy levels in the scene refiection map resulting in an energy difference
map. Each entry in the energy difference map exceeding a threshold

10 associated with energy level in that entry is determined as a detected

.object in the scene. With reference to Figure 1A, detector 116 detects
objects in the scene at least according to the scene reflection map and the
clutter map. From procedure 308, the method proceeds to procedures
312 and 314.

15 In procedure 310, the clutter map is updated according o the
scene reflection map. For example, a portion of the values in the clutter
map are determined, for example, as a long term weighted average of the
corresponding values in the scene reflections map. With reference o
Figure 1A, radar signal processor 114 updates the scene reflection map.

20 In procedure 312 the detected objects in the scene are tracked.
| Whether these objects correspond to targets is also determined. As
mentioned above a target refers herein fo a group of previously and
currently detected objects, associated to a single moving detected object

in the scene, which exhibits at least a selected group of target

26 characteristics. With reference to Figure 1A, tracker 118 tracks the
detected objects. From procedure 312, the method proceeds to
procedures 314 and 3186.

in procedure 314 the effects of interfering objects, on the scene
reflection map, are alleviated. initially the effect of the interfering objects

30 on the sighals received by the receiver or the receivers is determined.
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and direction resolution) and according to system requirements (e.g., the system may be required to
detect objects only at two specified directions). Furthermore, as mentioned above, each entry in the
clutter map m3PintRIEe*tditional set of values corresponding of the reflEEHbH B % Ecteristics

respective ofthe location correspondin A . During phject detection.. low energy radar
oyatem 402 SelST oy e SRR e e ng oS0 AR R T soone
reflection mapag adskecisteabaothingdiediex locations(icé. vethrdcséddoie dtaacje. andfiith a selected

direction) reggecless f gbiadks fLe inrasRNtdnNese plectad pcalipnsyfr nghzachygntry includes
reflection charactens?ics of the selected location correspondingto that entry. Low enéergy radar system
402 determinetetfasingflobiknisclur dbte istire caflesfiondingito ekt emsilpdd tedusoerie reflection map
by orienting E}d&g%lﬁg%gﬁrection and range. 15When the transmitted radar signal is a chirped signal,
low energy radar system 402 determines the range from which reflections of the transmitted signal
according to differencé’ pEavesktheXtequbecyaptie receiniabsifiatls antiube fegRidncy of the
ransmitted Gjiped sinALatdie e dbaiaLel e 'BErlAllanaln e rddansysigm 402 sil 20
transmits the chirped signal whilereceiving reflections from the scene). Since the frequency of the

chirped signéiighendés Wankeand, B clnmreiascéisndaireiadhiararit ety grtaamBesivéd signals and
the frequen%ggg@&%@gg%l@g%@gﬂs{gr{g@%@@ggﬂé&;@e difference between the time the transmitted
Lo . . ]

signal was transmi and the time the 25 received signal was received, and consequently to the
distancéhe signal tra¥énad . feliesais thl eanRle sihfesoparalioncihtedaw ABaENCy, correspond

to reflections gfishestransmised sianaddraiuthe SABEMEhed abdve! ENAANEReIgY energy radar
system 402 orients in a selected direction, by adjusting the delay of each received signal from a 30

correspondin@%@#teM 8L tHBeHESSRSEE rikeivialBy aftsr e dBsingiRmnat from the

selected diregéipiteenstidety alythuasteits(Bhettdhif) ta3nLEanY eTiaBRbitgphAsE gorresponds to
delay). Thus, low energy radar system 402 defines an elongated area, known as the main lobe of

antenna beafiI&iteRaPsub S RUHSTITIRR LBREERENHHGI A 1eR 8T HOR RAPMAKESRt when adjusting

the phase ofreaeleeceiedisignsidensd eashceubsieniding medbinganisRas lgbasether than the
main lobe, known as sid(? IogﬁfS magﬁ%e created %gaﬁdirectig%s other than the selected direction. Thus,
BITHES

low energy rﬁﬁgpgy&e‘fﬁ Y RrdTBRdEL @'HHB tﬁ% Wgtﬁe@@(:ﬂfgﬁ?gcﬁn those other

directions of #hiesidetabesijhibdveenergy shdaesystemid (2 deterafioctiothenafiecting characteristics
correspondin in the scene reflection m dete a range,ma for each selected

location (i.e.,‘gefogig;%%d%g%é%% F%H%W%Yné%%%%ﬁﬁﬁ%%y@%? ﬁ%}f’l‘lg%] ohq Saracr’t%?l tt?cs of a plurality
of directions tizth e selectetheasgertaretspopiliey todnesehtiy, tmen doa éhergpeadare
20 stationary (e.g., a parked car) become pait of the cluiter. Reference is
now made o Figures 4A, 4B, 4D, and 4F, which are schematic
illustrations of a scene, generally referenced 400, where fow energy radar
402 is used, in accordance with a further embodiment of the disclosed
technique. In scene 400, ranges spreading radially out from low energy
25 radar 402 are numbered from 1 to 5. These numbers may represent
absolute values (e.g., the value 3 may represent 3 kilometers) or
normalized values. Furthermore, ¢ represents a direction angle in

degrees. The direction of zero degrees in the figures was arbitrarily
chosen. Scene 400 includes forest 404 at the direction of 45 degrees and
30 range two. In the following description of Figures 4A-4G, a location in the
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15 system 402 is oriented in the direction corresponding to the entry. Each entry is determined
according to the integral of the range map corresponding thereto. In Figure 46, a person 406
entered scene™fDYR{¥E4tion [0, 2]. Furthermore, low energy radar 402%18RP WS an area defined
by 20 main lobe 410, substantially in the direction of zero degrees. Thus, low energy radar 402
receives reflettiohg fiorigEtsh dpetitowalias whektivaiefuagkedslar 402 idiGiedéLtoward the area

defined by thesrg o< B Hi s sioregaenanlijnphaile Iohes, lgpeled 408 and

412, are also generated. Due to side lobe 412, reflections from forest 25 404 are also received from

the direction GFa6@&yrEesioRatere AtéepbhPhddarrtasurtdIwhich is a schematic illustration of a

range map based on the ggeneiFigriadEn %&@%§|B/gveéﬁf@é}0ﬁrxé§%ﬂs%ﬁ5&@fﬁ€}%wth a further
embodiment of the disclosed technique. Range map 420 depicts the received signal parameters

versus 30 diréEtRSEan@da ot fanJeRRBIREHgE ntal P iNaduEsale o 28ighAeH¥hding to the
energy level G5 ARRASHEISIORRRASSACIARRS, WitI0aRtipn AR RIANBeIR AT SAECARRFigure 4B) is

located. Accordingly, the entry in the scene reflection map corresponding to range two and the

direction of z&BieiREes!is LR MidDE é@&@r&?fé%ﬁ‘ﬁ%@ﬁﬂeﬁﬁ‘ﬁgﬁraﬁag@rﬁgh’m Similarly, low

energy radar 408ctimgiructs acranaepamiosgachreplecieridapation ansl deterramesithe entries of the
It is noted that range m%i\;lzo does not inclu%g a peak at the

scene reflection map accordingly. . )
direction of 45 f4GrdEY ﬁ@r@ﬁﬁ%@?%@i’ig'ro IRSYOM R LRIV RIESEARE 4P\ em 402
attemptsito mepirpizaiheaigiioof shey gaie reinetheceirgieddiiigaiothée gvetagaliseetigy of zero
degrees in Figure 413) to the weighted gain (i.e., weighted with the clutter in the clutter map at the
olovant localBHEREnF SAPRALE SR E@POEIARE LA AFSRBBHE [oH iR 8t sice lobe 412
in Figure 413 listsdnitizeddtied thapensateviiuter the biguahieflectinglem meatiple[4b1y2] which
include forest 404), In other words, for each, selected range, law energy, radar,system 402 attempts to
maximize the KArF P CTNEFRIHS (SR 157 5ah dheed B SRS SERUSS is equivalent to
maximizing thadpllavighg tecnde other parameters, which are not presented. Table 1
15 inciudes five selected ranges (i.e., the rows) and eight selected directions

(i.e., the columns). It is noted that the value corresponding o range 2 and

the direction of 45 degrees is substantially higher than the other values in

Table 1. This value represents the average received energy level of the

composite signal associated with the location of forest 404.

Table 1

-180° -135° -80°  -45° O° 45° 90° 135°
1 010 013 G115 020 005 003 0.1 0.17
2 020 004 014 012 0.1 3.00 018 0.9
3 010 008 . 018 006 007 011 010 0.20
4 0.00 001 004 015 0.0 017 016 0.08
5 005 0143 017 020 009 004 015 0.01

20 Table 1 is brought herein as an example only. According to the

disclosed techniqgue, the number of selecled ranges and directions may be
larger or smaller. The selected locations are determined according to
characteristics of low energy radar of the disclosed technique (e.g., range
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7 0#y) P(0,r)-8(8,r)de G(q),r) (1) 20 where G(yo,r) represents the beamforming gain at an angle yoi
and range r (i.e., the gain of the main lobe oriented in direction yo and at range r), G(9,r) represents
the beamformiig YaiP#4EEN angle 9 (where 9 does not equal 9) and ran§e ¥ i E10GYdf side lobes at

range r), and S(0,r) represents ther er ctions fr utt th t 9 d 25
Table 2 repr@@é ‘f@% Qﬂeﬁﬁ?é%’% eq‘Fe&r L S5 fgre&%g’ﬁggl@aﬁg?ﬁ?ﬁ o r'?ggﬁarz

correspond ysasgesapdér:qaldns cetespbidds mnapmmmwﬂeiﬁeﬁaiudeadn@) selected ranges
and eight ﬁo 0101086858PCT/ L20 / §0978 sel cted dlrectl "(’ﬂzﬁ)le 2 lists o the values
correspondi d“f ﬁ{g‘Qﬁ%rg%ﬁlé'\')gf%’SP 6305?50 gﬁg §yc<5'?ré Soﬁ AR I@c ions in table 2.

Furthermoreiritiisdealuagdiidable 2eire dirowglihidreratorassexandplgs tmﬁly’tamd defletiicorrespond to real

values. It is n?‘ ted thatt eSSr valug corres 8’;‘5’&% &Q] Ié)c():aggnsr{ éi 45 i&a’re substantially higher
than the%othé é&ﬂ?é%’"lﬁ e Faslﬁg elalle correspondr ngpto ion corresponds to person

406. The value corresianiting tobiechtiaie{dsii@} coloespamisdy foresar04ysidablei2
determines a scene refiection map. As mentioned above, each entry in
the scene reflection map is associaied with a selected location (i.e., with a
selected range and with a selected direction) regardiess if objects are

10 present in these selected locations or not. Each entry includes reflection
characteristics of the selected location corresponding to that entry. Low
energy radar system 402 determines the reflection characteristics
corresponding to each entry in the scene reflection map by orienting in a
selected direction and range.

15 When the transmitted radar signal is a chirped signal, low
energy radar system 402 determines the range from which reflections of
the transmitted signal according to differences between the frequency of
the received signals and the frequency of the transmitied chirped signal at
the time of arrival of the received signals (i.e., radar sysiem 402 still

20 f{ransmits the chirped sighal whiie receiving reflections from the scene).
Since the freguency of the chirped signal changes with time, the
differences between the frequency of the received signals and the
frequency of transmilted chirped signal is related to the difference
between the time the transmitted signal was transmitted and the time the

25 received signal was received, and consequently to the distance the signai
fraveted. Thus, all the received signals, exhibiting the same frequency,
correspond to reflections of the transmitted signal from the same range.

For each range, low energy radar system 402 orienis in a
selected direction, by adjusting the delay of each received signal from a
30 corresponding antenna, such that the signals received by ali of the

=25
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receiving antennas from the selected direction consiructively interfere (i.e.,
in the case of a CW signal, the phase corresponds to delay). Thus, low
energy radar system 402 defines an elongated area, known as the main
lobe of antenna beam pattern, substantially in the selected direction. lis
however noted that when adjusting the phase of each received signal from
sach corresponding receiving antenna, lobes other than the main lobe,
known as side lobes, may be created in directions other than the selected
direction. Thus, low energy radar sysiem 402 may receive reflections

originating from objects located in those other directions of the side lobes.

- Low energy radar system 402 determines the reflection characteristics

corresponding to each entry in the scene reflection map by determining a

range map for each selected iocation (i.e., range and direction). This

~ range map includes the reflection characteristics of a plurality of directions

at the selected range corresponding o the entry, when iow energy radar
system 402 is oriented in the direction corresponding to the entry. Each
entry is determined according to the integral of the range map
corresponding thereto.

n Figure 4B, a person 406 entered scene 400 at location [0°, 2].
Furthermore, low energy radar 402 orients toward an area defined by
main lobe 410, substantially in the direction of zero degrees. Thus, low
energy radar 402 receives reflections from person 406. However, when
low energy radar 402 is oriented toward the area defined by the main lobe
410, in the direction of zero degrees, additional side lobes, labeled 408
and 412, are also generated. Due to side lobe 412, reflections from forest
404 are also received from the direction of 45 degrees.

Reference is now made to Figure 4C, which is a schematic
iltustration of a range map based on the scene in Figure 4B, generally
reference 420, in accordance with a further embodiment of the disclosed
technigue. Range map 420 depicis the received signal parameters versus
direction angles for range two. Range map 420 includes peak 422
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corresponding to the energy level of the composite signal associated with
location [0°, 2] where person 406 (Figure 4B) is located. Accordingly, the
entry in the scene reflection map corresponding to range two and the
direction of zero degrees is determined according fo the integral of range
map 420. Similarly, low energy radar 402 constructs a range map for
each selected location and determines the entries of the scene reflection
map accordingly.

it is noted that range map 420 does not Encl'ude a peak at the
direction of 45 degrees where forest 404 is located. In general, low
energy radar system 402 attempts to maximize the ratio of the gain from
the selected direction {(e.g., the direction of zero degrees in Figure 4B) to
the weighted gain (i.e., weighted with the clutter in the clutter map at the
relevant locations) from the directions other than the seiected direction
{e.g., the gain of side iobe 412 in Figure 4B is minimized {0 compensate
for the signal reflecting from location [45°, 2] which include forest 404). in
other words, for each selected range, low energy radar system 402
attempts to maximize the Signal To Clutter Ratio (SCR) for each direction
». Maximizing SCR{¢} is equivalent to maximizing the following term:

G(p.r) (1)
j@(@,r )-8(8,r)d6
G=p

max

where G(go,r ) represents the beamforming gain at an angle ¢ and range r
(i.e., the gain of the main icbe oriented in direction ¢ and at range r),
G¢4,r) represents the beamforming gain at an angie g (where ¢ does not
egual ¢) and range » (i.e., gain of side lobes at range ), and S(6,r)
represents the reflections from clutter in the scene at angle ¢ and range ».

Table 2 represenis an exemplary scene reflection map. Similar

to Table 1, the rows in Table 2 correspond to ranges and the columns
correspond to directions. Table 2 includes five selected ranges and eight
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selected directions. Table 2 lists only the values corresponding to the
energy levels of the composite signals corresponding to the locations in
table 2. Furthermore, this values in table 2 are brought herein as
examples only and do not cotrespond to real values. U is noted that the
value corresponding to locations [0° 2] and [45° 2] are substantially
higher than the other values in the tabie. The value corresponding to
location [0°, 2] corresponds to person 408. The value corresponding to
location [45°, 2] corresponds to forest 404.

Table 2

-180°  -135° -00°  -45° g° 45° 90° 135°

010 0.14 018 019 0.06 0.03 0.1 0.17
020 004 012 012 700 301 018 0.9
010 007 018 006 0.05 011 0.11 0.20
0.01 0.01 004 0146 009 017 016  0.09

005 013 016 020 009 003 015 0.01

(8 B S

As mentioned above, low energy radar system 402 detecis
objects according to the scene reflection map (e.g., Table 2) and the
clutter map (e.g., Table 1). For example, low energy radar system 402
may subtracts the energy levels in clutter map from the energy levels in
the scene reflection map, thus subfracting the effects of forest 404 on the
scene reflection map.

When orienting in a selecied direction and range, reflections
from non stationary objects in the scene (i.e., not clutter), located at the
selected range and in the directions covered by the side lobes, may create

- peaks in the range maps associated with the selected location, thereby

causing erroneous detection. In Figure 4D, low energy radar 402 is
oriented in the direction of zero degrees and range one. Furthermore, car
414 has entered the area covered by side lobe 408 at range one (i.e., the
location of car 414 is [-45°, 1]). Thus, reflections from car 414 are also

received. Reference is now made {o Figure 4E, which is a range map,
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generally referenced 430, generated for location {0°, 1] based on the
scene in Figure 4D, in accordance with another embodiment of the
disclosed technigue. Range map depicis the received signal parameters
versus direction angles for range one. This range map includes a peak
430 corresponding to the received energy from car 414. Consequently,
low energy radar system 402 may mis-detect that an object, exists at
location [0°, 1]. Thus, car 414 interferes with low energy radar system 402
when low energy radar System 402 attempts to detect objects in range
one and direction of zero degrees. Accordingly, low energy radar system
402 attempts to determine the effects of each detected object on all the

other range maps (i.e., the range maps corresponding to directions

different from the one of the detected object, at ieast according to the

locations of the detected objects). For example, low energy radar system
402 attempts to determine the effects of car 414 detected at location [-45°,
11 on the range map corresponding to location [0°, 1]. Low energy radar
system 402 constructs the range map while attenuating the reflections
from car 414.

When orienting in a selected direction and range, multi-path
reflections may create a peak in the range map associated with the
selected direction, thereby causing erroneous detection. In Figure 4F, car
414 moved fo location [-45°, 4]. However, the transmitted signal may
reflact of car 414 toward a reflector located substantially at location {0°, 11.
This reflector reflects the signal reflected of car 414 toward low energy
radar system 402, thereby creating a multipath as designated by dashed

line 418 (i.e., as opposed to direct path designated by dashed line 418).

Thus, car 414 may be mis-defected as located at location, for example,
[0°, 5] (i.e., due to the length of the mulfipath). Reference is now made 1o
Figure 4G, which is a range map, generally referenced 440, generated for
location [0°, 5] based on the scehe in Figure 4F | in accordance with a
further embodiment of ihe disclosed technigue.. Due to the multipath
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As mentioned above, low energy radar system 402 detects 10 objects according to the scene
reflection map (e.g., Table 2) and the clutter map (e.g., Table 1). For example, low energy radar
system 402 myy’ SUBPEEEE the energy levels in clutter map from the enef&J Ied&IgiP4He scene
reflection map, thus subtracting the effects of forest 404 on the scene reflection rgzla#[ 15When

orienting in 4 SHSERIH JREEROM ARIHR JRCIRR o RERFE M Ho Rt MESFEBIRAS 7RiRe scene (ie.,

not clutter), lgegiedst theasleriad sangsy andiin thpstiractions weverar bistbetsitiatlehes, may create
peaks in the range maps associated with the selected location, thereb sing erroneous detection.
In Figure 4D RIGFEAEIGY BLdLSr 2D DO lsﬁeﬁwtﬁébﬁf&ﬂ%ﬁéﬂ?? R)gz%lgr%%s %ange one.

Furthermoreifiglet Irbhas ertgiedithe agesugoveedbipsidetebe ot datigtsengifost, the location of

414 is [-45,.1]). Thus, reflecti f 414 | lved. Ref ' de to Fi
A which s SHERD A, SORT gL Ve reRA AP BN A Bh PR R A0 S baced on the

scene in Figiye thdsé glessrdapsetwvish attethetinmbodistenhpfdhetdisciesgattgdhnigue. Range map
gepp;g; the r R Sl R i el S IR N A2 (AL 298 o6 s "iage map includes
velocity of the target, the direction of motion of the target) and determining
which targets corresponds to the real detected object (e.g., according to
10 average energy levels of the composite sighals from detected objects
associated with the targeis).

Reference is now made fo Figure 5, which is a schematic
ilustration of low energy radar, generaily reference 500, constructed and
operative in accordance with another embodiment of the disclosed

15 technigue. Radar 500 includes a receiving array 502, a radar signal
generator 516, a radar signal processor 504, a detector 508, a {racker 508
and an interference nuiler 522. Receiving array 502 corresponds io
receiving arfay 108 in Figure 1A and includes a plurality of receiving
antennas 5104, 510,, ...,510y each coupled with a corresponding one of a

20  plurality of receivers 5124, 5125, ...,512y. The relative positions between
antennas 5104, 510,, ...,510y in receiving array 502 are known. Radar
signal processor 504 corresponds to radar signal processor 114 (Figure
1A) and to radar signal processor 210 (Figure 2A). Radar signal
processor 504 is coupled with each of receivers 5124, 5125, ...,512y with

25 detector 506, with radar signal generator 516, with tracker 508 and with
interference nuller 522. Radar signal generator 516 is further coupled with
receiving array 502. Detector 506 is further coupled with tracker 508 and
with interference nuller 522. Interference nuiler 522 is further coupled with
tracker 508.
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5 430 corresponding to the received energy from car 414. Consequently, low energy radar system 402
may mis-detect that an object, exists at location [0, 1]. Thus, car 414 interferes with low energy radar
system 402 whRETTOW R rgy radar system 402 attempts to detect objecﬁghﬁﬁ%ﬁ%@%ﬁ% and direction

of zero degrees. Accog%iaﬁp/, low 1nera¥ radar %}S em 10 d402 attem t? to d?termine he effects of
each detected object theBtRerts gees'f‘r%p ('i{.el.’,} 12 %%g% ﬁ%%é)é cgﬂ%gﬁgﬁdﬁp to directions
different fromdheeneatiittie deteciedtabetd; atiteddicacdetdingtatdreddBatind saob daerdetected
objects). Forfexamp ow éne%ﬁ/ fadar Sy, ﬁ&m 40020att5f9 pts.to determine the effecnt% of car 414
detected at IGEHEn 748, 1 f]?' HénPgﬁg a’S COPrR 6 ndffig t5'#E tigrqéf Zﬂ oW energy radar
system 402 constencisithe tangedhvethvehdie idttechmacdetiseivafliéetonsiedor 64B8414. When orienting in

a selected direction and r nge, mu i-Path.reercg?Qs nﬁ&createsquea égi%es range map associated

with the 20 selected dir&e |on,q%ePebye§aeﬁ\§?rr1% ertbhiecus etectionin igure 4F\,[car 414 moved to

location [-45ratpéttmeveretoé teaasvinitedrsigral szl Ore fetd.of. cab #04¢ thwaeflaciidiestor located

racar systent 00 T e R i B 2 opposea
to direct patisitesignatetibpdadhedsieivets); thub ! ar 415 tRayhevities dotcttedivedocated at
o (SHEPS LS Safhe USSR o ees s e rece o o
in Figurtd 4F pripvitsesoiignteorived signals to signal analyzer and compensator 514.
Signal analyzer and compensator 514 analyzes the received signals and
corrects the received signals fo overcome deficiencies and changes in the
receiving channel such as deficiencies in receiving array 502 {e.g., non-
linearities and frequency response of receiving aniennas 5104, 510,
15 ....510y and receivers 5124, 5125, ...,512y), time dependent changes
(e.g., aging of elecironic component, mechanics deformations) and
environmental changes (e.g. operating temperature, operating moisture).
For example, when the transmitted radar signal is a chirped signal, signal
analyzer and compensator 514 may measure the frequency difference
20 between the signal transmission fime and the reception fimes of the
received signals in each one of receivers 512,, 512, ...,512y, according
o differences between the freguency of the received signais and the
frequency of fransmitted signal at the time of a;frivai of the received signals
(i.e., radar system 500 still fransmits the chirped sighal while receiving
25 array 502 receives reflections from the scene). The difference between
the signal transmission time and the reception times of each received
sighal determines the range from which the reflection was received. Itis
noted that the respective difference between the frequency of the received
sighals and the frequency of the trahsmitted sighal at the time of arrival of
30 the received signals may alternatively be determined by each one of
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30 further embodiment of the disclosed technique.. Due to the multipath reflection, range map 440
includes a peak 442 at the direction of zero degrees. Thus, low energy radar system 402 may
mis-detect that gﬁﬂé‘ﬂféﬁfﬁsreferred to as 'ghost object’, exists at the locatioh’ "[’f)2 é‘]fﬁﬁmé%ost target'

refers herein to g group of previqus and current detected ghost 5 objects, Low energy radar system
402 aIIeviate‘?ﬁ%\gﬂt%rfé@ce% ed‘b%ﬁe ghci?rgﬁjig@iyby ‘Hﬁéﬂlptf% 1§ Mine which
targets, if anyagxhiitecorpeiatien betwaeadhestgnget ghalpaieriatics dargadi(sador thetdelocity of the

target, the direction. of mgtion of the target) and determining which targets, ds to the real
detected objSE UM ABTaGSEFTS B BPHE EhaPsy RuUee LR TR D LIS A From detected

objects assogigtedantitiathieriargetsording R eferansgnainmocassts tH08igiaterSivwbictnes a schematic
illustration of low enerqy radar, generally reference 500, constructed and operative in accordance with
another émb@&]ﬂ%ﬁf’ ﬂ@?ﬁé 4&§ qgﬁge%?&%ewﬁgedg Eﬁféﬁﬁblgg@ grrr'%géel\‘/i\néﬂ%ltgar?ay 502, a radar
signal generatoulfds, andhdanggnabipoodeisbonbipbraalete ttorrbi6ieirpbkepbthandran interference

nuller 522. Receivin ay. 502 carresponds to receiyving.array in.Fi ag%includesa
plurality of re%%?r%ggg er%'é% giﬁoﬁwgﬁfgﬁig%%gﬁﬂ Ighq\%ﬂﬁ%ﬁr%e@dndm@’ one of a 20
plurality of recgfvedy,5tRds S 1alk . hEwaenT hecsiisive pbiitiohd hetwedr dnteomagli®po1, 5102.....510

in receiving array. 5 R ignal.pr 0 r onds49adat signal processor
114 (Figure ?’g‘ﬁ%ﬁﬁ%&%ﬁ%ﬂ% %ﬁ(?ecr%ﬂsgofg ﬁ%ﬁé A%ﬁ%éﬁgg s%gnglq)g}ic?gs%% 504 is coupled
with eadh of receerseSferts sf2objetd ANeiafioddtedtor 506, WiHab ARG NN fBGerator 516, with

tracker 508 ar%@é@ﬂ%@ﬁ@?ﬁé‘f%{&"%ﬁz' _qul@r signal generator 516 is further coupled with
: e

receiving array etector 506 is further cotipled with tracker 508 and with interference nuller 522.
Interference nuller 52248 fneRéipsedpiedtisiphavkesrsugple desrubRd diyfaPreEssor 504 includes

a signal analyzer anslFOMBENSAIORRL, &GHISs ERRLAGIeBRICSOPlesRINRIEs S and, a beam former

520. Beam former 520 Is coupled with signal analyzer and comPensator 514 and with a clutter
i

characteristi¢8eRScaminaisIcion) satarpisnte snreddiverihs taiics pedween 1hy 831Rigks, via a
respectiye ongoferaHdMeNSe k0 ldiRddR R artONe theriteatianasf mdnaaaeed radar signal

from a radar signal enerator 516 (not shown). Each one for receivers 5121, 5122, ..., 512N provides
1)

the received 8t assibRal Srecisssiestoberhschidhat Hhscelest 85R HHtilies the received

signals to signghpaflYRer ARErCamReRFRIAMAE SignpbanalwigiangeannriRRlYr Sid analyzes the
received signals and corrects the received si%rﬁls to (_)verco%nz
[

e deficiencies and CCT es in the
receiving chalAkRESk P s RIRRSIHIFECE AR BREP8H é.é??f?dmm&ar?ﬁ S H?tgé?requency
response of fgegivingianteinnas 3483, B the SIMdEaNtireeelad 1Rd, MiRtiodh12N) time

dependent changes (e.q., agipg of electranic component, mechanics deformations) and environmental
change§‘(e.g?%??&‘géﬁéq{%?ngﬂggﬁﬁﬁé?'a @&tf#@qﬁ%ﬂ%% J.Ei‘—%? @%?f%ae E\?\/ﬁé% ﬁ%et%rgeﬁgmitted radar
signal is a chigeeatiaigrial lisiosedaadlyzer redscdropsasaparitdd casy) méhsuckitter fregquency difference

e AL R B AR R Y e e e
and the frequssieytotitiacsiittdn BignstensheHamh ehtyriiratiod thhaitcdneddsigrmiketi ef, radar system

500 still trans\;gihseghtrea%f,lggg&%igqg&v&@lﬁerreggﬁ\g%n characteristics respective of that
25 location. These clutter reflection characteristics include, for example, the
| average received energy level of the composite signal received from the
location. Each entry in the clutter map may further inciude siatistical
characteristics associated with the clutter reflection characteristics. These
stafistical characteristics include, for example, the statistical moments,
30 such as the second(i.e., the variance) and the fourih momenis of the
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25 array 502 receives reflections from the scene). The difference between the signal transmission time
and the reception times of each received signal determines the range from which the reflection was
received. It is NStéY tHaE e respective difference between the frequency/ 3t i@ ERENRd signals and

the frequency of the transmitted signal. at the {ime of arrival of 30 the received signals may alternatively
pe determindb b IR o B TR b SHEE P U (OPSUSE el S0 5175,

..,012N.Alterpathe bluviemdo hexafplee trandoitelbipgites e siseldssignabahatjuberand

compensator 514 determines the_differenc%gjﬁwee the pulse transmission time ag;lnl he pulse arrival
Slor AT i

time. AccordlfgRF138arLIgrRIBHSEsor 5 TREAGLESn HSHUIRISN te Feceived signals

were reflectegeterihsnardeisignet analgheinlu cartpestattsd btatomérsates fagbhysical
phenomenon u&g\gﬁg&%& Qs'éj%} ? couB |l!n %e\'ltsv%%%ré receivin a%rgoeln igésmgét%%;&pz, ..,510N,

cross talR belif , coupling 2AWEER tran iIng antenna and
receiving antgérnafuttb1@liebitds 1halaciNrisfiectsofidsigcts (metalidter moap. e.drpradar stand) on

the recelving Saeanas 2l Otyeahdfy se2bdlied with HIEENIANSIL0LNSARAEBEIRIE described in

5
conjunction v\?l)fﬁrlg%ﬁrets 4 rfé% radar sighal processor ocation (1.€., range and

direction), attgizik aesneigiadz evifetratitobativedn tihe gaiensf Sgheangia lobe andhtieelected
direction and fhe alleed oyt ram,aIke Ahek Ajgelons A e 1o s lones) such that the

irect : .
effect of the clutier rom alr't er’directrons on the composite signal are minimized. To that end, a
clutter charattevisticdatetdionitates!Bid wisinimesttitetvigedhmaprianeschittberBapBtIudes the

vales represgyigie selerign A ehpCirsicaet YR EAoReRs Alisgp ocated at e

selected locations in the scen€ (e.g., trees, houses, parked cars). The clutter map may be a matrix, in
which each eatsyagadsseiuast eUEdy dovielsierutigideraien lotstien iRfBIERG &REKEECh entry in the

matrix includgs 381 ghvahies EeRIESSEBT Ficrreledion sharsiiBetdpsRegtive of that 25
u

location. These€ clutter reflection characteristics include, for example, the average received energy

level of the cEafg6tatt shjpel mber doaroriestionsatiom fEsAtY HaRerabiéesipPay further
include statisticalicharagigrisfice assomaniar with the:shuter tRiectioneharstatssingickhese statistical
characteristics include, for example, the statistical moments, . .
determinator 518 determines for range itwo and the direction of 45
degrees. The thresholds, which may be included as values in the clutter
map, may be dynamically updated when the clutter map is updated.
Clutter characteristics determinator 518 may further determine a detection
20 propability function associated with each entry in the cluiter map
according to the clutier reflection characteristics associated with each
location. For example, the probability density function of the energy levels
of the composite signal may be determined according to a histogram of
the values of these energy levels. A portion of the vaiues in the clutter
25 map may be determined, for example, according to a long term weighted
average of corresponding values in the scene reflections maps. Cluiter
characteristics determinator 518, provides the updated clutter map fo
detector 506.
Similarly to as described above, during object detection, beam

s0 former 520 determines a scene reflection map., As mentioned above the
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30 such as the second (i.e., the variance) and the fourth moments of the WO 2010/086858PCT/I
L201(1/000078 clutter reflection characteristics at each location in the scene. Each entry in the clutter

W 2010/08683 , . TPCT/ILZ010/000078
map may further meliagdetection thresholds for each clutter reflection CHATSCIEHSleS Clutter

characteristics determinator 518 determi a getection. thr cation (i.e., for
each 5 select&d ‘airregc}i%#[gﬁa Fan e)‘gght?wgggc{eﬁ%e,%%%&%st%ﬁ%%ﬁér}%%@igsgﬁo%%tﬂégcIutter reflections
characteristichamahidasticstiof alLtktha abjeuss deaatptbatibarrelsobid desatipnedmiitie the energy level
of the compasite. signal associated wi e tian, in S e.G: o he direction of
45 degrees, W ?’l—?ggl)rg%g, W %?ee O%S&Eégﬂ‘s%ﬁgc@tge%)bg% %ﬁe{{}egg%%'ga%ﬁo tﬁggﬁold which is set
to twice the vamiixcs cisseciechywitval eptinseonhogisskkgied desitada ithspehRcation above the
average recei e vel for I 90 Thus refarr c 2 d 4B, the
reﬂectior!i’r fro%h\é%ﬂesgtﬁi% icéti;re(ﬁjr}gc})t é%et{g(%tegﬁiﬁ' ggdsetgct%ed{ oﬁeg?st%%eﬁ%%ﬁg‘%gﬁcgg@@om forest 404
generally regefientics r@q&ﬁaéﬂaéﬁ%@gyt?}é\ﬁéﬁbéﬁiﬁﬁiﬁé tiaeziend ehEEEIRRHINgatactBastics |
determinator 3} defREioes [0 TRRdRdne pacite fretoackidie geasbaraigsholds, which may

be included as values in the clutter map, may be dynamically updated when the clutter map is
updated. ClufdOvhanarayEaea cenerARAaE ISP RESIRhes HEREN e ERABLIFAED probability

function assegigtadwithiRaChRN Bk LHESE AR ACS SR Hoding ubesaefiestipp characteristics

associated with each location. For example, the probability density function of the energy levels of the

composite signAeHRRTIRIRG @G B @heash AlRsipshicnaiRny difes NG X nergy levels. A

portion of theyyalueshin thenrUHek#S Map WaYBe slelR ETRGHIN exrRiemaraydingito a long term
weighted average of corresponding values in the scene reflections maaﬁs. Clutgter characteristics

determinatord@libr ofcdiEarionsdatdiieIseis ot BNeEeseenchg o BiFithiMo as described

above, during;ebip e weiseHon rhganspérdainen SZi-teiarinne aisecosrredpctiammep. As mentioned
above the scene reflections map includes the values representing the ction characteristics of all
R N s

of the object&1BEIEY artiAlashe a5 JRah e eI S Pmay be a
matrix. EachLéotda tagspabix iy asspeiated ivihialegy eshendingesslretd dsigoatidroim the scene. 5
Each entry in %%matrix include aﬁ:]et z{ values rt?gresenting tge rrsl ecéion characteristics of the

& El o af

selected loc c@ﬁ%d% Hﬁy?ﬁﬁ'@ &SRy FoC &%ﬂ%ﬁ%\ﬂnﬁxording to
characteristiemainowseringy thdasakd@acatitovitm sirsEniere quinesirectiydbearinéoaimer 520

determines the reflection characteristics corresponding to e nt rmining a range map
for each sele%?jﬁl%%aﬁon W%‘n rffa?n%ee g?wa Hlfr%%%%n%e%?s Pa%%gergma%#ﬂ%%ﬁgﬁ ﬁ(ﬁ(ﬂ%tion
characteristics:efcheul utiatittioh diRatiansightieosetestse ramyidesriosruadiag efehtansry, when low

energy radar ScVaSt%ncéggc?&.egﬁ%Qaiﬁﬂé% ?H?(;%Hf‘g%%g%@ the entry. Similarly to as mentioned
n ected di

above, Béam former orients’in a 15 se rection by adjusting the delays of each received
signal from each antenBiniaictotiast therdignath abcaiwedaipainobiife detedisnghudtéhias from the

selected dveglion {URTare ARSEUGRKAY ierierudelning 30MAL JBBROTERIENDA Regm pattem.
y in the selected direction. Radar signal processor provides the scene reflections
and the clutter map. For example, detector 506 subtracts the average
energy levels in clutter map from the energy levels in scene reflection map
25 1o determine an energy difference map. Detector 506 further determines
which entry in the energy difference map exceeds a respective threshold
(i.e., each entry is associated with a respective threshold). When the
difference energy level of an entry in the energy difference map exceeds
the respective threshold thereof, than, detector 506 determines that a

30 detected object exists in the location corresponding to that entry. Similar
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20 map to detector 506 and to interference nuller 522. Similar to as mentioned above, detector 506
detects objects in the scene and the locations thereof according to the scene reflection map and the
clutter map. FfE3APBI85detector 506 subtracts the average energy leValEH2EHE hap from the

energy levels in scene reflection map 25 to determin energy difference map. Detector 506 further
determines WhitiFeRtS BV RLTERAGY ditfbre %%ﬁ{i{]% %@@é@@y g?i%ﬂ@&ﬁ/@tﬁ%%% Itﬁ.e., each entry

is associatechwiih aiespaatyertaeshoitheNVien thatifferendelenesgydevehtdametiiey in the energy
difference mag exceeds the resigective threshold therepf, than, dﬁtec{i%r 506 e,[téerminfes that a 30
detected objERI MRS HRRY RERGES PR SRGRT o fhal BHIRF ¥ ?S&%% ereot,
2010/086853R4T /Hs28310/0800 H:terthimenehgy diffeferieel mbjactietdsterib@emayadietermine a
composite delay differepce . When the_difference delay of an entry in th compgﬁixe delay
differenc® mﬁB')é%&%%rbé?'?ﬁep?;e c%&éymr‘z h5Id thersdy! E%%n‘f%g{& %P%W%?wﬁe?mmes that a
detected objegfrexistéiinvthe foocaifenih poxésfiphdiad o twatrentigatddws, doaegarmmibewhen
transmitting a,CVV signal a human moving in proximity to a.hou callse, nge in the phase
of the receivgg%?gngg fom ?ﬁ%‘]’(?(‘;jat?' ng?s Wrt‘IICTH tllﬁﬂ;éhlc?t?é'?sn Idas‘cg&@.g k?llj{sé trﬁ%éqggrﬁ%n may be
detected. Delmmtecb06 proyvides thetdetetiay lnbjdetectad.thDetmetspbidingdvidatoiethereof to

tracker 508 detected objects and the corresponding locations thereof to fracker 508

1w and to interference nuller 522, ‘Altematively, detector 506 may determine
the probability that an non-stationary object exist at a selected location
according to the scene reflections map, the statisﬁca[ characteristics of the
clutter reflection characteristics and a detection probabliity function (i.e.,
the detection probability function is pre-determined or determined by

15 clutter characteristics determinator 518). For example, for each location in
the scene, the average energy level and the variance of the energy level
determine a normal statistical distribution. Detector 506 determines the
probability of that the received energy from each location corresponds to a
reflection from a non-stationary object.

20 Tracker 508 tracks the detected objects, and determines if the
detected objects correspond fo targets in the scene. Furthermore, targets
are set as a group of previous and current detected objects, associated 1o
a single moving detected object in the scene, which exhibits at least a
selected group of target characteristics. These target characteristics may

25 be, for example, the target track (i.e., previous and current locations of the
moving detected object associated fo the target in the scene), the
estimated velocity of the moving detected object associated o the target
in the scene and the estimated direction of motion of the moving detected
object associated o the target in the scene. The target characietistics

30 may also be the previous and current received signal characteristics of the
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io and to interference nuller 522. Alternatively, detector 506 may determine the probability that an

non-stationaryévob'ect exist at a selected location according to the scene reflections map, the statistical
characteristicS S tHE Gititer reflection characteristics and a detection prBBgf%ﬁg%?\(’é’ﬁ%n (i.e., the

detection probability function is pre-determined or determined hy 15 clutter characteristics
determinato}@fé‘f‘%# &%Weg%?gﬁgh% 'o%?ﬁ?ﬁﬁ%{%‘égﬁem/ﬁetsﬁgéiﬁeﬁ%esrﬁ?/ 2vel and the
variance of thgrangtayreVvelArermie scesnal statisligablistobation {Betector Bdtkeetermines the

probability of that the receiv%d energy g‘oniiach location corres o?ds,(t(gl ac;é?g%Cti?f? gorrTa
non-stationary oHISEI 2D PR TAERS RePuSR LR VB EYs [N detemines if tiie detected
objects correaptiid tociavgets ithdetsegele. Fhatherenetzstamyeds dne seetectedroapj@fiprevious and

current detected objects, associated to a single moying detected object in t]l?% cene, which exhibits at
least a stlect ar&#ﬁﬁsglf:?arget E%%gg%tgr%iggayhé}{s@%&rge%% %ﬁct@%stligs t}y 'gb’e, for example,
the target tradaknfads presdesdutbament wbatchesé tegaty ity dspoddobisgetssbciated to the
target in the ,sc%enes)f the estimated velocity of the moving detected object associated to the target in
the scene ard The estimated direction of motion of the moving detected object associated to the target

in the scene. The targ&Vcharaciestitics Be malpyisy Eadie mesived aighalifont reaéived signal
o ties of the- IGcati ; ) : i |
characterstice f i, logalion o madp deiepisd e aesnsiipd aedpiopkindiy scene

Furthermore, tracke stores a plurality o S. Tracker 508 assigns a detected object to
a corresponditigtadijettieosraiay ®sa Matciebadedhtse lavgerenayvareastitdaiihaie detected

object 5 chalgeleyisies, Tiack A SOB LIRS (RsSINu s fRDeia 50 ahlMEalecAs) and
en the

determine w 1eSe targets correspond to targe s of interest. When adjusting the delay of each
received sigslilgetionhacieyetreeivg sefletians erigifeinadivTe RO SelieieiVdRBIaRs, side lobes in

lo other direqfians fmay e I8 CIRAISH of Ryt doM Rneran daralirRQQioMBsirianERareward selected

location (i.e., selected rangé and selected direction), may receive reflections originating from

non-stationafetssfiestslirectian: cllienaasiriipnant shiseirlagatem i 8RN EWEr than the

15 and in directions other than the selected direction are referred to herein as
interfering objects. Accordingly, low energy radar system 500 attempts to
determine the effects of each detected object on all the range maps
corresponding to locations with the same range, other than the range map
corresponding fo the detected cbiject, at least according to the locations of

20 the detected object and the selected directions in which system 500 is
oriented. To that end, interference nuller 522 determines the effect of the
interfering objects on the signals received by each one of receivers 5124,
512,, ...,512y, and consequently, the effects of the interfering objects on
each relevant range map (i.e., the range maps corresponding to locations

25 with the same range as the range at which the interfering object is
located) at least according to the locations of the interfering objects and
the selected directions in which system 500 is oriented. Interference
nuller 522 may further determine the effects of the interfering objects on
each range map according to the targeis characteristics of the targets

30 these interfering objects are associated with. Furthermore, when orienting
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selected direction. The non-stationary objects located in the same range 15 and in directions other
than the selected direction are referred to herein as interfering objects. Accordin(gl}n{ low energy radar
a

system 500 aﬁ'é}ﬁf)’tg%ﬁaﬁtermine the effects of each detected object oh AR E 6g%{!‘maps

dotocted objEct SAEAL L LETAY o L R SN e o SipeEe A Selotied
directions inrathgeh systerasiiitistedentitl. Trethatlenthdntdifectinoe rthieetdp 2caegingines the effect of
consequenth R SHEA B I intariahi s BIos 3 F St SE O ange maps
correspondilagdm@maﬁpﬂe%mmmsabjea’ang@l%fﬂflgnraag@ﬁew@ﬁ@nahe\ﬁﬁteﬁéh'ﬁg object is
o e TR U S oS A e e e
interfering objbits otargets, if any, exhibiing correiation between the target

characteristics thereof (e.g., the velocity of the target, the direction of

motion of the target) and determining which targets corresponds fo the

real detected object (e.g., according to average energy level of the

10 composite signal from detected object associated with the target).

Reference is now made to Figure 6, which is a schematic
ilustration of a method for processing received signals from a scene, in
accordance with another embodiment of the disclosed technique. In
procedure 550, the received signals are analyzed and compensated. The

15 received signals are analyzed to overcome deficiencies and changes in
the receiving channel such as deficiencies in the receiving array, time
dependent changes and environmental changes. When, for exampie, the
fransmitted radar signal is a chirped signal, the signal anaiysis may
measure the frequency difference between the signal transmission time

20 and the reception times of the received signals, according to differences
between the frequency of the received signals and the frequency of
fransmitted signal at the time of arival of the received signals. The
difference between the signal transmission time and the reception times of
each received signal determines the range from which the reflection was

25 received. Alternatively, when using a transmitied pulse, the difference
between the pulse transmission time and the pulse arrival time are
determined, and thus the range from which the received sighals were
reflected. Furthermore, the received signals are compensated for physical
phenomenon such as coupling between receiving antennas, cross falk

s0  between receivers, coupling between fransmitting antenna and receiving

-37-



each range map according to the targets characteristics of the targets 30 these interfering objects are
associated with. Furthermore, when orienting in a selected direction, multi-path reflections may create
a peak in the rARgE &S dssociated with the selected direction, thereby %aligif ¥i¥8rtous detection.
A 'ghost target' refers hereip to_a roue of previoys and current detected ghost objects. Interference
nuller 522 allé\'ﬂiﬁagqﬁe@ t@ﬁf@t‘gﬁcg cﬁégﬁ%(gso;%seraﬁ%t Sisedis By dienigseldadetermine
which targetsaiftenyiaexhibiing sferghation Rgvee s thadasy elriprastaratiss thriglis-9., the velocity
of the target, Eﬁdiregjon of r%otion of the targgt) and determining which targets corresponds to the

0

real detected Dbjedt (& 4 SAUB RN 1506 A ARV GE\VIB5RIhe 10 composite signal from detected

object associated with fhegesgetiure 552Refesense ieNwioradAee RIoyEe:BniHaigh ina schematic
illustration of a method for, processing received Ei nals from a scene, in accordance with another

embodiment IR A R cRAMLED piddBEUFEHRD MRile hesIaaRikh ARSIy zed and
compensatedyithe 58leetet éutaiipralskaehasalyz etloderecscome fehiriendiesrassrtignaes in the

receiving chapnel s eficiencies in the receiving arrgy, time dependept changes and
environrnentaa{f‘ ch}gr%ﬁ)g%?%ﬁn?’f%%axrgerﬁ%@ﬁﬁ%%ﬁ?g%m@g%ﬁﬁﬁﬁﬁﬁ? EHRERIREgNal, the signal
analysis mayahdasurentne. fredihenciehliffe rsceibeddesitthe signadivtansimissesrimedo and the
reception tim e an according to differences between the frequency of the received
signals and tr%eéﬁg?ﬁgnqc% c%]l‘e[kga%mﬁ% s?én%?%@tﬁggﬁﬁf%go LAVAY of tHEFEEREI Rbhals. The
differencé betdieded §sigaabivadssitssisnpararetdrthzorcantionditges dircadbrecaived signal

determines t h lecti 5 received. Alternatively, when using a
transmitted p%%fsl%%,ﬂt%% ﬁ%égnéggﬂ%ﬁéﬁﬁg%é\@?rt?regng%:gg?gﬂ%rtﬁetg%dﬁéérﬁiﬁ%gtgﬁival time are
determined, &ACCH URARe PaNGS POTHING i ShetiedorecaMitiu sidmainaeete rEftroteds Fhegrmore, the
received sigq@%@mgﬁﬂﬁgg%g%@y@lrgﬁg gﬂgq‘gaﬁuch as coupling between receiving

antennas, cross talk 30 between receivers, coupling between transmitting antenna and receiving WO
2010/086858PCT/IL20H0/000%FdH rentEfthasthad aiiéets mfeghjéetsi@dayminaekr atahdhen the receiving

antennag;, Withstefipraneade-GigHieiss %9@ﬁéa&ﬁb{éﬁﬁ@'ﬂﬁ&%@&fé‘sﬁ@fai?ﬂa‘fy%\%c?'yz?ﬁea“d

compensates the received signal. In procedure 552, a scene reflection map’is détermmed. As

clutter map includes the values representing the reflection characteristics
of substantially stationary objects located at the selected locations in the
scene. The clutter map may be a matrix, in which each entry is
associated with a corresponding selected location in the scene. Each
20 eniry in the mairix includes a set of values representing the clutter
reflection characteristics respective of that location. These reflection
characteristics include, for exampls, the average energy level of the
composite signal associated with the location and the average composite
delay for the location. Each entry in the clutter map may further include
25  statistical characteristicsﬂ associated with the clutter reflection
characteristics (e.g., the variance of the energy levels and the variance of
the composite delay). Each eniry in the clutter map may further include
detection thresholds for each clutter reflection characteristics, as further
explained below. A detection probability function, associated with each
30 entry in the clutter map may also be determined according to the clutter
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5 mentioned above, each entry in the scene reflection map is associated with a selected location.
Each entry includes a set of values representing the received signal parameters associated with the
correspondingYOZAtBIFGFthe entry. The value associated with each entRFRTHEBYPAIAED according to a

range map for each selected location. This range map ic includes the received signals parameters
from a pluralif//6FtfRR GBHecrEige ABHPEH .Yé%rﬁeﬁw%%%r&w%af é%%%ﬁ?g%fb the integral of

the range mangeed espendieg thereisteéiioy edetenemindriging dcheanntasmies S2Gi@etermines the
rocedure 554, the clutter. map is determined and the 15 statistical

scene reflections%nqu In )

characteristiG235r a8 st faishirabehaaiensian SEH SrREER P AERYAEdes the values

representing the reflectiopehiryagterisics oisubstaiatiahystaiipriay sbigrisdecatediead.the selected

locations in scene. The clutter map may be a matrjx, in which. each entry is associated with a
el S el it

corresponding SeeiSH A HES IR S/ SRS INRIIES Y St of values
representingdbclsitierttaflector dharacteristicsan simeites dhthatdansticangbe smdeftection

characteristics include, for example, the average.energy level of the composite,signal associated with
the location 51?{3 G 8%\/8%85 @@rﬁp%&tgegg? ?ogtgrlgﬁcé%il%%a%% &c egc.re]wé)cﬁ]emcei 8?& oF map may
further include=2ks Statistceduharacps stisscatsac atdth vifth Selaritetbioefibotiothehakatteristics (e.g.,

the variance of tge enerr%%é%\ﬁels aae?éictilinenyar'aré%? d?r]; épglﬁt%n ﬂ{?‘t’? dg%a%%"’ﬁi‘%}éﬁ% in the clutter

map may furtier inQIUde- detection thresholds Tor eac er reflection chara Cs, as further
explained betibjecA deteltrangezobaiptitptherctien dssoergednvdth earch3ording ifptHeeclutter map may

also be determi C | t r_reflegtion cleristi j ith.a@ach location.
With referené% %%Eelguégée E@%&%rgggﬁéﬁgétic?é&é%%gtéﬁéﬁgjﬁgjr%ﬁ%t %{%ﬁaﬁer map and the
statistical chéeagteddtirsietaty clittsthaerataly rudinabrosdagiossemae ARSfai@#es in the scene
are nulled. 5ybeo frigplingriac: eietsdcesiioninfieqlions crginaing diam g bjects In the

scene (i.e., not clutter), located in at same range, and in directions other than the selected direction,
may be recefv@dsirl GfeatePeakysteiionngEangesiaesbiialbg wiertonge dy I&étion, thereby

causing grropgeusdetraiion; Aggardingly. e elRGiRAl aRsRIRFECIER phistiehalrange maps

other than the range map corresponding to the detected object are determined. Thus, these effects

P > ;
may be alleviibee@.§Yy dhesnSWsirarissimaie Mulesaiyr SHREPIEMEY S_BERRR peaks in the

range maps gasesiategdyui the selpgted dirasiion, Haprelay GRUSKEGEGNEqHS datagiian.
Consequently, the reflections may be 15 mis-detected as objects at the selected direction. The

InterferencesCéé[%@&r[ﬁfiﬂ?eﬁl?Wsﬁﬁgjéﬁ@%ﬁlﬁlma@ﬁ?ﬁﬁ PIESIRRIARAG WHich targets, if

any, exhibits gairglater-besyren theitaraskrinace rsgcrch amaimnd detsamipiag wiich targets
corresponds to the real detected object. With reference to Figures 4D n(% 4E exar%q? low 20 energy
radar sy&temERGHY ERHRTs TR Aire AHEBREO 0 %tﬁrwiaed%fsc?efgeg Sracﬁg%a&n nd the direction

of 45 degreeggtadheiranesmaapserespindidigststitan gt 4h eeqeeatirtwioamfez arapdegrees. Low
energy radar system 402 constructs the rarge mt%%w .rile ttenugteiz%g th% refgeection,?ééwm car 414. With
reference to [ﬁ%ﬂﬁqﬂ'@?feﬁ%r{@é’mllgﬁi %%2 I€'TRE R fer&ftsIRIhEgcene™

energy radar system 402 constructs the range map while attenuating the
reflections from car 414. With reference to Figure 5, interference nuller .
25 522 nulls the interferences in the scene.

Reference is now made fo Figure 7, which is a schematic
illustration of a receiver, generally referenced 600, construcied and
operative in accordance with another embodiment of the disclosed
technigue. Receiver 600 includes an RF front end 604, a dynamic range

s0 adjuster 806, an amplifier 608 and an analog to digital converter 610.
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Reference is now made to Figure 7, which is a schematic illustration of a receiver, generally
referenced 600, constructed and operative in accordance with another embodiment of the disclosed
technique. Regéjf\;gf{'é'@fﬁﬁcludes an RF front end 604, a dynamic rangeP §H]&a?&(§?8?0§b6 an amplifier

608 and an analo% to di taI conveé g%o WO 2010/086%658PC'[?% 201 10%01362 plifier 608 is
coupled with"d)REFRICES é%%iﬁgq DRPRH ARG u&fﬁa AU front end 604 is

coupled withaRjignteRoaRHavEtina agﬁ%%ﬂ%dﬂﬁi%wmmmmwﬁr 606. Antenna
602 receives an electromagnetic signal refle ted from 5 ab #} Gcéene (both not shown) and
produces a Siifaf SRR %3?5 Yé}?%n%ﬁ“% prowdes the signal to RE front
end 604. RE front end@ﬁérﬂ%ﬁ(@!"&@ﬁswdl‘ﬁllmessmﬂrmgnetsacmgrmmetﬂmtmﬂémfgnal form signal
generator 612. When the ransmitted s ﬁ}l isa hered gnal RFE ;r%m %rgd @og a frequency lo
difference s@r‘?éﬁ%{ﬁd lﬂo ssfﬁ%nﬁ‘eqeﬁg y 8? erdnce o gnal 0 dynamic range adjuster 606. When

the transmlttedr%ﬁah@:@mlsauﬁ%ﬂmeemmbrmmesmma@ﬁ@mmmw ﬂi@’i%é@uved pulses.

Dyne}mic ran%%% éB ter égg gaf etdey Oagb%rgg&ﬁ {Qu%%s%{g%;(qd{ % jaccording a

predicted or fre uency behavior o signa prOV| es the adjusted
signal to amplifier6i0g. Mnallflﬂd@@8Wiflé$”me$m| getpiivitsithe aMiiifled¥®ynal to analog to

digital conve ter 61 ; é’gih!s?hn%?L rmlc%a§ %&i gf a':‘thﬂ@ éﬁ&tﬁl;@cﬁb@?s%qggxﬂ?nal Analog to

digital conve ‘EEP% provi a8t edlgl Signal to the ra rS|gnaI processor (not shown). 201t will be
appreciated biffeessonssikitibaid theoaideisathindree i distaraie sionst fmi¥tadi®hat has been

partclary shau Al deacie DANERING FarRAlesdNGsane of fisdissiopeniesaaue s defned

determines the time of arrival of the received pulses. Dynamic range
adjuster 606 adjusts the dynamic range of frequency difference signal
according a predicted or learnad pattern of the frequency behavior of the

15 signal, and provides the adjusted signal to amplifier 608. Amplifier 608
amplifies the signal and provides the amplified signal to analog 1o digital
converter 810, which determines a digital signal representation the
amplified signal. Anaiog to digital converter 610 provides the digital signal
to the radar signal processor (not shown).

20 It will be appreciated by persons skilled in the art that the
disclosed technique is not limited to what has been particularly shown and
described hereinabove. Rather the scope of the disclosed technigue is

defined only by the claims, which follow.
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CLAIMS 1.A low energy mapping radar system comprising: a radar signal generator
generating a continuous wave frequency 5 modulated radar signal, a transmitter, coupled with
said radar signal generator, transmitting said continuous wave frequency modulated radar signal via a
transmitting antenna; a receiving array including a plurality of receiving antennas and a 10 plurality of
receivers, each antenna being coupled with a ChrAdBi®nding receiver, each of at least selected ones of
said receivers receives a respective signal corresponding to reflections of the transmitted continuous
wave frequency modulated radar signal from a scene; a processor including: 15a radar signal
processdr, coupléziwetiesgydmaceiviogaateays s adan sigal processor determines a scene

reflections map, said sc reflections map I ua%?}s ntries representing reflection characteristics
from each selected Io%a%gogla]'ﬁ éﬁé%ﬂ:gne sré?§ Lr arrlgs,ria{r'l% p?occeosnse%g}u e gr%\fﬁ‘i’ﬁg fgggﬁ%nncé/ of said
entfies accordingthkiedpadtveigfabmposite signal associated with said each selected location,

said radar signal proces rminj id respective composite signal according to filtered received
signals correspondinggto %Eeg@ﬁge’ aé%%é%é vﬁt/ﬁhgtﬁlge rgas%%?ctls{ nsaelgcetgﬁrlagtg)a'{tign%nssa?[&mgred
received signakaikingrdiztecnsnec ae cedingrnoyeoeidethi@d sighmlssigualvethby seadseitttgd ones of
said receivers, gﬁtgltﬁgng in each received signal, the same frequency band corresponding to the
range associate With $aid respective selected location, said radar signal processor further

determining said respactiveetongpesiteysigeit dicgo @lindue g uster phisBes ofvarchfitesed received 30
%%@fl‘fn said aﬁ\‘?ﬁﬁ%'&gﬁﬁ%&g@?ﬁ%@%ﬂgé%t@h%%”ﬁ%‘%ir?” %%%O‘iigaée%ﬁfj\thasaégrﬁéﬁe%%‘(ﬁgse'eCtE’d
; : pled with said radar signal protessor, detecting objects in the s€ene and
the correspondiagdivestieashtindraidbast selanged saisseesmidafieeii@ramapandsoacietipediap, said
clutter map signal corresponding to reflections of the transmitted continuous wave
frequency modulated radar signal from a scene;
a processor including:

15 a radar signal processor, coupled with said receiving array, said
radar signal processor determines a scene reflections map, said scene
reflections map includes entries representing reflection characteristics
from each selected location in said scene, said radar signal processor
determining each one of said eniries according to a respective

20 composite signal associated with said each selected location,

said radar signal processor determining said respective
composite signal according to filtered received signals corresponding
to the range associated with the respective selected location, said
filtered received signals being determined according to received

25 signais received by said selected ones of said receivers, by filtering in
each received signal, the same frequency band corresponding to the
range associated with said respective selected location,

said radar signal processor further determining said respective
composite signal according to adjusted phases of said filtered received

30 signals, said adjusted phases corresponding to the direction associated
with said respective selected location;

a detector, coupled with said radar signal processor, detecting
objects in the scene and the cotresponding locations thereof according

to said scene reflection map and a clutter map, said ciutter map
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includes entries representing clutter reflection characteristics from each selected location in said
scene; and a power controller, coupled with said radar signal generator, with said transmitter, with
said receiving array and with said processor, after said transmitter transmitted said radar signal and
said receiving array received said signal corresponding to reflections of said transmitted continuous

wave frequency modylresadanipies abraisbROME ERAMFUSIES R doVA-RLIRaRLaRePfsrid radar

signal generator, said transmitter and said receiving array. The system according to claim 1, wherein

said power controller RFAEEHREEHBNIN A 5ieRRRsBPfter said radar signal processor processed
the received signals anghsagrasipainsielanipbaaifnbierts indhe SeRae gEhssYsieRiArearding to

claim 1, wherein said radar siggnal processor is further coupled with said radar signal generator, and
wherein said ra62R SRSl profBsSGIGUFBRS VINGU ALY ANl NI iR Zeio carsWe alicyBaishly zer at
leagt analyzes ihamEemuaneigashied esaiyad signalgil ahleashisaralizgingdharaceisafrgguencies

to correct the different attenuations of the received signal at different frequencies. The system

according to clSRF1SIAMRF G 38 AdLISsign Toiels RiikalthEensraliRrrGoRtnURIS MR former
determines saig¢rsgeardieiigstiongsuaRdbERSBIE M ACoEHRY I AlRMt e elid RACk Saikentry

includes a set of values representing reflection characteristics associated with the location

corresponding BY€H8 SH2AN SI9NRRsRfAleN SRAH IoRRUiek At Rd reReMI® @iavacteristics

corresponding to each entry by determining a range map for each selected location, said range map

includes_the refl?gion characteristics of a{)[urality of directions at the selected range corresponding to
Yy

the Bntr-said LPGEHSEHENESHPTHE AR B drraisRIINGAIE PRWSRSPNEOTRE Bitiemsatsrding to
claim 4, whereigosaieragdasrsigaaddirapessandnalddesigeaiivs chaacterirticsdataraiaaiaresaid clutter

characteristics determinator determines said clutter map, and wherein each entry in said clutter map is
associated wittF 9BADARLRAAGIEEIL A FGEEHSH 1 QRincis dh dhe 895%#itry includes a set of values

representing the clutter reflection characteristics respective of that location. 7. The system according to

claim 6, gvhere'uﬂ said signal parameters are selected 10from thedgro%p consisting of:
. he system according to claim 1, wherein said radar signal processor is

15 further coupled with said radar signal generator, and
wherein said radar signal processor further includes a frequency
analyzer, said frequency analyzer at least analyzes the frequencies of the
received signal and at least equalizing the received frequencies to correct the
different attenuations of the received signal at different frequencies.
20
4, The system according to claim 1, wherein said radar signal processor
includes a beam former, said beam former determines said scene reflections

map.

25 5. The system according to claim 4, wherein each said entry includes a set of
values representing reflection characteristics associated with the location

| corresponding fo said entry, and
wherein said beam former determines reflection characteristics
cotresponding to each entry by determining a range map for each selected
30 location, said range map includes the reflection characteristics of a plurality of
directions at the selected range corresponding fo the entry, said system

orients in the direction corresponding to the entry.
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received energy levels; the phase of the received signal; the statistical characteristics of said received
energy levels; and the statistical characteristics of said phase of the received signal. 15 8. The system
according to claim 6, wherein said clutter characteristics determinator determines, for each entry in the
clutter map, a detection threshold respective of at least a selected portion of said clutter reflection

charactegistics, japd 20wReteiR-aIdigaeopEgieclS apahist Iadhe s58aF ‘Q’%%%ithﬁré?!a%%% n

characteristics the respective threshold thereof. 9. The system according to claim 6, wherein said

detector deterniitGbidfe SroBHEmity thatantesisiics clritrminaielecaaitdirkdion abesachey stics detection
25probability fungiiemiMdiereidieidinte ity fHacHoR, s prgdetermined, and  wherein said clutter

characteristics determinator determines said detection probability function for each location in said
scene, at least accordiipt&ithe @dGtergefyctibn saifactbHbsics mesociatedssithiatach 3@ibcation. 10.

Thesystem aceaitl IpdiAiTGIaUherci sAishol\es ahaseris sl dsiBUTRAIGIduriper pgates said

clutter map according to said scene reflection map, and wherein said clutter map is determined
according to a NHgaerieRieRPIEnGR B GHUBEE CraiterbivectiRliRr askaristics. Teepeptteen alcdbading to

claim 1, whereig,sgighprocessor further includes an

7. The system according to claim 6, wherein said signal parameters are selected
10 from the group consisting of:
received enerqy levels;
the phase of the received signal;
the statistical characteristics of said received energy levels; and
the statistical characteristics of said phase of the received signal.
15
8. The system according to claim 6, wherein said clutfer characteristics
determinator determines, for each entry in the clutter map, a detection
threshold respective of at least a selected portion of said clutter reflection
characteristics, and
20 wherein said detector detecis an object in the scene when the

reflection characteristics the respective threshold thereof.

9. The system according to claim 6, wherein said detector determines the
probability that an object exists in a selected direction according to a detection
25 probability function,
wherein said probability function is predetermined, and
wherein said clutter characteristics determinator determines said
detection probability function for each location in said scene, at least
according to the clutter reflection characteristics associated with each

30 location.

10.  The system according to claim 6, wherein said clutter characteristics
determinator further updates said clutter map according to said scene

reflection map, and
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5interference nuller, coupled with said beam former and with said detector, said interference nuller
determines the effect of an interfering object on the signals received by each one of said receivers,
and alleviating the effects of the interfering objects on said scene reflection map, said interfering
objects are defined as non-stationary objects located in the selected range and in 10directions other

than the selected diregligiesaid seleciefianasAned SaldsRIGRIAd it qge&p%r;ggpnsaid

selected location. 12. The system according to claim 11, wherein said Interference n etermines
the effects of tHuaistaiesrR g bFreaa $ArgEANENARS. 15wherein said beam former constructs
said range maps while attenuating the reflections from the interfering object. 13. The system according
to claim 1, wherein said radar signal processor further includes a compensator, coupled between said

frequency!analy#& 8YRISItPLOCKHNO BRI e WRAIGIBoRRIR MEaRRSSHT SettheTevtiugesoibhysical
phegomenon, arg@Miiercis SAMLPYSIEALARGRCDEI VL S 7iAIeH Simifie SLvRaRRRistingQF

coupling between receiving antennas; cross talk between receivers; 25coupling between transmitting

antennas and rE¢@RARENERERISE dateratiResstoe sfesisbmmiviedennggciitsheasthe signals

received by each one of said receivers, and alleviating the effects of the
interfering objects on said scene reflection map, said interfering objects are
defined as non-stationary objects located in the selected range and in
10 directions other than the selected direction, said selected range and said

selected direction corresponding to said selected location.

12. The system according to claim 11, wherein said Interference nuller
determines the effects of the interfering object on each range map, and
15 wherein said beam former constructs said range maps while

attenuating the reflections from the interfering object.

13.  The system according to claim 1, wherein said radar signal processor further
includes a compensator, coupled between said frequency analyzer and with
20 said beam former, said compensator corrects the effects of physical
phenomenon, and wherein said physical phenomenon is selected from the
group consisting of:
coupling between receiving antennas;
cross talk between receivers;
25 coupling between fransmitting antennas and receiving antennas; and

effects of objects on the receiving antennas.

14. The system according to claim 13, wherein said physical phenomenon
includes the effects of one antenna on the other antennas,

30 wherein said physical phenomenon further includes one of effects of

metallic objects in the vicinity of said on said receiving antennas and said

transmitting antenna and effects of changes in temperature on said system.
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14. The system according to claim 13, wherein said physical phenomenon includes the effects of one
antenna on the other antennas, 30wherein said physical phenomenon further includes one of effects of
metallic objects in the vicinity of said on said receiving antennas and said transmitting antenna and
effects of changes in temperature on said system. 15.The system according to claim 1, further

comprising, a tragples apuplasbwitiasridsleiaror SaifRbiest ke Sletqratnilg He aBie it
characteristics of the detected objects and determines object corresponding to targets from the

detected objecit ARG oSt AR ERakae datarainngstheneigstchalastedrip sodithe 15,
wherein said tr@@f@ét@ﬂmﬂff%%ﬁ? HRIGIAHORIS BpfbaetesmingikuBRIstef iQFSEa‘?§t$%6ﬁ9C{Hgngly’ and

wherein said power controller shuts down said tracker after said tracker determines object
corresponding #FI&RRICRIRCIaBEEOBINGdrRsRId @ipclRBaspsierstesording to claim 15, further
comprising a communications transmitter coupled with a control station, with said detector with said
tracker and with said power controller, said communications transmitters transmits information relating

to the detBeted UetysiR Secosiing tlaim sty v amsinasaiddiweka futhearassiiemsaist is
further coupledtmyé@agﬁgg@@fnﬁﬁgj;qg@%@¢%@g&@§@gﬁgﬁ,@ﬁ@§mrammits information relating

to said targets to said control station, and wherein said power controller shuts down said

communications transHiREF AR AawBhrANKRIGIcH s Aomneriddraskerattangaiddraniesn.

determines object corresponding to targets and targets of interest.
10
17.  The system according to claim 15, further comprising a communications
transmitter coupled with a conirol station, with said detector with said tracker
and with said power controlier, said communications transmitters transmits
information relating fo the detected objects to said control station, and
15 wherein said communication transmitter is further coupled with said
tracker, said communication transmitters further transmits information relating
fo said targets to said conirol station, and
wherein said power controller shuts down said communications
transmitter after said communications transmitter transmitted said information,
20
18. A low energy radar system comprising:
a radar-signal generator generating a radar signat;
a transmitting array including a piurality of transmitting antennas and a
plurality of transmitters, each antenna being coupled with a corresponding
25 transmitter, each transmitter being coupled with said radar signal generator,
for each direction associated with a selected location in said scene, selected
ones of said fransmitters simuitaneously transmitting respective continuous
wave frequency modulated radar signals each with a respective adjusted
phase between said selected ones of said transmitters corresponding to said
30 direction associated with said selected location;
a receiver, coupled with said radar signal generator, receiving reflected
signals from said selected direction in said scene;

a processor including:
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20 18. A low energy radar system comprising: a radar-signal generator generating a radar signal; a
transmitting array including a plurality of transmitting antennas and a plurality of transmitters, each
antenna being coupled with a corresponding 25 transmitter, each transmitter being coupled with said
radar signal generator, for each direction associated with a selected location in said scene, selected

ones of said transmitters sinyIgAgPUH HiaRIBELES  TRIRRAEVEFRT IO Y NAYS: regrengsmodulated

radar signals each with a respective adjusted phase between said selected ones of said transmitters
corresponding to saidSi@ifile iBRESICiABIEr WifESaidl KIBPRJRIREIIMS Maned@r se60Bled with

said radar signal gengeaigEEREE VAR RERRISE slanals fasresaitiR]SHIRI-HBRCER LRAIdReeNe: a

processor including: a radar signal processor, coupled with said receiver, said radar signal
processor determinesEPEtERETcTRIEHPE IPEH YR Seid Sremestivns FRds nRRISRERERSSOr

repegsenting reflectiop gharagipisticadiParachrsgaried ipration i saithgcane ssaiddadarsignal

processor 5 determining each one of said entries according to a respective composite signal
associated with said S&¥RRsEBSIONR Arneciated yiih said sigpRIsHisctad dperttemmining said

respective composite signal gagrprding e fligred reselesssionalAarmrRndingil thespngse

associated with the respective selected location, said filtered 10 received signal being determined

according to received Qg siecH@ehpeepidiegdn dilionptitansipdesign sbconreanaghingtie same
frequency band corregponging:tadbsdianae wiranRiedpithisaidLrnegtive srlpctes dogation:

said radar signal processor further determinir;g the adjusted 15 phases of each said continuous wave

frefliency modulated TagRivefysigsal being drtemiined prepiing: iod eagiresi glanal seesived detecting
objects and targets inghe sggneangvibe ogyrearsiilingloealion thergobaceiding @ saidsqgne
reflection map and a clutter map, said clutter
frequency band corresponding fo the range associated with said
respective selected location,

said radar signal processor further defermining the adjusted

15 phases of each said continuous wave frequency modulated radar
signals;

a detector, coupled with said radar signal processor, detecting
objects and targets in the scene and the corresponding location thereof
according o said scene reflection map and a clutter map, said ciutter

20 map includes values representing clutter reflection characteristics from
each selected location in said scene; and

a power controller, coupled with said radar signal generator, with said

transmitters, with said receiver and with said processor, after said transmitiers

transmitted said continuous wave frequency modulated radar signal and said

25 receiver received said signal corresponding to refiections of said transmitted

continuous wave frequency modulated radar signal, said power controlier

shuts down at ieast one of said radar signal generator, said transmitters and

said receiver.

30 19. Low energy mapping radar method comprising the procedures of:
determining a clutter map of a scene;
transmitting by a transmitter a continuous wave frequency modulated
radar signal toward said scene, said continucus wave frequency modulated

radar signal being generated by a radar signal generator;
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20 map includes values representing clutter reflection characteristics from each selected location in
said scene; and a power controller, coupled with said radar signal generator, with said
transmitters, with said receiver and with said processor, after said transmitters transmitted said
continuous wave frequency modulated radar signal and said 25 receiver received said signal

corresponding to refleesissisiag Sjceisansatitieteerptious wavR frenusnenmadialed caasional,
said power controller shuts down at least one of said radar signal generator, said transmitters and said

receiver. 3019. PORYeASRTP RENBISP PRI SORRERAILHIS Sridrlipaiio proet tha depsmitteshsiana a clutter

map of a scenefrom sRNSBRIEEY by a transmitter a continuous wave frequency modulated radar signal
toward said scene, said continuous wave frequency modulated radar si%}al being generated by a

radar signal generatoPrOCESRIREIRNF R RGRRSOF AP R ACeMBe SIDBALS b dRIBAAIRSIR SREGEVIng
array a respectiegisigionl eaEesrendinginsefieatiensef thewansmitied signabliorasaderapie;

processing by a processor the received signals to determine a scene 5 reflection map, said scene

reflections map TGGHRE ERaTESIREISE R rarbcasieelod deratiat d et ci@nse8&UaB8ation in
said scene, eaqlf @aricbpRIdCHEifg BRiRgARISINIBESHarRPIIING 0P ELERECLYM F05MROS I sioNal

associated with said each selected location, said respective composite signal being determined

according to filtBFEAAB PR §RR RAC BResRshINREvthe range associated with the respective
selected location, saidsfiiteredpeeaivedorgnaindsipadaiemynadancprting o raraivesiignas, by

filtering in each received signal, the same frequency band corresponding to the range associated with

saitPrespective SERINES RIIARISH CLRSPORDBS P hi5al Hodify RetReRRAWI M bR EESRARE'®
adjusted 15phassisstbaaisthiliore s ereginerbaignatsvsaidigaivstedinhanas crmesransinging the
direction associated wiéh said re%pective_ selected location;
received signals, by filtering in each received signal, the same frequency band
corresponding to the range associated with said respective selected location,
said composite signal being further determined according to adjusted
15 phases of said filtered received signals, said adjusted phases corresponding
to the direction associated with said respective selected location:
detecting objects in the scere and the locations thereof, at least
according to the scene reflection map and the clutter map; and
shutting down at least one of said radar signal generator, said

20 transmitter and said receiving array, after said procedure of receiving.

20.  The method according to claim 19, further comprising the procedure of:
tracking the detected objects in the scene; and

classifying the detected objects.

25
21.  The method according to claim 19, wherein said procedure of processing said
received signals includes the sub-procedures of analyzing and compensating
the received signals;
analyzing statistical characteristics of the clutter in a scene; and
30 nulling the interferences in the scene,

wherein each entry in said scene reflection map includes values
corresponding to parameters corresponding to said received signals, each

value being determined from a range maps corresponding to said entry, each
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detecting objects in the scene and the locations thereof, at least according to the scene reflection map
and the clutter map; and shutting down at least one of said radar signal generator, said
20transmitter and said receiving array, after said procedure of receiving. 20. The method according to
claim 19, further comprising the procedure of: tracking the detected objects in the scene; and
classifying the dgigethaBioriaugas nthednathon aReingpAAILAS shergin g grogedure of
processing said reCeived Signals includes the sub-procedures of analyzing and compensating the
received signalgirections at tagagnaspserisaias oMibestidistideyof the clutter in a scene; and 30nulling
the interferences in the scene, wherein each entry in said scene reflection map includes values
corresponding to parameters corresponding to said received signals, each value being determined

from a radye mape coptbsgorriintiivesindcaitry 2davihergigesadpiackdies the metivigadodigesls
parameters froganluality pf diseetions ahthadanan %%giﬁtgﬁ miéhs%gﬁ%ﬁ%%%%?em @g&'ﬂod
inclu e effett of an

according to claim 21, wherein said procedure of nulling es bdetérmining t
interfering objeéénahsaiihregsivsisivatchyelgeminiraothaiefiedsivt thainatéednginibigehereffects of
the interfering ohieet on @%qarﬁnge map, wherein said each said range maps is re-constructed for

each selected location while nufling the reflections of the interfering object.
wherein said each said range maps is re-constfructed for each selected

location while nulling the reflections of the interfering object.
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