LOW ENERGY RADAR SYSTEM FI ELD OF THE DI SCLOSED TECHNI QUE The di scl osed
technique relates to radars in general, and to | ow energy radar systens, in
parti cul awo 2BAGKGEROUND OF THE DI SCLOSED TECHNI QUE Enpl opCmgLzoadenoo?sy st ens
for detecting intrusions into protected areas is known in the art. Such

radar systens transmt gnOwW ENFRGYRADARSESTEMr d the protected area
(i.e., either oommi-directionally or toward a selected sector) and detect

and anal yze reflections of the el ectronagnetic wave fromobjects in the
protected area. The reflections o e el ect roma'%&%h% wave are analyzed to
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least the existence of objects and may further be determined, the position

15 and additional properties of the objects. These properties may be, for
example, the location of the object (e.g., relative to 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 object). Typically,
State the art, radar 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 the protécted area using
an array of antennas (i.e., a transmitting array, a receiving array or both).

U.S Patent No. 6,573,857, to Fullerton et al, entitled "System
and Method for Intrusion Detection using a Time Domain Radar Array” is

25 directed toward using a sparse array of time modulated ultra wide band
radars for intrusion detection. The system to Fullerton includes a plurality
of Time Modulated (TM) Ultra-Wide Band (UWB) radars (abbreviated 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 toward the protected area. Each TM-UWB radar receives reflections of
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an object fromeach TMUWB radar is determ ned according to the
time-of-flight of the pulse (i.e., fromthe TM UMW radar to the object and
back to twe 200wdgéBsr adar). The position of the object i gCciatmnovess
according to the ranges of the object fromeach one of the TM UVWB radars.

Thus, t ligesy StRiBrhitebUbliISEs drorprsisibets i tHRdprotctRae apéat MEheragsiafd ar ea.
Wth a stationary target, each signal received after an initial scan of the

noni t or esh abeectmfidmappehr TlHbMGhtisaldryis determinedvnaceardingh o dae
novenent. within the m)nitorezi area wll ? he characteristic of the

recei veé‘r&ﬁ*‘@ﬁﬁiightl ohine puiss &l siftpTal thea M-@@/N FReRIsTG the oblgesand

) ) . . - . . . g
Subt r acank Ko eHFEREC g T dbe BB, BBt AEBIR st S NSH ¢ her e
IS np MyBRRRhgMd fthe F é@@ftﬂfé%kﬁ%&afﬁﬂﬁ SYEH A TSCie evisuppe!  and
each succeedi ng received signal wll "be substantially 1dentical and no

si gnal vabarg.esThusf dheowysigny hip Fulllertort ireafe e gadar f imagenehtthdoes
occur within the nonitored area, a signal will result after the subtraction
process profadied ateat i onary target is present, each signal received after an

initial f i tored By b ially identical. .
Physi cal rovere NIt 8 AUBRE A ok cePdf cHalel TOGRVER R A Eak st i c
Cbner oy SCBR KEne: Aftiifred Ardd SHlI¥ B8P A ia Ea1slneugsaged to

.’THEQH
generate a nom nal recelved si € aver age re@gl vea Ssignal IS

subtip actppysidalmeasmedit witedithe rheniorstasegnall alter ded ehairaeteristic of
novenment . SUMVARY OF THE PRESENT DI SCLOSED TECHNIQUE It is an object of the

di scl osddetreceiMaslsignaipr ovhelscacivedesignal® ane epntinugaislyrevesaged ia
systens. I n accordance with the discl Eseﬂ. techni que, there. is té‘%gs provi ded
e 'S a

a | ow elENFFaRadNAPRalecrives TiBRhded Ne BYEIRIS] [RRRIVEEndo
{ransm 4 Biradtedi G £l Beedingl RE5598E BRaR PAYCEAEA! VS if The

receiving array includes a plur

there is no movement within the monitored area the average received

15  signal and each succeeding received signal will be substantially identical
and no signal will result following the subtraction process. If movement
does occur within the monitored area, a signal will result after the
subtraction process. With a stationary target is present, each signal
received after an initial scan of the monitored area will appear

20  substantially identical. 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 is subtracted from each succeeding received
signal to determine movement.
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of receiving antennas and a plurality of receivers. The processor includes
a radar signal processor and a detector. Each receiver is coupled with a
corresporipreglenstssana. The radar signal processor is cokpran2oa/odeotshe
receiving array. The detector is coupled with the radar signal processor.

The power contgQMMARYE GPTHEPRESEN TOISTROSEDFECHNIGIES, with the

transmtter, wth the receiving array and with the processor. The radar
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15 the receivers in the receiving array receives a respective signal

corresponding to reflections of the transmitted radar signal from a scene.
The radar signal processor determines a scene reflections map. The
scene reflections map includes values representing reflection
characteristics from each selected location in the scene. The detector

20 detects objects and targets in the scene and the corresponding location
thereof according to the scene reflection map and a clutter map. The
clutter map includes values representing clutter reflection characteristics
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 transmitting array, a processor and a power
controller. The fransmitting array includes a plurality of transmitting
antennas and a plurality of transmitters. The processor includes a radar

30 signal processor and a detector. Each transmitter is coupled with a

-3-



processor. The radar signal generator generates a radar signal. Selected
ones of the transmtters sequentially transmt a respective signal toward a
sel ect ed wWpreowdsesssi n a scene. The receiver receives refPCeatmdosiogrsal s from
the selected direction in the scene. The radar signal processor determ nes

a scene dRfdRIAARG dMBNNENENE GHAEE theThast syl ehdratdrudThev@lcedser
representing refleCtion characteristics fromeach selected |ocation in the
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and a clutter map. The clutter map includes values representing clutter
15  reflection characteristics from each selected location in the scene. The
shuts down at least one of the radar signal generator, the transmitting

array and the receiver.

In accordance with a further aspe'ct of disclosed technique,
there is thus provided a low energy radar method. The method includes
20 the procedures of determining a clutter map of a scene, transmitting a
radar signal toward the scene and receiving by each of at least 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
25 scene reflection map and detecting objects in the scene and the locations

thereof at least according to the scene reflection map and the clutter map.



di agram of the | ow energy radar systemof Figure 1A in accordance with an
enbodi nent of the disclosed technique; Figure 2A is a schematic

i 11 ustratworropfosessBow ener gy radar system constructed amdTApEn@&bG00E i n
accordance wi th anot her .enbodi mrent of the disclosed technique; Figure 2B is

a schematic illustr BREF PESCRIPTIONCRITHE DRAVVINGS of the | ow energy
radar system of Figure 2A, in accordance wth another enbodi nent of the

di scl osed t echniThee;diSclpsed $edhmigueenilbdd amdenstand randbappresiateda scene,
i n accordance with a further enbodinent of the disclosed techni que; Figures
4A, 4B, mere iBly fam ive folowingdatailed deseription sakernin SORBIIMIIOMMTD a Tow
energy radar is used, i.n_accordance wth another enbodi nent of the

di scl os %@@Mﬂ?%ﬁé’? Wﬂ'ﬁnre 4C, which is a schematic illustration of a

fangg mp. genefablie I PACKLRL S chbnalic! IRGERAHGACSS Y tiBuA ddighefadubod ment

of the disclose chnique; Figure 4E is a range map generated for a

| ocat i onsyasrd consthetedensd ioperative én 42condancerwitnes eimbodinwriieof

enbodi nent of the disclosed technique;, Figure 4G which is a range map
gener at etief discloseddechoifurised on the scene in Figure 4F in accordance wth

a further enbodi t the discl d t.echni : Ei [ ] ti
il ﬂst ration ofI 'Suf%g g@e?aégﬁeﬁ%ﬁ@t L g %lﬁ%gﬁﬂ’f:) g{;i\@/g(,;\?qrﬁugg dalnge
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illustra n-of “a nme processi ng rece si gha roma scene, in
accofdange emhibdditndrtr dftbe @isbldisterichaiqudie di scl osed technique; and Figure

7 is a schematic illustration of a receiver constructed and

Figure 2A is a schematic illustration of a low energy radar
system constructed and operative in .accordance with another
embodiment of the disclosed technique;

Figure 2B is a schematic illustration of a power versus time

15 diagram of the low energy radar system of Figure 2A, in accordance with
another embodiment of the disclosed technique;

Figure 3 is a method for detecting objects in a scene, in
accordance with a further embodiment of the disclosed technique;

Figures 4A, 4B, and 4D, and 4F are schematic illustrations 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 schematic illustration of a range map,
generally reference 420, in accordance with a further embodiment of the
disclosed technique;

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



operative in accordance wth another enbodi nent of the disclosed

t echni que. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS The di scl osed t echni que
over comeswoOhelodissssdvant ages of the prior art by providi rgTALTIOWE@I00TSOW
energy radar system and nethod, the radar system operates at a | ow

transm ssion d“tFYQtﬁiéC'@ i Nar aRhneAiS T NisRABh DS SbRAtERErRf dmRiIreof .
Furthernore, the Tow energy radar system of the disclosed techni que enpl oys
ei t her zonsteiciedainar oFera:t'rveairt nsosrdandenwitir apgther doibodimeatiofithg from or
transmtting toward selected directions, thereby enabling the power

di ssi patdigglosggiteannigugssoci at ed wi th nechanical ly scanning an area (e.g.,
with a rotating directional antenpa).,to be reduced. The | ow ene radar
syst em accor di ng'8¥& e'%?s%ﬁ%@@@%é%ﬁ%ﬁ i%qt @JBPM‘?;OE%?Q?/%%HQO det ect
obj ects | f tect o i a pl ant
or af arPReheR Ybel: Bord'a SoBRE) REARRARuRRGE it M ARERIBISIAt 21 e

i 11 ustrayfitga disclaseaueensiogic; ahr system general ly referenced 100,
constructed and operative i n accordance with an enbodi nent of the disclosed
t echni que. Low drigurgy7 iadasclgsiadin illostratien wdes receiddacosstjbatedyandr at or
102, a transmitter 104, a transpitting antenpa /106, a receiving array 108,
a procef@ralyg iy decRidanss: rwith caneier aeregﬁﬁimﬁéﬁt?{)n@et rdo{ﬁ‘gf'??? er 120
and a ngmﬁf (ﬁ%ti ons antenna 122. Processor 113 includes a radar signal
process WY det ect or 116, a tracker 118 and an interference nuller
119.4o9Receiving array 108 includes a plurality of receiving antennas 1101,
1132, ... , 110N and a plurality of receivers 112-j, 1122, ..., 112N 1In
Figure 1A, transmtting antenna 106 may be an omi-directional transmtting
antenna or a directional transmtting antenna (e.g., horn antenna, Yagi
antenna). Thus, transmtting antenna 106 may transmt only toward the
directions associated with the directionality of the antenna. It is noted

t hat



transmtting antenna 106 does not mechanically scan the protected area.
Furt hernore, each one of receiving antennas 110i, 112 110N, may be an
omi - di r ew0I201I868At enna or a directional antenna (e.g. PCA/Thmioro@nIsenna, a
Yagi antenna or a printed circuit antenna). Thus, each one of antennas

receiving 1101, REFAILED DESCRIPTIONORTHE EMBODIMENTS directions
associated with the directionality of the antenna. It is noted that when

radar system 100Hes distloped riechniduey cuereomess tHedldisadaantages of theN are

positioned at known relative positions (i.e., locations and orientations
there bérigeart Medsoviding annevehdowienerayi gdar system W%&P%%S be :
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area, krtherdigsloske tewhnidwdenabloybesitvdremmecdiwang patadyeona fPamemittiogt r ol | er
117 is coupled with radar signal generator 102, with transmtter 104, with
recei vi rajray rafybotig, radeivingr oas obr transmilinowiawarch selgtteg: dsastiensnsni t t er

120. ' | ' ittt .

wih ¢ 2B anahAg ol - BoweRaBinsRalth) WaRaN: A REHRER: Bt oupl od
i t | by N |
Coupt ea TP oAy et Hing < BuE el AT, Fotathirirethcnal apgednd?™ = |

10N @nd twi b& reddaedsi Tnal low eeesgpradad syBasarasiardiig o ahesdisclobed i s
further coupled wth radar signal generator .102, with detector 116 and with

i nt er;ertenbeiquﬁl :iertypi@allyl'rempb)yeﬁlam detesippbiecis t in dbeeviconitn1¢f @ t h
interference n er 119 d wth co ni cat,ions transptt 120.

| nt or f orRIRLECtREI 38R (B16.. The EmEleT A PRNLGT N APSRor 116,

Communi cations t L LLer | r it : NniLCakj t

122 and i th detozehadls Rvithate] 1o PIBURE PA; MRGRTRDC Seh Bt brne
| east dgfigsfratidyi 60 é’?lowténé@ﬁﬁtr%@a@t systens! efrlevaly | msferémced pto0ect ed

area or scene. To tha
15 constructed and operative in accordance with an embodiment of the
disclosed technique. Low energy radar system 100 includes a radar
signal generator 102, a transmitter 104, a transmitting antenna 106, a
receiving array 108, a processor 113, a power controller 117, a
communications transmitter 120 and a communications antenna 122.
20 Processor 113 includes a radar signal processor 114, a detector 116, a
tracker 118 and an interference nuller 119. Receiving array 108 includes
a plurality of receiving antennas 1104, 110,, ..., 110y and a plurality of
receivers 1124, 112,, ..., 112y. In Figure 1A, transmitting antenna 106
may be an omni-directional transmitting antenna or a directional
25 transmitting antenna (e.g., horn antenna, Yagi antenna). Thus,
transmitting antenna 106 may transmit only toward the directions
associated with the directionality of the antenna. It is noted that
transmitting 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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end, radar signal generator 102 generates a radar signal. This radar signal
may be a continuous wave (CW signal (e.g., a sine wave signal, a chirp

si gnal trepenioasesssduri ng a transm ssion time- peri od) oPCﬁﬂpﬂﬂWﬂMDny of

pul ses (i.e., also transmtted during the transm ssion tine-period).
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di ssi patthere CBetMm@reneR@mei\ﬂdgraﬁmw 190, dl@Lj ve ,1t0prinay arsto b@dars
The transm tted signal reflects off objects (i.e., statlonary or novi ng

obj ect s)pasitiemed siterse I(nﬁwn speometaealustructwee fergyy giegddar, s§ausre 100, back
00. Each, of at, | east, sel
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recei vergordinicafldrd transmi’eﬁb?"*lZ(FOf"l'r%ﬁ%Wﬂ{tér M2ER further coupled with
15 transmitting antenna 106 and with radar signal generator 102. Radar
signal generator is further coupled with receiving array 108. Each one of
receivers 1124, 112,, ...,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 nuller 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 transmitter is further coupled
with communications antenna 122 and with detector 116.
25 In general, radar system 100 attempts fo 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., a sine wave signal, a
chirp signal transmitted during a transmission time-period) or a plurality of
30 pulses (i.e., also transmitted during the transmission time-period). The
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transmtter 106 transmts a CWchirped signal, via identical non-coupled
ant ennas, radar signal processor 114 filters, in each received signal, the
same frequernei/dsessd corresponding to the sel ected rangepramdLzd)/o®078 he
phase of the flltered received signals to orient system 100 in the sel ected
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700) i n ieeigoBnterney BRroy e GRET el peconiE sk dUBL VB ohi 1R

repre t

[ ocat ol HRe T § ‘tﬁ%é&f‘ect%ﬁ% HRLALEF ookl o dhel SpRGEHEE Snal Dl

the ayveragestaRfaly reaveksf tempoer! @eaigatior iof dow @w@r@gera@@ersg;sténvel of
the conposite signal associated with the Iocation) and the average

conposi t 00 etlajivertorpridreard sadaspondi ng | ocation (i.e. delay of the

conposite signal__associated with the | ocatiqp). .Each entr n the clutter
map may further [@|{iagsay ?@s?'gﬂér reflge tQ%F %QJ?EES éé%ocgtﬁt'@@%ytﬂ t he

Chtt o GEMHERbMRSI LR S50k (65 fafry BEniPBICORed e Sifey |ove e
my ; u te *yg«g . :Hggdkuggmﬂﬁérifclgr\@rbﬁéﬂg%s?%éﬁ JystesRCiDt:! UBRN Ioff latEQbaQﬂ
15 selected ones of receivers 1124, 1125, ...,112y receives, via the respective
ones of receiving antennas 1104, 110,, ...,110y, a respective reflected
signal corresponding to reflections of the transmitted signal from the
scene (i.e., the selected ones of receivers 1124, 112, ...,112y
simultaneously receives signals from all the directions corresponding
20 thereto and from all the ranges). Each one of the selected ones of
receivers 1124, 112, ...,112y provides the received signal thereby tq
radar signal processor 114. Radar signal processor 114 determines a
composite signal associated with each selected location (i.e., a selected
direction and a selected range) according to the‘ received signals received
25 by the selected ones of receivers 112, 112, ...,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 filtered received signals to orient system 100 in the selected

s0 direction. Radar signal processor 114 then sums the filtered received
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expl ai ned bel ow. During object detection, radar signal processor 114
processes the received signals fromreceivers 112i, 1122, ... ,1 12N and
det er m nesoa0p0Brsssr ef | ecti on map. The scene refl ecti ongcmap2aicedontes t he
val ues representing the reflection characteristics of all of the objects

| ocat edsﬁ%él Bgclﬁ(gﬁee@hé%b@@ﬁeis:rgﬁénea§§@agté&-vmm d [ReFionNOWFRS, nMoVi ng

car andh ns). ar to the clutter map, the scene reflection mp may be
a mat ritrarlsmitteent 04 transheittaelt the redars samalt atdwirebelwingrarapom@8ng

sel ected location (i.e., a corresponding sel ected range and a _correspondi ng
sel ect edegeivest themefiestioneofdbericansmiied radar signehdooier canirplienddé a set

f I ti th fl ' i sti f | d
ocat i oR TS 14QRBntAGR] SPdlopBriAr e Raneppier, 1odr abd Gl CCssor
114 d t i t h | It i
ot ed t Y 108 (EHA CGiie R O RGPl P12 B e oh B 28arTlne' 1,)°

1122, . theydbfl2N simul taneously receive, via a respective one of receiving
antennas 1101, 1102, ... ,1 10N, signals reflected fromall |ocations in
the scene. HoweWRriqr toadbject idgtactipn,oaskss @ignakpmersses k!4 detersaisesed

signals to determ ne the reflection_characteristics gnl,y fromthe sel ected
| ocati ors (F|Hﬁ?ﬁe”§9cperﬂ-f ?fp_ee_s,cepﬁe s@ﬁ@clcﬁﬁ%qroéa?PoH‘aHdéﬁt {hféc q’s'grc’i ly

corresp o] h | O rom-which ¢ h rf&tf—'d' t he

si gnal S?EB%%%@I‘LQ g&"eﬁ gerﬂoé(gfeig)yoréﬁa%oﬁésﬁ%st h%¢ %é@%{traﬁ@égﬁ beS ow r?’ér:';ry!:i gure
5. Rgdaropjesialbchiad et 39¢ skldctetiovtafsns e tHetRIeNeN sl gs ceaes f ledligsd i ons map
and the clutter map to detector 116. Radar signal processor 114 further
provi degparkeddears).mi Ted cluttee mapl matyi be arapatrix,iint which @ach eotryeis 119.
Detector 116 det ecttg gb' ects in the scene and the correspondi ng |.ocations

t her eof SRRASIRIEAGW 'seepRNdiBg selectRd apaloR (-Fe 81 CRTRFPFRYNOThe term
et et S BHEE Lond LS g Sl Bk fFeLAEhHiafd 16 e
100) in the scene. Each entry in the matrix includes a set of values
15 representing the clutter reflection characteristics respective of that
location. 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 reflection
characteristics (e.g., 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, 112, ...,112y and determines a
scene reflection map. The scene reflections map includes the values
representing the reflection characteristics of all of the objects located at
‘30 the selected locations in the scene (e.g., trees, houses, moving car and
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the corresponding | ocations thereof to tracker 118. Tracker 118 tracks the
detected objects, and determ nes the paraneters related to these detected
obj ects (WOQ@010/85858, trajectory and speed) in the scenePCTARLIH@N004783

determnes if the detected objects correspond to targets in the scene. The

term 't W@%hs)ﬁefsmgmah%qh_@ latter Snappied seepsl RYRIioRNfha MaNblyadet ect ed

obj ects, associated to a single noving object in the scene, which exhibits
at | easmatrixe! eEtel gntrypirpftheampgdtixc lsarassoeiatetli wdth Enesmresponding
targetcharacteristics may be, for exanple, previously and currently

| ocat i os¢legtedhelagafiong (ied.ectdd GEHFRERON nﬁheS%'@@FﬁJ (iragge | gbdt i 8ns at

whi ch th i ng,.d d ' is.| d | at i . . Th
TR R i e R e LA
det egt etABHBE! a 'dki! Sy RERErepBEoRfihg TRESMICBR LRSrRiofIB¢OBS Ghet Mo
novi ng detec edao Ject 1n the'scene. The target characteristics may al so be

t he pregefststednidcatiohecdrreopprdingets tigmabatrghaFaetherirdrec sadar signatovi ng
detected object in the scene or part thereof. Tracker 118 may further
cl assi f probessair jéddsupdates, theushrtercanap ancowtingrtei the spencasdieatienher

th t t tot t f,int t . g. ' t d
Lhe. pr ofBabed b aIPaNNabe a3 NHFANES Abr cat jSatseleled e <core
th h LSt th : | : : th
char act GPCRTELE 1077, 25, o df oo SACUARpBRS, B be A rpobectie 8hel 2 e

(notigsh@fntecdidiply Qitefhatr 24B¢r M8, and1def edignalblbefeordidrgrar alfet er s
associated with a sel ected portion ot the detected objects to interference

nul | er ldeatioredmlthe scare.gddowevdef iadal signal proogsedr dddepranessppect s
char act dheSECENCHRENEIE 1B HRIETTIBe ey 1Rl ECTORCC PR BUBHSS A Db dToMed wit h
Lhese IILPSRLIR BB TE IS Ll Bl Y SRIBeETodn @8 S Frce,
a porti QbcissA\PERESPIRELS Al Of e ld’itiohs fingORIcHthé Nentehaag! s
recei ved by each one of receivers 112 1122, .. . ,1 12N. Consequently,
15  receive the signals). Radar signal processor 114 is further described
below in Figure 5.

Radar signal processor 114 provides the determined scene
reflections map and the clutter map to detector 116. Radar signal
processor 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 to any object
detected in the scene. Detector 116 provides the detected 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, trajectory and speed) in the scene. Tracker
118 determines if the detected objects correspond to targets in the scene.
The term 'target' refers herein to a group of previously and currently
detected objects, associated to a single moving object in the scene, which

30 exhibits at least a selected group of target characteristics. These target
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interference nuller 119 nulls the effects of the interfering object on
scene reflection maps at | east according to the | ocations of the

i nterferiwg20bymesss as further explained bel ow i n conj urctriipiwbdon7sFi gur e
5. After radar signal processor 114 processed the received signals,

det ect o hétjécfé‘ﬂs%g%a?bd)@,cﬂo? éxarhi?ge, mvmﬁw drichelipentiy8otaneks bt he

detecte& ects, determ ned targe targets of Intefest in the scene,
power cdinér nidwving ld&€tevied sbbject amnther csoesteor(i.é1 31dRatiecisoat IM/Bighr dhedes t he
information rel ating detected objects Se: g., location, signal

char act &ne¥ingc detectbot pbjach isderated delathe e asysiem 0020.The dagst 118 may

al so praoyide jnformation pelati tp the . targets and. tar s of i.nterest
(e.qg., rﬂ%@@?’@ﬁ S'B?%C{urﬂ}%r @%t éﬁ?sﬁ%@%{ ooty vﬁ’f?ﬁh?h@?\ﬁpget or
t he ¢l asgiif) |- Qf t ) | 2 { kitfe :
commin; S e (PR (e’ SR 112 SRR Hiicion, B IFERhCLf 1A
i nf or matrheving Quicttdd tarseet i the eceval rihe sadrjst whdracteristieenhayi also
comuni cations antenna 122. Al though in Figure 1A 1 communi cation

t r ansni theerth&2@revdipuise anidr euerssitycempsisie wigmalshehaoacteoisties aof dhe
conmuni cati on tr?nsm' tter

20 be coupl e ith the_cont tati '
T FRoVing, e aB o blant dt diesPena Rl Pag Tharapt. s Tckarol 18 Rgever & °

that co ' | Lide 20 o] NLEAL | enn 2 y be
(et CORRIE? USSR, R S Te S2OnARSEE CBIDARE! HEb e aRehZantRY ©
targgt Qjhéthie?tBebe WhrddtsdRfdspondied esrigrls of mteresdi« gl #armmyoliaga Vi sual
and audio or a tactile indication. After communications transmtter 120

t ransmi ttoward tee gaotedtedtdreacnightdie attargetof iptavest)c obetegtoed 161mayhut s

down communi cations transmtter 120. Reference is now nmg to Figure 1B,
whi ch i staresthrrBaracteriptics pﬁm%ﬁe&ctsdpﬁmpfs/anédga Vlvﬁ%fi ﬁ‘% MAMROTGener al | y

et e s el i B 10 e S8, Ay O SN B HeeRen 1o
it 'ntrfgr \r;glr(heififséﬁé&gz.gg %fééhr e SN ttrddiert MABS BAd edefd@BR! 118PprbYiden
15 p,aramet,ers associated with a selected portion of the detected objects to
interference nuller 119. Recall, a target is defined as a group of detected
objects associated to a single detected moving object exhibiting common
characteristics. Thus, tracker 118 provides the parameters associated
with these groups of detected objecis to interference nuller 119.
20 Interference nuller 119 determines the effect of the interfering object (i.e.,
at least a portion of detected objects are interfering objects) on the signals
received by each one of receivers 1124, 1125, ...,112y. Consequently,
interference nuller 119 nulls the effects of the interfering object on scene
reflection maps at least according to 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 detected
objects in the scene and tracker 118 iracked the detected objects,
determined targets and targets of interest in the scene, power controller

117 may shut down processor 113.
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time periods 152 and 154 represent a cycle in the operation of |ow energy
radar system 100 (Figure 1A). Tinme-periods 156 and 162 represent the signal
transm sswonosvmessecepti on period (i.e., the tine requi Pew/IL10/0@0ETI t t he
signal). Time-periods 158 and 164 represent the signal processing period.

Each one of si Q'IB%te@fd?Cﬁ’r?@'p?GVRﬁs' 18 iffefmatidnldalifg ' Raebicd bbfedtsme of
operation of processor 113." Time-periods 160 and 166 represent 1dle periods

i n whi clietche focation, 106lgdak s charactesstiss ardri aboth) ndopoeemmumicgtioasal |
after the signal transm ssion period 156 and 162, power controller 117 shuts
down r adenssnigiedl12bndracker 102, may Alssirroyd & ooRmatipacal ling tathay 108

Lo ode IS and (RTGEIBF FSolist (GH 1hs dectédintien) sharBGRIEIEs ", | 0°
not ed ”é%%o%é;ea I\gie RS G4 gléo orprtger éagerfrbéﬁaﬁmo?S'tﬂe rrergérj 162, power

controll owers up at [East”r adar signal generator 102 ansmtter

104 and croﬁwunhmlcmer atrah8fitted d20sequedhmunigations strangmiliter12220. .. , 1
12N, Furthernore, prior to prOCGSSInP period 164, power controller 117
power s dfansmoite & deastia partiogexrdhalin qrnwtm@rowdﬁgdheretﬁrntma qadraladar

o di scl osed techni stem

di d
T baEAia (B SRolsfadarant rr%rcr% Bl 22 AUBRUERTI R | ope
apertur%ﬁﬂ&&&ﬁﬂﬂ.ﬁ@%%ﬁgﬁgggﬁ AR sNER B G et ect s

humans at ’a fraxi mumran ers aperture angl e of

30 degr mtmﬂstétr@ﬁoe@mrmmr@t rr@@rsnﬂwer 1H0 208y hé |dod‘1519éd syithi tedur at i on
5 of each of tine- perlods 152 and 154 (i.e., the transmtted and received

si gnal rogpénal tstation M@y wirs) (vgy dwexonables toister pair Banskientike)Thl igur at i on
be ont HOtBAdEWBKoL Sl CpIBHBH lahECrerEtes%ﬁrér TaLShgat R e othese
o o el 225, 3B YERALEPTER, K VABHR, TR AbLehg oR oot
milli- SQﬁ@i‘&éﬁoﬁr\ﬂhéhearpgbﬁctda&érglﬁteroa taﬁgéi()& ifitéridst Watetected. This
15 indication may be a visual and audio or a tactile indication. After
communications transmitter 120 transmitted the data to the control station,
power controller 117 shuts down communications transmitter 120.
Reference is now made to Figure 1B, which is a schematic
illustration of a power versus time diagram, generally reference 150, of the
20 low energy radar system 100 of Figure 1A, in accordance with an
embodiment of the disclosed technique. In diagram 150, time periods 152
and 154 represent the transmitted signal repetition interval, i.e., each of
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 signal 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

30 power. In general, after the signal transmission period 156 and 162,
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(i.e., P2). Reference is now nmade to Figure 2A, which is a schematic
illustration of a | ow energy radar system generally referenced 200, 5
const ructwo 2arvh8eg38r at i ve i n accordance wi th anot her enipodithEne/o@h78 he
di scl osed techni que. Low energy radar system 200 includes a radar signal
gener at ovd0P coftrbll8n ST Shites Ao 148ds sfyridiCgeneratePd02a trdhitieng

ant enna 208, a processor 9, a power controll®er 215, comrunications

transm t14 &Hd retdiving camayi ¢88i (arsd asuresetpuetitl. réceivessot12091024,ncl udes
a radar si%nal processor 210, a_ detector 212, a tracker 214 andacg

i nt er f er.ent2mul IAften pracesginasimet pagodsr A58 2ad i He4.upewes giFallarn y of
transmt}] aptennas 2201, 2 2 N, and a pl Iy t f ..

t r ansni t{ﬁ]ghﬁ_{%zg?wnz@%es.s.or%%'ZEiﬁlnqtﬁaghﬁ'& teﬁA?‘%r@%@%’@i%éB :Bﬂoe[_nna 208
may he = Ll e n f r R Vi ng
ante naq?g&.rgﬁ%h%r'é\ﬁg’ﬁ\étr%g,&\(ggi\l\)egmnEéalfé.} ?Lﬁg,@ééyge%}drtlgéiﬁttgnna 208 may
recei ve gaap! gerfetaYorl MO2 t heardimeksri d0e asspcieteiving tardynel 08 r eodi onal i ty
of the receiving antenna. Receiving antenna 208 does not nechanically scan
t he proteansshusardly. receiess ndi2,, ddéh, one1d2nt r anSirtharmprant Ridasto2201,

222, ... ,220 N, may be an ommi -di{e ti | antenna or a dir ﬁ%l nal

ant enna RI©CgSSINgG H@F‘ﬁdzﬂrﬁ‘grﬂ%{"eWﬁaﬂ rQﬁ%ﬁHZ)POWﬁ[%PPé%r&’ﬁeﬁﬁgf gf aglpennas
2201, 22 : t ] ' ' ' i at ed
w th ¢ nraale e, SAPL TR oL SOME 1ot ARy AR o R0 o'
not e t mcng%gNt@@ﬁﬁiqw%p@wa@%h $hé el yimireansr@niénisg(eag!, enarisn@?0 1,

2202, ... , are positioned at known rel ative positi ons@éi .e.,

| ocat i onecarnitkd rarye ascamsefresbr mibpimaianiobEr aperiurei anglenara eystemor,
2202, . . . ,220 N may al so be poshtioned in ? bnom%g(eoHetri cal ,structure
(e.g. , FOMPOAENtSqUAQS 6xamplearyherhsystame 108 detefts: AIMENE & & ed

S KR SRS, 2 b U SOARR, A SPEHLEE Sl b 90,
constr Ucaé%lgéé LAt bréGesddiessdnatitef poives GGl engRvestiar e diralen as the

mai n | obe .
15 of each of time-periods 152 and 154 (i.e., the transmitted and received

signal repetition intervals) may be on the order of 1 second. The duration

of each of signal transmission and reception time-periods 156 and 162

may be on the order of 10 millisecond and the power dissipated during

these periods (i.e., P4) may be on the order on 10 Watts. The duration of

20 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 milli-Watts
(i.e., Py).

Reference is now made to Figure 2A, which is a schematic

illustration of a low energy radar system, generally referenced 200,

25  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

transmitter 216 and a communications antenna 218. Processor 209

30 includes a radar signal processor 210, a detector 212, a tracker 214 and
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t he antenna beam pattern. Furthernore, receiver 206 and receiving antenna
208 may be replaced with a receiving array simlar to receiving array 108
(Fi gure I1W®.20T0M86858t he recei ving array may recei ve si gnacs/if.zoeomdonss
selected direction toward which transmtting antennas 2201, 2202, ... , 220N

transm G thte HRAEACE PRAIEPIA 16T, i’ré@sﬁttmuéh@} 204 intRdess 8imoedlitgesfer at or

202, with transmtter array 204, recei vér 206, with processor 209, and
wi t h cortramgmitingrentenpas@20er220L6 ... E&20arddd plukalidyriof ttearsipitdrs 2222,
... , 222N is coupled with a corresponding one of transmtting antennas
2201, 28824, 222,220 N223d. vint hiGHBatAsTepRiVINg: AateRA 215> M b8 BF 206 i s

furthercou

Ci'gnal | GPDBEaLsFtianal) <R 6B BMFLRE S 3 Hrdot oA ERIFirtodnieiile 81 gna

process ' r r @f‘?{d ' ey iviai th

det egt oﬁ{oﬁgn@é{%\f%&i 8rllltqer e en@hﬁuf@(’%%ﬂ%%’fe@%ﬂ g&g%lgg ed with
det ect orsigddisasdlyvrom itheedirectnes ausoceated With et elitentiondlity of fthet her
coupled with interference nuller 217. Communi cations transnmitter 2 16 is

further receplirg antennaorRevaidngoastenneeRRS dogs Mt merhadteally ¢8Nand with
tracker 214. |In general, _simlar to radar s em 10Q. (Fi re 1 d
system ié@ %Tﬁ%??'%ﬁsarte@- aEUITtBéE'f“OH%t %@Sh B ﬁghaﬂﬁglf&kn é@%wsﬁ%Qgé?eg ed

Iocatioir%%délr) a ?gr?&tebrrn%}%é’”aﬁoo Yirstt el Qﬁﬂﬁrfé Oqjh]é)zdfrgb%ﬁﬁl 1A,

radar s ge! generates a radar Signal. i's radar signal may

be aocordntBHARS (BaY e 4 NYrrsightahnal vagl Wiitenha)of Phlisesachhend hef radar
signal is a plurality of pulses, t he pul ses may be nodul ated or

un- nodulantednavh2a0sh@20u) ses220e Mahsnaite dsigoatsh tpwesd they dieatiens at ed
the t arRAGERT, WG 16, RS S AEPRINAITG of TS TasRIEsd B R onal
Procearol 16 oA ERE MR Sfeicl 0TS et torting et |
2204, 220,, ..., 220N are positioned at known relative positions (i.e.,
15 locations and orientations) there between. Transmitting antennas 220;,
220,, ...,220y may also be positioned in a known geometrical structure
(e.g., circular, square or linear). Thus, the delay of the transmitted signals
may be adjusted such that the signals transmitted by all of transmitting
antennas 2204, 220, ...,220y, toward a selected 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 replaced 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 2204, 220,,
25  ...,220y transmitted.
Power controller 215 is coupled with radar signal generator 202,
with transmitter array 204, with receiver 206, with processor 209, and with
communications transmitter 216. Each one of transmitters 2224, 222,, ...,
222y is coupled with a corresponding one of transmitting antennas 2204,
30 220, ...,220y and with radar signal generator 202. Receiver 206 is further
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Simlar to radar system 100 of Figure 1A, when, radar system 200 is

enpl oyed to detect humans, the radar signal repetition rate is, for

exanpl e, w0 20tva8es5der of seconds and a duty cycle on theconomo/efoss’ can be
achi eved. The duty cycle of the transmitted signal substantially reduces

the powelo IS8 Rithi ScdttedPondingr eycdiditey adyshvan 208) natharadsr tsignuli or art
radars. It 'is noted that, ‘at |east selected ones of transmtters 2221 2222,
... ,22%¥oteassni216i antt withousidgr signalhgenesatoct 202. on&adsfr signalni tting
antennas 220i, 2202, ... ,220N, signals fromthe correspondi | ocations.

The tran¥acesser Zlghis fHﬂhﬁé&OéJFﬁ@a WﬂF‘e (Sari RIGNA GRRMAtar VBR ener gy

eoal o detgPidr a2, BB R8s TR A7 B Lo R T o FRRELNRD o
of the t eg;l?gfﬂrt??é éh%”\ﬁ/hhfih‘?é‘ﬂfél@\éé?ﬂmerw.i VEet@®r Pp Y iderurits

receive nal to radar signal processor 2 10. After transmtter array 204
transmt &b evittadateriirenst multerr 2t vEomraoaioatibnshiganshliket 246 isf t he
transmtted radar signal, power controller 2 15 shuts down radar signal
gener at durtbep caupded with iopgnaunisations eatenea A vt Petectansdiid eads 222-i
2222 ... . 232?! a%q\ receiver 206 or at |east one thereof. Simlar to radar
si gnal FW'&‘E r 14"-(Fi gure 1A), prior to object detection, radar signal

processor 2 10 t LOeS |t ter '@Hrré" bj

det ecti on, radaﬁﬁsggﬁgwpr%‘g@@oiﬁf g!g p%&gieés@e?%gﬁl cel veg’sfﬁéarl s from
recejpversyd¥m gedeitiempts fo at st ddteet movingegbjeott ltndites aittdetectedt t er map
according to the scene reflection map. As nentioned above, at |east

sel ect edooatiensfinta scemie: t Similapozzer signa| geprraty 102rkigure 1A),
STl bl el 02 e SBEh B s, S T0R Sie, 22
oLon B el TE R D SRS 88 BT Sy fyfs! Whiheriche
radar signal is a plurality of pulses, 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 transmitted radar signal to transmitting array
204, to radar signal processor 210 and to receiver 206. Transmitting array
204 sequentially transmits the radar signal toward selected directions.
20 Similar to radar system 100 of Figure 1A, when, radar system 200 is
employed 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 transmitted signal substantially
reduces the power dissipation of low energy radar system 200 relative to
25 prior art radars. It is noted that, at least selected ones of transmitters
222,, 222,, ...,222y transmit simultaneously, via the respective ones of
transmitting antennas 2204, 220, ...,220y, signals from the corresponding
locations.
The transmitted signal reflects off objects in the scene around
30 low energy radar system 200, back towards low energy radar system 200.
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| ocations in the scene (i.e., the selected |ocations do not necessarily
correspond to all of the |ocations fromwhich the antennas receive the

si gnal s) .wBadavossssgnal processor 2 10 is also further destnifedodersow i n
Figure 5. It is also noted that transmtter array 204 may transmt to each

sel ect eqRgH@EL DOB @bivasl afiaSicgRalingr Hoepsar 288 18igi0s evsrRSsgdriiaggnal s

received fromthat selected direction (i.e., transmtter array 204 and
radar sitgnaflegtiongsebithe frAnshtitedasighyl dpemathe) .sclineer ndeceiey, 206at
transmtter, arraﬁ 204 sequentially transmts to a group of selected

di rect i ®royides. thal reegivede signalcitedradaecsiopat Riocgssabsédlof Mersel ect ed

From t hOBESIREE e Z e R S 1Ay SoBaEa0s: et BIRtstihe "
det epm ped r%‘ﬂ%@ﬁogecgﬁ fifd %%ds’ﬁ?iﬁe@”%éié]esﬁdétlt Ebw&%drﬂ@@reﬂ@fsrﬁné?- Radar
S O provides the deter

I gnal processor ned scene reflection map to

i nterfergge nadeer sigMal Siganeastdro 202 ecteinshiiftind guray 1204 déapdt or 212
detects objects in the scene and the corresponding | ocations thereof

accor di mgnsequisatlyctrassmitters ta%h, raaaﬂzan.d.,QBBNbland decatyer 206eet &t 212
provi de? thte detected objects to tracker 214. Simlar to tracker 118

(Fi gur e '8! QNYERYEI14 tracks the detected objects, and deternines the

t | : t ' i i ol 214
ot ormnes 11 ¢ Saer de taqer SRAEITOCERLEC A4 FIOWS, TATSFrar (G EbRer
Tracikger tctidyy, Fadaneigealaprodesdore2er aeteiniings deteluttenanapent ane whet her

these targets correspond to targets of interest. Detector 212 and tracker
214 may sseoee Dheinghobject detactiars rafiar isiggnaitprocedsobpd bt pyocessgattbeand

targets of jnterest in a database (not shown). Tracker 21 nd detector 212
provi de [BERLYSS: SigNals JHRMarReriVeE @(Qﬁ’ ‘F‘%&Jm'é%é‘é‘&e&? p® ?&éﬂ‘ dhaPhe

et Lo dgFE\BEed Sob T BFEETER BT, T LB e Eohdh S5RBLeRGE ™ !
i nterf enhBgtOREGCEBOE, LAt IGAsNakTedtgacYRE RY fraAShiters2dd2,, 222,,
15 ...,222y may transmit simultaneously, via a respective one of transmitting
antennas 2204, 220,, ...,220y, signals toward all directions in the scene.
However, radar signal processor 210 processes the received signals, to
determine the received reflection characteristics only from selected
locations in the scene (i.e., the selected 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 transmit to each
selected direction and radar signal processor 210 processes the signals
received from that selected direction (i.e., transmitter array 204 and radar
25 signal processor 210 alternately operate). Alternatively, that transmitter
array 204 sequentially transmits to a group of selected direction (i.e., all of
the selected 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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and consequently the effects of the interfering objects on scene reflection
map, at | east according to the determ ned | ocations of the interfering

obj ect s awoOf2orwdsesssexpl ai ned bel ow i n conjunction with PFCHAL®1&000AT& er
radar signal processor 210 processed the received signals, detector 212

detected the deRedfd sphdichsotesddre 290enroniidst tias kgetetfinedaskerdet he
detected objects, determ ned targets and targets of interest in the scene,

pover coefledlidrer napl samay theh utluttennmapodes siateclos. 2A2cor Radart signal
alternative, detector 212 éarovi des the information rehat I nﬁ to detected

obj ect s RTECESSON 0d4Pi diayidas giNg delereined sseere ofeligelign gnap 1o

conmmuni i ) t 0. oy o e ' racker
coTmu SIS YA B i EucteRlbr 21 BIR e BhL ekl 1r o)

| nt enestydiBe objédtaein Ghar 3eEAE! BhHCHE | @sveépSadingn Ictatidies theass) to
comuni cations transmtter 216. According to yet .another alternative, both
det ect oractbrdiamgdta thee keen2ligflectiondaaphand dhpedutier nand.oriDetecbor 2hgr eof to
conmmuni cations transmtter 216. Conmunications transmtter 216 transmits

the at hlm'lede_@althe ofletacded nobjacds i ton tracker deli heriBtlgrt ® 4rasm dlSst ati on

not : : 5 18 Simi| . .
{ransm (EGUEo0A] ATty 20 raefriy cbtpeRtt PRl ekt 43T ERescry
coupl ed Cdér’aﬁé(}@?s ?ﬁl’éttﬁélltosﬂ@s'eoaeté@éﬁv@d'ecfé)m% GRen@) trasred byar 2 18
may be coupled wth the control station Via a wire (e.g., coax cable,

twi siped duterming¥ tifethe aletectadhtdlsostst conespoher t@ tafgetsairsihé tscendie dat a
to the control station power controller 2 15 shuts down comuni cations
t ransni tEracker 2514 Apeyr wirkiert elassifyathes taegeis candr delginine nghgrr and204

S e RS SR e P Bho T B e IR PB4 LT, o
oo R ey LR 958 ol ARIESL4f 0 Peted st astoat
processain®Q8rgutec of Sihterele ineactuttbadeg(abs dhicwn). haTrackerp2d8 seldect ed
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
objects as further explained below in conjunction with Figure 5. After
radar signal processor 210 processed the received signhals, detector 212
detected the detected objects in the scene and tracker 214 tracked the
detected objects, determined targets and fargets 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 transmitter 216. According to
another alternative, tracker 214 may also provide information relating to

30 the targets and targets of interest (e.g., target characteristics,
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directions. According to yet another alternative, transmtting array 204
sequentially transmts the radar signal toward all of the selected
directi orwoant/gssgseessor 209 processes the received si grairaLimonoard the
selected directions. Reference is now made to Figure 2B, which is a

schemat 'd?%ééifiééﬁéﬁfdf‘?ﬁe% d%et@QWorMﬁfMéaﬁcbrﬁ@h@r%%ﬁ@t T PRIckydingf er ence

250, of t ow ener gy radar “system 200 of Figure 2A, in accordance with

anot her tenmdaneﬁhter(dltérhatldesbbd:lseﬁated&dnrﬁmland tradkep 246 QEco)lldmthle peri ods
252 and 254 represent the scene scan repetitiaon interval (i each of
time perrespectige am@fml%pm@@@ﬁ éocﬁg@mwlﬁﬂ@%er“éﬁﬂ%ﬁ'w I% -ener gy

261+ doPETRHICPHENS g N aied) ZPh CARSuit, i & ol BTheof e
256. = | JEMHIGE bRAen° ThbrgRe J0°F | ¥BRlrRF, SRR (SR CreCC) s

the r adacforﬁhqnﬂbaﬁm@ apitdees od adi Simtlamn 1o Alonemumicatiory fraesetittend 20f
transm ssion tine-periods 256-,, 2562, . ,256M and 264-1, 2642, , 264

repr eser(F$glun®e1é\éa,q@@mﬂmlamlcatlanstﬂaﬂsmﬂter021 BHie wirelgssiy g‘hlapleldowéthgﬁh-@up of

sel ected dir ti tt
transm t“sor{ B(ﬁ t?gef‘- t}ﬂ‘éw§é’?é’c?%n'%'rr]@|‘l‘$'g’gg pgﬁgavtiﬁ,mg Pz&tmlﬂ? r r aélleggt ed

di recti ?W tng' HEﬁtﬁS{ LR YR 2P 0re (e Zég%aﬁ%léfsgwﬁea%%'r) Afte&06M

represe processi ng perio one b nal "processing

perigds @cﬁﬁnﬁﬁﬁéatuons tra%fswt@a@@ﬁaaﬁﬁﬂtted the. c?@t@l\ﬂorﬂrw C@ﬂﬁfblsstdmrtl me of
operation of processor 209. Tinme-periods 2601, ... ,260M and 268-,

268 2, .powassbhiroper2éhtshuie dae cpmmunmatmnmﬁrahsmﬁelpaﬂx@r consunpt i on

of system 200 is, substantiall ero. ar 1o | d t 100
CFi g e 1) af t ACGHBI 4nane ABAETHING, Grarsaitiag Airan 20gers SUhudiis e

: ad§r56sft3%g$r%§gn@egf%q ,§igna rtéﬁlgﬁit z??rf]}grse‘?é’&terdohIrgﬁtlgﬂrSaﬁW%r?)BHésG’P"‘“

209 processes the received signals from each selected direction.

15 According to another alternative, transmitting array 204 sequentially
transmits the radar signal toward a group of selected directions and
processor 209 processes the received signals from that group of selected
directions. According to yet another alternative, transmitting array 204
sequentially transmits the radar signal toward all of the selected directions

20 and processor 209 processes the received signals from all the selected
directions.

Reference is now made to 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

25 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 operation of low energy
radar system 200). Time-periods 2564, 256,, ...,256y and 2644, 264,
..,264), represent the radar signal transmission and reception periods

30 (i.e., the time required to transmit and receive the signal). Each one of
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array 204 and consequently transmtters 222-,, 2222, ...,222N and receiver
206 or a part thereof. After processing time-periods 258-i, 2582, ... ,258M
and 266- IW02602186858. , 266M power controller 2 15 may sROT/IHIHAMTO@OTCESSOr
209. It is noted that after each idle tine-periods 26S1, 268 2, ... , 268

and pri ?fertdast *2856@8@@@3 | ve A5ERNAR$ 264, apd4r eceppamn ﬁemeséﬁfs dHe 264-,

2642, .. power dontrol ler 215 powers up at |east radar signa
gener at drarmmsswraoé the radar signay teaselaectbdcdinsetipreniliernatively] eeehs 222 1

2222 ... ,222 and receiver 206, Furthernore, prior to Si | pr.ocessing
time- perqrtﬁzl Oig%ansmzssmn t'%@ﬁﬂog&/\/@%@oaﬁﬁel |- er 226 %&eﬁg Upgﬁgbcessor

3?%%2??@%&'@%@%@%@5 ftls SBbiePitat tingfisSion RepRolads’ sraL e hr ther
enbodi f@gbugf géne%&é& é%gﬁoh%cg@ aye- mbﬂnehea%g%wgnsm.ﬁwh fqymap of

t he sce erm ne e clutter map includes theval ues répreseéenting

the ref 1204 tramsehies @@taﬂ!lrMSthe:se{Hctedtmtemtorfﬁ by assabsenef yhelgetetted ocat ed
at the selected locations in the scene. The clutter map nay be matrix, in

V\ﬂl ch ealireddionsy. is associated with a correspondl ng selected location in

t he scene. Each ntr th tr I ncl t ues resentin
the clutter refI gﬁ”eﬁﬁr gé{é&rlg@%s rég%z’b %@é ﬁ\%zocat M Each °
entry i t es S I a tics
assosi alSAGRAHS: Eﬁéc S brbRp i, PEIF o LA RERA of ﬁ%?ﬁ% Th the

cl utfer grape8Bing’ Up&hBds '2@84d6268560t | 0B8N gndol2bB f0266§Ch .cRa6yer
reflection characteristics. 0 In procedure 302, a radar signhal is

transni trepdesentar thea tisne rad. operaioraddrprocgssor R00. bel imeperiods 268d si gnal

ot nt 28 e aRadne 256 ek VSt repediaRedaie gerBdsatufih,
gener at C{bﬁ;&?\ggﬁgéhspﬁﬁ)&%r{ @Pégst%'nq%o R pBRRANY ZeFo 1 HintifA 18 ok thi S

radar si ant énna 1
energy radar system 100 (Figure 1A) after the signal transmission and

15 reception period 2564, 256,, ...,256y and 2644, 264,, ...,264y, power
controller 215 may shut down radar signal generator 202, transmitting
array 204 and consequently transmitters 2224, 222,, ...,222y and receiver
206 or a part thereof. After processing time-periods 258, 258,, ...,258y
and 266, 266, ...,266y, power controller 215 may shut down processor

20 209. Itis noted that after each idle time-periods 268,, 268,, ...,268y and
prior to the respective transmission and reception time-periods 2644, 264,
..,264y, power controller 215 powers up at least radar signal generator
202, transmitting array 204 (and consequently transmitters 222, 222,,
..,222y\) and receiver 206, Furthermore, prior to signal processing

25 time-period 266, 266,, ...,266y, power controller 215 powers up
processor 209.

Reference is now made to Figure 3, which is a schematic

illustration of method for detecting objects in a scene, in accordance with

a further embodiment of the disclosed technique. In procedure 300, a

30 clutter map of the scene is determined. The clutter map includes the
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In procedure 304, a respective reflected signal, corresponding to
reflections of the transmtted signal fromthe scene is received by each of
at | east wolzeawmass®nes of antennas in an antenna array. POftn2med@rmsnce to
Figure 1A at least selected ones of receivers 112 1122, . . .,1 12N o

recel vegaludd réfiesepringspRRa O OrRiratRIRIIS T SUBRBABSIN. Stiork g2,

10N, a respective signal corresponding to reflections of the transmtted
si gnal fobjectshiecatedat the pet&cﬁdd!rlecaﬁ@ns tihgheeseeéned Thgnalugiearmmapr ocessed
to determ ne a scene reflection map. The scene reflections map |ncI udes 5-
the val eay regmaatint, i ingwhieh rfé?qr\ﬁ,\@ﬂ'fr(?{nlscﬁéﬁﬁéltaé?@s\@/lbsa cﬁoréﬂPf’vaﬁ iNge

e fiﬁé‘?ﬁepr.'??%té ot soenéy 4L SRy RLAE At R Bt Bk B &F: o
map gay\}é é%ntﬁfi}ﬂhé’%‘dﬁ’er' Héflb'&ﬁoﬁaéﬁér‘éc'ténﬁ ng s?ee]?cgl\)@' bhirat

correspon |ng S ecte ocatiron (I1.e., a correspon cted range and a

0 correspeabmg Eelchc eptrydin ehbi oltmlternmdpﬁ rﬁ@ﬁrfelrtﬁéacimehn‘de ystatistica
mat ri xi ncl udes a set of values representing the reflection characteristics

fromt h@r@asaetar@dlcsmomataﬂbwthsmamh@rtr@ﬂenta@n é?haf?CtGNQtWSr eE@€Bnce to
Fi gure 1A, radar rocessor 114, det es,.a flectlo S map
The. et FBiNp o b G st Goai Birtagainoide Heleaton HhiEshaids 46F £a8h5

obj ect s at | east according to the scene

refl ect d&@tér'g%f%%gl%%he cla%?‘tg’er map. For exanple, the energy levels in the
clutiper map are|gyrocagupd JO0M ra@ac Sigres RO MMl Hiwael el sceme t he
scene reflection map resulting in an energy difference map. Each entry in

t he enerlyisdradan sigralnmpayxbeedi AyVa modelated dsigaabdieay edsiniet twaver gy

| evel in that entry eterm ned as det ect ed obj ect the scene. Wth
r ef er en&AIPSH; @Draeph‘KaFB’ePédq $esll6TE%t%‘é|§§SdE‘jaé(c € ”\?0@%%"%85&% | east

306, ¢ nanRHFIRLEE PGS WG REeE RO, 4y fiBhal Yenciakih AD20ccLr €

generates a radar signal and transmitter 104 transmits this radar signal via
15 transmitting antenna 106.

In procedure 304, a respective reflected signal, corresponding to
reflections of the transmitted signal from the scene is received by each of
at least selected ones of antennas in an antenna array. With reference to
Figure 1A, at least selected ones of receivers 1124, 112, ...,112y

20 receives, via the corresponding one of receiving antennas 1104, 110,
..,110y, a respective signal corresponding to reflections of the transmitted
signal from the scene.

In procedure 306, the received signals are processed to
determine a scene reflection map. The scene reflections map includes

25 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 clutter 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 selecied range and a

30 corresponding selected direction) in the scene. Each entry in the matrix

-21-



In procedure 3 10, the clutter map i s updated according to the scene
reflection map. For exanple, a portion of the values in the clutter map are
det er m newip 2hovosessanpl e, as a |l ong term wei ght ed aver ag®CofiL20h&000078
correspondi ng values in the scene reflections map. Wth reference to Figure

1A, radgrciphged sBf BEGaRRY, cHBHAh§ thé hefisears chatasiehisabs fRim the
g?gt chJectS|%t

procedure e detecte e scene are tracked. \Wether these

obj ect s seectesiplovation terrgspendinglte chdetegitng. ned/ithisefeeencertedFishree a
target refers herein to a group of previously and currently detected
obj ect s,1Aassadantsignab proseagPe Tihidrjetwines «al stgnetrafiectinessBd - whi ch

hi bi t t | t | ect.ed f h teristics. Wth
Fef er encl i BYENGEHS ObRECR GINBCRNESR POEKS DIV Act ed obj scts.  From
d 312, t : d
514 Eho of tects i PIOERRT S Pag: Sbjacipch! SHE e 2HE BBfcicl af RegsocTiore

al | evi atp@orditigt tathe scbaeafdfeetioafmbbeandtirefsuiton nedp e Rar exarmpe,si gnal s
received by the receiver or the receivers is determ ned. Consequently, the

ef f ect s thé arergyrewelsini thg duftec nsap are seibdanied faimdbei corresponrdingeast
ference to

according to the L;,cag@ons of the interfering,objects. Wth

Fi gur e SuerOy Vel Brihe Rerne retagion Map reRilingdo sneroy éi#ff@erf&m& obj ect s
on the e r QN ; ] u t edu n

pr oceduf’ﬁgém,ﬁ({#ﬁ%ﬁé&géﬁﬂgr éhgf&w&e&é‘%&rmp é)xa%ée%ﬁﬁgcéﬁp g‘%%&%‘?i ng to
taroRt s fdsdcibteteithenct§y SeTenad thd Ehtreierdstemmined a8/ dbfectedacker
118 classifies the detected targets and determnes if these targets

cor r espaiijetbin dhgescend. i\Witr esferevimttof biguoes1As dateeoardl e deftecise

operation of the | ow ener radar of_ the disclosed techni que. As nti oned
above, t%eﬁwn@&%ﬁﬂ%égye@ﬁW@mgﬂ%mﬁ §%‘P%é@h$@@fh?féﬁ}éaﬂgt €ni nes

ﬁg? | legf ﬁghﬁﬁggﬁ%ﬁgt E%n%d pPOLES IR 508! Be SHENToR PrBEaLAE {° pthtediiede
312 and 314. :

15 In procedure 310, the clutter map is updated according to 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 to
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 to 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

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 objects, on the scene
reflection map, are alleviated. Initially the effect of the interfering objects

30 on the signals received by the receiver or the receivers is determined.
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clutter map. The clutter map represents the values of the paraneters of
received signals reflected fromsubstantially stationary objects in the
scene. A wealow/i8ms8he clutter map i s determ ned, for exaepiBE01@eworsdi ng to
a long termwei ghted average of one value in scene reflection maps, and is

updat ed Gerssdligvtly, ahaeaffactdeifethe inesHabeg @bjedtsest itige stape. reflectiohs t hat
entered the scene ‘at a given nonent in tine and then becane stationary

(e.g., anpprékteasiracdmding tpahe licatioascolitherintetering miyects. nMlithade to
Fi gures 4A, 4B, 4D, _and 4F, which_are schematic¢ illustrations of a _scene,
gener al I'pferenseefe efidive, Wer‘@tqrfﬁmﬂﬁ@rwﬁgédiﬂ 4@2’?|§s%”'u%e8,ﬁep{$ &fcor dance

wth a f ' f i hni ) ranges
spr oadi g el PPRE"Eh offer S rBlsLAGE Ario% THHE mehelf B Sioy To s,
Thesg n#ﬁ‘ggégufggogepr esent absolute values (e.g., the value 3 may
represent 3 kilonmeters) or normalized values. Furthernore, f represents a
direction angl e lhnpoeEgpckes. 3Mbe fher datgeis afe zelassiiegh ee$hus, tthegdétisgur es
was arbitrarily chosen. Scene 400 includes forest 404 at the direction of
45 degr cg¥resondingeta iwgets afhinterast oiien getrgningst i ofViter refegenes taa- 4G, a
| ocation-.in t cene, LS not ed. by two | ues, i.n _square,b kets.. The first
val e ool otactagkend V RlSilRs Ui dtatf e Sl ARBHBIRS 10T Thie.
for exa | ' enoted [45, 2]. Table 1

repr eseﬁ?%gggégeetﬁp%ﬁﬁéy%ﬁ %Je?érﬁégs é@ﬂ‘é?feuéét ed by | ow energy radar 402
tramgmtting a aNhapddiowsdubadredx@sliegobthamperationvointhesi@madrengyt h an

array including omi-directional receiving antennas. In Table 1, the rows
cor r espdadat ©fr hegdisciesed Hechviauens Ao nieniiened mhoveciheciaw yenerd¥ach row

Co e Padsy Syl of 5% RRIR R SHRh SRl PR 1R, e, b ot On
o011 haLEd Bolch B2 SERES RIS ufd sEeRRcRIe B ana s 3o, 2t o
are brougtitteheish.n He aluttame rgmesents the values of the parameters of
15 received signals reflected from substantially stationary objects in the
scene. A value in the clutter map is determined, for example, according to
a long term weighted average of one value in scene reflection maps, and
is updated according to newly determined scene reflection maps. Objects
that entered the scene at a given moment in time and then became
20 stationary (e.g., a parked car) become part of the clutter. Reference is
now made to Figures 4A, 4B, 4D, and 4F, which are schematic
illustrations of a scene, generally referenced 400, where low energy radar
402 is used, in accordance with a further embodiment of the disclosed
technigue. 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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and do not correspond to real values. It is further noted that the clutter
map m ght include other paraneters, which are not presented. Table 1

i ncl udes wowvelmshsset ed ranges (i.e., the rows) and ei ghtCIaLmao/ew078
directions (i.e., the colums). It is noted that the val ue corresponding to

2 h | | 4 [ b i.al | ' th
ot her varkgati sy By pind MAGESPE sctigtd BIAHaE, M HSL VI crer o
| evel of chi@spemersio! esdidddtionapRie ahathe s8cdhe td @ﬁétréﬁgepfm@é,%? 404.
Table 1 -180 -135 -90 -45 0 45 907135 1 0.10 0.13 0.15 0.20 0.05 0.03 0.1

0.17 2 Oexantblestie lotaliohlolfotest 404 Os t@ndta® [4859.210 0. 08 0.19 0.06 0. 07
0.1 10.10 0.20 4 0.00 0.01 0.04 0.15 0.09 0.17 0.16 0.08 5 0.05 0.13 0. 17
0.20 0.09 0.04 olablelgepraserisian £xeripighy chiias magscenstayetrgy awy .

A di to th ' d_t echni th nb f I d d

oo ookl Tt o eSS (TR P B0 e
accor di ngedyRA" SitHBId Shiths & LA%\eNRERIiAGI¥mALdFEedhac! eeefiigenni aue
(e.g., rangeand direction resolution) and actording to systemrequiTenents

(e.g., thateysasminapalile T etie reds icordaipetid i egss amdytha columspési fied
directions). Furthernore, as nentioned above, each entry in the clutter map
may i ncl difeclanst i ofEichsegntoy il @@eh copwe ovraEpanNdst toheheefredection

Dur i ng. oBNBERCBHEHER rloCAHGI dhergl ety AL (U9 S0I0HEEBPAFINGS 15 RELne

reflegti p. ng i o f ,on map
21585 TP i SaECL, ORBEYRP e SRS RO b o BB it 7
with a sehwslsest dompoisitensighatinbdsesmiteéd With ahbsreypedtivesitiationst Bege
sel ected | ocations or not. Each entry includes reflection characteristics
of the sdibtad.elt isowdeddhat hresssyahgisngra braught hereity asLaiwexample only

and do not correspond to real values. It is further noted that the clutter

map might include other parameters, which are not presented. Table 1

15 includes five selected ranges (i.e., the rows) and eight selected directions

(i.e., the columns). It is noted that the value corresponding to 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° -90°  -45° 0° 45° 90° 135°
1 010 013 015 020 0.05 0.03 0.1 0.17
2 020 004 014 0412 0.1 3.00 0.18 0.19
3 0.10 0.08 . 019 0.06 0.07 0.11 0.10 0.20
4 0.00 0.01 004 015 009 017 0.16 0.08
5 005 013 017 020 009 0.04 015 0.0

20 Table 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 locations are determined according to

characteristics of low energy radar of the disclosed technique (e.g., range
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energy radar system 402 determ nes the reflection characteristics
corresponding to each entry in the scene reflection map by orienting in a
sel ect ed woDrenkisesssand range. When the transmtted radaPCSilgrad/otos7sa
chirped signal, |ow energy radar system 402 determ nes the range from which

reflect b%ﬁgﬁécﬁaﬁ reSBNRIGH) LAl abgaedingﬁt@ogvlét@m tréqEHr]{afTﬁirﬂQC(%gPQhé/een the

frequency of the received signals and the frequency of the transmtted

chi r ped systeralmay Bdeediined 66 detecivabjects ohly abbteod specifieghdirections)., radar
system 402 still transmts the chirped signal while receiving reflections
fr om t h& Wtherg)oresi agenenionedqaBAYg. daahendni ipdheschftar BimMdBaYwi t h

fr equendjebie; rafdiiohela seh; dea albia CEesGoned ¢ §F Cuie rERERE." '
bet vgen chilfabiciRiitlTebhaEfi bf itk MR &@ﬁe%aﬂam%&@@eﬁtrghe time the
ecel ved signal was recelved, and consequent to tthe distance the signal

travel ed. Thus, [aldng hebjestei detbctiopnallew exhebyy i mgdahe syatemf r 4QRency,
correspond to reflections of the transmtted signal fromthe sane range.
For eacldetermines avsesne gofleciien ragp: efAs4vendionest abpve aeasheenisy in

0 e S RerEIRLNIR 85 kRt €S oo S o
e o A RIS DA ALCLE OB BREEaR HEibgely ot (o

| owgnepesentni tisess ewicilidddetatiens ar rdtonEachdemirgdncludewnefiectiba main
| obe of antenna beam pattern, substantially in the selected direction. It

i s howenharaotesistichaof thee sekatited tiongtiohecqstesrondingaonthaicentied Iseynal from

each correspondi recejvin nt enpa, | obes, ot her, t th in. lLobe, k
e GoaneaBy Tagar hevalam Ufd naafeminBandng: nefechan raraeiatistics. <o

or | gi nat R RIS teCREET SHRER 1R BhEM: 5fieEhbn RaR, UE ARSFRLLPE o
| obes. ls@esteerdivedtisinbneahge 402 determines the reflection
characteristics
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 transmitted chirped signal at
the ‘time of arrival of the receiVed signals (i.e., radar system 402 still
20 transmits the chirped signal while receiving reflections from the scene).
Since the frequency of the chirped signal changes with time, the
differences between the frequency of the received signals and the
frequency of transmitted 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 signal
traveled. 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 orients in a
selected direction, by adjusting the delay of each received signal from a

30 corresponding antenna, such that the signals received by all of the
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corresponding to each entry in the scene reflection map by determning a
range map for each selected location (i.e., range and direction). This
range mapworrolousessst he refl ecti on characteristics of a pCuaatoo/gooofs
directions at the selected range corresponding to the entry, when | ow

ener gy fradafvisy andmiids fiokn Bhé eBlesletimlitdtich €684 trastivaly iseprrdi(ng. to the
entry. Each entry I1s determ ned according to the integral of the range map

cor r espandhagcase oétapo CWnsignal rtbedghase parsesportts totdsiay). sdéws, 408 at
| ocation [0, 2]. Furthernore, |ow energ radar 402 orients toward an area
def i ned aseraHi iadaspysteno402 gefings PRI Eﬁngat@ﬁear@ian &NAWh %fﬁh%mﬁ'ﬂegr ees.

e PR ad AT SRAACUAN e STRBRLAFRRE, R
,00e 51 Mgl HErd 1Y OGP HRSPRASe il el s | abeled

forest H¥crpcer@spondiegireedivingnariteand riebesoothelr thandigs erain Redegrence is
now made to Figure 4C, which is a schematic illustration of a range nap

baSﬁd o][kr‘tdvm acesidei labesgmay he,crgatra in irecipes criber @) the seleeidance
with a further di t of the discl dt ' . Ra A20 depi
the. r eodl (RN gnhnDalHetiar gV, ERCls SUSTAB A Mt EeCRUp FeIRRoo. Range
map 420 ih6 adi : I it
o anal  SREhHERE R IR REIdREPRT Uisc Db AR REnEHs of Wik e 1o8Rs TS €
| Ocaioed-LdWC@ﬁ@'r?'w'radaf Ry sesrhr yoRndekensinesetheerbfiettion drracteristiigondi ng
to range two and the diréction of zero degrees is determ ned according to
the int eg)‘r?espﬁndiagdel aaqmgmry i6i the acene refactormygpriydeteromnighét ructs a
range map for eac el ect I t] and det ' the. engri . th
sce%e r dBNgEt mﬁpt}ﬁﬁ %ﬁe_ br%&'?étga. ’q%%tlggl Ho?e-egfrag‘nﬂgtesapgnéggn éhﬁgo?%'(%senot

| nol ude A peale Al in Rk BREFAMSLIYh ERartRaBRETce Br L ILRSIAS fortirkdtibrisocat ed.

I n gener
at the selected range corresponding to the entry, when low energy radar

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 4B, a person 406 entered scene 400 at location [0°, 2].
Furthermore, low energy radar 402 orients toward an area defined by

20 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

25 404 are also received from the direction of 45 degrees.

Reference is now made to Figure 4C, which is a schematic
ilustration of a range map based on the scene in Figure 4B, generally
reference 420, in accordance with a further embodiment of the disclosed
technique. Range map 420 depicts the received signal parameters versus

a0 direction angles for range two. Range map 420 includes peak 422
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energy radar system 402 attenpts to maxim ze the ratio of the gain fromthe
selected direction (e.g., the direction of zero degrees in Figure 4B) to

t he wei ghweadogaissssgi . e., weighted with the clutter in tireTaL2oo/emorsap at
the relevant |ocations) fromthe directions other than the sel ected

di reCt'%rﬁé%;rﬁmdrrﬁ@‘%oQﬁérbrﬁé gﬁl léeel @bﬁwéﬂa%mrsbﬁtér@r é%gs@cmtaummred to
conpensate for the sig ecting fromlocation 2] which include

forest 46dation f0°ot2r}e/r/h@m persdmAOéa(thgBm d&)dd loaark@ei Aomomagbyy thadar
system 402 attenpts to nmaxi m ze the Signal To Clutter Ratio (SCR) for each
directi @m Fy in N/as%. ﬁr:anergreﬁ@nporl map §eregraiding t@aiamg.wtam Be1 owi ng

?GE[“ ieftohest 2ol BRETSES I PRt RGO aBb b R E ranPange )

) € ts a r VWA not

) i ?@ans‘erﬂﬁaﬁ?. BT g Opdacaopocanetficts brhfide IndBoRre
r epr eserdzecht belectdd dodatiors ahdodetdrotines the émigiescohtheascanglreflactiod range r
Table 2 represents an exenplary scene reflection map. Simlar to Table 1,

rhe r owdNap argpraing! y:orrespond to ranges and the col ums correspond to

di t Tabl e. 2 f I d d ht

i reotione. Tabiisnpled 88 @ﬁ&%ﬁ%@? ra”ﬁeiaw%)pqé' P BEHEe oy
Lever s irddiBpCaEres 4 u@@e%n IHerEOISBSPOIA NG (R aAEE '%aééﬁér%u Josabl e 2.

Furt hernore 'S va are h erein as” exanpl es only and

do net cMeargyraaer systenl 4g2lairsmptd to imévahﬁdetth@traftimeof/ﬂielgmlfr’cﬂﬁpondl ng
to locations [0, 2] "and [ 45, 2]( are substantial ly hi gher than the other

val ues ithetgadectell diredtien (algie hmdrr@@ﬁondmfngera)degms &m Higyre2fiBgder esponds
for oot 408, Weighted saindbe: wsorBed- wifl sha=cIGhEL 18 e lusSbiap 611850, 10
0.05 0. %IeQ/aJntqoil;gtrgnQ) #5M- #% Qirktt8nd 2othe?tdP 1h&- sdtefiet? direction
(e.g., the gain of side lobe 412 in Figure 4B is minimized to compensate
15 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(¢’r) (1)
[G(6.r)-S(6,r)ab
f=p

max

20 Wwhere G(gp,r) represents the beamforming gain at an angle ¢ and range r
(i.e., the gain of the main lobe oriented in direction ¢ and at range r),
G(6,r) represents the beamforming gain at an angle ¢ (where ¢ does not
equal ¢) and range r (i.e., gain of side lobes at range ), and S¢6,r)

represents the reflections from clutter in the scene at angle ¢ and range r.
25 Table 2 represents 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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3 0.10 0.07 0.19 0.06 0.05 0.1 1 0.110.20 4 0.01 0.01 0.04 0.16 0.09 0.17

0.16 0.09 5 0.05 0.13 0.16 0.20 0.09 0.03 0.15 0.01 As nentioned above,

| ow

ener gy raaerosymssesm 402 detects objects according to thecsaemwao/o@hisect i on

map (e.g., Table 2) and the clutter map (e.g., Table 1) . For exanple, |ow
ener gy raqakcsy SirertidRg. bk sl Hnly1eheNeaIgks! édﬁb‘éPbHdI‘HgJ% ghemap from
the energy lTevels 1n the scene reflecti'on map, thus subtracting the effects

of foresnetgy levelshef shensompbkitetsignalsporrdspondirigeidithg locationsliact ed

direction and range,

reflections fromnon stationary objects in the

scene

(i.e., rablelditt durtharorencedthis valbleselirciable r angee aw@uahtt hereinr @st i ons
covered by the side |ohes, create ks | h X I at ed

W th ¢ ne MBS oRas dh ot e BEp TULES (LY RbSoul SRUED: B 1R Fi gur e
4D, |_ow [ ' drdon | I RES | and
rang«g on@ﬁégg?'ﬁggﬁé?é%cgé @rf?(ﬁﬁhg Ldnf e%gﬁnﬁggr’ggpcégéeréggebéjﬁgl eSI obe
408 at rrageEr ARan(thee othéh@alsatin aneofalsier 4hé valde 4orreddpondiigsto
reflections fromcar 414 are also received. Reference is now made to Figure

4E, whi dbcatioma [03n3E comespenesatd peredierddl e dl RS Valye maregsapdridingl tocat i on

0, 1] b d t
Lbod! miAeatien s B SarRRRON

si gnal

i ncl ude

Conseq
exi sts
system
range
system

t he oth

10

15

20

dne and

in accordance with anot her

i guge 4D,
(g%%hﬁﬁﬁ§t4ﬂﬁnge map depicts the receive

e._scene in

d

paranet

s a peak 430 corresponding

ers—versus direct iwrn@@%? for—Trange one. —This range
t recei ved energy fromcar 41

map
4

entiy,
at | ocs

I Q@nhENer FadagnSySt G402 y m et echge hat oD
it ?glg [0,9%/? Tﬁglps, car%g414 idr;ﬁ?erferes W t?ol ow eﬁg?gy

ect ,
r adar

4021 whé

4022 at t
er rang
3

4

ng e engrgy radarg syshqm 409 gbtenpigat o qetect ghjrec

direction of zero degrees. Accordingly, |ow energy rad
eip2B t o0d®t er D€ t heD.d2f ectB00f edchi det Bct&d obj1&ct

i.e., th di to di ti
© o5 oy 10%d AN95 o&RPS (FBE" eSRONf "Ity 1 Yy ©
0.09

0.01

5

0.01 0.04 0.16 009 017 0.16
0.01

005 013 016 020 009 003 0.15

S in
ar

on all
ns

objects

As mentioned above, low energy radar system 402 detects

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 su

btracts the energy levels in clutter map from the energy levels in

the scene reflection map, thus subtracting the effects of forest 404 on the

scene reflection map.

When orienting in a selected 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 to Figure 4E, which is a range map,
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different fromthe one of the detected object, at |east according to the

| ocati ons of the detected objects). For exanple, |ow energy radar system
402 att enpOx0tosassBer mi ne the effects of car 414 det ect edTat20iwe@vison [ - 45,
1] on the range map corresponding to location [0, 1]. Low energy radar

system ér@ﬂ?tﬁé#éﬁéwdé@%@r,‘g@?ﬁ@@t%iﬂo‘? I@bbﬁahatﬂgqg fheaséd | @stthens from

car 414. en orienting In a selected direction and range, mnulti-path

refl ectisyemerdy Figate 4D paakaccordaaceamgth ranpothss oeimitoetiment hotf Haesel ect ed
direction, thereby causing erroneous detection. In Figure 4F, car 414 noved
to | ocatdiselopedstechniqud ge maptderisls theteesiyadisigagl parareeterss car

fof 1 cot aiorpar| GadiarmanglRGni ey St aBhag Rl Alucdten Lrerl  agar
t [ ' [ ' 416
(o5 3090, CoRRSPONGRAT D e, AeqBlibd RN GRERT SAIRLEF, XaMesaentlils “car

414 may |b@y @nergetiecieds\atehpd@Zanay inds-diteat, tifair anxabjelct, ekidts 5t (i . e.,
due to the |en of the multipath). Reference is now nmade to Fi gure 4G,
whi ch i doaatian @°,r?e]p,TIw1e:ral4§4frﬁea‘eéewatmw egergy sadar systenvd8ei on [0,

51 b d th in Fi 4F ' i,.t h -t h
ohbod: maNbSBrIOih erergyigsas Sistem 402 SBTPY I Aeteht SPBaRIHEBSR on

440 t et Thus,
o enerdy’ AL AUAGT of 856 uctitecs: ACSoRindG: QN derdy adhSfem U2,
" ghogt Ap2eifompts &8 Yetdrmmine s afficers [of eddh détéctbasbbjeat @t alirtdleer s

herein to a group of previous and current detected ghost objects. Low
ener gy rather angenmap? 4i.¢evihe eangee maper toresponding et Wirediens ghost

corr ol atdlar ek Hoeh TRCOPE: ol BB ickipds AHEASSqeorging MRethFel oci ¢y
o e, BB 1908 AAEH ofledBl LERr Pl Mo et ohrg et
energy |fy2httePiptch® GEPRTE the isdfRts of tarudat gsfeetedhbit ®séation [-45°,
15 1] 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
20 selected direction, thereby causing erroneous detection. In Figure 4F, car
414 moved to location [-45°, 4]. However, the transmitted signal may
reflect of car 414 toward a reflector located substantially at location [0°, 1].
This reflector reflects the signal reflected of car 414 toward low energy
radar system 402, thereby creating a multipath as designated by dashed
25 . line 416 (i.e., as opposed to direct path designated by dashed line 418).
Thus, car 414 may be mis-detected as located at location, for example,
[0°, 5] (i.e., due to the length of the multipath). Reference is now made to
Figure 4G, which is a range map, generally referenced 440, generated for
location [0°, 5] based on the scene in Figure 4F , in accordance with a
30 further embodiment of the disclosed technique.. Due to the multipath
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associated wth the targets). Reference is now nade to Figure 5, which is
a schematic illustration of | ow energy radar, generally reference 500,
const ructwo 2arvh8eg38r at i ve i n accordance wi th anot her enipodithEne/o@h78 he
di scl osed techni que. Radar 500 includes a receiving array 502, a radar

si gnal qggge grr e Peg’ggc@b%S mg@%sam@mh@ SRS @RI of %0 a

tracker er 522. Receiving array 502 corresponds

to receiddgrgest r Hhus)8own drieggyeradurasysienc| 4@2smaypiis-aletest thatr acei vi ng
antennas 5101, 512, ... , 510N each coupled with a corres ong\;n ne of a
pl ur al i tabjeet, refasreie a1 Phesk pbject, emtgrat theclocatiani[fe, 55 thet ween

S onal JaRds referBhersin tos gofteu o nisiiSus At Hrinicdaictisy IS, o 1A
and 1.0 rafarsi ppgl ﬁﬁé{iﬁf/‘?éd’ér efﬂ@?@lﬁ@vﬁateﬁ@f? téh‘éﬂé’ig c@cagResor 504

IS coupl wth eac receivers etector 506,

W th radgy tiségnghagrsiijet®y by létemiptingt taclkeesrndind wmbrwtargetsr ifrdeyence
nul l er 522. Radar signal generator 516 is further coupled with receiving
@}er

array 50xhibiét eatrelati®nme befweant Hee taﬁg@u @drnaracuerrstlaak 808 (&r@, vilhen

i nterference, null 522 f 2 t h | ed h
tracker Qc'ﬁég’gﬁﬁéﬂ@r&ﬁt b}%g&@g (Srr]r A;n? ‘8” [9(5256555@ [gpd:(ﬁl%q%ggﬁp%gn\émt

conpens 5 e ar 5 am

f or mer g&@kh éaj%efsoﬁhge%ﬁggﬁ%afo gﬁ%rrééf H%f(—ﬁ&@d 6%eﬁxal%2é§0g@ngo@gensat or
514 gnd aWiéngé @h@r%;erlevé@r Mtipel ebhsodsivt ighaiat fond ddtectdurabjeoss of

recei vers 51 12N receives, via a respective one of recei vi ng
ant ennasa@dlﬁﬂiecﬁwﬂtbﬁhe targetSl ON, the refl ections of a transmtted radar

signal froma radar sr nal generatoy 516 _(not sho Each onge for
recei vers 5121 R e ls '&36{% ggrérer?é@ §§gﬁa§°ﬁ%”}aalfar

e RO U I R 508 St

operative in accordance with another embodiment of the disclosed

15 techniqgue. Radar 500 includes a receiving array 502, a radar signal
generator 516, a radar signal processor 504, a detector 506, a tracker 508
and an interference nuller 522. Receiving array 502 corresponds fo
receiving array 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, 512, ...,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, 512, ...,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 nuller 522 is further coupled with
tracker 508.
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Si gnal anal yzer and conpensator 514 anal yzes the received signals and
corrects the received signals to overcone deficiencies and changes in the
recei vi ngwoharwisssssuch as deficiencies in receiving arr&¢ZTAB0R1(/@10978,
nonlinearities and frequency response of receiving antennas 5 10, 5 1Q2,

51 ON and 'rv%ﬁ?%lérécésé&ztioda inclﬁ&l(%;g') 823?!9% Qﬁagl)i@gggnahanges

(e.g., aging of electr onponent, nechani mat 1 on

envi r onrgamgénsdten s, (8 duttepehatadterisicp efsternmatop @ and anpedtmre) . For
exanpl e, when the transmtted radar signal .is a _chirped signal, signal
anal yzerfoemer co2penBeam Sormeay52@aisuicouphed f wibusignal danabizeficanBet ween

1 gnal o CHMRRIHEGRO Idh And bt & GubSs shafatesslics uB¥SRbatdsd&rdi no 1 o
di ff erences bet t f f e i vedggi ; t
o:‘ t ransm fted g al(ﬂfﬁ éﬁggglgﬁrr)eérgf sg?ﬁ \r/5g|| 2;)¥'?t’ﬁ2282€ée(fse\}2§g’si€%a ge?regcy

radar syasgathd ofld bf recanFl BhtéMeas H1Med19,9nal5MW, ther @flRictiong ar r ay
502 receives reflections fromthe scene). The élfference bet ween t he si gnal
t ransmi sfi antransmitied radanr sigpal dion i aeddr sigialr gepeaidr s da(not

determ nes the range fromwhich the ref]ectio s received. It .is noted
that t heShoxgpedEagh ang fQy ecelvays ken X1 ,f-r%dg’grwvaﬁesﬁw%%%h\/@éd

signal s t e f nsptte Lognal i arriva
ot “the 805 &8 LERLILGR) eBhol 50y DRaBal chlarRL PSR 8he

of r egei (fbgidesl e recéRed signal8lNsighdl SAmayLueland WBRibedstoP SRl €,
transm tted pul ses are used,” signal anal yzer "and conpensator 514 determ nes
t he di f fSigaataenbbizereand lwonppérsator Histriansilyred thee receivetesignhlseaadr i val
time. Accordingly, radar sjgnal processor 504 determ nes the ran from

whi ch t Horredsithedeseiyas sionals te eveecarag. defigieneiesmnd chagass ‘B%B?yzer and

el B R L S S
oot e IS Bl Fospopsg6f Neghil BAERiALSIO 25301 11 1o
15 ...,510y and receivers 5124, 512,, ...,512y), time dependent changes

(e.g., aging of electronic 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 time and the reception times of the
received signals in each one of receivers 5124, 512,, ...,512y, according
to differences between the frequency of the received signals and the
frequency of transmitted signal at the time of arrival of the received signals
(i.e., radar system 500 still transmits the chirped signal while receiving
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
noted that the respective difference between the frequency of the received
signals and the frequency of the trahsmitted signal at the time of arrival of

s0 the received signals may alternatively be determined by each one of
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,51 ON, effects of objects (netallic or non - e.g., radar stand) on the
receiving antennas 5 10i, 5 1@, . . . ,51 ON. As nentioned in the above
exanpl e deeepidsa8s8Bn conj unction with Figures 4A-4G ra®am/1520goredo0Ts ocessor
504, for each location (i.e., range and direction), attenpts to maxi m ze

the rat!@cBRiges{2ie g3y, of 1 i e tf\l%ly?,hewﬁ%h?g‘f&d diaffpheon and

the coll ecte ro ot her directions ., due si de

| obes) , tpasdmithed phieeel fpet ugkd, hsigrlallt haalyizepmaaldl ddmpensatordisidct i ons
on the conposite signal are mnimzed. To that end, a clutter
char act aléterininesidnerdifiesence Heatvate dheripdse tinengmissien timp. amdethel ut t er

map i ncludes the val ues representing the reflection racteristics of
subst ant@'ﬂﬁ?y’a@f’a{ '%r@cﬁgfﬁeg& Irﬁaﬁ'i %@“ﬁ? W%E%%Qre@‘g&@?%%meén &n the
scene ( - €S r T t trix,

I n i cﬁrag@(,enﬁéﬁ} %'%@%Z%%@gégy%ﬁ@ﬁﬁgeeeor r L{Aggﬁdﬁ%ﬂ@%ﬁ@%@é}q g@%gﬁi on in
the scengna|FR6P afBl EdmbensBtoBY 4icorhPEhsaRS rHyEalVsheesSmiepireReNt | ng
the clutter reflection characteristics respective 'of that |ocation. These
clutter systert500nsudttaeacteupbng detiveenuteceiviog antarpias of 1bd Oay &rlfge

recei ved energy |level of the conposite signal received frgmthe | ocation.
Each ent+y9ilAnt HE0gB uialkr betwerBy receveEs v hél udd Zat at-i,éﬂguawouplmg

Those scopmidt FaanadhBcaftetnd "Fn tesUns” AiEhbAe EFRERE: apiBei ca
moment s, | S840, aeidits %ﬁCBB}éC‘té-(?netaill??oY%dr@”—C%%?}“Ehdér?sféﬁd)tBn”ﬂ’f@”t5 of

t heclutter re?‘1 ection characteristics at each ation in the scene. Each

entry i nreidetvingwiritennag b 10y 51061 heb10Rcl ude detection threshol ds for each
clutter reflection characteristics. Clutter characteristics determ nator 5
18 determ nes a Aetreentionedniredhel above examplecdescelerothcopiinGtian | for

ca e bl A Y P obr el BrdhheB . R BARALGRRRRELY, L2
b son VRSB SEERION, SR AR e BaE DY gy e
and {e the main lobe to the selected direction and the collected clutter from all the
other directions (i.e., due to side lobes), such that the effect of the clutter
from all the other directions on the composite signal are minimized. To
that end, a clutter characteristics determinator 518 determines the clutter
map. The clutter map includes the values representing the reflection
20 characteristics of substantially stationary objécts located at the selected
locations in the scene (e.g., trees, houses, parked cars). The clutter map
may be a matrix, in which each entry is associated with a corresponding
selected location in the scene. Each entry in the matrix includes a set of
values representing the clutter refiection 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 include statistical
characteristics associated with the clutter reflection characteristics. These
statistical characteristics include, for example, the statistical moments,

30 such as the second (i.e., the variance) and the fourth moments of the
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direction of 45 degrees, in Figure 4A, where forest 404 is |ocated) may
have a detection threshold which is set to twice the variance of the energy
| evel of wbeowmspsssi te signal associated with this | ocaPConLzbor@oishe
average received energy level formthat |ocation. Thus, referring back to

Fi gur es ianfrRidenstidiefiicial earhiioeation 4Andl codtd. Eidiceattyas a
etected objec

since the reflections fromftorest 404 generally reSult in

recei vednanerduttéenelp hedyofurtiner inchedshdetedtioat threshbkts foreeach eluttari cs
determ nator 5 18 determines for range two and the direction of 45 degrees.
The t hr ¢sflectien wiaraciatisties. i ncCliéer asharacliedstics « detemminader nég,B may be

dynam cal |,y updat ed en t clutter map,is ated. Cl utter

chalr3 a(l;ft lé*ﬁ’téfm %ét@@%\cﬂgpgﬁrgsl'i%ldn@ eﬁoﬁf\ ﬁ%té%g%(ﬁ Z‘P‘ﬁ?‘i‘\%ﬂ é‘-éet“%tef"é}n

pro | oy : BTy ﬁéﬁ% ' ;

acco?di néget I%%tfe;ah@tr(é:%'?%?ﬂrctﬁﬁt'Wothléc ar a(:’g'tterliré)sétS |t ?SEQE%@?F@E \Z%Iu\%% ﬁ\f each

| ocat i onheFelutRraracstionze chapheeristity idehrldd ihuthd ichmtef map. erfesrgy

| evel s of the conposite signal nay be determ ned according to a histogram
of the \eamplefthehibseskoldrassdaatadswith e energwievelofvieuesmpesitee

clutter n be deter i ned, for | di
el ght ccahal ARBOGRIEb IR JondonRlora aaBe: $oaTe (¢ CbnEANGE UL POFSTEaps

o utt Dot et ; . _
o det eHBREHREL ST G cRBrfes T ITEIBHEL a7 FhBER YO A0F ISBBRR LSl onr
beamf orgmfe 32¢b1@etish ThREshAd S8R iEeldte6ttivide P vafiantendf iheesheatygve

t hescene .re? ?ect lons map includes the values representing the reflection
char act devel iofsthg  adrhposité heigobj eassodiateat edthatthishdoealiert @dovects ons in

the scene. The scene reflection p be a, matrix. Eac t in th
matrix i%V%@g@cﬂE&Gé‘éﬁdvieﬂ@rﬁyd@Y‘?gg%ﬂh afgosatient etﬁﬂ%c%ﬁfgﬁrﬁ‘% wqclﬁgtoscgne.

ot ot i DRSS AT 4B dbECeeteRlioR el Kre B 4T FEIFT BElASI A, ¢ hna
entry. ThHaRREJect Qiftld BE RiIRclBhS MBI forRet UTH Rfkricrafipareduiltern stics
15 received energy level below the threshold that clutter characteristics
determinator 518 determines for range two 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 probability function associated with each entry in the cluiter map
according to the clutter 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 values 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. Clutter
characteristics determinator 518, provides the updated clutter map to
detector 506.
Similarly to as described above, during object detection, beam
30 former 520 determines a scene reflection map. As mentioned above the
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of | ow energy radar and according to systemrequirenments. Beam fornmer 520
determ nes the reflection characteristics corresponding to each entry by
det er m niwgQ 201wvesngy8 map for each selected | ocation (i.ePCTARNYEO@NTE
direction). This range map includes the reflection characteristics of a

pluralityofe JbfigElORESHRlp ihGuaesemied/daageraicsepnagding fefiedienent ry,

when | ow energy radar system 402 oriented in direction corresponding to the

entry. Sharhetdristics efsalimftthershjeetsooeatéat anthersetecte@iolosationssini thea
sel ected direction by adjusting the delays of each received signal from
each antseene. st sdene relecliqihanap raayi bed ppatiiy. draehenteednvingy

one, S dogignanap h

§_2§ i ngnaRG Aespe fé e EobeanopBl L sl B IBERHER M ohErstliE o ot ea
| _ i

et ot or- a0 S P e PaREE JRCURIRY A5y O, REFRS 1EPIESAA FRE Lbove

det ect orrcfiBBtidAt EhaANBIiSEES dfintHe&chscted fvhtide dopcipomting hier ¢loht
according to the scene reflection map and the clutter map. For exanpl e,

det ect oreriitg dite setscted Hecatiensgee eisiegninas aceording (tatgharagigristiasm t he
energy levels in scene reflection. map to deternm ne an .en difference
map. Det@dP¥t €BBETY (R %?neé‘&qﬁw&?%vﬁ?r@ﬁ?ﬂylr?m%fﬁé- %égﬂb{rqm?rerence
map exc t iV | - (s SQL ith a
respect A CRtGERE el ERIr sptacBristbE RorRrondifo B kFAY 7 P
energy dby iqteRAMiAGPa &éﬁﬁ@dmémorr esRRCsEeetddINesatd (1.8er eaige Hneh,
detector 506 deternines that a detected object exists in the location

cor r espatitictiprijo tTais eamge . mapninciudes tthe esfiedipndichisactetistieapof det ect or

506 may determ ne a conposite delay difference map. Wien the differen
del ay ofplarﬁlamefydirﬁotlﬁesc@hﬁa%i&eéget@éyaﬂgeff&réﬁg%owﬁgei&gbalsevﬁ& “

eepect e o Bikof BEEP Sucleh MncEBHERY 1 feipof eenblahaget coted
ﬁéﬁgg' remty A ggr ?igﬁﬂéaﬁgyéft? g@trﬁghﬁba@ala@own@@amrﬁmri OONEMEtN & 0 a
15 selected direction by adjusting the delays of each received signal from
each antenna, such that the signals received by all of the receiving
antennas from the selected direction interfere constructively, thereby
defining a main lobe of antenna beam pattern, substantially in the
selected direction. Radar signal processor provides the scene reflections
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. For example, detector 506 subtracts the average
energy levels in clutter map from the energy levels in scene reflection map
25 to 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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phase of the received signals fromthe |ocation at which the house is

| ocated. Thus, the human may be detected. Detector 506 provides the

det ect ed wbj2ews6s88d t he correspondi ng | ocati ons thereofPCraLimeeders 508 and
to interference nuller 522. Alternatively, detector 506 may determ ne the

pr obabi 'tbtt}ﬁetaﬁér@ﬂd?@@r hAIsY detRlRt@CE08Xhidy Abtérmaipeest snbesfbi on

according to the Scene reflections map, the statistical characteristics of
t he cl utdetay rdiffeeshconmapar adiieen shiecdifierénaeddetmt iafnapr ebttyi In tthef unct i on
(i.e., the detection probability function is pre-determ ned or determ ned
by cl ut te@mpesitaceday differenget wap exgaadsiy femCtléé@a%%hOiCbﬂ”'eéﬁ@ﬁ

oy Ty BT ORI LS e R
det et N A RINGAB Hdery. s, EBGE R8s Gtriaragan et on

tracks tdignales ecingdn PR eipigsin erakirdity ¢o i hessé imapecatdsees changkjiadhe
correspond to targets in the scene. Furthernore, targets are set as a group

of previphaseand ther received: signads digracths lacatien atewhieh dhei hgueensvi ng
det ect bj ect _in t . Whi hj bi,t t | ect.ed f
Car gt dngmiect e, dBe el i Be drletied orbetsctar Al BESVibEs Eeanpi o.
het e . . .

dot ect e EBPIER ObieofS: apd 1R BYieSPdnid RS ineter ap, tagiesoRd

vel ogi t YarRf td stefRrenBe dRIIRG 5ZD olRGhatiselyc ideiestor G0t edatigesrninet he
scene and the estimated direction of notion of the noving detected object

associ atthe prohdislityathadt annnonstatienary ohjedataexjet at rasatectedstacasionay al so
of movi RPCRAEE: Kithsbpeene dsBeianema NRStas i Trarie st he o
Cur et e SERKGn TR HECS, A e in i ebablRy ey Tercrer 0@
TeSar s detean hrainy, MAGRIITY PR ARed o ctamner Ly st o5
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 to targets in the scene. Furthermore, targets
are set as a group of previous and current detected objects, associated to
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 to the target in the scene), the
estimated velocity of the moving detected object associated to the target
in the scene and the estimated direction of motion of the moving detected
object associated to the target in the scene. The target characteristics

30 may also be the previous and current received signal characteristics of the
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humans, cars) and determ ne when these targets correspond to targets of

I nterest. Wen adjusting the delay of each received signal from each
recei vi ngvartoewnsess8o create a main | obe in sel ected dir ectriipmio/eides | obes
in other directions nmay al so be created. Thus, |ow energy radar 500, when

orienti 'r&je}t?efr@gﬁ RBYY Blidqea! otjct bsSociatel 3 il 11988 iRl Sl ed

direction rece ns orrginatrn m fion- st ationary objects

(i.e.. "Rirtiserhory)trackat 608 stores sapiuraditgeof proballediraeksi ofisackgrer t han
the selected direction. The non-stationary objects |located in the sang

range ariiD8 msdigrecti deteaied eobjebhito teheoskdspanstingi tasgei ancardingelPefred to

h i interferi bj ects. A di [y, | d t 500

at t onpt SnaiTcPERVRSE (e darcist: SharacaRRtioe: Achdthsh; SetERd AbPIEHe range
. X . ) | N

an or e RIS, NEEGkerong) L dfirarpleRaRy, 1fe "irdehelie g anoe

| ocati Oﬂmrﬁénﬁhéaflﬁ:agrgd a@t@wp]iﬁ@twﬂgﬁ th@ge%kgéﬁse@oﬁéélp@ha q0%ardetetvich

system 500 1's orie . To that end, interference nuller 522 determ nes the

ef fect ahtdreet.i nterfering objects on the signals received by each one of
receivers 512-i, 5122 > ... ,512N, and conséﬁguent_l y,, the ?fff ects ob t he
interfering obj ¥henoadiging dhedglayrahgachapeeeived, signal 15 €R&Ps
correspaonding to locations with th - ran i,ch the
it or 1 enpggny eeSias 8 2edls 4 aha B ARG drdRHRE RIS he

I nterferd | t S [ i | | (Y508 When i s

ori gr?t ecﬁtﬂgﬁ'ﬂe?gpgﬁ?g%r\/u I?grﬁég:géﬁn%ﬁf Eﬁ?ﬁéyé\ge?@erl}g%e the effects of the
i nt er f erdrignhtiry elowardn sedettedaioeatiop @ecorstleciedo rahget angetselected

characteristics of the targets these interfering objects are assocj ated
with. Fulitesiion)r epaywiesee esflactigng erigierpdingetrom nan-siationany 1ghigalksh

T et R o e BB 3K A b 4B PGSl e e oot
T e o B el The YRR SoitelRictod i he et ange
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 to the detected object, 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 targets characteristics of the targets

30 these interfering objects are associated with. Furthermore, when orienting
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I nterference caused by these ghost objects by attenpting to determ ne which
targets, if any, exhibiting correlation between the target characteristics
t her eof (wOgo10/08b8s8vel ocity of the target, the directi orCofiLzoo0//@n780f t he
target) and determ ning which targets corresponds to the real detected

obj ect (& 4-g 8cteef diregtibA wmmsgmwwwd&%w%@ fe COHRAK e thegnal

fromdetecte ject associated Wth the target). Reference is now nade to
Fi gure Gangbi ¢haps agseciateat with | thestselected adirectiot,hdbefaby prausingi ng
recei ved signals froma scene, in accordance wth another enbodi ment of the
di scl os&draneous getection. pfoceliostetasget’ refarsrharein & asgeiy of RFeVIgHS! yzed

d ted. . T i ved signal | t deficiencies -
and onaiges chirenh defelErlohge AaRRD 1Bl Rad ety BB RS Shecer vi ng.

, G d [ t | e,
the r arlaEe1ERBROER T A fede LIt BORERN Y fRRiGATy 1) RBternfineP o, ©
measur e vifiiehf r eyensy ifli i ensnibitingeesotiegatironaetiveans ntissi dardeétme and

the reception tines of the received signals, according to differences
bet ween aharattesistiesctheseof He.g.e dbiev wdlaitynaf shentanges, the qdiseetiornfof

transmttedq si | at the ti f arrival, o he recei ved signal The

di 11 or eBEUSB Nobte AR detaraining which taosts W@%@B’%ﬁ o dhei mes of
each recepye i I rig nes -ange, f i ect i was
cach, ! SSERbBLNT QfELeT (B G oabla Ao ARNRa Shdrdy [eics |58, vas
bet WWgen dd?ﬁp@é'i‘té%idﬁa?l'?ﬁfﬁq%%téﬂtéd BBje%'?%stsbéid-’téHSﬁiﬂﬁ“tlﬁe ‘f@l_*gét).”e are

determ ned, and thus the range from which the received signals were

reflected. Furt Refererce tise nowcainade $0 ghiguseabe whigheris ageschemaicysi cal
phenomenon such as coupling_between receivip ntennas, cross tal k between

recei verlBUSTERNR i tee for BrRGRISING geaRtETh 8IS B 3i $7fAIR énas and
R 1 e e A Gl
conpensgiggetlife 5EELitNEYeEbRA 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 example, the
transmitted radar signal is a chirped signal, the signal analysis may
measure the frequency difference between the signal transmission time
20 and the reception times of the received signais, according to differences
between the frequency of the received signals and the frequency of
transmitted signal at the time of arrival 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 transmitted pulse, the difference
between the pulse transmission time and the pulse arrival time are
determined, and thus the range from which the received signals were
reflected. Furthermore, the received signals are compensated for physical
phenomenon such as coupling between receiving antennas, cross talk

30 between receivers, coupling between transmitting antenna and receiving
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In procedure 552, a scene reflection nap is determ ned. As nentioned above,
each entry in the scene reflection map is associated with a selected

| ocati on.whaetv/essessy includes a set of val ues represent PRY/ILIt0/H®@OT Vved
signal paranmeters associated with the corresponding |ocation of the entry.

_ ( : o - cor di .range nmap
for sach S Setea Gcarro, e IReAY oL R dar i B begRutdn

par anet easténmas.a \Mithr rfetoncd taiFigote Gsighalkanalyeel ashd @pafperrasbyent ry
is determi ned according to the integral of the range map correspondi ng
t her et 0. Otanalyzes compengates #)e mesivedrsignals20 det er mi nes t he scene

reflections map.,ln progedure 554, the clytter map i s determ ned and the
statistical chngLtPéBPéﬁvE% 1 ASENR trgﬁePTr‘P'ﬂ HBagc n SeiRNinges. y A%, The

clutter [ Lesent d . ef | Qn_charact eristics
clut et RGO S Wiy RARSCII4RS heclst ehl BraBRRARATT =t
the scenwithThseléstetelocatibnTeadle shtiBinGidded B by &F‘vﬁﬂ%@ r%@?éyergﬁ}q]
associated with a corresponding selected | ocation in the scene. Each entry
in the ntie received sigsalaparameters aissesiatepneitie the nprtdepariding docatidn ect i on
character%st&]i cs respective of that |ocation. These reflection

S

char act eP sfec €NAEI udke £ WRluex asspeiatetle Witherearh edingyis aleierminade

oSS SR il S, BRSO AR o
oLt L Rludse e FeceRLHSaRSROBIREIOR e UKL RSBt o

of the coelpcted cangeayFacikartireis dgtérminbd adadrtizig tthamytelwal bethd ncl ude
detection thresholds for each clutter reflection characteristics, as

further BXKI%iMER GRIMGRPOAING dberain. prdfitibireiargnecenta ildgyureadsobeatred wi th
cr ut t or YTt AT cEhet s P, SR S BatBrEd AR h each | ocat i on. Wit h
(rjg{ er ence fhgl I tq%rgrcedﬁl?é't 584, CliRY 2QLREt Sy ideRASIAMY ahdBihe
15 statistical characteristics of the clutter in the scene are analyzed. The
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 entry in the maitrix includes a set of values representing the clutter
reflection characteristics respective of that location. These reflection
characteristics include, for example, 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 characteristics associated with the clutter reflection
characteristics (e.g., the variance of the energy levels and the variance of
the composite delay). Each entry 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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map and the statistical characteristics of the clutter are analyzed. In
procedure 556, the interferences in the scene are nulled. Wen orienting in
a sel ect edodnroastssen, refl ections originating from novi rRgTableeet®@oisn t he
scene (i.e., not clutter), located in at sane range, and in directions

ot her thafatiien %ﬂa‘?ﬁ%ﬁ%‘i’is%é éo%ihteWitHeeécﬁFﬁidé‘?ﬁ)r@“Wigﬁ eafcfeneais in the

range nmaps assocliated wth the selected |ocation, thereby causing erroneous

det ect i (igurs &r dutter yehdraetaridtiest deternenatord8t 8ctletbrotinestthenchitterr ange
maps other than the range map corresponding to the detected object are
det er ni npdp antuthe stadistical charactansticreohihaoludtas@reanalyzedt enuat ed) .

Furth , multipath refleghi | ks i

ssoct at ad v t h1RnBreedkEeca5a ABS: M TEteith<an st ot e AL apleso® e

det egt i jent: fdecki - List hects at

the. 2ol QNPSh RGHTTI 4 ShEioT BENbRL TeBU A, BB R RE B FoARbEC. & 21
nul | ed Kypjattselrtha Sdemedeit€! Matecintieph 1baatirt én dtf same, randd,band in

correlati on between the target characteristics thereof and determ ning
whi ch t aligstionsoothepias the sehectedadlirectien,: e@yobpe@ceivad Nk EgadBce to

Figures 4D and 4E  exanpl e, |ow ener radar sys em(ﬁz artenpts ﬁgo _
det gr ni rReakse inthe diBnass maps @f@oﬂkﬁtgét‘@ghgt@er éﬁ%‘&t% OGRS EPYct i on of
45 i | [ f
Zer o degrustno HipARAS ARESHeh. CABEARGN, dneT Bl Bl BHel DB SR PG °
at t euatdyget Bﬁl @?fréﬁgéirﬁaplsf &1Per GAAN 4hé- rafige M) eoprsspdrrlifg aorthed,

interference nuller 522 nulls the interferences in the scene. Reference is
now madeidtectéd)whjed, avdidateimmiredchbmas, thedd effiechs inay dve alleyisteder

generally referenced 600, constructed and operative in accordance with
anot her é@ooﬁtﬁ%@a'@d)t hd Witheinrres %&W@ué@ﬁm%@aﬁo@spnﬁ%ﬂ@s an RF

o di g taago i S YRRo Ry BeRabHieE it dnerretid RhEGHA iRty ' o
adj ust erc{8ngndrridbudN@dl&ection. Consequently, the reflections may be
15 mis-detected as objects at the selected direction. The Interferences
caused by these ghost objects are nulled by attempting to determine
which' targets, if any, exhibits correlation between the target
characteristics thereof and determining which targets corresponds to the
real detected object. With reference to Figures 4D and 4E, example, low
20 energy radar system 402 attempts to determine the effects of car 414
detected at range'one and the direction of 45 degrees on the range map
correéponding to range one and the direction of zero degrees. Low
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 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. Receiver 600 includes an RF front end 604, a dynamic range

30 adjuster 606, an amplifier 608 and an analog to digital converter 610.
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to digital converter 6 10. RF front end 604 is coupled with an antenna 602,
with a signal generator 612 with dynam c range adjuster 606. Antenna 602
recei ves Wo 2eloastssemagnet i ¢ signal refl ected from obj ecPeTiin2oubreooszsene
(both not shown) and produces a signal corresponding to this reflected

204 cow B, PEB I EORACE D Rufaliirahde Bcil Ry @ anpMih gl form

si gnal ggnfRd|VorfiZterEn RFefionteski 604ds sbapked ivthear lzintpeda S0ghal , RF
front end produces a frequency difference signal and é)r ovides this

f r equenayitidiafdignangensiaionb 12 avitly dymamicaaggesafjustaro@d6. Wen t he

transmtted signal is a pulse RF front end determ nes the,ti rrival
of the received %Egég.a&ﬁﬁﬁﬁﬁ’eﬁaﬁﬂ@'gﬁ remRINGHs ségﬂq]srteélepﬁergd g{%ﬁm c

range of f.requency,differenc Lonal..a i\ng predi I ed
patt&rn qgje?'%e Py e‘&\?enéée’ﬁ%hgk?ﬁﬂf @Ptt%g]%é'ﬂ@na?ﬁdar@%g?g\%gdgés tsﬁgﬁé;dj ust ed
signal t i{di ' b 8 Affnia 692t povidendhe sighairiovi des

t he anpl(ﬁ‘rr%%idsrlfddﬁgltéﬁﬁlsana %é??%@i t al converteﬂrj 610, whi ck[?j}jeterm nes a
di gi tal RFdfreht ereBHENtRIE ifonttdmd &0 doivdcenyerds. anxhfiltets the gignalal

converter 6 10 provides the digital signal to the ragéjl{ Si Ie?gfrtﬂcessor
(not shaegording Wbl a2 fadappsigeidht m,sigaak eneiatey &1 n t"Phat t he

descr | baPREPUEBERET i RaiPecIbd),dRE rdftetl lpabEs i aRtenEdp e and
defined gabyoive %%ﬁ'a‘?’i&i{lﬁro%ég hhisotrbgueRbPdifferendt bijhiatnerdpnamidar

systeém conprising: a ra signal generator generating a radar signal; a
transm tisgige aQNRIGD606! Wi thedemswigiea sigeatisropulse RFafiont €Ndng sai d

radar signal via a transmtting antenna;, a receiving array including a
pl ur al i tgetermiresithenimencérmsyahmf e rasavedy PissSec Vé?‘@,‘c d208€nt enna
bei ng Cog&lu%?erwébg gdjusts the dynamic range of frequency difference signal
according a predicted or learned 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 to digital
converter 610, which determines a digital signal representation the
amplified signal. Analog 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 technique is

defined only by the claims, which follow.
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correspondi ng receiver, each of at |east selected ones of said receivers
receives a respective signal corresponding to reflections of o the
transm t two 20d@&6858i gnal from a scene; a processor i ncl edirngoieocoatkar
signal processor, coupled with said receiving array, said radar signa
processor determ nes a scene reflng%Rﬂ@ map, said scene reflections map
I ncl udes val ues representing 5 ref €Tt § characteristics from each

sel ect edql ocat j ' : ., coupled with said radar signal
1. OCA IbWeh@rg@ﬁ!ﬁ@Sﬁ%ﬁenﬁc&%ﬁ%ﬁe

processor, detecting ec the s ind t he corresponding | ocations

thereof accor di ng rhdas sighes generatdr gaératinges radar sigplalit t er o map, said
clutter map includes values representing clutter reflection characteristics

from each sel ectad trawzmitiar, i sospler sydhe; saiftl sagawesignaht gsnesatorcoupl ed
with said rafirar si.gnal gnerator. sai d tr@.nsm’tter, W th said

i t.h .
fecei%ing ar FARSHIEING $30d20ar $igna)ada ofrangmifinacanteniaans m t ¢ er
recei¥ing ark@p® 3 . 81 | o
orr eebondi ng t oarBrEBlidy ity udfical Aaaitty X RLking HifteliRdsHmd ©! In

controller saugﬁuﬁww of reasivepse dctpabftemtRr beirgpabodprey aivith, said
transmtter and said receiving array. 02. The system according to claim1,

wher ei n sai dcpmespondimy delceiverureaeh eshuats ldasih sedéctesk arws 0f sBI@r said
radar signal praqcessor processed the received signals and sai d.detector

det ect ed sai FPGRIYRE ELGEIVehH@ SARCIIVE SIgNAL COUESPRNIINGD LAIrGTeeldrnRs S m 1,

wher +n sai dg{%ﬂ"ghgﬁﬁﬁgalraaépgﬁfaqrfrdr‘?ﬁ é EE&HS{ coupled wit with said radar

sign gener
a processor including:

a radar signal processor, coupled with said receiving array,
said radar signal processor determines a scene reflections map,
said scene reflections map includes values representing

15 reflection characteristics from each selected location in said
scene;

a detector, coupled with said radar signal processor,
detecting objects in the scene and the corresponding locations
thereof according to said scene reflection map and a clutter

20 map, said clutter 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 fransmitter, with said receiving array and with said

25 processor, after said transmitter transmitted said radar signal and

said receiving array received said signal corresponding to reflections
of said transmitted radar signal, said power controller shuts down at
least one of said radar signal generator, said transmitter and said
receiving array.

30
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wherein said radar signal processor further includes a frequency anal yzer,
said frequency anal yzer at |east analyzes the frequencies of the received
si gnal amstoanidmsesss equal i zi ng the recei ved frequenci esPCo/iICony/emd’s he
different attenuations of the received signal at different frequencies. 4 .

The system agg@r gggﬂarﬁoaﬁb@r‘mé tGARA M ,Zgri/ﬁelre"i'ﬁaéaiai @@\llerprﬁg)ﬁﬁ@ﬁ%ct i ons

i ncl udes a beam rmer, sail am forner erm nes sa sce

map. 5. The Ay#iemshggodeivigsail ﬁk@b@mr #her ehit eagdr eyl procedsdr scene
reflection map is associated with a selected |location in said scene, each

said entry i peocaised thet regeivadusignadpr asdnsaity detebtort idetectedr aaicdri stics
associ ated wi bh tthe %ocation corresponding to said entry. 6. The system
accor di ng t 0OPIeStsBthS8EEREN sai d beam former determi nes reflection
characteristics corresponding to each entry by determ ning a range nmap for
each selected |ocation, said range map includes the reflection

charact egi st Tag ifsténmPasEdiding t@tldlhi ¢CiHeRsirrsaidne e'sigﬁﬁ%rfo%%%or

corresponding tothe entry, said systemorients int rection

cor r espondi nig fustherecampled wit withes aigsaeliar aigaldererators lamdn 4, wherein said
radar signal processor includes a clutter characteristics determ nator,
said clutter chaVAerein sriddadaesigmalnrosesaer ditherciniclides alfieqeenewp. 8.

Th i | ai 7. i whi ch h i i.d cl i
2ssoc! at ed. 3?&%@6@8?%@5ﬁsﬁh.@havs%ﬁ@yz'sﬁ 5851 Belresams Sadienagin ent ry
incl wles a sgt ffe V?édz@?eﬂe%r'&ﬁﬁlméﬁ& the |é5§g éq éﬁiihgctth%n received
characteristics respect lve OTJ t hat ocati on. . He sy tem accordi ng to

claim8, whefrequensies i goecpireadifierent attenaations ed the vecthedsigual
consisting of; received energy |evels;
at different frequencies.

4. The system according to claim 1, wherein said radar signal processor
15 includes a beam former, said beam former determines said scene

reflections map.

5. The system according to claim 4, wherein each entry in said scene
reflection map is associated with a selected location in said scene,
20 each said eniry includes a set of values representing reflection
characteristics associated with fhe location corresponding to said

entry.

6. The system according to claim 5, wherein said beam former
25 determines reflection characteristics corresponding to each entry by
determining a range map for each selected location, said range map
includes the reflection characteristics of a plurality of directions at the
selected range corresponding to the entry, said system orients in the
direction corresponding to the entry.
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t he phase of the received signal; the statistical characteristics of said
received energy levels; and the statistical characteristics of said phase
of the rewoi2omdssssgnal . 10. The system accordi ng to cl aPeT8L20averveisn sai d
clutter characteristics determ nator determ nes, for each entry in the
clutter map, a detection threshold respective of at |east a selected
portion of said clutter reflection characteristics. 11. The system

accordi ng. t oTeleasyBtdm avbeidhg t@@larlrrﬁﬁ; ﬁ\ﬁié?éirﬂ%ﬂcr‘a%él‘%igﬁ%l?ﬂodé%sb e scene

when the reflecti'on characteristics the respective thres t hereot 12.
The system atwludésig ao cludiem Schatasteristicai determiriator detsaidi nelsittehe
probability tBat zin ohject exists in a selected direction according to a
detection pr 6PAAGIELISES Aeterspinator delerayres sait sbiti@rigapo cl ai m 12,
wherejin said probability function is predeterm ned. 14. The system
according to claim12, wherein said clutter characteristics determ nator

determ n@s sqai i ; i ki u j f l:acat:on; ki ,-sai d
scene, afg 'Iegg]t@ gg%tg%ia%go'%ﬂ?ﬁ{? %I:aﬁjrptZ’rﬁfg\{‘ Eé‘%télggr?e %ﬁgye{@t%rlps?yyg '

associ at ed wmdp dacassaciatdcdbrwitita coreesysdingaseotiéd docatiohalnmsaid wher ei n
said clutter characteristics determ nator further updates said clutter nmap
accor di ng t 0S€8Na, sa6heehly|igctudas mapet 06.values sepresentingthenguttercl ai m

15 , wherein id.clutter map.is determ ned according to a long term

wei ght ed aveF%Eeecqlﬂn gi&%rr?&t‘?ré%'@cﬁ%t'ﬂﬁp%ﬂhf%?Oeﬁ%@'gyst em according to
claingyl, wherein said processor further includes an interference nuller,
coupled with said beamforner and with said detector, said interference

nul I er dét er theesystbm atéectingftoalaim 8, wherein said signal parameters are
selected from the group consisting of:
received energy levels;
the phase of the received signal;
15 the statistical characteristics of said received energy levels; and
the statistical characteristics of said phase of the received
signal.

10. The system according to claim 8, wherein said clutter characteristics
20 determinator determines, for each entry in the clutter map, a
detection threshold respective of at least a selected portion of said

clutter reflection characteristics.

11. The system according to claim 10, wherein said detector detects an
25 object in the scene when the reflection characteristics the respective
threshold thereof

12. The system according to claim 8, wherein said detector determines
the probability that an object exists in a selected direction according
30 to a detection probability function.
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interfering object on the signals received by each one of said receivers,
and alleviating the effects of the interfering objects on said scene

refl ecti onOrap/08858 The system according to claim 17, wreT4LI016/a00078
Interference nuller determnes the effects of the interfering object on
each range map, and wherein said beam forner constructs said range naps
whil e attenuating the reflections fromthe interfering object.19. The

syst em acir diHedsystefh acBbidinyter&hitn 92 iadni saidprdbabiRgerPRtiohust her
i ncl udes a conpensator, coupled between said frequency anal'yzer and with

sai d beam f opmedetesaiidedonpensat or corrects the effects of physical
phenonenon. 20. The system according to claim 19, wherein said physical
phenonenon includes the effects of one antenna on the other antennas. 2 1.

The syst ageor di | ai.m 20, wherein sai d physical phenonenon further
el ufles o JR Shtem Ackp YRR AT 12! Buatofy BRI G Ger EARRRERT lcs
recei vi ng ant RS [ 1S AL it Qe ' ordi ng
to claim 20, V\herelin%@%??t%mlsrﬁc%a Ighgﬁ%mnonarﬁ?atﬁﬁty %tmgﬁg??gﬁts of
changes i n t ¢ogationt unesaiol saefesysit ast 23ccdraing vet émne aslatiedirefiettionl ai m 1,
further conprising a tracker, coupled with said detector, said object
tracker det ecChiaracigristies @siseciatedawidlt eechdorationf t he det ected objects and
determ nes object. corresponding to targets fromthe detected objects
according to said object characteristics. 24. The systemaccording to claim

23, wgerejg g é@ﬁ‘f%rccbvaihge{o” BleAtsy | Wit ref SaitPEiRfk? afalehitigsnes
targets of intereSts accordingly.
determinator further updates said clutter map according to said scene

reflection map.

16. The system according to claim 15, wherein said clutter map is
15 determined according to a long term weighted average of scene

reflections maps.

17. The system according to claim 1, wherein said processor further
includes an interference nuller, coupled with said beam former and
20 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.

25 18. The system according to claim 17, wherein said Interference nuller
determines the effects of the interfering object on each range map,
and

wherein said beam former constructs said range maps while
attenuating the reflections from the interfering object.
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25. The system according to claim 24, wherein said power controller shuts
down said tracker after said tracker determ nes object corresponding to
targets amo208wvogess8 of interest.26. The system accor di n@CraLmiedeonZs3,
further conprising a communi cations transmtter coupled with a control

cont ror1 a9 TRESEER RECEIIBHB. AT A S En BRI $hEI BRSS9 el ati ng
Lo the det ectigdneniifeltieso > dofnsamtatel, Toabley baivedhaaustequaner di ng

to claim26, wherein said comunication transmtter i1s further coupled with
sai d tracker ansfyzércamanwitic ataid rodarnfenmmer esaid gconfpengatansoirtests riher mat i on
relating to said targets to said control station. 28. The system accordi ng
to claim27, effestePhPbysi¢ahpRENOERAPI | er shuts down sai d conmuni cati ons
transmitter after said communications transmtter transmtted said

i nforfation. 30. A | ow ener gy radar system conprising: a radar signal

generatorzcgeﬁq{gat'g&gteﬁtnragééo,ﬂii altg acléfrﬁnsf@t.tm%()rgfrfa%aiid‘?:' Isithia

plurality of tran tting antenmas and a plurality transmtters, each

antenna bei ngphepigphedom irtladesr thes psffelita g of r ene mahtérina eanhthie aothert t er

bei ng coupled with said radar signal generator, selected ones of said
transmtters 26dguRds.i al |y transnmitting a respective signal toward a
selected direction in a scene; a receiver, coupled with said radar signal
generator, receiving reflected signals fromsaid selected direction in said

Sceng, azolr.oefgfefg%gisfé%“dé 'rd"fhciaqé‘r @gﬁga' 20" O6fR8In S8 y¥idd) said

I
receiver, sai r signal  processor rmnes a scene reflections map,

sai dscene r efgresidn@sondarthet insladey afferss of phessind obiedtsfiheheiviscinity
characteristics fromeach selected |location in said scene;

of said on said receiving antennas and said transmitting antenna.

22. The system according to claim 20, wherein said physical
15 phenomenon further includes effects of changes in temperature on

said system.

23. The system according to claim 1, further comprising a tracker,
coupled with said detector, said object tracker determining the object

20 characteristics of the detected objects and determines object
corresponding to targets from the detected objects according to said

object characteristics.

24. The system according to claim 23, wherein said tracker further
25 classifies said targets and determines targets of interests

accordingly.

25. The system according to claim 24, wherein said power controller
shuts down said tracker after said tracker determines object
30 corresponding to targets and targets of interest.
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a detector, coupled with said radar signal processor, detecting objects and
targets in the scene and the corresponding | ocation thereof according to
sai d scernwonefdmsscts8on map and a clutter map, said cluttecTmpli/nwbisdes

val ues representing clutter reflection characteristics fromeach sel ected

| ocation in said scene; and a power controller, coupled with said radar ,
signal generator, with said transmtter, with said receiving array and with

sai d pro@6ssdhe abysternai detomiisgi ttoer claians B3, t eflirGird Eaf@irigihgnah and

said receiving array received said signal corresponding to reflections of

sai d transni £0BUNHAK@tIOfISgiiansMitied cpupkad watht aotomirols biatimnd omith aaid east
nsmtter and said receiving

f i d [ I I, d. ]
one of 52,4 alBlc oA SSPLateL, SHLdLIemen and sald el

det erg ni ng | ) bt radar , signal toward
sai d incene; ?8@4&%%“@%3{%&3? ﬁ%? §I fgé@?ﬁ@& i@@ggﬁ%w&%&laﬁgﬁl 39ni €in an
antenna arr agetedtedpssiétiectossdifiadoriifsl'staondi ng to reflections of the
transmtted signal fromthe scene; processing the received signals to
determ ne a scene reflection map; and detecting objects in the scene and

t he Io,ca?'zonigt herePf, at Iecﬁst according to the scene reflection map and
the cluttér nap. SY¥8eMnhacratdad B%diiatmngﬁt ovheegim said gamensticaliemri si ng

ool no e FaSmittas's AP CObRed Riid M Padibrt 4oid R mtaicAiGh e 1 ho
det egd ed obj gahsmiftérs Tmh@ie&mféraﬁ§Qh§irﬁ9atrd§] gé@g@gﬁaéés%:{aggggs;% ge dur es

procedure of 5 processing said received sign
of : said control station.

28. The system according to claim 27, wherein said power controller
shuts down said communications transmitter after said

15 communications transmitter transmitted said information.

30. A low energy radar system comprising:
a radar signal generator generating a radar signal;
a transmitting array including a plurality of transmitting antennas
20 and a plurality of transmitters, each antenna being coupled with a
corresponding transmitter, each transmitter being coupled with said
radar signal generator, selected ones of said transmitters
-sequentially transmitting a respective signal toward a selected
direction in a scene;
25 a receiver, coupled with said radar signal generator, receiving
reflected signals from said selected direction in said scene;
a processor including:
a radar signal processor, coupled with said receiver, said

radar signal processor determines a scene reflections map, said
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anal yzi ng and conpensating the received signals; determning a scene

reflection map, each entry in said scene reflection map is associated with
a sel ect enioOl20mABH838, each entry includes val ues correspedilnzy10/000pz anet er s
corresponding to said o received signals, each val ue being determ ned from

a range naps Coé&éﬁéoféﬂé&ioﬁf@ A iRBlUdEs Qafled FBpRedBting GEHEESOR NE

received signals paraneters froma plurality of directions at the range
associ at ed wi t hcharakterittiys frioat eachrselgetedlogation imegaidrstemeal yzi ng t he
statistical 5 characteristics of the clutter in a scene; and nulling the
interferences in tha siaiaetor3scouplednayitiydsaist oiegiaig SIFNJ ArAE8ASORher ei n

sai d procedure of ,alleviating includes determni the effect pof ,an
interfering obj 98{eTiNG Qhle gnﬁpé riq,rgl d 'By Q%ch e of dtﬁ%cei vers,

i SeLLD o COchNBSPRRERE Weadh LTherdar aeconiss: o sagh spade o
| ocation while pefiddtith trigpr ahbeat icutteromaie said eclfiter nmapbiitsluded
values representing clutter reflection characteristics from each
selected location in said scene; and
a power controller, coupled with said radar signal generator,
10 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 radar signal, said power controller shuts down at
least one of said radar signal generator, said transmitter and said

15 receiving array.

31. Low energy radar method comprising the procedures of:
determining a clutter map of a scene
transmitting a radar signal toward said scene;

20 receiving by each of at least selected ones of antennas in an
antenna array a respective signal corresponding to reflections of the
transmitted signhal from the scene;

processing the received signals to determine a scene reflection
map; and

25 detecting objects in the scene and the locations thereof, at least

according to the scene reflection map and the clutter map.

32. The method according to claim 31, further comprising the procedure
of tracking the detected objects in the scene.

30
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33.

34.

35.

The method according to claim 32, further comprising the procedure

of classifying the detected objects.

The method according to claim 31, wherein said procedure of
processing said received signals includes the sub-procedures of:

analyzing and compensating the received signals;

determining a scene reflection map, each entry in said scene
reflection map is associated with a selected location, each entry
includes values corresponding to parameters corresponding to said
received sighals, each value being determined from a range maps
corresponding to éaid entry, each range map includes the received

signals parameters from a plurality of directions at the range

- associated with said entry;

Determining a clutter map and analyzing the statistical
characteristics of the clutter in a scene; and

nulling the interferences in the scene.

the method according to claim 34, wherein said procedure of
alleviating includes determining the effect of an interfering object on
the signals received by each one of said receivers, and determining
the effects of the interfering object on each range map,

wherein said each said range maps is re-constructed for each

selected location while nulling the reflections of the interfering object.



