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and system for detecting and | ocati ng nman- made objects

by nmeans of a "harnonic radar” utilizing the objects

non-1|inear response to incident el ectronagnetic waves.
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usually operate in the UHF (U tra-Hi gh- Frequency) or

m crowave part of the RF (Radi o- Frequency) spectrum

and are used to determ ne the position and/or novenent
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Any radar system can locate a target by finding its direction and range.

The range to an object is determined by calculating the delay between a
pulse transmitted by the system, and the consequential receipt of the
reflection of said pulse from the object. This determination is based on the
known propagation velocity of the pulse c (the speed of light), when the air
is the medium. As a general rule, for obtaining a relatively good range
resolution, a very short pulse should be transmitted. The duration of the

pulse may be shortened by any known compression technique.

Metal junctions and electronic components, particularly those containing
semiconductors, have a non-linear response to the application of voltage
over them. This physical phenomenon is known in the art for several
decades, and has been used, for example, in systems for detecting and
locating mines. In these cases, the current I via a metal or a semiconductor
junction can be expressed by the following equation:

(1) I=I,+gV+gV+gV+..



junction can be expressed by the foll ow ng equation:
(D/ | 0+g7 +g2 2 +g3 3 +...The coefficient gi in this
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represent the coefficients of the non-Ilinear response
of the object to the application of voltage over it.
Typically, the values of the coefficients g n decrease
as the order of the coeffi'€ient index n increases. The
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In most radar applications, a sinusoidal or a quasi-sinusoidal wave is
transmitted towards the object. Assuming that a wave Vcos(27ft) is

transmitted, the scattered non-linear response from a man-made object
contains harmonics of the transmitted frequency f, namely, 2f, 3f, 4f, 5f, ...
. The reflections from natural objects, however, are linear, i.e., include only
the fundamental transmitted frequency f Also, if the transmission
contains more than one frequency, the response contains various

combinations of the transmitted frequencies.

Man-made objects that do create harmonic scattering can be divided into
two classes:

One. Man-made metal objects: Due to an oxidized layer formed on
most metals, junctions of metals are essentially combinations of metal-
oxide-metal (MOM), which cause a symmetrical non-linear re-radiation of
the applied voltage (by “symmetrical”, it is meant that I(V)=-I(-V)). Due to

the symmetrical structure of man-made metal objects, the harmonic
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metal (MOM), which cause a synmetrical non-linear

re-radi ation of the applied voltage (by "symetrical ",

it is nmeant that 1 (V)=-1(-Y)). Due to the symetri cal

structure of man-nmade netaf objects, the
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Af (r%)gr%oggnts. A few general properties of the harnonic
‘respons€“shoul d be noted: One. Frequency dependence:

Physically, there is no known | ow boundary to the
| i near response fromtypical objects. In practice, it
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On the other hand, parasitic capacitance of the
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boundary to the linear response from typical objects. In practice, it is
difficult to concentrate low frequency radiation on targets, and also the
coupling is not efficient (the term “coupling” refers to the ratio between the
voltage induced on a component inside the target object and between the
intensity of the electromagnetic field surrounding the target object). On
the other hand, parasitic capacitance of the junctions that are part of the
object, for example, PN junctions in semiconductor components within the
object, metal-semiconductor junctions, or metal-oxide-metal junctions,
tend to short the voltage in high frequencies. More particularly, as the
frequency increases, a lower amplitude response is scattered from a man-
made object. Harmonic radar systems using frequencies ranged from a few
tens of MHz up to about 10GHz have been applied for various radar
applications. However, second harmonic generation by metal-oxide-metal
(MOM) diode made by dissimilar metals or metal-oxide semiconductor

(MOS) diodes have been demonstrated up to 30THz (teraherz) using COq
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frequency increases, a |lower anplitude response is

scattered from a mannmade object. Harnonic radar

systenms using frequencies ranged froma few tens of
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Pard«dtic Inmtabnic signals that are developed in the transmitting unit
cause significant problems in distinguishing the searched objects from
their surrounding. For example, the operation of a transmitter is
accompanied by many non-linear electromagnetic components, particularly
in the amplifier or the oscillator, that produces radiation. Also, metal
junctions in the antenna and the transmission lines may create odd
harmonics. Furthermore, corona formation in the transmitter caused by
the high transmitted power might create harmonics of all orders.
Harmonics of the fundamental transmitting frequency which are produced
in the transmitter are then transmitted towards the object, together with
the main transmission in the fundamental frequency. These transmitted
harmonic frequencies are scattered by all objects and may mask the
expected scattered harmonic signals from the non-linear objects, and
prevent their detection and investigation. Moreover, the transmitter

platform may contain metallic materials and electronic devices which may,
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man- made obj ects using harnonic detection. It is
anot her object of the invention to provide a harnonic
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man- made opjects at close-range. 1t is still _an object
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man- made objects fromtheir surroundings, particularly
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It is a particular object of the invention to provide a harmonic radar
method and system for locating man-made objects in very high precision,

namely, with high range and azimuth resolution.

It is still a particular object of the invention to provide a method and

system for precisely locating man-made objects buried in the ground.

It is still a particular object of the invention to provide a method and
system for remotely classifying man-made objects. The term “classifying”
refers herein to the ability to distinguish and classify the type of the target

detected, for example, to distinguish between a mine, tank, missile, etc.

Other objects of the invention will become apparent when the description



It is still a particular object of the invention to
provi de a nethod and system for precisely |ocating
woro7oawe obj ects buried in the ground. It is BCTIL2085/000748
particul ar object of the invention to provide a nethod
and system for renotely cl assifying nman- made obj ects.
The term"classifying" refers herein to the ability to
di stinguish and classify t-Ae type of the target
detected, for exanple, to distinguish between a m ne,
procasds. missile, etc. Qther objects of the invention
w || becone apparent when the descri ptionproceeds.
Summary of the Invention The present invention rel ates

S t oar ro $4SLE 1vvhich conprises: (a) at least two
u i r simul taneously, and in

Thé %&‘ééﬁr&ﬂh@@ﬁh@ﬂ rblABS b tl i-zﬂﬂzreéy‘éﬁéxhﬁﬂI@Qhﬁioh@pxﬁ@éb ) a0
di stinct frequencies f X, ... towards a

leasp awe todnsmitémesinits &ndsmb;ltwluedmwmhm ssemhwm@tmn
uni t tuned t o a frequengy . of .nf

X 4+nf 2 +
trapEY HILAS 1f @ﬁtﬁomagne’g@,r 13then dBr LiSHPCt SrRt %nlm‘%? Jer o2
for ei vin on-lin espo of sald radi ation
£, £riGEGHP & (PP O3 BUCRENRRA (RS foa? S i Tgfelving unit
interest. Prefera he fol I condi t
turéﬁﬁ]dtha uequengm ql ;swz/‘ U pr o TRy e - %8%%56“

condition n - li.es

I
notpegral EhEeLo, t%r@v@e@n\g %glqyﬁlpew?r%%@ggg tOf $2id rafipgion

from&a% eg%s\'@%te%%ﬁﬂﬂmﬁ% ealjd ?a%’éfof %nﬂ'e%ét P72 a’n d ] 2 2f
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Preferably, the systemfurther conprises eval uati ng
Prefesaislyf the follatwing icngditfen ret lari % &, andensiltyalsp applies.

response froman object in said two received
frequencies, and for classifying accordingly the type
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Preferably, the receiving unit is tuned to receive at least two

frequencies  n,f, +m f, +q,fs-., and n,fi+m,f,+q,f;..., Wherein

7y 10,y s By s My, 4, ..., AT integers and at least n, #n, or my #m,.

Preferably, the system further comprises evaluating means for
evaluating the relative intensity of a response from an object in said
two received frequencies, and for classifying accordingly the type of

the object.

In an embodiment of the invention, the system may comprise two
transmitters for simultaneously and in synchronization transmitting

electromagnetic radiation in two distinct frequencies f;, f, towards a

space of interest, and one receiving unit for receiving at a frequency of

n f, +m f,, n,m, being integers not equal to zero.



transmtters for sinultaneously and in synchronization
transmtting el ectromagnetic radiation in two distinct
woneimwemopes 1 f 2 towards a space of interestpCam2005ien0748
receiving unit for receiving at a frequency of nxf x +
12 >T 1| being integers not equal t o zero.Preferably,
each transmtting unit congrises atransmtter and a
transmtting antenna, and-éach receiving unit
conprises a receiver and a receiving antenna.
Preferably, the at |east two antennas of the
transmtting units and the at | east one antenna of .the
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Preferably, the said orthogonal polarization is used for eliminating
transmission of signals at the frequency of the receiving unit from any

of the transmitting units.

Preferably, the orthogonal polarization is performed by means of a
polarizing component located between one of the transmitters and its

corresponding antenna.

Preferably, the antennas of the transmitting units and of the at least
one receiving unit are all mounted on a same antenna pedestal, to be

directed simultaneously to a same direction.

Preferably, a multi-beam antenna is used at the receiving unit for

improving the direction resolution.



range of between 30 MHz to 30 THz, depending on the
pur pose for which the systemis used. |In one
wentdorent of the invention, f ,/ 2 ,/ 3 ... BCEILI005/000748
the m crowave frequency range. The invention al so
relates to a nmethod for detecting man-nade objects
conprising the steps of: (%1) si mul t aneousl y
transmtting froma first transmtting unit and froma
second transmtting unit, and optionally from nore
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Whﬁ%fiib@q?y shemp isfusef; ynf2 +qf ... whereinn, m q ...
are integers not equal to zero Preferably, t he
followi ng condition n\ |, ... also applies.
In B’ﬁﬁfe%lﬁmlmerﬁftff thel |rﬁ‘é‘hth@n$3 9‘}’1%1; Fan fire in the thicrewave
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fregﬂélﬁgrltéhg’eecel ve at at |least two frequencies nxf +nxf
+gxf 3... , and n2f x +n2f 2 +qg2f 3. , Wherein n
,m,ql ...,nzmzqz axelntegers and at Ieast n n2
or, m nP. rabl , the f t he i nvent .
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frequency of nf, +mf, +4f;... Wherem n, m, q ...are integers not equal

to zero.

Preferably, the following condition n#1, m=#1, g #1... also applies.

Preferably, the following condition n=-1, m=-1, g=#-1.. also

applies.

Preferably, the receiving unit is tuned to receive at at least two

frequencies  n f, +m f, +q,fs.., and mfi+m,f, +q,f;..., wherein

7Yy, oG, sy, .., AT€ integers and at least ny #n, or m; #m,.

Preferably, the method of the invention further comprises the steps of:
(a) carrying out repeated experiments for determining a typical
response for each of various types of objects, while using selected

transmitted frequencies f; ,f,, f;... in each transmission unit



each of said typical records in the database, to find

the type having nost simlarity, and classifying the
wohyp®on7ype accordingly. Preferably, the PCT/IL2005/000748

el ectromagnetic radiation is transmtted in pul ses.

Preferably, a receiving gate is provided at the

recei ver for enabling receﬁtion during the expected

time of receipt of a respohse froman object, and

di sabling receipt in all other tinmes. Preferably, the
respacié'edyaaﬁ feheach dhjest tywe, perersing spesdatabassyitsganicadf
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ecel ving frequency being also varied to follow

of $diBe s8ledtoficaienties] coradld tingotHer wsponsd hageceived with
frequencies. Preferably, the nethod al so conprises the
eadhaskisalyl tyricakakeoyds gh HiegAatahasapbndimds the, type having
frequency trapsmtted fromany transmf.ti unit to
motsl[qéﬁ'&ﬁ% Y’tﬁlﬁqéﬁ'ﬁf’&ﬂﬁ‘& i‘lbé‘?c\éﬁP’B? areidng¥he met hod
al so conprises the providing to the receiving unit
i ndi cation regarding the tinme of the sinultaneous
Préfepdlsis) g8 dlectbniygridii tadéaison id tragsuritted ihgrulses.
determ ning the | ocation of the object.Brief
Description of the Drawings In the drawings: - Fig. 1

sho a genetal structure of th ar noni.c_radar fem
PrSgR; g S ORE EHBoth RIS Fnt RUBHToR eogfihe )
recEBAVR ARAR!ANExACRBY Anb Ot SRR bl ABpSHENHdin{ 49T
t transnttting units, and receiving a signal from as
objeél, aeld dibaksling secdptfry ell othewtimesecei vi ng uni t,
according to one enbodi nent of the
Preferably, the pulses are short duration pulses, obtained by means of

compression.

Preferably, the electromagnetic radiation is a continuous

transmission.

Preferably, the transmitted frequencies are varied continuously, and
the receiving frequency being also varied to follow the said variation of

said two transmitting frequencies.

Preferably, the method also comprises the masking the leakage of
signal components in the frequency transmitted from any transmitting

unit to the other transmitting units.

Preferably, the method also comprises the providing to the receiving
unit indication regarding the time of the simultaneous transmission of

by the transmitting units for determining the location of the object.



invention; - Fig. 3 shows an object that is radiated
by sinultaneous transm ssions fromtwo transmtting
wanoarooteayi ng di fferent transm ssion frequenci BET/IE2005/000748
Fig. 4 shows how a | eakage of radiation between two
transmtting units is obtained by nmeans of providing
filters between each trana\rﬁ'tter and its correspondi ng
antenna; - Fig. 5 shows how a | ocation of an object 50
i's obtained by nmeans of using a plurality of receiving
units and/or receiving antennas; and - Fig. 6 shows
how a cl,assifi % [ of .obj ects can be obtai ned by
Brigfd)escuintion olithe llrawings; ty of receiving channels,
In %Cclfra g to a different harnonic conbination of the
ansm1ted signals, and comaparing the resulting
) F‘%‘églnéﬂ!l(&WWat gerthahBsigicaines dxedenimenicaiakdyr sPetean laedording
scription of Preferred Enbodi ments As said, the
td enveambodimentipbthe mventisaar system for detecti ng,
| ocati.ng, and cl assifyin - made obj gcts,. t hat
. Figgab1 S1O%S gHal PHaR R ATHER. 1o iOTEang: SigRars from. two
tﬁaﬁgﬁ?'ﬁih%egnﬁge%ﬂﬁéc&%é Q tdhghd] Tm! hBeBIrget which is
scatterrig characteristics, as ntioned in equation
cdrieydllovinto Harseaiving adat, aysirdimg ab oie gumbadingantt of the
conprise at least one transmtting unit, and a
invepéion;ng unit. Each transmitting unit in harnonic
radar _systens .of the prior..art.transmits signal. . (.a .
- Fighor 18 l{j‘fsséno‘be%thﬂ}ﬂti Wu%%ﬁ&aﬁ%ﬂli’;/ %F“gtc?r}egodlﬁe%@y Sfl‘?lgl&ons
FARE kG- LSRN, AR haOlncS ity 8YE LaHiSsibH TG i dhies;
recelve asignal fromthe object at a harnonic
- Fig e0yRoRY 1w a leakeby of 2afliatiuebetwaeh, twihdrasmitting anits
integer. Cenerally, in view of the fact that the .
is obensed ypyomeaas mirproyidiag fliees betwaen pach byangmitter and
decreases.as the harnonic order increases, it is

ité&ﬁﬁ%_pf’ﬂd’c%%nwaf eceiver to a low ft-order
- FF%CM{)&S oW L NGcAtREEOY AR Dbt b0l i_%'co%‘%aiﬂeddl@}‘ @¢dans of using

ensity signals at a specifi
a plurality of receiving units and/or receiving antennas; and

- Fig. 6 shows how a classification of objects can be obtained by means of
providing a plurality of receiving channels, each tuned to a different
harmonic combination of the transmitted signals, and comaparing the

resulting signals with data obtained experimentally.

Detailed Description of Preferred Embodiments

As said, the invention relates to a radar system for detecting, locating, and
classifying man-made objects, that scatter signals at harmonic frequencies
of the transmitted frequency due to their non-linear scattering
characteristics, as mentioned in equation (1) above. Harmonic radar
systems of the prior art comprise at least one transmitting unit, and a
receiving unit. Each transmitting unit in harmonic ra@ar systems of the
prior art transmits a signal (a short pulse or a continuous wave) at a

frequency f, and the receiving unit of such systems is tuned to receive a



harnmoni ¢ of the transmtted frequency, any parasitic
signal in said harnonic frequency m ght cause
woand7ue7om at the receiver in distinguishing real/L2005/000748
objects fromtheir surroundings. Unfortunately, it has
been found in harnmonic radars of the prior art that
signals in harnonic frequencies nf of the-fundanental
frequency f do devel op at™*the transmtting unit/s and
|l eak to the receiving unit, despite the neans that are
sigmpdrfeoml the ghject ated hapmwumihireguenes of 6 namelyn atfeequastey nf,

WheIRER Gt 4% g EPECGEREPhAD WPE aPadArT DAY ety of
ey o GARRC Hy TP IER, eBRETeD L Ao TR iy order

inci3BedTBit Is ThAIAbn ab tuhe thendas®et @b af lodrnerdyr hbrasshic. As
transmtted harnonic frequencies, scattered by all

theobpaiving mmit nhisés ttve dekgnéc lavd-intemsilyi signajraks #r epecific
the non:l inear objects,.and prevent their,.detection :
hargopip n%sthjieg 3% g%f e%@‘é‘r‘ef&tyhea]ﬂz aheFAS s n@lgﬂ‘ﬁ?tm said
Al [ er Y aPY {he :
oS, e QR LS BT, ) STREGS in

distthhishies keal obReDMoas theilk| wetathdinhgs Undortbpeactly, it has
Thrs is a particular problemin antennas having strong
beesi fienidobe harntmtic vadses pf dhe ayior artsHurt sighadfeln harmonic

o SE | B BB ST, 25 B, o e
AR 08 PSS 5 AP OTEeD mouns o

arePdeastdllg peoviBsd Ch dMuheaystems hto ndimbdchtendushis ieakage.
of the present invention provides the ability to
Haohasis dompenesof thedundamentak fransmittipg dradusmst khat are

oo D SR LT S B B v
o 401855014 By 0T s B PR
the? fuhd amemitdl | gy edneyl. t Bhesutirynahnitded f Ramnbnic frequencies,
scattered by all objects, may mask the expected harmonic signals from the
non-linear objects, and prevent their detection and investigation.
Moreover, the transmitting unit contains metallic materials which may, by
themselves re-radiate harmonic signals, that might be confused with the
real harmonics reflected from the objects. This is a particular problem in
antennas having strong side-lobes, that cause problems in short-range
detection in any type of radar system. The system of the invention provides
a solution to this problem, and significantly improves the distinction
between harmonics re-radiated by real objects and other parasitic

harmonics. Moreover, the method and system of the present invention

provides the ability to classify targets.

Fig. 1 illustrates a basic block diagram of a radar system for detecting

man-made objects, according to one embodiment of the invention.



frequencies f i and /_7?, respectively. Each

transmtter feeds an antenna, transmtter 1 feeds
wani@wa0d, and transmitter 2 feeds antenna 7. PTCIAL2005/000748

transmtter may conprise a magnetron-type oscill ator,

CFA (Cross-Field Anplifier), Klystron or TWI

(Travel i ng Wave Tube) or G%%otron anplifiers,

solid-state anplifiers, or~any other kind of anplifier

or oscillator producing el ectromagneti c waves. The

system al so conpri ses at | east one receiving antenna

6, .feeding at, | east o receiver Sai d receiver i
AcRABEE fo ag ot dREeH Ehn fhn SPert R ntRes ot least

r n- 0 : [ .

g Bt T JIRE D RSB SEpMdnehst i ifferent

frequanéies Ar gn@ng, resREENsl NBdclateapaaitter deedegal iavkenna,
but not zero. All the three antennas 5, 6, and 7 are

tragispdttesd]l Soedshamteney Hosrd tramymitiere Suiiedseariemmiaall| The
a sa area of interest. The antennas i xed, or

BB g URPESE G A P DeRPS PR PG Je Ao Hheld
1,5 an tBe I89® ameavling n tyh ¢

A R O AP ratyeling o TP, Tybg), g7 Gyrotron

amyifrirat e jdidesthad , ambplifiersy oeninywl otheirt kisd usediriplifier or
keeping all_ the antennas directed to the sane

oscifila lextrodueing ¢lgclEemasnatic WaB#esi sol ators 8 and 9 are

used for preventing | eakage of el ectromagnetic
radi ation fromone transmtter to the other, and

ThE.eégVé@&% 5&% LSARSIEbs 18" Badt 3R recBREnE NEMte8GSI 8L fectling at
id. 2, shows an enbodi nent of the invention in which
leagt ahé #deeivamt 8nnBsidameceiventisdtwoned warg petstsbak. of the

Al'l the three antennas, 105, 106, .and 107 are nounted .
frequencieanthatr arfe praducesn By rpenrmwade Rfieesr apya yesps f said

TR A5 S L M S D e amy
g5 SO g A eraa o Lo Tece v
standard rotary

All the three antennas 5, 6, and 7 are directed so that they cover
simultaneously essentially a same area of interest. The antennas may be
fixed, or preferably mounted on a same pedestal for scanning
simultaneously the same area of interest. Alternatively, each antenna may
be mounted on a separate pedestal, while a central unit is used for keeping
all the antennas directed to the same direction during scanning. The
isolators 8 and 9 are used for preventing leakage of electromagnetic

radiation from one transmitter to the other, and between the transmitters

1 and 2 and the receiver 3.

Fig. 2, shows an embodiment of the invention in which of all the antennas
are mounted on a same pedestal. All the three antennas 105, 106, and 107
are mounted on a same frame 110, and rotated together by means of

common pedestal 104. The energy transmitted from transmitters 101 and



joint or flexible cables (not shown). The transm ssion

of transmtters 1 and 2 (Fig. 1) may be continuous or
woueb@ad730Pul se transm ssion i s preferred when aCTAN®es/000748

resolution is of high inportance. For pul se

transm ssion, a timng pulse is provided by contro

unit 20, which synchroni zes the sinultaneous

transmission of transnittdds 1 and 2. The result of

the described antenna structure and sinultaneous
102 tankaisgeonas sahdahearecyived endrgyigosag Voimnantehnspho® to

the two signals in the two transmttged, frequencies f |
recgier /108, 8e throwghiine ardetial i)y TRERJS of %‘éé%l? Hisanipgd rotary
. ..schemat.i cal Ly. t.enn 05 has a beamw dth 305 to
joirfiea agipfiaplen (SR wi deh 307 to 407 and the
pul se duration in space is indicated by nuneral 300.
So, at a given tine, the only volune of space that
The apimémisssimof ttameonittersahsmd & dfigofl) frhaphe tortipgous or

i ndi cat ed by nuneral 200, Therefore, onl n-.made .
puleipgcBulse ABAPAEIOR[E BPlserdehEheR & F o e FrAHEOgF qidrieh

R0 | FOLSGHE RO GRBRDSIE o OAADE S
unRIVGER B nERrdfifedeld finndtanRlsWIBn OhiSHeE of Lithsnhidters

Includes within it the space 300, is used for
1 amelcRi Thegreshl obthd dasaibedespteras shrurtunguend pimultaneous

nf2 (as said, n,mO from man-pade qbj ect 500 which i.s.
rapsis e aF ARk IR BGARAORBEEi Gboch J8I TG Sighals in
filtered an LLfi yer I yer (Ei '
e AT LA D Koy ety s o

desfgrﬂ?r)%g Iecéﬁ% g?lé%%’%grjf 1y2 AntEREE 2%)5%1%@%' b&mf FEAEBeY 18405,

y“receliver 3, e control unit 20

AnBEriid 403 Haybdampewiths30t ebko7annd chsvrrke douzhtion in space
i ndi cati on on di splay 40. Besides detectign of a man

is imdieatedhyenymenal 39t Son alam hveyptizes, dbgi oy tipdume of space
| ocatj on of, tut‘i%\t tar g%t. The accur.a

thagf CoBETDE Yot DG RTBRERE it s viRGEFRed by
nufReh 960.%&9%1‘&, BEH B BE RIS 8% s 28%h 298bject 50 that are
within the volume 300 will produce non-linear response at frequencies nfz
+ mfe. Receiving antenna 206 having a beam width between 306 to 406
defining a volume of space 200 that includes within it the space 300, is

used for receiving the non-linear response in frequency nf: + mfz (as said,

n,m £0) from man-made object 500 which is located within space 300.

The received signal is filtered and amplified by receiver 3 (Fig. 1) that is
tuned in a manner known in the art to one selected frequency
f, = nf, +mf,. Once a signal at frequency nfi + mfzis detected by receiver
3, the control unit 20 provides any type of suitable and conventional

indication on display 40.

Besides detection of a man made target, the system can also determine the

location of that target. The accuracy of the location of the target is relative



and 207 (Fig. 3), and to the pul se duration 100. The
receiver 3 in Fig. 1 delivers the detected target
weigmak7e control unit 20. The control unit MEETAL®SS/000748

the delay T between the transm ssion of the pul se and
the detection of a signal fromthe target. The said
delay T, nmultiplied by Ihght vel ocity ¢, and divided
by 2 is the range to the érget. The delay T nay be
nmeasur ed by conventional techniques, such as |inear

to theemieines]l bed! widthneddEM eavhed thhithyee antensas 208¢ £06,
are enplgged. Control unit 20, ca

_ i th e
andd2@ecFimm)opndre the gatseciation Eler Zﬁ%@%?ﬁ@?‘é g iy Fig. 1

40, [ | tp the.t i i .
e 0 R g 255 S
me%%?gg : R, 20 hetWaen 3y eraminiedionof | theabuli® and the

y conbining the separate determ nation of the
detédigeofadighd fraimthdtanget.HEhelspit telay Temulidpbigd bynlight

i ST LY L ST bhe 255 AR ne
h i.n i . d il . rv i .
meg%{}ﬂghtrhygﬁ?ﬂn%r gloa%i %%(thnégl%%\ésgch ta’\ﬁgu{lgrhg"nﬂg%@?% modulation

(LEMIE SHEAE b8 péd tAttbrhdtershire RndflBysd.nul t aneously

present only at a limted space portion, ensures that
only within that space portion el ectronagnetic

conmponents in _frequency. conbi ngtj ons of i+ ,
Contup] iy Ahorn HBIeRIAG HirGragn 64 th CRaset a@Tbbyubiange on
. ln t PkhOr -art,. reg
s B DU Rt ELonPta S B bl oy e
ovelBpIRS QirlcdtioRs of e tidlcBaiteahnaPO5] DBSA@ROBNI CS are
present also in the transmtted signal, and that

generally nmasks the target and |imts the detection

sensitivity. A%%or ding to th .gre ent inventi 3& t he ¢
The eahavipemetiiody g leeting |amstPigte P8 COROIRINE JBRcyeParate

combi nat | nfi + , ) .coeffici .
cetfeipai 8 Bad Fhede Tot s pROf TR 60Tk 1 Blchen i
thet B8E ef R4 CeddRBtinBGE NSNS ithet BASE of almost any radar system.

Therefore, it will not be discussed herein in more detail.

However, iI} the present invention, the use of at least two transmitted
frequencies fz and fz, which are simultaneously present only at a limited
space portion, ensures that only within that space portion electromagnetic
components in frequency combinations of nf: + mfz, while n= Oand m=0
can be created by man-made objects. In the prior art, where only one
frequency /1 is transmitted, harmonics nfi can be created at the man-made
target, but almost always these harmonics are present also in the
transmitted signal, and that generally masks the target and limits the

detection sensitivity.

According to the present invention, the receiver is tuned to at least one of

the frequency combinations nfr + mfs, (n=0and m=0. The coefficients m



to, for exanmple, / , [ 2, | f 1f 2, f 2/ 2,
etc. Moreover, according to the present invention, f i
wana7/d7me selected so that 1 f +nf 2, and QPCT/IN005/000748
Jr nf i r anyintegers Pand Q while nfi + nf2 is
the frequency to which the receiver is tuned. That
sel ection assures that harponics P 1 and/or ¢ 2
generated at the transrrit‘tlg!r)s, will not mask the
detection of the desired signal having harnonic
andf f equgositive of nefative nrf tege XAV thePRioTe dhe grieiyer &s Hwned
exanple for an efficient frequency selﬁgti on_t

o B o g R s e
thegseph®s ORI FmEnhtt Ao SGErl 60 408 15y ond
0 e 30 g R T RO ns
Wi R Bl sl FpRop ofptod Wat Bapmonic,
S ettt &b B SRbyllfs SALRIL b helleliiod i the
e R AR Rl A e T ¢ ol & oo
fromeach of the transmtting frequencies, and/or from

any of their harnonics. Therefore, the sensitivity and
EXAMPAIH ity of the systemto distinguish nman-made

target . fromtheir surrqundings..are,i pproved.

The, Lfé eViRE EnBBd Pﬁ%‘ﬁ‘@%%’f h%nlg figiehto ,eqpﬁgg%ygse? eec%ﬂ)o that
t i Qv ' ' : } toffi -
prolifes & FRLAThERER B SORIB I, IO A L B made
objéREE AhRRdRne toechiyiexamplet $he eteinsimigting feoeenhips are
one receiving frequency. Each receiving frequency is a.

1, €DIT8GRES fonl86GHae trandmit thag f reWRERS es Iefigpcy 18

systemis capabl e of obtaini ng nor e .
f, =4.0GHz (being the sum f; + f;). In that case the harmonics created at

the transmitter 2 are in frequencies 5.48GHz, 8.22GHz, 10.96GHz, ... etc.,
and the harmonics created at the transmitter 4 are in the frequencies
2.52GHz, 3.78GHz, 5.04GHz, ... etc. It has been demonstrated that in this
example the receiving frequency, when properly selected, is remote enough
from each of the transmitting frequencies, and/or from any of their
harmonics. Therefore, the sensitivity and the ability of the system to

distinguish man-made target from their surroundings are improved.

In one preferred embodiment of the invention, the system of the invention
comprises more than two transmitting units, transmitting at more than
two frequencies, and more than one receiving units receiving at more than
one receiving frequency. Each receiving frequency is a combination of the
transmitting frequencies. Such a system is capable of obtaining more
information about the targets, and has an improved sensitivity and a

reduced false alarm rate.



i nformati on about the targets, and has an i nproved
sensitivity and a reduced false alarmrate. Wiile it is

woetd7a709 separate transmtters and transm tt PAQGIL2005/000748
ant ennas, which transmt high power, in order to
reduce the risk of producing targetlike signals in the
transmtted spectrum in rgceiving, where power |evels
are very low, a single ant'€nina and recei ver may be
used instead of a plurality of such units. To enable
receiving and detection at nore than on frequency, a
br oad band antenna and front -

d fi h
WhilecHi ige eh‘qg,xy @esgwqtgdtraipﬁ@ﬁ n arggnl 8 ljé} aagesnnas,

Wh’é}g 5?3§%11‘%&ag2§$§\8§1$ C}Han dgf t(g ’L&S&t‘fcreetgleeﬂgﬁ of g}gd@cmg target-

11ké’91tg%'al’s fn RRYREA M mBEARPEGTHEAY, liﬁﬁceceﬂvm% Whetd pdwee levels
transmt as high power as possible by the transmtters

arelvand 1&w, Anyimpde plitegnbeane ereceiver anagnbaisd Bstead of a
,..even a_weak one, mmy. cause Ieakgvﬁ]tof ene

plupi e ounis. (AR Erav it A datrCtih 4h dhors, thag on

frewegﬁgnm%%%fp?ggu%ggpggt A0l n P ALY 10 Necciver

sstiat eTheAnyt Qt%ntdra@&‘%@é}iﬂlq&@s aéﬂv@ﬁillaﬁ"eéuem’iés Taay be
nd recei ved by antenna 6. As said, it is very

filtéreplosatchninto hatepanate deteqiiemchanoebi nations will be
produced only or mainly at the target. A reduction of
the coupling between the antennas can be obtai ned by

h h
o L BRI, SR e GBI b o

traRORediEE Rt IproW'é@ bé‘Vlﬁfgsikﬂél byt et ankhabisms t1 iagl 2 Any
ant ennas 5g and 7 are built to produce signals that

couplingobetvoganthé wnpebzas e, aTki ¢, eeeucewerkeo R UPRY fguse
bet ween the antennas.5 and 7 to

leakagt 96 R6FEY MeBCr B8t i B6 T Wi ih Fepguce pismal
ol e LGB ELE £ pLEAeE o) o Skt
fre&ﬁéﬂ@@é‘, eatd these signal components may radiate from the
transmitting antennas 5, and 7, and received by antenna 6. As said, it is
very important that such frequency combinations will be produced only or
mainly at the target. A reduction of the coupling between the antennas can
be obtained by the introduction of the buffers 8,9, (Fig. 1) between the
antennas made of absorbing materials. In another embodiment of the
invention, the two transmitting antennas 5, and 7 are built to produce
signals that are orthogonally polarized. This reduces the coupling between
the antennas 5 and 7 to a minimum. Furthermore, two filters 28 and 29
(shown in Fig. 4) that pass only the frequency of transmission of the
relevant transmitter may be correspondingly introduced between each
transmitter and its antenna in order to further eliminate leakage of energy

in one transmitting frequency from a first transmitter, to the second

transmitter transmitting in a second frequency.



transmtter and its antenna in order to further
el imnate | eakage of energy in one transmtting
woneiwemoy froma first transmtter, to the seeomaL2005/000748
transmtter transmtting in a second frequency. As
said, the azinmuth to the object depends on the
directivity of the antennas, and al so on the receiving
frequency. Therefore, it -ilg-preferable to use a high
recei ving frequency, for exanmple f x +f 2 = AGHz .
As Baid hehaoiAmAR shaMe bbjdct adefendsnon fhefdiredivity of the
enbodi ment of the invention the |ocating of the obj%ﬁt
ant&finas antpalsven the resahvingfragiengy al peLeiele; i isgpreferable to

usceimgith AEREIVORE Friicss by el TubTun T b Ao
R S e R ST L
of tftk oBUck Yotk 326 GEH BY mihidlof €SREH phitalibp oo kb@ivinkhenits

signal s are”correspondi ngl yQFasfsed inthe
andl@y reEHeNE Bgtamta. ViRr $he hvmbohinientt Fig6 4, -fasd, receiving

allow ng signals only in the receiving frequen to .
unibabevitheestgharly U BRERIARTIN [ G0 dbgFeaHRPe LA of said
37a-37d and conveyed .t 0,bot h i1 : i .
antgRRES PSSO SHATRG 1O 0760 5 T e ity i a8e Bl with
resﬁgc%%j@' QL BRIFH & Pece MU LA ch 8l ¢ dridi®ohitiglyisabé in the

a - gconparestherelatlvelnten5|ty of the )
corfdspbaliingd rawitdre thoougha fidters i3Gas- 838d, aBdwingasignals only in

determ nes fromit the aziputh to the object relatjiv
thet gecdivitgfeeaurncgctp onasy d; hskﬁnah%ea%enttg‘ﬁﬁas@mﬁﬁeg by

Fi.g. 5,.there.are four antenn . - :
ampfiflger 586 7 & haerBNBUb T HEn IR EE o BfdtesdE ke,
an® £ sﬁﬁlrﬁp%\ﬁgit"@é.y THORZSutd pravessihghbunit |49, which is given

essenti a e received, and therefore it can be
thecfne! sigadlst #24  Wed abpgetreS Chesralative datexisityi of the signals

azimuth covered by the_ anten as 553 and 55h nd not h
from tis fovetrmBHATE H7e ov%'?‘iaoarb(l; SYATBHAGS TER T tRe saputh to

SR 5 L E B Sl crh R andin et o
ther D& RZiJ Mt BHEBabPa-47a. WHH theeolsiksto 50 is positioned
between the two lobes 57a and 57b as shown, only signals 47a and 47b will
essentially be received, and therefore it can be concluded that the object 50 '
is located within the azimuth covered by the antennas 55a and 55b, and
not within the azimuth covered by antennas 55c¢ and 55d. Moreover, the
relative values of the signals 47a and 47b may provide even a better
distinction relating to the azimuth. The signals 47a — 47d are also
summed by summing unit 69, and a pulse 62 resulting from this
summation is provided to the range processing unit 38. The range
processing unit 38 also receives a reference pulse from the control unit 20,

and by carrying out timing comparison between these two pulses it

determines in a conventional manner the range to the object 50.

As mentioned, the intensity of the scattered harmonic signals 1is



sumed by sunming unit 69, and a pulse 62 resulting
fromthis summtion is provided to the range
wonroraesiong unit 38. The range processi ng unit PB8/IE1080000748
receives a reference pulse fromthe control unit 20,
and by carrying out timng conparison between these
two pulses it determ nes in a conventional manner the
range to the object 50. AslSrent i oned, the intensity of
the scattered harnonic signals isapproximtely
apo&Dantélgnprogortivhel o Hihepbivelmlopoter dfntlemsntensify vfiehe
transmtted signals. Mre specifically, if Pland P2
trafkmitted igaakn Moes dpewlicallgf if he asidgifal ard the transmitted
frequencies f xand / 2respectively, then the received
powéi el thatsifn glguarfesqudndestiff dids fapppectivedy,ehen the received
proportional to 1'"" P2'"1" . Therefore, in the system
sig;fl%l the rida@REY ORf, thAr, & isppRosinaidly campoagyadlt age pid. p

e transm ssion of “as high power as possible.

ThEHFSRE AR, syihem! St Bl dpaivinitire iata bivifiens x@vantsige
Inversely proportional to the duration of the

to tthensrdxsnedsionl ©€. aishighe poviege aat posrblee cBigtherinpre, the
proportiopal,to the bandw dth, it can.be noted that

rechend A BHithiat nthe Saceehy it DTG BD pBTAOGHNAT ofo  the
the tr 1t ! [ er.ef 14§, of :

dupgifor | Gorie; L AER WIS, s AROGEIE S they Shpaver ie

propérEiéndl tthe Banadwidth klean Beawipdithadthéd teval of de¢ noise is
pul se with a sane energy. One common conpact \Naé for )
invebselynprapaativeal tnatheowrpusmitted trulae glucatsn. ' Therafere, it
t he gpplication of. pulse conpression techni que, For .
folleyerifias, Lhers PASEES i RUHract Srgroy ailss wih high
[ e ]@%@va ' f
aml%%wqgggiﬁgg%ﬁ%g%ﬁ%ﬁézaswg%eﬂt chni qultéts& %?%@E%o ‘in the
art. Moreover, it is obvious and known in the art that
the use of shorter pulses provides better rggge ) )
Oneesohotanopompadt whiys farsobipdning anpeuyw aereew Porse Fathydugh
of.. short pul ses,. Furthernore, a range.,qgate be
anipligidlp is Fhe AeliERtieR AU CoPRRERELeiiave. Tr EXample,
a 1MW pulse having a duration of 27s can be compressed to a pulse of
100MW with duration of 10nsec. Such compression techniques are known
in the art. Moreover, it is obvious and known in the art that the use of
shorter pulses provides better range resolution, and this is another

motivation for the use of shorter pulses.

Furthermore, a range gate may be used in the receiver if the transmission
pulse duration is shorter than the time required for the pulse to reach the
target and return to the receiver. Such a gate when used, opens the
receiver during the time expected for the returned pulse to reach the

receiver, and prevents the clutter reception.

Design considerations: An exemplary case is provided herein, where

1y sec pulses are transmitted by two transmitters, with a power of each



pul se duration is shorter than the tinme required for
the pulse to reach the target and return to the
woeeEineny Such a gate when used, opens the reBeTAEIN05/000748

during the time expected for the returned pulse to

reach the receiver, and prevents the clutter

reception. Design considerations: An exenplary case is

provi ded herein, where 1mi8ec pul ses are transmtted

by two transmtters, with a power of eachpul se of
pulSdetaboMdV 1IW PP =2 P + NNIW)L f If hise puillsess aze €ompressed to

conpressed to | Onsec each, while_ keeping,the sane
10nsee pgeh,i whiladieepingthe saiaeHREEY & eﬁ’Pph P ’én%OB‘W?r of P1
t he f the recejved sij | f y g o
= o BAVEE. See betet Fhakd EeSkgL et - sk RUNEAEY /i ol
receiver shoul d use e it [ a
be AT B ATonRS T g B et CEiCDRRS TP RREG R pee @
r a.d//sec. pul se. i, [ bandus fi
magiod s BETH A Hing wlth IORLF, Fonsent b HrEqmoietbr a
conpression. Therefore, it _has been shown that the h of
matahvedr cBBrBn for  fhel #F8hsPted ISyl sRAVIDG o2 f Rapgwidih o
100 i ncreases the power of the received pul ses by a

J/t act-etMBE , 185 0bad whi be priginadiys euses | Vtthe date ccogypression.
or of only 100. In other words, an inprovenent of

ol.d ;i i nedvRyidhe ' | 6f tHhe transmitted

Th%ri%g%%f -1? o]'l}%so?%%ﬂr at | oll?atr?gi Iﬂi ﬂfe? Egmgg% ée%t%ilon _

pul8&NBiytd Fhitr BLOhnmbaess thendowar toddheureevedppelsss by a
of the transmitted pulses, my i ggr ease, t 00 ch, t hgbrI

fackmect 16j000ormiite thamaise Anjnegased hveatfaghar oicgnly ¢80. In

in separati.ng the ta [ . fir t ' :
o TR 5oL B0 SIS Eo o
thenagflai-fcﬁgﬁ%@%fﬁl arPIH & d¥¥ekAbA stAGitMiEy. and is wel |

separate romthe received signal. However, if, for

exanple, a 1 nsec pulse were used, its spectral width

wi ||l be about |Giz and the separajfi.on, bet vve%n the1
Ontthersthier heards agealmagh goppressien o the transmitted pulses, may
increase too much their spectral content, which may cause great
difficulties in separating the target signal from the transmitted signal. In
the above example, a 10 nsec pulse includes most its spectral content
within 100 MHz, and is well separated from the received signal. However,
if, for example, a 1 nsec pulse were used, its spectral width will be about
1GHz and the separation between the transmitted signal at a central
frequency of 2.5 GHz and the received signal at a central frequency of 4
GHz (also with a filter of 1 GHz width in the receiver) will not be

sufficient.

In some applications there may be advantage for using the harmonic radar
system of the invention in much higher frequencies, up to 30THz. One
application in the high frequency band (30GHz to 30THz) can be the
detection of defects in microelectronic components, similar to the detection

of concealed objects (for example, mines or explosive charges) in the lower



frequency of 2.5 Gz and the received signal at a

central frequency of 4 GHz (also with a filter of 1
waowooh i n the receiver) will not be sufficPemaL20051000748

sonme applications there may be advantage for using the

harmoni ¢ radar system of the invention in nuch higher

frequencies, up to 30THz. One application in the high

frequency band (30GHz to 30THz) can be the detection

of defects in mcroel ectronic conponents, simlar to

pardd'@0deteabiwGHEE). conceal ed obj ects (for exanple, mnes
or expl osive charges) in the | owerband (30MHz to
30GHz). Cassification of Targets : The ability to

clgssify targets i not h spect .pf .t he  pr.esent
Clagaicaiohnol i TBREAIBR, &0 Garaoi R e EPediEs
- (We IS .
ool RE DL G 5B BBy A vt M6 g Bl et
cref@ls Sostlgt®ld Uaetioans (wi¥k etywieainaficebee reaadiated

conponents, produce all (even and, odd) harnonics, MNore
by shesinfilaxaimhetalli¢ junetionanswhile eeplid-siaie nsinesionse (BN},

and /2, recei pt of a signal_ at nfi.+ 2 r€ n m
YDAl e i e TERET SAEITREPET B3RP ool GEfn  ARE J1D)

L NSpR]ECL SR tBRVEansHiitted #BEUEhAESS OfeO
hax&@%@%s ng\]/fg g;aﬁecgfm&fcdgllyér'\]{? non- | inﬁeér respgﬁse to fi
and 75 faRteipt afuentsesl. algse dift fdiercest andsnared estied

inthe relative intensities of the scattered
strongindingiies ofifi targeff thatgeptaing pdecdromMgswi t h an

enbodi nent of the invention. By receiving nore than

one response, for exanple, one in frequency +n2f 2 ,

MoPOS GOARALAY idlEeb! g%g%ettjs ¢5vela HiBSRnt Wor-BABARN $6sponse
srgnal s, "1t 1s possible To classify the targets. Qher
to TRAdenY Sequaneiet. dhessidifferdricen armyntamifdséechan rivei velative
response of targets to the_ incident po density, 6531
intensitierwf pheetcatiened fyequepsies nfr + mfz, while operating with an
embodiment of the invention. By receiving more than one response, for

example, one in frequency 7 f, +m f, and a second in frequency n,f, +m,/f,,

and comparing the intensities of these two response signals, it is possible

to classify the targets.

Other means for target classification may be the harmonic response of
targets to the incident power density, as at some power density level
target's harmonic response tends to saturate. Another indication may be

associated with temporal stability of the target's response.

In a preferréd embodiment (Fig. 6), the receiving antenna 6 is a broad
band antenna, that covers a range of frequencies containing at least two
harmonics, nifi + mifz and nsfi + mefs, where at least n #n,or m; =m,.
The receiver has at least two channels 81-83, a first channel 81 for nifs +

mafe and a second channel 82 for nsfi + mafs. The received signals pass

through the broadband amplifier A, and conveyed into splitter S. The



target's harnonic response tends to saturate. Another
i ndi cation may be associated with tenporal stability
wohod7ve7ar get' s response. In a preferred enmbod8CTENI005/000748

(Fig. 6), the receiving antenna 6 is a broad band

antenna, that covers a range of frequencies containing

at least two harnonics, nifi + nf and nf i + rnf

where at least n n2or m-2&2 . The receiver has at

| east two channels 81-83, a first channel 81 for nifi
splitte¥ SAHfafeRGINEaaDaAERAL BRchaling fo iits fpe@hdncyThato its

recei ved signals pass through the broadband anplifier
corrdspandingooaeyeld31n B, 9p|8&-t§¢t@‘sﬁ0r$h%]s»p92st gad @3 detect the

maneuver s .each signal according to its frequency,i
COTTOEBORGIES EBAMH AGCC T ETSIRE aggoorfosnsddipgFiftiaddhito o

92, .an or \ ' R€s th
coniguify dnd by SBhle LR €0 TRSRANE CbstAiding SBpeREs the
ratiRNef RhACsSEinte sMikeds clhgneli with eeversperpiatgd ratios of

conpares the ratio of the outputs of these channeli
spevifich chesses aif taqmets,cdsr previeusdly sh@ined cexpersmentally and

targets, .a s previously obtained experj nent.al
stoxphdatebus Bis &N OFe et Tohdkpats Meadis pdicfg? gpost

ich S t T [ | i A6 ) ousl ,

Thd fls R LRI e M Ah Sl e RS oh Obeously
the@hbllithy té lasASsithygdtar getes system sysoedingc tor diengnvemtion

the invention increases as_the nunber of channels
increzsesasdabe nAnobéreef cantieds iBEaTes ng nore i nformation

on the targets, and for classifying themis by varying

the transmtted frequencies fi and /_?, while

fol | ow.ng el hiRg el iBRNLE {I8SRAREEsNidid for
Anlfex W30 " SREREASE Thibe} TG RAHTR e ORS Rl ,
cla&diBafk ftheat iOPy ebriiapotistiansmistedt feeywéndiee i an@ ft,i while

IS by transmtting nore than two frequenciges, for
follewanp lim the ueceiven 4IEBORIC TRSPOYSETNAhY P& | and

receiving a nonlinear response at a frequency such as

ra/j +nf 2+ f ,+kf , while n, m |, and k are
iU i | i f fwigetd fahgve
Stlggéenﬁtggétz gvra%g %Bgél\j\ﬁgnf gp@téﬂé&ﬁéaﬁm of fwigetd Bhakg¥em

of the invention is by transmitting more than two frequencies, for example

four frequencies f,, f,/f;,and f,, and receiving a nonlinear response at a

frequency such as nf, +mf, +If; ,+&f,, while n, m, I, and & are integers.

While some embodiments of the invention have been described by way of
illustration,‘ it will be apparent that the invention can be carried into
practice with many modifications, variations and adaptations, and with
the use of the numerous equivalents or alternative solutions that are
within the scope of persons skilled in the art, without departing from the

spirit of the invention or exceeding the scope of the claims.



illustration, it will be apparent that the invention

can b e carried into practice wth many nodificati ons,
weoaoi7an7ons and adaptations, and with the use BETHL®05/000748

nunmer ous equi valents or alternative solutions that are

within the scope of persons skilled in the art,

W t hout departing fromthe spirit of the invention or

exceedi ng the scope of th&2clains.CLAIMS 1. A radar

system conprising: At least two transmtting units for

CLAIMS t aneously, and in synchronization transmtting
— electromagnetic radiation in at |east two distinct

1.

Arreqlaesystesn compiristng/ 3 ... towards a space of
interest,- and - At |east one rgecei.vi uni uned, t.
a ihegaeticyTr tSmHEE, qrts for oy Dbatifdey, HER 8
be|r§n chi¥ 8985 n&tan%ﬁﬂﬁﬂinéoelze%f md Het{ €GN NEh 8n at
non“limear response of sard radiation from objects

| 0qah&d twbt Bisbinkbefro@ishd@acs, of,,i fif.ertestard?.a Apsygstam
according to claim1, wherein the follow ng condition

N Lnfarbst.amd gl... also applies. 3. A system according
to claiml1, wherein the followi ng conditio

n-1,m-
1, At -least admo apgiivieg unita Sysedmtacdor gxq%lepgy of
claim1, wherein.the receiving.unit is tuned
r ech y@Var VeasVHEER L d4den E’lg‘gég ptfg?wlnc%+eqq4aq3t 0 Zero,
and, J 2 1+nRf 2+g2f 3..., wherei.n n ql. .
o aervips a notghinodiispinse 4hdal tELen fromohjects
ne. O 1 ikm 1, further
co%??tglﬁn‘g%‘g&g%%%%%gﬁﬁ%gﬁg@?%r@éévaI uating the
relative intensity of a response froman object in
said received frequencies, and for cl asii fying -
Ac sysiginmdogording to claim 1, wherein the following condition

n#l,m=1,and q=1... also applies.

A system according to claim 1, wherein the following condition

n#-1,m#-1, g=-1... also applies.

A system according to claim 1, wherein the receiving unit is tuned
to receive at least two frequencies nf,+mf,+q,f;.., and
ny fy +myfy +q,f5..., wherein ny,m,,qy...,1,M,,4,...,are integers and

at least n, #n, or m; #m,.

A system according to claim 1, further comprising evaluating
means for evaluating the relative intensity of a response from an
object in said received frequencies, and for classifying accordingly

the type of the object.

A system according to claim 1, comprising two transmitters for

simultaneously and in synchronization transmitting



the type of the object. 6. A systemaccording to claim
1, conprising two transmtters for sinultaneously and
wono@ymtiop oni zat i on transm tti ngel ect ronmagnet i 8CT/IL2005/000748
radiation in two distinct frequencies f ¢> f 2 towards
a space of interest, and one receiving unit for
receiving at a frequency of 1 1+/ 2, n,m being
i ntegers not equal to zeréd3-7. A systen1accord|ng to
claim1 wherein each transmtting unit conprises a
blabsmhdestianchdatibansai tiwonglistihennfzequentiesacly,, f,
receiving unit conprises a receiver and a receiVving
asWwerdaa shacé of iaterosiaanr ohé getedviniganmt fontrecaiing he
at least two antennas of the transmttin its and
aeequenayaeft n dne raft dhia being HeteBeELRYY ?f%l%ﬁptzes? e
nmounted on a same carrier, and all said antennas are
directed in a synchronized manner to sinmultaneously

7. X BsfiR otk o 3 DA pRln, PAGL Whnaditethes YRHE™
Loty tf{s%ﬁsaﬂ thinghiBRE SRS akSnShithngonRakbyn@ohad egch

one"w th respect to the other, for elimnating the
pe@diicty wnitebnat sesi d ra::emegreaid g oApIMEg antennahe
frequency to which the receiving unit is tuned. 10. A
syst em accor di ng to claim9, wherein the said

rt n I ar 0 t
s, & LIRPLBHROL LR (eI, ERer e fgnnas o
kﬁ& &3 1 tHigt ulfnch BEhaRkeQft 1688t dicaastEnda sfrhenietaividd .
system according to claim9, wherein the orthogonal
pelifirdraatioomted omenf samededryiareamsl ell saidopatendiasgare
conponent | ocated betwe n one of the tr nsmt rs and

|dﬂlsecé@ir@%p@noﬁyﬁi’§ §‘?ﬁlé amﬁ@nerA to stigmt hg St
ai_ m. 1..wher ei neé 2 & of thetransmttlng units
§ﬁﬁerbtlla]l1¥13 = one recel ving unit are all

9. A system according to claim 1 wherein the transmissions from the
transmitting antennas are orthogonally polarized one with respect
to the other, for eliminating the production of parasitic signal

components at the frequency to which the receiving unit is tuned.

10. A system according to claim 9, wherein the said orthogonal
polarization is used for eliminating transmission of signals at the

frequency of the receiving unit from any of the transmitting units.

11. A system according to claim 9, wherein the orthogonal polarization
is performed by means of a polarizing component located between

one of the transmitters and its corresponding antenna.

12. A system according to claim 1 wherein the antennas of the
transmitting units and of the at least one receiving unit are all

mounted on a same antenna pedestal, to be directed



nount ed on a sanme antenna pedestal, to be
di rectedsi nul taneously to a sane direction. 13. A

weyet7aoramecording to claim 1l wherein a nulti-beamIL2005/000748

antenna is used at the receiving unit for inproving
the direction resolution. 14. A systemaccording to

claim1, whereinf x,f 2 ,f 3 ... are in the m crowave
frequency range. 15. A sy&"t‘lvem according to claim1,
wherein f ,f 2 ,f ...are selected to be in the range

ofinhataesiusdP td/bzande Afedizn. 16. A nmethod for
detecti ng man- made objects conprising the steps of: -
simultaneously transmtting froma first transmtting

upit and froma second trangmt.tin i n :
1. oy 5 CPTURE S PhREESiRgh RI beafl ntenna is
e ' |1 8%dy0fny AfkeSoRrefolutivh. >/
o e A R RO P M B0 et
receiving by a receiving unit reflections from objects
in said space of interest in _a frequency of nf x+nf
14.2Aggystem whesnsing o ehpig 1, whergie finbeders &€ Wqlhe
to zero. 17. A nethod according to claim 16, wherein

t acrost dvevfiragueraeydiatigsa nl , m , g |... also
applies. 18. A nmethod according to claim 16, wherein
‘the follow ng condition n -1, m- 1, g -1... also

15.?%%3%%@1‘11 &gcoréil{rga;c& Qthi AL ¢ O4lienEirt 9‘5% akm h6e sehet&l Bo

e‘receiving u I's tuned to receive at at |east two

fngﬂ%ﬂg&gﬁgééf’beﬁéer@fy‘@MH%-to- 0 PAg. n2f x+n2f 2 +q2f
3-, Wwherern nx, nx,gx...,n2,n2,g2..., are integers
andat least n n2 or nx n2. 20. A nethod according to

claim 16, further conprising: a. carrying o%te repeg}gfed
16.edpuetimshior depecting mpamotndecelipelisrgMIF1VNg; the S68PT o

d_e t esrigu[ﬂar}lgeo%s{y Ella%as,lrxlirfﬁrslg Bitoe af1%1rrs€ "Elxga%s%ityiﬁrg' QX% and
from a second transmitting unit, and optionally from more
transmitting units electromagnetic radiation in frequencies of

fi»fys fo .- respectively towards a space of interest;

- receiving by a receiving unit reflections from objects in said

space of interest in a frequency of nf| +mf, +gf,... wherein n, m,

q ...are integers not equal to zero.

17. A method according to claim 16, wherein the following condition

n=l, m#1, g=1... also applies.

18. A method according to claim 16, wherein the following condition

n#-1, m#-1, qg#-1...also applies.

19. A method according to claim 16, wherein the receiving unit is

tuned to receive at at least two frequencies n, f; +m, f, +4, f5..., and

n, fi +m, f, + 4, fs.., Wherein n;,m,q,....1,,m,,q,....are integers and



types of objects, while using selected transmtted
frequencies f fi->/ 3 in each transm ssion unit
woesp@otiovel y; b. for each object type, recordPOmILI00E000748
dat abase its typical received response to said
transmtted frequencies; and c. when receiving a
response froma real object to a sinmultaneous
transni ssi on of sane sel ec#@d frequencies, correlating
t he response as received wth each of said typical
r @€ 08 £1S; ;izlmhjw@rd,qt;abgse, to find the type having nost
simlarity, and classifying the object type
accordingly. 21. A nethod according to claim 16
wherein the el ectromagnetic radiation. s transmtted
20i i\ methed acorrding heclada Ho BN FOMPIRFAEM 16 wher ei n
a receivin ate i rovi ded recej ver f .
At TeeF SUePBR TG ere L Rse e s Olding s,
of @yqf n ) @6hicaPREsnSalTh? BECH OF SaRlouisn
al | eldatﬁﬁlé?@’t ﬁeiéte%mﬂ%brr&e?ﬁ%d according to claim 21,
whetgpat dihebjpetss edhiker esingaeleaied dtdrmmitteds feguehtiasngd
by neans of conpression. 24. A nethod according to
cl ai iy, 16 .whir each tieaselissibnamit nespectivali;ati on is a
continuous transm ssion.25. A nethod according to
db.aifon dfich whieckiypd, recordang m tat databesq d’mwtsrrésaglalre@elved
vari ed continuously, and ttge recei ving, frequency bei ng
al séesronsedorsgid Hranspitind ﬁﬂﬂe%???aﬁr}%on of said two

transm tting .freq cles. . oL:di
SRR A STERR52 % o AAPHOR, 85 EOH o
Si gRAN GRITBRRENYFS shbhd heslééteauERenehtRRs Nedrireldtingonthe
any transmtting unit to the other transmtting units.
response as received with each of said typical records in the
database, to find the type having most similarity, and

classifying the object type accordingly.

21. A method according to claim 16 wherein the electromagnetic

radiation is transmitted in pulses.

22. A method according to claim 16 wherein a receiving gate is
provided at the receiver for enabling reception during the expected
time of receipt of a response from an object, and disabling receipt

in all other times.

23. A method according to claim 21, wherein the pulses are short

duration pulses, obtained by means of compression.

24. A method according to claim 16 wherein the electromagnetic

radiation is a continuous transmission.



27. A nmethod according to claim16, further conprising

the providing to the receiving unit indication
woegarid7iog the tinme of the sinmultaneous transnPeTIDN0HY0748

the transmtting units, for using it for determ ning

the |l ocation of the object.

-96-

95. A method according to claim 16, wherein the transmitted
frequencies are varied continuously, and the receiving frequency
being also varied to follow the said variation of said two

transmitting frequencies.

26. A method according to claim 16, further comprising masking the
leakage of signal components in the frequency transmitted from

any transmitting unit to the other transmitting units.

27. A method according to claim 16, further comprising the providing
to the receiving unit indication regarding the time of the
simultaneous transmission by the transmitting units, for using it

for determining the location of the object.



