RADAR SYSTEM AND MSTHOD WOR LOCATI NG AHD | DENTI FYI NG OBj ECT: R BY Tfl 'R
NON. Li[ Ni DH ECHO SI GNALS The invention generally relates to a nethod and
system for detecting and. |ocating man-made objects by nmeans of a "harnonic
radar” utilizing the objects non-linear response to incident

el ectromagneti ¢ waves. Background of the invention Radar systens are w dely
used for detecting and | ocating objects. Radar systens usually operate in.
the UHF (IIltraH gh-Prequency) or mcrowave part of the RE (Radi o- Frequency)
spectrum and are used to determ ne the position and/ or novenent of an
object. There have been devel oped various types of radar systens, for
diffeﬁgﬁg'ﬁﬁ?ﬁﬁgggIﬁﬁﬁ@)gﬁﬁﬂp Fore? RAYTYAGET OB rAvcEfE IR oAt BINEAR ar get
by finding its direction and range. The range to an object is determ ned by
calculating the delay between a pulse transmtted by the system and the
consequential receipt of the reflection of said pulse fromthe object. This
determ nation is based on the known propagation velocity of the pulse c
(the speeBielfl dfitdtet Inveatibont he air is the medium As a general rule, for
obt ai ni ng_a rela%jvely good range resolutjon, a very short pul se should be
transnittede WarganesH borelets o sethers 2pe syrism éﬂ%?tﬁﬁl%ﬁl?nﬂnom
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particularly those contal ning Sem conductors, have a non-Tinear response to
t he appl i datdtemoniflineal respeney &rirchiemt elEetronpipystic atavehenonenon is known in
the art for several. decades, and has been. used, for exanple, in systens
for detecting and locating mnes. In these cases, the current | via a
nmetal , orBackerdweAGLEheInddngid PN can be expressed by the foll ow ng
equation.: (1)af=+g 2 17 2 -4- g:,P13 + -2- Tire, coefficient g z in this
equat i on resyséeme gvie vedalyc esedir] detediendahdrlotadings objeptse Redart i r e
coefficients of the,non--|inear e of the object to.the application
of voltage S(?) Jet “F‘t‘?el ﬁ%eirél%ﬁ IRV ﬁgﬁegﬁg@éﬁfﬁbh@‘iﬁk’ﬁﬁ ‘i’rcF‘é‘f’FP?achr ease as
the orderpt of bige ROEHRHIW-BRquUeRBEXspbétrubl) GhRaseSised 18 deadchiphenemenon is
used by J%jegt detection systens to renotely detect and characterize

man- made WhjtéEt sngar ewvarenied encbieret Breredravedwenidevsiomed ondioos or

conmponent ral .l ch.s e transmt -el ect romagneti c waves towards
t he objec ?e$ﬁ§§K%%Sﬁ%gﬁgbg¥é%%§ﬁgggyr?ﬁﬁs%gggppggﬁyﬁg'seniconductor
junctions of it. 'firese voltages induce currents according to equation

(1,), which cause radiation that can be detected by a receiving portion of
the syst ey TR AERtA G L6Atear Ferseif or fatirenits sigactipnpncheangsl | near
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pulse transmitted by the system, and the consequential réceipt of the

reflection of said pulse from the object. This determination is based on the
known propagation velocity of the pulse ¢ (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+gVi+gV +..



in nost radar applications, a sinusoidal or a quasi -sinusoidal wave is
transmtted towards the object. Assum ng that a wave Vcos(2,celt) is
transmtted, the scattered non-1linear response froma nan-nmade obj ect
contains harnonics of the transmtted frequency f, nanely, 2/, 3.17, 4.1
5f*" | The reflections fromnatural objects, however, are linear, i.e.,
include only the fundanental transmtted frequency / Also, if the

transm ssion contains nore than one frequency, the response contains
various conbin.ations of the. transmtted frequencies. Man-nade objects
that do create harnonic scattering gan be divided into two cl asses:

One, Man-made netal objects: Due to an oxidized |ayer fornmed on nost netals

j unct i sential |y _conbinati f metal oxi de- met al j
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structure_of nman-made 'netal, objects, the harnonic -3- reSponse contains
only odd thaEmprrelden of voligge qver 1Ty rialy ntirevalees eohdureticiguingnt i ons:

Sem cond Lupctian xi.sting [ ex le, i.n diodes.and transistors,
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symmetrical, namely, IT(17)1; Therefore, the scattering fromelectronic
conponentSaEHHERFh AR TR ARt W iicl qiien &yadin of | metadnt dir eomaimoni cs, odd

and even,gojyi&nduilor 3fcom‘b%ne1§€sz 6éEnzltally, such systems transmit

electromagnetic waves towards the object, that induce voltages over the
metal or the semiconductor junctions of it. These voltages induce currents
according to equation (1), which cause radiation that can be detected by a
receiving portion of the system. The radiation contains information
regarding the non-linear characteristics of the object, that are

characterized by the distinct relative levels of coefficients gn.

In most radar applications, a sinusoidal or a quasi-sinusoidal wave is
transmitted towards the object. Assuming that a wave Veos(27ft) is
transmitted, the scattered non-linear response from a man-made object
contains harmonics of the transmitted frequency f, namely, 2f, 3f, 4f, 51, ...
. 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



Fromthe above, it is clear that a harnonic radar can detect man-nade

obj ects, and can even distingui sh between netal objects and objects that
contain el ectronic conponents. A few general properties of the harnonic
response She uld. be noted.: One. Frequency dependence; Physically, there is
no known | ow boundary to the linear response fromtypical objects. In
practice, it is difficult to concentrate |ow frequency radi ati on on
targets, and also the coupling is not efficient (the term"coupling"” refers
to the ratio between the voltage induced on a conponent inside the target
obj ect 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 exanple, PMjunctions in

seni conduespinsecaptrienpsliidchiarmdvaco et 71, et al - senmi conduct or j uncti ons,

or netal -pxi de- al _junctigns,. Lend to short t.he vol tage i i gh
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systems using frequencies ranged. froma. few tens of Miz up to about
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raised by the n-th power, a is approxinmately equal to the harnonic order.
For exanpifedr.of. Hhe -i nci dent power is P. the -scattering fromthe object in
the second harnmonic 2/ is approximtely proportional to P. Three, Order
Dependence: The higher the harnonic order, the | ower the response fromthe

obj ect. HaloRDAhE abadaritSysdlemsthatid haingniche:dabave phenorknanale used in
the art, generally for shontfrangg detection and | ocation of objects,
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kil ometers uﬁﬂ%muﬁxﬁﬁggﬁn en.applied to detect objects in ranges of
several Kil6meters reqU|r% ransm ssi on of

A few general properties of the harmonic response should be noted:

One. Frequency dependence: Physically, there is no known low
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 COs



very high power. WD 02139140, US 6, 163,259, and DE 2732465 are three

addi tional publications whicl3 disclose systens for detecting man nmade
objects. Parasitic harnonic signals that are developed in the transmtting
unit cause significant problens in distinguishing tbc searched objects from
their surroundi ng. For exanple, the operation of a transmtter is

acconpani ed by many non-1linear el ectromagnetic conponents, particularly-in
the anplifier or the oscillator, that produces radiation. Al so, netal
junctions in the antenna and the trandi ssion Iines may create odd

har noni cs. 1Furéh re, corona formation in the transmtter caused by the
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metal | i ¢ nej@bkialRe1@ ok 86i @pe devices which may, -5- by thensel ves
generate h,g noni ¢ sidgnal s, that may be confused wth the harnonics
scattered E}"f‘he ShidegtReperfences The pagher ¢thié AnripsmbbaisrWiRNWS) P ant ennas
havi ng st raagosledamt &biect.hat cause problems in short-range detection in
any type of radar system It is an object of th.e invention to provide a
nmet hod and system for detecting and | ocati ng nman- made objects using
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and at theeeahighigogepl atform It is a particular object of the invention to
provi de a harnoni c radar nethod and system for |ocating man-nmade objectS in
very high precision, nanely, with, high range and azi muth resol ution.

WO 02/39140, US 6,163,259, and DE 2732465 are three additional publications

which disclose systems for detecting man made objects.

Parasitic harmonic 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 jn
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,



It is still a particular object of the invention to provide a nethod and
system for precisely |locating man-nade objects buried in. the ground. It is

still a particular object of the invention to provide a nethod. and system
for renotely classifying man-nmade objects. The term"classifying” refers
herein to the ability to distinguish and cla.ssili the type of the target

detected, for exanple, to distinguish between a mne, tank, mssile, etc.
proceeds. Summary of the Invention The present invention relates to a
radar system which conprises: (a) at least two transmitting units for

si mul t aneously, and in synchronization transmtting el ectromagnetic
radiation in distinct frequencies I€; towards a space of interest, and (b)
At | east one receiving mlt tuned to a frequency of Ig'; nf2, wherein
n,,in,q, by tbemﬁglVieﬂtgegeﬂraée fetrnegiakignelsz gha, miagrber auéhséuhgdth tlen- | i near

response,of said. r on.fro s .| ocat ed t he sai d space of
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appl i es. ysing antennas having strong side-lobes, that cause problems in short-

range detection in any type of radar system.

It is an object of the invention to provide a method and system for

detecting and locating man-made objects using harmonic detection.

It is another object of the invention to provide a harmonic radar method

and system for detecting and locating man-made objects at close-range.

It is still an object of the invention to provide a harmonic radar method
and system enabling better distinction of the searched man-made objects
from their surroundings, particularly when parasitic harmonics are
generated at the transmitting and receiving units, and at the carrying

platform.

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



Preferably, the follnwh.a condition nalso applies. Preferably, the
receiving unit is tuned to receive at |least two frequencies fl1] ++and.,
wherein are integers and at east n, n, 01 ra, Preferably, the system
further conprises evaluating neans for evaluating the relative intensity of
a response froman object in said two received, frequencies, and for
classifying accordingly the type of the object. In an enbodi nent of the

i nvention, the systemnmay conprise two transmtters for sinultaneously and
in synchronization transmtting el ectromagnetic radiation in two distinct
frequencies fp f2 towards a space o% interest, and one receiving unit for
receiving at a. frequency of being integers not equal to zero.

proceeds.

Summary of the Invention

The present invention relates to a radar system which comprises: (a) at
least two transmitting units for simultaneously, and in synchronization

transmitting electromagnetic radiation in distinct frequencies f;, f,,
f;... towards a space of interest; and (b) At least one receiving unit
tuned to a frequency of nf, +mf, + gf;..., wherein n,m,q... being integers

not equal to zero, for receiving a non-linear response of said radiation

from objects located within the said space of interest.

Preferably, the following condition n=1,m =1, and 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 least two

frequencies n,f,+mf, +q,f;..., and n,f +m,f,+q,f;..., wherein

1,11, 4, .. 0y, 1, G, ..., are Integers and at least n; #n, or m, #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.



Preferably, oath transmitting unit conprises a transmtter and a
transmtting antenna, and, each 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 receiving unit are
nounted on a sane carrier, and all said antennas are directed in a
synchroni zed manner to sinultaneously scan essentially a sane space of
interest. In one enbodi nent of the invention, the transm ssions fromthe
transmtting antennas are orthogonally polarized one with respect to the
other, for elimnating the production of parasitic signal conponents at the
frequency to which the receiving uni7t is tuned. Preferably, the said
ort hogonal polarization is used for elimnating transm ssion of signals at
the frequency of the receiving unit fromany of the transmtting units.
Preferably, the ortho,conal polarization is perfornmed by neans of a
pol ari zi Agetarponench] Feaswdttbe Wedh coneriers tthéraramsirct 1ot 2 and its
correspongi nna. e |y, e. . the transmtting units
and of pt &gééﬁnﬁ%}égt%ﬁ%%’eégﬁ\% r% r&%‘i}ﬁfn ng“g%a Mdﬁ%seg Oor”a"same ant enna
pedest al ,antdm beetiingahethrsi mul t aneously to a same direction. The
transm ssion frequencies "12.may be selected to be in the range of between
30 MHz to 30 TlIlz, depending on the purpose for which the systemis used.
in one enhodi Rt yof ot NGl VEIAIANs Af B tnhRemifh dAed g pleT owave
frequency range.

at least one antenna of the receiving unit are mounted on a same

carrier, and all said antennas are directed in a synchronized manner

to simultaneously scan essentially a same space of interest.

In one embodiment of the invention, 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.

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.



The invention also relates to a nethod for detecting man-nmade objects
conprising the steps of: (a) sinultaneously transmtting froma first
transmtting unit and froma second transmtting unit, and optionally from
nore transmtting units el ectromagnetic radiation in frequencies of f,,L, A -
respectively towards a space of interest; (h) receiving by a receiving
unit reflections fromobjects in said space of interest in a frequency of
nf +7q,12 iyfa. wherein n, in, q are integers not equal to zero.
Preferably, the following condition ning 7L-1,.. also applies. Preferably,
the follow ng condition nin -1,1..,8glso ayrry.thes. Preferably, the
receiving unit is tuned. to receive at at least two frequencies nitn, +qJd.,
ntegers and at least n, # pi, or in

and n7J ng, f2 +.q?/.ﬁ_whereindaéﬁ-} t
Preferabﬁ@?’FﬁBSW@iHHH GAUPREeT dvdnt/s on TEUF PREEICSHTDIO kedn the steps of 1 (a)
carrying repeat ed [ men r determning.a typical response for
each of \}%}f{%%t?g%te?%%%n g?‘()p@-;zg‘g? ?B i\ﬁ?’l 86%% QB the B Rosadei t t ed

f requencivasich 4he bystbi 183@B4t ransm ssion unit

In one embodiment of the invention, f, /,, f; ... are in the microwave

frequency range.

The invention also relates to a method for detecting man-made objects
comprising the steps of: (a) simultaneously transmitting from a first
transmitting unit and from a second transmitting unit, and optionally
from more transmitting units electromagnetic radiation in frequencies
of f1,/,, f; ...respectively towards a space of interest; (b) receiving by
a receiving unit reflections from objects in said space of interest in a

frequency of nf, +mf, +qf,... wherein n, m, q ... are integers not equal

to zero.

Preferably, the following condition n=1, m#=1, ¢ #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 mf,+mf, +q,f;..., and n,f,+m,f, +q,f,..., wherein

3,y Ty, 1,4, .., ave integers and at least n, # 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



respectively; (b) for each object type, recording in a database its typica
recei ved response to said transmtted frequencies; and (c) when receiving a
response froma real object to a simultaneous transni ssion of sane sel ected
frequencies, correlating- the response as received with each. of said
typical records in the database, to find the type having nost simlarity,
and cl assifying the object typo accordingly. Preferably, the

el ectromagnetic radiation is transmtted in pulses. Preferably, a receiving
gate is provided at the receiver for enabling reception during the expected
time of receipt of a response froman object, and disabling receipt in al
other tines. Preferably, the pulses4hre short duration pul ses, obtained, by
means of conpression. Preferably, the eiectromagnetiradiation is 4

cont i nuousspecavshi; §Is)i fon eadh elfjectalyipy, recheling ans Mataledke ifs ggueici es are

vari ed conthnqgusl nd the.recei uency bei ng o varied to

i. f |
fol | ow t HE“YAFd ]{/egig?%% A &1s W%S%%firgﬁgﬁﬁz??%ﬁﬁga? egfeng Fes. Preferably,

the net hogcahsQ £08RHhse sl EBRSKIBG thhesiheakagudtraaianaliogonponents in
the frequency transmtted fromany transmtting unit to the other

t ransni t taffgmnielectePirehopatipy cortedatives Hodreabeeseconysceived wikle providing to
the receivi ni.t .indicati on regardi ng the, ti f the sinultaneous
transm sseiagﬁgoof?sagé/ ¢ 8 F%ﬁ%‘% t't ?ﬁ%%&ﬁ%as‘? °f Bor hglgttgjrerﬁyﬁenlba‘?ﬂ% | ocati on of

t he obj echest similarity, and classifying the object type accordingly.
Preferably, the electromagnetic radiation is transmitted in pulses.

Preferably, 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.

Preferably, the pulses are short duration pulses, obtained by means of

compression.

Preferably, the "-electromagnetic radiation 1is 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.



Brief Description of the Drawincr:::, In the drawings: - Fig, |I. shows a
general structure of the harnonic radar system according to one enbodi nent

of the invention;

Fig. 2 shows an antenna adapted far transmttng signals

fromtwo transmtting units, and receiving a signal fromas target which is
conveyed into a receiving unit, according to one enbodi nent of the

Fig, 3 shows an object that is radiated by sinultaneous
transm ssions fromtwo transmtting units having different transm ssion

i nvention; -

frequenci es;

Fig. 4 shows how a | eakage of radiation between two

transmtting units is obtained by ngans of providing filters between each
transmtter and its corresponding antenna; - Fig. 5 shows how a | ocation of

an object 50 is obtained by neans of using a plurality of

receiving units

andi or receiving antennas; and

Brief Description of the Drawings

In the drawings:

- Fig. 1 shows a general structure of the harmonic radar system according
to one embodiment of the invention;

- Fig. 2 shows an antenna adapted for transmitting signals from two
transmitting units, and receiving a signal from as target which is
conveyed into a receiving unit, according to one embodiment of the
invention;

- Fig. 3 shows an object that is radiated by simultaneous transmissions
from two transmitting units having different transmission frequencies;

- Fig. 4 shows how a leakage of radiation between two transmitting units
1s obtained by means of providing filters between each transmitter and
its corresponding antenna;

- Fig. 5 shows how a location of an object 50 is obtained by means of using
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 radar 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



- Fig, 6 shows how a. classification of objects can be obtained by neans of
providing a plurality of receiving channels, each tuned to a different

har moni ¢ conbi nation of the transmtted signals, and conaparing the
resulting, signals with data obtained experinentally, Detail ed Description
of Preferred Enbodi nents As said, the invention relates to a radar system
for detecting, locating, and classifying nman-made objects, that scatter
signals at harnonic frequencies of the transmtted frequency due to their
non-linear scattering characteristics, as nentioned in equation (1) above.
Har moni ¢ radar systens of the prior art conprise at |east one transmtting
unit, and a receiving unit, Each trldnsnmitting unit in harnonic radar
systens of the prior art transinits a signal (a short pulse or a continuous
wave) at signhl &quetieyoliednd 4 hermeveireigngnanifif, ohmslic la fsy@tens nifs tuned to

receive a, signal fromthe object at a harnoni.c, freguency of f,,nanely, a.
freq_uenc?’h?if‘?‘,g We?‘é?%teﬁe?'s@%r?ﬁrf’éﬁe‘?“?wééEE‘? gﬁ‘qt)}?aﬁ QAEGRGE the fact that
the intepghhynRl NAFIRRIES b?eﬂ{ea@b}%@di-ecﬁ\és&heasoﬂh@q{arﬁff‘)‘fﬁ@%§§§f as the

har noni ¢ order increases, it is comon to tune the receiver to a | ow
n-or der harepwrscit iAsomeon b bin thy taeiver £¢ edowor-dedegdtarhomid. ftsensi ty

i gnal s at ific. ic of the tr itted f iti
signal | IS PR REESHIE FHEqientyosh JAt "AR0stY cBRPOLT oh At R8T ecei ver in
di stinprihghhbn@ beaheoRiathStinoMeiSidy, Saky aunRdiings sigdaf ot wupat el y, it has

been thand in harnonic radars of the prior art that signals in harnonic
fr equenchesmenic ofregiendyundagieht eduser eeprénsiynt afo Hevelrepivr time

transmtting unitis_and .l.eak to the. receiving unit, despite.the nmeans that
ar e genefi iR a8 o Ees il i SRE Y e Wi RN 1t age.

Har noni cpegmpanent:s habkndohe: Faneamenhalpridransrihht isighdds eguensynidat are
parasitically produced at the transnmtter are then. transmtted towards all
obj ect s Weahercics hef anit dhnalwetamertal hireqwpsyhér dai thavelple Ahi Hesi gnal at

t he fund ntal,.fr NCVYa 11 eatr 0 .h i g f i.es,

scatter egrqaglﬁméﬁtfn%ﬁjg}eig %Xd rlr%a;g{e?ﬂats ¢ %&%%%ggitéagéﬁ%nﬁ% %%gﬁgﬁlg ts fromthe
non- | i neafe oljneedlsy @REidydeMantutthedystaed et iedilvinatid durlesdakgati on.
Moreover, the transmtting unit contains nmetallic materials which nmay, by

t hensel vErmeniGaeapeants /b Hrcigidgmensal pasmutigirepicashthaiettani th t he

veal har gples iRl hRaLEd b o ERRSADIECLS: (Bl SahSmbrePRIGLRUIG Problem in

ant ennas - havi ng ong si at cause problens In short-range
det ect i onbjettsanithiry piee ahteradabesay stidih, thhetlwy stiemthé rhhie sipwvendt on.
provides a solution to this problem and sjigujficantly jnproves the
i st i not Foh MBERMEHAInSSRIRPES 9?%&%1%%@%;3 #@afnoa%f/ dBIBIeR§S ot her

parasi ti c. RaLBRBLC1 oMREQOUES, mhRe iR tARM e PRI BYSE %[%:rf&fls kDR, plesent

invention. provides the ability to classify targets. Fig. 1 illustrates a
basi ¢ bl ook-lidicay- vhjectf, andadaeveytstideif otetdgdicect ang mevpstgdEonbj ect s,

accordi ng.to one,_enpodi nent of the inventj ) 2. According to an
o oo RO Gttt Sor s BekiPs st Bl EBEE i 1B ansri t 1 er s
1 and 2, itdansidd M-ﬂgiiﬁ{éTthﬁGﬁi]@lb‘iéﬂal@,tt}ﬁitfrfl%lﬁme tqgasengi@stfd and. A

respectively. Each transmtter feeds an antenna, transmtter 1. feeds

ant enna Bealdwdntomaessmftacead frofreBusokinttenhis7is Tmertiedas mreklem way conpri se

a magnetrop-t oscil l.ator, . %%C))r ss-Field lifi.er stion or

A o A P AL Rt et A R R TR e LA

anpl i fi elstec@bn ADYnPEREE okidiGhr @ stBAP Mkl §Eted 0P8 inkahBbn ProdEs Ng

el ectromagneti c waves. The system al so_ccises at |east one receiving

ant enna 8, sfla@hnkp &his 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.



| east one receiver 3. Said. receiver is tuned to at |east one of the
frequencies that are produced by man-nmade objects as a result of said

si mul t aneous transm ssion, nanmely, tin + inl2, wherein it and mare any
integers that are positive, negative, but not zero. Al the three antennas
5, 6, and 7 are directed se that they cover sinultaneously essentially a
sane area of interest. The antennas may be fixed, or preferably nounted on
a sanme pedestal for scanning simultaneously the sanme area of interest.

Al ternatively, each antenna may be nounted on a separate pedestal, while a
central unit is used for keeping alhgthe antennas directed to the sane
direction during scanning. The isolators 8 and 9 are used for preventing

| eakage of el ectronmagnetic radiation, fromone transmtter to the other,
and between the transmitters 1. and 2 and the receiver 3. Fig. 2, shows an.
enbodi menAcofdibBeo iamvefibodimend oMHCiivehtiah thd Hestamnt @ A€ 1 dmunt ed on a
sanme pedestal, Al the three antennas 105, 106, and 107 are nounted on a
same fran@o fpanypbterst At eadt GgelrRBImB{inge sHBUBANeGIRD N2 aliieteat 104. The

energy tr ! df r 1 S -13-.10Q2 to the antennas and
t he receii\?ea etﬁféagg{/] é%&li“ g fegggn&g‘}r? én%%g%égrg%m%ege%\?g? o308 % hr ough t he

pedest al .trhysmizens1atedi bhesnm 5t andarshsotary?2 dbeds antdnnexy birge cabl es (not
shown). The transmi ssion of transmitters 1 and 2 (Fi % 1) may be continuous
or pul sedTeRIPLEET PAYsTAIRRIIh 2| BagrdTar e Htsatptar.r @Hge(GresoFigldon is of

hi gh i npo 3 F e fr 1 58100 f.p.n se_ i rovid.ed by
control ué]’itn?ﬁggr) \Mfw{irl% g/n%ﬁr%ﬂﬁ;e@%ﬁéehnﬁanmatwgng%%s%tSléng} '%tg?%n of

t ransni t tengliflerand DlidTtets esublificos, bheadesehibadndntnnaplsidruet ur e and

si mul t aneou transgi ssion is that only in a limted volune of space the two
si gnal s i%c’ilﬁéort% PrRg st ed§EHESes A and. L. exist sinul taneously.
Fig. 3 describes that schematically. Antenna 205 has a beamw dth 305 to
405. Antenna 207 has beamw dth 307 to 407, and the pul se duration in.
space i s Tidsgdtedaly cumerisds 30%kasSone atecaviigy entdnnaes, fdedirgnby vol une of

space that contains sinultaneous transm ssion of /1; and f2 js indicated by
nurrer al gﬁﬁs.t Ther Ei6er nlaé}l‘grarr?-c?ﬂﬁ% 1B b} to s%ffeﬁe%t? 8Bf e¥lt U89 that are

within thgeqRhuie 309 Mel hredies AaR-hhAeah; f genci es nf
nt h) . Rece?vi ng ant ennaez % havi ng a beamw d{eﬁgi%tgv\r%gﬁg%%éﬁf%ﬂg% defi ni ng

a vol ume hudpaceu OGushassipmcohardely, wit-him/z whehenspace. m30Q, ang used for
receivin he ngn-|inear. response in frequency nil; infg (an said, nim;LO
from rrangﬁée@gr%@]‘aet@tr%’@ﬁltwgi gf‘gaisqsvel g‘éta?‘gt}e\ﬂ)“t hin space 300. The received

signal is faltered and anplified by receiver 3 (Fig. 1) that is tuned in a
manner known. in the art to one selected frequency f3 Once a signal at
f r equencyAlyithe1threpnsntenngsdet Ectasdl By arecdiaded so ithet dbay reveuni t 20

provides s?‘rgmttaxgoeus% egsuelnttlaal?fyea %‘Qr(rjleca%gg %@thll%@g"sl:t. ‘IEI)%I 8(.:I1 te}nqzri]s (r)nnay IeS play 40.

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



-14- to the mniml beamw dth each of each of the three antennas 205, 206,
and 207 (Fig. 3), and to the pul se duration 100. The receiver 3 in Fig. 1
delivers the detected target signal to control unit 20. The ecaitrel unit
nmeasures the delay | between the transm ssion of the pul se and the
detection of a signal fromthe target. The said dolay T, nmultiplied by
light velocity ¢, and divided by 2 is the range to the target. The delay 'I
may be neasured by conventional techniqu.es, such as |inear frequency

nodul ati on O1l: FILlI), when chirped transmtters are enpl oyed. Control unit
20 can display the direction of the target OB and the range on displa.y 40.
The direction to the target OP is tl3e determ ned by the overl appi ng
directions of the three antennas 205, 206, and 207. The above nethod for

| ocat i ng 189 t6kheGintOYn LOMHIN IrdchR o8 @Par@t goidgtiesili iakhah 106 fhe range and
the azinmuth to the object is well known in the art, and essentially forns

the basi sewfvesl®8sgo smpughdae peydsttehby THeRaPsEdher £ sipndandortys di scussed

herein in.npre de% il wever . i\n the present invention, the use of at
| east tmﬂ”ﬂ?%%%%?j@éﬁbkgg ﬁggﬁﬁ%n’arz and /2, which are sinultaneously
present only at a limted space portion, ensures that only within that
space portion el ectromagnetic conponents in frequency conbi nati ons of nh

-1- i nf o Tharirpesmisaisa ¢htwengmitiprspe aadeat - By Han-hraertoB}®6ty. I1n the

prior art e l ne fre fir 1 r i . j&s rtfE can
be creatggkég'F égﬁ%%é%%%%m éggg€§¥%%hwgéﬁéggﬂggkgégg?ﬂggégﬁgi%bnics are
present ahpOrthfcd. NBot pansirkhiafissiognaltimagcthilbais peredal by comskls t he target

and limts the detection sensitivity. -15- and _n are _positive or negative
i nt eger s WnEMD. tHEel poR@rpREes Boesipritaneons Hsgspssionpl BRampiderst 11" 21;

1-2, 2, 13ef,G oMMLEQUEN o2GHQ r@s8% dPantenna structure and simultaneous

transmission is that only in a limited volume of space the two signals in

the two transmitted frequencies f, and f, exist simultaneously. Fig. 3

describes that schematically. Antenna 205 has a beam width 305 to 405,
Antenna 207 has beam width 307 to 407, and the pulse duration in space
is indicated by numeral 300. So, at a given time, the only volume of space
that contains simultaneous transmission of f; and f2 is indicated by
numeral 200. Therefore, only man-made objects, such as object 50 that are
within the volume 300 will produce non-linear response at frequencies nf:
+ 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 38 (Fig. 1) that is
tuned in a manner known in the art to one selected frequency

£, =nf; +mf,. Once a signal at frequency nf1 + mfz is 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



the present invention, If and A are selected so thatid; + inf2 , and

, for any integers P and Q while 02 otf2 is the frequency to which the
receiver is tuned. That selection assures that harnonics andl or O;
generated at the transmtters, will not mask the detection of the desired.
si gnal having harnonic frequencyls of till + nml2. EXAMPLE The following IS
an exanple for an efficient frequency selection that provides a system
havi ng hi gh sensitivity to the detection of nman-nade objects. According to
this exanple the transmtting frequencies are 1-3= 2.74611z, -1.26Gaz and

the reception frequency is f. 4.0Gaz (being the sum.ft 12). In that case
the harnonics created at the transmitter 2 are in frequencies 5.4180111z,
8.22diz,1.0.980Tdz, ... etc., d .t he harponjcs created the transmtter
4 are inte e mafughbeae widshppgh of %F@Qgéﬁ%’) t%??ﬁﬁ%’iﬁie?,naét?@. PP has been

demonst [ aheddii el 9, bAlS, GXABLE ALRRIGLTE0VITIE FIBRUENCH, pyhen properly

selected., is re enough from each of the transmtting frequencies,
andi er f deliveanythef ddthetied thagetosigesl tThenebbrpejt 2he Eemsbhirel typitand t he

ability of the systemto,_djstinguish. m an-nmde rget .fromitheir
surroundi”%f"&éu’é?rse%/}i““rrﬁ}f'3 ed. 'bP’fY" th UG Sho d?l?ﬁgﬁ’tlﬂiﬁ apfletievent i on,

the syst amefioh R€ ol A¥ENIAON GOMREFIETHERER dd1aP T Wou ki ARAMWf kg units,
transmtting at nore than two frequencies, and nore than one receivVing

units reeeovitng, atd tivided har? srtberevee v¢ b farggudiwydelEadhmagdsi vi ng
frequency is a conbinatj.on of the transmtting f.requeneies., Such a system
is eni ab%@agpr '?%F?ﬂvﬁah%?letefm?ﬁﬁﬁ%ﬂ]ag%ﬁgr tﬁf?gﬂF%@@&@fﬂai 9. has an

i mproved (Sensi fh¥h ENirpfiradshedbsedfahsieyal armrate.  -16- Wile it is

better to separate transmtters and transmtting antennas, which transmt
hi gh power, in order to reduce the risk of producing target -like signals

inthe transmtt ect.r in receivi ere wer .|l evel s are very | ow,
a singl| e@ﬂ?&Hﬁﬁ%@gﬁéﬁﬁ%rt % 10{}§)£ghei naggg%g%g ncgt}f) Ur&S%Yy of such
units. TQi@napl®. r eeri Mirbaiando dgleetdrzon G iBOhe dbhRAmeRed heqttency, a broad
band antenna and front-end anplifier in the receiver may be applied. Then

by st andaretlaedhadingedonsetbedhrde aefgenes 820, mBP. prAZ07t ered. each into a
separate detection channel,

The above method for locating an object by combining the separate
determination of the range and the azimuth to the object is well known in
the art, and essentially forms the basis of almost any radar system.

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

However, in 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 nfi + mfe, while n=0and m=0
can be created by man-made objects. In the prior art, where only one
frequency f1 is transmitted, harmonics nf1 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 nf1 + mfs (n=0and m=0. The coefficients m



As said, in order to obtain a powerful harnmonic return, it is desired to
transmt as high power as possible by the transmtters 1 and 2. Any
coupling between the antennas 5, 6, and 7, even a weak one, nay cause

| eakage of energy between the two transmitters, that will produce signal
conponents being conbinations of a plurality of the transmtting
frequenci es, and these signal conponents nay radiate fromthe transmtting
antennas 5, and 7, and received by antenna 6. As said, it is very inportant
that such frequency conbinations will be produced only or mainly at the
target. A reduction of the coupling between the antennas can he obtai ned by
the introduction of the buffers 8,-99- (Fig. 1) between the antennas nade of
absorbing materials. in another enbodi nent of the invention, the two
transm tdidg adtesnas &, nandive iategebyiant]l thergfrwdibeerestigmalsstumkat  ar e

orthogonal | y pol arized. This reduces_the coupl] bet ween t.he antennas 5
and 7 t 0oaftH eHaruple: Furtherdot & vtk I'tef$ Zlg%gﬁod'eﬁga‘(cgﬁ ®n Fig, 4)

that pass only the frequency of .transm ssj;0 t vant ansmtter
may be ¢ r@’é%%tdi%‘éqr& F’ngf c@ﬁe?%éﬁhe%cﬁ{attr gﬁs;gm% ?é Zéﬁ%‘ai ts antenna
in order 50, fur el i m I ; r 9¥nf: s QRerbi @ tht i ng
frequencghf;?ner%{’]???rs%ﬁﬂ%% %Stzfg}rsfa%o@%gﬂgecgwé tranfsr%’l{ltter t%r ansm tting
in a secQRE@hf NRAKGRGNEr is-thhedASTIsa) tklectidie agdirbtitthat bathentbj 26t depends an
the directivity of the antennas, and. al so on the receiving frequency.

Ther ef or gad/bt Oifzcprederalithe tonssatiard)ivgh nsoedski iy detecuencithef or exanpl e
A = 4Gh, Furthernore, as shown in Fig. 5, in a tneferred enbodi nent of

t he i nvedtsied sigenlilooatd hgrrofnie feeqobpeds 05075 pr oved by neans of using a
plurality of receiving units and/or receiving antennas. In the enbodi nent

of Fig. 5, four receiving units having respectively four antennas 5-la -
Sid are pgadvpEach of said antennas has a narrow receiving | obe 57a 57d
slightly displaced. one with respect to_the ether. The received signals are
cor r espohlte niglywpas sed rﬁxﬁﬁ@%d&F SpSHATiAR TBBIeDeY SOHHgRgH Y | ters 36a -

36d., allow signal s.only in t -8Ce1LViLNgG, f heguent e tRaRasste The signals
are t henp%?r?btpeigf?ésg.sgebnf/ héatr;lflpl%/ti Ith?'%hr E%g%%%jo ar?d conveyed t% bot r? the azimuth
processi ggestdi tA49rdiandtd otlssneHangplanilie G@anFhetiazi Menepriosessi ng unit 49,
wi nch is given the four signals 47a - 47d cogﬁ)ares the relative intensity

of the si/gnal’dGiEomthe®FFur afprifi 8p 37%°CRUNyg L FEY er mnes fromit
th imuth t h bj ect | ati t | i | h of th

antennas . -FitE O8 D W aihr bt bor PR REo Bt e MR e b ec
20.1S Popid Laned. el ‘é‘ea?{a‘ii%?ﬁfhb\éﬁciw@@@(ﬁﬁ} apst A7 @9ceonn., eanl y signals

47a and 4ral W essen e received, and therefore it can be
concl udednl hat hhenobieciredifdi=w thecataedmittehid arhenabienirehueoves ed by t he

t 55 d 55b d i thi h i nut h A t 55
o e 2l Toe He p oniin o vi- de Beg pEh Be R S R IR D ey
provi de Sxan M@%@évﬁifﬁe ,&9%5@@&%5@13; Q1608d A2 irbiobe edhigslsi gnal s 47a
€ a go sun’med1 su and

- 47d ar ng unit 69, a pulse 62 resulting from
thi s sunmimii omchsopribei tedsottitee freaamgacios.ocadsirn§ouniany3®l Hie range

rocessing unit 88_al so receives.a reference pul.se £r opntrol unit
20, and bgr@apwi %&%‘ifﬁ’r%i%%g‘ﬁ@bﬁ%&i%&ﬁ ,tﬁ%e%)ovlviééeyn OE htglgl eéig\?%r%pﬁqt ses it
| ?Slf:f?lsr&\{le[ﬁ%.iig PRy e BBRLEhiNBREEnES akhanphjvedt 50.

det er m ngsj
transm’tteé I gna More specifically, if ..P, and P2 are the transmtted

powers of the signals in frequencies / and nrespectively, then the received

signal at frequepc f +infzi roxi mat el t [ Ther ef or e,
Tnthe oyevBmiBrIoEite PRbRRET o gy 1D e R P e ¢ R imbhted, SPEE
transm ssjon,Qfs @SB Ghn BEYEFaRSiPESSIBIL, tFiHdhtierinpre, mbhe thagui r ed
bandwi dth at the receiver is inversely proportional to the duration of the
transnmit ted fraguescieAsandmoneitben ane rpeiYIBE S E T VBOPOIOFH A t 0 t he

bandw dth, it can be noted that t . I LSl ely
proporti BHﬁIre?edwﬂge&??%ﬁ%% éﬂtag% r%%?‘éﬁelggg‘lfqa‘%%g% Eg?@r e1E o?g?ﬁ P? (ES)I | ows t hat
there isiahadvans a@eqidhcidie SigR af syataar tsovapitile eofwblttaidinghmanpl i t ude in.

conparison to a. w der Eul se with, a_same energy. e
information about the targets, and has an improved sensitivity and a

reduced false alarm rate.



One common conpact way for obtaining a very narrow pulse with high

anplitude is the application of pulse conpression technique.
IM N pul se having a duration of 27s can be conpressed to,

provi des better range resolution, and this is another notivation for the

For exanpl e,

a

a pul se of 100MWV
wi th duration of | Onsec. Such. conpression techniques are known in the art.
Moreover, it is obvious and known in the art that the use of shorter pul ses

use of shorter pulses. Furthernore, a range gate nmay be used in the

receiver if the transm ssion pulse duration is shorter than.

the time

required for the pulse to reach. thg, target and return to the receiver.

Such a gate when used, opens the receiver during the tine expected for the
returned pulse to reach the recelver and prevents the clutter reception..
JC} pul se of about 114W (Pl = =iMW) . If the pulses are conpressed to

- ONse. gyhikaGh.is \Mytde% dsegase&gtet e 2 alTBe8NRnAY tiahs RRGh PULEEmANd power  of

Pl 100MVN the power of the received signal at a frequency A +A Wl

10, 000 t iwhesh stamengehigh powserc n ardsaide redinee theomsly el proHucihng tageeta mat ched

filter h%&'ens a ban(th\M s18) Otte%bs%%gtr\lfl_nlolg r\elzcl,llving, 6%8%0%1:31' ?eve n sec

1als in ‘the transmi

are very low, a single antenna and receiver may be used instead of a

plurality of such units. To enable receiving and detection at more than on

frequency, a broad band antenna and front-end amplifier in the receiver

may be applied. Then by standard techniques, several frequencies may be

filtered each into a separate detection channel.

As said, in order to obtain a powerful harmonic return, it is desired to

transmit as high power as possible by the transmitters 1 and 2. Any

coupling between the antennas 5, 6, and 7, even a weak one, may cause

leakage of energy between the two transmitters, that will produce signal

components being combinations of a plurality of the transmitting

frequencies, and 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.

be



matched lifter for a | p sec pulse, he., having a bandwidth of './.;=UMz as
had to be originally. used with. no COMoressi o scc Therefore, it has been
shown. that the conpression of the transnmtted pulses by a factor of 100
increases the power of the received pulses by a factor of 10,000, while the
noi se is increased by a. factor of only 100. In other words, an inprovenent
of 100 fold is obtained by the conpression in the signal-to-noise ratio
and. i.n the detection sensitivity. On the ether hand, a too nuch
conpression of the transmtted pul ses, may increase too nuch their spectral
content, winch may cause great difficulties in separating the target signal
fromthe transmtted signal. In thé&7above exanple, a 10 nsec pul se includes
nost its spectral content within 100 MHz, and is well separated fromthe

recei vedasi gnal thélawevieth fof thd ebjex adapleads aonl tNASEXectputysef weee used, its
spectral width will be about 10Hz and the separation, between the
transnit@@@mgﬁgﬁavié¥0anébﬁ€¢%¥WPB§G@éﬁB@Laﬂﬁﬁggr%ﬂﬁ“ﬂﬁﬁﬁﬂﬁhmﬁ@ceived
signal. at a.central. fre n of. 4 W al-s0-wi ' 1 43.117,
width i n"thé }?lggeﬁe\%%dn%ﬂfgﬁu%cy pe %%/é{nﬁrl) l((?i bérnthf2 I%@Ig%hi{?hg%%hlgg%i ons there

may be aﬁé’ 2t A9 9. ush A%rbRere @Bt 3 8e BYShEFh Ahe Id¥@tiInBVENtiON in
much hi gher frequencies, up to 30THz,. One application in the high

f r equencyf thandj¢c3G0Hz impr@0THn) meams tleutihe adevesdity oh refeidegedits in.
mcroel S UBIn e SOmEnSIL s, Sy ILAr RS URGoEL 3 Bl SggseRleo ovlects
;ﬁofﬁgr'zhmtg}@%ﬁié r&RbberelpifodF a8tchinkbe1abi kid yiré @s6d.aBsdit yf tafgets is
antennas has a narrow receiving lobe 57a — 57d slightly displaced one with
respect to the other. The received signals are correspondingly passed in the
corresponding receivers through filters 36a — 36d, allowing signals only in
the receiving frequency to pass. The signals are then amplified by
amplifiers 37a — 37d and conveyed to both the azimuth processing unit 49,
and to summing unit 69. The azimuth processing unit 49, which is given
the four signals 47a — 47d compares the relative intensity of the signals
from the four amplifiers 37a — 37d, and determines from if the azimuth to
the object relative to the lobes direction of each of the antennas. In Fig. 5,
there are four antenna lobes 57a-57d. When the object 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 is



aspect of the present invention_ As nentioned above, a netal object creates
nmostly odd harnonics (weak even harnonics are re-radi ated by dissimlar
nmetallic junctions), while solid-state junctions (PN), typical of

el ectroni c conponents, produce all (even and odd) harnonics. Mre
specifically, if the transmtted frequencies are and A a receipt of a
signal at rib + M 2 where it +inis evenis a strong indication of a
target that contains electronics_ Mreover, different classes of targets
have a different nonlinear response to incident frequencies. These
differences are manifested in the gﬁiative intensities of the scattered
frequencies Yin + nif2, while operating with an anbodi nent of the

invention. By .receivin.g nore than one response, for. exanple, one in
f r equencyPPFBEMakely f proppgiional deothe it i Sic gt by intensHaoaty thang

conparing the intensitjes of thes Wo . fesponse signals, it is possible to
cIassify%Fﬁ§nP§P&e?§Pa%kﬁ@@“ﬁﬁ%ﬁgﬁﬁhy’ﬂé#@g?gcﬁaéggﬁﬁﬁdF?Bﬁ”Hﬁ be the

har noni ¢ _respon of targets to the incident power densit as at sone
poner " toRer ey PEGetiplRt At hRahhdtn el FeBYEh SR RS Another

i ndi cation y Jbe associated wi.th tenporal, stabilj.ty of t hget' s
response st aatp%é‘flg??(é'd ’&%’8@%&&“@%&"]@) Pr(fl??(ghf)ﬁ%]eit\)/i Eg g{lenna 6is a
broad ba ) f Gl C ining at | east
P har noneRBbRLR L BbGEYE R, Tl ARAE Bl LEAURROKER CONADLNY, o

recei ver thatheattrdreastsibmoofc Aanhighs p8eB3as gpdskibkt. Bhatheehodd, flog nill -t-
Inifit. and a second channel 82 for n2l1l1 in2h. The received signals pass
t hrough ERAEYERSARAUNGIn ithe efecAlvernl. IRHHTRYe8TOREBORY) itet Epe'S. giri ae

duration of the transmitted pulse. As the noise at the receiver is

proportional to the bandwidth, it can be noted that the level of the noise is
inversely proportional to the transmitted pulse duration. Therefore, it
follows that there is an advantage in the use of a narrow pulse with high

amplitude in comparison to a wider pulse with a same energy.

One common compact way for obtaining a very narrow pulse with high
amplitude is the application of pulse compression technique. For 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

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



aneuvers each signal according to its frequency into its corresponding
cannel 81, 82, or 83. Detectors 91, 92. and 93 detect the correspondi ng
signals, and the results are correspondingly provided into a conparing and
processing unit C. The unit C corresponding conpares the ratio of the

out puts of these channels with several expected ratios of specific classes
of targets, as previously obtained experinentally and stored in database B,
to find one class, the ratio of which matches nost. The target is
classified to the experinental class matches nost. Qoviously, the ability
to classify targets in a systemaccording to the invention increases as the
number of channel s increases.. Anoth®r way for obtaining nore infornmation
on the targets, and. for classifying themis by varying the transmtted

f r equencipessd bf ahdutf IMWhiH: e= fRal+ MWy iIfi thheuleseineecortieshat boni ¢

response nib Still _apaother y for obtaining .a better,classification of
targets iwnée%%bem}B% W@lqg%ﬁql%?}e?%rgwnteggﬁgﬁsﬁ ?ﬂ%pﬁﬂ%(’{ An two
frequenci-ep, _f QioNg%A ' f afdqidheva iving a
nonl i near ?%shggée éﬁng??ﬁgg3£§%§g§%§%H§§¥%?341:12?f3f%:§%hﬂ3ﬁ?}e a, tn, 4

and h ar e nbemer smadhitrensee Ienbati aepise, ahe theeivey ehbih uBave been
descri bed, by way of illustration, i.t will. be apparent that the invention
can be cansichdd ifiteo Hprvaet h bendivtifitirahybawd)/fi cat+ BN8(H arstatd efts and
adaptations, and with the use of the nunerous equival ents or alternative

sol uti onsphhabdanBeam thi nat he, s&opeuleé, pes.sonsviski ld ehndwidiie aft, without;
departing fromthe spirit of the invention or exceeding the scope of the

cl ai ms. -llis-ecgim as had to be originally used with no compression.
Therefore, it has been shown that the compression of the transmitted
pulses by a factor of 100 increases the power of the received pulses by a
factor of 10,000, while the noise is increased by a factor of only 100. In

other words, an improvement of 100 fold is obtained by the compression in

the signal-to-noise ratio and in the detection sensitivity.

On the other hand, a too much compression of 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



1. A radar systemfor detecting nman-made objects in a space of
conprising: At least two transmtting units for sinultaneously,

i nt er est
and in

synchroni zation transmtting el ectronagnetic radiation pulses in at |east
two distinct frequencies fp fttowards a space of interest; and At

receiving unit tuned to a frequency of f, + nif2 +wherein n,maq,..

i ntegers not equal to zero, for receiving a non-linear
radi ati on fromobjects located within the said space of

| east one -

bei ng

response of said

i nterest;

wher ei n

each of said transmtted pul ses has a duration of 1 nanosecond to 10
nanoseconds, envel opi ng respectivegﬁyone of said carrier frequencies. 2. A

system according to claim1l, wherei

the following condition rt 1 ,m1, and

gl." also apglies. 3. A systemaccording to claim1, wherein the follow ng

condi t i ovapd§30MHzgp 203Hg. - L. al so appl i es.

Classification of Targets: The ability to classify targets is another

aspect of the present invention. As mentioned above, a metal object
creates mostly odd harmonics (weak even harmonics are re-radiated
by dissimilar metallic junctions), while solid-state junctions (PN),
typical of electronic components, produce all (even and odd)
harmonics. More specifically, if the transmitted frequencies are f;
and f2, a receipt of a signal at nf: + mfz where n + m is even is a

strong indication of a target that contains electronics.

Moreover, different classes of targets have a different non-linear response
to incident frequencies. These differences are manifested in the relative
intensities of the scattered frequencies nf; + mfz, while operating with an
embodiment of the invention. By receiving more than one response, for
example, one in frequency n,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, nif: + mife 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 nifr +
mafe and a second channel 82 for nsgf; + msfs. The received signals pass

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



4. A systemaccording to claim1l, wherein the receiving unit is tuned to
receive at least two frequencies ni + tnlz + q,A .", and fj +n2, 12 g2

A .., whereinni, M, ...,n"n2,g2..., are integers and at least n-n2 or in
76 m2. 5. A systemaccording to claim1, further conprising eval uating
means for evaluating the relative intensity of a response froman object in
said received, frequencies, and for classifying accordingly the type of the
object. -23- 6. A systemaccording to claiml, conprising two transmtters
for sinultaneousl yandi nsynchroni zationtransmtting el ectromagnetic
radiation pulses in two distinct frequencies 1, f2 towards a space of
interest, and one receiving unit fori-receiving at a frequency of nnyn,
bei ng i ntegers not equal to zero. 7. A systemaccording to claim1 wherein

each transgithi | DOmUAblveEOMPAdLS @Al L 4RPEIThE L & iBndraubh@nsiatd titNg ant enna,
and each receiving unit conprises a receiver and a receiving antenna.
corresponding cannel 81, 82, or 83. Detectors 91, 92, and 93 detect the
corresponding signals, and the results are correspondingly provided into a
comparing and processing unit C. The unit C corresponding compares the
ratio of the outputs of these channels with several expected ratios of
specific classes of targets, as previously obtained experimentally and
stored in database B, to find one class, the ratio of which matches most.
The target is classified to the experimental class matches most. Obviously,

the ability to classify targets in a system according to the invention

increases as the number of channels increases.

Another way for obtaining more information on the targets, and for
classifying them is by varying the transmitted frequencies f1 and f2, while

following in the receiver the harmonic response nifr + mife.

Still another way for obtaining a better classification of targets in a system
of the invention is by transmittiﬁg 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, +1f;,+kf,, while n, m, [, 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.



8. A systemaccording to claim1l wherein the at |east two antennas of the
transmtting units and the at |east one antenna of the receiving unit are
nmounted on a same carrier, and all said antennas are directed in a
synchroni zed manner to sinultaneously scan essentially a sanme space of
interest. 9. A systemaccording to ghaim1 wherein the transm ssions from
the transmtting antennas are orthogonally polarized one with respect to

the oth elimnating the production of parasitic signal conponents at
the fre 0 which the receiving unit is tuned. 10. A system according

to claim 9 yhgreidystdif AR deidRRINB-RAUATdF8E O 15 spaed dor _
elimnating transnm’ssion of signal's at the frequency of the receiving unit
from any ointthestteoanaisingi ng units. 11. A system according to claim?9,

wherein the orthogonal polarization is perfor.ned, by neans of, a pol ari zing
component 1 ocHt H@aﬂettweﬁrwgimtghémﬁgﬁéh ?Wé‘ﬂ@%?ﬂil {¥:s 288r MBspondi ng
antenna. 12. 1 DG +k+ i i of the 24-
transmtting Sﬁﬁ?}%{g&g%ﬁ%%%&eﬁg%thﬁggéé}%%éa e%‘té‘?\f?ﬂgﬁgorf ?{lgérégqgl | mount ed
on a sane antarieastpedeslistinctt frepeerdiieedt ed, sf;nutdspeetuslyytonmrdssame

direction. 13. A systemaccordingiml wherein a nulti--beam antenna is used
at the recei\d sygpoeniftinfexest;mprdovi ng t he direction resol ution.

- At least one receiving unit tuned to a frequency of

nf, + mf, + qf,..., wherein n,m,q... being integers not equal to zero,

for receiving a non-linear response of said radiation from objects

located within the said space of interest;

wherein each of said transmitted pulses has a duration of 1
nanosecond to 10 nanoseconds, enveloping respectively one of said

carrier frequencies.

2. A system according to claim 1, wherein the following condition

nzl,m#1,and g #1... also applies.

3. A system according to claim 1, wherein the following condition

nz-1,m#-1, q #-1... also applies.

4. A system according to claim 1, wherein the receiving unit is tuned
to receive at least two frequencies n, f,+m, f,+q,f;..., and
n, f, +m,f, +q,f,..., wherein n;,m,,q,...,n,,m,,q,...,are integers and

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

5. 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.



14. A system according to claim1; wherein the transmtted frequencies
f,12,f3... are in the mcrowave frequency range. 15. A radar nethod for
detecting nman-nade objects within a space of interest, conprising the steps
of ; simultaneously transmtting froma first transmtting unit and froma
second transmtting unit, and optiod-ly fromnore transnmittin.g units

el ectromagnetic radiation pulses in frequencies of Lf, j3. ... respectively
towards a space of interest; receiving by a receiving unit reflections from

obj ects gn sl dystear acedrdimd &6 @¥dim 1, JoMpRHIRG W oOfranBhitterd ifdf y_ wherein
are integers not equal to zero, wherein each of said transmtted pul ses has
a dur at i on sghultapgauslyconcend 10ihanosEwbaeBizetval opithgnymEpe i vel y one of

o ouee Elsehf FRARAFE Faaion HIREDSE AR fuhBlel B foner 51D e
claim 15, WheELeid aldich YrliAverag:, SaRPbhdé RBediinly ulllt thr rdeeividlsSe appl i es.

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

7. A system according to claim 1 wherein each transmitting unit
comprises a transmitter and a transmitting antenna, and each

receiving unit comprises a receiver and a receiving antenna.

8. A system according to claim 1 wherein the at least two antennas of
the transmitting units and the at least one antenna of the
receiving unit are mounted on a same carrier, and all said
antennas are directed in a synchronized manner to simultaneously

scan essentially a same space of interest.

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



-25- 18. A nethod according to claim 15, wherein the receiving unit is
tuned to receive at at |east tw frequencies nlf nmutand wherein , rn"
g,92..., are integers and at least n,2 or 19. A nethod according to claim
15, further conprising: a. carrying out repeated experinents by the nethod
according to claim 15, for deteimnbag a typical response for each of

various types of objects, while using transmtted frequencies 1, jf , in
each transmi ssion unit respegtivegly; b. for each.object.type, recording in
a dat abase?’?@sm}%funﬂ@cg{l A ﬁ’é%%g%%stt?{’esé?cifl‘f SnS it %{lgeda}lr equenci es;
and mounted on a same antenna pedestal, to be directed

simultaneously to a same direction.

13. A system according to claim 1 wherein a multi-beam antenna is

used at the receiving unit for improving the direction resolution.

14. A system according to claim 1, wherein the transmitted

frequencies f,, f,, f; ... are in the microwave frequency range.

15. A radar method for detecting man-made objects within a space of
interest, comprising the steps of:

simultaneously transmitting from a first transmitting unit and
from a second transmitting unit, and optionally from more
transmitting units electromagnetic radiation pulses in
frequencies of f,,f,, f; ... 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, + gqf;... wherein n, m,

q ... are integers not equal to zero;

wherein each of said transmitted pulses has a duration of 1
nanosecond to 10 nanoseconds enveloping respectively one of said

carrier frequencies.

16. A method according to claim 15, wherein the following condition

nzl, m#1, q#1... also applies.

17. A method according to claim 15, wherein the following condition

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



c. when receiving a response froma real object whose type is unknown to a
si mul taneous transm ssion while using sane transmtted frequencies,
correlating the response as received with each of said typical records in
t he database, to find the type hayi %rmst simlarity, and classifying the
obj ect type accordingly. 20. A methot&-according to claim 15 wherein the

el ectromagnetic radiation is transmtted in pulses. 21. A method according
t o cl ai mM&5Awhethod accoedimigytmglajat €l5, swhemsindéok aéceivimgr eodi er f or

enabling receptjon during the expected tinme of receipt of a response from
an obj ect, W%F%éﬁei‘ﬁ‘ggﬁ' @Eg‘?aﬁﬁ TR fg?‘lued’tcwe"r"ltif‘fé’éﬁo’kﬂlﬁ)ﬁc’r?ﬂ‘ﬁod accor di ng
to claim 20, erein th pulﬁes.are shai duration pul.ses, obtajned by neans
of conpr essioh.t %8> et hdUPEREBr i Fig 9t o e i - fhr-¢ ,revbﬂg?%qrﬁ@?de transmtted
-26- frequencies, are varied continuously, and the receiving frequency being
al so vari edaFL%"tt?Edhi%I?/r 0 #'8t1 ow t he said variation of said transmtted
Frequencies. 24. A nethod according to claim 15, further conprising masking
t he | eakage of signal conponents in the frequency transmtted from any

transm t19ng method Qcdoh@ir fL¢lalmh aAKS FftheR dompiristng:25. A nmet hod accordi ng
to claim15, further conprising providing to the receiving unit an

i ndi cat i on & eepurgingyouheepeatedorxpenanentrby dhegusthodaneserdisigolp by t he
E)Ljagi,[n_ tting (l:)lgiﬁlsw,ffgxr' dlé%(lerrlllqir{i}lgfa0£ypqg§1erreg]p(r)lrllsnegf(;[rheeac % \;a{r%]us()f the

types of objects, while using transmitted frequencies f, ,f,,
/5 -.. in each transmission unit respectively;

b. for each object type, recording in a database its typical received
response to said transmitted frequencies; and

c¢. when receiving a response from a real object whose type is
unknown to a simultaneous transmission while using same
transmitted frequencies, correlating the 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.

20. A method according to claim 15 wherein the electromagnetic

radiation is transmitted in pulses.

21. A method according to claim 15 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.

22. A method according to claim 20, wherein the pulses are short

duration pulses, obtained by means of compression.

23. A method according to claim 15, wherein the transmitted



-26-

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

transmitted frequencies.

24. A method according to claim 15, further comprising masking the
leakage of signal components in the frequency transmitted from

any transmitting unit to the other transmitting units.

25. A method according to claim 15, further comprising providing to
the receiving unit an indication regarding the time of the
simultaneous transmission by the transmitting units, for using it

for determining the location of the object.



