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METHOD AND SYSTEM FOR SIMULATING A TARGETY

FIELD OF THE DISCLOSED TECHNIQUE
The disclosed technigue relates o radars in general, and {o

5 methaods and systems for simulating argets in particuls

BACKGROQUND OF THE DISCLOSED TECHNIQUE
Radars are known i the arf and are employed 1o detedt targsls
and provide information reiating to the posilion thereof. Reference is now
jo mads o Figure 1, which is 3 schematic Hlustration of a scenarnio genserally
reference 10 which is known in the art, of a vehicls 12, such as an alrerafl,
moving along a8 frajectory 140 Trajsctory 14 may be defined within a
thres-dimensional (3D} coordinate system 16, The term ‘rajectory’ relates

hersin at least to a path of alreraft 12, the velogities and accelerations of

Py
£52]

afreraft 12 over time. A radar 18 located on the ground {e.g., the XY plane
of coordinate system 18) delects airgrall 12 and provides information
relating to the position of abkcraft 12, Typically, radar 18 provides the
information relating to the position of alroraft 12 In terms of an azimuth, @,

relative to g reference direction 20 {(e.g.. the north), an slevation, ¢,

i3
2

redative 1o a reference plane {g.g., the XY plane of coordinate system 16;
and the range. R, fom radar 18, The grojection of the ranga, R, on the
XY plane of coordinate system 16 s referred to herein as R

Training & radar operator or calibrating & radar requires
simudating = targst, Known in the art techniques for simulating a target of

a radar such as radar 18 includes maoving a mock vehicke {e.g., a dronse, a

b

pulled glider) v the aclual trajeclory being simulated.  Allamalively, a
stationary ransoeiver or ransoeivers are place around the radar at known
locations relative o the radar. Such a transcebver regeives the radar
signal, deiays the signal at a delay coresponding to the distance of the

au 0 shnulated target om the radar and ransmits the delayed signal.
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Agcording 1o another known in the ant {echnigue. an RE
shmipiator s connecied instead of the radyy antenna. Such a RF target
sinulator receives from the radar fransmitler the vansmitted radar signad

as wall as the radar beam dirggtion. The R targe! simudator gensrales

Y

s an RF sgnal simudaling a relurn signal fom a largetl st a simulsted
direction and distance.  The radar recewver recaives this simulated RF
signal snd displays 3 representation of the target on the radar display.

According t© a further known in the ard technigue for wsindng a radar

operator is genergling s compuier simulation of targels on a displays
31 WS, Patent 7852280 fn Gorafian entiled "Methods and
Systems for Generating Virtual Radar Targels” directs o a system and
method which emplays reflections from a radome encasing the raday
antenna, The sysiem direcied o by Sarafian, incudes a transcelver,
acgted within the radoms, which recsives reflections from the radome.

15 The bansceiver re-lransmils a signal nward the radoms, at 3 delay

corresponding o the simulated distance.  The retransmutted signal i

3

raflacted from the radome hack foward the radar antenna.

U.S. Palent Application Publicalion 2015/0388805 to Shiplsy,

direatys {o a target simulation devios which includes a verfical anterma
23 iy

g seve Fianard sy @A e oy radtas T 3 = ~Eand SR e
20 array posionsd on o near g radar.  The simulstion device tansmifs

signals, i responss o reosived :‘«ég}z‘zaif from the radar, that simulate a

angd distanees. The simudstion device can be roiaied show the radar to
simulate the azimuth of a tamgel.  The simulation device controls
ev ansmigson Tom the wartical antenna anay o simuiating the slevation of

the targel, based on the received signal |

3

o the radar. The simulation

et
3

device cordrols the delay of the ransmifted signal to simuiste the distance

of the farget.

R
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SUMMARY OF THE PRESENT DISCLOSED TECHNIQUE

it is an object of the disclosed technigue o provide a novel
method and system for simulating & Usjectory of a radar fargel. In
accordance with the disclosed technique. there is thus provided a methad
for simulating a tajectory of a radar targel.  The method includes the
proceduras of determining a simulated trajectory of the simulated target
and determining a simulating vehicle tajectory for a simuiating vehicle,
The simulating vehicle trajeciory i defined mccording to a simulation
profite. The simulation profile al least includes a spatial simulation profile
and a signal delay profile. The method furthey includes the procedures of
manatvering the simudating vehicle according the spatial simulation
profile, receiving a adar signal by e simulating vehicles and
re-ransmiiting a signa!l toward the radar at least according o the signal
delay profile.

in accordance with ancther aspenct of the disclosed fechnigue,
there is thus provided a system for simulating a Wajeclory of a radar
simulated target. The systen includas a simulating vehicle which includes
a receiving transducer, a receiver, a posttion detector, a transmitler, a
franamitting transducer and a processar. The processor at least includas
a signal delay and is coupled with the receiver and with the transmiftar,

The receiver is further couplad with the receiving Wansducer and the

franamitier is further coupled with the fransmilling transducer.  The

receiving fransducsy receives signals from the radar and transforms the
received signal {o an sleciric recetved signal.  The receiver receives the
slectric received signal and at least samples the slectric received snal o
produce a samplad received signal. The position detector detenmines the
current position of the simulating vehicle,  The btansmitter converts a

re-transiission signal 1o an analog signall The ransmitting ansducer

transforms the analog signal info a transmitied signal.  The processor

raceives the samplad regelved signal and produces the rergngimission

fak
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spatial simulation profile and the clrrent position of the simulating vehicle.

The spatial shnulalion pofile defines the waleciory of the simudaling
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BRIEF DESCRIPTION OF THE DRAWINGS
The disclosed technigue will be understood and apprecisied
more fully from the following detallsd description taken in conjunclion with
the drawings in which:

Figure 1 is & schematic flustration of a scenario which is known

i

i1 the art, of 8 vehicle, such as an airorafl, moving along a trajsclory,;
Figures 2A-20 are schematio flustrations of a simulating vehicle
trajectory, in accordancs with an embodiment of the disclosed technigug;
Figurss 3A-30, which ars schemalic dlustralions of an
10 exemplary azimuth simudation profile, an exemplary elavation simulation
profile, an exemplary signal delay profile and an exemplary signal
charactaristios profile, all i sccordance with ancther smbodiment of the
disclosed technique;
Figure 4, which 18 a schamalic lHusiration of a syslem for
1 simulating @ trajectory of radar fargel, constructed and operative in
accordancs with a further embodiment of the disclosed technigue; and
Figure 5§, which is a schematic dlustration of a method for
simudating 8 trajectory of radar targel, operalive in accordance with
another embodiment of the disclosed technigue.

=
“oh



WO 2018/220629 PCT/IL2018/050587

DETAILED DESCRIPTION OF THE EMBODIMENTS
The disciesad techiique overcomes the disadvantages of the
prior st by providing a system and a method for simudating & rajeciory of

3 shmulsted target for radar operator fraining, radar calibralion andior

L

s tasting. According to the disclosed technique, a simulating vehicle (8.9,
an wiemanned vehicle such as a8 ramole controlled drone) maneuvers
ac;c‘:}rstimg W a simulating vehicle tajectory, which simulate an actual
trajectory of a wwygel  The sihnulaling vehicle tajectory s defined
ascording o a simulation profife. The simulation profiie at leastingludes a

o spatial sinulstion profile, a signal delay profile and may further include a

signal characterislics wofie {e.g., signal amplitude, Doppler shift and the

. The spatial shmulation profile defines the raleciory of the simulating

s

ke

velticle in space.  The spatial trajeclory profie includes, for exampls, at
least one of an azimuth sinulation profile and an slevation simulation

5 profile. The azimuth sindiation profile defines an agimuthal ajectory for
the simulating vehisle.  The slevalion simudation profile defines an
alavation "ira;'ecsif;}st‘y for the simulating vehics, The soslal simudation
profile may alternatively include g st of coordinates and elevations in a
referance cocrdinate system. The sigral delay profile dedfines the delays

g 3

empioyad befors re-ransmifling 8 received radar signal, thug simudating

el

the distance of the {arget. The signal characteristics profile defines the

o

signal characteristics of the re-angmitted signal,. Itis noted thal the enm

Pyt
Hiztance an
S

wd the lorm rangs’ ars employad hareln interchangeably.
Accorging to the disclosed technigue, the simulaling vehitle
o mansuvers within the “radar blind zone®.  The ferm “radar blind song”
relates {0 a spase arcund the radar whers the radar doss not detect
fargets. Forexample, the radar blind zone relates {o the distance from the

radar defined accurding v the dwation v which the radey banamils a

e e 3 > ; L e S e PSR CE S TR Py S St o
o signalin the mediunt {a.g | alr, frow space waterh, Thin dusation, inwhich
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the radar transmits a signal and doss not receive signals, times the
propagation spead of the signal in the medium defines a sphera around
the radar i which the radar doss not detect objects. This sphere is the
radar blind zone. The radar blind zons is also referred 1o herein as the
radar mininum detection rangs. it is noled that the simudating vehicle
may operate oulside the radar blind zone. However, this may rasultin a
reprasentation of the simudaling vehicle appearing on the radar. Such a
reprasentation should typically be accountad for when training, calibrating
andfor testing the radar (eg., ignored or employed as an additional
farget).

For the purpose of the explanations brought forth hevein, the
simulating vebile s exemplifisd ag a2 drone and the simudating vehicle
frajectory is defined at least according to a spatial simulation peofile and
signal delay. Howsver, it 3 noted that the simulated target may be any
fand, air or sea vehicle (e.g., a car, an air plane, g ship and the like} and
the simulating vehicls may be a carresponding unmanned vehicle {e.g., &
rembte controlied drone, aremuole controlled car, a remote controlied boat
and the like). Furthermore, the spatial simudation profile includes at least
one of an azmuth simulation profile and an elevation simulation profile.
The simudating vehicle tajectory may include any combination of at least
ong of an azinuthal simulation trajectory, slevalion simulation trajeciory
and signal delay characteristics.  For example, whan simulaling a vessel,
only an agmuthal simulation trajectory and simulation delays are required
o define & simudating vehicle fralectory (Le., elevation profils is regarded
as including only & conslant valug). For simulsting a vehicle moving on 2
straight lne toward and away from the radar, only simudation delays are
required {Le., the azimuth and elevation profiles are regarded as including

ordy respective singls constant values)  Furthermaorg, the term radar

emploved herein relates t© a system thal delsrmmes the range and

girmetion of an oblect according 1o Tane-Gi-Flight of a relurny sigoal which,

i

.

“f
‘4
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Reference iz now made o Fégm‘& SA-20 which are schematic

qenerally referencsd 1

,-.

Husirations of a simulating vohple rajestory,
accordancse with an embodiment of the disclosed fechnique.  The

wiating vehicle trajectory in Figwres 2A-20 simulate an actus! trajectony
118 {l.e, the sivndated trajectory) for raining an opsrator of a radar 101 or
for calibyating and lesting radar 101, Radar 101 is located on the groung
114, Drone 102 §s flying al @ maneuvering distance from radar 101, which
is smalier than the minimum detection range 108 of radar 10Y {ia., dions

%

102 8 not delected by radar 101) acooding & simulaling vehicle
rajactory. Figures 2A and 2B deplct an azimuthal simudation trajectory
and Figures 26 and 20 depict an slevation simulation Wajectory.  To
simulate @ target at & simulated distance R, drone 102 receives a signgd
fransmitted by sdar 101, and retransmils the recelved signal at a
respectiva dalay (e, according to the signal delay profile) and optionally
with respective amplitude  corresponding 3 simudated range and Doppler

shift corresponding fo the changes m the simulated range {i.e., bolh

ascording o a signal characteristics profile), thereby simudating the actusl
distance and the change thersol of drone 102 from radar 101

He-fransmitiing he received signal af respagtive amplitude simulates the

shiegnuation he radar signal undergoes a8 i propagates through the

stmulated distance Re-transmitiing the received signal with respective
signal characteristios iz also referred o haveln as “signal characterization’

According to ihe simulaling vehicle Irajectory, drone 102 mansyvers from
poind 114 1o paint 110 Radar 101 receives signals simulati ing & targst

manauvering from point 112, in poin

ding o points 110,
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With reference to Figures 2A and 2B, s drong 102 s
maneuvering according to an azimuthal simudation trajectory 104 around
radar 101, As mentioned ashove, according to the simulating vebicle
trajectory, drone 102 may maneuvers from a point 110, 1o a point 110, At
point 110, drone 102 is at an azinwthal angle ¢, (e, relgtive 10 &
reference direction 113) indicated by the double ark, At point 110, drone
102 is at an azimuthal angle ¢ When drong 102 maneuvers from point
110 o point 110, drone 102 change the azimuth angle thersof by Je.
The actual distance betwesn point 110y and powrt 110, is d. Since drone
102 also smploys signal delay and signal characterization o simulste
distance and largst charactenstics, radar 101 receives signals simulating
a target mansuvering from point 112, to point 112, corresponding fo
points 110; and 110; respectively. The distance betwesn point 112, and
point 112,, 1s D,

With reference fo Figwe 20 and 2D, drong 102 Is maneuvering
according o an elevation simulation trajfectory 108, Al point 1104 dione
102 is at an elevation angle of ¢, Al point 110, drone 102 is at an
alevation angle of ¢, When drone 102 manewvers from point 110 to
point 110, drone 102 change the slevation angle thereof by 4. Al point
1104, the sclual elevation, h, of drene 102, corresponds fo an slevation
angle of ¢; al distance 1. Sinpe drone 102 also employs signal delay and
signal charactenization to simulale distance and target characteristios,
raday 101 receives signals aimulating @ target at point 112, and slsvation
M. At point 110, the actual elevation h+Ah of drone 102 corresponding o
an elevation angle of ¢, (ndicated by the double arc) at distance . Since
drone 102 also emplovs signal delay and signal charactenzation o
simudate distancs, radar 101 receives signals simulating a target al points
112, and elevation H+AH. In other words the change Ah in the elevation

of drone 10¢ correspands 1o a change AH in the elevation of the simulated

target for o speotfic signal deday.
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fenhnique simulates 3 trajectory of a target. The simuiated Yajectory of
the larget may be defined iy terms of the azimuth of the rget relative to a
refersncs direction, the distance of the rgst from the rader and the
5 elevalion of the target above a reference plane. As a further example, the
strusiated rajeciory may be delined by a sel of coordinates in & reference
covrdinate system.  According 1o yet another example, the shnulsted

frajectory may be definad as & set of accelerations and dirsctions relative

to a stardl position in a3 reference coordinate systermn.  The reference
10 dinate system may be a global courdinale system {e.g., WSG B4

541

~TRE8S) or a local coordinate systern, for example, a coordinate system
dafined by the radar location and a reference direction {8.9., the looation
of the raday is defined as the [0:0.0] jocation and the reference direction
defines one of the axis of the coordinale system).

15 As mantioned above, the simulating vehicle trajeciory is defined
acoording o a sinudation profile. The simudation profile at least includes a
spatial simulation profile and delay simulation profile. The simulation
profile may hwther include a signal characledstics profile (a.g., signa
ampitude, Doppler stuft profife). The spatial simulation profile may defin

e i ; . Beverbegss vl - oy et A f fevmemtiros vy i eibd
s Hst of coordbates and slevations or g list of oostion and slevating

o]

v the reference coordinate system. As mentioned shove, the

Ly
s
&
peo )
o]
o
W

spatal simudation profiis may sltomatively ncluds at least one of an
gainuth simutation profile and an elevation simulstion profile. The
azhmudh simulation profile defines an azimuthal hajectory for the

siriating vehbicle., The elevation simulation profile defines an elevation

N
“
14

irajectory for the shimueting vehicle.  Signal delay profile defines the

"3,

uration that ransceiver of the simulating vehicle should delay the gignal

§ %y n -~} AT S R S = - RO A B o~ - n Fomtiy
the sighal charactenstics of the retransmitted signal. The simulating

N s et e , : B A et ien B s i i ¥3 s v

vehicle maneuvers avcording v the azimuth and slevation aimulation

SRR
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profiles and delays the re-lransmission of the recelved signal according o
the signal delay profile, thus maneuvering according ko the simulating
vehicle trajectory and simulating the target trajeciory.

To determing the simulalion profile, the maneuvering distance of

o

the simulating vehicle {e.q., & drong) from the radar is determined. For
example, the maneuvering distance of the simulating vehicle may be
determinad fo be at a rangs from the radar, smalier than the minimum
datection range of the radar. Referring back o Figures 28 and 20, the
mmaneuvering distance is denoled . Reference s now made 0 Figires
1 3A3C, which are schemalic Hlusirations of an ssemplany azimuth
simulation profile generally referenced 1504, an examplary slevation
simulation profile generally refersnced 152, an exemplary signsl delay
profile 154 and an sxemplary signal characleristics wofile generally
refarence 185, all In accordance with ancther embodiment of the
w disclosed technique,  With reference fo Figure 3A, azimuth simulation
nrofile 150 defines the simulation azimuthal irajestory {Le., the azimuths of
the simulating vehicle over time)  The azimuths defined by azimuth
simudation profile 180 correspond fo the azimuths of the simulated
tajectory.  Thus, these azimuths also defing the azimuths of the
a0 shnulating vehicls, when maneuvering according to the simulation profile.
According o another example, the azimuth simudalion profile may defing
the focations of the simulating vehicle in a reference coordinate sysiem,
over ime. These localions are delenmined, for example, according to the
focation of the radar in the reference coordinate system, the azmuths e,
@ relative to g reference direction) and the manauvering distance of the
stmulating vehicle from the radar. s noted that the derivative of §
azirnuth simulation profile defines the rotational velocity of the simuiatif\.g

vahicls arcund the radar {8.¢.. with reference 1o Figure, 2A, the rotational

.+ &

«

ve‘z%aaiiy‘ of simudating vehicle 102 around radar 101 on azimutha

a simnulation ajectory 104}
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With referencs to Figwes 3B, clevation simulation profile 183
defines the gimulation slevation trajectory (e glevations of the

3imuiaﬁmg vehicle over fime).  To determing the elevalion simulation
2 glavation angles of the simuiated talsclory are delermined
2 sipvalions and distances of the simulated rajectory {e g, by
gmploying known tigonometre dentiies). From these glevation angsels
and manauvering distance, the slevations of the simulating vehicle, when
manswvening acoording to the simulation profile, are determined.
Vyith reference to Figwre 3C, signal delay profile 154 defines the
1w durations the drone should delay the recelved radar signal before
re-ransmilling, over fime. The disgtances of the simulsted target are
determined according to the diference batwean the solual distance of the
s‘imuiatmg vehicke and the simulated distance from the radar, The aclual
dislance of the simulsting vehiole is determined according to the
W mansuvering distance and the actual elevations. The difference balween
e actual distance of the simulating vehicls and the simulatad distance
from the radar, and the mopagstion speed of the signal in the medium,
defing the delays that the drone should delay the recsived radar signal
before re-frapwmitting. Sigral delay profile 184 Is determined according o

~r

With referance to Figure 3D, signal characteristios profile 1854

i

examphiied with an ampitude profile 1588 (depicted with a solid ine) and &
Doppler shift profile 158 {depicted with a dashed doubled-dotiad fine),
which defines the amplitudes gt which the drone re-ransmils the recsivad
o radar signal pver lime. The amplifudes of the re-ransmitted signal
simulates the atenuation the sighal undergoes in the median when
propagating loward the simdaled fargel and back io the radar, The
amplitude of the eeransmilted signal may aiso simulgte losses dua fo

Ty eI i e 3y O g iy g pma Txev i ] IR ARE el o F o
ranasouiter imperlections, Free Spacse Falh Loss (FSBRLY or wave

ot

o dispersion. The amplitide of the re-ransmitiad slonal may further

pexl
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simulate effects that specific target characteristios such as Raday Cross
Section may have on the amplitude of the signal received by the radar.
Doppler shift profile 158 defines the Doppler shift in the fraquency of the
ra-transmitted signal, caused by c¢hange in the simulated dislance from
the radar. In general, the Doppler shilt is related to the rale of change
{ie., derivative) of the range the simulaled targst from the radar.
Howseysr, sinbs the signal delay (s proportional 1o this simudated distaoce
the Doppler shift is relaled to the rate of change of the signal delay as
well
Referance i now made to Figure 4, which ig & schematic
dhustration of a system, generally referenced 200, for simulaling a
trajectory of radar target, constructed and operalive in accordance with 8
further ambodiment of the disclosed technique. System 200 is jocated on
a simulating vehicle 207 such as & drone 201, System 200 includes a
receidng fransducer 202, a transmifting transducer 204, a receiver 206, g
transmitter 208, a processoy 210, 8 memory 212, & position detecior 214
and a vehicle maneuver delector 318, Frocessor 210 includes a signal
defay 217 and a signal characlerizgr 218 Reosiver 208 optionally
ncludes an attenuater 208, Processor 210 is coupled with receiver 208,
with franamifter S08 with memaory 212 with position detestor 214 and with
vahicle maneuver confroller 218, Receiver 208 is further coupled with
receiving  transducer 202, Transmitier 208 s further coupled with
rangrstting transducer 204,
Receiving transducer 202 may be an RF transdugers (e, an
antenna) an oplical lransducers {e.4., 3 pholodiode, a Lighl Dependent
Resstor - LI and the ke} or a sonic transducer {24, piezo aeleciiic
fansducer, a capacilive fransducer, magnetorestrictive transducers and
the like) corresponding fo the type of signal simploysd by the radar,
Simiarly transmifting ransducer 204 may be an RE transducars an oplical

transducars or & sonic ranstducer, corresponding o the type of signat
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smployed by the radar. Processar 210 may be a general purpose
procsssar, & Digital Signal Processar or a special pirpose processor
implemeniad with Field Programmable Gats Arrays (FPGA} or Application
Spaailic ii‘a‘i@g;mm Chngl! (ASKD) ov wath discrsta componanis.  Position
detector 214 iz for example a Global Positioning Sysiem {GPS } recaiver
determining the location of system 200 in & reference coordinate sysiem
{249, WEG 84, ETRE8S, or a coordinate system defined by the raday
focation and 2 reference dirsction). Fosition detector may allernatively or
addifionally include an Inertial Measwremant Unit (MUY that measures the
finear and angular acoslsrations of simulating vehicle 201 thus roviding
iformation relating B the localion and orentation of simulating vehinle
201 relative o g reference focation and ordentation. Position detector 214
may alse be a receiver recelving information relating to the position (e,
location and onantation} of simulating vehicle 201 from a remole station
and providing this information fo processor 210 fe.g., according o a
standard navigational data ransmission protoco! such as NMEA (182 or
UBXY Memory 12 al least stores the agimuth simulation profile, the
slevation simylation profle and the sunal characterdstics  profile
corrgsponding 1o the simulsted trajpciony.

F N

Recsiving ansducer 202 receives 3 signal from the radar ang
fransfonms this received signal o an slectric receivad signal. Receiving
fransducer 202 provides the cledio received signatl 1o recelver 206
Recsiver 208 at leas! samplss the elechic received signal to producs a

sampled renaivad signal. Recelver 206 may further filter the electrio down

oomvert and demodulate the slecino received signal. Receiver 208

wrovides the zampled feceived signal 1o processor 210, When the raday
amplovs RF signals (e, an RE radar) or sonio signals .e., a sonie radan)
rogaiver 200 inciudes allenuater 205, which allenusies the signals
goetvad frovn regeiving transducer 2080 When simulsling vehicle 201
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minimum  detechon rangs, system 200 may receive the side lobes
produced by the radar as well as the main lobe Alleruatyr 208
aHtenuates the signals received by recsiving transducer 208 such that
receiver 208 samples only slectiic received signals corrasponding o the
rialn lobe of the radar (L2, otherwiss, it might be difficult o determing the
fime of amival of a signal received from the main lobe of the rade and
thus difficult to determing whan to re-transmit the radar signal}.

Processyy 210 produces a reransmission signal according to
signal delay profile and optionally according o the signal characteristics
profile. The re-transmission signal exbibits, for example, the amplitude
defined by the signal charscterstics profile (e, when the signal
characieristics profile inchwde an ampltude profile).  Processor 210
provides the reJdransmission signal o transmiffer 208 al a delay
corrssponding to the delay defined by the signal delay profile, relalive fo
the tme of amival of the signall Transmifter 208 comverls the

re-transmission signal to an analog signal and optionally amplifies and

filters the analog signal and provides the analog signal o transmitling

transducear 208, Transmitiing transducer transforms the analog signal into
a tansmitted signal, the transmitied signal being in the signal type
smploved by the radar {g.g., an RF signal, a ght signal or a sonic signal).

Furthermore, processor 210 employs the spatial simulalion
profile to determine the motion characteristios of simulating vehicle 201
The motien charactensiics at lsasl include divgction of motion and
acceleration for simulating vehicle 201, To that end, processor 210
recetves the cuwrent position of simulating vehicle 201 from position
detector 214 and delermines the requied mation characteristics for
simidating vehicle 201 to comply with the spatial simulation profile.
Processar 210 provides the reguived motion characleristics o vehicle
mansuvering  controller 218, Vehicle maneuvenng controller 216

detenmines the requirsd motion contrel commangds o the vehitle
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mansuvering system.  For example, when sinulsting vebidle 301 & &
guadcopter, vehicle mansuvering controller 218 determines the required
rotational velociies or gach rolor required to achieve the reguired motion

characteristics, Ag g further syampds, whan gim ulating weh

inls s a8 remols

sonbrol car, vehicle maneuvering controlier 216 delerminas the requires

steering angle and molor revolutions rate {0 achiave the required motion

characlenstics.

Reference s now made o Figure § whi
fHustration of a msthod for
in accordance with another embodiment of the o

procedure 250, the |

pes
o

goation of the radar in g

is determinad. The references coordinate system ig, for sxample, WS

ETRE8Y or a coordinale system defined by the radar

refarence dirsction.

1

in procedurs 252, & simulated trajeclory
2t

determinad. This simidated target tralectory i

simulated by the simulating vehicle,  The simudat

3

defined in terms of the azimuth of the target relative

direction, the distance of the target fom the radar and the

ve & rafarence plane.

r
’M
e
%

PN ot

defined by a

may be aset of coordinates in

ordinale sysiem. Ancording 1o yel a

frajectory may be defined as a st of accslays

{oa stari position in the refersnee courdinata sysiem,

.r

it ;)VH?PGU*’S‘ 54 imuiatin

&8

S

C & simidaling vehisle

- .

‘\
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1 a sk glay profile. The sinu

et &}nms d{« R

%,
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simulating a trajectory of raday terget,

solosed fechy
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s the trajsctory wh

wd trajectory

Az a fwither example,
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a schematic

operative

vigue,  in

reference coordinate system

e

FoR

B84,
incation and a
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a target

o

ch g tohe
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wilinstes anet alpvations



WO 2018/220629 PCT/IL2018/050587

or @ hst of location and slevation changses in the refersnce courdinate
gystem. As mentioned above, the spalial simulation pofile may
alternatively include 3t least one of an azimuth simulation profile and an
slevation simulation profile.  The azimuth simulalion protfile defines an
s azimuthal trajeclory for the simulating vahicle. The elevation simulation
profite defines an slevation trajectory for the simulating vehinle.  Signal
delay profile defines the duration that ransceiver of the simulating vahicle
should delgy the signal re-fransmission and the signal Signad
characteristios profile defing the signal charactaristios of the re-ransmitted
1o signal.  From procedure 252, the method proceeds 1o procedurses 254
and 2506.

In pmrocedure 256, the shnulating vehicles & maneuversd
according the spatial simulation profile.  Manesuvering the simulating
vehicls according o the spatial simulation profile includes determining the

i motion characteristics of the simulating vehicle and delermining motion
control commarnds to the simulating vehicle. With referance to Figire 4,
processor 210 determines the motion characteristics of the simulating
valhicle according o the spatial simulation profile. Processor 210 provides
these motion characteristics to vehicle maneuvering ocontroliar which

20 delermines the molien control commands {0 the vehicle maneuvering

systam.
In procedurs 288, g radar signal i recsived by the simudating
vehicle, With reference o Figure 4 recsiving transducer 202 recaives a
radar signal, tansforms the received info an alactiic received signal and
@ provides the electic received signal to receiver 200, Recelver 208 at least

samples the sleclric received signal and provides the electic receivad
signal to processor 214,

i procedure 280, a signal s re-lransmitisd toward the radar &
{east according to the signal delay profile and optionally according o the

s signal charactaristios profife,  Accordingly, the simudating vehicle delays
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the trapsmission of the re-tranamitted signal according to the signal delay
profile. As desorbed above, the simutation profile may further nchide a
signat charactoristics {e.g,, amplitudes) profile.  The simulating vehicle
may further charactetize the reansmified signal according & the sianal
oharasienstios ;:wm‘m With reference o Figure 4, procsssor 210
produces a re-iransmission signal according to the signal characterstics
profile and provides the re-franmmission signal o transmilter 208 at a
delay corresponding o the delay defingd by the signal delay pooiils,
relalive {0 the tme of arival of the signal. Transmifter 308 converts the
re-fransmission signal o an analog signal provides the analog sanal to
tranamitting tranzducer 208 which transforms the analog signal inty the
sgnat type eem;}ia;.\,u v the radar,

H owill be spprecialed by persons skilled in the ant that the

i

disclosed fechniue is not imited to what has heen particularly shown and

desaribed hereinabove. Rather the scope of the disclosed technique is

detined only by the claims, which follow.
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CLAIMS

A method for simulating 8 trajectory of g raday target comprising ©
procedures of!

determining a simulated raeciory of said simulated larget;

determining a simulating vehicle trajectory for a simulating
vehicle, said simulating vehide rajeciory being defined according to
a simulation profile said simulagtion profile at least including a spatial
simulation profile and a signal delay profile, said spatial simulation
profite including an asimuth simulgtion profile and an slevation
simulation profile;

maneuvering said simulating vehicle according fo said spatial
simutation prafile;

receiving a8 radar signal by said simulating vehicle; and

re-transmitting a signal foward the radar at least according o

said signal delay profile,

The method according to claim 1, further including the preliminary
procedure of determining the location of said radar in a reference

cowdingte system.

The method according fo claim 1, whersin said manewvering said
simuating vehicle according to said spatial simulation profile includes
determining motion characteristics of said simudaling vehicle and

determining motion control commands o said simulating vehicle,

The method according to olaim 1, whersin said simulation profile
further ncludes g signal charadterisiivs profile,
wherein, sad re-fransmitted signal is furthee characlerized

aooording o the said signal characleristics profile.
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& The method gooording o olaim 4, wharain sald signal charanisrisiios
peofile includes af lsast one of
an snpllude profile which define the amplitude of said
re-transirdited signal and
5 a Doppler shift profile, which defing a Doppler shift of the
frequency of the re-ransmitied signal.

The method according o olaiim i
profile defines the o

\

L wehes

el said azimuth simudation
cations of said simulating vehisle, in a referance
0 coordinale sysiam over limg,
whereln said slsvalion simulation profile defines the slevations
of sald simulating vehicle over time
whersin said signal delay profile defines the durations the
received radar signal is delayed before re-fransmitling, over thine.
7. The method accending to claim 1, wherain said simulating vehicls
an wrmanned vehicle,
8 The method according to glaire 7, wheyet
0 ane b

srein said sinulating vehicls &
a gdrons;

g + PO S SRR S |
= FEMDE CONINoL sl and

ramote control velnale

o~y

XA

543
o]
o
"’
£

o methoed aoeording o daim 1, wherel spatial &
welinates and alavation of said s
noad coordinats syztem

8 said
site includes a list of oo

sirriulstio
atd ??f“’?

simdating
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1. The method according o claim 1, wherein said spatial simudation
profile includes a st of coordinales and elevation changes of said

simulating vehicle in a referenced coordinate system.

o
oy

The meathod according fo claim 1, wherain sald simulating vebide
frajectory being al a range from said radar smaller than the radar

minhtum detection range.

12, A system for simulating a trajectory of a radar targst comprising:
10 a simulating vehicle inchuding:

a receiving lransduscsy, receiving signals from said radar
and ransforming the received signal fo an slecliic received
signal;

a recsiver, colipled with said recelving transducsy, said

18 receiver receiving said electric recelved signal and at least
zampling said electric received signal o produce a sampled
raceived signal;

a position detector, for determining the curent position of
said simulating vehicle;

n a banamiller, converting a re-fransmission signal o an

anaiog signal;

&

a transmutling fransducer, coupled with said transmitter, |
transforming sald analog signal into a ransmutted signal] and
a processor, coupled with said receiver, with said
25 ransmitter and with said position delector, said procsssor &t
feast including 8 signal delay, said processor recehng said
sampled recsived signal and producing said re-transmission

signal at a delay defined by a signal delay profile, sald

%5

processor further delernmining miotion characteristics of said

& simuiating vehicle according o & spatial simulgtion profile and
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said cirrerd position of sald simulsting vehicle, sald spatial
simidation profile defining  the trajectry of sad stnulating

vehicle, zaid spatial simulation profile hicluding an azimuth

simutation profile and an elevation simulation profils,
3
13, The system according o olaim 12, further including a vehigle
maneuver controfler, coupled with sald processor, for determining
maotion conlrol commands fo the wehicls mansuvering controller
according o said molion chavagtarnistios.
10

14, The systam aooording o clalm 12, whereln said processor further
nctuding a signad characterizer for chargoterizing saud re-fransmitied

signal according i a signal characteristics profile.

w18, The system according fo daim 14, whareln signal characteristics
profile includes al least ong off
an ampliiide profile which define the ampliude of zald
ra-fransmitied signal and

3

a Doppler shift profile, which define a Doppler shift of in the

friequenoy of the re-transmitsd sgnal.

16, The system according fo olaim 12, whereln sald azimuth simutation
profile defines the focations of the simudaling vehicle in a reference
soordinate sysiem, over time

wherein sald elovation simulation profile defines the elevations

of said simulating vehide over ime

wherein sald signal delay profile definss the dwraons the

recaivad raday signal is delayed before e-fransmitting, over ima,
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17, The system according fo claim 12, wherein said recaiver including an
attenuator which altenuates the signals received from said recsiving

transducee

s 18, The system according to claim 18, wherain satd simulating vehicle &

an un-manned vehicle,

18, The sysiem according to olgim 18, wherein sgid simulating vehicle is
ong of
15 a drone:
a remote control boat, and

g remols control vehicle.

20, The sysiem according o claim 12, wherein said spatial simulation
1% profile includes a list of coordinates and elevation of said simulating

vehicle i 3 referenced coordingte systam.

21, The system according fo claim 12, wherein said spatial simulation

profile includes a list of coordinates and elevation changes of said

£

ot
0 simulating vehicle in 8 referenced coordinals syslem.

22, The system asccording o claim 12, wherein sald simulating vehicle
frajectory being al a range from said radar smaider than the radar

minimum detection range.
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