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METHOD AND SYSTEM FOR SIMULATING A TARGET

FIELD OF THE DISCLOBED TECHNIQUE
The disclosed fechnigue relates to radars in general, and {o

methads and systems for simulating rgets in particular,

BACKGROUND OF THE DISCLOSED TECHNIQUE

Radare are knows inthe art and are employed o deted targsls
and provide information relating o the position thereof. Reference is now
made to Figure 1, which is a schematic Hustration of a scenario gensrally
reference 10 which s known iy the art, of & vehicle 12, such as an alrgralt,
moving along 3 frajectory 14, Trajectory 14 may be defined within a
three-dimensional (3D} coordinate system 16, The term trajectory’ relates
hergin at least 1o a path of alrgralt 12, the velodilies and accelerations of
aireraft 12 over time. A radar 18 located on the ground {e.g., the XY plane
of coordinats system 18) detects atorall 12 and provides information
relating to the position of airoraft 12, Typically, radar 18 provides the
information refating to the position of aircrall 12 in terms of an azimuth, »,
relative Yo g reference divestion 20 {e.g.. the norih), an slevation, &
refative to a refgrence plane {g.g., the XY plane of coordinate system 16}
and therrange, R, fom radar 18 The projection of the range, R, on the
XY planeof coordinate system 168 s referted to hereln as RY

Training a radar operator or colibraling & radar requires
simulating a tergel. Known in the ait techninues for simulating a larget of
a radar such as radar 18 includes moving a mock vehicle {8.g., a drong, a
pulled glider) in the actual ajectory being stnulated.  Allematively) a
stationary transcelver or ransoeivers are place around the radar at known
locations relative o the radar. Such a ansceiver fegeives the radar
signal, delays the signal at a deday coresponding o the distance of the

shyiilated target from the raday and fransmits the delayedisignat
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fccording to another known i the grt fechnique, an RY largst

sintulator s connected instead of the rady antenna. Such a RF target

simulator receives from the radar transmitter the ransmitied radar signa
as wall a8 e radar beam dirggtion. The RF larget simudator generales
s an RF sgnal simudaling & refumn signal from a fargel st a simulsted
diraction and distance.  The radar receiver receives this simulated RF
signal and displays 9 representation of the target on the radar display.
According o a further known in the art technigue for tsindng & raday
oparator is generating 3 compuier simulation of targets on a displays
3 WS, Patent 7852280 fn Ssrafian entifed “Methods and
Systems for Generating Virtual Radar Targels” directs fo a system and
methoed which emplays reflections from a radome encasing the radar
anterma. The syslem direcled fo by Sarafian, ihoudes a transcelver,
Incated within the radome, which recsives reflections from the radome.
15 The fransceiver relransmits a signal loward the radome, at 3 delay
corresponding o the simulated distance.  The ectransmitted signal i
reflected from the radome back ipward the radar antenna.
UGS Patent Application Publication 2015/0388805 to Shiplsy,
direats to a larget simulation device which includes a vertical andenna
20 wray poslioned on or near & radar.  The simulstion device transmiils
signads, i response to recsived signals from the radar, that sirulate a
reflection signal of one of more targsts of particular asimuths, clovations
and distanoss. The simulation device can e rolated shouwt the radar to
simulate the azimuth of a tamgel.  The simulstion device conirols

28

frory the vartical antenna anay to simulating the slevation of

the targel, based on the received signal from the radar. The simulation
device controds the delay of the ansmifted signat to simulate the distance

of the target.
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SUMMARY OF THE PRESENT DISCLOSED TECHNIQUE

it is an object of the disclosed fechnique to provide a novel
method and system for simulating & Wejeclory of a radar fargel.  In
accordance with the distlosed technique. there is thus provided & methad
for simulating a trajectory of a radar targel. The method includes the
pracediras of delermining a simulated wajectory of the simulated target
and determining & simulating vehicle wajectory for a simuiating vehicls,
The simulating vehide trajectory s defined according to & simulation
profile. The simulation profile at least includes a spatial simulation profile
and a signal delay profile. The msthod furthey includes the procedures of
maneuvering the simulating vehicle according the spatial simulation
profile, recelving a radar signal by the simulaling vehicle and
re-ansmitting a signal toward the radar at least according {o the signat
detay profile.

In accordance with ancther aspect of the disclosad technigue,
there is thus provided a system for simulating a trajecitory of a radar
simulated target. The system includes a simulating vehicle which includes
a recelving transduder, a receiver, a postion delector, a fransmiller, a
fransmitting transducer and a processar,  The processor at least includes
a signal delay and is coupled with the recelver and with the transmittay.
The receiver is further coupled with the receiving tansducer and the
fransmitier is further coupled with the transmitling transducer.  The
receiving fransducey receives signals from the radar and transforms the
received signal to an sleclric received signal.  The recetver receives the
slectric received signal and at least samples the slectric received signal to
produce a sampled recelved signal. The position detector detenmings the
current position of the simulating vehicle.  The transmifter converds a
r-ransiission signal 1o an analog signall The transmutting transducer
transforms the analog signal info 3 fanamitied signal.  The processor

raceives the samplad recelved signal and produces the re-frangmission
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signal at @ delay defined by a signal delay profile. The processor further
detarmines motion characteristics of the simulating vehicls ascording fo 2
spatial shrulation profife and the cwrent position of the simulating vehicle,
The spatial shrulation profile defines e tajeciory of the simudating

vehicis,
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BRIEF DESCRIPTION OF THE DRAWINGS
The disclosed fechnigue will be understood and appradisted
more fully from the following detailed description taken in conjunclion with
the drawings in which:
5 Figure 1 iz a schematic fllusteation of a scenario which s known
in the art, of 3 vehicle, such as an airorafl, moving slong a trajectory;
Figures 24-20 are schematic Hlustrations of a simulating vehicle
trajectory, in accordance with an smbodiment of the disclosed technigus;
Flgurss  3A-30,  which are schemalic  Hlustralions of an
10 exemplary azimuth sindation profile, an exemplary slovation simulation
peofife, an examplary signal defay profile and an exemplary signal
charagteristins profile, all i acocordance with ancther embodinent of the
disolosed technique:
Figure 4, which 8 a schematic #Husiralion of a sysltem for
15 simulating @ trajectory of radar fargel constructed and operative in
accordance with a further embodiment of the disclosed technigue; and
Figure 5, which s a schematic Hlustration of a methed for
simulating a trajectory of radar fmgel, opsralive in accordance with
ancther embodiment of the disclosed technique.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

The disclesad technique overcomes the disadvantages of the
prior art by providing a system and a method for simudating & Saleclory of
3 simulated fargel for radar operator fraining, radar calibration andior
tasting.  According to the disclosed technique, a simulating vehicle {e,g.s
ann wimanned vehidle such as g ramole contrlied drong) manewvers
according o a shmulating vehicle trajectory, which simulate an actual
trajectory of a wwgsl  The simulaling vehicle Uaiscloty is defined
according to a simulation profile. The simulation profile at least includes a
spatial simulstion profile, a signal delay profile and may further include a
signal characterislics wrofile {e.g., signal amplitude, Doppler shift and the
fikel, The spatial simulation profile defines the trajectory of the simulating
vehicie in space. The spatial frajectory profile includes, for exampls, at
least one of an azimuth simulation profile and an slevation simulation
profile. The azimuth simulation profile defines an axnimuthal trajectory for
the simulating vehicle.  The slevalion simudation profile defines an
slevation trajectory for the simulating vehicle,  The spatial simulation
profile may altematively include a st of coordinates and elevations in a
referance coordinate system. The sigial delay profile defines the delays
emptoyed before re-transimiting 8 received radar sigr&ah thus simudaling
the distance of the fargel. The signal characteristics profile defines the

Feharacteristios of the re-fransmitied sigsl,. Uis noted thal the ym

ca and the lorm rangs’ are employed herels interchangeably,
Aooording to the disclosed technigus, the simuiaimg yehivle
mansuvers within the “radar blind zone”.  The fterm “radar blind zong”
relates 10 2 spate around dhe radar where the radar doss nol detast

fargets. For example, the radar blind zone relates to the distanes from the

oording o e duration wn which the radar tansmils a

Foan e é A wvend T T
signal and doss not rensive i

signal in the mediim (o g, alr, fres 308
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the radar transmits a signal and does not recelve signals, times the
propagation spead of the signal in the Mesdim defines a sphere around
fhe radar i which the radar doss not detect objects. This sphere is the
radar Bind zons. The radar blind zons 15 also ceferrad 1o herein as the
radar minknum detection range. 1 is noted that the simulating vehicls
may operate sulside the radar blind zone. However, this may resultin g
reprasantation of the simulating vehicle appeating on the radar. Such a
rapresentation should typically be accountad for when training, calibrating
andior testing the radar {e.g., ignored or employed as an additional
farget).

For the purpose of the explanations brought forth hevein, the
simulating vehicle s éxemplifisd ag a drone and the sirmuiating vehicle
frajectory is defined at least according to a8 spatial simulation profile and
signal delay. However, i iz noted that the simulated targs! may beany
fand, air or sea vehicle (s.g., & car,an air plans, 3 ship and the like) and
the simulating vehicle may be a corresponding unmanned vehide {eg., a
rembte controlied drone, a remule controlied car, a remote controlied boat
and the Bike), Furthermiore, the spatial simulation profile includes at least
one of an azmuth simulation profile and an elevation simulation profile.
The simudating vehicle trajectory may include any combination of at least
ong of an azimuthal siddation frajectory, slevation simulation trajeciory
and signal delay characteristics. For example, whan simulating a vessel,
only an agmuthal simulation trajectory and simulation defays are required
o define g simulating vehicle trajectary {Le., elevation profile is regarded
as inchuding only a consiant valug). For simulsling a vehisle moving on a
straight line toward and away from the radar, only simulation delays are
required {Le., the azimuth and elevation profiles are regarded as including

ordy respective singls constant values).  Furthermaorg, the temm raday

employed hersin ralates to a system that delsrmines the range and

cirsction of an obiget according (o Time-GE-Flight of & returry signal which,

‘
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the signal being, for example, Radio Frequenoy (RF} signals, Sonic {s.g.,
Ultrasound or Sonar signals or ight signals,
Reference 3 now made fo Figwes $A-203, which are schematic

<

Hustrations of 2 simulating vehle hajectory, generally referenced 100, In

accordance with an embodiment of the disdosed fechnique.  The
simulating vehicle trajectory in Figures 24-20 simulate an actua! rajectory
118 {iLe., the simulated trajectory} for training a0 opsrator of a radar 101 or
for calibrating and lesting radar 101, Radar 101 is located on the ground
114, Drone 102 is flying at & maneuvering distance from radar 101, which
is smalier than the minimum detection range 108 of radar 101 {Le., drone
102 & not delected by radar 101} according & simulaling vehicle
ajectory. Figurss 28 and 2B depiol an azimuthal simudation trajectory
and Figures 2C and 2D depict an slevation simulation trajectory. To
simidate g larget at & simulated distance R, drone 102 receives a signal
ransmitted by radar 101, and retransmils the receved signal at a
respective dalay {Le,, according 1o the signal delay profile) and optionally
with respective amplitude  corresponding 3 simulated range and Doppler
shift corresponding to the changes in the simulated range (e, both
ascording to a sighal characteristics profiie), thereby simidating the actual
distance and the change thersef of drone 102 from radar 101
Re-fransmitling the received signal at rospective amplitude simudates the
aftenuation the radar signal undergoes a3 i propagates through the
madian toward the simulsted target and back to radar 107 st the
simulated distance.  Re-ransmilling the received signal with respeciive

signal characteristios v also refersd o harein as “signal characterization’

w102 manegvers from

According to'the simulating vehicle frajectory, dr

point 110, 1o point 110:. Radar 101 receives

manauvering from poind 112 i point 1

and 118 respactivehe
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With reference to Figures 2A and 2B, s drone 102 is
manawvering according to an azimuthal simulation trajeciory 104 around
radar 101, As mentioned shove, according to the simulating vehicle
trajectory, drone 102 may maneuvers from a point 110y to a point 110, At
point 110, drone 102 & at an azimuthal angle ¢, (e, relgtive 10 &
reference direction 113) indicated by the double ark, Al point 11D, drone
102 s at an azimuthal angls ¢ When drong 102 mansuvers from point
110y to point 110, drone 102 change the azimuth angle thersof by de.
The actual distance betwesn point 110 and point 11045 d. Since drone
102 also smploys signal delay and signal characterization to simulate
distance and target charactedstios, radar 101 recelves signals simulating
a farget manewvaring from point 112, to point 112, corresponding fo
paints 110y and 110, respectively.  The distance betwesn point 112, and
point 112,18 D

With reference {o Figiwe 2C and 2D, drong 102 s maneuvering
according 1o an clevation simulation trajectory 108, Al point 1104 drone
102 is at an elevation angle of ¢, At point 110, drone 102 is at an
elevation angle of ¢, When drone 102 maneuvers from point 110 to
poirt 110, drone 102 change the slevation angle-thereof by . Af point
110, the actual elevation, h, of drone 102, corresponds fo an skevation
angle of ¢, at distance r'. Sinne drone 102 also employs signal delay and
signal charactenzation to simulate distance and target characleristics,
raday 101 receives signals simisating a target at point 112, and elgvation
H. At paint 118, the actual elevation h+Ah of drone 102 correspongiing o
an elevation angle of ¢ {ndicated by the double arc} at distance 1. Since
drone 102 also employs signal delay and signal characterization to
simudate distance, radar 101 receives signals simulating a targst al points
112, mnd elevation H+AH, In other words the changs Ah i the slevation

of drone 10F corresponds to a change AH in the elevation of the simulaled

target for g spenific signa deday.
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& simulating vehicle Yajsclory according o the disclosed
tenhnique simulates a tajectory of 2 target. The siimulated Yrajectory of
the tlargel may be defined iy terms of the azimuth of the arget relative to a
refersnce divection, the distence of the wrget from the radar and the

s elevalion of the larget above a eference plane. As a further example, the
stmuiated irajectory may be defined by 8 set of coordinates in & reference
coordinate system.  According to yel another example, the shnulsted
trajectory may be definad as & sef of accelerations and dirsctions relative
fo 8 start position it 3 refersnce coordinate systemn.  The referance

i coordinate system may be a global coordinate system {e.q. WSG 84,
ETRE8S) or a local coordinale system, for example, a coordinate Sys.teﬁ*z
dafined by the radar location and a reference direction {8.9., the jocation
of the raday is defined as the [0:0:0] location and the reference direction
defines one of the axis of the coprdinale systam).

15 As mentioned above, the simulating vehicle rajeciory is defined
according o a simudation profile. The simulation profile af least cludes a
spatial simulation profile and delay simulation profile.  The simudation
profile may further include a signal characledstics profile {e.g., signal

amphiude, Doppler shiff profile}.  The spatial simudation profile may defin

&

2 Hst of coordinates and slevations or a list of locstion and slevation
changes in the reference coordinate system.  As mentioned above, the
spatial simulation profils mey sllomatively ncluds at least one of an
gzimuth simulation profile and an elevation simulstion profile. The

azimuth simudation profile defines an azmuthal frajectory for the

25 shnulgling vehicle, The slevalion simulation profile defines an elevation
frjectory for the shimudating vehicle,  Signal delay profile defines the
duration hat ransoeiver of the simulating vahide should delay the signal

a-franemission and the signal. The signal characterisiics profile defines
the signal characteristios of the re-transmitted signall The simuating
¥ vehicle maneuvers adconding fo the azimuth and slevation simulstion

Sk



WO 2018/220629 PCT/IL2018/050587

By

23

-4

e

Al

W

prafiles and delays the re-transmission of the recelved signal according 1o
the signal delay profile, thus mansuvering according to the simulating
vehicle trajeciory and simulating the target traiectory.

To determing the stnulalion profile, the mansuvering distancs of
the simudating vehicle {e.q., a drong) from the radar is determined. For
example, the maneuvering distance of the simulating vehicle may be
determinad to be al a range from the radar, smaller than the minimum
datection range of the radar. Refeiring back to Figures 28 and 2D, the
maneuvering distance is denoled ', Reference s now made to Figines
JAS3C, which are schematic Hustrations of an ssemplary adimuth
simudation profile generally referenced 180, an exemplary slevation
simulation profile generally refersncsd 1582, an examplary signal delay
profile 1584 and an exemplary signal characlerigtics profile generally
reference 185, &l in accordance with ancther embodiment of the
disclosesd technigus,  With reference {o Figure 34, azimuth simulation
profite 180 defines the simulation azimuthal rajectory {Le., the azimuths of
the simulating vehicle over time)  The azimuths defined by azimuth
simulation profile 150 correspond fo the azimuths of the simulated
trajectory.  Thus, these azimuths also defing the azimuths of the
stinulating vehidls, when maneuwvering according to the simulstion profife.
According o another example, the azimuth simulaiion profile may defing
the locations of the simulating vehicle in a reference coordinate sysiam,
pver fime, Thess localions are delenmined, for example, actirding 1o e
fonation of the radar in the reference coordinate system, the azimuths {Le.,
relative to a reference direction) and the maneuvering distance of the
simutating vehicle from the radar. s noled thatl the derbvative of the
azimuth simulation profile defines the rotational velooity of the simulating
vahiche arcund the radar {e.¢.. with reference 1o Flgure, 24, the rotational
veloolty of sinudating vehicle 102 avound radar 101 on azimuthal

sirruiation rajectory 104}



WO 2018/220629 PCT/IL2018/050587

"‘n

o {o Figurs 3B, elevation simulation profile 183

With rafere
defines the simulation slevation trajectory {ie. the slevations of the
simuiaﬁng vahicla over tima).  To determing the elevation simulation
profile, the slevalion angles of the simulated traleciory are datermined

s according the slevalions and distances of the simulated trajectory {s.g., by
employing known tigonometrc identities),  From these alevalion angels
and manauvering distance, the selevations of the simulating vehicle, whan
manauvaring according to the sinwulation profile, are determined.

With reference o Figure 30, signal delay profile 154 defines the

w0 duralions the drong should delay the received radar signal before
re-ransmitling, over time.  The distances of the simulsted target are
determined according to the difference batwean the aclual distance of the
stimulating vehicle and the shimulated distance from the radar. The actual
distance of the simulsting vehicle is determined according to the

W mansuveiing distance and the actugl! slevations. The difference belween
the aciusl distance of the simudaling vehicle and the simulated distancs
from the radar, and the wopagstion speed of the signal in the medium,
define the delays that the drone should delay the received radar signal
before re-rarsmitling. Signal delay profile 154 is delermined according o

2 thess delays,

With reference to Figure 3D, signal charactenstios pofile 155 &
sxamplified with an amplitude grofile 158 {depicted with & solid line) ard &
Doppler shift profils 158 (depicled with 2 dashed doubled-dottad line),
which defines the amplitudes st which the drone re-fransmits the recaivad

o radar signal pver lime. The ampiitudes of the re-bansmilled signal
simulates the attenuation the sighal undergoss in the medium when
propagating loward the simulaled target and back o the radar,  The
amplitude of the racransmitted signal may also simulste losses dus o

ranamilter  imperfections, Free Space Palh Loss (FEBLY or wae

0 disparsion he amplituds of the eransmitted  signal may furthey
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simutate effects that specific target characteristics such as Radar Cross
Section may have on the amplitude of the signal received by the radar.
Doppler shilt profile 158 defines the Doppler shift in the fraquency of the
ra-transmitted signal, caused by change in the simulated disfance from
s the radar. In general, the Doppler shifl is related to the rate of change
{l.e,, dervalive) of the rangs the simulated targst from the radar.
However, shes the signal delay & proporiional o this simudated distanes,
the Doppler shilt is related to the rate of change of the signal delay as
well
0 Referanoe iz now made fo Figure 4, which is & schemalis
dhustration of a system, generally referenced. 200, for simulaling a
trajectory of radar target, constructied and operative in accordance with a
further embodimeant of the disclosed technique. System 200.0s incated on
a simulating vehicle 207 such as & drone 201, System 200 includes &
15 recehdng fransducer 202, a ransmifting transducer 204, a recaiver 208, a
transmiller 208, a processor 310, a mamory 212, & position detector 214
and & vehicle maneuver detecty 218, Processor 210 includes 9 signal
delay 217 and a signal characterivsy 218 Reosiver 208 optionally
includes an altenuator 205, Processor 210 is coupled with receiver 208,
w0 with tranamiiter $08 with memory 212 with position detector 214 and with
vehicle maneuver controller 218 Receiver 206 s fwrther coupled with
receiving tansduger 2020 Transmitier 208 ig firther coupled with
ransratting ransducer 204,
Recaiving transducer 202 may be an RF tansdugers (e, an
2 antenng) an optical lansdusers {e.g., 8 pholodiods, a Light Beperdent
Regisfor -« LI and the lke) or a sonic transducer {e.g., plezo slectic
Yansducer, a capacitive fransducer, magnetorestrictive ransducers and
fhe Bike), correspanding o the type of signal smployed by the radar,
Similarly transmilting ransducer 204 may bean HF ransducars an optical

s Uansducers o @ sonic fransducer. corresponding to the type of signat

e
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smptoyed by the radar.  Progessor 210 may be a8 general purpose
processor, a Digital Signal Processor of a specizl piapose processar
FRGAY or Application

Spacific integrated Cuoult (ASICY v wath discrata companenis,  Posilion

implamented with Flald Prograrmmnable Gate Arrays

ey

detecior 314 is for exampie a Global Positioning System {(GPS) meeeiver
determining the location of system 200 in a reference coordinate system
(2.9, WEG 84, ETREES, or a coordinate system defined by the raday
fovalion and 3 referenve dirsgtion). Position detector may alternatively or
addifionally include an Inertial Measurement Unit {(IMU) thatl measures the
lineay and angular acoslerations of simudating vehicle 201 thus providing
iformation relating o the localion and orientation of simulating vehinle
201 refative o a reference fovation and orentation.  Position detestor 214
may also be a recelver recelving information relating o the position {i.e.,
location and oriantation} of simulating vehicle 201 from a remote siation
and providing this informalion fo processoyy 218 feg., according 0 2
standard navigational data ansoiission protocol such as NMEA 183 or
UBXYL  Memory 212 al least stores the agimuth simulation profile, the
levation wmulation profle and the sumsl characterdstics  profile
aarrgsponding 1o the simulated ralactory.

Receiving ransducsr 202 eceives o sighal fromd the raday and

fransforms this received signal 1o an alectic receivad signal. Receiving

fransducer 202 provides i recsived 31@:‘: o racelver 206

Receiver 2085 af leas! s
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sampled recaivad signal. Recelver 208 may further f&?ts; the slectric down
somvert and demoduiste the sleciie received s:%gs‘xai\ Receivar 308

provides the sampled feceived signal to procsssor 216, When the radafd

employs RF signals (e, an RF radar) or sonic signals (Le., & sonie radar)
rogoiver 206 dncludes atienustor 205, which atlenyaies the signals

i s vy fareyans gt gt TEEYTX AT SIS adimee G Pe¥a
rgcebved from recefving tran ar F08 When simuiating vehicle 201

operales gt ranges fom the radar which & smaller than the radar
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minimum  detechon rangs, system 200 may receive the side lobes
produced by the radar as well as the main iobe.  Allenuatyy 208
attenustes the signals received by receiving transducer 208 such that
receiver 208 samples only slectiic received signals corrasponding to the
main lobs of the radar (L2, otherwise, It might be difficult {o delerming the
fime of arival of & signal recaived from the main lobe of the radayr and
this difficult to dedermine when {o re-transmit the radar signal).

Processor 210 produces a re-fransmission signs! according fo
signal delay pofile and optionally according to the signal characteristics
profile.  The re-rangmission signal exhibils, for example, the amplitude
defined by the signal characteristics profile (e, when the signal
charactestics profile nclude an amplifude profile).  Processor 210
provides the reransmission signal o transmiter 208 al a delay
corresponding o the delay defined by the signatl delay prodite, relalive o
the tme of amival of the signall Transmifter 208 converls the

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

fitters the analng signal and provides the analog signal to transmitting

transducer 208, Trarsmitiing transducer transforms the analog sighal inlo
a wansmifted signal, the fransmitied signal being in the signal type
employed by the radar {g.g., an RF signal, a light signal or a sonic signal}.

Furthermore, mrocessor 210 employs the spalial simudation
profile to determine the motion characteristics of simulating vehicle 201
The molion characteristics at lsast include direction of motion and
aoceleration for simulating vehicle 201, To that end, procsssor 210
receives the cuwrent posiion of simulgling vehicle 201 from position
datector 214 and determines the regquired maolion characteristics for
simudating vehicle 201 to comply with the spatial simulation profile.
Processar 210 provides the required motion characlernistics o vehicle
mansuvering  conroller 218, Vehicle maneuvenng controffer 218

determines the tequred mioticn contral commangs o the vehivle

TN
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manauvering system.  For example, whe
guadcopter, vehicls manauvering controlier 218 determines the requived
rotational velocilies or gach rolor regquired to achieve the s‘eqs_ﬁr&‘d mation
characteristics. Az a further syampds, whaen simulating vebicle & a remate
& conbrol car, vehicle meneuvering controlier 216 determings the requires
steering angle and molor revolutions rate {0 achiave the reguired motion
characieristics.
Referance is now made t© Figure S, which & a schematic

Hugtration of a method for simulating a irajectory of raday trget, operative

W in accordanse with another embodiment of the disclosed tfechnique. In
procadure 250, the location of the radar in a reference coordinate system
is determinad. The referencs coordinate systenis, for sxampls, WSG B4,
ETRE8Y or a coordinale system defined by the radar location and a
refarence dirsction.

in procedurs 252, & simulated tajectory of a target &

determined. This simidated target trajectory is the trajectory which is to be
simulated by the simudating vehicle, The simulaled trajectory may be
dafined in terms of the azimuth of the targel relative o a3 reference

direction, the distance of the target from the radar and the elevation of t

2

¢ fargel above a reference plane.  As a fwther example, the simulated
trajectory may be defined by a set of coordinates i the refersnoe

cordinale syslem.  Aocording 10 yel ancther example, the simulated

trajectory may be defined as a set of accelwations and divections relative

{o-a start position in the reference coordinata sysiem

@8 In procedure 254, a simulating vehicle trajectory & determined
for & simudating vehicle,  The simudating vehicle trajeciory s defined
according to a simudation profile. The simulation profile includes a spatiat

simudation profile and a signal delay profile. The sinulation profile may

further include 3 signal of . an ampiitude pre

-4
o

2 spatal simulation profile may define st of coordinates and alovations

S48
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or a list of lgcation and elevalion changss in the refersnce coordinats
gystem. As mentionsed above, the spalial simulation profile may
alternatively nclude af least one of an azimuth simudation profileand an
slevation simulation profile.  The azimuth simulalion profile defines an
azimuthal trajectory for the simulating vehicle. The elevation simudation
profile defines an slevation trajectory for the simulating vehinle.  Signal
delay profife defines the duration that ransceiver of the simulating vehicls

should delgy the signal retransmission and the  signal Signa!

characteristics profile defing the signal characteristics of the re-ransmitted
signal.  From procedure 252, the msthad procseds o procedures 254
and 256.

In mocedure 256, the sinulaling vehitle 5 maneuversd
according the spatial simulation profile.  Mansuvering the simulating
vaehicls acpording o the spatial simulation profile includes detamining the
motion characteristics of the simulating vehicle and delsrmining metion

condrol commands o the simulating vehicle. With reference to Figire 4,

processor 210 determines the motion characteristics of the sihulating
vahicle according to e spatial simulation profile.  Processor 210 provides
these motion characteristics fo vehicle maneuvering controlier which
deletmings the motion confrol scommands {o the wehick mansuvering
gystam.

In procedurs 288, a radar signal s received by the simulating
vehicle.. With reference to Figure 4 receiving transducer 202 receives &
radar signal, tansforms the received into an alectic received signal and
provides the electic received signal to receiver 200, Receiver 208 at least
samples the slectric received signal and provides the selectic received
signal fo processor 214,

i procedwe 260, a signal s re-lransinitisd oward the madar &t
{east according to the signal delay profile and optionally according o the

signal characteristics profile.  Accordingly, the simulating vehicle delays
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the transmission of the re-fransmitted signal according to the signal delay
prafife. As descoribed above, the simutation profile may further inclide a
signal chargcteristics {ea} amphitudes) profile. The simulating vehicle

may further charactenizg the recffansmified signal according & the signsl

&

characienstios p?‘a}ﬁia Vith reference io Figure 4, processor 210
produces a ra-lransmission signal according o the signal charactaristivs
profile and provides the re-ranwmmission signal to transmiller 208 at a
delay corresponding o the delay defingd by the signal delay profile,
relative {0 the time of arival of the signal. Transmifter 308 converts the
re-ransmission signat to an analog signal provides the analog signal to
transmitling fransducer 208 which transionms the analog signal intn the
signal type smpleyed by the radar,
B will be appreciated by persons skiled dn the ant that the
isclosed technique is not imited to what has been particularly shown and
desaribed hersinabove. Rather the scope of the disclgsed techniqus is
defined oy by the clalims, which follow.
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CLAIMS
1. A method for simulating 8 trajectory of a radar target comprising the
procegures of;
determining a simulated ajectory of said sinutated largst;

determining a simulating vehicle trajectory for a simulating

s

vehicle, sald simulating vehide frajectory being defined according to
a simulation profile, said simulation profile at least inchuding & dpatial
simulation profile and a signal delay profile, sald spatial simulation
profile including an asimuth simulation profile and an slevation
el sirnulation profile
maneuvering said simulating vehicle according to said spatial
simutation profile;
receiving & radar signal by said simulating vebicle, and
re-transmitting a signal foward the radar at least according 1o

said signal deday profile,

L

The method according to claim 1, further including the preliminary

2

procadure of delermining the location of sald radar in a reference

cogdinate system.

123

The method according fo caim 1, wherein said maneuvering said
simulating vehivle according to said spatial simulation profile includes
determining motion characteristics of sagd simudating vehidde and

determining motion control commands o said simulating vehicle.

Ny
i

4. The method according to olaim 1, whersin said simulation profile
further includes g signgl characteristics profile,
wherein, said re-fransmitted signal s further charactenized

actording Io the zeid signgl characteristics profile,

i
oo}

18-
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5 The method sooording o claim 4, wharain saild signal charanteristios
profile inoludes at least one of!
an amplitude prefile which define the amplitude of said

re-transriiied wnzi angd

3 a Doppler shift profile, which defing a Dopplar shift of the
freguancy of the re-fransmitied signal.
8. The method according o olalim 1, whereln said azimuth simulation
profile defines the locations of sald simulating v@fﬁi&:ﬁe, in & refoeranne
0 coovdinale sysism vver time,
whereln sald elevation simudation profile defines the slevations
of said simulating vehicle over time
vehiergin said signal delay prodile defines the duraliong the
recaived radar signal is delayed before re-lransmiling, over time.
7. The method accerding to claim 1, wherain said simulating vehicke 8
an wrmanned vehicle,
8. The method according to dabn 7, whereln sad simulating vehicle is
] ane ah
& drons;
& remnis control beat; and
3 rémote control vehicla,
w8 The method gsocording to daim 1, wherein said spatial simulstio

profite includss g list of coovdinates and alavation of said sirudating

vehidle in a referenced coordinate gy

/ u"
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10, The method according to claim 1, wherein said spalial simudation

profile includes a list of coordinales and elevation changes of said

simulating vehicle in 3 referenced coordinate system.

The method according o claim 1, wherein sald simulaling vehidle
frajectory being al a range from said radar smaller than the radar

minbrumn delection range:

12. A system for simulating a trajectory of a radar targst comprising:

g simulating vehicle including:

a recelving lransduscsy, reseiving signals from sald radar
and transforming the received signal fo an slectiic received
signal

a recsiver, coupled with said recelving tiansducsy, said
receiver receiving said electric raceived signal and at jeast
sampling said electric recelved signal {0 produce’ a sampled
recetved signal;

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

g tanamitfer, commerting 8 rebransmisgion signal 10 an

anaiog signal;

g

& ransmiting transducer, coupled with said transmilter, |
transforming sald anaiog signal into a ransmitted signal, and

a processor, coupled with sald receiver, with said
wansmitter and with said position delector, said processor at
fgst including g signatl delay, said processor receiving said
samplad received signal and producing sald re-ansmission
signal at a delay defined by a signal dslay profile. said
processor further detenmining motion characteristics of said

srnuiating vehicle according o & spatial simuistion profile and
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said current positdon of sald sinulsting vehicle, said spatial
gimidation profile ﬁeﬁmng the frajectry of sauwd simulating
vehicle, sald spalial simulation profile ncluding an aslmuth

simulation profile and an elevation simulation prodils.

3
13, The system sccording o olgim 12, futther including a vehicle
maneuver controller, coupled with sald processor, for determining
motion conlrol commands o the vehide mansuvering sontroller
according o said motion.chavacteristios.
1

14, The system acoording o claim 12, wherein said processor further
noluding & signal characterizer for chasscterizing said re-transmitted

sigist according i a8 signal characleristics profile

w10, The system according o daim 14, whevein signal characteristics
profile includes at least one off
an ampliiude profile which define the anmpllude of said
re-fransmitted signal and

a Doppler shift profile, which define a Doppler shilt of i the

30 frequenny of the re-transroitisd signal
18, The system sccording to olaim 12, whereln gaid azimuth simulation
profile defines the locations of the simudating vehinle In a reference
soordinate system, over lime
wherein said elavation simulation profile defines the slevations

of said simulating vehidds over tine
wherein said signal delay profils defines the dwralions the

receivad radar signal i delayed before re-fransmiting, aver time,
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17. The gystem according fo claim 12, wherein said recelver including an
altenuator which attenuates the signals received from said receiving

transduger,

s 18, The system according to claim 12, wherain said simulating vehicle &8

an un-manned vehicle,

16, The system according to olaim 18, wherein said simulating vehicle &8
ona off
0 a drone;
a ramote control boat; and

g remiote control vehicle.

20, The sysiefn accoding o caim 12, whersin sgid spatial simulation
1% profile includes a st of coordinates and elevalion of said simulating

vehicle in g referenced coordingte system.

21, The system according to claim 12, wherein said spatial simulation
profile includes a list of coordinates and elevation changes of said

@ simulating vehicle in a referenced coordinate sysient.

22. The system according fo claim 12, wherein said simulating vehicle
trajectory being at a range from said radar smailer than the radar

finimum detection rangs.



