5

10

Py
£52]

i3
2

e

20

METHOD AND SYSTEM FOR SIMULATING A TARGETY

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

methads and systems for simulating targets in particulsy

BACKGROUND OF THE DMSCLOSED TECHNIQUE

Radars are known i1 the arl and are employed 1o deted! targets
and provide information relating lo the position thereof. Reference is now
madie to Figure 1, whicl is 8 schematic Hlustration of a scanano generally
referance 10 which is known in the arl, of a vehicle 12, such as an airerafl,
moving along a8 frajectory 140 Trajectory 14 may be defined within a
thres-dimensional (3D} coordinate system 16, The term ‘trajectory’ relates
hersin at least to a path of alreraft 12, the veloglies and acoelerations of
afroraft 12 over ime. A radar 18 located on the ground {e.g., the XY plane
of cowmrdinate system 18) delects awrafl 12 and provides information
refating o the position of abcraft 12, Typically, radar 18 provides the
information relating to the position of airorall 12 in terms of an azimuth, @,
relative to a reference diection 20 {s8.g.. the north), an elevation, ¢,
refative o a reference plane {e.g.. the XY plane of coordinate system 16}
and the range. R, from radar 18, The projection of the rangs. R, on the
XY plane of coordinate system 16 is referred to herein as RY

Training & radar operator of cslibraling & radar requires
simudating = terget. Known in the art techrnigues for simulating & target of
a radar such as radar 18 includes maoving a mock vehicle {e.g., a drone, 3
pulled glider) v the aclual trajeclory being simulated.  Allamalively, a
stationary ransceiver or ransoeivers are place around the radar at known
locations relative o the radar. Such a transceiver rageives the radar
signal, delays the signal al a deday corresponding o the distance of the

simulated targe! from the radar and ransmits the delayed signatl.
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Agcording 1o another known i the gt lechnigue, an RE
shmiiiator s connectsd instead of the raday antenna. Such a RF target
sinulator receives from the raday fransmitter the tansmifted radar signal
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as wall as the radsr beam diregtion. The RF targe! simudator ganerales
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an RF sgnal simudating @ relum signal from a targel ot a simuda
direction and distance.  The radar receiver receives this simulated RF
signal snd displays 3 representation of the target on the radar display.
According t© a further known in the arl lechnigue for taining & radsy
operator s generaling 3 compuier simudation of targets on g displays
US. Patent 7,852,280 i Sarafian eniied “Methods ang
Systems for Generating Virtual Radar Targels” diredts o a system and
method which employs reflections from a radome encasing the raday
antenna, The sysiem divenied o by Sarafian, incudes a tanscelver,
acated within the radome, which recsives reflsctions frem the radome.
The bansceiver radransmils a signal lnward the radoms, at 3 delay
corresponding o the simulated distancs.  The recansmitted signal i
reflected from the radome back foward the radar antenna
U.S Patent Application Publication 2015/0388805 to Shiplsy,

rget simulation devios which includes a verdical antenna
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myay posfiionad on of noar & radar  The simulation device transmilz

signals, i regponse 1o received signals from the radar, that simulate a

"’

refisction signal of one o more targets of particular asimuths, slevations
and distanees. The simudation device can be roialed showt the radar to

ste the azmmwth of a targel.  The shmulation devics controls
transmission Fom the wavtical antenna aray o simigtating the slevation of

s i

the farget, based on the received signal from the madar. The simulation

e

gdevice condrods the delay of the ansmified signal {o simulate the distance

of the farget.
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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 & Wajectory of a radar fargel In
accordance with the disclosed technique. thera is thus provided a methad
for simulating a tajectory of a radar targel. The method includes the
proceduras of defermining a simulated Wrajectory of the simulated target
and daetermining a simulating vehicle Wajectory for a simuiating vehicke,
The simulating vehicle trajeclory i defined zccording 1o a simulation
profile. The simulation profile al least includes a spatial simulation profile
and a signal delay profile. The mstheod furhey incdudes the procedures of
manatvering the simulating vehicle according the spatial simulation
profile, receiving a radar szignal by the simulaling vehicles and
re-ransmiiting e signs! toward the radar atl least according o the signal
delay profile.

in accordance with ancther aspect of the disclosed technigue,
there is thus provided a system for simulating a8 Ugjsctory of a radar
simulated target. The system includas a simulating vehicle which includes
a receiving transducer, 8 receiver, a position detector, a transmitler, a
fransmitting transducer and a processar. The processor at least includas
a signal delay and is coupled with the receiver and with the ransmiftar,

The receiver is further coupled with the receiving transducer and the

franamitier is further coupled with the transmiiling 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 al leas! samples the slectric received sinal to
produce a sampled received signal. The position detector determines the
current position of the simulsting vehicle.  The btansmitter converts a

re-transirission signal 1o an analog signall The ransmitting ansducey

transforms the analog signal info 3 transmitied signal.  The processor

raceives the samplad recelved signat and produces the re-fransmission

fak
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signal at 8 delay defined by a signal delay profile. The processor futher

determines motion characteristics of the simulating vehicls aocording 1o a

spatial simuidation profite and the clerent position of the simulating vehicle,
the spatial shmulalion profile defines e baleciory of the simudating
vehicle,
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BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed technigue will be understood snd approdciaied
more fully from the following delalled description taken in coniunction with
the drawings in which:

Figure 1 is & schematic Hlusteation of a scenarfo which is known
i1 the art, of 8 vehicle, such as an airorafl, moving slong a trajsctory,;

Figures 2A-20 are schematlio Hlustrations of a simulating vehicle
trajectory, in accordance with an embodiment of the disclosed tachnigue;

Figurss 3A-30, which are schemalic dlustralions of an
exemplary azimuth simudation profile, an exemplary slevation simulation
profile, an exemplary signal delay profile and an exemplary signal
charactaristios profile, all in accordance with ancther smbodiment of the
disclosed technique;

Figure 4, which 8 a8 schemalic dlusiration of a syslem for
simulating a trajectory of radar fargel, consbucted and operative in
accordancs with a further embodiment of the disclosed fechnigue; and

Figure 5§, which is a schematic dlustration of a method for
imulating & trajectory of radar targel, operalive in agccordance with

¢
another embodiment of the disclosed sohnique.
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DETAILED DESCRIPTION OF THE EMBODIMENTS
The disciesad fechnigue overcomess the disadvantages of the
prior st by providing a system and a method for simudating & ajeclory of

-

# simulated targel for radar operator maining, rader calibration andfor

e
=
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testing. According to the disclossd technigue, a simulaling vehicle (8.4,

art unemanned vehicle such as g remole controlled drone) mansuwvers
according o a simulating vehicle trajectory, which simulate an actual
trajectory of a twygel  The simulaling vehicle Uajeclory v definad
ascording (o a simulation profife. The simulation profils at lsastingludes a
spatial simulgtion profile, a signal delay profile and may further include a
signal characteristics wrofile {&.g., signal amplituds, Doppler shift and the

. The spatial shnulation profile defines the ralectory of the simulating

s

ke

velicle I space.  The spatigl trajectory profile includes, for exampls, at
least one of an azimuth simulation profile and an elevation simulation
profife. The azimuth shmuiation profile defines an asimuthal frajeciory far

the simulating vehisle.  The elevalion simudation profile defines an

67

glevation lajectory for the shimulating vehicls,  The spafial simulation
profile may altematively include 3 st of coordinates and elevations in a
referance cocrdinate system. The signetl delay profife defines the delays

empioyad befors re-ransmiliing 8 received radar signal, thus simudating

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

o

signal characteristics of the re-ransmitted signal, s noted thal the o

diztance’ and the lorm rangs are employad hareln interchangeably
According to the disclosed technigque, the simudaling vehitle

manstivers withiny the “raday blind zone”.  The ferm “radar blind rong”

relates 0 a space arcund the radar where the radar doss nol detae

fargets. For example, the radar blind zone relates o the distancs from the
radar defined ascording v the duration i whish the raday transmils a

.y g x Eir i ams i i ROR e R K ROL Souy S Sears wn ¥
signat i the modium (8., alr, frog spsee waterl This dueation, inwhich


TayAnnNaa
Rectangle


34

5
A

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 it which the radar doss not detect objects, This sphere is the
radar blind zone. The radar blind zone {5 also referred 1o herein as the
radar mininum detection rangs. i is noted that the simulating vehicls
may operate oulside the radar blind zone, Howaver, this may rasultin a
reprasentation of the simulaling vehicle appeating on the radar. Such a
reprasentation should fypically be accountad for when training, calibrating
andfor testing the radar {e.g., ignored or employed as an additional
farget).

For the purpose of the explanations brought forth hevein, the
simulating vehitle s exemplified ag a2 drone and the simudating vehicle
frajectory is defined at least avoording to a spatial simulation profife and
signal delay. However, it i3 noted that the simulatad targst may be any
fand, air or sea vehicle (s.g., a var, an air plane, g ship and the like} and
the simulating vehicls may be a corresponding unmanned vehide {8.g., &
rembte controlled drone, a remote controlied car, a remote controlied boat
and the like). Furthermore, the spatial simulation profile includes at least
one of an azimuth simulation profle and an elevation simulation profile.
The simudating vehicle rajectory migy include any combination of al least
one of an azimuthal simudation trajeciory, slevalion simulation trajeciory
and signal delay characteristics.  For example, whan simulating a vessel,
only an agdmuthal simulation trajectory and simutation delays are required
o define & sinmudating vehicle frajectory (Le., elevation profils is regarded
as including only & conslant valus). For simuisling 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).  Furthermore, the term raday

emploved harein relates o a system thal delermings the range and

girmction of an oblect according o Thne-GEFlight of g return signal whigh,

i

.
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e signat being, for example, Radic Frequenoy (RF} signals, Sonic {sug.,
Ultrasoung or Sonarn signals or Hght slgnals,
Reference 13 now made {o Figures 2A-20, which are schematio

dlustrations of & simulating velucle ralestory, geneeally refersnced 100, in

o

accordancse with an embodiment of the disclosed fechnique.  The
simulating vehicls trajectory in Figures 24-20 simulate an actua! trajeciony
118 {l.e, the sivndaled frajectory) for training an opsrator of a radar 101 or
for calibrgting and lesting radar 101, Radar 101 is located on the ground
114, Drone 102 §s flving at @ maneuvering distance from radar 101, which
is smalier than the minimum detection range 108 of radar 1801 {La., dione
102 3 not delected by radar 101} according & simulating vehicle
rajactory. Figures 248 and 2B depict an azimuthal simudation trajectory
and Figures 26 and 20 depict an sievation simulation trajectory.  To
simulate @ target at & simulated distance R, drone 102 receives a signgd
fransmitted by edar 101 and refransmils the received signat at a
respectiva dalay {Le., according o the signal delay profile) and optionally
with respective amplitude  corrasponding a simudated range and Doppler

shift coresponding fo the changes in the simulated range {.e., hoth

ascording o a signal characteristics profile), theraby simudating the actusl
distance and the change thersol of drone 2 from radsr 101,
He-fransmitiing he received signal at respective amplitude simulates the

atenuston the radar signal undergoss s i propagates through the

oo 7?'5{31 i point ﬁ{}:;_. Radar 1

manauwvering from point 12, &

and 110 respectived
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With reference to Figures 2A and 2B, a drone 102 is
maneuvering according to an azimuthal simulation trajectory 104 around
radar 101. As mentioned above, according to the simulating vehicle
trajectory, drone 102 may maneuvers from a point 1101 to a point 1102. At
point 1101 drone 102 is at an azimuthal angle ¢; (i.e., relative to a
reference direction 113) indicated by the double ark. At point 1102 drone
102 is at an azimuthal angle ¢.. When drone 102 maneuvers from point
1101 to point 1102, drone 102 change the azimuth angle thereof by A¢.
The actual distance between point 1104 and point 1102 is d. Since drone
102 also employs signal delay and signal characterization to simulate
distance and target characteristics, radar 101 receives signals simulating
a target maneuvering from point 1124 to point 1122, corresponding to
points 1101 and 1102 respectively. The distance between point 1121 and
point 1122, is D.

With reference to Figure 2C and 2D, drone 102 is maneuvering
according to an elevation simulation trajectory 116. At point 1101 drone
102 is at an elevation angle of ¢;. At point 1102 drone 102 is at an
elevation angle of ¢,. When drone 102 maneuvers from point 1101 to
point 1102, drone 102 change the elevation angle thereof by 4¢. At point
1104, the actual elevation, h, of drone 102, corresponds to an elevation
angle of ¢; at distance r’. Since drone 102 also employs signal delay and
signal characterization to simulate distance and target characteristics,
radar 101 receives signals simulating a target at point 1121 and elevation
H. At point 1102, the actual elevation h+Ah of drone 102 corresponding to
an elevation angle of ¢. (indicated by the double arc) at distance r’. Since
drone 102 also employs signal delay and signal characterization to
simulate distance, radar 101 receives signals simulating a target at points
1122 and elevation H+AH. In other words the change Ah in the elevation
of drone 102 corresponds to a change AH in the elevation of the simulated

target for a specific signal delay.
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fenhnique simulates 3 trajectary of a farget. The simuiated tajectory of
the larget may be defined iy torms of the azimuth of the arget redative fo a

refersnoe diveclion, the distance of the gt fom the radar and the

aigvation of the target above a reference plane. As a further example, the
strusiated irajeclory may be defined by a sel of coordinates in g reference
covrdinate system.  According 1o yet another example, the simulated

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

6 & stad position in 3 refersnce coordingte system.  The reference
dinate system may be a global covrdinale system {e.q. WEG B4

n

TREEY) or a local coordinate sysiem, for example, a coordinate system

dafined by the radar location and a reference direction (8.4, the location
of the raday is defined as the [0:0.0] location and the reference direction
defines one of the axis of the coordinale systam).

As mentioned above, the simulating vehicle rajeciory is defined
acoording o a sinudalion profile. The simudation profie at least ncludes a
spatial simulation profile and delay simudation profile. The simudadion
profile may fwther include a slgnal characiedstics profile {a.g., signa
ampitude, Doppler shift profile). The spatial simudation profile may defing
fist of coordinates and elevations or a list of ocation and slevation
changes in the reference coordingte system.  As mentioned above, the
spatial simudation profile may altsmatively nclude at least one of an
gaimuth simutation profile and an elevation simulation profle. The
azhmudh simulation profile defines an azimuthal hajectory for the

shnutating vehicle. The slevalion simuiation profile defines an slevation

irajectory for the simudaling vehicle.  Signal delay profile defines the

uration thal ransceiver of the simulating vehicle should delay the zignal

" A E P et d et e ey e ooy M e S i y
the sighal charaetenstios of the retranshittad signall The simuating
) Yot " » {1 Ry 3 o N P S H Tatg ¥3 iy v
vehicls mansuvers according 1o the azimuth and slevation simulstion

<
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profiles and delays the re-ransmission of the recelved signal according 1
the signal delay profile, thus maneuvering according ko the simulating
vehicle trajectory and simulating the target trajeciory.

To determineg the stmulation profile, the maneuvering distance of
the simulating vehicle {e.q., & drong) from the radar is determined. For
example, the maneuvering distance of the simulating vehicle may be
determinad to be at a rangs From the radar, smaller than the minimum
datection range of the radar. Referring back to Figures 28 and 2D, the
rmaneuvering distance is denoled . Reference s now made o Figires
3A-3C, which are schematic illusirations of an ssemplany azimuth
simulation profile generally referenced 1504, an examplary slevation
simulation profile generally refersnced 1582, an exemplary signsl delay
profile 154 and an sxemplary signal characleristics pofile generally
refarence 185, all In accordance with ancther embodiment of the
disclosasd technigue,  With reference {o Figure 3A, azimuth simulation
nrofile 150 defines the simulation azimuthal trajectory {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, thess azimuths also defing the azimuths of the

stimulating vehicle, when manewvering according to the simulation profile.
According o another example, the aximuth simudalion profile may defing
the focations of the simulating vehicle in a reference coordinate sysiem,
pver ime. These locations are delenmingd, for sxample, actording o the
tocation of the radar i the reference coordinate system, the azmuths e,
refative o a reforence direction) and the maneuvering distance of the
stmulating vehicle from the radar. s noted that the derivative of the
azimnuth simulation profile defines the rofational velooily of the simulating
vahicls arcund the radar {8.¢., with reference 1o Figure, 2A, the rotational
ve‘z%aaiiy‘ of simudating vehicle 102 avound radar 101 on azimuthsl

sirmuigtion trajectory 104}
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ns of the
3%{?@:&3?'&?@ vehicle over time).  To determing the elavation simulation

2 glgvation angles of the simulaled tralectory are detenmined
2 sipvalins and distances of the simulated bajectory {s.g., by
gmploying known tigonometric identitias).  From these alevation angsls
and mansuvering distance, the elevations of the simulating vehicle, whan
manswvaning acoording to the sinmulation profile, are determined.

Yith reference o Figure 30, signal delay profile 184 defines the
durations the drong should delay the received radar signal before
re-ransmilling, over fime. The distancss of the simulated targst ars
determined aceording to the diference batwean the solual distance of the
s‘imuiatmg vehicke and fhe simulaled distance from the radar, The asctual
disiance of the simulating vehicle is defermined according to the
mansuvering distance and the actus! elevations. The difference balwesan
e actual distance of the simulaling vehicls and the simulatad distance
from the radar, and the wopagstion speed of the signal in the medium,
define the delays that the drone should delay the recsived radar signal

bafore re-lrapmmitling. Signal delay profile 1584 is delermined ascurding o

With referanics fo Figurs 3D, signal characteristios profile 188 &
examphiied with an amplitude profile 158 epicted with & solid line) and &
Doppler shift profile 158 (deploled with 2 dashed doubled-dotied fine),

3

which defines the amplitudes st which the drone re-trangmils §

radar signal over Hme.  The amplitudes of the re-ransmilled signal
simulates the attenustion the signgl undergoss in the modisn when
propagating loward the simudaled target and back o the radar, The
amplitice of the re-ransmitted signal may also simulate
franamntter inperfections, Free 3\,&{»: Haihy Loss (FSPLY o wawe

disparsion. The ampliudes of the reransmitted signal may fuithey
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simulate effects that specific target characteristics such as Radar Cross
Section may have on the amplitude of the signal received by the radar.
Doppler shift profile 158 defines the Doppler shift in the frequency of the
re-transmitted signal, caused by change in the simulated distance from
the radar. In general, the Doppler shift is related to the rate of change
(i.e., derivative) of the range the simulated target from the radar.
However, since the signal delay is proportional to this simulated distance,
the Doppler shift is related to the rate of change of the signal delay as
well.

Reference is now made to Figure 4, which is a schematic
illustration of a system, generally referenced 200, for simulating a
trajectory of radar target, constructed and operative in accordance with a
further embodiment of the disclosed technique. System 200 is located on
a simulating vehicle 201 such as a drone 201. System 200 includes a
receiving transducer 202, a transmitting transducer 204, a receiver 206, a
transmitter 208, a processor 210, a memory 212, a position detector 214
and a vehicle maneuver controller 216. Processor 210 includes a signal
delay 217 and a signal characterizer 218. Receiver 206 optionally
includes an attenuator 205. Processor 210 is coupled with receiver 206,
with transmitter 208 with memory 212 with position detector 214 and with
vehicle maneuver controller 216. Receiver 206 is further coupled with
receiving transducer 202. Transmitter 208 is further coupled with
transmitting transducer 204.

Receiving transducer 202 may be an RF transducers (i.e., an
antenna) an optical transducers (e.g., a photodiode, a Light Dependent
Resistor - LDR and the like) or a sonic transducer (e.g., piezo electric
transducer, a capacitive transducer, magnetorestrictive transducers and
the like), corresponding to the type of signal employed by the radar.
Similarly transmitting transducer 204 may be an RF transducers an optical

transducers or a sonic transducer, corresponding to the type of signal

13-
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smployed by the radar. Progessar 210 may be g general purpose
procassar, & Digital Signal Processor of a special pirpose processor
implemeniad with Fiald Programmable Gate Arvays { F?Gﬁx} ar Application
Spaailic ii‘i’ii’%ﬁ}idi%‘d Crotat (A8

detector 214 is for exampie a Global Pusitioning Sys;e:*x {GPS) recaiver
determining the location of system 200 in a reference coordinate sysiem
{29, WEG 84, ETREES, or a2 coordinale system defined by the mday
focation and 2 reference dirgction). Fosition detector may alternatively or
additionally include an Inerial Measwrement Unit (MUY thal measures the
finear and angular accelerations of simudaling vehicle 201 thus providing
iformation relating 1 the localion and orientation of simulating vehinle
201 relative o 8 reference focation and ordentation.  Position detector 214
may alse be a receivar receiving information relating fo the position {i.e.,
location and orantation} of simulating vehicle 201 from a remole station
and providing this information {fo processor 210 {e.g., according o a
standard navigational data ransmission protocol such as NMEA 3183 or
UBXY Memory 212 al lsast stores the azimuth simulation profile, the
slevation simulation profle and the sgnal characterstics  profile
corrgsponding 1o the simulsted trajpciony.

Recsiving ansducer 202 receives o signal fromthe radar ang
fransformes this recsived signal o an alectric reoaivad signal. Receiving
fransducer 202 provides the gleotio recsived asgnﬁ‘; to rsceiver 206
Recsiver 206 al leas! samples the elechio received signal to producs a
sampled renaivad signal. Recelver 208 may finther filter the eledirio down
ocomvert and demodulate the slecing recelved sighal. Receiver 208

wrovides the zampled feceived signal 1o processor 210, When the raday

o TF o s 3 £ o T OO A, e ~ o~ ~
amplovs HE signala (e, an RE radar) or zsonie signsls (.e., & sonie radarn
DSOS o s IV N v )
regetver 206 includes atlenusior 205, which allenuales the signels
N - . - . A ~ v o i
cefvad frovn regeiing transducer F080 Whan simuisting vehicle 201
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minimum  detection rangs, system 200 may receive the side lobes
produced by the radar as well as the main lobe.  Alleruatyr 208
aHtenuates the signals recelved by recsiving transducer 208 such that
receiver 208 samples only slectric received signals corrasponding to the
riain lobe of the radar (Le, otherwise, I might be difficult fo delerming the
fime of anival of a signal received from the main lobe of the rader and
thus difficult to determing whean to re-transmit the radar signal}.

Processoy 210 produces a reransmission signal according o
signal delay profile and optionally according to the signal characteristics
profile. The re-transmission signal exhibils, for example, the amplitude
defined by the signal characteristics profile (e, when the signal
characieristics profle inchude an amplitude profile).  Processor 210
provides the redransmission signal to tansmiffer 208 al a delay
corrssponding to the delay defined by the signsl delay profile, relalive fo
the tme of amival of the signall Transmitter 208 comverls the

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

filters the analog signal and provides the analog signal to transmitling

transducar 208 Transmitling transducer transforms the analog signal inlo
a tansmifted signal, the transmitted signal being in the signal type
smploved by the radar {2.9., an RF signal, a tght signal or a sonic signal).

Furthermore, processor 210 employs the spatial simulalion
profile to determine the motion characteristios of simulating vehicle 201
The motien characiersiics at lsast 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 determings the required maolion characleristics for
simidating vehicle 201 to comply with the spatial simulation profile.
Processar 210 provides the seguired motion characleristics o vehicls
mansuvering  controller 218, Vebhicle maneuvenng controiler 216

detenmines the requirsd motion contrel commands 10 the vehile
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mansuvering system.  For example, whan shmulsting

guadicopter, vehicle manauvering controller 318 determines the required
rotational velocities or gach rolor reguired to achieve the reguired motion
characterislics. Ag a furthsr sxampds, when simudating vebicle & a remole
sonbrol car, vehicle mansuvering controlier 216 determines the reguires
steering angle and molor revidutions rate to achiave the required muotion
characteristics.

Reference is now made o Figures S, which 8 a schematic
Hustration of a method for simulsting a trajectory of radar tget, operative
in accordance with another embodiment of the disclosed technicue.  In
procadure 250, the location of the radar in a reference coordinate system
is determinad. The referencs coordinate system i, for sxampds, WSG B4,
ETRE8Y or a coordinale system defined by the radsr location and a
reference dirsction.

n procedurs 282, & simulsted tajectory of a wwget s
determinad. This simtdated target trajectory is the tralectory which s to be
simulated by the simudating vehicle,  The simulated trajectory may be
defined in terms of the azimuth of the targe! relative o a3 reference
direction, the distance of the target from the radar and the elevation of the
farget above a reference plane. As a fwther example, e simuladed
trajeciory may be defined by a sel of coordinates i the refersnoe

coordingle sysiem.  Ascording 10 vel another exaa‘mié, ihe simudlatey
Y 8 £
§

frajectory may be defined as a sst o
{oa stari position in the referance coordinate sysiem,
in procedure 254, a simulating vehicle trajectory & determined

for g simulaling vehicle,  The simulating vehicle frajeciory s defined

accorging to a simudation profite. The simulation profile includes a spatial

simudation profile and a zignal delay profile. The siimulatio

P~
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or @ st of location and elevation changss in the refersnce courdinate
gystem. As mentioned abpve, the spatial simulation pofile may
alternatively include at least one of an azimuth simulation profile and an
slevation simulation profile. The azimuth simudalion profile defines an
azimuthal trajectory for the simulating vehicle.  The elevation simulation
profite defines an slevation trajectory for the simulating vehicle.  Signal
delay profile defines the duralion that transcedver of the simulating vahicls
should delgy the signal retransmission and the signal Signad
characteristics profile define the signal charactarstics of the re-transmitted
signal.  From procedure 252 the method procseds o procedures 264
and 2506.
In procedure 256, the sinulating vehicle & maneuversd
according the spatial simulation profile.  Mansuvering the sinulating
vehicls according 1o the spatial simuilation profile includes determining the

motion characteristics of the simulating vehicle and delermining maotion

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

processor 210 determiines the motion characteristics of the stnulating
valhicle according ke the spatial simulation profile. Processor 210 provides
these motion characteristics to vehicle maneuvering confrofiar which

determinas the molion control commands {o the vehicles mansuvering

systam.
In procedurs 288, a radar signal is recsived by the simulating
vehicle, With reference fo Figwre 4 recsiving transducer 202 recaives a
radar signal, tansforms the received into an elactric received signal and
provides the electiic received signal to receiver 2006, Recelver 208 at least

samples the slecltric received signal and provides the electic receivad
signal to processor 218,

i1 procedure 260, a signal s re-iransmitied toward the radar &
{east according to the signal delay profile and optionally according o the

signal characteristics profile.  Accordingly, the simudating vehicle delays
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the trapsmission of the re-ransmitted signal sccording o the signal delay
profile. As desonbed abiove, the simulation profile may further nchide a

ignal charsctedstics {a.g., amplifudes) profile. The simulating vehicle

75

may further charactetize the refansmiftad dgnal according & the sianagl
oharactenstios p*az‘m With reference o Figure 4, processor 210
produces a ra-iransmission signal according 1o the signal charactenstics
profile and provides the re-franumission signal o bansmilter 208 at a
delay corresponding 0 the dJdelay defingd by the signsl delay proiils,
relalive {0 the tme of amival of the signal. Transmitter 308 converts the
re-fransmission signal o an analog signal provides the analog sgnal o
transmitting franzducer 208 which wansfonms the analog signal inty the
sgnat type eem;}ia;.\,u v the radar,

B owill be appreciaied by peorsons siilled In the art that the

i

disclosed fechniue is not imited o what has been particularly shown and

desoribed hersinagbove. Rather the scope of the disclosed technique is

detined only by the claims, which follow.
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CLAIMS

A method for simulating a trajectory of a radar target comprising the
procedures of:

determining a simulated trajectory of said simulated target;

determining a simulating vehicle trajectory for a simulating
vehicle, said simulating vehicle trajectory being defined according to
a simulation profile, said simulation profile at least including a spatial
simulation profile and a signal delay profile, said spatial simulation
profile including an azimuth simulation profile and an elevation
simulation profile;

maneuvering said simulating vehicle according to said spatial
simulation profile;

receiving a radar signal by said simulating vehicle; and

re-transmitting a signal toward the radar at least according to

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

coordinate system.

The method according to claim 1, wherein said maneuvering said
simulating vehicle according to said spatial simulation profile includes
determining motion characteristics of said simulating vehicle and

determining motion control commands to said simulating vehicle.

The method according to claim 1, wherein said simulation profile
further includes a signal characteristics profile,
wherein said re-transmitted signal is further characterized

according to the said signal characteristics profile,
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wherein said signal characteristics profile includes at least one
of:
an amplitude profile which define the amplitude of said
re-transmitted signal; and
a Doppler shift profile, which define a Doppler shift of the

frequency of the re-transmitted signal.

The method according to claim 1, wherein said azimuth simulation
profile defines the locations of said simulating vehicle, in a reference
coordinate system over time,

wherein said elevation simulation profile defines the elevations
of said simulating vehicle over time

wherein said signal delay profile defines the durations the

received radar signal is delayed before re-transmitting, over time.

The method according to claim 1, wherein said simulating vehicle is
an un-manned vehicle selected from the group consisting of:

a drone;

a remote control boat; and

a remote control vehicle.

The method according to claim 1, wherein said spatial simulation
profile includes one of:

a list of coordinates and elevation of said simulating vehicle in a
referenced coordinate system; and

a list of coordinates and elevation changes of said simulating

vehicle in a referenced coordinate system.
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The method according to claim 1, wherein said simulating vehicle
trajectory being at a range from said radar smaller than the radar

minimum detection range.

A system for simulating a trajectory of a radar target comprising:
a simulating vehicle including:

a receiving transducer, receiving signals from said radar
and transforming the received signal to an electric received
signal;

a receiver, coupled with said receiving transducer, said
receiver receiving said electric received signal and at least
sampling said electric received signal to produce a sampled
received signal;

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

a transmitter, converting a re-transmission signal to an
analog signal,

a transmitting transducer, coupled with said transmitter, for
transforming said analog signal into a transmitted signal; and

a processor, coupled with said receiver, with said
transmitter and with said position detector, said processor at
least including a signal delay, said processor receiving said
sampled received signal and producing said re-transmission
signal at a delay defined by a signal delay profile, said
processor further determining motion characteristics of said
simulating vehicle according to a spatial simulation profile and
said current position of said simulating vehicle, said spatial
simulation profile defining the trajectory of said simulating
vehicle, said spatial simulation profile including an azimuth

simulation profile and an elevation simulation profile.
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10.

11.

12,

13.

14.

The system according to claim 9, further including a vehicle
maneuver controller, coupled with said processor, for determining
motion control commands to the vehicle maneuvering controller

according to said motion characteristics.

The system according to claim 9, wherein said processor further
including a signal characterizer for characterizing said re-transmitted
signal according to a signal characteristics profile,
wherein signal characteristics profile includes at least one of:
an amplitude profile which define the amplitude of said
re-transmitted signal; and
a Doppler shift profile, which define a Doppler shift of the

frequency of the re-transmitted signal.

The system according to claim 9, wherein said azimuth simulation
profile defines the locations of the simulating vehicle in a reference
coordinate system, over time

wherein said elevation simulation profile defines the elevations
of said simulating vehicle over time

wherein said signal delay profile defines the durations the

received radar signal is delayed before re-transmitting, over time.

The system according to claim 9, wherein said receiver including an
attenuator which attenuates the signals received from said receiving

transducer.

The system according to claim 9, wherein said simulating vehicle is
an un-manned vehicle selected from the group consisting of:

a drone;
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a remote control boat; and

a remote control vehicle.

15. The system according to claim 9, wherein said spatial simulation

10

16.

profile includes one of:

a list of coordinates and elevation of said simulating vehicle in a
referenced coordinate system; and

a list of coordinates and elevation changes of said simulating

vehicle in a referenced coordinate system.
The system according to claim 9, wherein said simulating vehicle

trajectory being at a range from said radar smaller than the radar

minimum detection range.
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