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Radar EW Test Challenges

Complex Test Signals

Signal types

» Radar Transmitter — Waveforms of
different Radars EW Systems with Array
Antennas, Beamforming.

» Radar Receiver — Target Emulation:
Target Returned with RCS Plus Clutter,
Interference and Jamming

 EW Emulation: Transmission
Waveforms Plus Interference

Requirements
«  Multi-emitter
*  Dynamic Pulse

« Long sequence
*  Wideband
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Analysis for different test cases

Performance Measurement
Challenge

Antenna pattern measurements: 2D and
3D

Environments include clutters,
Interference,

noise, multipath
Tx measurements: ACLR and EVM
Rx measurements: Detection rate, false

alarm rate measurements

Tool requirements

Integration capability for auto-test
purpose

Support Co-Sim with MATLAB, Circuits
and EM

Flexible and Integration capability




New for Radar EW System Solutions

Typical Radar EW application in SystemVue to support cross-domain, cosimulation with RF as well as EM to include
real world environments such as Interference, target RCS, clutter, jamming, and STK link for flight test
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Anticipate __Accelerate __Achieve ::: Ag ilent Technologies



Electronic Warfare (EW) Concept

Transmitter

Interferen

/D’_:%

Target
Taraet W|th EW

Radar (
@Z@n ming or /ia&éé
Receiver Clutter Deception

* Electronic Warfare (EW)

It is military action using electromagnetic and directed energy to control the
electromagnetic spectrum or to attack the enemy.

 EWincludes
o electronic attack (EA or ECM)
o electronic protection (EP)

o electronic warfare support (ES)
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Basic Waveform Generation — Models

I O

Source 1. CW Pulse, LFM, NLFM and FMCW

2. Binary phase coded (Barker) UWB,

3. Poly phase coded (ZCCode, Frank), SFR

4. Poly Time SAR

5. FSK HP Phased Array
6. Arbitrary PRN MIMO
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Source Models 4

RADAR_(:::IM_

* Pulse signal generator «  Continue Waveform /
«  Linear FM pulse waveform (LFM) (Cw) R1{RADAR_CW@RADAR Motiels)

. w type=Sawtoot|
«  Nonlinear FM waveform (NLFM) . FMCW. N ety
«  Binary phase coded waveform (Barker) *  Ultra Wideband (UWB) LOW';ff;?g:ijHz
«  Poly phase coded waveform (Frank, P- *  Step Frequency Delta_f=50Hz

Code, ZC) Source Sample_rate=200Hz /

. SAR Source

S ] S
l ==
—
S B " T
AN
"NLFN
“““““““ P T =
— R e ) |-~ o =] b M oA 52 Ingiesd
=is == DAt ar _ EMCW Signals: A. Waveforms B. Frequency vs Time
; D NGl ;
5 o
. MENY I thl 1]
| L L L ] | L . I] 1] BEARINI il
: = = 5. AT flll il
HD“'gﬂ’;]Mmhpm'MDM’F'“:::D*’W"E‘D""J =N e 8 4 Design1_52_Power (Workspace: RADAR_FrankCode_ Waveform) [ = || @ || 5 | '-" | [l |
0 Y, V. - B o . 1 1 [
1 1 A s B = as - 1 i LY
LU | Franic e oo =
W e e | RS ! !
BT e T (e AT .
B 1 1 v e e - UWB Signal: Waveform and Spectrum

Anticipate __Accelerate __Achieve Aglleﬂt Technologies



Source Models

PolyTime Coded Source

R1 {RADAR_PolyTimeCode @RADAR Models}
Type=T1

PolyPhase Coded Source

RADAR —J 5

FrankCode 4’?—

Type=Frank ;
PRI=64e-6s [8*8e-6] 3:P3
SubPulseWidth=1e-6s 4P4
M=8 5:Px

BB_SamplingRate=4e6Hz
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PRI=0.016s [PRI] 0:T1
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Source Models

Frequency Hopping Source

R2 {RADAR_FSK@RADAR Models}

FHSequence=(1x3)[1e+6,2e+6,3e+6]
Timelntervals=(1x3)[10e-6,10e-6,10e-...s
BB_SamplingRate=10e6Hz

RADAR_FSK

Type=FS
PRI=1e-4s

>

o  Frequency Hopping
FSK

Costas Sequence
FSK/PSK Hybrid

Value
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Pseudo Random Source

RADAR_PRNSeq

R1{RADAR_PRNSeq@RADAR Models}
PRNSeq_type=ML:

_type=MLS
SampleRate=5.5 SH\
amplerate: =10 p Vil $

ChipRate=1e6Hz

SequencelLength=10 b
InitialPhase0=(1x10) [1,1,1,1,1,1,1,1.1...
FB_Generator0=(1x10)[0,0,1,0,0,0,0,0,0...
PhaseSelector 0=(1x10)[0,0,0,0,0,0,0,0...
9 s i Do 3 @@
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Dynamic Signal Generation Model

RADAR_SignalX

. -
e This model can be used for e
generating pulse waveforms :i o ) “o
with dynamic parameters for * EEn— "o
waveform type , PRI, carrier N o - N
frequency, pulsewidth, i >
bandwidth, phase and the
number of pulses in one CPI.
« This model is useful for the jitter S N M RGN I W i
PRI and stagger PRI cases. P e W W
§ S . A i ) = = =,
« Built for Radar EW customers ' i R - |
based on their request
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Source Models

Direct Digital Synthesis (DDS) Model

e
. .1.2. L

e st e
RADAR_DDS
L] fra_rmn
e s
=n .

- R1{RADAR_DDS@RADAR Mg
- waveform_type=LFM Pulse -

- Pulsewidth=2e-5s -
" Bandwidth=1e6Hz -
" PRI=1eds
© SampleRate=20e6Hz =
. Accumulaior_bitlength=32
~Freq_modulate_bitlengih=32
. Magnitude_ bitlength=8 . .
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Name

waveform_type
Freq_output

: SampleRate
- Accumulator_bitlength
 Freq_modulate_biten

Valug

=
=,

3 5tepped Pulse
4 Stepped LFM

DNL=00

18

Dto A

D1 {DtoA@Data Flow Mod

- NBits=8 -

- Rdrms=0.0s -

CINL=0:0
‘DNL=0.0

2EM 1172783

real_imagine_signal

173817

o
-
.
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Signal Generation with Antenna Model

s

HEHi

Support Two working modes: search and t
Antenna pattern:

Imported

Antenna

Pattern

racking.

» For user defined, AntennaPatternArray parameter is used

for importing from other SW such as EmPro,

» Besides User Defined Pattern, the other patterns are
Uniform, Cosine, Parabolic, Triangle, Circular,

CosineSquarePedestal, and Taylor.
Antenna Scan Pattern
e Circular, Bi-directional Sector scan , Un

I-directional

Sector Scan, Bi-directional raster, Uni-directional

Raster.
Moving target scenario

Anticipate __Accelerate __Achieve
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Hame Value
Radar\WorkiMode 1:5earch
Pattern 0:UserDefinedPattern
AntennaPatternArray [ones(361*181, 1]]
Theta&nglestart 0
ThetafngleEnd 180
PhiAngleStart 0
PhiAngleEnd 360
AngleStep 1
AntennaScanPattern -
ScanRate 0
ElevationAngle 1:Bidirectional Sector
Target&zimuthAngle Z:\Unidirectional Sector
TargetElevationAngle 3.Bidirectional Raster
BeamAzimuthAngle 4:Unidirectional Raster
BeamElevationAngle 0
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Upgrade Moving Target Model

* Earth effect

*  Atmospheric Loss
*  More RCS Types

* System_Loss

*  Ground Reflection
*  Polarization

* Dielectric Effection

Trajectory

0:Conventional unmanned winc

1:Small zingle-engine aircraft

2:=mall fighter aircratt or 4-pas s 9

SLarge fighter aircraft

4:Medium bomber or jet airliner B B
ﬁﬁiarge homber ot jet airliner S s '

& Jumbo jet b

7.Small open boat o o

S.Small pleasure bost RADAR ’ . ’_.,_ o Bﬁ .

9: Cahin cruiser LN BN SR

10:Large ship at zero grazing 3

11:Pick up truck

R2 [RADAR. LFM@RADAR Madels) . . -

12:2Autamobile

13:Bicycle o Pulzewith=t0e-Bs [1esf) - - - - -
14:Human ©CPRI=100g-6s [1e-4] -~ - - - - -
15:Bird * PRI Comibinationi=1[[1])

16 Inzect o Bandwmth Se+6Hz [[SeE]]

17 UserDefined RI1 (RADAR Toe2@RADAR odel) -

Coordingte : Mode=Spherical -
©Range_Intial=80e3M - - 0 -

Pl Ciffset= D[[D]]

4
a2

»
»53

al

Aol

%

NumberOf_TargetScalter=5

I\/Iulti'-scatte'rs" o

ScatterLoc=(1x3) [0,0,0]M [[0 0 0]
Position_Initial=(1x3) [0,0,0]

" Diglectric_Constart_Resl=75
Velocity_Initial=0 Su P p 0 rte d

Accelerate_Initial=0 . Surface_Rough=0 M

IsRancdomEtror=0 [false]

~

((RCS=(148)(0.2,0.1,0.3,05,0.1][0.2,04,03,050.1] - | - -

=y

51 (k@Data Flow Mookl
. StartstopCption=3amples
" Elevationdnglé=3® - - - 0 0 T T T T

© Azimth&ngle=e - 0 0
Velocty itisl=0
AooElerste=0 0

. SAEtkED
.. samplingRate=10eGHz . . . . . . L 0L
- Carrier_Freguepcy=tedHz . . . . . . o oo
- Max_Range=100eM . . . . . . . . ..o
©ooystemcLoss=0 - - o oo
Groond_Refection=vEs- - - - - - - - 0
‘Radar Height=10M " - - - - 0 0 0 0 T

© Mediom_Conducthty=is” © 0 0T T T
Polar _Type=Horizartal F'ulanzaﬂnn P

. .Atmuspheric_Lnss_.Fadur:D. L
- RCS_Type=Canvertionsl unmanned wingad m... - - - - . . . . . . .

ISRCERandom=0 [false]

—_
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TimeStep=1e-9s
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Clutter Model with K Clutter

- Clutter model generates
coherent or non-coherent
correlated clutter.

* This model supports
Rayleigh, Log Normal and

Fadar Target Detection under Clutter environment

=] S

-

Weibull and K PDE Source Transmitts Target Wave %ate Pulze Compression
« Gaussian, Cauchy and All
Pole PSD supported )
* The moving-target echo is X
covered by strong K clutter in Clufter Model
the example W Fguret ;
Fla Edit WView Iniet Teeli Deikicp 3ndw Hilp u
DEds| k8598904408 nD
| : Hame Value Units Dete ed. ,S-l-glnal
B il i ¢t
PR ] s N P
| ”‘}2 . J mﬁ%‘;ﬁ { “ﬂf J\ zF_Frlﬁgat 1029 |Hz "
PRl P ampleRate
e =
K-Clutter Waveform POF 1 Fayligh FOF
Yariance '
=D (:zauzzian PED
;gDV , 2WMeibull ROF
. atiance 1K FOF “
FiterLen -
| Seed 1687 () | =
— |zCaherert 1:.Coherert i I
K-Clutter Spectrum .
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Jamming Source

e Jamming Type: Jamming, Deception

e Jamming Cover Type: Barrage, Spot, Multi-Spot, Swept

JammingType

CoverJammingType

0:Cover Jamming t]

0:Cover Jamming

RandomSeed

A1 [RADAR_EVW)amrfhoBRA0AR Modes]

JammingType=Cover Jamming
CoverlammingQype=MuliSpat Jamming
Random dsgd=12346
Sz b N

JammingType

52 [B=tBampleR stz @03t Fiow Modss]
SampleRate=10efHe

0:Cover Jamming

CoverlammingType N\

RandomSeed

|3:Swept Spot Jamming -

0:Barrage Jamming

1:Deceptive Jamming

SampleiNum 1:Spot Jamming

Mean Z:MultiSpot Jamming

Stdev 3:Swept Spot Jamming ||
Bandwidth 0.1
SweepFreqStep 0.0
FiterTapsLength 256
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—»b(123)

51 {Sink@Data Flow Modss)
StartStopOption=2ulo

Fc

CxToEnv@Data Flow Modgsl W1 WS4 |

Fe=1g

E3600B_Sink@Data Fow Modss)
ISATitle=Simulstion oulput

53 [BpectrumAnzhyzerEnvi@0as Fow Wodes}

Moz Rl

20

dBm
LogMag
10

dB

fdiv

Rng 10 dBm
20
dBrm

Logag ™

dBrm
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Signal Combiner
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Waveform Sequence Composer example

Electronic Warfare Environments Scenario from Interferences

&0 SysternVue ™ 2013.07
File Edit “iew fGraph Ackion Tools ‘wWindow Help

= 63 B “ S @ H[BE|E > - - [4]
AR F] L B Qg i@l T A B[R] B KB [ e

a2l ] adeddE on,

. Agilent Technologies
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Waveform Sequence Composer example

Generated EW System Test signals waveform to emulate the Scenario

z.:i SFR
- — ESK EDGE SBPSK
E os !
; o
ﬁ'ﬂﬁ Séi2ws 078
E-1z l r
&) L IVI:II. LFVIZ
Generated EW System Test signals spectrum to emulate the Scenario
. Spectrum
-Z=I5 — — — = E I(
_ EDGE S I-’:-}\ T
. iy EPM LEM?2 R
g : = CFMI

Examples/Instruments/Radar/Waveform Sequencing/EW_8 Emitters.wsv

Agilent Technologies
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Signal Generation based on Channelization

Pulse 2

Pulse 3

Multi-Emitter Signal Waveform

G (S i Nonka)
]

__—> Download to AWG/VSG
:

E"" vv y n_;
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Multi-Emitter Signal Spectrum

3. Agilent Technologies

22



—

-

Signal Generation based on WF + Combiner

| Note

-

[=@][=]

Radar Multi-Emitter "
Generation Example

m

Vanable

Agilent Technologies SystemVue

AverageTh=0 |
delay==100000
g_WimStartTime=0

- g WimStopTime=0.073 -

§:3 Generate Signals

1 | {Upto date

m, |

[ Y R

4

runanalysis ('DFL');

runenalysis('DF2');
runenalysis('DF3');
runanalysis ('DF4');
runanalysis ('DF3'); v

=

PartList {;}Schemaﬁcl %2 Equations | @F‘ara il

HorL. [o][E][®] | & 0r2Red.. [ [2 ][R ] || £ 0FRedard [ o | =[] | & DF8_Combined [ o | = | 2| Ei Graphl (=@ =]
: T/HJ\I . Ragai . Rada ) Comiined ‘
W 18 D\ b D) i 5
IR A : . (il . naea ) : THIRE
AT . o g ket el 1l .
L I R R T . s "
HE H : 3. g b
)
] i P
- M LLL TR I )
i . | ' HIFTIRH
\.9ﬁm1..a:“?£¢muxmu GHTQ;:E“MHMH “aﬂl"rfj:r_:;;‘“m““\““ D H B Lﬁ:::e?‘?;m-mhm R G T e .-...-.:_ﬁ i G G PR e
B> Wavcon 1] | 5> Wareom2 S EN®) | wneoms (S &) [T50eg0 s
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EA (Electronic Counter Measures ECM) based on DRFM

-_E?EN

.

e

o T -

E@ 4 Target Return
ECM with DRFM © |
| Digital Memary ___ _ _ ‘
i ! . [ !
1 b =
3| PartList Schematic | 52 Equationz _F'ararneters i
{ ;> schema 'BI 2 EIE | {1 Deception El@
{7 Designl El@
~ I
Radar - EW Test Platform - "
Txsignal a Target ECM I — El-@
¢ — = Svstem E Receiver_Input
E*—Pi»( X [@] T .
T — SR !
i E = — =
S Y b +4 PD_CFAR_Out [=@]=]
SEAR S

Failed to Detect Tard

] [ 1]

PartLizt {} schematic §”= Equations @ Parameters
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Electronic Attack (EA) Setup

Nonresponsive Jammer

» Masking

Tx zignal (..-f: Target s s
B NG

Responsive Jammer T e el I —— 1
«  Masking . =

Coherent Jammer

(Repeater) =y
° Masking - —'\-:l.-l_-ll\.-'\-l-l [ ---'\-..-..:....-l.'\-l-l '-.\"rl_-"r.\.::.-?ra.::L

» Deception

sl
A

. :.|.E.I'I-'|I'I'|EF 2
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Electronic Protection (EP) Receiver for Estimating DOA

» EW receivers estimate Direction of Arrival (DOA) of received signals
* Two Algorithms include MUSIC and ESPRIT

4 b Extimated DOA
pr— : - Y m
o e LH:.‘.;DB—»I - ib—»l:"“-n—l-—
Fadar Tranzmiter = 1781
=
" B 1
S IC R E N B
— 15k
Fadar Transmitter? b

Fadar Transmitter3

50, Fa0m

4 o W4 % 8 o0 B ¥ N N9
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ES Signal Generation for testing RWR

Radar Warning Receiver (RWR) may play a critical role in a one on-one
engagement, informing the aircrew of the threat, its operating mode, and

Fd Notel (Workspace: EW_pulse_Hopping M9381)

P

RWR Test signal generation using
SV Sequencer

This example shows how to generate a sequence of
radar signals with frequency hopping and play
them out in M8190A and/or M9381A.

T
asts
B3 =
Phukiay_ !
FLE FALIAR L RSO VA g iU F s Mt o =l Term
Pubarent bt Bt [|F-1 Sorrghdbam SEaiHc
P [
PR Coriarmdare 1 ] !
Evrahudiv=Ss 8H (|5
Fra_Coitsmtm ][
5 Sy K

gé

1. Run the Analyses, DF 1 to generate the a radar signal in Cx
format, that will be reused for frequency hopping in different
frequency.

2. Run the Analyses, DF2 to generate the a short idle

signal sequence, that will be store in ME190A or MI381A
repeadlly to use signal in Cx format, that will be reused for

bl

< il | »

Parilist [ Schematic |

Alinear Fi Pulse FPulze TrainWawefonm

Fulse Train Spectum

resliPulse_13
realiPulse_13

Pulse_Specihum_Power @ B

-1z0
008 +6 e +5 T40e+5 I508+5 T+ 4002+5 420845 +408+5 4508+5 4208+ 5 S0 +5
Frequency (H2)

o H0e-5 BO0e-s  12=-3 1EE3 =3 Z4s-3 223 33 IEE3 =3

Time &)
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ES:RWR Test

A Chl Spectrum

) Frg 0 dEBm Spectrum Of RWR InpUt

Waveform-of RWR Input

Delay 0 Sec

RPI 1 — Separated Emitters by RWR Receiver

|

RPI 2 — Separated Emitters by RWR Receiver

] = = = -Jel Lﬁ

RPI 3 — Separated Emitters by RWR Receiver

th L b H@

e Agilent Technologies
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ES: RWR based on Frequency band(s)

Source

Considerations for RWR
modeling:

* Frequency band(s)
* Direction Finding (DF) methods

* Pulse interleaving and resolution

 Emitter identification

RWR Receiver Test Setup

Recelver 3: '

1]

i

El
X YIEE XY
7]
E
/]

e

e
©

cn| Pt (R el P [ (el
doe o e e
El

@
&
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Radar EW — Test Platform

Radar

VSA/ Scope

Antenna

/

Interferzence

HW Receiver VSA//Scope

ARB/AWG

-y 8

b )l e Itle
e

<

ARB/AWG

A2

Detection

l

RF Receiver -

Em‘ Waveform Gen }e Signal Proc

Deception

SystemVue M8190A/M9330/ W_.__'deba”d PSG
IVSA M9381A
— 4 ==u—zjznfﬁ *:_M N With I’IG;’DUC' -
—_— With DUC

DUT

Infinilum Scope 90K/
M9392A /IM9703

=

U=l
ﬁ “'._
i“i

LN W W L
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Integrated Test System Control

SystemVue

Test Schedule Control

Instruments Configuration

SignalGenerator l
—at——————

Advanced Signal Generation

DUT Configuration
| DUT Output Capture

—

S ignaIAnll lyzer/s

| |

| Reference Receiver

| !

IAdvanced Measurements

M9381A DUT

SystemVue
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System Test Requirements:

Integrated environment :

Measurements, FPGAs, HDL, Jammers,
Clutters

RF Architecture Considerations

— Power Amp w. Nonlinearity

— System Linearization, DPD

Complex Waveforms

— Radar , EW, Interference

— MilCom, SatCom, Commercial
System performance measurements

— Sensitivity, selectivity, Dynamic range
— CFAR, Detection Rate
— Imaging Quality

System Test —

Custom Waveforms + Advanced
Measurements + Automated Test

i’ Agilent Technologies




Basic Waveform Generation — Target Return signals

SystemVue

ssmer..we ClUTEET, NOISE,
and Interference

OutpuiType=iQ
Feamartasats (RF_Fraal

e

A% (AdSEnv@Dsts Flow Modals)
CutputFemtisx

DOWNLOAD

BB Pattern Generator
BB Arb. Waveform Gen
RF Signal Generator

SystemVue
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Span: 8 MHz

953 uSec

2278 m

W La
14922 uSec

2V

LC:Chi M?in Time31.62278 mY
0

E: Ch1 Man Time 31.62273 m
i ]

Chi
F: Cl

=

1

HuSe

14922 uSec

HuSec

20 hHz
97 uSec

M i ITime |31.|B22?8 i

[ [
91.975 uSec

N

[T
=
)

L]

Ch1

[
57576 mh

HuSec

[ 1 L J
15, 75758 FuSec  91.975u3ec

1368932 my

Anticipate __Accelerate __Achieve

LFM Transmission Signal
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Advanced Measurements — Receiver Test

V1 [VEA_E3600_Sourc=@D sts Flow Mo
Istion source

RADAR RADAR
Echo
StanStopOption=Time LFM MaichadSre

BANAR_MstchedSre_1 {RADAR_MastchedSs

_ X ADAR Mok
De5s [Pulsc e RI_NUM=10030 [FRI_Num]

PC Out
StartStopOption=Samples

MTIIMT Typel

Dizstied: SHORT FM_Offs=t=0 [
BE_SamplingRate=10=+EHz [i]
R5 {ReciToCx@Dats Flow Modss}

BB_SamplingRa

Im

Re

D1 {Demodulstor@Data Flow Modss}
OutputType=1a2
FCarrier=1e+3Hz [RF Fregl

RADAR PC 1
=-2s [FRI Fi e-3 [FRI

=k} mbinaticn=1 [ BandVVid 2+5 [BandVWidth]
AWGH h=52+6Hz [BandVWidth] FM Offser=d

ight=Resl Arrsy (1238

racar (e,

RE{RADAR_Detector@RADA]

PD_On
StantStopOptios

ook} RE{RADAR_CFAR@RADAR Mok
CFAR_Typs=CA

CFAR_Out

StartStopOpt ion=Sam pies

123

LA, Scope Signal Processor
PSA/MXA/NSA/PXA 9

ESG/PSG/MXG/PXB

Hardware

FD_Out

PO_ud

el
TEEE S RE--.- -3 -] e - - R INEm s FEEea S ATEEE 4 S50 3 e 2
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Detection Probability Vs SNR(dB)

V|

Detection Probabilty

A

6.432

9657

228532 25751 2807
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Waveform Sequence Composer

Collect datasets & files with pre-calculated waveform data (- “segments”)

FH Note (Workspace: RWR_Sequence) |- |[O][>¢] &= Generate Signals (Workspace: RWR_Seque... |- |[3][>
= i

[ UsMs: Use D koo | [5cl [Debial

runanalysis ('DFL'):
runanalysis ('DF2');
runanalysis ('DF3'):
runanalysis ('DF4'):
runanalysis ('DF5');
runanalvsis('DF6") :

Radar Echo
Generation Sequence
Example

Aagilent Technoloagies SvstemVue

Db W R

= Waveform r

& Pattern | == Instrument | EZ] Detais

Mame: |wWaveformseql |

Description:

RF Carrier Frequency: |1.5e+03 Hz
Output Sampls Rate: He

Use | Repsat Contesxt variable Data Type Length Freq Offset {Hz) | Sample Rate {Hz) | Bandwidth (Hz) | #*
1 DF1_Data Radarl Envelope 11805 -Ze+08 2e+08 2e+08
50 DF4_Data Idels_1 Envelope 152 -Ze+08 ze+08 2e+08
1 DFZ_Data Radar2 Envelope 16513 o 1e+08 te+0s|
50 CF5_Data Idels_2 Errvelops 19z o 1e+08 15408
1 DF3_Data Radar3 Envelops 9217 Ze+08 1.4e+08 1.4e+08
50 DF6_Data Idels_3 Envelope 152 Ze+iE L.4e+08 Leetos
1 DF8_Data Combined Envelope 800001 -1.5e+09 Set08 se+0s|

Validation Summary

it Sample e s nuffidont o rsrasen th dtasegmants. The il foasbl oukout sampl o o 4 pttarn 1 .50+ e Then. download!
) :

Try to increase the output sample rate or adjust the data segments spectral characteristics

~ >~
[ or ([ Execute ] [ Ycancet ] [ el
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Signal Combiner
Support for PXI/modular M9381A VSG

What is M9381A? High-performance RF vector signal generator

- Frequency coverage from 1 MHz to 3 GHz / 6 GHz
- RF modulation bandwidth up to 160 MHz (+ 0.3 dB flatness)

- Deep waveform memory (1 Gsamples)

SystemVue supports

- “Signal_Downloader” simulation sink

- Waveform Sequence Composer

Source Mod 1

" Spectrum |

T e T i \‘ \fﬂ ey IJ"ﬁ 1{“ i Wu“”wl"r rl”ﬂ“{uwﬂ M ‘M‘\ﬂnl"

|||||||||||||

Mod 2 Signal Combiner
Waveform

‘ . | i i L ul
j Wt A s b b A

Fig. 1. Download 3 radar Tx Signals to M9381A Fig. 2. Downloaded RF signal measured by VSA

Anticipate __Accelerate ___Achieve : : Agilent Technologies
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UWB Radar Signal Generation with Calibration

Calibration
Filter
RADAR: Tx waveform & spectrum measurement \ Signal
©
2 Downloader
T —~
% N o ~T e

Sarpierae-se
R

Agilent Spectrum Analyzer - Swept SA

Agilent Spectrum Analyzer - Swept SA
| e - Yo -
Span 4.00000000 GHz pan

SFast Cpo Trig:Free Run T
FGaln:Lo Atten: 10 dB
4.00000000 GHz
Ref 0.00 dBm

I B (P S A7 AM e
Span 4.00000000 GHz riace

w5t Cp)
IFGain:Low

Ref 0.00 dBm

signal Track
(Span Zoom)
Center 2.000 GHz Span 4.000 GHz (=l Off|

Res BW 3.0 MHz VBW 3.0 MHz Sweep 6.67 ms (1001 pts)

[lystatus | AC coupled: Accy unspec'd < 10MHz
-

Spectrum of UWB radar with 1.8 GHz bandwidth at 2 GHz carrier frequency
A. Without Calibration. B. With Calibration.

Signal Track|
(Span Zoom)
Center 2.000 GHz Span 4.000 GHz [[SL] Off|

Res BW 3.0 MIHz VBEW 3.0 MHz Sweep 6.67 ms (1001 pts)
MsG i File <Screen_0006.png> saved

o sTaTus { AC coupled: Accy unspec'd < 10MHz
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Sequencer supported for generating long sequences

» Take Advantages of Sequencer, supported by SV
Waveform Sequence Composer (WSC)

(©)

O O O O

= Wavafarm Sequence Composer,

5

Avoid to save ‘0’'s to HW memory

Repeatedly use data segments to save memory
User Friendly Ul and easy to use

No need to write code by users

M9703A

SIIXTITXIFE 2= o
—_— - T

M8190A

Multi-Emitter signals with frequency hopping for up to 50 seconds of playtime, supported
by hundreds of Radar & Comm signals with flexible parameter settings

@ Patterny:_'. Instrument " a Errors & Log

= Waveform Sen=.... “~mposer

- [Bl%)
8

i) \wt “lect Instruments
Pattemn !
Modsl: | MB150 Address/Name:

. “ Add New Instrument ]
Seql Model: -MBIQD v

N u m b er ol | . Instrument Description

Of | 00 p S ) fR1o0n (1411219 Agilent Technologies, MB1904, DES2200098,2.2.0.0-2

elect Instrument...

RFWarrier Frequency: |400e6 Hz
. . Hame
OulN; Sample Rate: 200246 w | Data in Segmentation memory . .
BE ol 41121615 Automatically Connecting to M8190A
Use Rnﬁt Conkext Yariable Data Type Length Freq Offset (Hz) | Sample Rate (Hz)  Bani
0 DF1_Data ulse_1 Complesx 19200 o Ze+03 Configuration Parameters
160 DFZ_Data Idels_1 Complex 480 1] Ze+08 Hlarig: ¥
10 DF1_Data Pulse_1 Complex 200 S0e6 2e+08 Precisiorbode Updste done Select Instrument
160 DFZ Data Col 1l S0et Fe+0a OutputRoute 0 0:0C; 1+ AG; 2 : DIAC, Sek output level with one of the Fallowing three parameters accordingly.
10 DF1_Data Pulse_1 mples: 19200 S0t Ze+08 QutpctAmpltude 0675 |{V) | Qutput ampltudein ¥ DC: 015 to 1Y, AC: 0.1to 2V DAC: 0.35to 0.7Y
160 | DFZ_Data Idels_1 +05 UseEventitarkers 1 (0% Mok use event markers; 1 ¢ Use event markers, Event markers pulses wil come out of bath channels,
< Defining Hopping Frequenc
g p p g q y Markertart 1 Sannple index to start marker (Note that the index Far the first sample is 1) =
Yalidation Summary
Markerlength 72m Marker pulse duration measured in number of sample intervals
Mernory requirements: 59040 samples
Playbarck duration: 0.00403 sec n L1
Min sample rate; 1 05408 He aban 1 (12 Oukput OFF; 1+ Qutput O 3
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Digital Up Conversion (DUC) Supported in SV

° Advantages: Better RF Signal quality as well as better frequency

resolution, reduced cost and more efficient memory utilization (support variable A: Layerd OFDM Meas
sampling rate start from 20.833 MHz to 2.4 GHz).

- Upgrade Signal Downloader - supports DuC 5
SignalDownloader_M8190Env_@Agilent Instruments or
SignalDownloader_M8190Env_1CH@Agilent Instruments

* Upgrade WSC — support buC

Fng 10 dBm

SV with EnvFcChange M8190A

D: Chl Error Summary _

Multi-Emitter Generation with no DUC GiLa e LORDN L ea:

Frng 10 dBm

L

SV M8190A

D: Chl Error Sumimary

Multi-Emitter Generation with DUC

Anticipate __Accelerate __Achieve R Agilent Technologies
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EW Test Platform

* Supporting: EA, EP, ES
» Multi-Tools for generating EW test signals

oWaveform Sequence Composer = 0 ——
oSignal Combiner _ EDGE BPSK{ 1 =
oChannelization Source - POR 5 PN
Differential 1/Q signals -
- 11 " e USRS I i
- I . sl osmny L - - - " ° .en
22I3rITFIII = & | F B
: —F ¥, - rd———— B: Ch1 Main Time Range: 1 V
W

 EW Signal Processing: RWR, AOD,DRFM

Start: 0 Sec

Stop: 381.93 uS ec

PRI1

Spectrum of RWR

A .
A Chl Spectru - X k
tng 0 dBm
1]
- g Hz
<Hz irne =

RWR Receiver o




Example: Generating Long Sequence Using WFS + DUC

Assuming: A LFM transmitter Waveform with Bandwidth=400MHz,
Mod PRI(uSec PW(uSec) RF(MH Chirp
(Mhz/PW)

PRI =100 us, Pulse Width = 4us, the Max Samples for M8190A=2
G

The Memory savings can be calculated as below: 1000 3050
*  Without WFS the Max Sequence length:

Max Samples/ (2*Bandwidth)/2 = 2e9/8e8/2 = 1.25 650 3.2 3050 >0
Sec LI 23850 12.2 3050 185
*  With WFS, we only need to save one PRI wave and repeatedly N 478 1.8 3080 20

use it
: T2 1064 1.8 3080 44

so the Max Sequence length: -

Max Samples/(PRI*(2*Bandwidth))/2 = 1.25/1e- Il 478/586 1.8 3080 22
4=1250 sec 87 0.6 3080

*+  Memory savings = 10e4

Example: Generate Complex Signals defined by
the Tables Mode Cec

Confiqured ComplexSignals In SV Ul N 15

— Waveform Sequence Cormposer P [ -] A 2.5

>I
w
w

Repeat Context Iz Rermowe

I

aaaaaaaaaaa

sssssssssss

27692 DF2_Data rog
Z.0Se+E KHz, -102. 350 dBm Lo

o7

A3
_4
T2
_275
T4 KR
(A2 BE
_4
2 30

M
=
o
Q

»(® » » » D B D X

Volw b b b b b bbb
g lag|le o oo o v o ow o ow
- R S
2
i

1403 DFZ_Data

AN K AKX A AX

244827 DF2_Data

n




Summary

« Some of the challenges encountered for Radar EW test have been discussed

* Proposed solution has the following advantages

O

Generate Complex Waveforms for transmitters, receivers and EW system
test
Radar EW environments are considered including Clutter, Interference,
Jamming/Deception
Advanced measurements for System performance evaluation are provided
including Sensitivity, Dynamic range, False alarm, Detection Rate, Imaging
Quality and also Radar parameter estimation are provided.
System automatically Test can be setup with the configuration of

Custom Waveforms + Advanced Measurements + Automated Test
Strong integration capability has been shown. The SW can integrates Signal
source in SW or HW, HW instruments, Custom FPGA and RF Device together
for test and verification purpose.
Lower product risks, Reduce cost, Higher system performance.
Customization and flexibility and easy to use
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