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Agenda:

* Challenges in designing Multi-Antenna Systems

* Proposed Design Solutions — Introduce Generic Framework
 Phased Array Radar Simulation

« MIMO Radar Simulation
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Challenges for Multi-Antenna Radar Engineers

* Moving Platform
* Moving Volume Target

 Cross-Domain Architectures == "7
Complex Environments s

Anticipate __Accelerate __Achieve
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Proposed Solution to Addresses Design Challenges

1. Moving Platform| | p

2. Detecting
moving Target

3. Complex
Architectures

4. Complex
Environments

Advanced

Radar EW ‘

System

»
»
»
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SystemVue
Jectronic System-Level Design

»
|
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»

Reduce
Risks

Lower Cost

Faster
Development

Higher
performance

Easy to use
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Radar Scenario Simulation Framework : 3 Layers

Moving Target

Tx Moving With Multi- Rx Moving 3. Platform Setup
Platform — 1:N Scatters © 1°K Platform- 1:M T
o (Trajectory Layer)
(Trajectory Layer)
TxX Antenna Rx Antenna
Location- 1:N Location- 1:M 2. Antenna Setup

(Antenna Layer)

Moving Target Ty
Interference i | .
Source B Receiver > Display/
Clutter D TR | Measurements
Jamming o 1. Data Flow Setup

(signaling layer)
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1. Signal Layer Designs

Challenges

1.  Support DSP,
Cosimulation with
RF as well as EM

2. Include real world
environments
such as
Interference, target
RCS, Clutter,
Jamming, and STK
link for flight test

Anticipate __Accelerate __Achieve
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RF Circuits

Interfere

T/R
‘| module
T/IR
4
i{| module | LS
=
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Imported Antenna
Pattern from EM
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Algorithm Design in Signal Layer
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Models to support Radar EW Design Layer

~—3 po— T
o -
il

Source
phase coded (Barker), Poly phase
coded (ZCCode, Frank), PolyTime,
FSK HP, Arbitrary PRN

RF Behavior

Antenna Tx & Rx
Clutters, Jamming, Interference

Antenna

Environments
EW Detection, EP, ES, EA
Signal

Processing
Measurements

Pulse Compression, Detection &
Tracking, CFAR, MTI, MTD
Waveform, Spectrum, Group Delay

Moving Platform

Systems CW Pulse, Pulse Doppler, UWB

FMCW, SFR, SAR
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Tx and Rx Front-end, PA, LNA, Filters

CW Pulse, LFM, NLFM, FMCW, Binary DDS, UWB, SFR, SAR, Phased Array, MIMO

DUC, DDC, ADC, DAC, T/R Modules

Phased Array Antenna, Tx & Rx
Moving target, Multi Scattering RCS, STK-Link

Receiver, DOA, Dynamic Signal generation,
DRFM

STAP, SF Processing, Beam forming, Adaptive
Phased Array Receiving

Imaging Display, Detection Rate, False Alarm
Rate, Range & Velocity Estimation, Antenna
Pattern 2D&3D

Moving Platform Tx & Rx

Phased Array
MIMO

Agilent Technologies
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Antenna Model

e 123
» Support two working modes: search and tracking. Name Value
* Antenna pattern: . S Usedsinedran
» For user defined, AntennaPatternArray parameter is used jh":;;:;if;;“j”ﬂ‘f CresoTe
for importing from other SW such as EmPro, ThetaAngleEnd 180
- Besides User Defined Pattern, the other patterns are s =
Uniform, Cosine, Parabolic, Triangle, Circular, AngleStep 1
. AntennaScanPattern -
CosineSquarePedestal, and Taylor. Scanate :
* Antenna Scan Pattern T
 Circular, Bidirectional Sector scan , Unidirectional el evdon ik 3 piectonal Raster
Sector scan, Bidirectional raster, Unidirectional BeamElovatonAnge 0
raster.

Moving target scenario
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Imported
Antenna
Pattern
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Phased Array Antenna Model

300 — -
250~
200 —--
1s0 -
100 -

50—
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OT | BeamPhin
Gr BeamThetan I
w Pl P
63—6_—__ TargefThetn
PP

{RADAR _ PhasedArrayTx@RADAR Models}
D|mType 2-D :

ArrayZDShapeType Customized -
- NumOfAnt2D_H=8
NumOfAnt2D_V=8
EIementFactor 1
SpaceType Unlform o
. GridType=Rectangular .
-D_H=0.5
. D V=05 _ .
mask _array= (1x64) [1,1,1,1,11,11, 1,1] ] :
- ReliabilityType=NoFailures
TargetTheta=0°
- TargetPhi=0°




Wavegate and update Pulse Compression

1. Unique Wavegate model: The wavegate refers to a fraction of time window
in one PRI for efficient simulation.

2. Update Pulse Compression model: It is implemented in Frequency
domain with a pulse compression algorithm which is widely used in the
radar system.

3. Radar Detector: This model is used to detect the target in the noise
environment based on improved Bernoulli algorithm.

4. Target Tracking: This model is used to track the target and measure the
target range when the target is detected.

Radar Target Detection using Wavegate

] I %—H+

Source Transmitter A ety

%f

s Detected Target
— I
i

[E i
o Nmmxf’? *H’&muw

Tracked Target
3010
=B
3007 B

R e
E:-I:I:ISZ

o 3004 —

PN i | i i
s HAHH] i
e b-ill ll'-?izﬁ" T Il'lj[
a2
== =]

53 TOREE O1S4E8 ST 1 5 4ET . 45477 255350 07 #E2 SSNGS TO RS2 51391 325

Target

S pOpT

Snroplpiorednrph

Stoplpioredarph

Detection

Compression " & SED)

e ——
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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'—S'CEltter' o

ScatterLoc=(1x3) [0.0.0]M [[00 0]]

Position_Initial=(1x3) [0,0,0] " Diglectiic_Conatant Real=73

Suppoﬂed

Velocity_Initial=0

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
‘Ground_Reflection=YEZ- - - - - 0 o0
© O Racsr Height=10M- 0 0 0 0

© 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 .

Anticipate __Accelerate __Achieve
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Radar Measurements

Radar Measurements: Basic measurements: Waveform, Spectrum, and SNR. Advanced measurements
Detection probability, False Alarm probability, Parameter Estimation and Antenna Pattern Measurements

AT Spechun__2din Ermag,m'lgﬁm_v £ Chl W Tne 1527807 A CI Spectum C:Ch Main Time E:Cil Main Time A Chl Specium : Chl Mein Time E: Chl Mein Time
453” MZHEi i & % o 1 } o fl{ A £ o 10 o (1]
ey, = Tl Hin T i 1 T N Wit Em T g T ke HI} M 1
oghfag I Deay i Loghtag! E_ Peal E}Eﬁ;ﬁ; Deley [ LogMao [ Fesl -ll-:ﬂz :Mf Delay ] %
B [ 251 1% T H I 1% I MEEH o
] HHe B T \ MR T T T B T T
Cenfer 256Hz ~ Span: BhHz 14922 ubec Hufer 145225 hGH 1M HuSec  9197h0%ec Hudec  9197u3ec 2RGH:  325WH: FuSec 91975 uSe: Hulec  H1975u5ec
190782k 2001%3uber 2y Chi Huber i WIBkH: 9705k Ch1 uSec Ch1 HuSec 03M4BkH: 97 uSec Ch1  HuSec Ch1  HuSec
B Chl Hain Tme_ 3162275 i/ Tl k ﬂ@ww B: (1T Main Time Dl Main Tine F il Main Time B: Chl Main Tirme D Chi Wain Time F-Chl Main Time
3 — 13 - i I 10 H li - W I —
i } \\ N k EEN m m N i 1 i 0 i E“E Ty Y mEn|
Litheg 1} } Inzg ] Lungt Linklag mag:ﬁ:ﬂ:ﬁ: Congt - N Linhtag iz Cunst:::# NN
\ M u TR 7 | A 1 T o
0 ] Plmas, JEnIERNEY LS Imaa IR u%ih: 10 10
v [T T VI ln| \ i ul U mmi v my
Buler 14922050 Hufer 149221620 TETTEM TR Sulec  §1375u5ec Sugec 9197508k 1368932 my HuSec 9197 uSec Hudec  H197503ec 1360932 v
Tt B 2V o B 2V o Budee 2V Ch1 BuSec Ch BuBec Ch1 BuSec Chi -AuSec Chl Hulec Ch1 HuSec

Transmission signal

False Alarm Rate Vis Detection Threshold

1ed

163 .

T4
: \u\
i The
1 .
i \' [] MCJ
H
2 '\
Ued

o7

1ed

§ 1 1 0 5 kil kil i 4 i 5
Threshod

False Alarm Rate
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Target return signal

Target return signal with clutter

‘ DetectionRatevs R
0 v /F"" 15 2D ¥I-plane amay pattem
[i}::} / WD ;
g T
EDRE /f %
% o1 / D %
. :
"/ 10
[iE4 /, B
e 15
in phi(degree)
Prob. Detection 3D Antenna 2D Antenna
Pattern Pattern

vs. S/N

[]
.,

52
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Template for Pulse Doppler Radér

To do a better job for winning new business by quickly putting together proposals and plans

{:} Designd

Tz Source

B

Transmitter

Envircnment

= A=l

RF Receiver

ik

Signal Processing

ML Typ2 = 0 NEE = 14
|:I'IIIII'II|||||||'\-\.-|||
0 2

H.ii_llﬂ'h'ﬂﬂ'l}'-ﬂﬂ
"""""" ]
J H| [scr=-1508

T ENR=-10d8

A = Radial Valooiy= 20mie

I T I'\--I| T 'ﬁﬂ ptance= T4050m

Estimated Velocity= 18.78m/s
Estimated Rangs= T4475m

A

4 Return Target Signal =N RS 2

E Target Detected after Sig... | = || E%

E Target Return is clear afte... = |:||:|

‘~ Detection Rate V5 Range (in Nautical Miles)

oY

P

—

Anticipate __Accelerate __Achieve
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How to use the template

» Allow the user to quickly put together a PD system for algorithm design, with
Complete PD system with advanced signal processing and No-need to start from scratch
Cross-domain architecture supported

Complex environment

Advanced measurements

o O O O O

Allow inserting custom algorithm for designing and validation and re-use user-IP

- Easy to use
o Design, main measurements and estimated parameters are shown in top level
o Key parameters specified are easy to modified by using sliders
o One click to get all results, including 3D plot, measurements and parameter estimations

Anticipate __Accelerate __Achieve :.: Ag ilent Technologies
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Phased Array Radar

 Why Phased Array Radar?

o Achieving high dynamic range to allow the use of a large PA

o Achieving rapid volume searches while using an aperture with an
inherently narrow beam width

o Maintaining robust wideband imaging performance, even in the presence
of strong land-based jammers.

« Passive Antenna System (PAS) vs. Active Antenna System (AAS)
* Phased Array Radar application

— Digital Array (DAR)
— Array Adaptive Processing

Anticipate __Accelerate __Achieve
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PESA vs. AESA
Passive Antenna System Active Antenna System

PITL.ITLL ook, dorkik

| | | | |

Beamformer Beamformer
BB BB
Source Receiver
TX RX - e |
I
T | RX |
I
BB BB T/R | == : |
I
. i | |
Source Recelve | Tx |
___________________ 1
* Array Antenna driven by single large transmitter HPA *T/R Module behind each radiating element
« First receive LNA after beam is formed » Transmitter distributed through antenna in many small HPAs
« Large signal loss between radiating element and * First receiver distributed through antenna in many small LNAs
transmitter/LNA « Small signal loss between HPA/LNA and radiating element

e Antenna connects to transmitter and receiver

Anticipate __Accelerate __Achieve ::: Ag ilent Technologies



Reliability Test

. .
w;ﬂ B
array o
- RT {RADAR PhasedArrayTx@RADARModels}

- -DimType=1-D
- AxisType=Y -
NumOfAnt1D=8

- ElementFactor=1 -

‘ ~ SpaceType=NonUniform =
N R - D_array=(1x8) [-0.525,-0.375,-0.225,-... M
N e . ma_ﬁ}ﬁ_@[[ﬁy (13’.8)[‘1 1.1.0, 0,1,1,1]
""""""" “Reliability Type=RandomElement ™",
....................... EallM[@.E’.!’.QQQI.J.!!!IY....Q.2.....,........_.......--
TargetTheta=0°
-TargetPhi=90°
: - WindmwTune=l Inifarm
g
: %‘ 1#;, No disabled array elements
i a-
TE > With 20% elements failing

Anticipate __Accelerate __Achieve
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Phased Array Radar Simulation in SystemVue
Magnitude and phase error correction simulation in SystemVue

Phase/Mag
Error

Red line - pattern with magnitude
and phase error

Blue line - pattern after error
correction

Reference Channel ]I | :‘1
AR ANAN
PANLYA|RRIAVIES
A WA

Anticipate __Accelerate __Achieve
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Phased Array Radar Simulation in SystemVue
Adaptive DBF (MMSE algorithm) in SystemVue

T e

s — Antenna pattern without adaptive DB
_/ f '\' \ —— Antenna pattern with addptive DBF
f ‘\Y '\ Random Janjmers from §7degand 127 deg
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Adaptive Processing for Phased Array Radar

Phased Array Radar

[N
3 2
7y Targets
Sl L, e e e e
Teagn Ot pShd
T/R Modules
........... s s ® 0 1,
= B o L
Beamfarmet .
Transmitter
= gl 7T . . mace
G-i-'-“— vadem .. o & .. Bk s
Antenna .......... [re————— a TIE Modules
Pattern - I
Measurement ya o
Phased ArrayAntenna Pattern s Recelverinput Signal . Output Signal at Signal Processar
n — F TN s
fh . 1
‘ \ 3 (] -
g
B g
ar
H 7
1 ;
] \ - I R 1
= e I
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Introduction to MIMO Radar

Multi-Static Radar Phased Array Radar

MIMO Radar
A
T l(e B ——

/I |\ /ux / N\

» Diversity of Waveforms * Single illuminator and + Single Waveform

» Centralization of receivers that work as + Centralization of
Processing for target independent radar Processing for received
detection and localization signals

%% Agilent Technologies
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MIMO Basic

Transmit low-gain& wide beam-
width beam

S1(t)
< AN
1

S3(1)

<

P

Receive high-gain& beam forming
multiple narrow beam-width beam

Anticipate __Accelerate __Achieve :.: Ag ilent Technologies
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MIMO Radar Signal Processing in SystemVue

- Target
- s 8*8 Pulse

Foe= = Compression

= e —== = modules
= = | =]

Qe =t

= =

e

= =

S~ = Digital
= so beamforming MTD

(DBF)

Phase Array Tx Phase Array Rx

Result of DBF R-D Matrix

Velocity: 5.625m/s
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2. Antenna Layer

- R AskYem
BeamElevation
L e I AP

) RN
:::@%
9._{

[ — BadyYew

BeamAzimuth output »
RADAR_Antenna_Tx

TargetElevation

TargetAzimuth

ii

»
»

Rl {RADAR Antenna_Tx@RADAR Models}
"~ " RadarWorkMode=Tracking
" Pattern=UserDefinedPattern
ThetaAngleStart=0 °
_AntennaPatternArray=(65341x1) [1; 1; 1]
{RADAR LocinAntennaFrame@RADAR Models} Thﬁ;?::;f;’:; %89
TimeStep=1e-9s - -~ - =~ phiangleEnd= 360 °
T AngleStep=1°
TargetAzimuthAngle=0°
TargetElevationAngle=0°
BeamAzimuthAngle= 0 °
BeamElevationAngle= 0 °

3. Agilent Technologies
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3. Trajectory Layer

~ ~
EEnEEENaEEY llllll‘ll.lllllllllllllllllllllllllllllllll
< \-\\ ) >
~,

~

Anticipate __Accelerate __Achieve
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Trajectory Layer

X (North)

LLA Frame

ECEF Frame

.

ENU Frame

.

NED Frame

.

(Body Frame

.

\/elocity Frame

.

Maneuver radar platform and target modeling with
Euler angles and velocity, accelerate, jerk

Anticipate __Accelerate __Achieve
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) [ECI Frame J

~ oo riam ™| — PP T

Tx {RADAR_Platform@RADAR Models}
Trajectory_Mode=Cartesian
Position_Initial=(1x3)[0,0,0]

itial=0

Vi
Acc: 0
IsRan lse]
imeStep=100e: 10e6]
PrintLog=PrintLog_No

438

R6 {RADAR_TargetScatterLocation@RADAR Models}
Trajectory_Mode=UserDefined
FileName=target_loc txt
NumberOfTargetScatter=2
TimeStep=100e-9s [1/10e6]
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Example: Unique Template for Airborne, Space-Borne and Ship-Based Radar

To put together a new system proposal quickly to win business

Without MTI With MTI

Simulation of Airborne, Space-Borne and Ship Based Radar Systems R tran
SignalClutterRatio = -6

T R T T T T T

20

PlatformVt = 0

Freee

e
L

B

Antenna Layer

Clutter=u=u

Array_Antenna_Tx Target

. == oD
Transmitter = S N phaatc 2]
= Jamming/
== Interference =
Beamformer o G- = P
. 1) el e 12T )
|Signal Layer| pEnEe = e
E Transmission Signal EI@ E Waveforms at Receiver Inp... E\@ E Waveformnr After Pulse Cumpr,,,El@ E Recovered Target Retur... E\E

I I I I I ]
g

T

B s =l .

4+ { ¥ e
2 I i T | e :'
o T E {E E -

Anticipate __Accelerate __Achieve
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Example: Unique Template for Airborne, Space-Borne and Ship-Based Radar

£}y Equation Debugger @M
=Rl W R W
I 1 signal aux = zeros(BuxAntArrayNunber, SampleNum) »

For Best Model-Based platform for IP Qi = reeee Bmhmaghmber, Senpl i)

4 theta = [0 : 30];

Integration of Advanced Radar EW B et < 20,

¢@fcrn=1: AntArrayNumber

SyStemS 7 for m =-1 : SampleNum

8 | signal(n,m) = input{n}(m);

For Easiest way to create complex Radar 5 | if n < hudntArrayNumber + 1
EW scen ar|os 15 i signal aux(n,m) = input{n}(m);

i end
12 end

3 = INtegrated IP in m code

16 Va0 = exp(] * 2 * pi * 0.5 * (D:AntArrayNumber-
17 Vs =exp(] *2 *pL * 0.5 * (0:AntArrayNumber-

. - i)
PAR Simulation Clutters==s,
Array_Antenna_Tx Target
i P &= @
NN . Signal Processor “===—"  Beapfformer
ke Jamming/
= Interference
Beamformer FE——®) o[
T T e e

Anticipate __Accelerate __Achieve
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Example: Two Scatters with Moving Target
Using the Radar Scenario Simulation Framework

s i [fpremn ez emreers ] (R pemtver piatrorm |
Moving
Platform
Setup
Data Flow
Setup

Two Scatters 4 pr—— ==pizm | AN
I A /A AN VAN 77X -
Echo 1 A ) W LN 1/ |- o N
R W 0N N7 AN W g/ N S G WY S AT s
AR W/ B W74 RNV /20 7/ AN, Gy NG\ e—" g e N
LV W A | I '/ T N e
1 A A A AN, O s §
'Iéiﬂl' W W e 4 N

Anticipate __Accelerate __Achieve
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Example: Unique Template for MIMO Simulation

For Reduced Risks, Lower Costs and Higher Performance
To put together a new system proposal quickly to win business

| MIMO Radar Simulation i

After Pulse =
Compression

Detected
Return

Munm Iy b

After Signal
Processing

Signal Layer

MIMO Source =

@_,___0'3_"‘@_: = Array EE. Target Array =

= Antenna = — Antenna

= i) =

= C=L=h = ’

= o= ﬁi:—l___ =

F— o ] .
= = MIMO Signal Signal
= Combiner Processing
= e e

= —_—— BﬂE”—@___:_

;_ZE_ PR MxN Pulse

9, . Compression

= ==

Signal
Detection

Anticipate __Accelerate __Achieve
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Summary

« Overcome design challenges and reduce design risks
* As seen, the proposed solution has the following advantages:

o Earliest Possibly Integration of RF & DSP for Architecture design to win.
Develop proposal with higher confidence
= Modeling and analysis of complex Radar EW systems
= Cross-Domain simulation including RF and DSP
= Save months for developing systems to meet aggressive schedule
o Best model-based platform for IP Integration of Radar EW Systems

= Verify models developed by different engineers using different languages such as C++,
MATLAB, HDL, ADS, etc in system level .

= Reuse legacy Intellectual Property (IP)

= Build virtual models of existing hardware through measurement

= Integrate modeling & design using test equipment to verify and test system
performances

o Easiest way to create complex Radar EW scenarios

= Verify systems with environment scenarios, such as clutter, jamming/deception,
interference, RCS to meet complex system specs.

= Perform virtual flight test to reduce costly field test.

Anticipate __Accelerate __Achieve :.: Ag ilent Technologies



