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3 Things We’ll Cover Today

Challenges Radar System Engineering
Multifunction operations in harsh Making engineering trade-offs early in the
environmental conditions for smaller targets design cycle

Modeling and Simulation
Selecting the right level of model abstraction
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Today’s radar systems perform multiple functions

What is it?
Classify

Do you see what | see?
Where is it going? Communicate

Track

How Is the weather?
Measure

What does the target look like?
Imaging

U What is that interference?
/ Assess & Protect

Multifunction Radar

Is something out there?
Search

What are we missing? Where are you focused?
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Radar systems need to detect smaller targets

errain source: GMTED2010 7.5 arc-second resoluion (approxamately 250 meiers) for most of the globe. Data available from the U_S. Geological Survey. - Source: Esri,
IDigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS. USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Smaller targets are harder to detect
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Smaller targets fly at lower altitudes where environmental conditions
are a factor

Aftenuation at 1 km (dB)
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A trade must be made between detections and false alarm
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Challenges Radar System Engineering Modeling and Simulation

: Multifunction o_peraﬂons in harsh Making engineering trade-offs early in the Selecting the right level of model abstraction
environmental conditions for smaller targets design cycle
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The design must work In for a range of environments and scenarios

Signal
Processing

Antenna/RF Data Processing

Resource

5 f%mWwfu@MmWﬂm&‘wmmﬁgmrw Management
ES/Asts DS, USDAL USCOIREroGH RID. IGN, and the GIS User Community s = [ S
& Control

o 2%

Target attributes Operating parameters

Surface clutter Hardware

Atmospheric conditions

Processing

Precipitation Scanning
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Radar Designer App can help you interactively evaluate tradeoffs

Quick start with 5 built-in configurations Export MATLAB script or formatted report
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New Open Save Add Airport Metric CMRvs Detectability Environmental Pdwvs Range/Doppler  Default  Export
Session ™ Session ™ Session ™ Radar ﬁ Delete > |km Range Factor Losses Range Coverage Layout =4
FILE RADARS METRIC ANALYSIS LAYOUT |EXPORT i
| Radar | Target | Environment | | SNRvs Range | [ Scenario Geometry 1
Current Radar | AirportRadar e AirportRadar - Constant Elevation Angle Target
n
Name AdirportRadar Lol 1 [l 8 © € IC I “_,_-‘ -
1 [3 -
¥ Kain — -
1 E -
80 1 =7 -
Frequency v |28 GHz ~ = ___________'_‘ ___________
1 . o
Pulse Bandwidth 1.5 MHz ™~ I AirportRadar o - -
a0 | = = = Objective Detectability T2 -
Peak Power ~ | 1100 K ~ & 1 == === = Threshold Detectability g -
- 5 1 = = = \ax Range o=l —— - ———
Pulse Width ~ ~ |1 us w = 1 |
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¥ Antenna and Scanning 100 200 300 400 500 600 700 800 E—|59 § o d59 :
levation Angle (deg
Antenna Height 10 n = Target range (km)
Antenna Tit Angle 05 deg B _| Metrics and Requirements |
Metric Units Threshold Objective AirportRadar
Antenna Polarization Horizental w
Probability of Detection 0.75 0.9 0.93
Transmit Antenna Gain Input | From Beamwidth w Min Detectable Signal dBm  ~ 70 80 97
Azimuth Beamwidth 1.5 deg v Win Range m ~ 3e+02 1.5e+02 1.5e+02 +
Elevation Beamwidth |5 deg " Unambigucus Range km e 1.4e+02 1.5e+02 1.5e+02 &
Range Resolution m i 1.5e+02 1e+02 1e+02 +
Gain 36.35 dBi
First Blind Speed m's 40 50 54 4
"1 use Different Antenna for Receive Ranne Rate Resnlitinn m'=s 1n k} TS




Poll guestion

What tools do you currently use for your preliminary
radar system design?
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Current Radar

Mame |

¥ Main

Pulse Bandwidth

¥ Hardware

F= K
Reference Moise Temperature |-- 4

Quantization Moise

¥ Antenna and Scanning

Antenna Height

Antenna Tilt Angle
Antenna Polarization

Transmit Antenna Gain Input

Gain |-- dBi

Use Different Antenna for Receive

Scan Mode
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Radar Designer - untitled - Metrics and Requirements
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' [ Radar | Target | Environment |

' | SNRvs Range |

Current Radar

Name |

¥ Main
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¥ Hardware
Reference Noise Temperature [—-—K
Ll Quantization Noise

¥ Antenna and Scanning

Antenna Height |-

Antenna Tilt Angle |-
Antenna Polarization

Transmit Antenna Gain Input a0

Gain |-- dBi
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Min Detectable Signal IBm -
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Range Resolution n v
First Blind Speed m/s
Range Rate Resolution mj/s
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RADARS METRIC ANALYSIS LAYOUT  EXPORT

(]

Airborne Radar

Long-range, ent | | SNRvs Range | | Scenario Geometry |

airborne surveillance radar [ ' .
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surveillance radar

ot
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Mew Open Save Add Airport Metric CMRws Detectability Erwironmental Pdwvs Range/Coppler Default  Export
Sessionw Sessionw Sessionw Radar ﬁl Delete - Range Factor Losses Range Coverage Layout -
FILE RADARS METRIC ANALYSIS LAYOUT | EXPORT A
_J' Radar 1 Target | Environment [ sNRwvs Range scenario Geometry
Current Radar AirportRadar "| AirportRadar - Constant Elevation Angle Target
Name ImirportRadar . o e e e i = e
¥ Main 1 6 =
1 Free Space & Tamet Positions
Frequency v||2.8 GHz - 80 1 z 5 Effective Radius = Inf kmn A PRadar
-
Pulse Bandwidth |1-5 MHz - AirportRadar f 4 -
— I = = = Objective Detectability B —————————— A - ——————————
Peak Power »|[1100 kw - = it = «mam Threshold Detectability 23 e -
. = = = = = [zx Range -
Pulse width -1 LS - = | 2 PR
@ ! -
PRF v||1 kHz - = 40} " N .
[Ty -
¥ Hardware : -
. 950 i 100 200 300 400 500 600 700 800
Moise Temperature v|| K 207 : Ground Range (km)
Reference MNoise Temperature 290 K T ST e A I @ Antenna Elevation Pﬂi:l:nrpnth
- 20 altern
[] Quantization Moise o 103; 0 — — —Target Elevation
, fa rriry
¥ Antenna and Scannin : : : : : : : : i ' ' ' : '
g 100 200 300 400 500 800 700 800 = 80 -60  -40 Elezu':'atmngngle czngg] 40 &0 8D
Antenna Height 110 m - Target range (km)
Antenna Tilt Angle 0.5 deg v| | Metrics and Requirements |
Antenna Polarization Horizontal ,| Metric | Units | Threshold | Objective | AirportRadar
] ] - Probability of Detection | | 0.75 ‘ 0.9 | 0.93 v~
Transmit Antenna Gain Input From Beamwidth v| - =
Min Detectable Signal dBm v| -70 | -90 | -97 v
Azimuth Beamwidth [1.5 deg - Min Range m ~|l 3e+02 \ 1.5e+02 | 1.5e+02 v
Elevation Beamwidth [5 deg -| Unambiguous Range krm -l 1.4e+02 | 1.5e+02 | 1.5e4+02 A
Gain 25.35 dBi Range Resolution m v| 1.5e+02 ‘ le+02 | le+02 «
First Blind Speed Im/s | 40 \ 50 | 54 v
[ Use Different Antenna for Receive Bange.Rate.Resalution [mys | 10 | 3 | 2. el
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| Desicner a6+ B 9eB@e@
Hl:::' 3 % NewDesign Max Range Constraint @ @ @ W
= 4 Duplicate 18.00
MNew Open Save Add Airport Metric CMR ws Detectability Environmental Pdwvs Range/Coppler Default Export
Session= Session= Sessionw Radar ﬁ' Delete - Range Factor Losses Range Coverage Layout -
FILE RADARS METRIC ANALYSIS LAYOUT | EXPORT a
| Radar | Target | Environment | | SNRwvs Range | | Scenario Geometry |
Current Radar MNewDesign "| NewDesign - Constant Elevation Angle Target
: 100 (b
Mame |NEWDESIQH I MewDesign ]I - —— - — — — — — — — — — — — =" —
. I = = = Objective Detectability '__ -
¥ Main = wemam Threshold Detectability 6 Y —
1 = = = Max Range Free 5_|:|au:e _ Target Positions
Frequency ,,||2,8 GHz - 80 I = 5 Effective Radius = Inf km A Padar
Pulse Bandwidth 1.5 MHz - f y -
Peak Power ~|[1100 lw N 5 60 | Update minimum acceptable thresholds and
Pulse Width »|[1 us Sl 2 objectives based on your project’s requirements
2.2
PRF "'||1 kHz - % 40 ¢ 1 -
—_ C
¥ Hardware Ve
, B 100 200 300 400 500 600 700 800
Moise Temperature v||950 K 20 Ground Range (km)
Reference Moise Temperature 290 4 oy N e (N N @ Antenna Elevation Pattern
= 3p Pattern
[] Quantization Moise ok 103:': o — — — Target Elevation
' 220 T ooy
¥ Ant d Scanni — ' ' ' ' ' ' ' 240 ' ' : : ;
IR A = 100 200 300 400 500 600 700 800 = B0 0 a0 20 0 20 40 &0 &
. evation Angle (deg
Antenna Height 110 M - Target range (km)
Antenna Tilt Angle 0.5 deg v| J Metrics and Requirements 1
N o e e Horizontal ,| Metric Units Threshold Objective . NewDesign
] ] - Probability of Detection 0.75 0.9 1 v
Transmit Antenna Gain Input From Beamwidth v| - =
Min Detectable Signal dBm v| -70 ‘ -80 | 97«
Azimuth Beamwidth [1.5 deg - Min Range m | Se+02 | 3e+02 | 1.5e+02 «
Elevation Beamwidth |5 deg v| Unambiguous Range km - | g ‘ 18 | 1.5e+02 «
Gain 16.35 dai Range Resolution m ~| 50 ‘ 30 | le+02 X
First Blind Speed m/s | 80 \ le+02 | 54 X
[ ] Use Different Antenna for Receive Range Rate Resolution s | 10 J 3 I 57
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MNew Open Save Add Airport Metric CMR ws Detectability Environmental Pdwvs Range/Coppler Default Export
Session= Session= Sessionw Radar ﬁ' Delete - Range Factor Losses Range Coverage Layout -
FILE RADARS METRIC ANALYSIS LAYOUT | EXPORT &
]' Radar ] Target [ Environment [ | SMRws Range | _J' Scenario Geometry ]_
Radar Cross Section |1 m= - NewDesign - Constant Elevat.~, {=|{" & C {7} =
. : 1
Swerling Model Swerling 1 - 100 . EEWDE“QHD by = . A
- ——— = = = [Objective Detectabili
Elevation Angle  «/[0.5 deg v ! =« s m Threshold Detectability 3 n —
- 1 = = = Max Range Free Space Target Positions
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E = —
[ Z .
- -
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= L
— 1 .
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Ty 5
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Ground Range (km)
p~ Antenna Elevation Pattern
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2 n — — —Target Elevation v.
Update target parameters ! | | | | | | . . % ig . ' I . l . l .
50 100 150 200 250 300 350 400 = T U
Elevation Angle (deg)
Target range (km)
| Metrics and Requirements |
| Metric | Units | Threshold ‘ Objective | NewDesign
| Probability of Detection | | 0.75 | 0.9 | 1 v
| Min Detectable Signal dBm v| -70 ‘ -80 | -89 A
| Min Range m | Se+02 | 3e+02 | 15e+02 v
| Unambiguous Range krm v| 8 ‘ 18 | 1.5e+02 ~
| Range Resolution m ~| 50 ‘ 30 | le+02 X
| First Blind Speed m/s | 80 \ le+02 | 54 X
| Range Rate Resolution |mfs | 10 | 3 | 2.7 7
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note changes in the main MEIERE " [18.00 - _
Metric CMRws Detectabilty Erwironmental Pdws Range/Doppler Default Export
bOdy - Range Factor Losses Range Coverage Layout -
METRIC ANALYSIS LAYOUT | EXPORT A
J' Radar | Target | Environment | [ SMNRws Range ] Scenario Geometry 1
Current Radar MewDesign "| &, EME Q4 == NewDesign - Constant Elevation Angle Target
- 1
M MewDesign e e .., . . - . . .. . . .
ame | g ] 1 0.35 P
¥ Main 80 1 =
1 0.3 Free Space & Tamet Positions
Frequency v||9.5 70 I £ 0.25 Effective Radius = Inf kmn _ A PRadar
o -
Pulse Bandwidth 5 60 | — NewDesign Z 02 -7
= = = Ohjective Detectability _Em - — — = = ;k' —————————————
Peak Power ~|2 — = smam Threshold Detectability .15 -
. @507 = = =[Mazx Range -
Pulse width -2 = 0.1 P
@ 40 | : ' -
PRF v||? % 1 0.05 -
-t
¥ Hardware 30t : A
X 5 10 15 20 25 30 35 40
Moise Temperature v||950 K 20 ¢ 1 R PR -
Reference Noise Temperature 290 K DY) o oo s e~ s i s M D Antenna Elevation Pi
20 Pattern
[] Quantization Moise ol 1 =l — — —Target Elevation
: £ 20 L
. 1 1 1 | | | | i a0 } ) | L L
¥ Antenna and Scanning 5 10 15 20 25 30 35 40 = 80 60 40 20 0O 20 40 60 B0
: Elevation Angle (d
Antenna Height 110 m - Target range (km) evation Angle (deg)
Antenna Tilt Angle 0.5 deg v| | Metrics and Requirements 1
Antenna Polarization Horizontal ,| Metric Units Threshold Objective MewDesign
] ] - Probability of Detection 0.75 0.9 0.57 X
Transmit Antenna Gain Input From Beamwidth v| = = : :
Min Detectahble Slgnal dBm - -70 -90 -84 A
Azimuth Beamwidth |2 deg - Min Range m = Se+02 3e+02 3e+02
Elevation Beamwidth | deg - Unambiguous Range km | 8 | 18 | 21 #
Gain 3431 dai Range Resolution m - 50 ‘ 30 | 30 v
First Blind Speed m/s 80 le+02 | 1.1e+02 #
[ | Use Different Antenna for Receive Range Rate Resolution e 10 3 ! 55
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| DESIGNER B 4509 B@® e
- e o penge Consirant [\] (I ==K
1 —
= kY Duplicate 18.00
Mew Open Save Add Airport Metric CMRwvs Detectability |Erwironmental| Pdwvs Range/Doppler Default  Export
Sessionw Sessionw Sessionw Radar ﬁ Delete - Range Factor Losses ‘ Range Coverage Layout -
FILE RADARS METRIC ANALYSIS T S s
- . [view environmental losses for the currently selected radar|
| Radar | Target | Environment [ | SNRws Range [ [ Scenario Geometry [
Current Radar MewDesign '| Visualize environmental NewDesign - Constant Elevation Angle Target
Mame NewDesign 90 § losses 5,35 R e — -
¥ Main 80 1 =
1 0.3 Free Space & Tamet Positions
Frequency v||9.5 GHz - 70 1 £ 0.25 Effective Radius = Inf kmn A PRadar
-
Pulse Bandwidth |5 MHz - 60 | MewDesign f 0.2 e -7
— = = = Dhjective Detectability R — = o = = = = s e it e e e e
Peak Power -2 kw _|‘r @ 50 = smam Threshold Detectability .15 -7
—_— I - o - -
Pulse Width -2 s 3 o Max Range . o1 >
@ 40 | P
PRF v||? kHz - E 0.05 -
¥ Hardware 30 ¢ O
; B 5 10 15 20 25 30 35 40
Moise Temperature 1-'||55'5CI K 20 ¢ Ground Range (km)
Reference Moise Temperature [290 K 10 b E Antanna Elvation Pﬂﬁ'rpntt
Y ) N Y s, L B B = 20 altern
[] Quantization Moise ol T T g — — —Target Elevation
= -20 L B
d . . . . 1 . . ) % 40 | ! I I ! ' !
bbb ) Szl | s 10 15 20 25 30 35 40 = 80 60 40 20 0 20 40 60 B0
. Elevation Angle (deq)
Antenna Height 110 m - Target range (km)
Antenna Tilt Angle 0.5 deg v| _J' Metrics and Requirements 1
Antenna Polarization Horizontal ,| | Metric | Units | Threshold | Objective | MewDesign
] ] - | Probability of Detection | | 0.75 ‘ 0.9 | 0.92 v
Transmit Antenna Gain Input From Beamwidth v| | e | 9B | =0 | 50 | S
in Detectable Signa m - - =
Azimuth Beamwidth |2 deg - | Min Range m ~| Se+02 | 3e+02 | 3e+02 v
Elevation Beamwidth |6 deg - | Unambiguous Range km | 8 | 18 | 21 v
Gain 3431 dai | Range Resolution m - 50 ‘ 30 | 30 v
| First Blind Speed Im/s | 80 \ le+02 | 1.1e+02 v
[ ] Use Different Antenna for Receive | Range Rate Resolution s | 10 | 3 | 37 A
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1 Max Range Constraint - @ = .
of 3 B2 | ’ N X B ¢
Duplicate 18.00
MNew Open Save Add Airport Metric CMR ws Detectability |Environmental| Pdwvs Range/Coppler Default Export
Session= Session= Sessionw Radar ﬁ' Delete - Range Factor Losses Range Coverage Layout -
FILE RADARS METRIC ANALYSIS LAYOUT | EXPORT -
| Radar | Target | Environment | _J' SMR ws Range 1 Scenario Geometry Environmental Losses
¥ Atmosphere and Surface E,EMAa= 0.10- Radar Propagation Factor 2 {=|{" () C (}
1
" =
Free Space . & 000
¥ Precipitation 80 J
_ ! 0.10% Precipitation Loss
Precipitation Type Rain v‘ | 100
60 | — M ewDesign =
Model ITU v‘ = = = (Qhjective Detectability T z.00F
E. =aaaw Threshold Detectability 0.00k
Precipitation Start Range [0 km - = = = =MaxRange 010 Lens Effect Loss
Precipitation Range Extent [20 km - % A
. 7 5 0.00
Rain Rate 116 mmy/hr =
Statistical Percentage |D.Dl % gig' Atmospheric Gas Loss
Add rain precipitation X
T 0.00
=
. L i 1, i i i i 010 i": 1IEI 1I5 2IEI 2I5 3IEI 3I5 4IEI
s 10 15 20 25 30 35 40 Target range [km)
Target range (km) NewDesign |
| Metrics and Requirements |
Metric Units Threshold Objective | NewDesign
Probability of Detection 0.75 0.9 : 0.55 X
Min Detectable Signal dBm - -70 -80 ! 92 v
| Min Range m | Se+02 | 3e+02 | 3e+02 v
| Unambiguous Range krm v| 8 ‘ 18 | 21 v
| Range Resolution m ~| 50 ‘ 30 | 30 v
| First Blind Speed m/s | 80 \ le+02 | l.le+02 v
| Range Rate Resolution |mfs | 10 | 3 | 3.7 A
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| Desicner B4 Bl 9e0®e
F O e MastngeCondiat 1] 1] O v
= [ Duplicate 18.00
MNew Open Add Airport Metric CMR ws Detectability |Environmental| Pdwvs Range/Coppler Default Export
Session= Session= Sessionw Radar ﬁ' Delete - Range Factor Losses Range Coverage Layout -
FILE RADARS METRIC ANALYSIS LAYOUT | EXPORT &
| Radar | Target | Environment ' | SNRwvs Range | [ Scenario Geometry j Environmental Losses 1
Gain 34.31 dei 0.10n Radar Propagation Factor
[ Use Different Antenna for Receive . B .00
. ocharcal | 80 Update radar parameters to achieve =
Scan Mode echanica - . . ane .
objective probability of detection 010t Precipltation Loss
Azimuth Scan Sector Size [360 deg ~ 400
. — 60 MewDesign o i
Elewvation Scan Limits o 50 deg ~ = = = Dhjective Detectability Z 2000
=aaaw Threshold Detectability
Max Scan Rate 466.7 degjs 0.00F
= = =MaxRange Lens Effect Loss
Search Volume Size 5.441 sr 0-10r
Search Time 6.38 5 E 0.00
¥ Detection and Tracking gig: Atmospheric Gas Loss
Probability of False Alarm [1e-06 -
2 0.00
Number of Pulses 30 =
'I:Ill:l 1 1 1 1 1 1 1 1
Pulse Integration Coherent v| 5 10 15 20 25 30 35 40
Target range (km)
[ ] Constant False Alarm Rate (CFAR) Target range (km) MewDesign |
Murmber of CPIs 3 | Metrics and Requirements |
M-of-N CPI Integration Metric Units Threshold Objective . NewDesign
: . Probability of Detection 0.75 0.9 ' 0.81 A
Nurnber of CPIs with Detection |2 : y _ :
Min Detectable Signal dBm - -70 -80 99 v
CISensitvity Time Control (STC) | Min Range m -l Se+02 | 3e+02 | 3e+02 v
» Track Confirmation Logic | Unambiguous Range krm - | 8 ‘ 18 | 21 v
¥ Loss Factors | Range Resolution m ~| 50 ‘ 30 | 30 v
| First Blind Speed m/s | 80 \ le+02 | l.le+02 v
Eclipsing Statistical Loss '| | Range Rate Resolution Im/s | 10 ! 3 | 3.7 A
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Radar Designer - untitled* - Environmental Losses

P o Bl

B4 2l 9eB@ @

Export SNR vs Range MATLAB Script
Generate script to recreate SMR vs
Range plot for currently selected radar‘

Generate Metrics Report

report of numeric metrics

Atmospheric Gas Loss

| DESIGMER
n . Max Range Constraint @ @ = .
of 13 B . S N (K B ¥
[ Duplicate 18.00
Mew Open Save Add Airport Metric CMRwvs Detectability |Enwvironmental| Pdwvs Range/Doppler Default |Export
Sessionw Sessionw Sessionw Radar ﬁ Delete - Range Factor Losses Range Coverage Layout -
FILE RADARS METRIC ANALYSIS LAYOUT
| Radar | Target | Environment | | SNRvs Range | [ Scenario Geometry f_
Current Radar MewDesign v| L, =M 77} == 0.10-
: 1
Mame MewDesign =
| s 1 % 0.00 Generate formatted
¥ Main 80 1
! 0.10% Precipitation Loss
Frequency v||9-5 GHz - I
Pulse Bandwidth |5 MHz - 60 | MewDesign E4.DD-
— = = = Dhjective Detectability D 2.00F
Peak Power -2 kw - —_ = =mam Threshold Detectability
- > & = = =Max Range 0.00F Lens Effect Loss
Pulse width v| Hs - — 40| J 0.10F
a2
PRF -7 kHz = = =
L 3 0.00
¥ Hardware =
Moise Temperature v||950 K

Reference Moise Temperature [290 K

[] Quantization Noise

. . . . . . . . | 10 30 35 40
¥ Antenna and Scanning 5 10 15 20 25 30 35 40 Target range (km)
Antenna Height 110 m Target range (km) | NewDesign |
Antenna Tilt Angle 0.5 deg = | Metrics and Requirements |
g g q
Antenna Polarization Horizontal ,| | Metric | Units | Threshold | Objective | MewDesign
_ _ : | Probability of Detection | | 0.75 \ 0.9 | 0.81 A
Transmit Antenna Gain Input From Beamwidth v| | T T e S 9B | =0 | 50 | o
in Detectable Signa m - - - -
Azimuth Beamwidth |2 deg - | Min Range m ~| Se+02 | 3e+02 | 3e+02 v
Elevation Beamwidth | deg v| | Unambiguous Range krn | 8 | 18 | 21 v
Bl 3431 dEi | Range Resolution m - 50 ‘ 30 | 30 v
| First Blind Speed Im/s | 80 \ le+02 | 1.1e+02 v
[ ] Use Different Antenna for Receive | Range Rate Resolution mis | 10 | 3 | 37 A

1 1 1
15 20 25




= | Editor - /home/sjames/MATLAB/NewDesign.m SRR
| EDITOR PUEBLISH (2
. Find Files <a Insert fx g =
Ifl:::I (b ﬁ Ei:] = . . |> % [=] Run Section é?
[zl Compare = g2 GoTow Comment 9% %z 44 ,
Mew Open Save o= Breakpoints Run and @-Advance Run and
- - - @Print - L{Fir‘ld - Indent CHRE - - nce Time
FILE NAVIGATE EDIT EREAKPOINTS . : a
Newbesignm =[] Save and run to visualize SNR vs
1 bs Generated by MATLAB(R) 9.11 (R2021b) and Radar Toolbox 1.0 (R2021b). Range plot =
2 % Generated on: 20-Jan-2021 11:53:42 T
2l — .
4 %% Set up radar, target, and environment structs for the currently 4 Figure 1: NewDesign et o (=
3 % Radar design parameters File Edit View Insert Tools Desktop Window Help
6 - radar = designRadar('NewDesign');
7 | Dade |2 |0 & E
8 % Radar environment L
g - env = radarEnvironment(): SNR vs Range
10 100 1 I
11 % Radar target I SNR
12 - rangeLimits = [Z2.0000e+02 4.G|E|E|E|E+El4]; % m 1 = = =(bjective Detectability
13 - numTargetPositions = 1000; o o 80 1 = =mam Threshold Detectability
14 - target = radarTarget(radar,env,rangelLimits,numTargetPositions); 1 = = =Max Range
15 ] ] ] ] I Pass
15 %% Define constraints and design requirements I Warh
17 % Constrain analysis 1n range 60 L I Eail
18 - constraint.Range = 1.8000e+04; % m I
19 - m !
20 % Set design requirements = 1
21 -  PdThreshold = 7.5000e-01; % Decimal e 40 I
22 - Pdobjective = 9.0000e-01; % Decimal % I
23 1
24 %% Compute available SNR for the currently selected radar ap | I
25 % Calculate propagation factor I
26 - Fprop = propagationFactor(radar,target); I
27 - A T
28 % Calculate environmental losses 1 e e e
29 - Latmos = atmosphericLosses(radar,env,target); I
30 !
3l % Calculate range-dependent factors >0 . . . ' . . . .
32 - Fcustom = rangeDependentlLosses(radar,target); i 5 10 15 20 55 30 35 a0
> R k E
34 % Calculate signal-to-nolse ratio (ShR) ange (km) | =
UTF-8 Ln Col 1
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Radar Designer - untitled* - Environmental Losses

[oan (=]

3

| DESIGNER B 4 &b 09 e a0l ®
- e o ronae consrant ][] = | ¢
1 1] i —
[ Duplicate 18.00
Mew Open Save Add Airport Metric CMRwvs Detectability |Enwvironmental| Pdwvs Range/Doppler Default |Export
Sessionw Sessionw Sessionw Radar ﬁ Delete - Range Factor Losses Range Coverage Layout -
: FILE : RADARS : METRIE ANALYEIS _ LAYOUT | Export SNR vs Range MATLAB Script
| Radar |_ Target | Environment | | SNRws Range | | Scenario Geometry r Generate script to recreate SNR vs
B ; B Range plot for currently selected radar
Current Radar MewDesign v| £, 5 ME Q= T Rz ge p b
i 1 - Generate Metrics Report
Mame MewDesign p
| s 1 % 0.00 Generate formatted
¥ Main 80 1 report of numeric metrics .'
1 -0.10b ~Precinitation Loss
Frequency v||9-5 GHz - I g
Pulse Bandwidth |5 MHz - 60 | MewDesign 54'00_
— = = = Objective Detectability D z2.00F
Peak Power -2 kw - = = «mam Threshold Detectability 0.00k
. = = = = [zx Range :
Pulse width b |2 Hs - E 40 0.10~ Lens Effect Loss
PRF -7 kHz = = & op0
A !
¥ Hardware =
Moise Temperature v||950 K 'g'ig: Atmospheric Gas Loss
Reference Moise Temperature [290 4 =
2 0.00
[] Quantization Noise =
: 010 5 10 15 20 25 30 35 40
¥ Antenna and Scanning Target range (km)
Antenna Height 110 m Target range (km) | NewDesign |
Antenna Tilt Angle 0.5 deg v| | Metrics and Requirements |
Antenna Polarization Horizontal ,| | Metric | Units | Threshold | Objective | MewDesign
_ _ : | Probability of Detection | | 0.75 \ 0.9 | 0.81 A
Transmit Antenna Gain Input From Beamwidth v| - =
| Min Detectable Signal dBm v| -70 | -90 | -99 v
Azimuth Beamwidth [2 deg - Min Range m - Se+02 \ 3e+02 | 3e4+02 ~
Elevation Beamwidth | deg v| | Unambiguous Range krn | 8 | 18 | 21 v
Bl 3431 dEi | Range Resolution m - 50 ‘ 30 | 30 v
| First Blind Speed Im/s | 80 \ le+02 | 1.1e+02 v
[ ] Use Different Antenna for Receive | Range Rate Resolution mis | 10 | 3 | 37 A
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| EDITOR

'ﬂ:‘ - [QFind Files <z

PUEBLISH

Insert = fx

Editor - untitled5*

g

|> % [=] Run Section

&

- - L= T
Mew Open Save Cumpare < T Comment % % % Breakpoints Run RFun and @Advance Run and
- - v = Print - (4 Find = Indent & [ - - Advance s
FILE NAVIGATE EDIT EREAKPOINTS RUN a
| untitleds* = | + |
B threshold = [0.75; -70; S00; 8; S0; 80; 10; S; 0.4; 1; 3; 0.95; le-08; 1000; 3500]; TE[
8 objective = [0.9; -90; 2300; 18; 30; 100; 3; 2; 0.2; 0.5; 1; 0.99; le-12; 2500; 4200]; —
9 radars = "NewDesign";
10 reqTable = table(units,threshold,objective);
11 reqTable.Properties.VariableNames = ["Units", "Threshold", "Chjective"];
12 reqTable.Properties.RowNames = metrics;
13 Tl
14 % Create metric results table
15 results = [0.80886
16 -98.6125
17 2899, 73925
18 21.4137
19 29,9792
20 110. 4499
21 3.6817
22 3.6932
23 0.30279
24 0.90835
25 0.45356
26 0.95347
27 1.8057e-13
28 5.4
29 0.42794];
30 resultsTable = splitvars(table(results));
il resultsTable.Properties.VariableMames = "NewDesign";
32 resultsTable.Properties.RowNames = metrics;
33
34 % Create metrics and requirements table —
35 metricsTable = cat(2,reqTable,resultsTable) Uncomment this line to get a
36 . .
37 % Output metrics and requirements table to spreadsheet SpreadSheet’ which can be Opened It
38 %s writetable(metricsTable, 'metricsTable','FileType', 'spreadsheet', 'WriteRowNames',true)| Excel or other Spreadsheet software R
39 -
K i | ]

|5cript |Ln 38

Col
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& | Editor - untitled5* fae o B3 e

| EDITOR PUBLISH

HI}, ™ [QFind Files <z Insert = fx - D % e (r?

[ElCompare v gy GoTow Comment % % #d

Mew Open Save Breakpoints Run RFun and @Advance Run and
- - v = Print - (4 Find = Indent & [ - - Advance s
FILE NAVIGATE EDIT EREAKPOINTS RUN a
| untitleds* = | + |
B threshold = [0.75; -70; S00; 8; S0; 80; 10; S; 0.4; 1; 3; 0.95; le-08; 1000; 3500]; TE[
8 objective = [0.9; -90; 2300; 18; 30; 100; 3; 2; 0.2; 0.5; 1; 0.99; le-12; 2500; 4200]; —
9 radars = "NewDesign";
10 reqTable = table(units,threshold,objective);
11 reqTable.Properties.VariableNames = ["Units", "Threshold", "Chjective"];
12 reqTable.Properties.RowNames = metrics;
13 Tl
14 % Create metric results table
15 results = [0.80886
16 -98.6125
17 2899, 73925
18 21.4137
19 29,9792
20 110. 4499
21 3.6817
22 3.6932
23 0.30279
24 0.90835
25 0.45356
26 0.95347
27 1.8057e-13
28 5.4
29 0.42794];
30 resultsTable = splitvars(table(results));
il resultsTable.Properties.VariableMames = "NewDesign";
32 resultsTable.Properties.RowNames = metrics;
33
34 % Create metrics and requirements table
35 metricsTable = cat(2,reqTable,resultsTable) Uncomment this line to get a
36 . .
37 % Output metrics and requirements table to spreadsheet SpreadSheet’ which can be Opened It
38 writetable(metricsTable, 'metricsTable', 'FileType', ' 'spreadsheet', 'WriteRowNames',true) Excel or other Spreadsheet software R
39 -
K i | ]

UTF-8 ' script Ln 38 Col 86




MATLAB EXP

HOME 5 =] e D - Search Documentation O (I SRSt al]
O 6 a8 & W I ®H &
Design Get More Install Package Curve Signal Wirel - anQo 0 N RF Budget Classifica... Deep Deep
App Apps App App Fitting Analyzer Wave Analyzer MNetwaork ...  Metwork ...
FILE x
<a = & @l B/ » home » sjames ¢ MATLAE » - Qo
d ommand Window ¥  Workspace ™
MName & Size Dat == NewDesignMetrics Name £ |VE|UE
archive 1/2021 11:04:.., metricsTable = =t metrics 15x1 string
no_ve 01/14/2021 04:19:.., 15x4 table | metricsTable 15x4 table
We 04/10/2020 10:50:.., Units Threshold Objective NewDesign EI_EI objective 15x1 doublg
metricsTable xIs 12 KB 01/20/2021 11:55:.., =] radars "NewDesign
#) NewDesign.m 5 KB 01/20/2021 11:53:.., Probability of Detection o 0.75 0.9 0.80886 ‘| reqTable 15x3 table
aNewDesignMetrics.m 2 KB 01/20/2021 11:54:.., Min Detectable Signal "dBm" -70 -9 -98.612 BHFESUHS 15x1 doubld
Min Range "m" 500 300 299.79 = resultsTable 15x1 table
Unambiguous Range "lm" g 18 21.411.’ H_Elthreshold 15x1 dot_.lb!e
Range Resolution "m 50 30 29.979 =t units 15x1 string
First Blind Speed "mfs" 80 100 110.45
Range Rate Resolution "m/s" 10 3 3.6817
Range Accuracy m" =1 2 3.6932
Azimuth Accuracy "deg" 0.4 0.2 0.30279
Elevation Accuracy "deg" 1 0.5 0.50836
Range Rate Accuracy "mSs" 3 1 0.45356
Probability of True Track nu 0.95 0.99 0.96347 | | L»
Probability of False Track o le-08 le-12 1.8067e-13 Command History @
Effective Isotropic Radiated Power MW" 1000 2500 5.4 rauaruvesiygner -usuuy r
Power-Aperture Product el -m2 " 3500 4200 0.42794 MewDesign |
_fa‘r_ Y cle
clear all
close all
cle
NewDesignMetrics
= openExample(' radar...
Details o 2w radarDesigner -debug
NewDesign
NewDesignMetrics
cle
Select a file to view details clear all
close all
cle 7
MewDesignMetrics

26



MATLAB BEXIPPO

3 Things We’ll Cover Today

= (history)

Challenges Radar System Engineering Modeling and Simulation

Selecting the right level of model abstraction

Multifunction operations in harsh Making engineering trade-offs early in the
environmental conditions for smaller targets design cycle

27



MATLAB B

Authoring surface, air and space scenarios for radar applications

Model Model Model Simulate
Platforms and Targets Trajectories Sensors scenarios

Object Dimensions Use kinematic properties Radars on platforms Generate radar data
bounding box acceleration, angular velocity Mounting position and orientation of 1/Q signals, detections, tracks
radar sensor on platform
Y
— P - _ AN T T
H ?_O%S_E:-__ > Platform frame | \_ > / |
_ : Use waypoints |
RCS signature position, orientation, time of arrival, - | 0
Az, el pattern ground speed, climb rate o
frequencies dependency
fixed NED or ENU frame (Xx,y,z) or,
geo-referenced (lat, lon, alt)
INS sensor Monte Carlo
platform self-awareness ~ perturb ground truth and sensor
sensor to platform frame conversion to increase testing robustness

28
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You can also evaluate detectability for the scenario

Line-of-sight (LOS) and SNR over terrain Iterate on design to increase detectability

Terrain source: SRTM 3 arc-second resolution. Data available from the'U.S. GeologicalSurvey. = Source: Esri, Maxar,
GeoEye, Earthstar Geographics, CNESIAirbus' DS, USDAT USGS, AeroGRID, IGN, and the GIS User, Community

[Terrain source: SRTM 3 arc-second resolution. Data available fromthe U.S_ Geological'Survey. *'Source: Esn, Maxar,

GeoEye, Earthstar Geographics; CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User. Communi

Colors other than red: SNR Green: Target detectable
Red: No LOS Red: No LOS/target non detectable

29



Poll question

= What can we do to increase the target’'s detectability (select all that apply)?

a) Increase the radar transmit power

b) Integrate the radar returns over multiple pulses
c) Increase the height of antenna

d) Turn off the target’s cloaking device

SRR N

Te;ransotm SRTM 3 arc-second resolution. Data available from the U.S. WSUNEY' Source: Esri, Maxar,
(GeoEye, Earthstar Geographics, CNESIAirbus DS, USDATUSGS, AeroGRID, IGN, andthe GIS Usen Community




Radar Modeling and Simulation

Model Model

Trajectories

Platforms and Targets

Model
Sensors

MATLAB EX

Simulate
scenarios

for m = l:num pulse int
% Update sensor and target positions
[sensorpos, sensorvel] = sensormotion(l/prf);

[tgtpos, tgtvel] = tgtmotion(l/prf);

Calculate the target angles as seen by the sensor

[tgtrng, tgtang]

= rangeangle (tgtpos, sensorpos) ;

Simulate propagation c ulse in direction of targets
pulse = waveform ) ;
[txsig, txstatus] = transmitter (pulse) ;

txsig = radiator (txsig, tgtang) ;
txsig

channel (txsig, sensorpos, tgtpos, sensorvel, tgtvel) ;

s Reflect pulse off of targets

tgtsig = target (txsig);

t Receilve target returns at sensor

rxsig = collector(tgtsig, tgtang) ;

rxpulses(:,m) = receiver (rxsig,~(txstatus>0));

[ Modify Simulation Parameters | Wideband Radar with One Target in a Separable Multipath Environment Info
¥ x
Linmar FM Y Tr [RadarPos) Post
TR P—
Poslo>—»posa Wietand TRy K
[RadacVel] [vial1 Target
Vel el -ﬂ‘,I osl Vel
L T Foth Target Moson and RCS
e U
L.,cil ragertved >
Taepat] Pos]
X
o Signal Processing — x
TR Pos1 [M—seTanget Pos]
Seretch e e e Rove e Widaband Two-Flay pos e [RadarPos]
el [ [Torget1Ved)
Fo [RadarPos]| [Radarviol]
Platicem : WelZ [
Vel > [nmq' Fix Path
Radar Motion
Tx/Rx Channel Target

31



Radar Modeling and Simulation

Model

Platforms and Targets

Model
Trajectories

Model
Sensors

MATLAB EXF

Simulate
scenarios

sensor =

radarDataGenerator with properties:

SensorIndex:
UpdateRate:
DetectionMode:
ScanMode:
InterferencelnputPort:

EmissionsInputPort:

MountingLocation:

MountingAngles:

FieldOofView:

Rangel.imits:
DetectionProbability:
FalseAlarmRate:
ReferenceRange:

TargetReportFormat:

Show all properties

1
53.5714
'Monostatic'

'Mechanical'

0

0

[O O =-15]
[O O O]
[1.4000 5]
[O 100000]
0.9000
1.0000e-06
100000

'Clustered detections'

sensor iq =

radarTransceiver with properties:

Waveform:
Transmitter:
TransmitAntenna:
ReceiveAntenna:
Receiver:
MechanicalScanMode:
InitialMechanicalScanAngle:
MechanicalScanRate:
ElectronicScanMode:
MountingLocation:
MountingAngles:
NumRepetitionsSource:
NumRepetitions:

[1x1 phased.
[1x1 phased.
[1x1 phased.
[1x1 phased.
[1x1 phased.

'Circular'
-0.1000

75

'None'
[00 =15]
[0 0 0]
'Property'
1

LinearFMWaveform]
Transmitter]
Radiator]
Collector]

ReceiverPreamp]

32



MATLAB BEXIPPO

Radar data synthesis spans a range of fidelity levels

gh Sensor and Environment Fidelity Low

Raw 1Q signals | Detections (point cloud) | Clusters Tracks

[ ]
,,,,,,,,,,,

o)

Radar

Waveform-level Model Measurement-level Model

33
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Dynamically switch between waveform-level & measurement-level models

10000 r

. gown gear P

Targas Ground Trutn

o At

#  Sikskcal Dowcion
Dutantion,

60000
-30000-20000-10000 0 10000 20000 30000

4

Transitioning From
Statistical to Physics
Based Radar Models

This treats a radar as a perception
system that uses an antenna or
antenna array to capture RF energy.

Open Live Script

¢Sensor =

radarDataGenerator with properties:

SensorIndex:
UpdateRate:
DetectionMode:
ScanMode:
InterferenceInputPort:

EmissionsInputPort:

MountingLocation:

MountingAngles:

FieldOfView:
RangeLimits:

DetectionProbability:
FalseAlarmRate:
ReferenceRange:

TargetReportFormat:

Show all properties

1

53.5714
'Monostatic'
'Mechanical'

0

0

[0 0 —15]
[0 0 O]

[1.4000 5]
[0 100000]

0.9000
1.0000e-06
100000

'Clustered detections'

10000 T T T T
0 ‘Fmpﬁ lFMar
-10000

—. =20000
£

>
-30000

-40000

-50000 ‘T arget!

A Target Ground Truth
A B Radar
fgareel @  Statistical Detection

-60000
-30000-20000-10000 O

X (m)

10000 20000 30000

Measurement-level Model

(Statistical)

Echo Magnitude (V)

sensor_iqg = radarTransceiver (sensor);

sensor iq =

radarTransceiver with properties:

Waveform: [1x1 phased.LinearFMWaveform]
Transmitter: [1x1 phased.Transmitter]
TransmitAntenna: [1x1 phased.Radiator]
ReceiveAntenna: [1x1 phased.Collector]
Receiver: [1x1 phased.ReceiverPreamp]
MechanicalScanMode: 'Circular'

InitialMechanicalScanAngle: -0.1000
MechanicalScanRate: 75
ElectronicScanMode: 'None'

MountingLocation: [0 0 -15]
MountingAngles: [0 0 0]
NumRepetitionsSource: 'Property'

NumRepetitions: 1

10000 T T T T T

. A Target Ground Truth
o | ‘ ‘ ‘ B Radar
o | @aoen  gRadar &2roeY ¢  Statistical Detection
B | O 10 Detection
ol 1 -10000 [
of ]
. -20000 [
E
Wl =
=
A -30000
Al N -40000 |
1L
-50000 dargeﬁ
. o ‘
o 5 4 6 8 10
Range (m) x10% -60000 * * * - -
-30000-20000-10000 O 10000 20000 30000

X (m)

Waveform-level Model
(Physics-based) 34
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You can then apply a range of signal and data processing algorithms

Beamforming Detection (CFAR)

e . | : S — Cell Under Test
2*" MWNJMM i ‘v M‘WWM‘W& ‘ f Training / Training
. » ot ; I ;:j Cells % Cells

%‘,Zm&WM g W L o b \/

0 1000 2000 3000 4000 5000 600N 7000 BOOD 9000 10000
Guard Cells Time Index

Match eg‘ filtering R Clustering (DBSCAN)

=

" 100
— _ -0
S B
H S
S 5
5 ; H
H — H
& 130 g &
-140 - o
B
150 7 50
K
160 W ©0
0 10 20 30 40 50 ive ° 1o 2
s

sssssss

‘‘‘‘‘‘‘‘‘

|

i
f

ERRRRE/

before
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These types of models can scale to larger radar systems

Theater Plot

eeeeeeeeee

Z (km)
o 3]
:
8
:
{1
m
I3
(m)
e

4 ", )

30 . J

< -1200

20 .

10 3« : v

0 S 60 -1300

- 4 | —1
1200 1300 1400

Y (km) -30 ) . ) 20
600 700 800 900 1000
Y (m)

Multifunction Radar Maritime surveillance

System of radar systems



Download handout with more information related to this session



MATLAB B

Radar Architecture Modeling: System partitioning & requirements

allocation

Define
Requirements

Model System
Architecture

Design
Components and

Link Requirements

Virtual Test Bed to Components

Detection

Detect a target with 1m2 RCS at 6 km
Pd must be at least 0.9

Pfa must be no more than 1e-6

Resolution
Resolve targets that are 70 m apart in
range

Waveform Generator

Resource Scheduler

v
Signal Processor

using System Composer ™

o -
Receiver Array

Transmit Array

e —, = | using Simulink Requirements ™
Apps
Pulse Waveform Analyzer

Sensor Array Analyzer
Radar Designer

38
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Test automation & requirements traceabllity: Manage changing

requirements

Simulate

Components

Author tests and
manage test results

Trace tests results
back to requirements

Manage changing
requirements

Blocks Libraries
Waveforms, Tx/Rx arrays, signal
processing algorithms, targets,
channels, clutter, etc.

using Simulink

App

Test Manager

i =1 ] EH 8 swme Wl o @
sme [ Vikaite WA frzan Pesenss | bep

3
HISERe

using Simulink Test ™

o ;
H 38| E|l§| 88
Li H sl el 28
H g8 E|z|3l3
Ely|la| gl 2|2kl ¢
e g 000D DD
VP ljrﬂl“
v Link s
RY Maximum rang < <

using Simulink Test ™
using Simulink Requirements ™

Automated process
enables quick iterations

___J

~ PARAMETER OVERRIDES*

PARAMETER SET / WORKSPACE VARIABLE | OVERRIDE VALUE
= |+ Parameter Set 1

| tatpos [8000;0;0]
+' tgtres 1
| tatvel [0;0;0]

using Simulink Requirements ™
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3. Signal Processing
* Phased Array System Toolbox

* LTE Toolbox
L * 5G Toolbox

* RF Toolbox
* RF Blockset

Antenna/RF Slgna.l Data Processing
Processing
| Resource
Management

2. RF Front-end
* Antenna Toolbox

& Control

-0

- s [ e

mgmm?uuﬁ’énmm re=olution. Data available fromihe LLS. Geological Survey. - Source: Esri, DigitalGlobe. GeoEye, Earfhstar Geographics,
- : ot

NES/Airbus DS, USDA! USGS, AeroGRID, IGN; and the GIS User Commurit: N

B

(- )
4. Data Processing
) ) \ * Sensor Fusion & Tracking Toolbox
(1. System Engineering * Signal Processing & Wavelet Toolboxes
* Radar Toolbox R2021a * Statistics & Machine Learning Toolbox

* Mapping Toolbox * Deep Learning Toolbox
* System Composer \.

J

Green indicates tools used in this session 40
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MATLAB, Simulink, & Radar Toolbox can help you with radar system

design

(

Radar Systems

e

\
Environment

Antenna/RF Signal Processing Data Processing

=

il

&

‘ Development Platform *ﬁ {‘

£
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Please visit our website for more information

MATLAB and Simulink for Radar Systems

Design, simulate, test, and deploy multifunction radar systems

https://www.mathworks.com/solutions/aerospace-defense/radar-systems.htmi
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