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Two Personas using Radar Sensor Models
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Three Abstraction Levels for Support of Full Radar Life Cycle

Less More
Power-level Measurement-level Waveform-level
Link Budget Detections Raw 1Q
: : | -$rmdorigm I SNR (dB)
[ IRadar ID1 FoV/ [ Road 52
:‘: B | RSSO o Ao dbitine
ol 1 50
Easr | = 88
15[ E 465
st ]E/ 44
30 20 10 Y?m) 10 20 30 W f B W %
Y (m)
Applications: Concept Dev/Design, Applications: Systems Analysis, Applications: Algorithm Development,
Systems Analysis Scenario Analysis, Tracker Design End-to-End Performance Assessment

* See Design and Simulate an FMCW Long-Range Radar (LRR) Example here 4


https://www.mathworks.com/help/radar/ug/generating-and-processing-radar-iq-data-using-radartransceiver.html
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Radar Data Synthesis

Micro-Doppler signatures
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Clutter and Channel Modeling

RDM - with terrain shadowing
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The Reality is...
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Test and Verification of the Radar

Radar Sensor Models

=l Detections Detections
World / > Radar Sensor ) Tracks World / Radar Sensor Tracks
Truth Truth
===l |Q Data
Lidar Sensor
Antenna RF Signal
Front-End || Processing Camera Sensor

Ultrasound Sensor

Physical Radar Hardware

" q Detections

sl Tracks
=P |Q Data

i

TEST
AND

MATLAB EXPO

VERIFICATION

-



Connect MATLAB to Hardware

25 mathworks.com/hardware-support/home.html

‘ MathWorks®  products  Solutions  Academia Support  Community  Events

Hardware Support

= Live Data
Streaming to and
from Hardware

Overview  Search Hardware Support  Request Hardware Support

= Generating Code Connect MATLAB and Simulink to
and Targeting Hardware
Hardware Search for supported hardware Q

— Explore hardware by vendor — v

Popular: ARM®, Arduino®, Intel®, National Instruments™,
Raspberry Pi™, AMD®, Android™, STMicroelectronics®, Keysight™

MATLAB BXIPPO

* © H O
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Get MATLAB L) sss
Search Hardware Support Hardware Support ~ Q
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Before Tl Radar Support
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Getting Started with TI mmWave Radar Sensors

Required MathWorks® Products

= MATLAB®
= Radar Toolbox

= Radar Toolbox Support Package
for Texas Instruments mmWave
Radar Sensors

The support package provides support
for these EVMs:

=TI IWR6843|SK mu—)
= TI AWR6843ISK

TI IWR6843A0PEVM
= TI AWR6843A0PEVM
= TI AWR1843A0PEVM
= TI AWR1642BOOST
= TIIWR1642BOOST
= TIIWRL6432BOOST

MATLAB EXPO
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Support Package for Texas Instruments mmWave Radar Sensors

4\ Add-On Explorer = a x

Contribute Manage Add-Ons

Radar Toolbox Support Package for Texas Instruments mmWave Radar Sensors )
by MathWorks Radar Toclbox Team 238 Downloads
Updated 20 Mar 2024

Acquire radar data from Texas Instruments millimeter wave sensor evaluation modules

Overview Reviews (3) Discussions (0)

Using the Radar Toolbox Support Package for Texas Instruments® mm\Wave Radar Sensors, you can connect, configure, and acquire radar data from Texas Instruments millimeter wave (mm\Wave) Sensor Evaluation
Modules (EVMs)

‘You can use the support package to obtain the real radar data and use it with the capabilities in Sensor Fusion and Tracking Toolbox™ to build, test, and validate tracking applications

Features
= Connect, configure, and stream radar measurements from Tl mmWave Radar EVM into MATLAB
= Read real object detections and other radar measurements such as Range profile, Noise profile, Range Doppler response, etc

= Use the multi-object tracker functions in Sensor Fusion and Tracking Toolbox along with the support package to develop and test tracking applications

Supported Hardware

= IWRE843ISK

AWRBB43I1SK

IWRBEE43A0PEVM

AWRBE43A0PEVM

AWR1843A0PEVM
IWR1642BOOST

AWR1642BO0OST
IWRL6E432BOOST

12
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Hardware Setup screens

4] Hardwere Setup

(@] Hardware Setup = o x (4 Hardware Setup. o X {4 Hardware Setup - o x

g Mode > Flash Binary > Enable Functional Mode > Verify Radar Data Acqui

Enable Flashing Mode > Flash B Enabh A Enable Flashing Mode > Flash Binary > Enable Func Y o Enable Flashing Mode > Flash Binary > Enable Funciional Mode > Verify Radar Data Acquis
Enable Flashing Mode (Step 1 of 3) Enable Flashing Mode (Step 2 of 3) Enable Flashing Mode (Step 3 of 3) Flash Binary
Set the switches as shown in the image below ARLNG ST Connect the micro-USB cable to the Radar device at the connector shown and then to a PC. LEDs on  What to Consider Reset the board by pressing and releasing the reset button 'S2' shown in the image The green LED ~ What to Consider Choose config port Choose data port: ARTTE S
Prepare the radar board to dovnioad s daves StotIT o TN cot St et oA 0 T near 3 will toggle off and on when the switch is pressed and released Reseting ensures the switches are Select the serial ports and flash
binary by sefing the swiches on board e latched corectly. [coms [+]  [coms ] mmiVave demo binary (Out-of-bax
= = ‘demo) to the Radar beard
Switeh State OB Click ‘Refresh’ to update the config and data ports
GE] on Suith posifions are same for What to Consider
572 o IWRES431SK, AWRBE43ISK, and Config port name will be seen as either
i © . To flash binary to the board, click 'Flash Binary’ User UART or Enhanced COM partin
- " Device manager. Data port name will be.
sid on - Flash Binary seen as either Data Port or Standard
$15 off o S, (GOM port in Device manager.
518 off
— Ensure that you 00 not have any other
(©2.RST) ‘connections to specified serial ports
M vicro U3
i
== Comer N vees (o ] [ ) (e o)
4] Hardware Setup - [u] X 4 Hardware Setup - o X 4 Hardware Setup - o X 4] Hardware Setup - o X
Enable Flashing Mode > Flash Binary > Enable Functional Mode > Verify Radar Data nable Flashing Flash Binary > Enable Functional Mode quisition Enable Flashing Mode > Flash Binary > Enable Functional Mode > Verify a Acquisition Enable Flashing Mode > Flash Binary > Enable Funclional Mode > Verify Radar Data Acquisition
Enable Functional Mode (Step 1 of 3) Enable Functional Mode (Step 2 of 3) Enable Functional Mode (Step 3 of 3) Verify connection
Set the switches as shown in the image below SURTEIT ST Connect the micro-USB cable to the Radar device at the connector shown and then to a PC.LEDs on  What to Consider Reset the board by pressing and releasing the reset button ‘S2' shown in the image The green LED ~ What to Consider Ghoose config port Choose data port About Your Selection
Frepare the radar board to configure the device should tum on. Communication and pover supply 1o the near §3 will toggle off and on when the switch is pressed and released Resetting ensures the switches are Wihen you cick Test Gonnection,
and read data from the radar board by radar device is via the USB connection. latched correctly ‘ COM5 | v ‘ COM6 | v MATLAB completes the configuration of
Sefting the switches on board.

the T mmiave radar sensor and reads

o

Switch State the data. If you observe that the format
5 S ST Click "Test Connection' to check if MATLAB acquires data from Tl of the received dafa is 3s expected, the
H S11 Off S T T - mm\Wave Radar sensor. Hardware Setup is sucoessiul
£ ] si2 off IWRESA3ISK, AWRGS43ISK. and i

S1.3 On =

S14 On

Green LED
$15 Off near switch S3
S18 Off

Reset bution
(52, RST)

Micro USB Micro USB

[ cancel | [ Next> | <Back [ Cancel | [ Next> <Back

Coms ) (e
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mmWaveRadar Object

rdr =

mmWaveRadar with properties:

Show all properties all functions

BoardName:
ConfigPort:
DataPort:

ConfigFile:
SensorIndex:

MountinglLocation:
MountingAngle:

UpdateRate:
RangeResolution:
RangeRateResolution:
AzimuthResolution:
ElevationResolution:
MaximumRange:
MaximumRangeRate:

>> rdr = mmWaveRadar(“TI IWR6843ISK")

“TI IWR6843ISK"
"com7*"
"Ccom8™

"C:\Prototype\MaxRangResolution.cfg"
1

[0,0,0]
[0,0,0]

1
4.400000e-02
1.300000e-01
14

25

10

5

>> [objDets, time, measurements, overrun] = rdr()

objDetections =
3x1 cell array

{1x1 objectDetection}
{1x1 objectDetection}
{1x1 objectDetection}

time

measurements =

struct with fields:
RangeProfile:
NoiseProfile:
RangeDopplerResponse:
RangeAngleResponse:
RangeGrid:
DopplerGrid:
AngleGrid:

overrun =

[256%1 double]
[256%1 double]

[256%16 double]
[256%63 double]
[256%1 double]

[16x1]
[64x1]

MATLAB EXPO

14



Tl mmWave Radar Board Configuration

mmWave Demo visualizer

application

Save config to PC (.cfg)

Platform

Antenna Config
Desirable Config
Frequency Band

mmWave Demo Visualizer

Setup Details

RCS

Platform XWRT6xx w Desired Radar Cross Section (sq. m)
SDK version (¥) 36 v Maximum Range for desired RCS {m) 38.208

Antenna Config (Azimuth Res - deg) ARx,2Tx(15 deqg) ~ RCS at Max Unambiguous Range (sg. m) 1.452631

Desirable Configuration Best Range v Console Messages

Frequency Band (GHz) 7781 v

Calibration Data Save/Restore

Scene Selection
Frame Rate {fps)

Range Resolution (m)

Maximum Unambiguous Range (m)
Maximum Radial Velocity {my/s)

Radial Velocity Resolution (my/s)

Plot Selection
Scatter Plot

Range Profile

[] noise Profile

SEND CONFIG TO MMWAVE DEVICE SAVE CONFIG TOPC @ RESET SELECTION

None  ~ _x'l FOO0D

—e ]
1 30
.
|
0.977 0.061
—_— o
5 50
— !
|
0.32 5.89
0.39 w

[C] Range Azimuth Heat Map
[ Range Doppler Heat Map

Statistics

CLEAR CONSOLE

(+) For SDK 2.1 LT3 release, please use this link: https://dev.ti.comsoal lerysyiew/mwave/mmlave_Demo_Visualizersvers/2.1.04

MATLAB EXPO
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TI mmWave Radar Examples

Getting Started with Radar
Toolbox Support Package for
Texas Instruments mmWav...

Use Radar Toolbox Support Package
for Texas Instruments® mmWave
Radar Sensors to configure and read
detections (point cloud data) and

People Tracking Using Tl
mmMWave Radar

Use data captured using the Texas
Instruments (TI) mmWave radar for
tracking people in an indoor
environment. You learn how to use a

RG]

Track Objects in a Parking
Lot Using T mmWave Radar

Use data captured using the Texas
Instruments (TI) mmWave radar for
tracking objects in a parking lot. You
learn how to use a processing chain

16



People Tracking Using TI mmWave Radar

X (m)

_ =

Radar
Point Cloud

Static
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Removal

Dynamic Radar
Point Cloud

DBSCAN
Clustering

Grouping

Centroid
Estimation

Centroid Position
and Uncertainty

Point Cloud
Centroid Estimate
Tracks

(history)

Point tracks

.

MATLAB BXIPPO
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Track Objects in a Parking Lot Using TI mmWave Radar

B DBSCAN Centroid JIPDA [
Clustering Estimation Tracker T
Radar )
Point Cloud Grouping

Centroid Position
and Uncertainty

©  Point Cloud
® Centroid Estimate
B Tracks

(history)

X (m)

MATLAB BXIPPO
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Live Demo at the Demo Booth

4\ MATLAB R2024a @ Figure 2

File Edit View Insert Tools Desktop Window Help
by H E0cas @08 E

New Open Save ﬁ
A v - H

FILE

-
~ - #  Point Cloud
<=5 @ a ﬁ " ® Centroid Estimate | ..
Current Folder B Tracks ®
a hi
Name Radar Tracking using DBSCAN and JPDA (histay)
B 7 videos 8 T T T T T T T =
#) generateCodem
%) HelperTRadarTrackin| 7L | erswkevinsuh#OneDrive - M
5| PeopleTrackingCode ]
0O ShortRangePeople.cf( 6F -
[] shortRangePeaple2.¢ I
0D ShortRangePeople3.c I
i} ShortRangePeopleTri| 5k = VperTIRadarTrackingDisplay
A trackerAlgorithm.m P
<) trackerAlgorithm_me! 3
~ 4 —
> 1429;-11.5169,0.0956]
3r .
uble
Jical
2k -
o -
38,-0.1501,-0.7009;-0.1501
L 1 1 1 1 1 mWaveRadar
-4 -2 0 2 4 6 8
Y (m) |;-0.2389;-0.5941,-0.2292]
uble
00
icker/JPDA
JectTrack
T .
Zoom: 110% UTF-8 [LF | script [tn 76 col 1

MATLAB EXPO

19



DBSCAN Clustering — Centroid Estimation
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Trackers for Various Applications

Flock View Flock Center

BIRD'S-EYE SCOPE PROPERTIES

| g Add Group @ Jdy

C Settings Pause Stop World Legend

Coordinates
VIEW

Road Boundaries DRadarCoverage W Tracks

ALS

]
%
5

5
i

~ Ground Truth

Road Boundaries

Lane Markings

Barriers
~ Actors

Actor 1 (ego vehicle)

~ Sensor Coverage

Vision 6700
~ Radar

1 Front-facing long-range ra

3 Left-facing short-range rac | 700 6200 (m
2 Rear-facing long-range rai
4 Right-facing short-range r¢
Lidar
~ Detections

Vision

Radar
Lidar

~ Tracks

Longitudinal Distance {m)

Tracks for BES

~ Other Applicable Signals
Unit Delay
Track prediction
Targets

Front-facing long-range radar d

Ego Pose

\
Concatenation:1
Left-facing short-range radar de
Rear-facing long-range radar de
Record detections:1

0 Lateral Distance (m)

Znc, Bl Mo, v, balnde Seg spticy, CHESuy LS UECA, LECS, w5 D, el B &




Key Takeaways

Recorded
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Key Takeaways
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