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Agenda

The advantages of mmWave radar

* Functions and applications for radar sensors

* IWRL6432A0P device overview

« Power consumption: Techniques and consumption in various use cases
« Design options: How to accelerate your IWRL6432A0P development

* IWRL6432 in action: Demonstration of IWRL6432A0P in occupancy detection use cases
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Why radar? | Advantages and benefits

Privacy
» Contactless

* No unique identifying observed

Robustness

* Environmental immunity (rain, snow, smoke, hot / cold,
and more)

* No RF interference
* More secure (immune to simple tricking methods)
 False detection mitigation

Improved User Experience — Contextually aware

* Micro motion detection (i.e. typing, fidgeting, breathing
and more)

* Precise localization (within 3cm)
+ Direction of movement
+ Counting / Tracking Fog/Smog
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Radar | Target applications and functions

E & & EEE & & &

Presence detection
Localization

Counting / tracking

Major / minor motion detection
Static object detection

Velocity and direction detection
Stance / fall detection

Heart & breath rate detection

Human vs. non-human classification

Mobile robots

Automated _ Industrial robots

§ Doorbell
Security

Personal

Occupancy
electronics

detection

4

W3 TEXAS INSTRUMENTS



Overview | IWRL6432A0P (antenna on package)

Designed for small form factor, low BOM cost and lower power applications

Integrated Transceivers

3 Rx, 2TX
3 RX

Cortex M4F

On-chip Processing

Arm® Cortex® - M4F; FFT HWA 2 X

5MHz IF 1MB RAM

Integrated Memory
1.0 MB SRAM

Synth

High Speed Interfaces
SPI, UART, I12C, QSPI, GPIOs

I3 TExXASs
INSTRUMENTS Deer Sleep

A
—
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Overview | IWRL6432 Antenna on Package

All of the advantages of mmWave radar without the RF design challenges

Faster time-to-market
(No antenna design or test)

P9

Smaller Designs

(Antenna on Package vs PCB)

Y

Lower System Cost
(standard FR PCB material) O [

OO @ §

Virtual Antenna Pattern
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IWRL6432A0OPEVM | Evaluation board

Specification IWRL6432A0PEVM
(Preliminary Antenna Specifications)

Field of View (FOV) Az: +/-70, El: +/-60

Angular Resolution Az: 29 degree, El: 58 degree

Antenna Bandwidth 57 — 64GHz (7GHz)

Detection Range 15m at FOV Edges (20m at Boresight) for Human

Package Size 6.7mm x 10.9mm )
Additional Features JTAG connectivity A =

A

Raw data capture over DCA1000

SPI, UART, 12C Peripherals support

PC connectivity over USB cable O O
Each rail power/current measurement capability O O B §

Virtual Pattern
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IWRL6432A0P | Enabling low-power detection

Leverages software and hardware to minimize power consumption.

Optimized radar front end for Radar front end shut down for Deep sleep power mode for
short to mid-range low-power processing only microwatt-level power
applications mode consumption
. Power amplifier for . Processing time is . No bursting,
mid-range detection scalable for processing, or data I/O
. Radar-burst support algorithm/performance happens
for low duty cycle . Radar FE can be shut . Software and
operation down hardware wakeup
. Feature selection for . Intermediate power options
low power and modes . Retains memory for
optimized . Full processing and 1/O fast wakeup

\ performance j \ capabilities j \ /

oy e aw |

Radar frame 8

=
©
o
0
[}
=
©
<
Lo

°
=
u
(]
=
IS
o
[

W3 TEXAS INSTRUMENTS



IWRL6432A0P | Low-power use cases

Leverages software and hardware to minimize power consumption.

Function Performance Avg Pow_er End Equipment
Consumption

Presence
Detection

Motion
Detection

Tracking and
Classification

7 meters
(localization)

15 meters

3+ person
tracking

Lighting Control, Indoor

Occupancy Sensors,

2 Thermostats,
Appliances
10mw Video Doorbell, Home
Surveillance
Doors/Gates,
50mW Surveillance with

classification, TV, PC,
Robotic Lawn Mower
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IWRL6432 | False detection mitigation

mmWave radar uses several filtering methods to reduce false detections

Low power mode filters

@ Location filtering: uses coordinates to set
detection area(s) and filter unwanted data points

o Range filtering: uses distance from sensor to filter
unwanted data points

o Height filtering: uses distance above or below
sensor to filter unwanted data points
Doppler filtering: removes stationary and low
speed reflections

@ Threshold filtering: uses SNR and # of points to
filter signal from noise

High performance mode filters

@ cCiassification filtering: uses the motion signature
(micro doppler) to identify an object and filter

Cause of false detection:

People/objects outside of
detection area

Trees / bushes

Animals (pets, squirrels,
rabbits etc)

Spider web

Insects (Wasps, Bees, Flies
etc)

Low Power g
Mode Performance

Mode

0

0 o

o0 o

o0

0
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Demo

False detection from trees / bushes

Radar Output

Doorbell Camera Output
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IWRL6432A0P | Design options

Reference Antenna-only System-on-Module 3d party network
design reference design

. New ti.com tool to help
customers find radar partners to
fill development gaps and
accelerate time to market

3

. Select from multiple categories
of capabilities and end

Lo . . . Pre-qualified module including power icati
Full reference design including . Antenna only reference design manggement passives PCBg)F()taI etc applications
;stirillggvfr:tgﬂ;ag;mem’ from TI . Customizable antenna designs . Partners Include:
’ ) . . . Various sizes and radar performance . i -
. Pre-validated antenna design from P -(I:-(L)Jrr: kli¥ed§2:33vsare &

TI provides design files, layout, IWRL6432BOOST EVM (2-patch) softvf/)are
gerber, pcb stack, simulation \ / D3 . Evaluation — hardware &
and test results . TI provides

. Layout AVDS Technology demo software
See your local sales rep for . Dfx files o~ MRﬂ_tﬂ : ?oefrt\\::/;?: aet;?rgvlizsifes
NDA — only information . Simulation results SO e I INNOVATOR IN ELECTRONICS 9
regarding IWRL6432 reference . PCB stackup A
designs that are available . Design reviews SMART RADAR
today . Radome reviews r

«  Testresults (EVM only) m LA B | 1
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https://www.ti.com/tool/MMWAVE-3P-SEARCH

Radar Developer Zone

i Resource Explorer

E « f /mmlsieradar sensors | Embeddsd Software | Radar Toolba (1.20.00.1%) / Example Projacts / Gesturs Recagnition / WALB432 Gesture Recognition

L emoeooen sorware

v 88 Radar Toolbox- 120.00.11 ¢ TEXAS INSTRUMENTS

Example projects that
include source code, and
user guides

Experiments such as:
radar performance in the
elements, gesture
recognition as well as
many others

Communicate with Tl
engineers through E2E
for support in
development

Tl Confidential — Selective Disclosure

Front Page

Gerting Starte WRL1432

Getting Started with XWRL6432

> I Applications
» I Documentation
~ O Example Projects
Examples Overview
> M ADAS
> B Area Scanner
> M Automated Doors And Gates
» I Automotive Body Sensors
> B CANSBL
~ B3 Classification
Classification Overview
> B Human Norvhuman Classification
> I Diagnostic Monitor Ref
> B Fundamentals
~ 3 Gesture Recognition
Gesture Overview
> I Gesture With Machine Learning
> I8 IWRL6432 Gesture Recognition
» M InCabin Sensing
> M Interference Miigation
> B Kick To 0pen
> Bl Level Sensing
» W Long Range People Detection
> I Medical
> B NonDs 00B 160x
> I NonOs 00B 2944
> B Object Data Over CAN
> I Out Of Box Demo
> M Parking Garage Sensor
~ B3 People Tracking
J- 3D People Tracking Demo Implementation Guide
J 3D Peaple Tracking Detection Layer Tuning Guide

/- 30 People Tracking Tracker Layer Tuning Guide

IWRL6432 Gesture Recognition Users Guide

Table of Contents

ce Compatibility

Device Compatibility

A This lab is currently only compatible with the IWRL6432.

Overview

classification of s
distance of 2m

Quickstart

Prerequisites

W3 TEXAS INSTRUMENTS
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Development resources

-
Radar Toolbox

Demonstrate and develop radar solutions
Examples, software, labs, source code

: Resource Explorer

spplications / Industrial / Level Sens

# mmiave radar ser

s / Embedded Software / Radar Toolbox (1.10.00.13)

evel Sensing Overvien

sed microcontrollers

> B8 Amm® based pre
>m

> W Development Toals.

~ £ mmWave radar sensors
umentation Radar Toolbox for mmWave Sensors
+ £ Embedded so

~ & Radar Toolbox - 1.10.00.13

> B Device:

Discover > Evaluate > Design
Front Page

Getting Started with xWRL6432

Applications

Featured Content

Documentation

Example Projects

> | Tools
> B8 Hordware kits

ining

& A%
Radar for Video In-Cabin Radar Sensing High End Corner Radar
Doorbells

30~ microcontroliers

Leverage our scalable This demo showease:

portfoloio of 60GHz radar

sensors to cnable robust and
approaching person and viake accurate detection, AWR2944. This demo assists

IWRL6432 Now upa video doorbell.

Available!

Demonstrate:
mmWave sensors to.

ation of mmWave

rner Radar using

development of
re applications 1o meet

Low pavier 60GHz radar

Application Overviews

Radar Academy
Learn mmWave radar fundamentals
Modules, videos, app notes

e tadar sensars { Training / Radar Acedemy (1,00.00.16) / Iniraducton / Fundamentals of PGy Rsdar

A E based micracentroliers Skip 1o main cantent

-
-

ased processars

000" reaktime microcontraliers

W povelopment Tosls
~ 03 mmWave radar sensors
> B Devics documentation
. b
> B Hardware kits and boards s how this can be |
[0 Training
~ S Radar Academy - 1.00.00.16
~ B3 Introduction

® Overview

are

® Fundamantals of FMCW Raar
& Teminology
£ Selecting the Right Radar Device

= Fortfolio Overview

Q
equency Chaice and Regulal

> 0 FMCW Rager Training Series

> I Radar Algorithms Introduction

> W ntegration Considerations

- MSPA20” mi

releas connectivity 4
MODULE 1 MODULE 2 MODULE 3
Overview Fundamentals of FMCW Radar Terminclagy
ntraduction to Tl radar sensors and Application note discussing Summary o terms and acronyms

osystem fundamentals of FMCW Radar and related to Tl radar sensars

relevant equations in detail
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https://dev.ti.com/tirex/explore/node?node=A__AHbyIgy.vNxW5VigXdzV-Q__RADAR-ACADEMY__GwxShWe__LATEST
https://dev.ti.com/tirex/explore/node?node=AJuqjWdTuol3jtoyFrofqw

Development resources

You can start evaluating this device leveraging the following:

Content type Content title Link to content or more details

Product & Samples Product overview http://www.ti.com/product/IWRL6432A0P

Training On-demand training, examples, and videos Getting started with XWRL6432
reference code, labs & experiments

Technical white Technical blog for xWRL6432 IWRL6432 low power radar enables high accuracy
papers Application brief sensing

IWRL6432 enables new functionality in battery
powered proximity sensing

Development tools Using 60-GHz radar sensors in video doorbells https://www.ti.com/video/6317304690112
Overview of device https://www.ti.com/video/6317517176112
Module demonstration https://www.ti.com/video/6317353331112
Laptop presence and onlooker detection https://www.ti.com/video/6317244314112
Design resources IWRL6432BOOST
Design support forum https://e2e.ti.com/
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http://www.ti.com/product/IWRL6432AOP
https://dev.ti.com/tirex/explore/node?node=A__AI4TjoY4aHFIgDAH2Mcpyw__radar_toolbox__1AslXXD__1.00.00.26
https://dev.ti.com/tirex/explore/node?node=A__AOiReqb3s5G7Nwzs4TocnQ__radar_toolbox__1AslXXD__LATEST
https://e2e.ti.com/blogs_/b/industrial_strength/posts/how-low-power-60-ghz-mmwave-radar-sensors-enable-high-accuracy-sensing-in-more-applications-than-ever-before
https://www.ti.com/lit/pdf/swra766
https://www.ti.com/video/6317304690112
https://www.ti.com/video/6317517176112
https://www.ti.com/video/6317353331112
https://www.ti.com/video/6317244314112
https://www.ti.com/tool/IWRL6432BOOST
https://e2e.ti.com/

Visit
http://www.ti.com/product/IWRL6432A0P
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http://www.ti.com/product/IWRL6432AOP
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated
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