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How to help global labor shortages

« Rampant labor shortages across key industries can be
addressed with robotics. Key areas include:

— Manufacturing and logistics
— Healthcare
— Skilled Trades

« Advances in physical Al and humanoids are making this a
reality

* Humanoids CAGR 76%, 300K units in service by 2030 [1]
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[1] Yole Group Humanoid Robots 2026 Market and Technology Trend Report
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Robotics block diagram

Power subsystem

Compute Actuate
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What is mmWave radar?

1886: Discovered radio waves
could detect metallic objects
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1970: Adoption of radar in
vehicles for collision avoidance

Today: TI's integrated radar
system on chip (SOC)
measuring 11 x 7 mm
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What is mmWave radar?

Em!tted wave

Key features
» High frequency (60/77 GHz)
rme— 4- electromagnetic waves
Target + Can detect range, velocity and angle

Transmitter/ * Multiple ‘Chirps’ in a single frame allow
Receiver Ref'e‘:te" Wa"’e instant velocity detection

| " istance | » Multiple transmit antenna per radar allow
increased range and better angular
resolution

Signal Processing Timing
Frame Period

Acquisition Pericd Inter frame Period

MMMV M
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When to use mmWave radar?

Principle of Operation
Range
Accuracy
Angular Resolution
Environmental Robustness
Transparent Materials
Price

Average Power Consumption

2D Lidar
Active light based

0-200m
2-5cm
0.10°-0.15°
Impacted
Missed Detections
>$10

> 2W

-
Camera
Passive light based
0-150m
Variable
~ 0.01° or finer
Impacted
Missed Detections
>$10
>2W

Radar

Active radio waves
0-250m
2—-10cm
1.0°-15.0°
Unaffected

Able to Detect
<$10

<2W
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When to use mmWave radar? Continued

Beijing Humanoid Robot Innovation Center T/CIE 298-2025

ADAS

Humanoid

Level O

No Autonomy

Teleoperation

Level 1

Driver
Assistance

Basic skill in a
cell

Level 2

Partial
Automation

Single task
family

Level 3 Level 4 Level 5
Conditional High Full Autonomy
Automation Automation

I I I I I I I I ﬁ
Workflow in a Site Autonomy Generalist
zone domain I

S

ISO/TS 15066 Clause 5.5.4 Speed
and Separation Monitoring (SSM)
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Where is radar used today in the factory?

Industrial Robot

-

Collaborative Robot Humanoid Robots
8
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Evaluation — How to get started

Stationary Robot:

Defines safety access zones around

stationary robots that enhance efficiency

Mobile Robot:
Provides intelligent omnidirectional
monitoring and collision prevention.

Camera Radar Sensor Fusion:

Improved detection, classification,
localization, and tracking for navigation

Dark objects

Tools & Resources

1. Watch Area Scanner use case video

2. Evaluate the performance
a) IWR6843A0PEVM
b) Area scanner Lab with static object
detection
c) Radar vs Lidar Experiment

Tools & Resources

Tools & Resources

1. Watch AGV use case video

2. Evaluate the performance
a) IWR6843A0OPEVM
b) 360° Safety Bubble with ROS Lab
c) IEC 61496-5 Tests
d) Sense and Avoid Lab

1. Read Real Time Al Raw Sensor Fusion

1. Evaluate the performance
a) IWRIWR6243, NVIDIA Jetson Thor,
IWR6843A0PEVM, AM62A
b) IWR6843A0P + AM62A Edge Al
Camera Radar Fusion Demo
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https://training.ti.com/area-scanners-60ghz-mmwave-sensors
http://www.ti.com/tool/IWR6843AOPEVM
http://www.ti.com/tool/IWR6843AOPEVM
http://dev.ti.com/tirex/local?id=area_scanner_users_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=area_scanner_users_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=area_scanner_users_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=Radar_and_Lidar_Comparison&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=Radar_and_Lidar_Comparison&packageId=radar_toolbox
https://training.ti.com/robotics-using-mmwave
http://www.ti.com/tool/IWR6843AOPEVM
http://www.ti.com/tool/IWR6843AOPEVM
http://dev.ti.com/tirex/local?id=Safety_Bubble_with_ROS_for_mmWave_user_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=Safety_Bubble_with_ROS_for_mmWave_user_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=IEC_61496-5_Functional_Tests&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=IEC_61496-5_Functional_Tests&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=IEC_61496-5_Functional_Tests&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=IEC_61496-5_Functional_Tests&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=Autonomous_Robotics_with_ROS_for_mmWave_user_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=Autonomous_Robotics_with_ROS_for_mmWave_user_guide&packageId=radar_toolbox
https://www.ti.com/lit/ab/sbaa790/sbaa790.pdf
https://www.ti.com/product/IWR6243
https://www.ti.com/product/IWR6243
https://www.nvidia.com/en-us/autonomous-machines/embedded-systems/jetson-thor/
http://www.ti.com/tool/IWR6843AOPEVM
https://www.ti.com/product/AM62A7
https://dev.ti.com/tirex/explore/node?node=A__AEIJm0rwIeU.2P1OBWwlaA__EDGE-AI-DEMOS__PIzCUcf__LATEST
https://dev.ti.com/tirex/explore/node?node=A__AEIJm0rwIeU.2P1OBWwlaA__EDGE-AI-DEMOS__PIzCUcf__LATEST
https://dev.ti.com/tirex/explore/node?node=A__AEIJm0rwIeU.2P1OBWwlaA__EDGE-AI-DEMOS__PIzCUcf__LATEST

TI mmWave Offering for Edge Al

Human vs non-human Classification:
Using microdoppler radar identifies
humans vs other moving objects

Gesture Recoghnition: Using training
data, user can classify gestures such as
hand movements

Tools & Resources

1. Read Application Brief Understanding
Artificial Intelligence and Machine Learning

in Radar Applications

2. Evaluate the performance
a) IWRL6432BOOST EVM
b) Human vs hon-human Classification

Demo

Tools & Resources

1. Watch video on 60GHz Gesture Recognition

2. Evaluate the performance
a) IWRL6432BOOST EVM
b) Gesture with Machine Learning
Demo

Fall Detection and Pose Estimation:
Detect if a person is sitting, standing or
fallen based on micro doppler

Tools & Resources

1.

Watch video on Intelligent fall detection with
mmWave Radar

2. Evaluate the performance

a) IWRL6432BOOST EVM
b) Pose and Fall Estimation Demo
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https://www.ti.com/video/5966848330001
https://www.ti.com/product/IWRL6432
https://www.ti.com/product/IWRL6432
http://dev.ti.com/tirex/local?id=gesture_overview&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=gesture_overview&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=gesture_overview&packageId=radar_toolbox
https://www.ti.com/document-viewer/lit/html/SWRA835
https://www.ti.com/document-viewer/lit/html/SWRA835
https://www.ti.com/document-viewer/lit/html/SWRA835
https://www.ti.com/product/IWRL6432
https://www.ti.com/product/IWRL6432
http://dev.ti.com/tirex/local?id=human_non-human_classification_user_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=human_non-human_classification_user_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=human_non-human_classification_user_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=human_non-human_classification_user_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=human_non-human_classification_user_guide&packageId=radar_toolbox
https://www.ti.com/video/6074838932001
https://www.ti.com/video/6074838932001
https://www.ti.com/video/6074838932001
https://www.ti.com/product/IWRL6432
https://www.ti.com/product/IWRL6432
http://dev.ti.com/tirex/local?id=pose_and_fall_user_guide&packageId=radar_toolbox
http://dev.ti.com/tirex/local?id=pose_and_fall_user_guide&packageId=radar_toolbox

How to get started — Hardware

Reference design

IWR6843A0P

d IWRL6432

Full reference design including
radar, power management,
passives, antenna etc.

Tl provides design files, layout,
gerber, pcb stack, simulation and
test results

IWR6843A0P reference design

IWRL6432 reference design

Evaluation Module
(EVM)

Antenna only reference design

Pre-validated antenna design from
a Tl EVM or non validated antenna
design from TI's radar database

Tl provides
* Layout
+ Dfxfiles

* Simulation results
* PCB stack-up

» Design reviews

* Radome reviews
*  EVM test results

System-on-module

Pre-qualified module including
power management, passives,
PCB, Xtal etc.

Customizable antenna designs
Various sizes and radar
performance

Learn more at Tl.com/radar

3rd party network

&id TExAs INSTRUMENTS  seren a 3¢ cussred

MMWAVE-3P-SEARCH

mmWave radar sensors third-party search tool

Downlaads | Support & tining

New TI partner search tool:

*  Go to ti.com/tool/MMWAVE-3P-
SEARCH to easily find radar
partners to fill development gaps and
accelerate time to market

Partners include:

* Turnkey designs — complete
hardware & software

* Services — hardware & software
design services

ALGORIZ=D
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https://www.ti.com/tool/MMWAVE-3P-SEARCH
https://www.ti.com/tool/MMWAVE-3P-SEARCH
https://www.ti.com/tool/MMWAVE-3P-SEARCH
https://www.ti.com/tool/MMWAVE-3P-SEARCH
https://www.ti.com/tool/MMWAVE-3P-SEARCH
https://www.ti.com/product-category/sensors/mmwave-radar/overview.html
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| Innovation with safety at its core
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| Gap between sensor and controller

MISSING LAYER

SENSOR LAYER PERCEPTION LAYER SAFETY CONTROLLER
+ Raw IQ data + People presence » Safe-motion execution
« Point clouds + Location & pose + PLd - SIL2 logic
+ Data stream + Velocity & trajectory * Speed & zone

* Intent prediction * Fieldbus output

Without this layer, sensors produce data —

{) Texas INsTRUMENTS ALGORIZZED 14



| Speed & Separation Monitoring requirement

ISO/TS 15066 SSM requires answers to five questions.

QUESTION SENSOR OUTPUTS

Where is the human, exactly?

How fast are they moving?

Where are they going next?

Is it a human or a machine?

Is the output safe enough to
act on?

WHAT SSM NEEDS

Body-outline tracking, limb-level
position, <100 ms

Per-body velocity vector for PSD

Approach vector + estimated
contact zone

Human / machine classification

Certified safety output

STANDARD

ISO/TS 15066 §5.5.4

ISO/TS 15066 §5.5.4

ISO 13855:2024

ISO 10218-2:2025

ISO 13849 PLd - IEC 61508 SIL2

ﬂl Texas INsTRUMENTS ALGORIZZD
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| Robot Systems

Fixed Robot
Systems

Maximize
throughput

- 01

*!l Texas INsTRUMENTS ALGORIZZ=D
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s PREDICTIVE SAFETY ENGINE =
I\LGORI/.:D Palletising sensing console Site FR-LYO-03 Line P-04 PAL-8 o S. Navarro ® Logs # Configure safety zones @ Settings

TOP-DOWN VIEW CAM-PAL-01 » REC

Robot working Arm speed

Cell safety zones Pallet zone 1 18mks

INFEED CONVEYOR

PALLET ZONE 1 \\/ PALLET ZONE 2

SAFETY STATE

E-stop

N
5

Reduced speed

Aware

ACTIVITY 6 event

Cleared — worker PAL-W1 exited area
OPERATOR APPROACH OPERATOR APPROACH OPERATOR APPROACH p 14:32:26

ROBOT ZONE - E-STOP SRR
14:32:20

Distance 3.7

I E-stop — worker PAL-W1 broke robot zone

Tracking — worker PAL-W1 approaching Pallet Zone 1

istance 6.0 m

14:32:00

ALGORIZED TECH INTRO | CONFIDENTIAL

\ INTERNAL FOR ALGORIZED USE ONLY



| Robot Systems - 02

Mobile Robot
Systems

GOAL M|n|.n.1|ze false
positives

#i3 Texas INsTRUMENTS ALGORIZZD
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| Context-aware mobile robot behavior

THE PROBLEM

*!l Texas INsTRUMENTS ALGORIZZ=D
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7= PREDICTIVE SAFETY ENGINE
ALGORIZ=D Forklift sensing console

TOP-DOWN VIEW
Live safety zones

ALGORIZED TECH INTRO | CONFIDENTIAL

ALGORIZED USE ONLY

\ INTERNAL FOR

® Logs # Configure safety zones

@ s Navarro

CAM-01 @ REC

SAFETY STATE

Safety Zone

Adaptive

ked, no act

Aware

ACTIVITY

Cleared — Pedestrian P-014 exited area

| Tracking — Pedestrian P-021 entered monitoring

I Hard stop — Pedestrian P-014 inside Safety Zone

® Settings

14:32:00

14:32:09



| Testing and validation with our partners

‘El Texas INsTRUMENTS ALGORIZZ=D
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| Testing and validation with our partners

il
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| Testing and validation with our partners

*il Texas INSTRUMENTS ALGORIZZD

23



| Integration Path

n Tl 6843A0P
Point cloud / raw 1Q data

01 Algorized Lens
Signal cleanup and regularization
02 Algorized Foundation Model (AFM)
Edge-native inference — presence, intent, trajectory
03 Algorized Heads
Zone classification, speed trigger, threat level

Robot Control Policy

Aware / Adaptive / Stop

€ Texas INsTRUMENTS ALGORIZZED 25



| Product roadmap and certification path

NOW-2026 H2-2026
Gen 1 Integration Certification

AFM human-presence sensing PLd / SIL2 path

Detection + Zones + Safety Trigger

* Human presence and location
» Body-level pose and velocity vector
« 3-zone adaptive response: Warn / Slow / Stop

H1-2027 2027+

Gen 1 Safety Stack
PLd / SIL2 release target

Gen 2 Predictive
PLd Cat.3 runtime

GEN 2 - 2027 IN CERTIFICATION PIPELINE

Trajectory Prediction + PLd Certification

 Probabilistic human intent prediction
» Approach vector + estimated contact zone
« Safety-certified output (TUV-evidenced PLd path)

*il Texas INsTRUMENTS ALGORIZZD
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| Product - Developer Kit

01 - CONFIGURATION
Multi-sensor setup

 Safety-graded hardware (mmWave)
* Per-site calibration

04 - ANALYTICS
Fleet analytics

» Cross-robot human presence rates
« Safety / interruption / zone-trigger analytics only

02 - ZONES
Dynamic 3D safety zones

03 - TUNING
Model head training

* Per-cell zone authoring » Use-case specific heads

» Beyond the three standard envelopes « Site adaptation

05 - DEPLOYMENT
Sl deployment tooling

* Provisioning & license assignment
* Rollout workflows

ﬂl Texas INSTRUMENTS
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
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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
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are standard, catalog, general purpose devices.

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