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Agenda

« AMG62X Introduction

T1 Analytics
— TI Processor Portfolio

Enabling Edge Al on AM62x

— Edge-Al Solution

— Edge-Al Packages

— Analytic Models & Performance

Arm Developer Ecosystem

How to start Development Now!

Relevant Training Content
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Tl Processors Business Unit

Key
markets

Products

Investment
vectors

Industrial Automotive Personal electronics Comm. equipment Enterprise systems

QS

Arm®-based MCUs & Processors

Sitara™ Sitara™ Jacinto™
MPU SoC

*I” TEXAS
INSTRUMENTS

Integrated precision Edge Al & edge Energy Functional safety &
sensing & computing: Enable efficiency: Maximize security: Design robust
control: Lower system decision making & energy efficiency with products with integrated
costs with the industry's machine learning at the advanced processing &  features for functional
best-integrated analog edge control capabilities safety & security

BES Vel i=f @ Gl

Digital Signal Processors

Single &
Multi-core

*I” TEXAS
INSTRUMENTS
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Networking: Real-time Unified software

networking with high- development
speed communication kit: Develop with ease,
switches and network flexibility and scalability

packet accelerators
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AM62x Family | Values & Differentiations .
Low cost MPU for Analytics!

Better Power Efficiency Protect your privacy Ease-of-use EdgeAl
No heatsink, 1.4GHz | YPP-CORE
fan or lid I A53 _| .

Protect your Facial/Gesture

design’s

Pacive< 2W v ; Recognition
0.85V QY ITiECEEITidy on ARM
Pzt : : Analytics
5-year hd Anti-cloning / +
battery life Security s IP Protection o
! Acc %s VISItJn
P.p ~ 5mW Crypto -, Algorithm

*4 Low-Power Modes

o Starting at $6!
Revolutionizing Your Next Gen!

Advanced Display Feature

Dual Display . : :
interface Available now on Tl.com ecotrces.

https://www.ti.com/product/AM623 i

- https://www.ti.com/product/AM625 e

OLDI/LVDS Open GL3.x

Power Supply

Reducing the power rails

DSS
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https://www.ti.com/product/AM623
https://www.ti.com/product/AM625

AMG62x Cortex®-A53 based processors

Compute Processing Power
—  1-4x Cortex-A53 up to 1.4GHz (up to 16.8K DMIPS), total 512KB L2
—  1x Cortex-R5 up to 400MHz (System controller & Power management), 64KB TCM
— PRU SS (Dual core) with 32KB SMEM
— 3D GPU (8 GFLOPS)
Capture, Viewing, Analytics
— 1x CSI-2 RX (4L) @2.5Gbps camera interface
— Display subsystem: 1x DPI, 1x OLDI/LVDS with CRC check
Memory 10
—  1x 16-bit LP/DDR4-1600, up to 3.2GB/s, inline ECC
—  1x Octal-SPI with execution-in-place support, 3x MMC/SD, 1x GPMC (16-bit data)
Automotive 10
—  3x CAN-FD (2x in MCU subsystem)
High Speed 10
- 2xUSsB2.0
—  2-port Gb Ethernet switch (AVB & TSN)
Safety & Security
—  ASIL-B/SIL-2 capable
—  1x Cortex-M4F (400MHz) MCUSS with FFI, dedicated peripherals & 256KB SRAM
—  Diagnostic toolkit (entire SoC), voltage, temp, clock, ECC monitors & error signaling
—  SHE 1.1/EVITA-Full HSM, Secure boot , Crypto
* HSM has dedicated 2x Cortex-M4F running at 400MHz with total of 432KB of SR
Power
—  Typical usecase <2W @125dC Tj
— Advanced low power stand-by and suspend states
Package
—  13x13 mm, 0.5mm ball pitch, VCA technology for low cost PCB routing rules
—  17x17 mm, 0.8mm ball pitch

Available now on Tl.com
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Application Cores

Arm® Arm®
Cortex A53 Cortex A53
Arm® Arm®
Cortex A53 Cortex A53

512KBL2$

PRU Core 0

PRU Core 1

32KB SMEM

16b DDR4/LPDDR4
w/ ECC

Power
Manager

General Connectivity & 10
UART
x8

System

Monitor Debug

Control Peripherals

3D Graphics Engine
Open GL3.x
Vulkan 1/x

Display Subsystem

Up to 2K support
DPI x1; OLDI/LVDS x1

Cortex RSF

32KI$/ 32KD$
__wm
MCU with FFI

I Cortex M4F I

256KB RAM
| Diagnostic toolkit: ECC, ESM, BIST, DCC, CRC l

l GPIO ' l 1x12C ' l 1x SPI '
l 2x CAN-FD . l 1x UART .

System control
& Low power

Hardware Security Module

System Services
IPc

DCC ESM ECC

Firewall Timers CRC

Multimedia High-speed interfaces

2-port Gb Ethernet
w/1588 & TSN

Memory/Flash

MCcASP

3 GPMC

OsPI
x1

MMC/SD
x3

CSI-RX (4L)
1x

Re-use & tested on

AM64x

Re-use & tested on
TDA4x

TDA4x
IPs downsized
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AM62x Family | Multiple pin-to-pin compatible devices

Scalability to 1, 2, and 4 cores
Extensive low power modes
Secure Boot w/ HSM

Dual display: 2K resolution
(1080p60)

ASIL-B / SIL-2 FS Compliant
options available

Available in 105'C/125°C.
Packages: 13x13mm 0.5mm
VCA, 17x17mm 0.8mm

to-pin and Software Compatible

Pin

AS3

ARM Core

AS3 | A53

Cortex-A53 (MHz)

800/1G/1.4G

800/1G/1.4G

800/1G/1.4G

800/1G/1.4G

800/1G/1.4G

800/1G/1.4G

W3 TEXAS INSTRUMENTS




TI Processors

Sitara™ MCU Sitara™ MPU Jacinto™

Cam®. ST g, O = (())

Single scalable platform enabled by strong Processor SDK foundation on Linux, deep learning software,

TSN and networking protocols, safety and security
High-perf. MCU MPU MPU + MCU High-performance SOCs
VAM27X AM24x, AM26x AMB2x AMB4x DRAS8X TDA4x
DSP + Arm® Networking, real-time 64-bit Arm® based Linux 64-bit Arm® with real time control Gateway & vehicle Advanced driver
Microcontrollers control, safety & Controller, Display and GPU and/or GPU, vison & analytics compute assistance systems
security
N = |#
100% code System
compatibility Safety Security Performance 0
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TlI EdgeAl Enabled Processor Devices

Cortex A53 Deep Learning Accelerator
Dual | Quad (DSP C7x-MMA) TOPS
Performance ‘ ' ‘ '
8
Camera Vision . . . ) o
Object detection inference at Real time Object detection, segmentation, classification,
II lower FPS or using images motion tracking, defect detection using video stream
Audio/ Speech
Modality Biometric profiles and ID match Multi-speaker Speech recognition, accent translation,
m Wake word + voice command closed captioning/transcription
Time domain . . L .
sensor Sensing modeling Predictive maintenance
A Anomaly detection Complex Real time motion analysis
Power
Note: Quad core A53 Tflite performance is provided in Sitara™AM64x /AM243x BenchmarksCortex-R5 Memory Access Latency 10
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https://www.ti.com/lit/pdf/spracv1
https://www.ti.com/microcontrollers-mcus-processors/processors/overview.html

Al with Tl | Explore, Learn and Build

TI EDGE Al o R o

Explore processors

Jacinto™ TDA4x

Build with reference designs

SiL3

siL2

CLOUD

EVALUATE
TODAY

Video codec
b rator

rts, Large Internal
\cC ), Et

» 000 / 053

Enerqgy efficient Al architecture Get started for free Fast Development Cycle

= Tl Model Zoo: Extensive Al models for most
common problems

MLPerf inference benchmarks
Industry standard APIs 3P Eco-system

:ﬁfstreamer ROS aws FIHVTEC

L RidgeRun

%E"‘docker 00 M v | Y s vision |8 ignifarium

ONNX pr—
ruTive “F TensorFlow! o EGEMatEl P kudan

Object

on

|

MobileNet-v1 | 741
224x224 |

Object detection
53D Mobilehetv : 385
224 %224
Image classification
ResNet50-v1.5 ':Imz
300 x 300

= TIEdge Al Cloud :
= Evaluate TI's Models
= Benchmark your models
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Tl Edge Al Cloud for faster Al evaluation and development

Free on-line service, enable deep learning evaluation in minutes

GEEE \OEVVbuy

Evaluate Tl SoC DL capabilities in remote EVM
farm using web browser, Jupyter Notebook

N\ J
In-minutes evaluation

Collect latency, FPS, accuracy, DDR BW and
Power benchmarks in minutes

- J
“¢ TensorFlowlite sk ONNX NmEtvm
* <1 minto explore & compere performance : Model Selection tool
* < 5 min to experience SW & evaluate HW : TI Model Zoo examples
+ < 30 min to evaluate custom models : Custom model examples
* 1 hr+ to benchmark performance : TI Model Zoo examples

Available now at www.ti.com/edgeai
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AM62x Enabling Edge Al at
Low cost & low power




Explore Analytics with AM62x

Touchless Gesture Control Touchless Access Control

Detection Detection

Driver Monitoring EV Charging

Recognition o
User Authentication
Face Detection

!

Detection

Video Doorbell

W3 TEXAS INSTRUMENTS
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Edge-Al Solution for Sitara MPU and Jacinto Processors

Tl EdgeAl Studio

Model Maker
Data Model Selection/ Model
reparation Custom Model Training/Fine
Prep tuning

Model Compilation - Standard Runtime APIs

. ONNX stvm
TensorFlow Lite RUMTIME [] V
Tl Model Import Tools
Model Parser , Model Optimizer
Post Training Quantizer , Graph Compiler

Model Maker : End-to-end model development tool that
contains dataset handling, model training, Fine Tuning and
Compilation

Model Compilation : Industry standard Runtimes based API for
model compilation

Model Import and Code Generation : Optimization of
model performance for targe device configuration.

EdgeAl SDK
Industry standard Runtime APIs
1 ONNX Neo-Al- 8
TensorFEuw Lite RUNTIME DLR tvm

Linux (Cortex-A) |

_________________ I S

oo B =

Easy programming with simple Industry standard
runtime APIs on Linux®
Get best performance per watt in an edge Al

processor.
Faster speed by offloading to Tl's Deep Learning

Accelerator (DLA)
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EdgeAl Packages in AM62x

Package Name Python API C++ API Delegate/Offload

Tensorflow Lite xnnpack
armnn

ONNX Runtime 1.7 Yes Yes CPU Execution
Provider

+ Latest version of Processor SDK can be found here
* https://www.ti.com/tool/PROCESSOR-SDK-AM62X
* Processor SDK Linux for AM62X - 08.03.00
» Support for on-the-board development of python and C++ application to enable quick deployment of models and
debugging
» Native compilation of C++ application on Target (EVM/SK Board)
» Support for cross compilation of C++ application on Host PC (Ubuntul8.04) for production deployment.

16
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https://www.ti.com/tool/PROCESSOR-SDK-AM62X

Edge Al TIDL Tools and Examples

* Tl hosts github repository with few >
examples for vision CNN models EdgeAl TIDL Tools and Examples

This repository contains examples developed for Deep learning runtime (DLRT) offering provided
by TI's EdgeAl solutions. This repository also contains tools that can help in deploying Al

applications on TI's EdgeAl solutions quickly to achieve most optimal performance.

« Can be easily benchmarked on Tl
EVM & Starter Kit boards such as SK-
AMG62

DNN development and deployment work flow 5

« EdgeAl TIDL Tools and Examples
o Introduction

o Setup
= Advanced Setup Options
o Python Examples
o CPP Examples
o Validated Examples
o Jupyter Notebooks
o Versioning
o Notes

o License

https://github.com/TexasInstruments/edgeai-tidl-tools

17
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https://github.com/TexasInstruments/edgeai-tidl-tools

Al Models Performance Benchmarks on AM62x

TensorFlow Lite Performance With Default Delegate (XNNPack)

deeplabv3_mnv2_ade20k_float

ssd_mobilenet_v2_300_float

mobilenet_v1_1.0_224_float

500 1000

Number of Threads:4

Latency in ms

1500

Number of Threads:2

2000

Number of Threads:1

3500

ONNXRuntime Performance With Default Execution Provider (CPU)

deeplabv3lite_mobilenetv2_512x512_float

ssd-lite_mobilenetv2_fpn_512x512_float

mobilenet_v1_1.0_224_float

Latency in ms

0

1000

Number of Threads:4

2000

Number of Threads:2

3000 4000 5000 6000

Number of Threads:1
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Al Models Performance Benchmarks on AM62x

TensorFlow Lite Performance Comparison with Quantized Models
(With 4 threads)

Latency in ms

o _
mobilenet_v2_1.0_224 l

(o] 100 200 300 400 500 600

- Quantized - Float

21
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Al Models Performance Benchmarks on AM62x

TensorFlow Lite Performance Comparison with ARMNN Delegate
(With 4 threads)

Latency in ms

R -
mobilenet_v1_1.0_224_float -

o] 100 200 300 400 500 600

ARMNN XNNPACK

22
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TI’'s Edge-Al Model-Zoo

* Tl Hosts 100+ CNN models (Camera Input) which can be deployed across Tl
SoCs. We are planning to add other sensor input (Time series inputs like
Audio/Accelerometer etc) as well in the future.

» https://github.com/T exaslInstruments/edgeai-modelzoo

» List of models Validated on AM62

README.md Va

ModelZoo | pre-trained models collection & documentation

Image classification

« Image Classification Models

Object detection

« Object Detection Models

« Face Detection Models See the section on Face Detection Models at the bottom of the page in this link.
Semantic segmentation

« Semantic Segmentation Models

Depth estimation

« Depth Estimation Models
3D object detection

« 3D Object Detection Models

Public benchmarks

e MLPerf Machine Learning Models

23
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https://github.com/TexasInstruments/edgeai-modelzoo
https://github.com/TexasInstruments/edgeai-modelzoo/blob/master/modelartifacts/report_am62.csv

Ecosystem of Developers




Developer Ecosystem

AM625 @ rreview

Product details ~ Technical Design & Ordering & quality  Support & training

Supported products & hardware

APPLICATION SOFTWARE & FRAMEWORK

Edge devices

>

FNDRS-3P-LINUX — Secure, customizable, Linux platform for building scalable loT and

Software / AM62x Design Gallery (01.00.00.00)
Foundries.io provides a

FoundriesFactory is a cl
and services for loT and| AM62x Design Gallery (01.00.00.00)
® Overview

CODE EXAMPLE OR DEMO

ASTC-3P-VLAB-E

£} TEXAS INSTRUMENTS.
VLAB Works is the indus]

tems. VLA

systems development. V

electron

From: VLAB Works.

SUPPORT SOFTWARE

MCW-3P-FACERE|
human behavior

MulticoreWare is a softw
and embedded systems;
authentication, smart ity

Secure access to the building is granted

. LR
Gesture controlled HMI

m This design shows integration of mmWave radar and
camera sensor with AM62 to control a buiding access

Design
M HMI with face detection and gestures to unlock a PIN
Development controled entry

Coming Soon at Embedded World 2022!!

MULTICORE-WARE

Face recognition for building access

Ready to evaluate and deployable solution for entry
access control systems in Building Automation, Retal,
Smart Appliances. Highly customized to effectively utiizes
the AM62 hardware to accurately detect & recognize
faces in chalenging conditions/environments.

Learn more

PLUMERAT

Video doorbell with deep learning

Highly accurate people detection Al solution by PlumerAl
running on AM62 Processor. The solution is optimized for
battery powered products and shows scalable
performance that can operate in low lighting and at
various distances and backgrounds.

Learn more

AM62x Design Gallery

Clickable slides on

training.ti.com

\ Hero Electronix

bytesatwork"

4])}('” FORLINX

Embedded

Mariscite»

/IAVNETEMeepDED
/MSC

ﬁinnhin ‘ The Solutions People
A Arrow Compary

phyCORE-AM62x
byteDEVKIT-AM62x
AM625x System On Module

25
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https://www.phytec.eu/en/produkte/system-on-modules/phycore-am62x/?lang=en/
https://www.bytesatwork.io/en/product/bytedevkit-am62x_1400_rxxx_ex_with-display/
https://www.forlinx.net/product/am625x-system-on-module-127.html
https://www.ti.com/product/AM625#design-development
https://dev.ti.com/tirex/explore/node?node=ADvke059hZ3trir-AX5S2Q__tKVY6Wy__LATEST

Face Recognition on AM62x

From : MultiCoreWare Inc Availability : Product is available

Features:

. Applications:
Face Detection PP

. Touchless Access Authentication
Face Recognition o
User Heuristics

Face Matcher
ARM A53 (1-4 Cores)

Characteristics based Trigger

Brief:

Ready to evaluate and Deployable solution for entry access control systems in
Building Automation, Retail, Smart Appliances. Highly customized to effectively
utilizes the AM62 hardware to accurately detect & recognize faces in challenging
conditions/environments.

Using SK-AM62 Board

Product Specifications:
*  Minimum Resolution for Face Detection - 640 x 480 px

* Minimum face crop size for Face Recognition - 50 x 50 pixels @ 720p

*  Minimum Luminance (Lux) - >150

* Sensor Support - RGB

* Occlusion - <30%

* Input Format Image - JPG, PNG, BMP, GIF

* Input Format Video - MP4, AVI, MPG

+  Viewing Angle PAN - + / - 45 DEGREES

+  Viewing Angle TILT - + /- 30 DEGREES More details:

MCW-3P-FACEREC

Sk-AM62

Frame Face
§ = :
Pre Processing Detection

OpencV + GTK !

Display - Checks in DB Face
Output Slrnlele 7 for Reference Recognition

Camera Feed m=)  Read Input — m)

26
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https://www.ti.com/tool/MCW-3P-FACEREC

People Detection on AM62x

From : Plumerai Ltd. Availability : Product is available
Using SK-AM62 Board

Features: Applications:
«  Detects each person in view, »  Occupancy management

even if partially occluded *  HVAC control
*  Tracks people and assigns up to »  Lighting control

20 unique IDs. * |OT applications
*  Indoor, outdoor, NIR lighting. *  Security cameras
e Trained with 32 million labeled *  Video doorbells

images. *  Video conferencing cameras

+  Extensively validated on diverse
people and settings.

Brief:
Production-ready people detection solution that runs at high frame rates on a single Arm
Cortex-A53 CPU.

Product Specifications:
* Input:
*  QVGA to 4K video stream.
* Color, greyscale, NIR input.
» Standard and wide-angle lenses
*  Output:
+ Bounding box coordinates with unique 1D
» Sitara AM62x benchmark:
* Arm Cortex-A53 @ 1.2 GHz o
» Latency: 40.3 ms (single core) More details:
+  Binary size: 2.4 MiB total PLMR-3P-PEODET
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https://www.ti.com/tool/PLMR-3P-PEODET

How to start with AM62X




Get started with AM62x today! Available

ti.
Product Pages: on lc?m
©  AM623 AM62x SK BD RN e now:

° AM625 WiLink-8

Application Examples: Bre=s

 AMG62x Design Gallery

Hardware: 1

° SK AM62 EVM E F - DP83867A

Software : HEE — —

° % . o Transmitter

- AM62x Dev Portal it T

« Tl EdgeAl . - e ,‘
Support: A S TUst4020 AT —
* E2E forums § 3 = o ST @ Speakers

Controller

PMIC or
Discrete USB type-C
Solution power

DCDC
DDR4

2GB
w/o VTT MicroSD

Clickable slides on

training.ti.com *Camera modul&is not provided onboard
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https://www.ti.com/product/AM623/part-details/XAM6234ATCGGAALW
https://www.ti.com/product/AM625
https://dev.ti.com/tirex/explore/node?node=ADvke059hZ3trir-AX5S2Q__tKVY6Wy__LATEST
https://www.ti.com/tool/SK-AM62
https://www.ti.com/tool/PROCESSOR-SDK-AM62X
https://dev.ti.com/tirex/explore/node?node=ABzgiYlaIpWpTsGCG-Mp4Q__wX8Q.zP__LATEST
https://dev.ti.com/edgeai/
https://e2e.ti.com/support/processors-group/processors/f/processors-forum

Questions




Relevant Training Content

Applications:

* Smart building access with touchless control

 NPU: Revolutionizing your HMI design with TI's New AM62x processor family
* Build a smart EV charging station with Vehicle-to-Grid (V2G) communication

Development Fundamentals:
 Program an Edge Al "Hello World" Application Using Free Online Tools
 Demystifying Embedded Deep Learning Deployment
 Edge Al Goes Mainstream In Industrial Applications

Ecosystem:
e Scalability with a third-party ecosystem

Training Series :
* Process This: A Monthly Webinar Series

Clickable slides on

training.ti.com
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https://training.ti.com/smart-building-access-touchless-control
https://training.ti.com/npu-revolutionizing-your-hmi-design-tis-new-am62x-processor-family
https://training.ti.com/build-smart-ev-charging-station-vehicle-grid-v2g-communication
https://training.ti.com/process-program-edge-ai-hello-world-application-using-free-online-tools
https://training.ti.com/process-demystifying-embedded-deep-learning-deployment
https://training.ti.com/process-edge-ai-goes-mainstream-industrial-applications
https://training.ti.com/scalability-third-party-ecosystem
https://training.ti.com/process-monthly-webinar-series

