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Terminology

Artificial intelligence (Al) — computers using human-like intelligence to solve tasks

Machine learning (ML) — algorithm uses data to find or “learn” patterns

Deep learning (DL) — very large algorithm using raw data input (Usually needs lots of datal)
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Why Al at the Edge? Key

« Edge Al — running Al where data is generated

— Algorithms run on embedded processors or
microcontrollers

— Minimizes movement of data

Cloud Al Edge Al

» Benefits
— Reduced latency
— Privacy
— No Cloud compute or network costs

— Increasing support & performance from
embedded vendors
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Edge Al application areas

Security and home |
automation cameras Robotics 4
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History of Tl edge Al

* Linux processors for vision,
displays, multimedia

* CSl lanes and ISP for vision

pipeline 1

» Addition of dedicated Al
hardware acceleration to
bring intelligence to vision
processing

» Targeted for applications
such as ADAS, in-cabin
sensing, robotics, and more

@—® Pin-pin compatible

| Sampling | Production |

AM69

Cortex-A72, <10-30W

AMG68

Cortex-A72, <5-9W

AMG7

Cortex-A53, <3-5W

AM62

Cortex-A53, <1.5W

Performance

General
purpose

(Displays, multimedia)

AMG69
4-8x A72, 4x Display, 50 GFLOPS, 2x4k60
video, 4x2L PCle3, 8p GbE, 1xUSB3

AMG68
2x A72, 4x Display, 50 GFLOPS, 4k60
video, 1x4L PCle3, 2p GbE, 1xUSB3

AM67

2-4x A53, 1x R5F, 3x Display, 50 GFLOPS,

4k30 video, 1x1L PCle3, 2p GbE, 1xUSB3

AM62P
1-4x A53, 1x R5F, 3x Display, 50GFLOPS,
4k30 video, 2p GbE, 2xUSB2

AMG62

1-4x A53, 1x M4F, 2x Display, 8GFLOPS,

2p GbE, 2xUSB2, SIP

iBa

Signal
processing

(C7x DSP, MMA for Al)

AMG9A
AMG69 + 32TOP Al,
3x4L CSI-RX

AMGBA
AMG68 + 8TOP Al,
2x4L CSI-RX

AMG67A
AMG67 + 4TOP Al,
4x4L CSI-RX

AM62A

2xXUSB2, <5W

1-4x A53, 1x R5F, 2TOP Al, 1xCSI2, ISP,
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Scalability of edge Al

« Common deep learning accelerator (DLA) architecture

— Each DLA contains a TI C7x DSP with a matrix multiply accelerator
(MMA)

— Scalable number of DLA’s offered to ensure correct amount of Al
performance

« Common software infrastructure

— Foundational Linux SDK’s
Al components built on top of industry standard frameworks
Simplified migration between Al devices to get desired performance
Edge Al studio serves as common toolset for evaluation

» Wide range of partners who can help overcome project hurdles

a
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camera sensors
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Example: smart retail

» Task — Detect and classify items
on retail checkout tray

Deep
Learning

 Why use deep learning here?
— Easier to implement
— More accurate and robust
— More scalable

Order:

* Impacts 1xBanana
— Completely automates checkout process  |2xApple -
4xChips
— Faster checkout, lower delays 1xSoda

— Improved accuracy
— Less risk of theft than self-checkout

Total: $7.00
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Example: PCB defect detection

» Task — Detect and classify PCB defects

* Why use deep learning here?
— Easier to implement
— More accurate and robust

fect Detection

VME>d'e>I-: ‘pcb—defect—detection—yolox -s—lite

* Impacts
— Faster analysis of PCB defects
— Less missed defects

Deep
Learning

Defect List: < ‘\' N
iefect List: \
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Direction of edge Al

]

Al acceleration

Expand range of Al
performance by
offering versions of
products with Al

accelerators on-chip.

Sensing modalities

Support new types of sensing to
democratize other forms of digital
signal processing

Easy to use tools

Use Edge Al studio as a Y
starting point for any Al \

project on a Tl device

Industry standard frameworks

Leverage open-source frameworks and tools that

engineers are already familiar with.

¥ TensorFlowL ite @ ONNX :;Estreamer O PYTOFCh ’l

Technologies for edge Al

Perception

ADAS applications, object
detection and
classification, depth and
motion estimation.

Audio

Wake word detection,
command recognition,
speaker recognition and
verification.

Real-time
monitoring and
control

Predictive maintenance,

monitoring, vibration
monitoring.
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TI Edge Al Studio

» Suite of tools for edge Al evaluation and development
— Model Composer — No-code solution for creation and training of models
— Model Analyzer — Evaluate model performance on remote hardware
— Command line tools available for advanced development

TI Model Zoo
Optimized, pretrained models
» Users can start by
— Evaluating pretrained models
— Retraining TI models with custom data
— Compiling a custom model for a Tl device @ Train  — Compile —» Evaluate ———
Customer data Deploy at the edge

Bring your own data
(BYOD) and retrain Tl models
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Edge Al Studio: Data capture and annotation

=D —

« Live capture images « Annotate data directly
» Upload pre-captured images « Annotate entire images or specific
» Import entire datasets objects

11
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Edge Al Studio: Select and train model

#& Model Composer | Options  Halp o

3% Model Composer | op

"0 i s sva® o  @usme B A @ sowm e sk e o 1

Trairing parameters jox_s_ie( B-  Aweea N
Device selection o Epochs Learming rats Hoich sza Weight decay
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Training Perdormanca
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SUCCESS: ModelMaker. - Tradning completed

Development board: hips: s ti CmAOOKSK AMES

Somware development ke (SOK)
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« Set training parameters

» Execute training

* View performance results

« Compare to other models or devices

* Select device
» Select model to be used
* Determine performance tradeoffs

12
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Edge Al Studio: preview and deploy

%t Model Composer

Model Name - mobienet_v2_iee

« Connect to hardware « Download model to PC
» Live preview results from trained model » Download artifacts directly to
* View performance in real time connected board
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Questions and next steps

« Learn more about Tl edge Al - ti.com/edgeal
» Get started with Edge Al Studio - dev.ti.com/edgeaistudio/
« See Tl demos of edge Al - dev.ti.com/tirex/global?id=edge-ai-demos

« Browse Tl analytics processors — ti.com/processors

14
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https://ti.com/edgeai
https://dev.ti.com/edgeaistudio/
https://dev.ti.com/tirex/global?id=EDGE-AI-DEMOS
https://www.ti.com/microcontrollers-mcus-processors/arm-based-processors/products.html#1498=Catalog%3BHiRel%20Enhanced%20Product%3BHigh%20Temp%3BMilitary&2192=Vision%20Analytics&
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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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