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Introduction to Edge Al Applications

E‘ﬁ?ﬂ; Bring Edge Al LIVE VIEW PLAYBACK MODE
Incident Notifications

P Persons Detected

‘9 Inclusion Zone v
NS
O A Warning Zone v

W Exclusion Zone

Brinq Edge Al LIVE VIEW PLAYBACK MODE o

Characterization
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E@ Bring Edge Al LIVE VIEW PLAYBACK MODE =

Incident Notifications v

[

®X Intrusion >

@ Theft

Package Analytics

Arctu .-_._,_q Bring Edge Al LIVE VIEW PLAYBACK MODE o

Behaviour Analysis



Development Challenges

* Development paradigm
- Experimentation and adaptation
- Heavily reliant on optimization
- Complex interdependencies
- Requires broad expertise

* Starting points
- Do not move to production seamlessly
- Dependencies / edge runtime limitations
- Lab vs field data
- Missing components / specialized requirements

* Considerations
- Move an application to the edge
- Improve accuracy and performance
- Develop a scalable/flexible architecture
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Edge Enablement
~ and Tools
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NXP Broad-based Machine Learning Solutions and Support

elQ™ ML SW Development Environment

elQ Toolkit with elQ Portal GUI to:
* Import/create, convert, optimize , validate and deploy ML models

elQ™ Auto Al Enablement

Deep Learning toolkit for S32V processors

Auto Quality : A-SPICE qualified inference engine
» Dataset curation tools to create new, augment, label/annotate

datasets Optimization: Prunes, quantizes, compresses the

. . . . . Neural Network
elQ inference with: TensorFlow Lite, TensorFlow Lite Micro, Arm NN, ONNX

Runtime, Glow and DeepViewRT
Support for i.MX 8 family, i.MX RT family

Automated neural net layer deployment to optimum
available compute resource

Integrated into NXP development environments (MCUXpresso, Yocto/Linux)

elQ Machine elQ Auto .
Learning SW DIY Automotive Grade

Third Party SW and HW Turnkey Solutions

Google Coral Dev Board Alexa Voice Services (AVS) solution
* i.MX RT106A (kit — SLN-ALEXA-IOT)
Local voice control solution

* i.MX RT106L (kit— SLN-LOCAL-IOT)

Face & emotion recognition solution with Anti-Spoofing
SensiML tools for sensor analysis « i.MX RT106F (kit — SLN-VIZN-IOT)

CORAL .... And more SLN-ALEXA-IOT Fully Tested
7 © 2020 Arm Limited (or its affiliates) x a r m

i.MX 8M Mini Development Kit for Amazon® Alexa
Voice Service

Au-Zone Value-add packages for NXP elQ Toolkit

Arcturus video applications




NXP Scalable Edge Processing Continuum (Future i.MX 9 MPUs

Example Applications:
* Smart Cities

* Smart Homes

* Smart Buildings

* Smart Factories

Cortex-A cores & Cortex-M cores
First use of Arm Ethos-U65 NPU

Scalable/reusable software,

tools and solutions

Example Applications:
o + Machine vision

* Industrial computer

» Security and vision

i.MX 8M Plus MPU  Fiageetse
Quad/Dual Cortex-A53 and M7

2.3 TOPS NPU, GPU, DSP
Camera, display, video, audio

With Industrial-grade \(  CAN-FD, GbE, TSN, PCle Y
reliability, security, longevity
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Machine learning use cases and accelerators

Cortex-M 4x Cortex-A53 GPU Neural Processing Unit (NPU)
< > < > >

0.5 2 3 (TOPS)

- Face and still image
Vision recognition, person
detection (images)

Multi-face recognition, Live video face and Multi-object surveillance
object detection (video) object recognition (people, cars, animals)

Wake word, 10 Word Automatic speech 40,000 words vocabulary,
speech, speaker recognition multiple speaker
recognition (basic command phrases) recognition

Speech accents
interpretation

Time Series Anomaly detection

: | Pose estimation Gesture recognition ComP'eX real-ti_me
Data (environmental sensors) motion analysis

9 © 2020 Arm Limited (or its affiliates) m q r m




elQ Machine Learning SW Development Environment

Typical ML application development flow

Fine tuning Input Image

Validate /data
Dataset ~
) . Deployment
- M

Converted
Model

Trained
Model

Model
Code

O(?timizr(te! Converted
onve Model

Data Preparation —
Validation Deployment Inference

& Training

J

Y

NXP’s elQ ML Software provides a collection of development tools, utilities and libraries for building ML applications

using NXP MCUs and applications processors (MPUSs).
elQ ML software can be leveraged as part of a user’s existing flow or can be used for the complete flow depending on

the ML application targeted.
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elQ™ ML SW Development Environment

N elQ Marketplace Value-Add Solutions and Services
Embedded Bring Your Own Data Workflow |
Developers - - [EEmmmse. 0 - = - - F-
= C i E = AN == - e
o o - omErmE B E - — — —_— -, gg
> o C | =p=r=asmuw — : = =
o put : _ Model Training, L
Data (l_}' 8 Data Curation Model Selection Optimization, Quantization Model Validation
Scientists o O | Bring Your Own Model Workflow
[<3)
ML Experts @ +Q\"Ca'l‘l"eZ € ONNX i’
/ e
Applications running on EdgeVerse processors
ANOMALY VOICE FACE MULTI-OBJECT COMPLEX
/ DETECTION RECOGNITION RECOGNITION CLASSIFICATION DIAGNOSIS
(¢))
1F O PyTorch g o
. o O
© Caffe? € ONNX 5 oo
[T
c
6’ elQ inference with...
[0 o . : ONNX S
TFLite-Micro Glow DeepViewRT™ TFLite Arm NN RuNtime DeepViewRT
v v v v v v '
Arm® Cortex®-M, DSP Arm Cortex-A, GPU, DSP, NPU
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elQ Toolkit and elQ Portal

\

elQ Marketplace

Value-Add Solutions and Services

Embedded
Developers

v

Data
Scientists

elQ Toolkit

elQ Portal

ML Experts

Bring Your Own Data Workflow

| e D Y ER .
T R R o= Lo ES
e B

L]
- E =

l

Data Curation Model Selection

_Model Training,
Optimization, Quantization

HoMEENE |
EEEHER

Model Validation

Bring Your Own Model Workflow

O PyTorch
S caffe? € ONNX

/
elQ Toolkit

- Eases the ML development experience with the elQ Portal as well as with command line host tools like; Glow tools, TensorFlow, PyTorch and other third-party tools
- Enables graph-level profiling capability with runtime insights to help optimize neural network architectures for execution on target NXP processors

- Includes ML application examples

- elQ Portal intuitive graphical user interface (GUI) that simplifies ML development:

Creates, optimizes, debugs, converts, and exports ML models

= Imports datasets and models, rapidly trains and deploys neural network models and ML workloads
= Output seamlessly feeds into DeepViewRT, TensorFlow Lite, TensorFlow Lite Micro, Glow, Arm NN, and ONNX Runtime inference engines

= Can import models from TensorFlow and PyTorch ML frameworks
= Includes object detection and image classification models for computer vision applications
- elQ Marketplace offers value-add solutions, professional support and design services from trusted eco-system partners and NXP

- Delivered with a single click from the elQ Toolkit at www.nxp.com/elQ

12 © 2020 Arm Limited (or its affiliates)


http://www.nxp.com/eIQ

elQ inference

) Applications running on EdgeVerse processors
Embedded ANOMALY REC\é)O(;iIIIEﬂON FACE MULTI-OBJECT COMPLEX
DETECTION RECOGNITION CLASSIFICATION DIAGNOSIS
Developers ®
o { o
Data S caffe2 € ONNX Q
. . c
Scientists C_)" elQ inference with. ..
W TFLite-Micro Glow DeepViewRT™ TFLite Arm NN F?lz\rq::r);e DeepViewRT™
ML Experts @ v v v \ \ v
Arm® Cortex®-M, DSP Arm Cortex-A, GPU, DSP, NPU

~/
elQ inference with TensorFlow Lite, ARM NN, Glow and ONNX Runtime

- Optimized support for open community-based engines on NXP target devices

elQ inference with DeepViewRT runtime

- Platform-optimized, proprietary runtime inference engine that scales across a wide range of NXP devices and neural network compute engines
- Stable and longer-term maintained solution to complement the open community-based inference solutions.

- Supports EdgeVerse™ processors, including the i.MX RT crossover MCUs (Arm® Cortex®-M cores), i.MX applications processors (Cortex-A and Cortex-M
cores, dedicated Neural Processing Units (NPU) and GPUs)

- Enables compact code size for resource-constrained devices with ease of analysis and fine-tuning of model performance using the elQ Toolkit

- Delivered via NXP standard Yocto BSP release for Linux® OS-based development, and MCUXpresso SDK release for embedded RTOS-enabled MCU
development

- elQ inference with DeepViewRT runtime is provided free-of-charge to NXP customers as part of our ML enablement

13 © 2020 Arm Limited (or its affiliates) x a r m


http://www.nxp.com/imxsw
https://mcuxpresso.nxp.com/

NXP elQ™ ML Software Development Environment

NXP elQ™ ML Software Development Environment

Inference Engines and Libraries for Neural Network Model Deployment

djiﬁp ArmNN

DeepView DeepView
[ 4 2 = kn‘\.' I .
¥ TensorFlow! ite for Microcontrollers ¢ TensorFlow| ife
OosLow T D
Arm® Cortex®-M DSP ML Accelerator Arm® Cortex®-A
i.MX RT1064 i MX RT600 i MX RT600 i MX 8M Plus i MX 8M Plus i MX 8M Plus i MX 8M Plus
i.MX RT1170 i MX RT1050 i MX 8M i MX 8M
i MX RT1060 i MX 8M Nano i MX 8M Nano
i MX RT1160 i MX 8M Nano UL

1.MX 8M Mini

Microcontroller Compute Engines Applications Processor Compute Engines

* Additional support for devices not listed can be available

14 © 2020 Arm Limited (or its affiliates) ‘ '



elQ Toolkit availability

Registered users can download elQ Toolkit from: http://www.nxp.com/eiq

Deployment

OVERVIEW

Jump Te
Overview & Features

Supporied Devices

elQ™ Toolkit for End-to-End Model Development and =<

DOCUMENTATION DOWNLOADS DEVELOPMENT TOOLS TRAINING & SUPPORT

Overview

Features

The elQ Toolkit enables machine leaming developme
with an intuitive GUI (elQ Portal) and development
workflow tools, along with command line host tool
options as part of the &lQ ML software development
environment. NXP's elQ Toolkit enables graph-level
profiling capability with runtime insights to help optimi
neural network architectures on target EdgeVerse™

Mare ~

DOWNLOAD

elQ Toolkit

= Enables graph-level profiling capability with runtim
optimize neural network architectures

= Eases ML development with &lQ Portal and comm

elQ™ ML Software Development Environment o

The NXP® elQ™ machine learning (ML) software development environment enables the use of ML algorithms on NXP EdgeVerse™
microcontrallers and microprocessors, including i MX RT crossover MCUs, and i MX family application processors. elQ ML software
includes a ML workflow tool called elQ Toolkit, along with inference engines, neural network compilers and optimized libraries. This
software leverages open-source and proprietary technologies and is fully integrated into our MCUXpresso SDK and Yocto development
environments, allowing you to develop complete system-level applications with ease.

\ Machine Learning Workflow Tools

15 © 2020 Arm Limited (or its affiliates)

elQ™ Toolkit for End-to-End Model Development and 94
Deployment

OVERVIEW DOCUMENTATION DOWHNLOADS DEVELOPMENT TOOLS TRAINING & SUPPORT

Fiter Byl Show A1 IDE and Build Tools (1)
Filter by keyword Q

™ ]
elQ™ Toolkit 8 DOWNLOAD .
Divelopment Software (1) The e/2™ Toolkit enables machine learning development with an intuitve GUI (elQ Portal) and
— development workflow tools, along with command line host tool options as part of the =10 ML
IDE and Build Tooks (1 softwars development environmeant.

EXE Rev1.0.5 2021-07-0113:32:00 285081KB EKI TOOLKIT

»xXo arm



http://www.nxp.com/eiq

elQ Portal

16

elQ Portal REMOTE DEVICES  MARKETPLACE

el Documentation
el Home Page
el Community

About elQ Portal

CREATE PROJECT OPEN PROJECT W
MODEL TOOL COMMAND LIME

© 2020 Arm Limited (or its affiliates) ‘



Data Curation

e|Q Portal tf_flowers REMOTE DEVICES ~WORKSPACES  MARKETPLACE  HELP =3 O X

Number of Images v

abds T Test Toa Data;Set Curator » Capture and annotate images for

i e (DoteetTest oot 13 3] [l | model training and validation

e R * Import datasets from public or user-
Roses 514 127 641 defined formats

Suflowers 555 144 699 , i S ® « Distribute data for training and

Tulips 645 154 799 ‘ testing

Unlabeled Images 0

Allimages 2936 734 3670

AUGMENTATION TOOL

DEEPVIEW DEVPACK ADD-ON

< HOME SELECT MODEL >

17 © 2020 Arm Limited (or its affiliates) x a r m



Dataset Augmentation

Dataset Augmentation

Dataset augmentation adjusts image parameters to

All augmentations have a 50% chance of being performed |m prove model tralnlng
Set to defaults Disable all

Reduce over-fitting and increase robustness to

e —— dynamic real-world environments
U4 Vertical Flip . . .
S ——  Visualize how augmentation parameters affect
andom Lig oise .
Images
Random Cropping - g . )
| o « Set augmentation parameters relative to the
Random Expand wicthregitRatio |- | 2 |+ appllCathn
r Random Rotation maxRange |-] 0 |+]
@
- Contrast [-]05 ]+ |-]15]+]
J— Y ®
- Brightness 2 .
@
= Saturation [-105]+]| [-]25]+]
— e ®
®

18 x arm




MODEL TOOLs

elQ Portal eig-project

RESTORE MODEL

BASE MODELS

USER MODEL

DEEPVIEW MODELPACK ADD-ON

< DATASET TRAIN

© 2020 Arm Limited (or its affiliates)

REMOTE DEVICES WORKSPACES MARKETPLACE

Model Selection

N\ .

i\

(=]
Gk L
O —
o
Classification

Classification models learn to report what
an image contains. Because this type of
model looks at a complete image, the
dataset must be representative of what
the model will see during operation. A
classification model is typically combined
with a pre-processing algorithm, which
controls the region of interest for the
model to observe. In some cases, the
region of interest is physically constrained
to ensure the images match the dataset.

This type of model trains quickly and
works well on small datasets. It is a good
practice to ensure your dataset works well
with a classification model before moving
onto training a detection model.

r_"
L Jd

Detection

Detection models learn to report what
objects are in an image and where they
are located. Detection models will report
many object detections in a single image
and report the label, confidence, and
location of the object. This type of model
is typically used independently with the
results used for further processing by the
application.

This type of model requires long training
time and a fairly large dataset of images
which are representative of what the
model will observe during use. It is good
practice to validate the quality of a
classification model before moving onto
detection models.

HELP

» Select the appropriate class of model:
« Classification, Detection



MODEL TOOLs

20

elQ Portal eig-project

< SELECT MODEL

© 2020 Arm Limited (or its affiliates)

TRAIN

REMOTE DEVICES WORKSPACES MARKETPLACE HELP

Base Models

mobilenet_v1

Task: classification Problemn Type: image

mobilenet_v2

Task: classification  Problem Type: image

mobilenet_v3

Task: classification Problem Type: image

fpn_ssd_mobilenet_v2

Task: detection Problem Type: boxes

ssd_mobilenet_v3

Task: detection Problem Type: boxes




MODEL TOOLs

-

Performance

b

The performance-optimized model seeks to achieve the
lowest inference latency possible at the cost of
accuracy. Choose this model if you require maximum
performance or are using a resource-constrained
microcontroller device.

Balanced

The balanced model aims to have performance and
accuracy results that strike a balance between the
performance model and the accuracy model. Choose
this model if you are seeking a balance of performance
and accuracy.

21 © 2020 Arm Limited (or its affiliates)

» Choose a model version that matches
performance and accuracy requirements

Accuracy

The accuracy-optimized model aims to provide the best
possible accuracy with reasonable performance on a
typical embedded platform. Choose this model if you
require the best possible accuracy and are less sensitive
to inference latency.

»xXo arm



MODEL Tools

4ddid dddd dddd 4
- - - - - e ~[easns]™
- o -] mm |~ B U —-ju 1
-] * |- -] mm |- [ L -] H
- - - - e . O
Ty Y TR By, 1YY Y 1YY
MCU CPU GPU NPU
Optimize model for inference on a Optimize model for inference on a Central Optimize model for inference on a Optimize model for inference on a Neural
microcontroller (MCU) Processing Unit {(CPU) Graphics Processing Unit {GPU) Processing Unit (NPU)
This is the smallest compute engine CPU fully supports floating-point and NPU only supports quantized models
available, MCU is best suited for quantized models, with quantized models
quantized models, although floating-point typically being the fastest

models are also fully supported

» Model selected must be correct fit for target resources
« Application Processors or MCUs
« Models further optimized for compute units* (MCU, CPU, GPU, NPU)

* Planned future functionality
22 © 2020 Arm Limited (or its affiliates) \ ¥ 4



I\/Iodel Training and Optimizing for BYOD and BYOM

elQ) Portal tf_flow REMOTE DEVICES  WORKSPACES =~ MARKETPLACE  HELP =

Model Name
classification-performance-npu-2021 Trainer

TRAINER SETTINGS A

by
Weight Initialization ‘ imagenet v‘
Input Size [224,224,3~) [startstep | [Endstep |
10—

Learning Rate 0.0001

Batch Size

=d
Epochs To Train 10

L
Enable QAT l s
0.5+

=

0.9
0 |
0.3

(o]

MODEL PARAMETERS ~

Alpha ‘ 0.35 v

MODEL TOOL

STOP

2(']0 460 5|I]D ﬁl‘][l 1 6DD |Z‘[|E| 1 4'0‘] 1 GIOO 1 EIOI] 2, 6|][| ZZ‘UO Z‘;ﬂﬂ
| DEEPVIEW DEVPACK ADD-ON |

<  SELECT MODEL VALIDATE >

Static model analysis for debug and bottleneck detection

Step

== Train Accuracy
Evaluation Accuracy

Automatic graph-level optimizations should improve performance and
memory utilization without precision loss (e.g., pruning, fusing, layer
folding)

Configurable optimizations control accuracy tradeoffs (e.g., quantization,
layer replacement, weight rounding)

Quantization converts 32-bit floating point models to 8-bit integer format

23 © 2020 Arm Limited (or its affiliates)

Model training should support users of all levels
of experience

Use default settings or fine-tune with
hyperparameter selection

»- drm



KEROTE DEVICES  WORKSPACES  MARKITPFLACE  priP

Number of bnages v

Labels Traln Yeet TYotal Data Set Curator

axly 578 55 B3 20|

e s

La0S8400 K 65 298

oses 536 55 b4l

AUnfoivers 648 55 639

tulips 7AL 585 7%

nidwied inages 2

[-‘- Hnages 2398 378 ,A&IEI

I DEEPYIFYW DEVPACA ADD-ON I

24 © 2020 Arm Limited (or its affiliates)



Validation to Prove and Improve Model Behavior

e|lQ Portal tf _flowers

Validation Settings
Softmax Threshold 0

[
Use Quantized Model Not Available

Post Training ‘)
Quantization —
input Dta Type
Output Data Type Daisy -
Validation Stats
Target Name Default ° - S
=
Taraet URI httn://127.0.0.... g
——————— Roses -
MODEL TOOL L
Sunflowers -
Tulips
DEEPVIEW DEVPACK ADD-ON
25 © 2020 Arm Limited (or its affiliates)

REMOTE DEVICES

Validate

Confusion Matrix Class Accuracy

WORKSPACES

MARKETPLACE

B

Daisy

HELP = (]

X

Softmax:  0.996

Softmax:  0.797

Softmax:  0.996

T
S

& e, o Roses S,
Yiop,

Ny 5

Predicted

x
Y
s

Softmax:  0.996

Softmax:  0.996

3

Softmax:  0.996

Softmax:  0.484

* Use validation to uncover areas that
can be improved in your data set

« Analyze and compare model
accuracy running different
optimizations



Validation target

* By default you will validate the model on your local PC

* If you have a Remote Device connected you can validate on target and get profiling
information

Remote Devices

Discovered Devices

.1.203:10818

Add New Device

Name |Default | Hostname |[127.00.1:10818

26 © 2020 Arm Limited (or its affiliates x a r m



BYOM: elQ Model tool

eIQ Portal REMOTE DEVICES MARKETPLACE HELP — X

B2 mobilenet_v1_1.0_224_quant.tflite - elQ Model Tool 2.1.30
File Edit Wiew Tools Help

OPEN PROJECT

COMMAND LINE

CREATE PROJECT

MODEL TOOL

input

Tx224x224x3

filter (32x2x3=
bias (32

1=112=112=32

w3x3x3Z

1=112=112=32

fillter (Gd:c7:1:32
bias &4

T=112=112=64

1x56x 5664

27 © 2020 Arm Limited (or its affiliates) x a r m



Model converter support

Quantized
TensorFlow

Source/Destination DeepviewRT RTM [Lite ONNX
TensorFlow 1.x pb Yes Yes Yes No Yes Yes
Saved Model (Folder/tar) Yes Yes Yes Yes Yes Yes
Keras (.h5) Yes Yes Yes Yes Yes Yes
DeepviewRT RTM - No No - No No
TensorFlow Lite (tflite) s ] e A A Yes
ONNX Yes Yes - No Yes Yes
TensorFlow Lite Quantized Yes - Yes No - -
ONNX Quantized Yes Yes - No - -

28 © 2020 Arm Limited (or its affiliates)
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elQ Model Converter

E mobilenet_v1_1.0_224 _frozen.pb - lC Model Tool 2.1.30 — | >
File Edit View Tools Help

B8] mobilenet_v1_1.0_224_quant.tflite - elQ Madel Tool 2.1.30

Conversion Optlons File Edit View Tools Help

Ba@a

Basic Options -
[ [ ] B8 mobilenet v1_1.0_224_quant.rtm - elQ Model Tool 2.1.30
Model Name Default Input Shape

12224222423 File Edit View Tools Help

Ba@a

mobile netv1_tf||'te| 1 224

filter (3Zx3=3x=3
bias (320

Input Node(s) Qutput Node(s) input

d

input + Add Input MobilenetV/1/Predictions/R + Add Output 11120112532

1x224x224x3

Labels file TFLite Converter

Choose File | No file chosen MLIR @®

1x112x112x32 T1=112=112=32

ConvZD

filter (84x1=1232)
bias (540

1x112x112x64 1=112=112=32

Afization Settings

Enable Quantization

Per Channel @

Convert

1x112x112x64
156756564

1x56=56x64

29 © 2020 Arm Limited (or its affiliates) m a r m
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Application Examples

gﬁ: Bﬁnq Edge Al LIVE VIEW PLAYBACK MODE

Incident Notifications

P Persons Detected
‘9 Inclusion Zone v

o
O& A Warning Zone v

W Exclusion Zone

H@ Bring Edge Al LIVE VIEW PLAYBACK MODE o

Characterization

31 © 2020 Arm Limited (or its affiliates)

E@ Bring Edge Al LIVE VIEW PLAYBACK MODE -]
Incident Notifications v = v : 7

=

R Intrusion >

@ Theft

Package Analytics

Arctu .-_._,_q Bring Edge Al LIVE VIEW PLAYBACK MODE o

Behaviour Analysis

Awrctlg'us



Motion Tracking

Motion Tracking

1 |
New Identity Created
Bounding Box Motion ~

—p  Object Detection  ——p
Localization Prediction

> Compare / Refine

\ Existing Identity

Matched
|

Relies on continuous detections - object cannot leave frame/FoV.

32 © 2020 Arm Limited (or its affiliates) At> a r' m
rcturus



Motion and Appearance Tracking

Motion Tracking

c |

——p  Object Detection  w——mp BoUNdingBox . .
Localization Motion New ldentity

Prediction Created

1 Identity > —_— Compare / Refine
Assignment icti

Embedding EX|st|r1g

Comparison L3

Bounding Box P T Matched

Pixel Data L

Reidentification Tracking 1

Object

Embedding

More objects = more processing

Visual appearance reidentifies objects irrespective of time or space -but- requires generating embeddings for each object detected.

33 © 2020 Arm Limited (or its affiliates) At) a r' m
rcturus
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Building and Scaling
- Pipelines

- Harshad Mahadik
Edge Al and Vision Team Lead — Arcturus
| | | ~ Jonathan Rynne

~ Data Scientist — Arcturus



Tracking Pipeline (by resource)

Motion Track
(Kalman Filter)

v

ID Assignment

Decoded
pata (SSD_MobileNet)
(Hungarian)

Detection .
Input Stream || Object Class
| Fame Inference Localization x/y
Frame ||
Data_FEmbeddings

Appear. Track

IP/Port: —
> Generation — .
N. Neighb
Offload to (MobileNet) (N. Neighbor)
NPU Ul / UX
Detection -
Arm CPU Inference S(.etjwcgs /
NPU (SSD_MOblIeNet) "identity": "InferenceFrame" NOtIflcatlonS/
. Integrations
IP/Port:

"outgoingStre:
"detecti

nceDetections"

reamproc#
reamproc# I

top - 21:44:09 up 2 days, 1:43, 3 users, load average: 8.96, 1.81, 1.90
1 [} [

l

3.4m 2.1fm 1.7m R 2.8 0.0 8.62 top

168464 root 20
I

s arm

We are Edge.
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Optimization Techniques

Technique
Co

Batch Processing

Model Depth
Reduction

Tiling

N

36

e

W e TET IPENIT i Reduces precision of network e.g.

© 2020 Arm Limited (or its affiliates)

Allow multiple images to

processed at the same time

Reduces the complexity of the
network

Breaks down input image into
multiple image tiles

from Float32 to INT8

WA ISR Allows multiple models to run at
the same time

Decreases latency Resource intensive
Increases throughput Increases latency
Decreases inference time Decreases accuracy
Improves accuracy Increases latency
Improve performance Decreases accuracy

. arm



Concurrent Model Processing

. Object
E
/V Cropped Person #1 = s mbeddings Network —ep Sleeig \
Appearance

—_— .
' Tracking Input
\ Cropped Person #2  ====p  Embeddings Network s ObJeCF
Embedding
Pros Cons Performance Example
* Reduced latency * Increased complexity Mobilenet_v1l_embeddings network
* Increased throughput * memory management (IPC) * 30ms inference
* Increased FPS * Increased memory consumption * 4 People Detected within Frame
* Increased analytic results e CPU/GPU/NPU intensive Total Inference Time without Concurrent Processing

* 30ms *4=120ms
Total Inference Time with Concurrent Processing
* 30ms + 30ms (overhead) = 60ms

37 © 2020 Arm Limited (or its affiliates) At> a r' m
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Batch Processing/Batch Inference

Throughput* vs. Latency for Increased Batch Size (PreProcess)

__90 400
g 85 350
9 80
A 300
> 75 m
& 70 250 £
©
€ 65 200 &
mmm Throughput < ¢ S
= 150 &
—Latency 255 100 -
%" 50
£ 45 20
40 0
1 2 4 8 16 32
Batch Size
Pros Cons
* Increased throughput * Increased memory consumption

* Decreased complexity * Model/backend support
* Increased latency
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Tiling

/v Image Tile A — Detection \

Recombined

N Image Tile B —_— Detection ~~

Pros

* Improve detection accuracy
* Improve Tracking
* Can be combined with batch

I-LIDS™ (AVSS 2007
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Tiling

/V Image Tile A — Detection \

Recombined

\ Image Tile B —_— Detection ~

Cons

* Increase false positives
* Add pre/post
processing overhead
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Model Size Depth Reduction

Definition in source code:

depth_multiplier: Float multiplier for the depth (number of channels)
for all convolution ops. The value must be greater than zero. Typical
usage will be to set this value in (6, 1) to reduce the number of
parameters or computation cost of the model.

Speed* Accuracy
m Depth Multiplier (Embed Time) (mAP on Market 1501)

Mobilenet v1 1.0 (100%) 51ms 63.49%
Mobilenet v1 0.75 (75%) 33ms 62.12%
Mobilenet v1 0.5 (25%) 19ms 60.21%

* Calculated by running model on the CPU (4x Arm Cortex-A53)

41 © 2020 Arm Limited (or its affiliates)

arm


https://github.com/tensorflow/models/blob/9f7a5fa353df0ee2010f8e7a5494ca6b188af8bc/research/slim/nets/mobilenet_v1.py#L171

Let’s do even more!

- David Steele

Arcturus



Characterization
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Detection and Colour Modeling

© 2020 Arm Limited (or its affiliates)

Shirt

Jacket/coat

Pants
Shorts
Socks

Footwear

Segmentation Output

Arcturus
We are Edge.

Hair

Face

Hand

Arm

Leg

Foot

arm



Characterization

Person 90 | x/y location
Detect and classify objects T

6 People | Person ID 123

Object Detected Localization and

Class ‘ Identity
Two Concurrent Assignment ;
' Characterized
Networks a Combined — — Object
Pixel-wi Colour Model
=P  |mage Segmented = Ixel-wise
Classification
1 Red hat, blue shirt, red shorts, green shoes....

Label class probability of each pixel

90% Hat, 65% shirt, 40% shorts, 26% pants 5% bikini....

Two networks process the same frame in order to improve precision and fully characterize object
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Atlas Edge Al Hardware Platform

Atlas Platform

2xM.2
NXP 8M Plus CARD SLOT NVIDIA

Core and Memory Imaging and Video (M-Key) Core and Memory Imaging and Video

2% MIPI CSI
435‘,:::‘_’;1‘;55 ”tﬂté’oé'iﬂifz 2 1SPs up to 12MP INTERCONNECT 4x Cortex-AS7 @ 1.4 GHz) A MIPI 51 uo 10 6
p 3D GPU, 2D GPU BACKPLANE up to 6x Carmel @ 1.1 GHz P

HiFi 4 DSP @ 800 MHz Video encode/decode up to Video encode/decode up to

1080p60, h.265/4, 4Kp30 (HEVC)

HDMI, eDP

6GB LP-DDR4 (32-bit) gL 4GB (64-bit) LP-DDR4
32MB SPI NOR 16GB eMMC
2x Gigabit Ethernet

3.3vDC I/O 1x Gigabit Ethernet
Al Acceleration UARzT' E:B ';% sl Al Acceleration USBE 2.0
X o

USB 3.0
PCle Gen 3
s, SDIO GPU (472 GFLOPS) PCle Gen 2/3
up to 2.3 TOPS CAN-FD RESET/ or GPU (21 TOPs) SDIO

WATCHDOG

External Terminations

FAC. READY ALARM LINK R145 USB3 HDMI /O MICRO
+12VDC RESET
- - RESET ACT LED (Up to 3) Mpizg ) SDCARD
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Characterization Pipeline (by resource)

i.MX 8M Plus

High Frame Rate Detection

Object Class
Localization x/y

Frame || —

Data

A [P/Port:
Data passed over network
IP/Port:
IP/Port: Frame 4 &
& . 4 T W
Input Stream I Segmentation Pixelwise Data Colour
Decoded — ngrtf;e | — Inference _>Probability =)  Characterization Motion Track ID Assignment
(FCN-ResNet18) L0 (Kalman Filter) (Hungarian)
IP/Port: Localhost: Localhost:
Ul / UX
Complex Segmentation > - . 4 Services /
Localhost: Charaf:terlzatlon Notifications /
> Assignment Integrations
Localhost: IP/Port:
Arm CPU . NPU GPU
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Characterization Demo



aracterization Demo

Watchman X +

C A 192.168.1.15 x ® 2

i  Wireframe Watchman {5 Home - Grafana Reading list

W T Brinq Edge Al LIVE VIEW PLAYBACK MODE SMART SEARCH €%

Incident Notifications

&8 Abandoned Package v
A Boundary Crossing v
&oitering v
¢ Motionless Person v
3@ Intrusion v
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NXP ML/AI training series

3

« 20+ training modules
* Available at

MACHINE LEARNING . >
Concepts and Introduction
WWW.Nxp.com/miltraining

CONCEPTS

elQ™ SOFTWARE DEVELOPMENT &IQ Overview

Transfer Learning Intro & Lab
ENVIRONMENT Handwritten Digit Recognition Example

elQ TOOLKIT elQ Toolkit: How to BYOM

elQ Toolkit: How to BYOD >

elQ Toolkit: Command Line interface

MACHINE LEARNING ON MCUS Get started with elQ on i.MX RT elQ inference with Glow NN Compiler — Overview & Lab
Create your own Model using Glow  elQ inference with DeepViewRT

MACHINE LEARNING ON MPUS  elQ inference with Arm NN

elQ inference with ONNX TensorFlow Lite support for Android ML
elQ inference with TensorFlow Lite (for MPUS)

Solutions and topics contributed
PARTNER ML SOLUTIONS by NXP 6lQ partners >

2020 Arm Limited (or its affiliates) x a r m

Machine Learning with i.MX RT elQ inference with TensorFlow Lite for MCUs — Overview & Lab >



http://www.nxp.com/mltraining

References and helpful links

elQ™ ML Software Development Environment  +« Bring™ Edge Al and Vision Analytics
(https://www.nxp.com/eiq) (https://www.arcturusnetworks.com/bring/)
« Bring Edge Al for Public Safety
(White paper)

* Arm Al Tech Talk — The Smart City In Motion —
Intelligent Transportation Systems

elQ ML/AI Training Series
( https://www.nxp.com/miltraining)

elQ Community

( https://community.nxp.com/t5/elQ- (webinar recording)
Machine-Learning-Software/bd-p/eiq) « Arm Dev Summit — Using Arm NN to Develop Edge Al
in the Smart City
« Embedded Linux for i. MX Applications (webinar recording)
Processors

(https://www.nxp.com/design/software/em
bedded-software/i-mx-software/embedded-linux-
for-i-mx-applications-processors:IMXLINUX)

«  MCUXpresso Software and Tools
(https://www.nxp.com/design/software/de
velopment-software/mcuxpresso-software-and-
tools-:MCUXPRESSO)

s NP arm



https://www.nxp.com/eiq
https://www.nxp.com/mltraining
https://community.nxp.com/t5/eIQ-Machine-Learning-Software/bd-p/eiq
https://www.nxp.com/design/software/embedded-software/i-mx-software/embedded-linux-for-i-mx-applications-processors:IMXLINUX
https://www.nxp.com/design/software/development-software/mcuxpresso-software-and-tools-:MCUXPRESSO
https://www.arcturusnetworks.com/brinq/
https://www.arcturusnetworks.com/whitepapers/Vision_and_AI_for_Public_Safety%20Applications-Arcturus_White_Paper_v0-2-2.pdf
https://www.youtube.com/watch?v=fFJ7UaifkQs
https://www.youtube.com/watch?v=OMBaWVuo04o

Closing Remarks and Prize Draw
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‘P Bringing Edge Al to life -
s from concept to production
N (=] Arm Al Tech Talk = July 13, 2021

\ arm Al Al Virtual Tech Talks Serfes m

Thank you for participating in our Arm Al
Tech Talk.

Complete your information to be eligible to win one of 2x $250 Amazon Gift cards courtesy
of Arcturus and NXP.

The entry deadline is July 13 2021 at 2pm ET. Prize draw will occur on July 13th and
winners will be notified by email. One entry per person, per email.

Terms and conditions - by entering you are agreeing to share your information with Arcturus
Networks Inc. and NXP Semiconductors for the purpose of contacting you about this and
future promotions. Refer to each company's privacy policy and terms of use for additional
detail.

* Required

© 2020 Arm Limited (or its affiliates)
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https://forms.gle/ciBtRgC3c76BCNVd7

Awrctlg'us
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arm —~ Thankyou!

Tweet us: @ArmSoftwareDev

Check out our Arm Software Developers YouTube channel

‘Signup now for our next Al Virtual Tech Talk: developer.arm.com/techtalks

Attendees: don’t forget to fill out the survey to be in with a chance of winning
an Arduino Nano 33 BLE board

© 2020 Arm Limited (or its affiliates)


https://twitter.com/ArmSoftwareDev
https://www.youtube.com/channel/UCHUAckhCfRom2EHDGxwhfOg
https://developer.arm.com/techtalks

Al Virtual Tech Talks Series

Date Title Host

Bringing Edge Al to Life - from PoC to Production Arcturus & NXP

Easy TinyML with Arduino: taking advantage of machine learning right where things are

: Arduino
happening

July 20th

Visit: developer.arm.com/techtalks



arm —~ Thankyou!

Tweet us: @ArmSoftwareDev

Check out our Arm Software Developers YouTube channel

‘Signup now for our next Al Virtual Tech Talk: developer.arm.com/techtalks

Attendees: don’t forget to fill out the survey to be in with a chance of winning
an Arduino Nano 33 BLE board
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https://twitter.com/ArmSoftwareDev
https://www.youtube.com/channel/UCHUAckhCfRom2EHDGxwhfOg
https://developer.arm.com/techtalks

DevSummit

October 19-21, 2021

Where Hardware &
Software Join Forces

Call for Papers

Learn More at
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