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JETSON PLATFORM
OVERVIEW



JETSON SUCCESS STORIES

Industrial Aerospace/Defense Construction

Retail Logistics Delivery Inspection Service Collaboration
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*  JETSON PRODUCT FAMILY
OVERVIEW



Performance

THE JETSON FAMILY

From Al at the Edge to Autonomous Machines

10 - 15W
TFLOPS (FP1 5.5-11 TFLOPS (FP16)
: ool o) 20 - 32 TOPS (INT8)
21 TOPS (INT8)
100mm x 87mm

45mm x 70mm

7.5 - 15W*
1.3 TFLOPS (FP16)

5-10W 50mm x 87/mm
0.5 TFLOPS (FP16)

45mm x 70mm

Price



JETSON DEVELOPER KITS

For Developers, Engineers and Makers

JETSON NANO JETSON TX2 JETSON XAVIER NX JETSON AGX XAVIER
5W | 10W 7.5W | 15W 10W | 15W 10 | 15W | 30W
0.5 TFLOPS (FP16) 1.3 TFLOPS (FP16) / TFLOPS (FP16) | 21 TOPS (INT8) 11 TFLOPS (FP16) | 32 TOPS (INT8)
$99 $399 (5299 EDU) $399 $699




JETSON MODULES — COMMERCIAL ROADMAP

B Released In Planning

2020 2021 2022

* TX2 8GB will ship till 2025 but new designs recommend transition to NX.
The year in each box indicates supply availability at least / until. Lifecycle might be extended further, contact your partner sales manager.
Operating life of Jetson is 5 years 24x7 for commercial production modules. Products in development and planning are subject to change. ) <A NVIDIA.



JETSON MODULES — INDUSTRIAL ROADMAP

B Released In Development In Planning

1H2021

AGX Xavier Industrial
32GB 2031

2020 2021 2022

The year in each box indicates supply availability at least / until. Lifecycle might be extended further, contact your partner sales manager.
Operating life of Jetson industrial version is 10 years 24x7.
Products in development and planning are subject to change. 7 <ANVIDIA.



JETSON SOFTWARE

for Al Edge Devices

City Logistics Agriculture
v 8> O ™ 2 ] 2 & X S

Al Software and Services Machine Vision Cameras & Sensors System Software & Developer Tools

libargus @ Drivers

: VisionWorks
Video API ’—Ej Ecosystem
1650 OpenCV y

Jetson


https://developer.nvidia.com/embedded/develop/tools
https://developer.nvidia.com/embedded/develop/tools
https://developer.nvidia.com/embedded/jetpack
https://developer.nvidia.com/embedded/jetpack
https://developer.nvidia.com/embedded/jetpack

CONTINUOUS SOFTWARE INVESTMENT

Scalable Software Defined Platform

JAN
2021

N}

' l JAN
®
2019

9 <ANVIDIA.
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DEEPSTREAM

March 2020




INTELLIGENT VIDEO ANALYTICS

IVA) FOR EFFICIENCY AND SAFETY

Missing component

o

Shifted/twisted components

Wrong polarity

exist. 000 runwaY [
STATEHWY 53 [l
ExIST. BNSF RALWAY [EEE]

3
AMERIPOINTE RAILSYSTEM Tt 1}

DEVELOPMENT ACREAGE | I I

AN ~ e

11
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IVA APPLICATION WORKFLOW

loT Sensors Edge Cloud

Pixels > Insights

12 <ANVIDIA.
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PRODUCTION READY PRE-TRAINED VISION Al MODELS

Free Al models for Smart City, Public
Safety, Retail, Healthcare & Robotics

Over 80% accuracy
Face Detect IR DashCamNet

Optimized for High Throughput

Deploy with turnkey inference examples

TrafficCamNet Vehicle Type net Vehicle Make net
Transfer Learn with your dataset

Check out the models on NGC

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 14 <ANVIDIA.


https://ngc.nvidia.com/catalog/models?orderBy=scoreDESC&pageNumber=0&query=tlt&quickFilter=&filters=

MODEL CARDS READILY AVAILABLE ON NGC

NVIDIA NGC | CATALOG

Object  Distribution

PeopleNet

Pubdisher Application Versien Maodified
WVIDA Object Detection unpruned_v2.0 September 24, 2020
Framework Model Format Frecision GPU Model
Tramsfer Learning Toolkit TLT FP32 V100
environments. The frames are
Description
r persor g inte nio th The KPI for the

Highly acourate purpose-built 3 class object detection network to detect people in an image.

ResNet 34 ResNet 18
I all

Labels

8 ) Wl Obfect Detection TLT Computer Vision Jeep Learning Healthcare elligent Video Analygic Retal Aobobics amart Cities Training rang

CLI Command
bixez peyo1e bzt 1o e ned
V6 Wet6UCS beoLuES o)
D9ss6E
§ wget content=disposition https:/fapl.ngc.nvidia. com/vZ/models nvidiastlt_peoplenct versions/unpruned _v2.85zip =0 t1lt_peoplenet_unpruned_v2.8.zip

NVIDIA PeopleNet model were trained to detect objects larger than 10x10 pixels. Therefore it may not be able to

Overview \Version History File Browser Related Collections

When objects are occluded or truncated such that less than 20% of the object is visible, they may not be detecte(
head and shoulders are visible. However if the person’s head and/or shoulders are not visible, the object might

PeopleNet Model C

The PeopleNet model were trained on RGB images in good lighting conditions. Therefore, images captured in da

Its.
Model Overview results

The models deseribed in this card detects one or mone physical abjects from three catégories within an image and returns a box areund each object, a5
objects detected by these models are - persons, bags and faces,

The PeopleNet models were not trained on fish-eye lense cameras or moving cameras. Therefore, the models m

Model Architecture
Although bag and face class are included in the model, the accuracy of these classes will be much lower than ped

These models are based on NVIDIA DetectMet_v2 detector with ResNet34 and ResNet1B as feature extractors. This architecture, also known as GridBox obj
grid on the input image. Gridbox system divides an input image into a grid which predicts four normalized bounding-box parameters (xc, yc, w, h) and conf]

MGC Version: 2,542 The raw normalized bounding-Dox and confidence detections needs to be post-processed by @ clustering ﬂlﬂ'l:lrl'thl'ﬂ such as DESCAN or NMS o pl'ﬁdl.l'l:l! fi

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 15 <ANVIDIA.



FASTEST TIME TO MARKET FOR PEOPLE DETECTION

YOLOV4 model PeopleNet model

Person =9
q )

Lots of data required to improve accuracy

Large training time Apply minimal fine-tuning or deploy as is

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 16 <ANVIDIA.


https://github.com/AlexeyAB/darknet
https://ngc.nvidia.com/catalog/models/nvidia:tlt_peoplenet

WHAT IS TRANSFER LEARNING?

“Transfer Learning is a process of transferring learned features
from one model to another”.

With Transfer Learning, you start with a pre-trained model and

a small dataset, fine-tuning the model to learn from to your
dataset. The pre-trained weights provide a better starting point
to train on your dataset instead of starting from random weights.

— . A
NVIDIA Transfer Learning Toolkit (TLT) brings the transfer learning Leﬁr;?]tz C'iiﬂglﬁg Lo Reduce Jgaé”i”tg Time
capability in a simplified training toolkit where you start with 2

from a rich library of NVIDIA provided pre-trained models to build
you custom Al network in 1/10th the effort and time versus
starting from scratch.

https://blogs.nvidia.com/blog/2019/02/07/what-is-transfer-learning/

17 <ANVIDIA.


https://blogs.nvidia.com/blog/2019/02/07/what-is-transfer-learning/

MODEL PRUNING

2 Step Process

@ Reduce model size

. Incrementally retrain model after pruning
to recover accuracy

O O
O O

QOOOOO
QOO0
QOOOOO
Q OO

6 inputs, 5 neurons, 24
connections

6 inputs, 6 neurons, 32
connections

Unpruned
Network

Pruned
Network

Xavier NX

Xavier

Network - TrafficCamNet

Memory Size

SRR

20

- 6.5x Model Size Reduction

30

40

Inference throughput - FPS

0 100

yAL 300

®m Unpruned

400
® Pruned

>2X

500

Through

600

put Increase

400

18
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ADDING NEW CLASSES

“Emergency Vehicle”
[ ]

20

Thousands of images

l
= 9o B

Add New Class - Retrain new network Detecting Emergency -
Millions of images Emergency vehicle vehicle

Pretrained Network Edit Config. Spec Train, Prune and New Network

19 <ANVIDIA.



SCENE ADAPTATION

Dataset -
Nighttime and daytime

Model Accuracy

Nighttime 0
Dataset e
> . I —_—> =
Dayti
- Dataset B5% x
New model adapted to
o T Train, Prune Daytime and Night time
0% 20% 40% 60% 80% 100%
Model Accuracy Evaluate
Nighttime
Dataset 55%
Daytime
Dataset e
0% 20% 40% 60% 80% 100%

20

<ANVIDIA.



ERO-CODING TRAINING

rain with pre-built Jupyter Notebooks

-

mC »

0. Set up env variables and map drives

Learning Objectives
I i ill |

and

21 <A NVIDIA.



TRANSFER LEARNING TOOLKIT 2.0

Classification Object Detection
Network " , + +
Architecture DetectNet_V2 FasterRCNN SSD YOLOV3 RetinaNet DSSD
ResNet ResNet ResNet ResNet 10/18 ResNet ResNet ResNet
10/18/50 10/18/50 10/18/50 10/18/50 10/18/50 10/18/50
VGG16/19 VGG16/19 VGG16/19 VGG16/19T VGG16/19 VGG16/19 VGG16/19
GooglLeNet GoogleNet GoogleNet GoogLeNetT GoogleNet GoogleNet GoogleNet
MobileNet MobileNet MobileNet MobileNet MobileNet MobileNet MobileNet
Supported V1/V2 \AWA'Y V1/V2 v1/v2T V1/V2 V1/V2 V1/V2
Backbones
SqueezeNet SqueezeNetT SqueezeNet SqueezeNet SqueezeNet
t t p Reshet ResNet 34/101 ResNet 34/101 Cohet
ResNet 34/101" | ResNet 34/101' ResNet 34/101 50/34/101T esNet esNet 34/101
DarkNet DarkNet DarkNet DarkNet
DarkNet 19/53 DarkNet 19/53
19/53" 19/53" 19/531 aree aree 19/53
t - Available in future Models trained on google open images public dataset
release Available to download on ngc.nvidia.com

22 <ANVIDIA.


https://ngc.nvidia.com/catalog/models?orderBy=modifiedDESC&query=tlt&quickFilter=models&filters=

END-TO-END DEEP LEARNING WORKFLOW

Accelerate Time to Market and Save on Compute Resources!

TRANSFER LEARNING TOOLKIT

|
1
1
|
|
1
1
|
|
1
1
|
|
1
1
— - @ —
| ) '
; TRAIN WITH
. NEW DATA

|
1 PRETRAINED MODEL
1

RETRAIN

I
OUTPUT MODEL :

————————————————————————————————————————————————————————————————————————————————————————

.

23 <ANVIDIA.
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ISAAC

March 2020




NVIDIA ISAAC

Isaac Engine
Isaac GEMS
Reference Designs

Isaac Sim




ISAAC SIM

Simulation for Robotics

» Domain Randomization
» Scenario Management

> |Import other robots

Multiple Carter robots operating simultaneously in Simulated samples of a dolly (with actual CAD model) Procedurally generated simulated images used for
virtual warehouse; Each operated by an independent used to train object detection and pose estimation segmentation network training
Jetson Xavier neural networks

26 <ANVIDIA.


http://drive.google.com/file/d/1_M1JPpZF6yadpWWjSZswjC-xZAK3zB9s/view
http://drive.google.com/file/d/1PGzTkoaDs3ifPukn7TT9B1NcmUkkNFXf/view
http://drive.google.com/file/d/1V-jxTb5njZwX2ZuXl1aWPLAdnopd53qv/view

Robotic kltchen assistant




ISAAC REFERENCE DESIGNS

Carter for Indoor Logistics; Kaya to get started; Leonardo for manipulation, more coming...

8 Carter is an Isaac SDK
reference robot
platform for

Kaya is a small
robot reference

Leonardo is a
reference

autonomous indoor e[t)lsatgftrengl \E?ith platform for.
delivery and logistics | Iiaac B i manipulation;
based on the Jetson ) based on
on Jetson Nano

AGX Xavier platform i Jetson AGX Xavier




ISAAC SOFTWARE

Isaac Engine

Visualization Tool Computational Graph & CUDA Messaging Advanced Build System & C API



ISAAC SOFTWARE

GPU Accelerated Algorithms/DNNs (GEMs)

Path Segmentation - Color Image Path Segmentation - Discrete Inference

Channels Filt

+ sony_snchmx70.

+ deepstream

L g™ L R e

Object Detection

L .'g-'ﬁ%A.a

Image Dewarping

-

Navigation (LQR Path Plann

» carter get
" me coffee

<ANVIDIA.


http://drive.google.com/file/d/17lTNTgOpojTgWBtyVsczt05GA2oCiqR4/view
http://drive.google.com/file/d/17lTNTgOpojTgWBtyVsczt05GA2oCiqR4/view
http://drive.google.com/file/d/1tLsmPO5u3Au9fv3q5A8MAoxwoWpWhWCC/view
http://drive.google.com/file/d/17hrm1DNf64ZIk5ayuw-3XvIHzitaK8Eh/view
http://drive.google.com/file/d/1uLN1WBNjlFbKA94rwf-2a6e8Kdi2i7yw/view

NVIDIA.

JETSON EGX SERVER

March 2020



CLOUD NATIVE SUPPORT ON JETSON

e H2)

Al Inference Al Applications Al Product Lifecycle
Rising Complexity & Diversity Accelerate the Full Stack Develop, Deploy and Manage at Scale



WHAT IS DOCKER ?

TS T T T TN e Docker is a container
runtime

CONTAINER CONTAINER CONTAINER

different function

« Each container is isolated

’>
; « Each container can run a
:ﬁ
)
% from the others

,}

» Containers can be started
and stopped, updated,
restarted independently

33 <ANVIDIA.



WHY DOCKER ON JETSON ?

CONTAINER 1 CONTAINER N . Full support for CUDA
/\ /\ acceleration

Applications «--reereieiiiiiinn. e Full Support for Camera

CUDA ToolKit «vererenenrarenenees . interface, multimedia

Container 05 User Space «-«---- \/ \/ acceleration, DLA

* (Containers can be managed
remotely through an
Orchestrator (Kubernetes)

* Allow for easy deployment,
maintenance and update

34 <ANVIDIA.



BENEFIT OF ORCHESTRATOR

Pods - Kubernetes Dashboard X -+

<« Cc 0O (@ localhost:& /api/vi/namespaces/kube-system/services/https:kubernetes-dashboard:/proxy/#!/pod?namespace em or X aJ e :

kubernetes Q  Search +CcrREATE | &

= Workloads > Pods

Nodes

Persistent Volumes CPU usage Memory usage (V)

Roles

Storage Classes

Namespace

kube-system

Memory (bytes)

Overview
Workloads

Cron Jobs Pods

Daemon Sets
Name Node Status destarts Age =
Deployments I g

Jobs kubernetes-dashboard-7b9c¢7b  minikube Running 27 minutes - 19.746 Mi

Pods heapster-ghg6r minikube Running 27 minutes _ 18.004 Mi
Replica Sets

influxdb-grafana-77c7p minikube Running 27 minutes ‘ ‘ 0 - 43.926 Mi
Replication Controllers

Stateful Sets kube-scheduler-minikube minikube Running 20 hours ) - 11.930 Mi

Discovery and Load Balancing etcd-minikube minikube Running 20 hours - 58.445 Mi

35 <A NVIDIA.



RESOURCES



Start developing now
Starting at $299
developer.nvidia.com/
buy-jetson

FEAAMION EWBEEDOEDR SORPITING 5

Two Days to a Demo

Create your first demo today
developer.nvidia.com/
embedded/twodaystoademo

nuown
NATHOS LONTLasES U 3 OO N STNITLPS

CEEF _EAIMING &1 wwrinma  wamrse ooy

Edecation VL7 R -
TEFACH NG THE WORIL E >

[0 SOLV= PROBLEMES i ‘

WITH DEEP LEARNING .

DEEP
LEARNING
NVIDIA. INSTITUTE

Training * Labs Nanodegrees
nvidia.com/DLI

Swvw Up To $240 O Rugulae Rates
Through Aprd 5.

Largest event for GPU
developers

https://www.nvidia.com/
en-us/gtc/



B & Autonomous Machines X | 4+ v

& . 5 developer.nvidia.com

NVIDIA Jetson Nano Developer Kit

Bringing the Power of Modern Al to Millions of Devices

Meet Jetson, the Platform for Al at the Edge.

ding embedded Al computing platform. Its high-performance, low-power computing for deep learning and computer vision makes it possible to build

al}

NVIDIA Jetson is the world's le
software-defined autonomous machines.

The Jetson platform includes small form-factor Jetson modules with GPU-accelerated parallel processing, the JetPack SDK with developer tools and comprehensive libraries for building

Al applications, along with an ecosystem of partners with services and products that accelerate development.
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