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Daniele Cazzari

Sr Manager, loT Product Innovation & Engineering

Daniele brings over 10 years of experience in
ol architecture. He currently serves as a
technical lead for cloud-native SAS loT
solutions and products. His primary
objective is to streamline the processing and
analysis of data derived from edge devices.
Daniele has driven several key initiatives
including ESP-ONNX integration, computer
vision edge architecture and cloud
marketplaces deployment.
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Rik de Ruiter

Senior Systems Architect

Rik is a technical product manager in the
SAS loT division, where he is dedicated to
improving real-time inferencing and open
source integration for loT applications. His
focus is on making it easier to solve real
business cases using Al.
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Introduction to ONNX and ESP

What do these technologies help me with?
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Real-world Computer Vision use cases

Applicable to many industries

Product Quality Safety in Workspace Conveyor belt monitoring
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| Lol 1l 11:30 to 11:35
Locations of Physical Distancing Failures
7 1 £ Which areas have people < 6ft apart?
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What is ONNX?

Tools Devices

* The Open Neural Network Exchange (ONNX) OPyTorch
is open standards for representing machine £)
learning algorithms to promote innovation .ff“m
and collaboration in the Al sector. I »Chainer e
@@xnet
* Framework interoperabilit +
o ore o © Caffe?

— Allow developers to more easily move between
frameworks, some of which may be more
desirable for specific phases of the development ‘ -
process, such as fast training, network -
architecture flexibility or inferencing on mobile

devices. ABBYY ~ru: AMDZT  AIrm aws o =m  BECKHOFF
BITMAIN cadence’ CEVA @ ey 0 GRAPHCORE s.habana HAILO
* Shared optimization _ .
) Howlett Packard &% Huawer 8.4 ] < Idein | @ Al 4\ MathWorks MAXAR
— Allow hardware vendors and others to improve

the performance of artificial neural networks of Ee Bl BEvcoot @nvioa  [NJE OctomL 75/

multiple frameworks at once by targeting the - & -

] referred 117] i

ONNX l’ep/’esenta tion PRslersd  SIEMENS SONY  Qualcomm HSas M BN skymizer

SYNnopsys:  Tencent Q unity Yorapn % WOLFRAM Ya N d ex 2 zETane
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S—r— Y SAS Event Stream Processing

Empowering Computer Vision

u|\‘|\|\|‘l|u||||\‘|u ) u|||‘|m|‘||u|ﬂ||‘|u
£ 8 = v'Fast streaming data analysis: Processes structured or
ﬁ\ (@) EE ﬁ\ unstructured data continuously, on the move, in-memory
Streaming Data Strearming Data with very high speed and low latency.
% ‘é?f v'End-to-end, streamlined, low-code solution for
T Analytic Models real-time Computer Vison inferencing. Enable end-to-end
Data <C°g§;t§fe\t/§)‘0“' use case from video ingestion to image annotation into
a single, cohesive solution.
, v Optimized for deep leaning inferencing: Provide
@)) @)) build-in capabilities to inference computer vision models,
leveraging native ONNX runtime integration and hardware

acceleration frameworks like Intel Openvino.

v Operational Efficiency: Enhances the ability to
(f\B monitor, analyze, and optimize operations in real time,
> leading to significant improvements in productivity and
Edge On Premise Cloud cost Sa\/ingS. §SaS




ONNX Integration with ESP

How does it work?
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ESP and ONNX

Components

Caffe PYTHRCH .Keras + §Sas

ONNX Model SAS ESP Studio SAS ESP Server

ONNX | ‘%/\ 4—'
%%RUNTIME gl ONNXPlugin
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ONNX scoring pipeline

ONNX model is only a portion of the overall tlow

(Bounding box, poses etc.)

ONNX

Input
(frame)

\/

Pre-processing

ONNX Model Model Metadata

Post-processing

v

Output
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ONNX file is only the model and
does not include pre-processing,
post-processing or metadata

Examples of preprocessing steps
are resizing, BGR2RGB
conversion, normalization, NCHW
encoding

Postprocessing includes decoding
the output tensor of the ONNX
model, and sometimes additional
steps such as non-max
suppression (NMS)

Model metadata often includes a
labels.txt file to map IDs back to
class names later

Osas



ESP ONNX Pipeline

Low-code pipeline for real-time computer vision

oo ‘ » Reading video data via the Video Capture connector (new!)
| l " * Preprocessing configuration via the Ul (new!)
» Scoring the ONNX model via the Score window
I » Postprocessing handled via a Python window (new!)
‘ ' w_postprocess * Python window contains utility functions to make it easier to
| , .- work with tensors and images (new!)

Osas
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ONNX Scoring: Retrieve Model Tensor Input and Output

MODEL PROPERTIES X

format  OMNX v&

producer  keras?onnx 1.6.0

o - Each model could one or more tensors as input or

:pml: :::dmﬂ h OUtpUt
- | « A tool like Netron provides graphical information

T about input and output formats
(https:/netron.app/)
type: float32[N,2]
- ESP provides functionality to retrieve this
information via Studio or command line

type: float32[1,,4]

yolonms_layer_1:1  name: yolonms_layer_1:1

N—— - Each input/output is a tensor that need to be
encoded/decoded during the inferencing process

type: int32[1,,3]
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https://netron.app/

Ul-based pre-processing

Steps

& # + m

4 resize
Property
resizelype
width
height

4 color
Property
function*

4 normalize
Property

type*

4+ encode

Property

shape*
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[] Advanced properties

Value

letterbox
@MODEL_WIDTH®

@MODEL_HEIGHT®@

Value

BGR2ZRGB

Value

Zerno_one

Value

NCHW

based preprocessing:

Resize: basic, letterbox, ratio resize

Normalization: O-1, mean vector, standard
deviation vect.

Color Encoding: BGR, RGB

Other transformations: Image Encoding (NCHW),
Padding/ Stride, Expand Dimension

Osas



Post-processing

W_postprocess

Functions Schema Snippet Properties

0 Search for a function =2 @®

4 Post-processing (3

bbox_letterbox_to_original
xy_letterbox_to_original

4 ONNX Tensor (3

np_array_to_tensor
tensor_to_np_array

4 Image Conversion (@)
sas_wide_image_to_opencv_image
opencv_image_to_sas_wide_image
blob_image_to_opencv_image

opencv_image_to_blob_image

15
16
17
13
19
28
21
22
23
24
25
26
27
28
29
g
31
32
33
34
35
35
37
35

 Process the ONNX output tensors into ESP variables using

a Python window

Edit Python Code

Event["Dhject:hEight"] = [1
event["0Object_score™] = []
event["Object_labels"] = "

for object_id, object_attributes in enumerate{output):
xl, v1, %2, v2 = object_attributes[1:5].astype(int)
¥, ¥, W, h = esp_utils.postprocessing.bbox_letterbox_to_original(
(x1, y1, =2 - %1, y2 - yl), letterbox_image_shape, original_image_shape
)

label_id = object_attributes[5].astypeint)
score = object_attributes[&]
label = labels[label_id]

event["0Object_x"].append(float{x)]
event["0bject_y"].append{float(y))
event["0Object_width"].append{float{w))
event["0Object_height™].append(float(h))
event["0Object_score”].append({float{score))
event["0bject_labels"] = f"{event[ "Object_labels']}{label},"

event["0Object_labels"] = event["Object_labels"][:-1] # remove last comma
event["_nObjects_"] = len{output)
return ewvent

« Utility functions are available
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What's next?

» Further processing could include:

- Object tracking
- (Geofencing

- Annotation

- Decision logic
- Notifications

-
5 Notification

-
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?® Geofence

f

lm ObjectTracker

& W_object_tracker

v Name and Description

Mame: * @

w_object_tracker

Description:

w_object_tracker is an Object Tracker window. This window enables you to
track objects over time.

> Settings
v Tracking Properties @

Tracking method: *
[ou
Sigma score:

Low:

0.3

High:

0.3

Sigma thresholds:

First:

0.5

Second:

0.3

Osas



Installable example for Computer Vision

Runs out of the box, comes with all scripts and files to run

- Object detection example

SAS Event Stream Processing Examples

Example category:

All categories v

Computer Vision with ONNX

2 Filter examples

Aggregate This example demonstrates how you can use an ONNX model to detect objects in an incoming video stream.
Apply aggregation functions Post-processing by a Python program converts scoring output to a more usable format.

= to a group of stock market Note: Use this example with S5AS Event Stream Processing 2024.03 and later. This example uses GPU resources;
trades check information about system prerequisites in GitHub.
Compute
Use a Compute window to

= match people from the city of Project name:
Apex computer_vision_with_onnx | | Go to GitHub

Computer Vision with ONNX
Use an ONNX model to detect
objects in an incoming video
stream

FitStat
2 Use the FitStat (fit statistics)
algorithm

Geofence Close

Mirmlanr ~ lict ~f cnemmtmn]
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Demo ONNX Object
Detection
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Azure Marketplace

-nablement and deployment
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Event Stream Processing

Azure Marketplace Deployment

- Simple and intuitive provisioning of a cost-
effective Kubernetes infrastructure that fully
support SAS Event Stream Processing enabled
with Git and Grafana

« Support for scalable CPU and GPU workload
tailored for you application needs

« Automatic configuration of managed Postgres
DB that could be also used to store streaming
analysis outcome

« Optional integration with EventHub for data
ingestion and external blob storage

Company Confidential — For Internal Use Only
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Create SAS Event Stream Processing

Basics License Accounts Metworking Sizing Integrations Review + create

This page is blank when you update the application.

Compute Size of your Kubernetes Mode

Mode size: * (3 1x Standard F8s v2
8 vcpus, 16 GE memaory

Change size

Maximum number of node instances: (O C

Compute Size of your Kubernetes GPU Node

Add GPU node: (&)

Mode size: * (1) 1x Standard NCdas T4 v3
4 vcpus, 28 GE memaory

Change size

Minimurm number of GPU node O

Instances: (D MNum
Maximum number of GPU node O
instances: (O Num
Time slicing count; O —(")

=
E]

I
=

Azure Database for PostgreSQL Server

SAS Event Stream Processing deploy Postgre=sQL to store seftings and project. If needed you could increase the default
sizing to enable storing streaming results. If Cores selected are more than 1 2 esp-data schema will be generated and
proper connection configuration will be stored.

Learn maore

Osas



GPU support in Azure Marketplace

° Easy tO dep[Oy a GPU, jUSt a = Microsoft Azure
C h eC kbox Home > Marketplace > SAS Event Stream Processing >

Create SAS Event Stream Processing

» Reduce costs by autoscaling to O
When the GPU |S not used Basics  Accounts  Networking and Security ~ Sizing  Integrations  Review + create

Kubernetes Compute Node Size

- Multiple projects can share the GPU oo

(time slicing support) to fully utilize
a GPU Maximum number of node instances @ O

1x Standard D8ds v4
8 vcpus, 32 GB memory

Change size

Compute Size of your Kubernetes GPU Node

Add GPU node (0

1x Standard NC4as T4 v3
4 vcpus, 28 GB memory

Node size * @

Change size

Minimum number of GPU node instances O
@

Maximum number of GPU node C

instances D)

Time sicing count. @ —O

Company Confidential — For Internal Use Only :’®Sas®
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Grafana integration
Deployed automatically with ESP on Azure Marketplace

The Gratana ESP plugin...

* Allows to visualize and report
on running ESP projects in
GGraftana

* Discovers ESP server pods in
the cluster

« Makes efficient connections to
the running projects

o Supports Computer Vision use
cases

Company Confidential — For Internal Use Only :)®SaS,
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Azure Marketplace Architecture

SAS Event Stream Streaming Output

Sireening Implt Processing Server (actionable insight)

:{_:’._E»T’ (()) :E

Preconfigured Cust Preconfigured
(((;))) Event Hub Stl;Za?nn; Event Hub

PreconfiguredEnterprise
PostgreSQL Systems

Input Topic Output Topic

A
S (!) SAS Event Stream

Camera or Sensor

Data — Manager

(via loT Hub or
custom streaming)

Azure Kubernetes Services Keycloak GIT PostgreSQL Azure Storage
Automating deployment, ldentity and Access  Distributed version  Tools Configuration ESP Project

scaling, and management of Management control system and ldentity storage  persistence and data
containerized applications sharing

Company Confidential — For Internal Use Only :,Osas®
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SAS Event Stream Processing

Available on Azure Marketplace

You could deploy it with your
existing license now!

For a trial license or for any
guestion please write to
jotcontact@sas.com
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m Microsoft Azure Marketplace Apps

For customers

Follow @AzureMktPlace

Request a product

Consulting Services Search Marketplace

Products > SAS Event Stream Processing

9sas

THE POWER TO KNOW,

Get It Now

Pricing information
Cost of deployed template
components

Categories
Internet of Things
Analytics
Compute
Support

Suppart

Legal
License Agreement
Privacy Policy

SAS Event Stream Processing < saetomy s

SAS Institute Inc
Overview Plans Ratings + reviews
Analyze streaming data and make real-time, intelligent decisions

SAS Event Stream Processing enables you to quickly process and analyze a large number of
continuously flowing events. It works with various SAS solutions to provide real-time
streaming event analysis for manufacturing, health-care, energy and utilities, financial
services, cyber security, and fraud detection. Events are delivered through high throughput,
low latency data flows called event streams.

On this Azure Marketplace offer you will be able to use SAS Event Stream Processing
graphical interfaces to:

* Design, edit and test screaming workflow processes (SAS Event Stream Studic)
* Operationalize and monitor streaming projects (SAS Event Stream Manager)

Event stream precessing applications can perform real-time analytics on streams of events,
Typical use cases for Event Stream Processing include but are not limited to the following:

@ sensor data monitoring and management

operational systems condition monitoring and management
object detection and classification

cyber security analytics

capital markets trading systems

fraud detection and prevention

e o0 00 0 0

personalized marketing

Learn more

SAS Event Stream Processing Product Page
SAS Event Streaming Processing Documentation
SAS Analytics for loT Community

For publishers For consulting partners
Sell in Azure Marketplace? Cloud platform competencies
Publish in Azure Marketplace Participate in Azure partner Quickstarts

Microsoft Azure

Solutions

Products

Sas
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References
Additional Materials
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Enablement & Support

ONNX example:

https:/github.com/sassoftware/esp-studio-examples/tree/main/Advanced/onnx object detection
ONNX Model Zoo:

https:/github.com/onnx/models

ESP Documentation:

https:/go.documentation.sas.com/doc/en/espcdc/v 047/espan/pOblzsgwrsirblnitypkfoz428y9.htm
ESP on Azure Marketplace:

https://azuremarketplace.microsoft.com/en/marketplace/apps/sas-institute-560503.sas esp?tab=0verview

Microsoft Azure Documentation:

https://learn.microsoft.com/en-us/azure/?product=popular

Company Confidential — For Internal Use Only :’®Sas®
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https://github.com/sassoftware/esp-studio-examples/tree/main/Advanced/onnx_object_detection
https://github.com/onnx/models
https://go.documentation.sas.com/doc/en/espcdc/v_047/espan/p0b1zsgwrsirbln1typkfoz428y9.htm
https://azuremarketplace.microsoft.com/en/marketplace/apps/sas-institute-560503.sas_esp?tab=Overview
https://learn.microsoft.com/en-us/azure/?product=popular

THANK YOU

For more information, visit: www.sas.com/esp

SaS.COIT

0sas
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