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The following presentation is inspired by
situations and guestions from
current MATLAB and Python users



Questions about deep learning
In situations such as...



Our data scientists use TensorFlow & PyTorch
Our engineers use MATLAB

How can our teams work together?



The latest models come out In
TensorFlow & PyTorch first.

What support does MATLAB have for the latest models?



Deploying models into embedded systems
IS time-consuming

Can MATLAB help us deploy to embedded systems quicker?



Our presenters will roleplay a scenario to answer these questions

David Sivylla Yann
The Project Manager The Engineering Team The Data Science Team
Lead Lead



The Al enabled car project has been approved!




Our best results come from following the Al system design workflow

/N

Data Al Simulation @ Deplovment
Preparation Modeling and Test pioYy

||||||‘|| Data cleansing @ Model design @ Integration with Embedded
and preparation and tuning complex systems

» devices

Edge, cloud,

— == Hardware System Enterprise
9 Human insight =5ca accelerated training _D&] simulation systems
(O}
- desktop

Simulation- * ey — X System verification

generated data —+v  and validation




Here are the
higher-level project requirements
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Data Preparation requirements

Add domain knowledge

Data
Preparation

Data cleansing o ot ot 2 o
and preparation ‘

Make sure you have enough data

Human insight _ _ _
« Generate synthetic data from system simulations

Simulation- |
generated data | Resize | | @) | Detect ‘

Image Coordinates

Lane Detection

Ly
} L»{ Highlight

i Vehicles

» & Lanes

Vehicle Detection (YOLOv2)




Al modeling requirements

Al * Find best model(s) for each application
Modeling o
« Don’t limit yourself to one tool
@ Model design
and tuning r ~ r ~\
Hardware TensorFlow PyTorch
=iCw accelerated training | y | B

* Interoperability




Simulation and Test requirements

Simulation * You must test the model in the overall system
and Test « Requires integrating with system level simulations

I t t th SIMULATION DEBUG MODELING FORMAT APPS S s e o
nitegraton wi E = :
@ 9 N e I E @ b @ B =
i Log Signal | Mz l Dat, Lo Bird's-E
Complex Systems Niw B Print - I;'I\:\.Tgr g 2 sws TlagI:IZ Fast Restart Ej:—(P' Pa:se ::- -3 P Inspaecatur Analgylzcer "Sc:jpeye
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS | e
;ﬂ <\;_l HighwayLaneFollowingTestBench jriit] 5
% ® HighwayLaneFol\owmgTestBench > s 3
E o 5
System 2 & i
. . [ | Highway Lane Following Test Bench ) 7m
simulation = iah ke
=]
O
oL 7 Al model -
— 5 System verification ] vision Detector | §— -
and validation ~ D 5 Lane Following (" .| pvehicle |
Scenario = S T ey Controller o sccaesian y vty
| Wehicle Dynami s

Metrics

Metrics Assessment

Lane Follawing Decision Legic and Controller

v BB
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Deployment requirements

 The aim is to target lowest cost, lowest power
embedded devices available

@ Deployment

. Embedded
=) devices

Edge, cloud, R
desktop :

Enterprise
systems
e
;l"

NVIDIA.




One last requirement...

Find the best way both teams can work together
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Which tools should we use?
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Why don’t we use the tools together?

MATLAB

r N

TensorFlow

\ J

PyTorch

17



Sivylla and Yann are having a friendly conversation
Discussing their options...
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Mitsui Chemicals Deploys Al and Automation Systems with TensorFlow and MATLAB

ementatio

Mitsui Chemicals develops factory automation solutions by applying Al,

mainly machine learning.

At the beginning of development, Mitsui Chemicals used Python+Keras
(TensorFlow) for automated visual inspection of sheet-shaped products
on the production line. However, ease of use and maintenance were
issues in implementing the trained models in the field.

Mitsui Chemicals engineers chose MATLAB® to create applications with
easy-to-understand user interfaces. The model was imported using the

. AI- BE{ERBITE DA T OERD#EH

AEAROAML

aancane

Al IR [ wmmms.
mmsai | | meoms ’ ‘ RN ‘ sl ||| 8

ST [W; luax»--,a,‘ [Wl ‘

T-IRB o0 x¥
“an

Key Outcomes

Reduced visual inspection time by 80%

Effectively used models trained in other frameworks

EWMBMRRICRN D
AI-BB{LEHO
LB

Deployed application with a user interface that anyone can use

Products Used

MATLAB




A short time later...
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There are 3 ways MATLAB can work with TensorFlow & PyTorch

+

# ___ Jopton

Co-execution with TensorFlow or PyTorch
Model converters for TensorFlow & ONNX
MATLAB Deep Learning Model Hub

w N
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1. Co-execution with MATLAB, TensorFlow or PyTorch

* Requires MATLAB and TensorFlow / PyTorch

« Requires datatype conversion / reformatting

« Performance is impacted by data transfer between frameworks

« Allows testing of any model from TensorFlow / PyTorch in MATLAB

MATLAB @ Y ( R
TensorFlow PyTorch
\. J \U J

DEMO 1



Co-execution allows:

= Calling Python from MATLAB to access any Al frameworks and networks
= Calling MATLAB from Python to reuse the domain specific processing

Calling Python from MATLAB Calling MATLAB from Python

A~ A > 4
VY e

AN e

[ Python Interface ] [ MATLAB Engine ]
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2. Model Import via TensorFlow & ONNX Converters

 Requires MATLAB only

» Import TensorFlow directly

* Import PyTorch via ONNX
 New features added each release

‘MathWorkS‘“* Products  Solutions  Academia Support Community Events

File Exchange

Search File Exchange

MATLAB Central = Files  Authors My File Exchange ~  Publish ~ About

Deep Learning Toolbox Converter for TensorFlow Models

- by MathWorks Deep Learning Toolbox Team B33
TersorFiow MATLAB
Import pretrained TensorFlow model for prediction and transfer learning

Overview Reviews (26) Discussions (48)

The importer for the TensorFlow models would enable you to import a pretrained TensorFlow models and weights. You can then use this
model for prediction or transfer learning. Alternatively, you can import layer architecture as a Layer array or a LayerGraph object. You can
then train this model.

DEMO 2
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3. MATLAB Deep Learning Model Hub

 Requires MATLAB only

* QOver 50 pretrained models

« Similar model collection with
TensorFlow and PyTorch
repositories

O Search or jump to...

Pull requests

Issues Marketplace Explore

& matlab-deep-learning / MATLAB-Deep-Learning-Model-Hub  pubiic

<> Code

@ Issues 11 pull requests () Actions

¥ master ~ P 1branch 2tags

; davidwillingham Script for launching the Deep Learning Model hub in a browser.

Images

LICENSE
MATLABDeepLearningModelHub.mlx
README md

SECURITY.md

[ S R o R R )

viewDespLearningModelHubGitHub.m

README.md

0 projects [0 wiki

9] Security |~ Insights o] Settings

Go to file

initial commit
Initial Commit
Live script added, MATLABDeepLearningModelHub.mlx, so users have g...
Live script added, MATLABDeepLearningModelHub.mlx, so users have g..
Initial Commit

script for launching the Deep Leaming Model hub in a browser,

MATLAB Deep Learning Model Hub

Discover pretrained models for deep learning in MATLAB.

Models

Computer Vision

» Image Classification

* Object Detection

* Semantic Segmentation
* Instance Segmentation

* Image Translation

174ed2c 24 days age  ¥5)12 commits

3 months ago
3 months ago
2 months ago
2 months ago
3 months ago

24 days ago

7

@ Unwatch 13 ~ % Fork 23 Starred

About e

Discover pretrained models for deep
learning in MATLABE

& www.mathworks.com/solutions/deep-lea...

deep-learning matlab pretrained-models

Readme
View license
127 stars

13 watching

ENONS - I =

23 forks

Releases 1

T R2021b

on D

Packages

blished
rfirst package

Mo pa¢
Pubf

Languages

® NMATLAB 100.0%

DEMO 3
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Deep Learning Workflows with MATLAB Networks

TensorFlow
model

——>

import function

4

Predict

Use in
Simulink

Transfer
Learning

Deploy

« Many examples with deep
learning networks
» Examples with imported
networks
+

new blog post on importing

Embedded :.;“.:
7 nlg}eiic:ee /E

Standalone )
. . file.exe
Application
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Our key challenges and their solutions

1 Find and test the best model « Co-execution

2 Deploying to embedded targets + Check if the model exists in the
MATLAB Deep Learning Model Hub

* Import into MATLAB using model converters

Data Al Simulation
Preparation Modeling and Test @ Deployment

‘\‘|'|||l Data cleansing @] Model design A y : IEI Embedded
and preparation and tuning N X SY " devices

- coca Hardware > Enterprise
e ) ! ‘
Q Human insight £3C3 accelerated train O simulation systems

-Dh Simulation- * Interoperability — X System verification |r:lo" Edge, cloud,
gen

erated data —+  and validation desktop




Let’'s get this done!
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This now concludes our presentation

Links from today’s talk:

Co-execution between MATLAB and TensorFlow

Importing Models from TensorFlow, PyTorch, and ONNX

MATLAB Deep Learning Model Hub

MITSUI Chemicals User Story

MATLAE
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https://github.com/matlab-deep-learning/Image-Classification-in-MATLAB-Using-TensorFlow
https://blogs.mathworks.com/deep-learning/2022/03/18/importing-models-from-tensorflow-pytorch-and-onnx/
https://github.com/matlab-deep-learning/MATLAB-Deep-Learning-Model-Hub
https://www.mathworks.com/company/user_stories/case-studies/mitsui-chemicals-deploys-ai-and-automation-systems-with-tensor-flow-and-matlab.html
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