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Digital technology
« HD video

= Motion detection

« Smartphone interface
« AWS Cloud

Business value
= Amazon buys Ring for $1.2 billion+ in 2018

New revenue opportunities

= “Ring Protect” subscription plans ($99-$499)
= Additional security with Ring Alarm kit

= More secure delivery through Amazon Key

- ) MathWorks’

Amazon Acquires Ring,

Maker of Video Doorbells

Front-door monitoring device plays to buyer’s
ambitions in home-security business
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Do things better Do new things
= Optimize design performance in-operation = Go Into new industries and markets
« Predict when system needs maintenance = Expand into an entire platform service
« Manage a fleet of connected systems = Provide unique value to your customer

The doorbell illustrates both types
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Plan and Pilot Launch!
Actual project duration
Plan Plan Some More Pilot Keep Piloting Launch?

< 20% of organizations are on target
with their digital transformation objectives

Source: McKinsey, Can IT Rise to the Digital Challenge?, October 2018.
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Big Bang Approach
Build complete infrastructure first
Value not delivered to customer
Risky

Pragmatic Approach
Build on models you already have

- ) MathWorks’

Extend beyond siloed use of data —

Unleash untapped value

Siloed Approach
Each group works in own silo
Stuck in business model
Obsolete



Pragmatic Digital Transformation

Systematic use of data and models
to create and deliver superior value to customers
throughout the entire lifecycle
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Field System User Environment
data data data data
3
o |.I.|.|.:
:?:,
Big Data databricks #Mhadoop cLoupzra

- o

__ NN
ws¥amazon
Cloud Platforms N \ebservices™

Data diversity complexity
Engineering, Scientific, and Field
Business & transactional

Noisy, Outliers, Missing data
Time series synchronizing

Modern data management
multiplies complexity

= Proliferation of data systems

= More siloes

« Cloud, on-premise, hybrid

= Big Data
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A’/———— Closed-loop back to Development
System System Functionality Subsystem Subsystem System Integration
Requirements and Architecture Design Implementation and Qualification
Use Cases Behavior models k4 Physics-based C,C++ Model-based V&V
Docs & models VHDL, Verilog Code-based V&V
Architecture models Data-driven GPU code Certification
workflows

Structured text

- ) MathWorks’

Operations and
Sustainment

Predictive
maintenance

Digital Twins

11 1 1 J

Digital Thread



How MathWorks & MATLAB Help Customer Solving
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Data Preparation

Ilh'mI Data cleansing and
preparation

@ Human insight

Simulation-
generated data

Modeling

@ Model design and
tuning

s Hardware

—aa accelerated training

* Interoperability

TR TERIE

Simulation & Test

Integration with
complex systems

‘D&’ System simulation

— X System verification
—+Vv and validation

<) MathWorks

Deployment

. Embedded devices

% Enterprise systems

¢ Edge, cloud,
desktop
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Data preparation

Data Preparation

||||||‘|| Data cleansing and
preparation

@ Human insight

Simulation-
generated data

<) MathWorks

represents most of your effort

Amount of lost sleep over...

PhD Tesla

M datasets [l datasets

[l models and algorithms [l models and algorithms

Source: Andrej Karpathy slide from TrainAl 2018
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Automated Apps save you weeks to months

POWER SPECTRUM

flow/Data

Signal Trace

Power Spectrum
faultCode:
faulCode=110

i h i faultCodes
faultCode=10 W . [ 1 . faultCades

| ——— faultCode=100 ) |

- Fe: faultCode:

Eo

Feature:

Power (dB)

mpulser:

Data Preparation o

Frequency (Hz)

pre paratlon iy ‘ i race: pressur Histogram: FeatureTablel atur FeatureTabled

flo..ts/Data_SINAD flo...tsi Data Features Sorted by Importance

'”"”" Data cleansing and i . 1

Human insight B R

4 a4 45 : 4 [ 8

Si m u I ati O n - ; fio...ts/Data_ImpulseFactor ; v . ﬂts’tha ClearanceFactor
generated data

in focus.
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Dramatically reduce human supervision and development time

CATERPILLAR

= Partnered with MathWorks on their big
data and machine/deep learning
infrastructure

= Automatically ground-truths and labels
data, reducing the need for human
supervision and development time

= Tight integration with MATLAB for
machine learning, visualization, and
code generation

“We were spending way too much time hand-labeling
our data...automatic detection and labeling of our data
has been a tremendous advantage in efficiency.”

— Larry Mianzo, Caterpillar

S EERET T )

<) MathWorks
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Generate synthetic data from Simulink to improve your
datasets

Data Preparation

Inner race affected by crack

Radar Signal Simulation and b, ~ (Exaggerated)

I||II|‘|I Data CIeanSlng and PI’OCGSSIHg fOI’ Automated V|Sua||ze Automated Par‘k'ng Ball bearing cross-section (Magnified)
- Drivin ' ' ' i ' '
preparation 9 N Valet Using 3D Simulation Simulate Ball Bearing Failure
éatomthed Dn;lng[ TOO—:-bOTb A.utorr.1ated Driving Toolbox Using Simscape
ased Array System Toolbox Simulink Simulink
@ Human insight Simscape

Simscape Multibody

Simulation-
generated data
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MathWorkers Help Customer Solving

TEH R EEDO MEXBEFLZTE

Edge Production System

i amazon
Devices webservices™

Analytics Development

MDF/MF4 Preprocessing Workflow

Read all data Arbitrate Label each Temporal Format Write
from single file Channel Names Channel Work Data Results

MATLAB Production Server
> 4

MATLAB \
M B
Compiler ]

AR, Algorithm
Developers

API AWS
Gateway Lambda
si . velo i3
+ Signal Data « Deal with ¢ Metadata + Identify the + Develop a + Write flattened ‘ | H h
- Table of timetables duplicate samplerate of schema data to .parquet I ] | ﬂ Bus'ness Dec'5|ons
channels + Continuous each channel file
group + “Flatten” all
+ Decide which + Discrete measurement
channels to keep Split the data up data into
by time gaps (as prescribed
necessary) schema

Storage

Layer ) Power BI

Qlik @
© Spotfire End Users

Business +;‘ +ab|eau
Systems +

+ Write metadata
Resample the table to .mat file
data based on
specification

R EAREF R BV
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Start with a complete set of algorithms and pre-built models

Modeling

@ Model design and
tuning

s Hardware
[_oH o] o o
—9a accelerated training

* Interoperability

Algorithms

Machine learning
Trees, Naive Bayes, SVM...

Deep learning
CNNs, GANs, LSTM, MIMO...

Reinforcement learning
DQN, A2C, DDPG...

Regression
Linear, nonlinear, trees...

Unsupervised learning
K-means, PCA, GMM...

Predictive maintenance

RUL models, condition indicators...

Bayesian optimization

Pre-built models

Image classification models
AlexNet, GoogLeNet, VGG,
SqueezeNet, ShuffleNet, ResNet,
DenseNet, Inception...

Reference examples

Object detection
Vehicles, pedestrians, faces...

Semantic segmentation
Roadway detection, land cover
classification, tumor detection...

Signal and speech processing
Denoising, music genre recognition,
keyword spotting, radar waveform
classification...

...and more...

16
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Apps for modeling turn your engineers into data scientists

oo

x
s
o
a
a

N @

N T EE D

Advanced  Use  Train  Scatter Confusion ROC Curve
Fai Piot

Modeling ' 2 A .

@ Model design and
tuning

s Hardware
[__oH o] o o
—9a accelerated training

(&) In
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Deep Network Designer app to build, visualize,
and edit deep learning networks

inear

ata set: fishertable = 150 Size: 25 kB Predictors: 4 lesponse: Species esponse Classes: 3 Validation: 5-f ross-Validation

* Interoperability Classification Learner app to try different
classifiers and find the best fit for your data set

17
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Adapts to cluster, GPUs, cloud, and datacenter resources

Model design and
> dWsS NVIDIA.
oca Hardware v" |
—a accelerated training

* Interoperability

viginu
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MathWorkers Help Customer Solving

SRR E

RL Training Envi

Time (s)

Velocity (kph]

All development is sourced from a customized
library

All Developers start with a template
that use a standard set of
configuration settings

RL Roward.
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©
>
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)
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After Estimation

PROJECT SHORICUTS.

step=4

<) MathWorks
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MATLAB as Simulation Platform Infrastructure

Simulation & Test

Integration with
complex systems

System simulation

System verification
and validation

Model
Configuration

Data
Management

Scenarios

Solver
Technology

Visualization

<) MathWorks
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Automated Test and Verification

Simulation & Test

Integration with
complex systems

‘[>‘J_., System simulation

— X System verification
—+v' and validation

bﬁ Results: sldvdermno_design_error_det...

Integer overflow Objectives
Overflow Error - needs - View
simulation test case

Target speed

=] Fan Speed = 1300

Fan Speed = 1300

Manage Tests

sldemo_fuelsys

Created by c Revision: 1.742

Collected §PM A\ 1Wamings 192
Blocks

MODELING GUIDELI ANC ARCHITECTURE

Actual Reuse
( \ r Potential Reuse
« <
88.4%

High Integrity

135
Model Complexity

Code Verification Results : Verified

Function Interface Verification Results : Verified
Function Status Details
demo_roll_initialize -
lemo_roll_step

Model To Code Verification Results : Verified

Status Details

<) MathWorks

1 Models

1 Files

21
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MathWorkers Help Customer Solving

TE N REEOFT REEHERE

<) MathWorks'

Matlab/Simulink Run Time Environment
Co-simulation with CarSim and AMESim Third Party Software
Fixed-step Solver, Floating Point Execution

AMESim s-function
Idea Model = C . .
- Higher Order Models| P 3 Pract|ca| Tlps to —'_l

Inverse Actuator | |~ Nonlinear Dynamics e
I . == Speed Up Your Simulink Simulations ‘

Controller }-%Slale T —
Rapid Prototyping for In-Vehicle Testing
— dSPACE Run Time Environment
- Fixed Step Solver, Floating point execution
Domain Controller

Real-Time Workshop Toolbox r i
— From Model to C-code | ,: Bypass

Estimation
Controlle

- Software in the loop (SIL) Testing dSPACE Micro Autobox
©2020 The MathWorks, Inc

— Sharing Black-Box Models with Customers
AT IELR B 55 Bh

System Engineering|
Process Group

Engineering
Process Group

are Integration al
integration Test

22
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Deep experience in safety critical certification enables us to

drive new standards for Al
Today

|EC Certification Kit for ISO 26262 and IEC

61508

Qualify code generation and verification tools for ISO

26262 and IEC 61508 certification

DO Quadlification Kit (for DO-178 and
DO-254)

Qualify Simulink and Polyspace verification tools for

DO-178, DO-278, and DO-254

Tomorrow

% EUROCAE WG-114
: “Artificial Intelligence”

EUROCAE

ﬁ SAE G-34 “Artificial
Intelligence in Aviation”

INTERNATIONAL..

23
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Models are useful everywhere

Deployment

a » -
E . E Embedded deV|CeS ) Infrastructure with Production Server — Final Design
UOUUU R network
1. Genetic algorithm
2. Model + cal file
E t g t e 2.5 License mgt. roduction Tomcat
nterprise sysitems ] e % 3. Job submission
p y — 17 4. Results collection [ o ] Worker

5. Results reporting

(O) Edge, cloud, | L=
- desktop

24



Deploy to any processor with zero coding errors

Deployment

. Embedded devices

% Enterprise systems

¢ Edge, cloud,
desktop

<) MathWorks

25
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Deploy to enterprise IT infrastructure

MATLAB

Production Server Databases Streaming

Deployment Cloud Storage Dashboards

“ Containers Custom Tools

Cloud & Datacenter
Infrastructure

Request
Broker

A A A A

. Embedded devices

% Enterprise systems

¢ Edge, cloud,
desktop

26
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What’s New: MATLAB Web App Server

- Domain Expert - IT Administrator aaa EndUsers

Use App Designer to Use MATLAB Web Run web apps

Deployment create MATLAB Apps App Server to using a browser
deploy and share

. Embedded devices

% Enterprise systems Use MATLAB
Compiler to package

N

¢ Edge, cloud,
desktop

—
&«
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MathWorkers Help Customer Solving

fTiERE O

Fastest

= E»\:-.::k“ ‘

T ) Lowest Power

= 1Yo A il
: ‘3\\“‘1 f?: VVVVVVVVVVVVV )L )
A B - > P o5 g -

< v O =

AVNET

R ERAE R

Internal Libraries | Vendor Libraries

Middleware

VY
M-ROS AUTO SAR DDS

VRIA=E AR L 4

Standalone

Deployment ( |@

MKL-DNN
Library

Coders _Jurte=y

Deep Neural Network Application

Design

Design + Trainin
Keras e 9
Tensor

11;‘ Model
P U B —y

L Trained
M MATLAB ‘
rain in DNN

Reference Transfer
s = —)

TensorRT and
cuDNN Libraries
ARM
NEON™

ARM Compute
Library

F RIS R BER SR
@ s

Polyspace Access ,

HEITEAIRE

@ ion Feature Extraction
2

CONTINUOUS

INTEGRATION
o i R2019a =
& SJIRA
AUTHENTICATION Polyspace BUG
Server TRACKING
R2019a
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Tesla

Calibrated system model, improving simulation
accuracy

Multidomain effects simulated, enabling dramatic
advances in battery technology

https://www.mathworks.com/company/newsletters/articles/using-model-based-design-to-build-the-tesla-roadster.html

Battery
Analytics docker
# MATEAR. h

docker v
v c Insight

ehicle Data

hicle Data Data Store

%* elastic

Simulated
Fleet

<) MathWorks

-
Grafana

In the product design phase, battery data is available only

under laboratory and limited driving conditions

Solution: Scalable simulation-based data generation

deployed in the cloud

https://cn.mathworks.com/videos/building-battery-state-of-health-estimation-pipelines-for-electrified-vehicles-155896 1478286 .html

29


https://www.mathworks.com/company/newsletters/articles/using-model-based-design-to-build-the-tesla-roadster.html
https://cn.mathworks.com/videos/building-battery-state-of-health-estimation-pipelines-for-electrified-vehicles-1558961478286.html
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« Complex transient response dynamics
« Significant voltage hysteresis

» Flat OCV-SOC relationship

OCV-SOC relationship for LFP test cell

Open Circuit Voltage (V)
) w oW W w
© w | N w H

n
o)

0.3 0.4 0.5 0.6
State of Charge

OCV (Volts)

w
w

w
N
e

0.4 0.5 :
State of Charge

<) MathWorks
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SREITRER

Bir: RENR RS ESLHIRELAC

— o data

simulation
Before Estimation  step=4

After Estimation  step =4

©
S
2
n
O
x

Residual
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E

AMETER ESTMATION

| E:‘J [l E] m [:"’ﬁ Cost Function

Open Save New ject  Senstily  AddPol Ftliodel @) hore Optons = Estimate
on = Experiment Experiments Parameters Analysis v ponse ~

= =

w Parameters

' Experiments

Outputs (
measured output signals for this experiment

Voltage,

[psObj.Time, psObj.Voltag PARAMETE ATION WVALIDATION

= tMeasured Output =
EstimatedParams P J E E'L [ Cost Function: Sum Sguared

Save New ct Sensitivity  Add Plot Plot Model @ More Options

' Session v Session v Experiment Experiments  Parameters Analysis « - Response
[PsQDj.Time, psObj.Curre.

VIEW

TERATION PLOT

Rx

~ 4 psObj.Parameters.in b 4 Estimate
Parameters - ) _
Optionally define parameters f Minimurn: doublex

Waximum: 7 doublex

double>

aramete HZ | 3¢ E Estimate
Minimum: double>
Maximum: 27 double>

double>

Parameters and Initial States Tuned per Experiment

EstimatedParams
Experiment: |Exp ~

1 experiment initial states for estimation.
There are no inttial states defined for this experiment.

<
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Edge Production System

Devices amazon

webservices™ )
eb MATLAB Production Server

. MATLAB
< ;’ Compiler
MATLAB o o . SDK
Analytics < » :
| e

<
API AWS
Gateway Lambda

Storage
Layer

—_

Business
Systems

) MathWorks

Analytics Development

-
|
Algorithm
Developers

MATLAB

Business Decisions

) Power B

Qlik @

@Spotfire* End Users
qﬂ} tableau




Keep in mind today:

How can you systematically use
models and data as part of your
pragmatic digital transformation?

Partner with MathWorks |



