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Artificial Intelligence

The capability of a machine to
match or exceed intelligent human behavior by
training a machine
to learn the desired behavior
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There are two ways to get a computer to do what you want

Traditional Programming

COMPUTER > {::?"' Output
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There are two ways to get a computer to do what you want

Machine Learning

g Data

COMPUTER 2 E§j Model

/7 Output
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Using MATLAB and Simulink to Build Deep Learning Models

Machine *Ve
Learning
@ Data > > [§j Model
Deep
Learning
Inputs Design Outputs
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Using Apps for Ground Truth Labeling

Image and Video Data

of b & (BBt Dosates
o i ‘ o4 Zoom Ol 1 Gheny Rectungle Labels .
Session v v  labek v I L J Pan Show Scane Labels

FLT
ROI! Label Definition Car Image 2

Define new RO| labed

o

* Vehicle

Scene Label Definition

—  Defire new scene label

E '

Computer Vision Toolbox

Input
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Using Apps for Ground Truth Labeling
Signal Data

LABEL DISPLAY TIME

Point ipti
Q[? () it L A Description

Name: TrillPeaks Trill peaks 3
Add Delete (7, Export = Label
Detoton ] — Parent Name: TrillRegions ) Restore Value v
LABEL DEFINITION ‘ SELECTED DEFINITION SET VALUE
Label Definitions

W whale1 m whale2

A\ TrilPeaks

Labeled Signal Set

~ whale1
WhaleType
~ MoanRegions
6.13604115... 7.763
16.37525 18.153984 ...
11.4020000... 13.120148...
v TrillRegions
- ] 1.4357724... |3.275
v TrillPeaks
1 1.77425
2 2.44375
3 2.74225
~ whale2 [ ]
WhaleType
~ MoanRegions
2.44511966... | 3.5605
57136928... |8.113
15.3215 16.712880...
~ TrillRegions
- ] 10.91475 13.152470.
v TrillPeaks
11.50975
11.88
12.32975

Signal Processing Toolbox

Input
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Using Apps for Ground Truth Labeling
Audio Data

E Default Layout

E % J:L Audio Player:
L Primary Soun...

Lead Sawve Import q@, .
Settings

- -

Legend

-
VIEW

Data Browser ® .
w Audio Files —

Label Name Value

Content speech

i uitar-16-44p1-ster
cckGuitar-16-96-stere
oftGuitar-44p1_mono-1
SpeechDFT-16-8-mona
istle-16-44p1-mono-9

Train!

ROI Labels
SpeechActivity true  true  troe

Vv

Audio Toolbox

Samples Underrun = 0

Input

. _) MathWorks
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Using Apps for Designing Deep Learning Networks

:_:_I 24, Zoom 5 = Vv

Fn 4, Looum Ot Auvlo Anslyze  Export
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Deep Learning Toolbox
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Using Models from Other Frameworks
Keras- PyTorch
TensIrflow | Caffes
MATLAB 0‘ - > ONNX — MXNet
‘ | Core ML
Caffe
CNTK (...)

Deep Learning Toolbox 13
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Deploying Deep Learning Applications

Intel
MKL-DNN
/ Library
%
e o NVIDIA
Pre- Y —| _ Post- > oder > TensorRT &
processing 0\\2" processing Products cuDNN
Libraries
Deep
Learning
Application
ARM
ARM Compute
Library

MATLAB Coder

GPU Coder ’



Find out more:
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Using MATLAB and Simulink for Reinforcement Learning

Reinforcement Learning Toolbox -



Find out more:
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Using MATLAB & Simulink to Build Algorithms in Everything
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Creating Your Own Data

i’ input_dataset” - Signal Editor

DRAW

52 9 DL | prmm— ] 2l fead
e " 2 : ; g §

@ KN J +¢ | O InsertPoint fix) Expression [T SnapXtoGrid [ Snap X to Tick Markers /@ @r ﬁ [E3 & 2/$
= S : |
Select Move Oo=i= EdiFuind Erase Clear '\, Insertline . Draw [ SnapYtoGrid M Snap Y to Tick Grid {9 T K7 G| | Screenshot [

[ |
|
siGNAL | =oIT | TOOLS ALIGN | sHow | ZOOM & PAN | CAPTURE |INSERT |CLOSE|
SCENARIOS AND SIGNALS °
=i : Signal
@] Scenario Signal Properties

Name: | Signal

Units: [En g

Data type: 1'&0&]{[9

Interpolate;| linear

[T Show result of cast to data type

Axes

xMin [0 | Xwax: |10
YMin: |5 YMax: [

Simulink




Input

. _) MathWorks

20



- ) MathWorks'

ldentifying the Useful Data S || D

Machine
Learning
Preprocess OISty Deploy &
Acquire Data —» P EE— Condition —»  Train Model |—» ploy
Data Indicators Integrate

21
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Design

ldentifying the Useful Data

4\ Diagnostic Feature Designer - Signal Trace: Vibration/Data

@ Uﬂ% M Normalize Y Axis (5] pata cursors!

- Group Signals ™ Horizontal Cursor Lock Vertical Spacing

Panner| Ensemble View .
Preferences v @ Show Signal Information Vertical Cursor ] Lock Horizontal Spacing

VIEW CURSORS
Signal Trace: Vibration/Data

Data Browser

¥ Signals & Spectra
Signal Trace

% Tacho/Data

W Feature Tables

Vibration/Data

Vibration/Data:l.\emberH5
w Datasets

I \ ¢ faultCode=1
1 Ensemblel N dX = 0.66416
1 1

5.616 6.048 6.48 6.912 7.344 7.776
Time

432
Scale: Oms @s

i) Signal trace plot for "Vibration/Data" is in focus.

Predictive Maintenance Toolbox




ldentifying the Useful Data

Time-Domain| Spectral Rank
Features w| Features Features v

——l Signal Features
Generate statistics
features from signals

Rotating Machinery Features
Generate features from
rotating machinery signals

Nonlinear Features

Generate nonlinear
features from signals

Predictive Maintenance Toolbox

Spectral i, Rank Export
Features “Features « -

Spectrum |Vibration_tsa_ps/Data
Condition variables: faultCode

Computation mode: use full signal

Spectral peaks
Peak amplitude
Peak frequency .
|H{® peak )|
Peak value lower threshold | -Inf

Humber of peaks 15

. = @peak
Minimum fregquency gap 0.001
Peak excursion tolerance |0

M Modal coefficients

Band power

. ) MathWorks

Design

23



ldentifying the Useful Data
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Design

FEATURE DESIGNER

BE sy

Ranking faultCode +

DINON
Data Browser
w Signals & Spectra

Vibration/Data
" Tacho/Data
v Vibration_tsa/Data
2 Vibration_tsa_ps/Data

W Feature Tables

FEATURE RANKING

RTINS

Features:

Vibration_tsa_stats/Data_ClearanceFac
Vibration_tsa_stats/Data_CrestFactor
Vibeation_tsa_stats/Data_ImpulseFact
Vibration_tsa_stats/Data_Kurtosis

Vibration_tsa_stats/Data_Mean

Mk eoslce soe cssseMase

<

W Datasets

17 Ensemblel

Predictive Maintenance Toolbox

Power Spectrum: Vibration_tsa_ps/Data

Features Sorted by Importance

_tsa_stats/'Data_CrestFa

0 0.2 0.4 0.6 0.8 1

Histogram: FeatureTable]

Feature
ts/Data_CrestFactor
ac/Data_CrestFactor
ts/Data_impulseFactor
ts/Data_PeakValue
ts/Data_ClearanceFactor
ta/Data_RMS
ac/Data_RMS
ec/Data_BandPower
ts/Data_Mean

ec/Data_Peakfreql

ec/Dats_PeaskAmpt
ts/Data_Skewness

tsData_Kurtoss

acDats_Kurtoss
ts/Data_Std

Feature Ranking: FeatureTablel

T-Test
10.1388
10.1366

7.8789
S8715
48813
3.5901
3.5901
32379
0.9150
0.4578

0.3535

0.1880
0.0866
0.0856
0.0482

24
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Designing Decision Logic with Stateflow

inNormalRegion = true;
counter = @;
for i=1:length(inData)
if(inNormalRegion)
if(inData(i)<tl)
counter = counter+l;
if(counter>=N1)
inNormalRegion = false;
end
else
counter = @;
end
else
if(inData(i)>=t2) Normal
counter = counter+l; y=Uu,
if(counter>=N2)
inNormalRegion = true;
end
else
counter = @;
end
end
if(inNormalRegion)
outData(i) = inData(i);
else
outData(i) = @;
end
Stateflow end

MATLAB

[count(u<t1)>=N1]

[count(u>=t2)>=N2]

(Abnormal

y=0;

_l MathWorks

Design
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POWER

Stateflow
MATLAB
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Using Stateflow in MATLAB

I % Callbacks that handle component events
methods (Access = private)

Off

turnOff(app);
% Code that executes after component creation

function startupFcn(app)
app.LanternLogic = BlinkLanternLogic( 'app”,app);

end

% Button pushed function: POWERButton

function POWERButtonPushed(app, event)
app.LanternLogic.powerButton();
end

% Button pushed function: COLORButton
(Blink T function COLORButtonPushed(app, event)
app.LanternLogic.colorButton();

app.ColorChoice = [1,1,0];

On end

turnOn(app);

% Close request function: UIFigure

T function UIFigureCloseRequest(app, ewvent)
after(0.5,sec) | after(0.5.sec) EE}EEEE:E& %a”ter‘”mgic );

; ; Off end
app.ColorChoice = [1,0,0]; turnOff(app);

v

% Button pushed function: BLINKButton
N—— function BLINKButtonPushed(app, event)
app.LanternLogic.blinkButton();

end
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Editing at the Speed of Thought

Sources Mechanical System

5_ !

P sensor %

Operator sensor

sensor

X_sensor

Controller
data type = single

Environment

Mechanical System

Simulink
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Editing at the Speed of Thought

-

x_goal —— @) goal.x_goal

<x_goal>

W
Operator Logic1

»@ goal.signal1

delta_goal

Goal Delta

Simulink
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Viewing Generated Code Alongside the Model

’ﬁ sldemo_fuelsys/fuel_rate_control * - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help
B-o-Beo ¢ B0 EB-0¢OP = Bl ] [lm

fuel_rate_control

{P&| sidemo_fuelsys b Pa|fuel_rate_control b

Fuel Rate Control Subsystem

single D2 (r
single (radgs Sensors "
single D2 (g/s)

<speed> v : est airflow - est_airflow
f (g/s)

{g's) (g's)

02_normal

single D2 single D2 [g“s.“/,—~
fb_correction fb_correction fuel ratefl——p( 1 )

fuel_mode (/s) (g/s)
, fuel_rate

u EngSensors O

airflow_calc
sensors -

sld_FuelModes D2
fuel_mode fuel_mode

=

control_logic

fuel_calc

View diagnostics auto(ode3)

Embedded Coder




Sharing Live Scripts

|=] Live Editor - C:AMATLAB\SunriseSunset_final.mlx *
LIVE EDITOR

INSERT
rh Wy | ol Find Files Aa| Normal v =| | = —| Run Section

O ® “ ¥ — =] Scontroly . =

[i=| Compare ) GoTo ¥ e
pen Save - e : - Code 4| Refactor »
- - B Print \4 Find +» .
FILE NAVIGATE

| SunriseSunset_final.mlx * (==

Eg Run and Advance
Section

Break Eg Run to End

Estimating Sunrise and Su

\?'ﬁ._‘,

-

sunrise = 12 —

Using the latitude (¢ ), the sun's declination (6 ) and the solar time correction (
SC ) we can calculate sunrise and sunset times.

cos™!(—tan¢gtand) _ SC

B sunset = 12 +
60

Refer to this page for background and details on the equations used.

cos™! (—tan ¢ tan &
MATLAB

[

script

31
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Sharing Live Scripts

|=| Live Editor - CAMATLAB\CompressibilityFactor.mlx

B e e

~ - i i [QlFindFiles = . Normal v |~ Run Section L) l)[]
(W - = Control » “ A —

[i=| Compare | GoTo ¥ T A S Run and Advance
New Open Save Text < = Code '~ Refactorw | ] B Section Run Step. Stop
G 35 2 it Fedie e - - P I USRS

2= Break " RuntoEnd
FILE NAVIGATE TEXT CODE

SECTION RUN

| CompressibilityFactor.mix [ + |

P|(1:40
Slider 350

Drop down ( "carbon dioxide" - y

carbon dioxide @ 350 Kelvin

T T

e

e
©
o

o
(o)
&

yressibility Factor, Z

script

MATLAB
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Evaluating Architectures

o8 B tw UM
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Inputs Architecture Design Outputs
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Designing System and Software Architectures

System Composer

scExampleSmallUAV

Propulsion

Flight Support Components

v

FlightComputer

SupervisoryComputer

Arch

_l MathWorks
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Designing System and Software Architectures

Arch

_l MathWorks

System Composer

35



Find out more:

Simulink Requirements&H & m
System Composerlc&dZATAXIY
SZFPVYY

MathWorks Japan Xitf 52—
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Designing Beyond System and
Software Architectures

Systems and SoC Hardware

AUTOSAR Software
Software and Software

System SoC AUTOSAR
Composer Blockset Blockset

37
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Using MATLAB & Simulink to Build Algorithms in Everything

INTEGRATION DEVELOPMENT

—_—

DEFINITION
BACKLOG DELIVERY || II OF DONE

DEFINITION
OF READY
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Using the MATLAB App Testing Framework

MATLAB

=X Test & Verification

testCase.press (myApp.checkbox) @ Check Box

fledium

testCase.choose (myApp.discreteKnob, "Medium") Hiah

testCase.drag (myApp.continuousKnob, 10, 90)

testCase. type (myApp.editfield, myTextVar)

40



Authoring Logical Tests for Simulink Models

Simulink Test

Textual Requirements Format

Temporal Assessments

'l MathWorks

=X Test & Verification

Wireless Test

Observers

Safety Properties

41



Using Continuous Integration

MATLAB

Jenkins

Browse categories

Platforms
User interface

Administration

Source code management

https://plugins.jenkins.io/

Plugins

Plugins Index

Discover the 1000+ community contributed Jenkins plugins to support
building, deploying and automating any project.

gt Find plugins...

New Plugins

CRebel

VIISRA Compliance Report VectorCAS JQuery

foom ocwork Community Analysis Maodel API

_'. MathWorks

=X Test & Verification

Download

42
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Integrating with Third-party Requirements Tools

External Requirements

Requirements
Management
Tools

Simulink Requirements

R2019a

=X Test & Verification

Simulink Requirements

External Requirements

=

Authored Requirements

43



Using Projects in MATLAB

MATLAB

== = 21 =
4 @ L% &L =] Sleoject path
Search Custom Run References Details L-Ii Startup Shutdown
Tasks v Checks »
TOOLS ENVIRONMENT

All | Project (226) | Modified (344)

Name -

+Test
ACI
Dashboard
Documents
Elasticsearch
MachineLearning
MATLAB_Kafka_Producer_Java
mps_stream
SimExecutable
Simulation
5| DocExample_MultiClassFaultDetectionUsi...
5{_‘-] genPumpData.m
# javasetup.m
#5) Main_ExampleWorkflow.mlx
] MLModels.mat
] rawdata.mat
| | README.md

000+ o0

_l MathWorks

¥

Collaboration

Y Fetch

=] Remote
ﬁ Branches

-8 Push

L Pull

SOURCE CONTROL

Classification
Test

44



Scaling Computations on Clusters and Clouds

_l MathWorks

Scaling

O

Cloud

©®

GPU
MATLAB
. |G- I
M (A
Parallel Computing Toolbox MATLAB Parallel Server |
(MATLAB Distributed Multi-core CPU

Computing Server)
MATLAB Parallel Server

45
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Specialized Tools for Building Algorithms S| |ZE [P [
In Everything W m
Communications Physical interconnects

ot o P Wb

Vikws

——

5G SerDes Mixed-Signal
Toolbox Toolbox Blockset

47



Developing Autonomous Systems

ZIN

|
O—{: Planning
5

\|l/
{ Perception

|

Control

(
t

- ) MathWorks
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Evaluate Sensor Fusion Architectures

I Figures - Figure 1
Ego Vehicle Display

TrackVehicles

rrLidar Preprocessing and Tracking

Z (m)

Sensor Fusion and Tracking Toolbox

Raw point cloud
Obstades
Bounding box detections

Segmented ground
Vision field of view
Bounding box tracks

A

® f8 x

60

X (m)

Reference Image

» J MathWorks

-
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Design Lane-following and Spacing
Control Algorithms

Edit View Display Diagram Simulation Analysis Code Tools Help

a=id . we-E-eqgop

[Pg] inptmmeemnconerrusen P

Model Buttons

Edit Setup Lane Following with Mono Camera Detector U

Script Test Bench Vo9l [t venicia pose T 7

Target Vohicle Pose Tl b
g

AT A Collision Detection
EnatleTorgelVohico = on ]

LFRemMdl N 4

B
frai vehicles <z >V doubre .
1768w 10243)| vehicin_dpieciions Busvision | Acceleration Acceseration

890_accaiecation phavcs
helperilonoSensarSysObj

LaneSens = BusRadr
laneBourdaries F——= -C- T Ra
| usRa

Zero Radar Detectons
Vision Perception Algonthm Steering Angle

| couble (Miggabile seenng_anglo
7 -—P Driver Set Velocity
EnablaVehicleDetec f driver_sul_velocity

EnableDispiays = o | Sel Velozty

ol dovzie (rvs)

Vehicle Dynamics

L dinal Velocit
doubée (1/8) g Y BusMutOtiecTracer! ulng® [7G8x 1024
gErmoreans Camera —————

Lane Sensor eqo_vekaty
1ano_boundares  LanaSensor Ego

System Ck MIO Track Index —- Unreal Engine Interface

AN Z
Contret Nigofitnm

Model Predictive Co




Developing Autonomous Systems

Lidar Processing HERE HD Maps &
& Tracking OpenDRIVE Roads

Computer Vision Automated Driving

Toolbox Toolbox

» J MathWorks

Robotics System
Toolbox
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Get Started

_l MathWorks

MATLAB Onramp

Quickly learn the
essentials of MATLAB.

Simulink Onramp

Learn to create, edit, and
troubleshoot Simulink models.

Deep Learning Onramp

Learn to use deep learning techniques
in MATLAB for image recognition.
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