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) MathWorks

Using MATLAB & Simulink to Build Algorithms in Everything

Simplifying your work...

...often at higher levels of abstraction.

@ MATLAB&SIMULINK




) MathWorks

Using MATLAB & Simulink to Build Algorithms in Everything

Inputs Design Outputs

@ MATLAB&SIMULINK
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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



) MathWorks

There are two ways to get a computer to do what you want

Traditional Programming

COMPUTER - 473" Output




) MathWorks

There are two ways to get a computer to do what you want

Machine Learning

COMPUTER > E§j Model
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Artificial Intelligence

Machine
Learning

Deep
Learning



) MathWorks

Using MATLAB and Simulink to Build Deep Learning Models

Machine
Learning
g Data > > [§j Model
Deep
Learning
Inputs Design Outputs

@ MATLAB&SIMULINK
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Using Apps for Ground Truth Labeling

Image and Video Data

4\ Image Labeler

w JH &

New Load Save Import

Session ¥ v  Labels ¥ |

FILE

ROI Label Definition

CG:" Define new ROI label

» Vehicle

Scene Label Definition

E\(P Define new scene label

Apply to Image

ve from Imag

To label a scene, you must first define a st

label

Computer Vision Toolbox

4 Zoomin ) pefault Layout

(=4 Zoom Out Show Rectangle Labels
["J Show Scene Labels

MODE VIEW

[ Car Image 2

ene

Algorithm:

CF Vehicle Detector v
Select, create or import algorithm.

AUTOMATE LABELING

@/

—_—

Export

Labels ¥

EXPORT

BB S
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Using Apps for Ground Truth Labeling
Signal Data

LABEL DISPLAY TIME

Point A Description Value

(b ew & moon
Add @ N Name: TrillPeaks Trill peaks
d Delete i Export Label |
Definition — Parent Name: TrilRegi =) Restore Value
-

LABEL DEFINITION SELECTED DEFINITION SET VALUE
Label Defin

* whalel
'I.|\‘|

loanRegions
6.13604115...

16.

Signal Processing Toolbox

) MathWorks
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Using Apps for Ground Truth Labeling

Audio Data

Audio Toolbox

Audio Player:
E Default Layout
Primary Soun...

Label Name
Speech-16-22p53-mono-3secs.wav Content
Rainbow-16-8-mono-114secs.wav
RainbowMoisy-16-8-mono-114se
RandomOscThree-24-96-sterec
RockDrums-44p1-sterec-11secs.mp3
kDrums

SpeechDFT-16-8-mo
TrainWhistle-16-44p1-n
Turbine-16-44p1-mono-22secs.wav

shingMachine-16-44p1-stereo-10se...

w Audio File Info ROI Labels

Value
speech

true

true

true

Samples Underrun = 0

<) MathWorks
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Using Apps for Designing Deep Learning Networks

4\ Deep Network Designer

DEEP NETWORK DESIGNER

KA
¢ N & Zoom In

New Duplicate 1 Fit &L ZoomOut  Auto
1o View Arrange

NAVIGATE LAYOUT

LAYERS

E ImagelnputLayer

SequencelnputLayer

Convolution2DLayer
TransposedConvolution2DLayer

% FullyConnectedLayer

LSTMLayer

E BiLSTMLayer

E RelULayer
E LeakyRelLULayer
E ClippedRel.ULayer

Deep Learning Toolbox

]
Analyze Export

ANALYSIS | EXPCRT

mageinput

1 -+ conv
lz:\a

1 E classoulpul
B

PROPERTIES
Number of layers
Number of connections
Input type

Output type

/
6
Image

Classification

<) MathWorks




Using Transfer Learning with Pre-trained Models

Inception-v3 ResNet-101 VGG-16
ResNet-18 GoogLeNet DenseNet-201
SqueezeNet AlexNet ResNet-50
MobileNetV2

Deep Learning Toolbox

) MathWorks

Inception-ResNet-
v2

VGG-19

Xception

15
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Using Models from Other Frameworks

Keras- PyTorch
Tensirﬂow | Caffe?
MATLAB 0‘ - > ONNX — MXNet
| Core ML
Caffe
CNTK (...)

Deep Learning Toolbox 16
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Deploying Deep Learning Applications

Intel
MKL-DNN
Library
4
° NVIDIA
Pre- ,‘\3(\ ., Post > Coder TensorRT &
processing .\.,‘ processing Products cuDNN
Libraries
Deep
Learning
Networks
ARM
ARM Compute
Library

MATLAB Coder

GPU Coder -
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Using MATLAB and Simulink for Reinforcement Learning

Machine
Learning
g Data >
Deep
Learning
Inputs Design

@ MATLAB&SIMULINK

Reinforcement Learning Toolbox

[§j Model

Outputs

18



<) MathWorks

Using MATLAB and Simulink for Reinforcement Learning

Reinforcement Learning Toolbox i



) MathWorks

Using MATLAB and Simulink for Reinforcement Learning

Machine
Learning
g Data >
Deep
Learning
Inputs Design

@ MATLAB&SIMULINK

Reinforcement Learning Toolbox

[§j Model

Outputs

20
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Using MATLAB and Simulink for Reinforcement Learning

Generate Data

Machine

: : L '
O\ Scenario Design carhing

> > Model

Simulation-based Deep

: Learning
data generation
Inputs Design Outputs

@ MATLAB&SIMULINK

Simulink

Reinforcement Learning Toolbox i
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Using MATLAB and Simulink for Reinforcement Learning

Reinforcement Learning Toolbox -
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Using MATLAB & Simulink to Build Algorithms in Everything
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Inputs Design Outputs
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'\ MathWorks:

Working with Text Data

| Vehicle_Repairs.csv .| + |

h:)ept, JobDate, jobno,Vehicleid, UnitNo,Reason,Notes, CostParts, CostLabor,CostTotal

1020,01/06/2015 12:00:00 AM,14073,118743,14,04 DRIVER'S REPORT,"PM SERVICE, CHECK TURN SIGNAL, CLUNKING NOISE WHEN DRIVING",493.85,0,493.85
1020,01/14/2015 12:00:00 AM, 14232,230973,13,08 PM SERVICE **%x "SERVICERCB,EXT,5604",38.869999999999997,0,38.869999999999997
2111,01,/02/2015 12:00:00 AM,14006,1243,116,04 DRIVER'S REPORT,NEED 4 PLOW PINS,45,0,45

2111,01/02/2015 12:00:00 AM,14140,B39109 ,178,04 DRIVER'S REPORT, INSTALL SPINNER ASSY,0,0,0

2111,01/03/2015 12:00:00 AM,14163,574950,215,13 SNOW BREAKDOWN, DONT START,0,0,0

2111,01/05/2015 12:00:00 AM,14169,A00413 ,283,04 DRIVER'S REPORT,DOG BONE PIN BROKEN, 20,0, 20

2111,01/0&6/2015 12:00:00 AM,14000,766153,248,08 PM SERVICE ***%, "NEED SERVICE, CHECK BRAKES",387.17,0,387.17

2111,01/06/2015 12:00:00 AM, 14155,525670, 232,04 DRIVER'S REPORT,HYD CAP CHECK ENGINE LIGHT ON,12.95,0,12.95

2111,01/06/2015 12:00:00 AM,14157,621909,213,40 NEGLIGENCE, TARP VALVE STICKINGRIGHT SIDE MIRROR BRACKET BROKEN, 50.02,0,50.02
2111,01/06/2015 12:00:00 AM,14164,1226,117,13 SNOW BEEAKDOWN, HANDLES IN CAB LOOSE,0,0,0

2111,01/06/2015 12:00:00 AM,14165,525999,114,04 DRIVER'S REPORT,NO PLOW LIGHTS,0,0,0

2111,01/06/2015 12:00:00 AM,14172,B34632 276,10 ROADCALL,WILL NOT START,0,0,0

2111,01/06/2015 12:00:00 AM,14174,1469,122,10 ROADCALL,WILL NOT START,0,0,0

2111,01/0&6/2015 12:00:00 AM,14175,68932,147,10 ROADCALL,WILL NOT START,0,0,0

2111,01/06/2015 12:00:00 AM, 14176,68933,148,10 ROADCALL,WILL NOT START,0,0,0

2111,01/0&6/2015 12:00:00 AM,14177,621907,208,10 ROADCALL,WILL NOT START,0,0,0

2111,01/06/2015 12:00:00 AM,14181,337657,218,04 DRIVER'S REPORT, CONVEORY NOT WORKING,0,0,0

2111,01/06/2015 12:00:00 AM,14182,D-1920 ,164,10 ROADCALL, DONT START,0Q,0,0

2111,01/06/2015 12:00:00 AM,14183,525998,217,10 RORDCALL, DONT START,0,0,0

2111,01/06/2015 12:00:00 AM,14184,526000,225,10 ROADCALL, DONT START,0,0,0

2111,01/06/2015 12:00:00 AM,14185,621921,214,04 DRIVER'S REPORT, CONVORY NOT WORKING,0,0,0

2111,01/07/2015 12:00:00 AM,14188,001469 ,201,04 DRIVER'S REPORT,needs def/jim £,0,0,0

2111,01/07/2015 12:00:00 AM,14190,337656,219,04 DRIVER'S REPORT,NEEDS FLOOR MATTS, 65.069999999999%9%93,0,65.069999999999993
2111,01/07/2015 12:00:00 AM,14191,B34632 ,276,10 ROADCALL, DONT START,0,0,0

2111,01/07/2015 12:00:00 AM,141%9¢,1222,118,04 DRIVER'S REPORT, HARDWARE FOR REAR SPRINGS,14.32,0,14.32

2111,01/07/2015 12:00:00 AM,1419%,52565, 626,04 DRIVER'S REPORT,WASHER FLUIDDEF,28.88,0,28.88

2111,01/09/2015 12:00:00 AM,14107,1467,121,08 PM SERVICE *%*% "REMOVE & REPLACE REAR SPRINGS, CHECK COOLANT TUBESPM SERVIVE",4697.55,0,




'| MathWorks:

Working with Text Data D

t = readtable(filename, 'TextType', 'string');
disp(t(1:20,6:7))

Reason

DRIVER'S REPORT" "PM SERVICE, CHECK TURM SIGMAL, CLUNKING NOISE WHEN DRIVING"
PM SERVICE "SERVICEROB,EXT,5604"

DRIVER'S REPORT" "MEED 4 PLOW PINS"

DRIVER'S REPORT" "INSTALL SPINMER ASSY"

SNOW BREAKDOWN" "DONT START"

DRIVER'S REPORT" "DOG BONE PIN BROKEN"

PM SERVICE "MEED SERVICE, CHECK BRAKES"

DRIVER'S REPORT" "HYD CAP CHECK ENGINE LIGHT ON"

NEGLIGENCE" "TARP VALVE STICKINGRIGHT SIDE MIRROR BRACKET BROKEN"
SNOW BREAKDOWN" "HANDLES IN CAB LOOSE"

DRIVER'S REPORT" "NO PLOW LIGHTS"

ROADCALL" "WILL NOT START"

ROADCALL" "WILL NOT START"

ROADCALL" "WILL NOT START"

ROADCALL" "WILL NOT START"

ROADCALL" "WILL NOT START"

DRIVER'S REPORT" "CONVEORY NOT WORKING"

ROADCALL" "DONT START"

ROADCALL" "DONT START"

ROADCALL" "DONT START"

MATLAB




Working with Text Data

Topic: 1
tail

remove ™ pete
.. leaf
anti f()r' ade  SPrings

aes end Ch ec k°§2ﬂery

noise
~0il.. | Ig htSIor strobe
greaseN Q- rea ptollnes

" blower
need plOW
freezepack brakes

tlrescheck

Topic: 4

charglng
d

- trans
| | | move *

. door
- belt truck
convoyor n OtWOI‘k
bower ~ Start camera
Wo'rklng

Deep Learning Toolbox
Statistics and Machine Learning Toolbox

Text Analytics Toolbox
MATLAB

Tup 12

wheel” axleplston

chains gide- e

|eft I'Ig h in mstall
m”-ror rear reartlre

brakes

bracket

Topic: 5

moperable
starting

arktires -front
conveyor f|jg|unit-

gas ridge

W|persCheCkfIU|ds
aims_all alr-up :

“autorgplace-

over

system”

pressure

. cab |eak ose

' anhfreeze
Iooseben aSSy

head 0O

cap

n OUt tarp’

mstall

pISWlightesne

dash Srg”in needed

i Ch eCk tallgate
splnner

Topic: 6

hydra - dump
C00|ant side .- tunder
control

|OOSE * pump °
noise

hyd Faulic

motor. valve~

hopper

) MathWorks
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Working with Text Data

EE ®
wowe b FE o

‘fﬂﬁﬁ'&_&._
P S|

Text Analytics Toolbox
MATLAB

4y fE7 50
H X
= o

Adjectives

Ltz d #®L
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GFHLLY EE.FUT“ Al

‘;;L .nl._.\L [.1r -
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o5 ChlE g my
-‘JEEI:: UE E L"‘ :-]11-|
._.t’t”TdEL" 1‘15
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|"-Ir'||::||-'r Bad
e

) MathWorks

Adjectives

I':[:.!H-I'I.I:!'I
< Deutschen
e uri'aerer
attraktiven

panen mf:":glch

hohen ... letzten
kleine - gute =
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LH- ere SCth sicher

F‘I']F'FIF'FI 4o GaNZe
It ragalmalig
uorhandenen
Jesamten .
chem I
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J MathWorks

Creating Your Own Data

input_dataset” - Signal Editor
DRAW

K7 : : 20 L%
N C? @ O InsertPoint, fix) Expression [ SnapXtoGrd [ SnapXtoTick & Markers & _@r m 3 & 12,3

Select Move O Q1o Erase Clear N\ Insertline . Draw I SnapYtoGrid M Snap Y to Tick Grid W Screenshot 1

|
SIGNAL =oIT TOOLS ALIGN | sHOW |  ZOOM&FPAN | CAPTURE |INSERT |CLOSE|
SCENARIOS AND SIGNALS °
: Signal
=) Scenario Signal Properties

Name: | Signal
Units: Emer signal units
Data type: :Boﬁbie
Interpolate:| linear
Show result of cast to data type

Axes

XWin: |0 XMax: |10
YMin: | -5 YMax: |5

Simulink




<) MathWorks
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ldentifying the Useful Data

Acquire Data

Preprocess
Data

Machine
Learning

Identify
Condition
Indicators

Train Model

Deploy &
Integrate

- ) MathWorks’
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J MathWorks

ldentifying the Useful Data

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

FEATURE DESIGNER SIGNAL TRACE VIEVW LIEIIJ

@ [”]g 71 Normalize " Axis fffi Data Cursors|

__ Group Signals ™ Horizontal Curzor Lock Vertical Spacing

Panner| Ensemble View . :
Preferences « Show Signal Information Vertical Cursor [ | Lock Horizontal Spacing

VIEW CURSORS

Data Browser ® | Signal Trace: Vibration/Data

w Signals & Spectra
Signal Trace

il Tacho/Data

w Feature Tables

Vibration/Data

\' e
} \ibration/Data:Member 15
w Datasets - / A

! \ / faultCode=1

HH Ensemblel dX = 0.66416

1 1
5616 6.048 . 7.344 7.776
Time

/
i

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

Predictive Maintenance Toolbox




ldentifying the Useful Data

Time-Domain| Spectral Hank
Feature=z + Featurezs  Featurez +

Signal Features
zenerate statistics

features from signals

Rotating Machinery Features
Generate features from
rotating machinery signals

Monlinear Features

Generate nonlinear
features from signals

Predictive Maintenance Toolbox

Spectral ., 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

Mumber of peaks 15

f.‘_:l_ ok
Kinimum freguency gap 0,001 pe

Peak excursion tolerance |0

M Modal coefficients

Band power

<) MathWorks

o



ldentifying the Useful Data

FEATURE DESIGHER FEATURE RANEKNG

ﬂ Rank By Sort By B

Ranking faultCode | |T-Test « Dalage

trum: Vibration_tsa_ps/Data Histogram: FeatureTable1

Features Sorted by Importance

Vibration_tsa_stats/Dal

w Feature Tables

LS RTRET— -

Features:
Vibration_tsa_st FRACEFEL
Vibration_tsa_stats/Data_CrestFactor
Vibration_ Data_lmpulseFach
Vibration_ts: /Data_Kurtosis
Vibration_ts Data_Mean

Wik saales ses s P B

£

w [Datasets

11 Ensemblel

Predictive Maintenance Toolbox

Feature
ts/Data_CrestFactor
ac/Data_CresiFactor
ta/Data_impulseFfactor
ts/Data_Peak'Valse

ts/ata_ClearanceFactor
. ta/Data_RMS

acData_Rl

.ecData_BandPower
ts/Data_Mean
secData_Pealfreql

ecData Peakamp

.. ts/Data_Skewness
ta/Data_Kuriosis

aciDala_Kurlosis
ts/Data_Sid

Feature Ranking: FeatureTablel

00452

BB S
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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 = 8;
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;

) MathWorks
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J MathWorks

Using Stateflow in MATLAB

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

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();

-

P
/Color i end

‘ % Button pushed function: COLORButton
Yellow i JlinkButton i function COLORButtonPushed{app, event)

app.ColorChoice = [1,1,0]; ; -
POWER turnOn(app); app.LanternLogic.colorButton();

end

turnOn(app);

% Close request function: UIFigure

function UIFigureCloseRequest(app, event)
delete(app.LanternLogic);

after(0.5,sec) | after(0.5,sec)
(0.5, delete{app);

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

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

end

Stateflow
MATLAB




'l MathWorks:

Editing at the Speed of Thought D

Sources Mechanical System

Operator Sensor

sensor

X_sensor

Controller
data type = single

Environment

Mechanical System

Simulink




Editing at the Speed of Thought

Simulink

Sources

sensor

sensor

Mechanical System

Controller
data type = single

sensor

Environment

R

Mechanical System

X_sensor

'l MathWorks:

L]




'| MathWorks:

Editing at the Speed of Thought D

N

x_goal ———p@) goal.x_goal

<x_goal>

3 Y,
Operator Logic1

»@ goal.signal1

delta_goal

Goal Delta

Simulink



'l MathWorks:

Editing at the Speed of Thought D

Sources Mechanical System

sensor

sensor

sensor

X_sensor

Controller
data type = single

Environment

Mechanical System

Simulink




'l MathWorks:

Editing at the Speed of Thought D

Sources Mechanical System

sensor

Operator

sensor

X_sensor

Controller
data type = single

Environment

Mechanical System

Simulink




) MathWorks

Controlling the Execution of Model Components

Schedulable Rate-Based Model

estimator_calibrate(

CJw @StIMAtOr_10MS() - -nemmm o s T Estimator
estimator_20ms() : : calibrate
tD o) D1[0.01]
controller_10ms() f§----3
. [ ControllerExpFcn - D2[0.02]
controller_20ms()/~; ‘-~~~ Pl_CTRL_10ms

Scheduler

SW Component2

A SW Component1

Export Function Model

Simulink 41



Controlling the Execution of Model Components

Simulink

EDULE EDITOR

Manage Execution =~ I\ Update |75 Hi Amrange  Timing L
Partitions i Order Diagram Legend

ayout

-

_n
I
o
|
=

EXECUTION MODEL | DISPLAY | VIEW

F

SEND

Order Name

LE¢

W Cont
m D1
D2

ThrottleC

Throttl
Thraottl
Throttl

ThrottleControl APPSnsrRun

ThrottleControl.ControllerRun5ms —
I3

0.01

Implic

Y
Rate
0

0 ,I:-I.I:I 1

itrol APPSnsrRun

atorRun5ms

eriodic partition

BB S
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'| MathWorks:

Simplifying Integration with External C/C++ Code

2-D T(u)
/_
---',‘—"‘-.. ‘_‘\
e >(_ T

#include "rtwdemo_row_lutcol2row_workflow rowrow.h”
——

- 3,f‘ Block parameters (default storage) */

PriP = {

S* Variable: Thl_1

¥ Referenced by: '<Root»/2-D lookup Table'

* 0
COlumn-Major = (1.8, 2.0, 3.0, 4.8, 5.0, 6.8, 7.8, 8.8, 9.8, 1@8.8,|11.8, 12.8, 13.8, 14.0,

15.8, 16.8, 17.8, 18.8, 19.8, 26.8, 21.8, 22.8, 23.8, 24.8, 25.8, 26.8, 27.8,

78.8, 20.9, 38.8, 31.8, 32.8, 33.8, 34.8, 35.8, 36.8, 37.8, 38.0, 30.8, 48.0,
41.8, 42.8, 43.8, 44.8, 45.8, 46.8, 47.8, 48.8, 49.8, 58.8, 51.8, 52.8, 53.8,
54.8, 55.8, 56.8, 57.8, 58.8, 50.8, 68.8 }

Simulink Coder




'| MathWorks:

Simplifying Integration with External C/C++ Code

"} rtwdemo_row_lutcolZrow workflow_rowrow * - Simulink

File Edit Wiew Display Diagram Simulation Analysis Code Tools Help
i -=-8 8- E-@ 4@ > = BE-feo ] [Nml ]| @ -|a& -

rtwdemeo_row_lutcol2row_workflow_rowrow

@ rtwdemo_row_|utcol2row_workflow_rowrow

®

&
P
=
1

2-”5 T(u) I

:_..- #include "rtwdemo_row_lutcolZrow_workflow_rowrow.h"

-

/% Block parameters (defoult storage) */
PriP = {

/¥ Variable: Thl_1

¥ Referenced by: '<Root>/32-D lookup

*/
ROW_MaJOI‘ AW1.9, 11.8, 21.8, 31.8, 41.8, 51.8, 2.8, 12.0,[ - Ty v TN
13.4, 23.68, 33.6, 43.8, 53.8, 4.8, 14.6, 24.6, 34.96, 44.8, 54.8, 5.8,
25.4, 35.8, 45.8, 55.9, 0.8, 1b.8, 26.9, 36.8, 46.9, 5b.8, 7.8, 17.8,
i7.a, 47.8, 57.6, 8.0, 18.8, 28.8, 38.4, 48.86, 58.4, 9.0, 19.8, 29.8,
49.8, 59.8, 19.8, 28.8, 38.8, 48.8, 59.8, 60.8 }

Simulink Coder




'\ MathWorks:

Viewing Generated Code Alongside the Model

'b} sldemo_fuelsys/fuel_rate_controel * - Simulink

File Edit Wiew Display Diagram Simulation Analysis Code Tools Help
iid

F-m-B e ¢ B8-E-@d®P = B0 | [fom ] | D - &~

fuel_rate_control

iilsddemo_ﬁuelsvs » Elfuel_rate_controi »

®

Fuel Rate Control Subsystem

&
3
=]
|

]Slrgle D2 (radgs) | i
» @ f IETIROES single D2 (g/s)

P In :
<speed> @ est_airflow P est_airflow
i (0's) (915)] ()

validate_sample_time

02_normal

~

£ s Df
s o EngSensors D3 single D2 single D2 (g/s)
- fb_correction fbo_comection fuel_rate

fuel_mode (o/s) ':'9"5}Ue| ot
- -, EngSensors [ } boolean D2 =
e PSS L/ 2_normal
t airflow_calc
SEensors -
sld_FuelModes D2

fuel_mode

=

fuel_mode

control_logic
fuel_calc

]|

auto(oded)

Embedded Coder




'\ MathWorks:

Viewing Generated Code Alongside the Model

'}} sldemno_fuelsys/fuel_rate_control * - Simulink

File Edit WView Display Diagram Simulation Analysis Code Tools Help
B-ro-8 e ¢ B2e-E-ed®P 5 oo ] [ ] @ ~|am -

fuel_rate_control

Iﬂsldemo_ﬁueisvs 4 @fuel_rate_control »

®

Fuel Rate Control Subsystem

Q
E3
|

]su“gle D2 (rad ] Sensors
: 4 — » g b single D2 (g/s)
J <speed=> i est_airflow — est_airflow

(g's) T {gls)

validate_sample_time

02_normal

o

es o ' fb_correction fbo_comection fuel_rate

- 1
fuel_mode (o/s) “-'?l"S}Uel el
-, EngSensors [ } boolean D2 -
[ ] 2 normal
t airflow_calc
SEensors =
sld_FuelModes D2

fuel_mode

=

EngSensors D2 single D2 single D2 (g/s

fuel_mode

control_logic

fuel_calc

View diagnostics auto(ode3)
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Sharing Live Scripts

[=] Live Editor - CAMATLAB\SunriseSunset_final.mlx *
LIVE EDITOR
'{f - h%] [QlFindFiles | W
|iz) Compare [ GoTo ¥
\{ Find ¥
OVIGNTE
L+

New Open Save

;‘j‘; Control v
@ Refactor v

cope

E SR

=] {=] Run section

5 @ Run and Advance
Section

Break % Runto End
SEGTION

> U
Run Step

RUN

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

sunrise — 12 — €08~ (—tang tand) _ SC

sunset = 12 + cos”! (—tan¢ tand

1y

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

MATLAB

script

) MathWorks
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Sharing

MATLAB

ol
™
L

Paste

~

Clipboard

Page 1of 7

Live Scripts

HS O

docx - Compatibility Mode

Home Insert

B

1468 words

Design Layout References Mailings Review View Help

A=
=

Paragraph

AaBbCcD( zasbced AaBbC

M Code

David Garrison @ = O

Q Tell me what you want to do & Share

P Find ~
30 Replace
1 Code Ex.. THeading1 < Select~

Styles F} Editing

In this example we will explore some data on exoplanets - planets outside our own solar system
The data used here is a subset of data from the NASA Exoplanet Archive. We will start by using the
data to answer some questions about the set of exoplanets in the archive. Then we will do some
calculations to try to identify planets in the archive that might be capable of supporting life.

exoplanets = readtable("exoplanets.xlsx");

exoplanets(1:10,:);

How Far Away Are these Planets

?

There are 90 exoplanets within 50 light-years of earth and 450 exoplanets within 200 light-years.

histogram(3.26%exoplanets.st_distance, 'BinWidth', 50)

x1lim([@ 1000])
ylabel ‘Number of Planets’
xlabel ght Years from Earth’

Where is the nearest exoplanet?

idx = find(exoplanets.st_distance
name = char(exoplanets{idx, 'st_name'}

min(exoplanets.st

)

) MathWorks
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Sharing Live Scripts D

[=] Live Editor - C: \MATLAB\CompressibilityFactor.mlx

B e e

ITJj - H [QlFindFiles - - /2 Normal B (= Run Section [) > w

1) Compare = | GoTo v _ B . wie Run and Advance
New Open Save e Text B f 'E‘ Iid _ Code ‘- Refactorv (=] 5 2 Section Run Step  Stop
- - v (= Print (| Find ~ e e - Break . RuntoEnd
SECTION RUN

FILE NAVIGATE TEXT CODE

CompressibilityFactor.mix | + |

P|1:40
Slider 350

Drop down \ "carbon dioxide" o V

| Hide Code ]

carbon dioxide @ 350 Kelvin

T

o
©
o)

o
©
e

wressibility Factor, Z

script

MATLAB
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L]

Creating Apps

Flate Browser Summary Tables

| SelectFiles | CurrentFile: microtiter_data0001.csv

Microplate Plot EC50 Curves

| @
| @
| @
D

| 8
| @
| @
| @

00000000
00000000
90000000
1 4448, @
L 300 0 @
o 0000 o
000000 ¢
000000 ¢
00000000
00000000
0000000

Frevious File

File
microtiter_d...
microtiter_d...
microtiter_d...
microtiter_d...
microtiter_d...

MATLAB

Mext File

Compound Nr | MegControl
1 -0.0741

-0.0143

0.0054

0.1096

-0.0572

Conc1
0.3564
-0.5044
-0.4702
0.2325
-0.7481

Conc2
9.8759
-0.5044
3.1998
0.2385
1.7104

Conc3
26.8743
-0.5044
22.9698

0.3712
26.8872

+
£
+
+

+

¥

Concd
91.7323
-0.5044
97 5746

3.2339
84,5134

-1 0

Conch
96,7084
-0.5044

100.5006
41.1060
992335

.1

Log [Compound]

Conct
97,1532
-0.5043

100.6086
94,7343
100.4717

Conc?
971910
-0.4544

100.6086
100.6591
100.5601

Concé
97,1240
17.0436

100.6086
100.9487
10:0.5701
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Deploying Web Apps

[} MATLAB Web Apps £ Transient Conduction

C ) | ® ah-dgarriso

MATLAB Web Apps

Initial and Boundary Conditions Geometry

Initial T (C) 10 X (m):
Top T (C)

Bottom T (C)

Left T (C): : dy (m):

" e | Note: Numerical stability requires F...
Right TAC) Current Fo = 0.0608

Themal Diffusivity Time and Convergance

Alpha (m*2/s);| 4 dt (s): | 0.01

[ Air < Total Time (s):| 50

[ Copper —

Vister Convergence | 1
Criterion: 1e-4

MATLAB Compiler 51
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Evaluating Architectures
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Evaluating Architectures
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Designing System and Software Architectures

scExampleSmallUAV

Flight Support Components

Payload

FlightComputer

Propulsion

System Composer

) MathWorks
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Designing System and Software Architectures

) MathWorks

System Composer
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BB S

Designing Beyond System and
Software Architectures

Systems and SoC Hardware
Software and Software

AUTOSAR Software

System Composer SoC Blockset AUTOSAR Blockset
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Integrating with Third-party Requirements Tools

External Requirements Simulink Requirements

— = W R20]Qa External Requirements

— o __k
..................... /'\ =

Edit

Authored Requirements
ReqlF

Requirements
Management
Tools

Simulink Requirements 60



Include Custom Code in Test & Verification

Simulink C/C++

i

Simulink Design Verifier

Simulink Design Verifier

— X
—v

) MathWorks
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Using the MATLAB Unit Test Framework

>> result.table
ans =
2x6 table
Name Passed Failed Incomplete Duration Details

"test Predictions/Test ModelType' true false false 0.12241 [1x1 struct]
"test Predictions/Test Prediction' false true true 0.11542 [1x1 struct]

MATLAB 0
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Using the MATLAB App Testing Framework

MATLAB

testCase.press (myApp.checkbox) @ Check Box

fledium

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

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

testCase. type (myApp.editfield, myTextVar)
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2019-03-13
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2019-02-16
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2019-02-09
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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

ORebel

MISRA Compliance Report VectorCAS JQuery

foom ocwork Community Analysis Maodel API

) MathWorks

Download
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Using Continuous Integration

Jenkins

+«= Find plugins

MATLAB

Installs: No usage data available Maintainers Dependencies
GitHub —
Lastre d: 2 days ag

MathWorks

The Jenkins plugin for MATLABE enables you to easily run your MATLAE tests and generate test artifacts in formats such as JUnit, TAP, and Cobertura code coverage reports.

Features
Support to run MATLARB tests, present in the Jenkins workspace automatically. (This also includes the tests present in.prj files)
Cenerate tests artifacts in JUnit, TAP & Cobertura code
Support to run tests, using custom MATLAB command or custom MATLAB script file.

MATLAB https://plugins.jenkins.io/matlab o



Using Projects in MATLAB

MATLAB

\{ IE |£LTI,_,J E (7 Project Path

Search Custom Run References Details L. Startup Shutdown
Tasks v Checks +

TOOLS ENVIRONMENT
All | Project (226) | Modified (344)

Mame
+Test
ACI
Dashboard
Documents
Elasticsearch
Machinelearning
MATLAB Kafka Producer Java
mps_stream
SimExecutable
Simulation
15| DocExample_MultiClassFaultDetectionUsi...
F genPumpData.m
%) javasetup.m
15 Main_ExampleWorkflow.mlx
HH MLModels.mat
EE| rawdata.mat
| | README.md

Git
Details

s e wew +eae

Refrezh

Commit

) MathWorks

Fetch

dl
ar

' '=| Remote
U Push

: ij'l Branches
éﬂ‘ Pull

OURCE CONTR:OL

Classification
Test

Design
Diesign
Design
Design
Diesign
Design
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Parallel Simulations in Simulink

4\ simulation Manager

SIMULATION MANAGER

a =

Stop Job  Open Selected Grid

Elapsed Time
Number of Active Workers
Estimated Time Remaining

e

Simulation Manager

—_—
| & |
List |Simulation  Show
. Details = Results
DISPLAY | RESULTS |

200
D — ]

8 [l ErrorsiAborted (0) [l Completed (68) [l Active (8) Queued (124)
00:01:30

OMN DETAILS
Run ID: 1

Status: Completed

Progress: 100

Parameters || Timing Info | Diagnostics

Type Name
Block Parameter Cf

Elapsed Time: 00:00:10

Simulink

Parallel Computing Toolbox

——
MATLAB Desktop

) MathWorks

batchsim

Slmulatlon Jobs

Head
Worker

Slmulatlon REIS

»y @
Worker

~ Worker

~
S 'S
A

Worker
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Scaling Computations on Clusters and Clouds

MATLAB
N .
()
Parallel Computing Toolbox MATLAB Parallel Server

Multi-core CPU

MATLAB Parallel Server 6
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Specialized Tools for Building Algorithms
In Everything

Communications Physical interconnects Analog Mixed-Signal

using 5G Toolbox™

ate a 5G New Radio (NR) . e 4 k = Bode-Plot with Phase margin: 44° (UGF: 990.8 kHz)
Stasical Eye o

500z channel, NRBS(270 133], SCSo(15 0]Hx v ¥ @ i 3 orer passe

inone of the

5G Toolbox SerDes Toolbox Mixed-Signal Blockset
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Developing Autonomous Systems

Perception

|

Planning

- ) MathWorks’
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Evaluate Sensor Fusion Architectures

B} Figures - Figure 1
Figure 1
rrLidar Preprocessing and Tracking

» userpath » Examples

—
5, _—
10 .
E 5
N
0 2
60 K =
\\
40 E N\
\\
20 i \\\
Q
§
200,

i) 7 @@ ) B 'ﬂ”“

Raw point cloud
Obstades
Bounding box detections

60 ~ 10

Segmented ground
Vision field of view

Bounding box tracks

Ego Vehicle Display

60

40

30

X (m)

20

Reference Image

on

@)

Sensor Fusion and Tracking Toolbox

<) MathWorks
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Simulate Path Planning Algorithms

’i AutornatedPark wlink
File Edit View Display Diagram Simulation  Analysis [4] Automated Parking Valet

] . vIII_l.%lu £y | Ll des 4 Eile Edit View |nset Tools Desktop Window Help

— de (3|08

O & E U

Gopyright 201 72018 The MathiWarks, inc.

Automated Driving Toolbox

F StanieyRafdl
=4

Redfo:

Wehick Contraller

Wehide Model

auto(ode45)
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Design Lane-following and Spacing
Control Algorithms

Edit View Display Diagram Simulation Amalysis Code Tools Help
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Read the Release Notes

R2019a at a Glance

Explore What's New

Get more out of MATLAB and Simulink by downloading the

latest release.

Release Highlights

Deep Learning

Develop controllers and decision
making systems using
reinforcement learning, train deep
learning models on NVIDIA DGX
and cloud platforms, and apply
deep learning to 3-D data.

» Learn more

Automotive

Design and simulate AUTOSAR
software, interface with HERE HD
maps, and generate energy
balance reports.

» Learn more

Systems Engineering

Design and analyze system and
software architectures with
System Composer.

» Learn more

Projects

Use projects in MATLAB and
Simulink to organize, manage,
and share your work.

» Learn more

) MathWorks
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https://fr.mathworks.com/products/new_products/latest_features.html?s_tid=hp_release_2019a

Get Started

) 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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https://fr.mathworks.com/learn/tutorials/simulink-onramp.html?s_tid=srchtitle

