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Platform Workflow Application
Productivity Depth Breadth

-

Products for the
work you do

Getting your work Support for your
done faster entire workflow
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4\ MathWorks

Platform
Productivity

)
= Create Your Designs Faster

= Simplify Analysis

= Simulate Faster and Scale Your Work
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| 4\ MathWorks

Create Your Designs Faster

|=| Live Editor - C:\Demos\ExploreEvents.mlx

LNE EDITOR

ce 39 H E?FindFilﬁ @ v = [l = o =] [Z] Run Section . .
G Do e CWiun o[ o e - Use interactive controls to set

FILE NAVIGATE TEXT CODE SECTION

e : values in a live script

Explore and Analyze Storm Events -
Frequency of Events . 22-Jul-2016
) 2 15-Jul-2016
Explore the frequency of various storm events and ; 150012016
locations and the associated damage costs. 16012016 .
- = Interactively sort table data
clear 15-Jul-2016 n r IV r
load preptvents & 15-Jul-2016
data = timetable2table(data); 7 15.Jul-2016
iead(data) 8 15-Jul-2016

Visualize with a Heatmap D b - -
- ebug scripts and tunctions
This is helpful in exploring patterns across categories like ==ncoono g I I
the events and locations. '
bigFigure;
heatmap(data, 'state’, 'weathercats');
xlabel('State")
ylabel('Storm Event')
title('Frequency of Events by Location')

= Additional subheading styles

MATLAB
Live Editor
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Create Your Designs Faster

4 MathWorks: —

File Exchange v Q

......

GUIDE to App Designer
Migration Tool for MATLAB

version 1.0 (15.1 KB) by MathWorks App Designer Team

Use the GUIDE to App Designer Migration tool to
help transition your GUIDE apps to App Designer.

MATLAB
App Designer

4\ MathWorks

Date Picker / Tree Component

Unified property inspector in
Design View and Code view

Code Analyzer

GUI to App Designer Migration Tool

MATLAB EXPO 2018 5



Create Your Designs Faster

fname
@ # Slr -'-'.-' d 1.'!
fname = NMEA_data ”'@ idx
"testl.csv" "test2.csv" "test3.csv" P sub  idx .
first_comma
comma
' ' ' L = Slr 1 I d f‘!
n = extractBetween(fname, 'test','.csv’') abjedef/” NED
———P idx sub sentence
N =
1 Il2ll 3
— str
E P idx n”l:". sub > string—-enum—@
num = double(n) I: sub —
33— len
num =
1 2 3

MATLAB Simulink

4\ MathWorks

@) (CDMode
= en:

CurrentRadioMode = "CD Player”;
MechCmd = "STOP",

ex:

MechCmd = "STOP"; T

(Stop A
entry:
MechCmd = "STOP",

[strcmp{RadioReq,"CD") == 0]

—

Stateflow
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Create Your Designs Faster

WheelSpeed
Ww
2 ASTOP

| Speed

.

/ Vs

e speed

gular)

Simulink
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Create Your Designs Faster

#4 Simulink_Onramp - Simulink prerelease use

File Edit View Display Diagram Simulation Analysis Code Tools Help
BE-=-8 He-E-we 4k

Training - Tasks LI 4 Simulink_Onramp

o @

Training - Assessment ¥ %

1.2 Running Simulations Simulink_Onramp | Task1 signal

Task 1 v

The maodel at right describes the velocity of a falling
object with air drag. In Simulink, the Run button ((»)) in
the toolbar simulates the model.

TASK

Connect the signal line labeled velocity to the
Signal Assessment block. The line will change from
dashed, red to solid, black when connected.

OB @4 E
Value

0 2 4 6 8 10
Press the Run button to simulate the model. Your YF=ma Time
output will be shown at right. Press Submit to assess

~——— Signal i it — nal
your model, then click Next Task to advance. SN PO ramean My sigr

Hint | See Solution | Reset Gravitational force acceleration valocity

Inspect signal in figure window

timass Integrator

Signal Assessment L

Task 2 \/ Does the connected signal meet the requirement?

Further Practice

Drag force coefficients

Ready

120% autofode4s)

Simulink Onramp

MATLAB EXPO 2018 () s
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Create Your Designs Faster

Cor—/ I@

1 [u==0]
[-200, 200] J;f ) =0
2

times_abs_n {y = foo(u)}

{y = foo(u);} {y = foo(u):}
C Function Callar
z F \)

Copyright 2017 The MathWorks, Inc.

#include "hfoo.h"|

#include "hTimesabsM.h"

. . int fool{int ul) {
#include "hTimesM.h"

switch{ul) {

double times abs ni{double val, double nj case O:
{ break;
1f(val = @) { case 1:
return times _n{val, n); break;
T else { defa;lt:k.
return times n(-val, n); } reas;
1 return ul;
¥ i

Simulink Stateflow

MATLAB EXPO 2018 () o



Simplify Analysis with Apps

4\ MathWorks

These interactive applications automate common technical computing tasks

Signal Analyzer app

— Visualize, measure, analyze, and compare
signals in the time domain, frequency domain,
and time-frequency domain

Econometric Modeler app

— Perform time series analysis, specification
testing, modeling, and diagnostics

Analog Input Recorder app
— Acquire and visualize analog input signals

Wavelet Signal Denoiser app
— Visualize and denoise time series data

Signal Processing Toolbox
Econometrics Toolbox
Data Acquisition Toolbox
Wavelet Toolbox

4\ Wavelet Signal Denoiser - fois;

mmmmm

Wethod Universal Thr.

Q-Value 0.05 O LevelDependent ~ Denoiss

Levekindependent

w Current Wavelet Parameters

floisyl:

velet: db2

@90

Samples

MATLAB EXPO 2018 ) 10



Simplify Analysis by Simulating at Wall Clock Speed

Slow down the simulation for easier
model interactivity

= Especially for models controlled and monitored
via Dashboard blocks and other displays

= Useful when model is connected to hardware

4\ MathWorks

Simulation Pacing Options: sldemo_fuelsys

Enable pacing to slow down simulation

1 I I I
(slower) 0.01 0.1 1 10

Simulation time per wall clock second |1

Help

I I
100 (faster)

MATLAB EXPO 2018 () 11
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Simplify Analysis of Logic

Debug Stateflow charts with simplified ° Symbols ' x
breakpoint management, simulation < I % HeE@)Y
I 1 1 i QoS Shage TYPE NAME VALUE PORT
stepping, and data visualization I g
Standby k&__oj
. . . try: C tRadioMode = OFF,; g3t) 2
= Single menu for setting breakpoints MechCmd = STOP. & ;
i;kpc-in:s set B @ orF
= Statement-by-statement debugging Duwing Siate v ‘
[RadioReq != OFF] [RadioReq == OFF] , § e -

= Data values shown in Symbols window

=

Stateflow MATLAB EXPO 2018 12



Scale Your Work

Use parallel computing to run multiple
simulations faster

= Run multiple parallel simulations with parsim

= Monitor simulation status and progress in the
Simulation Manager

= Run simulations in the background with
batchsim

Parallel Computing Toolbox
MATLAB Distributed Computing Server

4\ MathWorks

i " i
— n 1] i
un ] ui
wi 1] an
— = %
-1 ﬁ = O
o wn m i
! j === i i il
un 1 it
{ SIMULATION MANAGER
= f
a =2 |[LWUE|&®| B
StopJob  Open Selected Grid List | Simulation Show
_ Detais ~ Results
| |
SIMULATIONS | DISPLAY | RESULTS | a
sldemo_suspn_3dof o
Total Simulations 200
Elapsed Time 00:02:43 _ l
Number of Active Workers - M ErrorsiAborted (0) [l Completed (43) [l Active (4) Queued (153)
Estimated Time Remaining 00:02:35

o P ] ]
EEEEEEEE
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Scale Your Work

Use tall arrays to manipulate and analyze

data that is too big to fit in memory

= Use familiar MATLAB functions and syntax
= Built-in support for hundreds of functions

= Customization support for importing,
processing, and exporting data

=  Works with Spark + Hadoop clusters

Statistics and Machine Learning Toolbox

150 f

100 1

0
Jan

4\ MathWorks

7Figure1 2 O X
File Edit View Insert Tools Desktop Window Help >
Ddde RNKNOILL-S 0E 0D
Ly
250
200

|

e

Jan 2016 Jul 2016

201 Jul 2015
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Simulate Faster

Redesigned execution engine
runs MATLAB code faster

All MATLAB code can now be JIT compiled

= MATLAB runs your code over twice
as fast as it did just three years ago

= No need to change a single line of your code

= |ncreased speed of MATLAB startup
in R2018a, R2018b

2.2

2.0

1.8

1.6

1.4

1.2

1.0

0.8

4\ MathWorks

Average Speedup in Customer Workflows

2015 2015 2016 2016 2017¢ 2017b R2018¢

MATLAB EXPO 2018 () 15



Simulate Faster

Accelerate your model using multi-threading
and derive frame sizes automatically for
multirate signal processing

= New dataflow execution domain available for
signal processing applications

= Automatically distribute simulation and code
generation across multiple cores

= Automatically calculate signal sizes in
frame-based multirate models

DSP System Toolbox

O—

&\ MathWorks’

F1()

Task 1

Task 3

Task 2

Task 1

1/z

F2a()

1/z

F3() Q)

N

F2b()

Task 2

Task 3

Task 2

Task 1

KN

e

Task 3

Task 3

Task 2

Task 1
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4\ MathWorks

Platform
Productivity

)
= Create Your Designs Faster

= Simplify Analysis

= Simulate Faster and Scale Your Work

MATLAB EXPO 2018 17



4\ MathWorks

Workflow
Depth

P2

= Deployment of MATLAB
Algorithms and Applications

= Code Generation from
Simulink Models

= Verification and Validation

MATLAB EXPO 2018 18
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Access Data / Deploy MATLAB Algorithms and Applications

Deploy

Desktop apps

Enterprise
systems

Embedded

g Databases devices

MATLAB EXPO 2018 <¢=° 19
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Access Remote Data

Read and write data to and from remote locations
using datastore objects.

Amazon S3 m-wri{ aWS

(offered by Amazon Web Services)

= Windows Azure® Storage Blob
(offered by Microsoft)

= Hadoop Distributed File System (HDFS)

MATLAB MATLAB EXPO 2018 <¢=° 20


http://hadoop.apache.org/

| 4\ MathWorks

Deploy

Deploy MATLAB Web Apps 3 e

Enterprise
systems

:pml: Embedded
- devices

[ MATLABWeb Apps X ¥ °

DESIGNER

Share App Designer apps on the Web PO ..
using MATLAB Compiler. SIS MATLAB Web Apps

FILE

mi?app=transientConduction *| 2

enu G Google @ Salesforce - Unlimite: 4\ MATLAB Central [N Yahoo! Mail

Imported From [ &7 ADP iPayStatement: A Development Suppo

transientConduction|

o xm
= Package the app for deployment DA o xm | o3

to the MATLAB App Server - R =
Left T (C): ‘i‘ dy (m) 0.0025

Note: Numerical stability requires F.
Current Fo = 0.0608

a_vj Drop Dowin|

Right T (C) 25 ‘

123 | Edit Field (

= Add the app to the library of MATLAB i ®

A Label mpna(m‘ﬁs)% 1e-4 ‘ dt (s) l 0.01 ‘

| s3UMIdoud ININOIWOO | MISMONE ININOJWOD

Web Apps on the server = — | o] | §
= e
. st ] ‘ = 10 10 20 o 30 40 50
= Run the app in a browser from any
machine with access to the server :
Toggle Buti

I4 | 41

MATLAB
MATLAB Compiler MATLAB EXPO 2018 ¢z° 21
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Deploy

Deploy MATLAB Algorithms =g—

Enterprise
systems

@ Embedded
T5F devices

Deploy machine learning and deep learning

models using automatically generated code /‘j Intel
( intel) wkL-onn
Library
= Generate C code for predictive machine learning
and deep learning models
o-0 NVIDIA

TensorRT &

= Generate optimized CUDA code for deep learning, @ \y cuDNN
embedded vision, and autonomous systems ~~.". NVIDIA. Libraries

ARM
Library
MATLAB Coder

GPU Coder MATLAB EXPO 2018 ¢=° 22




Connecting Your Design to Hardware

Connect directly to hardware with
support packages

= Live streaming to and from hardware

= Run Simulink models on low-cost hardware,
such as Arduino, Raspberry Pi, and LEGO

= Automatically generate code and run it on
microprocessors, FPGAs, and more.

LEGO EV3

4\ MathWorks

ADALM-PLUTO & ,,



| 4\ MathWorks

Deploying to FPGA or ASIC Hardware

Native Floating Point Matrix Support

single single Matrix  |int16 (3) int16 [1x3]
mmult
Alpha_Gain

Vision HDL Toolbox LTE HDL Toolbox

pixel

I3
O
>
—
O
I

Edge data data
ctrl Sobel LTE Turbo Decoder

Fixed-Point HDL Th ot otr

FPGA/ASIC Import Verilog code

module bitselect{a,c):

=

input [1:0] a:

HDL Verifier output [1:0] c:
HDL Coder _ o e
. . . assign o = 0;
Fixed-Point Designer asﬂgn 1) - ar2ns

Vision HDL Toolbox
LTE HDL Toolbox

LU RS I = T L ]

endmodule
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Prepare Model Data for Code Generation

4\ Simulation Data Inspector - untitled” — o X
Q 4 Baseline: | output_signal1 (pOptimization E¥ | Giobal Abs Tolerance: 0] Global Time Tolerance: 0
Compare
- - I I I - Inspect Compare Compare to: | output_signal:1 (solution_615fa8d | Global Rel Tolerance: 0
I y I y W output_signal:1 (fxpOptimization. BaselineRun) M output_signal: 1 (solution_615fa8d175{704131b46456d7f0d837b57e305¢c91) M Tolerance
Filer Comparisons
- . NAMEEA. |ASSTOL [RELTOL |MAXDIFF e
a v 001% 826004
New fxpopt function =

Name output_sign. output_sign. W Difference M Tolerance

® e
Override Global ... yes no
Absolute Tolerance 0.001 o

- Relative Tolerance  0.01% 0.00% 0.0005
opt =

= Specify constraints and tolerances to meet =
fxpOptimizationOptions with p| @0 owe e

u
T Sample Time 0.001 0.001
your design goals

. Align By Path Path
MaxIterations: 5@

Model fixpt_optimize | fixpt_optimize
MaxTime: 660 Block Name output_signal  output_signal | , 0.
Block Path fixpt_optimi__. | fixpt_optimi

Patience: 10

- Apply data types to your SyStem Whlle Allowablelvdo\::[::;i:ii ?ighll 12 13 14 15 16 17 18 19 20 21 22 23 24]
minimizing total bit width

Advanced Options
AdvancedOptions: [1x1 struct]

- Evaluating new solution: cost 246, meets the tolerances.

- Updated best found solution, cost: 246

- Evaluating new solution: cost 245, does not meet the tolerances.
- Evaluating new solution: cost 244, does not meet the tolerances.
- Evaluating new solution: cost 245, meets the tolerances.

- Updated best found solution, cost: 245

- Evaluating new solution: cost 244, meets the tolerances.

- Updated best found solution, cost: 244

Fixed-Point Designer MATLAB EXPO 2018 ¢=< 25
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Generate Code from Simulink Models

Access and define all the information in row-major
your model related to code generation T o [
4156 — 4|5 |6 20]8
= View and define implementation data 78 JI: 8 | IR
in one place
1 2 3 column-major
= View implementation details without
i 4 5 6 = 1 4 7 2 5} 8 3 6 9
model details
7 8 9

2018

= |mprove code performance and ease
integration with other C code Row-major memory layout option
and multi-dimensional arrays

MATLAB Coder
Simulink Coder

Embedded Coder MATLAB EXPO 2018 ¢=° 26



Create Tests from Generated Code

Generate additional tests to increase
coverage of generated code

= Adds on to previously recorded model
coverage results

Link to code coverage — ¢

result details
= Covers differences that can exist between
generated code and model, such as extra
custom code files and shared utility files

= Can execute tests programmatically or
within the Test Manager included in Simulink
Test

Simulink Design Verifier
Simulink Test

if ((*rtu_upper
‘rty_output =

4\ MathWorks

Link to model element

>= rtb_input) && rtb_inputGElower) {
rtb_1input;

} else if (rtb_inputGElower) {

Decisions analyzed:

rtb_inputGElower 50%

false

true

x|imit
per;

wer ; Tooltip with code
coverage results

t>/Switch

jous Output' *

’ SROOL>/FrE
TOCAIUW->PTEVIOUSUUTPUL_DSTATE = *rty output;

}

MATLAB EXPO 2018 «=° 27



Verify models that include C/C++

Analyze and generate tests for Simulink
and Stateflow models that use custom

code

= Perform design error detection, property
proving and test generation for the C/C++

code

=  Works with C Caller blocks and Stateflow

charts

Simulink Design Verifier

limes_abs_n

G Function Caller

Copyright 2017 The MathWarks, Inc.

#include "hTimesAbsN.h"
#include "hTimesM.h"

double times_abs_n(double wal, double n)
{
ifival = 0) {
return times_n(val, n};
b oelse {
return times _n(-val, n);
I
1

u==0] )
4 [u==0] '®)
T
A [u==1] N
= S0
5’ s {y = foo(u);}
= foo(u)
Ly =Toolu}} {y = foo(u):}
v
O O- O
A
Q
#1include "hfoo.h"|

int foolint ul) {

switch(ul) {
case 0:
break;
case 1:
breal;
default:
breal;
1
return ul;

¥

MATLAB EXPO 2018

4\ MathWorks

¢ 28



4\ MathWorks

Closed-Loop PID Autotuning

Deploy algorithm that performs PID ref i@_ ﬁﬂf “fe P -“"“{phm -y

Autothumer

autotuning without opening the
feedback loop %

= Use Closed-Loop PID Autotuner block
to generate autotuning code and e _ -

de P | oy to em bedded software o

e Tt
- Estimation experiment is performed
without opening the feedback loop e e

ime Domain Discrete Time Settings

L 3

@ discrete-time Controller sample time (sec) |0.1

O continuous-time Integrator method | Forward Euler  ~ | Filter method |Forward Euler

Tuning Goals

= Use to tune PID controller gains for a E—— 5 O

Target phase margin (degrees) |SD ‘ i [ use external source

plant model in Simulink or for a
physical plant

MATLAB EXPO 2018 «¢=Z° 29



4\ MathWorks

Workflow
Depth

P2

= Deployment of MATLAB
Algorithms and Applications

= Code Generation from
Simulink Models

= Verification and Validation

MATLAB EXPO 2018 30



4\ MathWorks

Application
Breadth

090
o-ﬁ-o
o'Lto

O

= Physical Modeling
= Autonomous Systems

= Artificial Intelligence (Al)

MATLAB EXPO 2018 31



Model Electronic Systems with Simscape Electrical

Model and simulate electronic,
mechatronic, and electrical power
systems

= Merge of Simscape Power Systems and
Simscape Electronics

= Convert SPICE models to Simscape
components

= Generate HDL code from Simscape models
for faster simulation on FPGA's

Simscape Electrical
HDL Coder

-]
6]

_ N @‘\zl Specialized
Fast =5 High Fidelity
& i r &, ¢,
“Di= e @) @ Dt @)
i 1 Sl;rggfr:s Electronics N R}
A AR > :jc.
7 : — D
Electrical
§¢ §¢ §¢ §¢
Simscape
. P )

4\ MathWorks

OZ—?-EO 32



4\ MathWorks

Model Physical Systems

- X
R

e |
Model HVAC control systems and T Td;l:

. ompressor urbin
flexible beams

Primary | Secondary —
Heat Heat ) o
Exchanger Exchanger O

Al

32%5

A2
A2

= Model and simulate HVAC systems for a plant,
such as a building, automobile, aircraft

= New library contains chambers, reservoirs, local
restrictions, energy converters, sources and
Sensors Ar B
= Model flexible beams with symmetrical cross G | Flexible B
Sectlons enera e}“ e eam R yue'D"f

b Yl S
PR E
FIEES2

= Note for Simscape in general: Run simulations
about 5x faster with local solver option

Simscape )
Simscape Multibody .
WO x —I— | tmp 0’50
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RF and Antenna Design and Prototyping

e — T ST
UE T & & iy ¥
Use RF and Antenna models through T g e e e )
your entire development cycle
= RF top-down design with RF Budget Analyzer app o
= Adaptive hybrid beamforming and MIMO system oo [ . —
modeling :
= RF Power Amplifier modeling and DPD linearization ;
= RF propagation and 3D terrain visualization .
= Design and fabrication of printed (PCB) antennas iy

RF Toolbox
RF Blockset

Antenna Toolbox MATLAB EXPO 2018 <% 34



| 4\ MathWorks

Design with the Latest Wireless Standards

),

t Adva;r)ced N
l ro 5 G

802.11ax

@ ZigBee NB-loT

5G Toolbox
LTE Toolbox
WLAN Toolbox

Communications Toolbox MATLAB EXPO 2018 oi%: 35



4\ MathWorks

Model-Based Design for Wireless Communications

DESIGN

TTTTTTTTTTT

Digital PHY

» Algorithm Design and Verification
@'W\)* S S

» RF, Digital and Antenna Co-Design

nnnnnnn

Digital ' 11 I I
(O ERE > System Verification and Testing

» Rapid Prototyping and Production

RECEIVER J
., J
v
4 PROTOTYPE R

C Code HDL
SDR Platform
- _} o
IMPLEMENT
Processor FPGA ]

Code Generation and Verification
HDL Coder

LTE HDL Toolbox

MATLAB EXPO 2018 <% 36
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Designing Autonomous Systems

® (: Decide
& Plan

MATLAB EXPO 2018 <% 37



Designing Autonomous Systems

Mapping of environments using sensor data

= Segment and register lidar point clouds

= Lidar-Based SLAM: Localize robots and
build map environments using lidar sensors

Computer Vision System Toolbox
Robotics System Toolbox

N

Perceive

7N

4\ MathWorks

1o

A

Bj Sense

Decide
& Plan

— (% -

MATLAB EXPO 2018




4\ MathWorks

N .
. Decide
Perceive o-{: % Plan

Designing Autonomous Systems R

\ 4

'OQ-Q Act

Understanding the environment using computer
vision and deep learning techniques

= Object detection and tracking

=  Semantic segmentation using deep learning

Deep Learning Toolbox CamVid Database: Brostow, Gabriel J., Julien Fauqueur, and Roberto Cipolla. "Semantic object classes in video:
A high-definition ground truth database." Pattern Recognition LettersVol 30, Issue 2, 2009, pp 88-97.

Computer Vision System Toolbox
Automated Driving System Toolbox MATLAB EXPO 2018 <% 39



4\ MathWorks

L - Decide
P Perceive O—{: & Plan

A

N

Designing Autonomous Systems :

\ 4

@

q}ﬁ Act

EK] Sense

Design synthetic driving scenarios to test
controllers and sensor fusion algorithms

= Design and simulate multisensor tracking and £
navigation systems - et L <5
© “ ‘ 30
%0 10 B -

X (m)

= |nteractively design synthetic driving scenarios Y (m)
composed of roads and actors (vehicles,
pedestrians, etc.), or use prebuilt Euro NCAP
driving scenarios

20

115

10

20 15 10 5 0 -5
Y (m)

= Generate visual and radar detections of actors
Driving Scenario Designer App

Sensor Tracking and Fusion Toolbox
Automated Driving System Toolbox MATLAB EXPO 2018 o:%} 40



Designing Autonomous Systems

Model predictive control for adaptive cruise
control and lane-keeping algorithms

= Use prebuilt blocks instead of starting from
scratch

= Simplified application-specific interfaces for

N

4\ MathWorks

. _ Decide
’ Perceive > ()—< & Plan
A
\ 4
CK] Sense 'O-QQ Act

configuring model predictive controllers

v_set

t_gap

= Flexibility to customize for your application

Set velocity

Time gagp

Longitudinal velocity Langitudinal acceleration

Relative distance

Relative velocity

| Curvature

— Longitudinal velocity

Adaptive Cruise Control System

a_ego

M Lateral deviation

Steering angle

Relative yaw angle

Lane Keeping Assist System

steering_angle

Model Predictive Control Toolbox

MATLAB EXPO 2018

o 41




4\ MathWorks

N .
. Decide
p

ereeve O{ & Plan

Full Vehicle Simulation ‘
Model and simulate vehicle dynamics in a virtual 3D environment

\ 4

'OQ-Q Act

Bj Sense

Ride & handling Chassis controls Automated Driving

Comes with several prebuilt scenes created with the Unreal® gaming engine

Vehicle Dynamics Blockset New Product MATLAB EXPO 2018 <% 42



4\ MathWorks

Artificial Intelligence

II‘II|||I Data

/) Output

COMPUTER

MATLAB EXPO 2018 <% 43
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Predictive Maintenance

Sensors [ggj Model
Remaining Useful Life (RUL) Estimation
RUL ~ 9.5 days
Failure Threshold
.. Real Data Prediction
0 10 20 Timel(t;ﬁys) 40 50 60

) 4 6 8 2 4 6 8 2 4 6 8

Normal Operation Monitor Closely Maintenance Needed

Predictive Maintenance Toolbox = New Product MATLAB EXPO 2018 aﬁ 44



| 4\ MathWorks

Predictive Maintenance

Remaining Useful Life (RUL) Estimation

40

RUL ~ 9.5 days
Failure Threshold
Design and test condition monitoring and
predictive maintenance algorithms
= Estimate remaining useful life (RUL) |
.. Real Data Prediction
= Extract features interactively (Diagnostic Feature Explorer app)

* available on MATLAB File Exchange ) . ‘ . . ‘

Time (days)

= |Import sensor data from local files and cloud storage
(Amazon S3, Windows Azure Blob Storage, and Hadoop HDFS)

= Use simulated failure data from Simulink models

= (et started with examples
(motors, gearboxes, batteries, and other machines)

Predictive Maintenance Toolbox New Product MATLAB EXPO 2018 <% 45



Text Analytics

lmﬂh Data

repairNotes = string
"PM SERVICE, CHECK TURN SIGNAL, CLUNKING NOISE
"SERVICEROB,EXT,5684"
“"NEED 4 PLOW PINS™
"INSTALL SPINNER ASSY"
IleT STAH "
"D0G BOME PIN BROKEN"
"NEED SERVICE, CHECK BRAKES"
"HYD CAP CHECK EMGIME LIGHT ON™
"TARP VALVE STICKINGRIGHT SIDE MIRROR BRACKET ¢
"HANDLES IN CAB LOOSE"
"NO PLOW LIGHTS"

LTI 0 EIAT CTAMTIE

Text Analytics Toolbox

Topic: 1

P adjust
charging 3
chain aivng
conveyor
does s belt o gahts
ot &.

when

tower Workmg
work back
convoyor
takgate

Topic: 4

missing
blade cable
~boltsall
fluids

A brake
check™
plow
tires
needed

Topic: 2

tomnginvoice

gabrielli tow
nwLCc Unit vehicle
175 “in () coast

end by
truce Wwas to refi" noise
ford piis 1N from

towed
towing

mamntenance

Topic: 5

driver
work
was door

dont
start

close

[§j Model

lirescheck
freexo |

springs | St ON

»at

reartre ! '.\h eel
.-_,ﬂat rear axle
chains tlre amf«,m
hb - front
broken =

ramave

Topic: 6

engine
bent OuUt = sander

check

install Ilght oA

head
noise jn - O dash

™ spinner

antifreeze
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Text Analytics e Adecties
e WAL e
B St ’E?*LL Blun,
[l Data e ST
u—‘— L 5)&' %(;/\UL \uu\v
. . & o V. :Ll'\ ALY
= Morphological analysis for Japanese language sEn i s ;; =AY
"4 A A 2 AL

>> documents = tokenizedDocument ("EEZEIIETHD, BHIIETEEL, ")
documents =

tokenizedDocument :

11 tokens: BE X J8 T 5 . &H] [T F= #EL
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Deep Learning

E§j Model

10.63394 ¥
q - —A-——'02§3_9_2~'.5.":'—-3; i

Deep Learning Toolbox
Computer Vision System Toolbox
GPU Coder
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Deep Learning is a Major Area of Investment

~ 2016 2017 2018
zccess Data « Caffe Model Importer * SqueezeNet
« Alexnet * Inception-ResNet-V2
* VGG-16 / VGG-19  ResNet-18
» Tensorflow-Keras Importer * ONNX support
 GoogLeNet  Mini-batch datastore

 ResNet-50 / ResNet-101
* Inception-V3

Preiroces% * Pixel label (image) datastore
e %  Region and pixel labeling » Pixel labeling for Video
% = * Image augmentation * Audio labeling

: * Fast & Faster R-CNN « LSTM Regression
Aécgtécgfés  CNN Regression » Bidirectional LSTM
R A B B  LSTM Classification * Deep Network Designer
s  DAG Networks * Network Analyzer
B A A B
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Deep Learning is a Major Area of Investment (cont.)

Multi-CPUs and clusters (2012) and clusters - ADAM & RMSProp
GPU support (2012) ptimization for « Gradient clipping

eters
C-code generation (2013) UDA code for ' Depl(gy deep networkgnto
Deploy neural network U Intel® MKL-DNN, '?:,RM and
training model (2016) SXIGDIA TensorRT

ResNet / GoogLeNet / SegNet
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Network Editor App makes it easier to describe & visualize DAG

E§j Model

networks

| DEEF METWORK DESIGNER

T L e

New  Import Duplicate
Lz Paste
FILE | BUILD
LAYERS
INPUT

ImagelnputLayer

E SequencelnputLayer

LEARMAEBLE

Kl

ConvolutionZ2DLayer

FullyConnectedLayer

LSTMLayer

) 1 % [ LA

BiLSTMLayer
ACTIVATION

RelULayer
LeakyRelLULayer

ClippedRelLULayer

amn

TransposedConvolution20. ..

¥

I=}, Zoom Out Auto Analyze  Export
Amange
NAVIGATE ‘ LAYOUT ﬁNAL\‘SIS| EXPORT |
. . 1
inception_5b-. ..

(=

(=

Convolution2D. ..

|'- =] inception_5b-.. |

Convolution2D...

inception_&b-r__. |
RelULayer

inception_5b-r_ .
RelULayer

F"{ﬂ inoeﬁtinn_ﬁb—...
A Convolution2D. . L\@

inception_5b-_ |
Convolution2D...

A e

inception_5b-r... |
RelULayer

inception_5b-r...
RelULayer

inception_5b-_.. |
DepthConcaten...

O

pool5-7x7_s1
AveragePoolin....

B

s

=

inception_bb-_..
MaxPooling2D ..

inception_5b-_ ..
Convolution2D...

inception_5b-r...
RelLULayer

bl

PROPERTIES

Convolution2DLayer

Name incepflion_5b-5xE

FilterSize
MumFilters
Siride

DilationFactoer

Padding

) [Gxox4Ex128
Weights single]
Bias [1=1=x125 single]

WeightLearnRateFactor
WeightL2Factor
BiasLeamRateFactor

BiasL2Factor
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Network Analyzer: gives more information about your network

Igraph
Analysis date: 05-Jan-2018 17:30:42

® input LY B
Y

& conwv

& relu
- ¥ 5 .

wTonv.... & conv_.. ® conv... ® conv...
& relu_bi @ ralu_bZ ® relu_b3 & relu_b4

w=ddl
Y
» fol
'
8 f)addz
>
®relu_
1
sifpmp...
| A
sifpun...
Y
w fo2
4,
wifpic?
Y
® softmax
Y

@ class...

ISSUES
Layers Message
@ =oftmax_alone Disconnected layers. All layers in the layer graph must be connected.
@ mpool Unused output. Each layer output must be connected to the input of another layer.
@ unpool Missing input. Each layer input must be connected to the output of another layer.

AMNALY SIS RESULT

2 Name

1 input

28x23x1 images with 'zerocenter normal. ..
2 conv

16 5x5x1 convolutions with stride [1 1]a...
3 relu

RelU
4 @ softmax_alone

softmax
5 conv_bl

32 3x3x16 convolutions with stride [1 1] ...
6 relu_b1

RelU
7 conv_b2

32 3x3x16 convolutions with stride [1 1] ...
& relu_b2

RelU
9 | conv_b3

32 3x3x16 convolufions with stride [1 1] ...
10 relu_b3

RelLU

11 o _hd

Type
Image Input

Convolution
RelU
Softmax
Convolution
RelU
Convolution
RelU
Convolution

RelU

T nmaralutinm

22

Activations
28=28=1

28x28=16
28x28=16
Error

28=28=32
28=28=32
28x28=32
28x28=32
28=28=32

28=28=32

WP ]

Learnables

Exbx1=16

1=1=16

I=3I=16=32

1=1=32

3=3=16=32
1=1=32

I=3I=16=32
1=1=32

e L N

40

1

Weights
Bias

Weights

Bias

Weights
Bias

Weights
Bias

Wainhte

qéi Model

Support
Package
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Interoperate With Deep Learning Frameworks

E§j Model
PyTorch Caffe2

Keras- . \ I
()

TensorFlow

'. importONNXNetwork

t
. —

: Cognitive

ONNX = Open Neural Network Exchange Format
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Design, build, and visualize convolutional neural networks

= Access the latest models

= Import pretrained models and
use transfer learning

= Automate ground-truth labeling using apps
= Design and build your own models
= Use NVIDIA GPUs to train your models

= Automatically generate high-performance
CUDA code for embedded deployment

Deep Learning Toolbox
Computer Vision System Toolbox
GPU Coder

250

200

Images/Sec

50 r

Single Image Inference (Titan XP, Linux)

150

ResNet-50 VGG-16 GooglLeNet

4\ MathWorks

R2018b

Bl TensorFlow
B MXNet
H MATLAB
B PyTorch
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Deep Leaming Onramp
= 2.2 Making Predictions: (1/2) Make 2 prediction

Task O [ EEE

Task 2 Resat

= Hommal = P=] Run Section
=) = % i
I UM - ) |> P} Run and Advance
Info: You can use the classify funclion to Ted _ ° T T Codo Secson (] gff f2 R 5
i = TEE=s= Break A bz RunloEnd
make a prediction on an image. | | =
: = - 1 LO0E | RUN. e NNNNNNNNAANNNNNNhh—h—=,
pred = classify(net,img); makepredictions.mbe = + Q =
=10
[ )
n Use the classify function with the pretrained Classify images 53]} =
e G r O S e O r AlexMel network to predict the subject of the image =l %
stored in the variable imgl . Store the network’s m
prediction in a variable called predy. Load pretrained network |

. . You may want to leave off the semicolon to see the Task 1: Use the alexnet function o load a prétrained network.
result.
deepnet = alexnet;

Submit || Hint = See Solufion | Mexttask
Import, view, and classify an image

Correct!

Import and display the image in fileol. jpg.
Test Suite fmgl = imread(fileel.jpg');
o Is predi created corectly? limshow({img1)

Show st susta delals

Task 2: Classify the image in the variable imgi.

[ Launch Deep Learning Onramp ] s » clasity osnet gt

Task 3

Classify further images predl »:categorical

Further Practice seashore

Task 3: Classify the images in file02.jpg and fileed.jpg.

ime? = immaad( €ilem2 dne'l)- = ‘ ‘m,__ =

COMMAND WINDOW

»|

4l
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What’s New in MATLAB and Simulink?

Platform Workflow Application
Productivity Depth Breadth
0
010
6 > %
o o) o
- Design Creation = Deployment = Physical Modeling
= Analysis = Code Generation = Autonomous Systems
= Simulation, Scaling = Verification and Validation = Artificial Intelligence (Al)
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Upgrade your MATLAB Code and Simulink Models

& Vb Browser - (3 Emors) Code Compatibility Report - O b @ Upgrade Advisor - sf_climate_contral —_ O g
{3 Errors) Code Compatibility Report + HOBO ~ ) ) )
. File Edit Run Settings Help
Code Compatibility Report Top 3Emors  1Waming 304 Checks 2 Files Find: ~|<a 5> Disable Upgrade Notifications
4\ Upgrade Project Report x Identify Variant Model blocks and convert those to Vari
Analysis Date: 05-Sep-2017 14:32:08 2 Analysis
MATLAB Version: R20170 o - Upgrade Variant Model blocks to Variant Subsystems contain
100% Models Libraries MATLAB Code : offers enhanced capabilities while maintaining equivalent fun
I & Passed 7 1 3 Hari variant madels will be removed in a future release.
Incompatibility and Syntax Errors Passed ]
MNeed attention = = = rom
Row =« Filename Line Description ith Run This Check
1 classifyBloodPrassure.m 18 TREEFIT has been rem)
2 classifyBloodPressurem 21 TREEDISP has beenrel o . [aren o o e Result: (%) Passed
VIEW mathods instead. )
3 classifyBloodPrassure.m 24 TREEVAL has been rer| Gl (€D Ryl] AnalogControl.mdl o Passed 27 checks Identify Variant Model blocks at model level.
=T methods insh 3 =4
PREDICT methads ine analyzeModelFiles.m S models\AnalogControl.mdl | Passed with fixes 3 checks
billOfMaterials. mar . .
: atenals.m Rerun Checks MNeed attention - P"lss"d_
checkCodeProblems.m I R 6D Mo Variant Model blocks found.
W N . DigitalControl.sh Check Name Result k
arnings and Other Recommendations i 5
R File Li Descriph f14_airframe.sl Check model settings for migration to simplified initialization mode to |
oW & ename mne SCr 1on . —
o - D or RAND f14_airframe_test.m Check that the model is saved in SLX format ) bd
1 class: loodPressura.r f RAND or MNDN with 1 —
fy fessdEm ! o find_top_models.m Check usage of function-call connections ) >

recommended. Use EN

LinearActuator.shx
MNonLinearActuator.mdl
rebuild_s_functions.m
runUnitTest.m
slproject_f14.sh
upgrade_project.m
vertical_channel.sh

wind_gust_lib.sk

Check and set embedded target model to use ert.tlc system target file

Check and update masked blocks in library to use promoted parameters

Check and update mask image display commands with unnecessary imread() function calls
Check and update mask to affirm icon drawing commands dependency on mask workspace
Check and update model to use toolchain approach to build generated code

Show All

Check model settings for migration to simplified initial: mode Learn more

Check for model level messages
This check finds and reports model level messages for migrating to simplified initialization mode,

See Also

® Check model settings for migration to simplified initialization mode
# Underspecified initialization detection

Checks run on 02/01/2018 10:44

Publish Report

Close

L @ < >
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