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4\ MathWorks

201/

Machine Learning

“Learn” information directly from data

without assuming a predetermined AN SR T
equation as a model — T —
= Regression Learner app |

— Choose from multiple algorithms
— Train and validate multiple models

— Assess model performance, compare results, = S—
and choose the best model I
= Code generation — e .
— Generate C code for predictive models that e

How to prepare data

can be deployed directly to hardware devices

Statistics and Machine Learning Toolbox MATLAB EXPO 2017 °i€ 3
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Deep Learning 2016 201/

Apply deep learning to
computer vision problems

cup (58,96 %)

= Configure and train models using " BB, .c (50.15 %
object detection algorithms __— Bl ing bowl (10.19%)
(R-CNN, Fast R-CNN, Faster R-CNN) . Y,

= Leverage pretrained models for transfer learning
(AlexNet, VGG-16, VGG-19)

= |mport models from Caffe

= Train networks using multiple GPUs
(including on Amazon EC2)

Neural Network Toolbox
Computer Vision System Toolbox MATLAB EXPO 2017 °i€ 4



Autonomous Driving Systems

Design, simulate, and test ADAS
and autonomous driving systems

Algorithm development
— Sensor Fusion

— Computer Vision

— Deep learning

Visualization tools

Testing and verification
— Ground Truth Labeling App
— Traffic scenario generation

Automated Driving System Toolbox

?—6‘_‘ Figure 1: Forward Colfision Waming With Tr'uﬁ'mg Dample
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Birds-Eye Plot
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| 4\ MathWorks
Powertrain Blockset

More Modeling Domains Available

Faster Simulation

S DY B e

Model and simulation automotive 20]7

powertrain systems .
_ _ _ Simscape
= Model gasoline, diesel, hybrid,
and electric systems
CAD Tools
(PDE’s)

= Simulate engine subsystems,
Less Detail More Detail

transmission assemblies, battery packs

Slower Simulation

Design and test audio 2016
processing systems

= Low-latency signal streaming
= |nteractive parameter tuning
= Automatic generation of audio plugins

Powertrain Blockset

-----

Audio System Toolbox MATLAB EXPO 2017 <% 6



Gas Domain and Block Library

v Simscape
v Foundation Library

Model gas systems with various
levels of idealization

Simscape

Pneumatic actuation

Gas transport in pipe networks

Gas turbines for power generation

Air cooling of thermal components

Perfect gas, semiperfect gas, or real gas

Electrical

v (Gas

Elements
Sensors
Sources
Utilities

U

Absolute Reference Constant Volume

4\ MathWorks

2016

[ =aAan >J ‘ |
| 2o c:-p\\‘“” o

Controlled Reservoir  Reservoir (G)

(G) Chamber (G) (G)
|—o oA -Be °-Prb—4-m AR
Cap (G) Infinite Flow Local Restrmtlon Variable Local
Resistance (G) Restriction (G)
ﬂ ﬂ
Pipe (G) Rotational Translational

u@—o
Mass Flow Rate
Source (G)

S

Mass & Energy Flow
Rate Sensor (G)

Mechanical Converter (G)  Mechanical Converter (G)

B B

Pressure  Controlled Pressure Controlled Mass Flow
Source (G) Source (G) Rate Source (G)
D ; a
Pressure & (Gas

Temperature Sensor (G) Properties (G)

Perfect v

Semiperfect

MATLAB EXPO 2017 °i“: 7
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Support for the Latest Wireless Standards 2017/

802.11b/g/n

Generate IEEE 802.11ad compliant

waveforms and simulate 3GPP 5G radio 802.11alac
technologies . 802.11ad
1)
60 GHz

= |EEE 802.11ad is a new Wi-Fi standard intended
for high data rate short range communication 2.4 GHz

. . 900 MH
— e.g., Streaming video between a phone and a TV ’
Spectrum
20 F 108 RBs (W-OFDM, F-OFDM)
a0l 100 RBs (OFDM)
60 wrﬂ l:,”l!wli ||‘ { lﬁ h ‘ll”[ “[m
-80
= Anew 5G library is available to explore the a0 |
. E
behavior and performance of new proposed 5G D 20| M
radio technologies '”‘)W
-160 [i
180 1 W-OFDM
207 oo
220 71‘5 —1‘0 —]5 (IJ 5l 16 1‘5
WLAN System Toolbox Frequency (MHz)

LTE System Toolbox MATLAB EXPO 2017 <% g
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Integrate MATLAB Analytics into Enterprise Applications

Deploy MATLAB algorithms without recoding
or creating custom infrastructure

= Develop clients for MATLAB 2016 e — —T1
Production Server in any = S 50
programming language that gy i ] || E
supports HTTP using e i o | |
RESTful APl and JSON —

= Configure and manage multiple [270)] /:
server instances using a
web-based interface

MATLAB Production Server MATLAB EXPO 2017 ¢=°10
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Connecting MATLAB Analytics to IoT Systems 2016

Develop analytics and deploy IoT systems

Communication 2 P Connectivity
DN — I P ry—"
= Quickly collect and analyze loT data Analytic loT Platform Deploy analytics |
with ThingSpeak and MATLAB . Online analytics ;
» Visualization and reporting . -

A 4
= Develop analytics algorithms = |1_.—|
Velop analyics &g = .. Serioy s tmdencs T > S
using MATLAB and toolboxes 2 ||| smart Connected Devices ' Ve —
el et e Algorithm Development
- algorithms = Historical analytics
.

= Data reduction = Sensor analytics

= Deploy on smart devices using code
generation and embedded target support

= Deploy at scale on cloud using ThingSpeak
and MATLAB Production Server

MATLAB EXPO 2017 ¢=° 11
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New Hardware Support 2016

Run Simulink models on low-cost
hardware devices

Run Simulink models on Raspberry Pi 3 and
Google Nexus devices

Adds to existing hardware support, including
LEGO, Arduino, iPhone, and Android
devices

MATLAB EXPO 2017 =012



More Connections to 3" Party Tools

Connect your models to Onshape and
DOORS Next Generation

= Convert an Onshape CAD assembly into a
Simscape Multibody model

= Link and trace model elements to
requirements in DOORS Next Generation

Simscape Multibody
Simulink Verification and Validation

Fila—Edit \Mlindaw: Hain

R youBot | youBot X

Onshape = 9= ¢, youBot van &~

Instances (28)
@ Origin
) Base <1>
) Bicep <1>
) Electronics Board <1>
) Finger A <1>
) Finger B <1>
) Forearm <1>
) Gripper Housing A <1>
) Gripper Pivot <1>
) Gripper Housing B <1>
) Motor Finger A <1>
) Motor Finger B <1>
) Pin Gripper Pivot 1 <1>
) Pin Gripper Pivot 2 <1>
) Pin Gripper Pivot 3 <1>

-

ﬁ ) Pin Gripper Pivot 4 <1>

) Pin Housing Al <1>
) Pin Housing A2 <1>
) Pin Housing B1 <1>
) Pin Housing B2 <1>
) Pin Housing C1 <1>
) Pin Housing C2 <1>
) Pivot <1>

_t( " | Wire-HarmessB<1>

T + [® youRobotArmGripper2.zip d] youBot Parts

® Insert @ w se 1M H & ~ i 4

&

& C' | & https://cad.onshape.com/documents/24e18c43ffefa216434f4441/w/d1c195a5bi @ P Yx | ¢
F P

®» F<-0- fi}

SNE B BS %

youBot

Signals & Ports
1 speed
Requirements Traceability

Linear Analysis
Design Verifier

Coverage
Maodel Advisor
Fixed-Point Tool...

Model Transformer

4\ MathWorks

201/

Type:

Format: [F) Text

Pricrity: v
Status: Draft

Comments

Links (3}

+» Implemented By (1)

Business Goal

sf_car_DNG/MNehicle (SubSystem)

ssdigd By (1

£ 275: Service for Allocating
Dividends
* 5 )
—, 71: JKE Vision for Smarter
Banking
2 Used
P
Link to Selection i a3
Link to Selectior 2l Explorer
Link to Currer 58
Link to Sele vord
Link to Sew o Excel

Link to Current Item in DNG

SPRR RN I

Simulink

" MAT
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Complying with Safety-Critical Standards 2016

Detect and fix standards compliance issues
at design time with edit-time checking | |

. . 3
: chkly address com_pllance and | Analag Input{Delayed)
modeling standards issues before running the . D%(
model Transport
Delay
Digitized
L Approxima
= For example, check for prohibited blocks or rorSignait P Xl4nl ¥ x4n] W xj4n]
block names FIR x4 a FIR x4 b FIR x4 ¢

Decimation Decimation Decimation

= Especially useful for applications that require
compliance to standards such as DO-178, ISO
26262, IEC 62304...

Simulink Verification and Validation MATLAB EXPO 2017 ¢=°14
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Efficient Code Generation 2017/

Clones
Improve co_de qguality with cIo_ne detection s Tfﬂfﬂ
and dynamic memory allocation A il T:gﬁ?
B, o W
= Refactor repeating library patterns and ] . 55 o= =
SUbSyStem C|OneS = ..{:__iJ_ _' _‘L—J : I(iltl)?:;sbrliilsced with

— Reduces redundancy . N DA
— Improves reusability L o8y || - .

£> ) )

= Generate C code that uses dynamic memory

118 /* MATLAB Function: '<Root>/MATLAB Function' */
allocation from MATLAB Function blocks 119 ~ MATLAB Function 'MATLAB Function': '<S1>:1°
120 if (!mymdl DW.p not_empty) {
— Allocate memory as needed at runtime 121 * 1<S1>:1:4" ¥/
122 " 1<S81>:1:5°
123 k = mymdl DW.p->size[0] * mymdl DW.p->size[l]:
124 mymdl DW.p->size[0] = 1;
125 mymdl DW.p->size[l] = 0;
126 mymdl emxEnsureCapacity((emxArray common mymdl T *)mymdl DW.p, k, (ing
127 sizeof (real_T)):
128 mymdl DW.p not_empty = false;
. . .pe . . . 129 }
Simulink Verification and Validation -

Simulink Coder MATLAB EXPO 2017 ¢=° 15
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Floating Point HDL Code Generation 201/
Generate HDL code directly from single- Floating-po
precision floating point Simulink Algorithm

models

= No need to manually convert from floating

point to fixed point HDL Coder
o _ _ _ _ Native Floating Target-Aware
= Mix integer, fixed-point, and floating point Point Mapping

operations to balance numerical accuracy

versus hardware resource usage Vendor-
Independent Altera/ Xilinx ~ Altera
ASIC/FPGA Soft IP Hard IP

RTL

HDL Coder MATLAB EXPO 2017 ¢=°16
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Code Verification 2016

_ ~“Inputs & Stubbing Find defects aII
Detect and prove the absence of run-time ~Multitasking
errors in your source code using static ~Coding Rules & Code || ¥ Data flow
. : ; =] Resource manage
analysis Bug Finder Analysis | .
R . & Programming
oy % 7] Object oriented
. . . . s oa . g eCt oriente
= |dentify CERT C violations using defect ~ Distributed Computing| :
_ : #- || Concurrency
checkers and coding rules Advanced Settings .
& Security
@[/ Tainted data
= Detect security vulnerabilities highlighted by
the CERT C standard
if (output v7 >= 0) ({ 2
. s.!nred_v.na].uesv output v7] = s8 ret;
* Addresses growing concern over software xeturn =% _TeT assionment to element of static array (int 16): [-32 .. 112]

security with the rise in system connectivity ) array size: 127

return reset temp array index value: [0 .. 553]

.......... assanadnd

CERT C Description Polyspace Code Prover

ARR30-C Do not form or use out-of-bounds pointers or array subscripts Array access out of bounds

Polyspace Bug Finder MATLAB EXPO 2017 ¢Z° 17
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Change the Way You Work in MATLAB

See results together with your

MATLAB code in the Live Editor
(introduced in R2016a)

= Add equations, images, hyperlinks,
and formatted text

= Present, share, and collaborate using
interactive documents

= Interactive figure updates
— Pan, zoom, and rotate axes

— Interactive plot customization, with MATLAB
code generation to automate work

= [nteractive equation editor

2016

4\ MathWorks

201/

|=| Live Editor - C:\Demos\16a_Dermos'live_editor_scripts\Sunrise_Sunset.mkx EI-IEI
[ IR - . - -cEd
EII:II:I ™~y % (o) FindFies 43 +F B ILLULM IEI =] 3. Equation D h
Co GoTi O - 2 Hyperlink -
New Open Save L) Compare 5 GoTo %o 33 Code Text Secton & PN Run  Run
- - E Print | Find « wE| | Fan Break |- Image Normal Heading Al Section -
FILE NAVIGATE FORMAT INSERT TEXT STYLE RUN
| Sunrise_Sunset.mhx |+ |
For this example, we will use Boston as our location. We can * . *
see how the solar time correction changes over the course of a
year. longCorr = 15.7600
solarCorr = Ix365 double
SIEI = Sl 12,0548 11.6183 11.1706 10.7361 ---
lat = 42.36;
UTCoff = -5; 45 Solar Time Correction
longCorr = 4*(1lang - 15*UTCoff) 30 / \-\
days = 1:365; 5 ff__a N
B = 360*(days - 81)/365; - f
EoTCorr = 9_87*sind(2*B)} - 7.53*cosd(B) - 1.5*sind(B); @ 20 -
-
solarCorr = longCorr + EoTCorr = N\, \
=1 \\ /
clf 10 [y / ’
plot{days,solarCorr) , .--"f
axis([1 365 0 35]) 51\ //
title('Solar Time Correction') 0 s
®xlabel('Day of Year') 50 100 150 200 250 300 350
ylabel('Minutes') - Day of Year
3 -

MATLAB EXPO 2017 () 19
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App Designer 2016 201/

Environment for building Ll — =
MATLAB apps o H B @ b
(introduced in R2016a) | o s
= Full set of standard user interface [\ s e st 4
components, as well as gauges, - . Lol
knobs, switches, and lamps L
= Rich design environment (] e g I
for laying out apps abe | ecpuatirey
= Object-based code format for easily ;
sharing data between parts of the app f N )
= Enhancements include: i
(@8] state Button
— Majority of 2-D plots supported I

— Embed tabular displays using uitable
— Zoom and pan plots in apps

MATLAB EXPO 2017 () 20



4\ MathWorks
Apps Simplify Modeling and Simulation 2016 201/

These interactive applications automate
common technical computing tasks

Signal Analyzer app

Perform time- and frequency-domain
analysis of multiple time series

Regression Learner app

— Train regression models using
supervised machine learning

Control System Designer app

Design single-input, single-output (SISO) controllers

Signal Processing Toolbox

Statistics and Machine Learning Toolbox
Control System Toolbox

&
Amplitude
A

Frequency (radfs)

MATLAB EXPO 2017 () 21



Working with Data Just Got Easier

New data types and functionality for more
efficient storage and managing of data

timetable data container (introduced in R20165)
— Store time-stamped tabular data

— Reorganize, evenly space, and align data
string arrays (introduced in R20165b)

— Memory efficient, faster string operations

— New functions for common string manipulation

New capabilities for preprocessing data
— Find, fill, and remove missing data
— Detect and replace outliers
— Smooth noisy data

4\ MathWorks

2016 201/

Time Day Total Westbound Eastbound

06/24/2015 00:00:00 Wednesday 3 9 4
06/24/2015 01:00:00 Wednesday 3 3 0
06/24/2015 02:00:00 Wednesday 1 1 0
06/24/2015 03:00:00 Wednesday 1 1 0
06/24/2015 04:00:00 Wednesday 1 1 0
06/24/2015 05:00:00 Wednesday i 3 4

4\ Command Window [l ]

»>> 5 = [string('Square Circle Triangle'); string('Red Blue Green')] ©

5 =
2x1 string array
"Square Circle Triangle”
"Red Blue Green"
>>
>>
>> replace(s, 'Sguare', 'Rectangle')
ans =
2x1 string array
"Rectangle Circle Triangle"
"Red Blue Green"
e >>

MATLAB EXPO 2017 () 22



Working with Big Data Just Got Easier

Use tall arrays to manipulate and analyze
data that is too big to fit in memory

= Tall arrays let you use familiar MATLAB
functions and syntax to work with big
datasets, even if they don't fit in memory

= Support for hundreds of functions in
MATLAB and Statistics and Machine
Learning Toolbox

=  Works with Spark + Hadoop Clusters

&\ MathWorks

2016 2017/
Machine i
| Memory i
e i . esg.
i | 4~8GB
| | | e.g.100GB~
1TB

Tall Data

MATLAB EXPO 2017 () 23
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Working with Big Data Just Got Easier in Simulink Too 201/

Stream large input signals from MAT-
files without loading the data into

memory
= Provides a big data workflow for Simulink N\ A
simulations
MAT file ||-3» ||m MAT file
= Use big data in Simulink logging and loading
= Especially useful when running many Simulink Model

simulations where data retrieved is too large
to fit into memory

MATLAB EXPO 2017 () 24
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Create Your Models Faster 201/
ref [:]
Use automatic port creation and Co— ., oo
reduced bus wiring i
Outi b Ufjl
) In2 Chart
= Add inports and outports to blocks when N
routing signals Subsystem
= Quickly group signals as buses and
automatically create bus element ports for N
fewer signal lines out >
InBus Outd p{In3 Outt =—==(" 1 )

MATLAB EXPO 2017 () 25
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Define your Data Faster 2016

P4 Stateflow (chart) sldemo_fuelsys/fuel_rate_control/contrel_logic * - Simulink folia ==
File Edit Wiew Display Chart Simulation Analysis Code JTools Help
(TR R I K - a7 R - — e Rl
Red h d e ————————————————————— - ’
educes the need to open separate B B B
@ e i Gaeda~"""""2 || Fropertes [ |
I

dialog boxes

“Property
Inspector

Symbols
FIRAECY =
TYPE  NAME

= Model and block parameter data is now

BEOHSE O 00 ER|e g

accessible within the main editor : s
window i
~ Symbol
= Accessing and defining Stateflow data is , .~ Manager
also much easier E 5 aom mZ:Z}i323,321%;DZICZ;ZZZEZZEZIEZpZZZZIIZEZZZZZIZE ‘_ IZE] - —
Model Data Editor =

Stateflow MATLAB EXPO 2017 ©) 26



Simulate your Model Faster

Use the new parsim command and JIT
acceleration to speed up your simulations

= Directly run multiple parallel simulations from
the parsim command

= Quickly build the top-level model for
improved performance when running
simulations in Accelerator mode

= Especially use for Monte Carlo simulations
and Design of Experiments

Parallel Computing Toolbox
MATLAB Distributed Computing Server

4\ MathWorks

201/

15 oms
== | HE[E
e =) 1 )

. 02_Voltage_Se

map_sw

MAP Fault Switch

»

]
1

| f l MAP_Select

-

1

JIT Accelerating Model

MATLAB EXPO 2017 ()
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Cross-Release Code Integration 2016

Reuse code generated from previous

void AutonomousSystem step (void)

releases ‘
Sensor SFcn( ... ) /* R2015b */
Guidance( ... ) /* R2016b */
Autopilot SFcn( ... ) /* R2013a */
= Reuse code that you generated from }
previous releases (R2010a and later)
= Avoid reverification cost due to the reuse of il
unmodified code
[N A
Sensor Guidance Autopilot

Embedded Coder MATLAB EXPO 2017 ) 28



Simulink Project Upgrade

Easily update all the models in your
Simulink Project to the latest release

= Avoid the manual process of upgrading one
model at a time

= Simulink Project upgrade is an easy to use
Ul to automate the upgrade process of all
the models in a Simulink project

= Fixes are automatically applied and a report
gets generated

&\ MathWorks

Upgrade Project

== 201/

Upgrade your project models to the current release.
Upgrade: All project models (8 files)

Check for: Everything (29 checks)

Update diagram: Required

Change Options

Upgrade ] ’ Cancel
- ~
4\ Upgrade Project Repart ﬁ
12% ® rassed 1 file
Passed Meed attention 7 files
Show files: | Need Attention v |
vertical_channel.slx DigitalControl.slx @ Passed 25 checks |~
DigitalControl.skx Meed attenti 4 check
£14_sirframe.sh S\models\DigitalControl.sh eed altention & checks 4
slproject_fld.sh Check Name Result
MonLinearActuator,mdl Check model for block upgrade issues ® -
AnzlegCentrol.md Check usage of function-call connections Q
LinearActuator.ch Check for calls to siDataTypeAndScale() .
Identify configurable subsystem blocks for converting to variant subsystem blocks .
Check and update masked blocks in library to use promoted parameters .
Check and update mask image display commands with unnecessary imread() functio...
Check rapid accelerator signal logging .
Check oet param calls for block CompiledSameleTime: & -
Check usage of function-call connections
Check ‘Invalid function-call connection” setting
Venfy that the Invalid function-call connection dizagnostic is set to error.
Upgrade completed on 12/12/2016 14:53 Publish Report Finish

MATLAB EXPO 2017 () 29



What’s New in MATLAB and Simulink?

Application
Breadth
o

090
o-*-o
o010

O

=  Machine learning @

= Deep learning

=  Autonomous driving I I I I

= New modeling domains

(

= New wireless standards é

)

Workflow
Depth

P2

4

N
Enterprise applications
P PP Qﬁ\ o
loT systems L
3rd party tool integration ~ ~ -

Standards compliance

Code generation and verification B

4\ MathWorks

Platform
Productivity

Live Editor m o A A

MATLAB Apps /
New (big) data types m{%
Modeling enhancements

—
s
Moten
Pyt 5y

Release adoption

mmmmmm
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Learn more and try R2017a ...

MATLAB EXPO 2017 31
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