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What's New in MATLAB and Simulink R2020a
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< ) MathWorks:




Accelerating the Pace of Engineering and Science



We at MathWorks believe in the importance of engineers and scientists. They
increase human knowledge and profoundly improve our standard of living.



We created MATLAB and Simulink to help them do their best work.
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<) MathWorks

Create executable notebooks for sharing, presenting, teaching

Code + Output + Formatted Text = Executable Notebook

Live Editor - C\MATLAB\SunriseSunset.mix O X
-

Contextual hints R ——
. . L =] [QiFindFies 4 %7 = P=| Run Section S S
while coding s B o s ] .| 2 B

New Open Save . e F Section Run Step Stop
A4 i ¥ (= Print \{ Find === = ~ Break @RuntoEnd

FILE NAVIGATE

B Estih;éting Sunrise and Sunset

View Interactive outputs
next to the code

We can calculate sunrise and sunset times from the following equations.

~os—! (— tz and)  SC 05—} (— tz ans)  SC
cos” (—tanghtand) _ SC sunset = 12 4 505~ tangptand) _SC

sunrise = 12 — —
15° 60 15° 60

Add rich text formatting,

lat = 42

equatlons, images, timeZone = [Eastem (UTC-5) v s

'Eastern (UTC-5)'
d h I_ k sc = solarT| contral (UTC-6)' cimeZone);
delta = asi, 5 R [360%(days - 81)/365));
(UTC-7) (
an yper In S sunrise = 1_Hou|jt_a1n_x_pT eereery—ww) ¥tand(delta) ) /15 - sc/60;

sunset = 12 + acosd(-tand(lat)*tand(delta))/15 - sc/60; - .
150 200

. e > v Day of Year
plot(days, sunrise, days, sunset, 'LineWidth', 4) Y

title('Sunr sunset’)
xlabel( 'Day

Live Editor

MATLAB
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Turn a script into a simple app

|=/ Live Editor - C:AMATLAB\CompressibilityFactor.mlx

Add interactive controls 22800 o
to modify script variables e

— Numeric sliders P [1:40
. Slider 350
— Drop-down lists R —
s Drop:down: (g A | |
— Edit fields | Hide Code |

carbon dioxide @ 350 Kelvin

Hide the code to create
simple applications
and dashboards

yressibility Factor, Z

Live Editor

MATLAB
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Complete steps interactively

FIGURE

Mormal » : Run Section [

Use tasks to explore o S o e =N
parameters and options

TE

Select data

Input data 0 ) nyiso

Specify method

Automatically generate

Display results

MATLAB code for the e
CO m p I ete d taS k . nt ;'F-If_‘di'f;:g:Ifillmizsingl.'n:v ).DUNMOD, ' Linea

hold o
legend

script

Live Editor

MATLAB
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Design decision logic at a higher level of abstraction

Graphically program, debug —————————————————————— 7
and execute state machines | @=ft ' | }

"‘EE|E":I:iIJr|_E-I:-E|tE
during: [down_th up_th] = calc_thigear throttia): ,

HEE0 S J oA RN

.I. [speed = down_th]

rt=-r TWAIT tick)
paad = || I|
rl:I gear_state. P}

oo oo ey
downshifting ) — UpE h|ﬂ|r|:| J
| I i l
'-5--|"|-|=-= : 3h=-. CWNI

Simulink Function
[down_th,up_th] = calc_thigear throttle)

y
""-.------_-------------_-------------_----..—"

Stateflow
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esign decision logic at a higher level of abstraction —in MATLAB

MATLAB
Stateflow

| %1 C\Users\mcoenmori\Desktop\Reinforcement Learning for Highways\RLRN\Environment\sf_driver_demo.m

EDITOR PUBLISH

g ™ E Lal Find Files « Insert (=} /i - D

- * C t %
oy ey o LTS oo ool o Breakpoints  Run

-~ ~ SiPrint (4 Find = Indent 7] - -
FILE NAVIGATE EDIT BREAKPOINTS
Highway Simulator

ndom N

rngPrev = rng(0):

if ~isempty (fin

%% Create road environment
numCars = 20;

scenario = HighwayScenario(...
'NumCars',numCars, ...

%% Run simulation
for i = 1:5000

E:enaxlo.s\:ep():
end
%% Clean up
for i =1 mCars

delete (scenario.Driversil});
delete (scenario) ;

rng (rngPrev) ;

4 usages of "scenano” found

— O

FEE =10l

Lg [&] Run Section

Runand [3
EQ advance
Advance

RUN

4
File Edit View
Dsds | 3

Insert  Tools

OE| K

Desktop  Window

Help

Symbols

i) %) €@ ||

IWidth
target
me
deftalane

laneCenters

zoneCar
isZoneQccupied
positions

frontF

errLane
topLane
isLaneChanging
delay

numCars

maxSpeed

velocities
slowCar
checkZone
getLane

getvel
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Enable any engineer at any level to model any system

User interfaces




<) MathWorks

Enable any engineer at any level to model any system

DEBUG MODELING FORMAT APPS ol =l isl \2 |

User interfaces

Libraries

Electrical

S

Foundation Library

N

Utilities

Protection and Diagnostics Sensor Decoders

Sensorless Estimators Signal Management



<) MathWorks

Enable any engineer at any level to model any system

User interfaces

Libraries

Systems engineering

Fluids

Electrical

Foundation Library

Protection and Diagnostics Sensor Decoders

Sensorless Estimators Signal Management

Architecture Model
o *3 Creaie Model '
By The MathWorks, Inc.

Create an architecture model. Model physical and logical architecture of a system. Create a visual

representation with components, ports, and connectors. Specify information exchange between

components with interfaces.




<) MathWorks

Access and discover Simulink capabilities when you need them

vﬁ sldemo_fuelsys/fuel_rate_con airflow_calc

Stop Time

w Normal

User interfaces b=l . :

u sldemo_fuelsys airflow_calc >

tﬁ_]sldemo fuelsys P Pa|fuel_rate_control b @airﬂov-;calc

Intake Airflow Estimation and Closed-Loop Correction

Libraries

Pumping Constant
sensors ping

Systems engineering | | I I I

Feedforward Control
2-D T(u)

Oxygen Sensor
Switching Thrashold » a
fb_correction

02_normal

. enable_integration
fuel_mode Feedback Control
= sld_FuelModes.LOW normal_operation

101%

Simulink Toolstrip
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Edit at the speed of thought

User interfaces

el Brows

Processor

M

Libraries _ -

Systems engineering

_ADSB_fpga
wrBurstDone wrours dataTask

rdBurstDone
UDP data1

chCtriOut

oy chCtrlln
o
w
—
FPGA Algorithm

Ready

Simulink
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Edit at the speed of thought

User interfaces T G - o el W

iodel Brows

M

Libraries

'@ -
13 [
=1 =1
0 0

Systems engineering

_ADSB_fpga
dataTask

chCtriOut wrCir q data UDP data1

oy chCtrlln
[}

[i1]
—

FPGA Algorithm

Ready

Simulink
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Model deformations and contact between bodies

mFe e A +
[MK] (

User |nte I‘faCGS Reduced Order  Ggngrg| Flexible Beam

Flexible Solid

Libraries — Physical modeling

Systems engineering

Simscape



Model fluid power and transport applications

User interfaces
Libraries — Physical modeling

Systems engineering

Simscape

ES Simulink Library Browser

< Enter search te

vilg v BTy w @

Simscape/Foundation Library/Isothermal Liquid/Elements

v Simscape
v Foundation Library
Electrical
Gas
Hydraulic
v Isothermal Liquid
Elements
Sensors
Sources
Utilities
Magnetic
Mechanical
Moist Air
Physical Signals
Thermal
Thermal Liquid
Two-Phase Fluid
Utilities
Driveline
Electrical
Fluids
Multibody

Constant Volume  Flow Resistance (IL)
Chamber (IL)

Infinite Flow Laminar Leakage (IL)
Resistance (IL)

AL =

Local Restriction Pipe (IL)
(IL)
A

R
a

Reservoir (IL) Rotational
Mechanical Converter

(IL)

<) MathWorks
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Model fluid power and transport applications

User interfaces Simscape
Elecirical Mechanical Magnetic  Thermal  Custom
equations
Libraries — Physical modeling ””3 {4 i v > v
...’.?‘..?... Bldd
. . Moist
Systems engineering iqui iqui Air

k

Simscape
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Generate motor control software with just a few clicks

User interfaces

Libraries — Motor control

Systems engineering

Reference Speed (RPM) ™ Start
Start / Stop Motor

Motor Control Blockset = NEW PRODUCT
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Design and analyze complex system and software architectures

scExampleSmallUAV

User interfaces

Libraries

Systems engineering

System Composer



Manage system complexity

Simulink
MATLAB

a4

A%z 4ﬁ$?]
P

Numerous
Files

0 080
it Y, [
Team

Collaboration

<) MathWorks

Qa

Environment
Configuration
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Manage system complexity with projects

Projects in MATLAB and Simulink
help you to organize, manage,
and share your code and models

Simulink

MATLAB © 2020 The MathWorks, Inc. 25
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Explore file dependencies and impact analysis

LEGEND o - =
View: Classification X

Explore and visualize e\
. I TimesTableRequir... .milx timestable mlapp
project structure A

sub1TimesTableGa... .moQ subTimesTableGame.m ©
subZ2TimesTableGa... mo tAnswerlsCorrect.m timesTableGame.m

tCurrentQuestion.m

‘ tNewTimesTable.m

subAbsTimesTablem absTimesTable.m

enumTimesTable.m editTimesTable.m

| ——
openRequirements... .m runTheseTests.m

Simulink
MATLAB



Explore file dependencies and impact analysis

LEGEMD

Explore and visualize 2 (1
prOJeCt Stru Cture -: :j:_-:_:ull-.l _Time:saTat::-IeRequir.._ mixo timestable mlapp

mpacted: timesTableGame.m X

| tAnswerlsCorrect.m

Assess how a change
affects other files

| tCurrentQuestion.m

| tNewTimesTable.m

Simulink
MATLAB

<) MathWorks

timesTableGame.m
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Explore file dependencies and impact analysis

PROPERTIES

Problem: Mot in project 1of1 x |4 | |EH| x

Explore and visualize

Project imes App

project structure RN

Assess how a change
affects other files

Find and fix problems

Simulink
MATLAB



Explore file dependencies and impact analysis

Explore and visualize
project structure

Assess how a change
affects other files

Find and fix problems

|dentify required products
and toolboxes

Simulink
MATLAB

PROPERTIES

» Details

Project Airframe Example

Root ..orkSpace\examples\airframe
+ Products

MATLAB

Simulink

Simulink Coder "jj1‘rr|

o

» External Toolboxed Find files that use Simulink Coder

CAMC++ Library Header
» Problems
Mat in p r-::-j ect

How to fix problems

<) MathWorks



- ) MathWorks’

Use source control systems (Git, Subversion) with projects

1 Push

Git  Refresh Commit °
Details

3J_=-. @- : if "“c’.;'* Fetch

, =| Remote

. U Push
Git  Refresh Commit gf- Branches

Details =L Pull

Simulink
MATLAB
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Access other languages and systems directly from MATLAB

Python
C/C++

MATLAB
Java ‘_ )
Fortran

COM components and ActiveX controls

RESTful, HTTP, and WSDL web services



<) MathWorks

Access other languages and systems directly from MATLAB

Access Python functions out-of-process

pyenv("ExecutionMode”, "OutOfProcess")

wrapped = py.textwrap.wrap(T);

Call C++ libraries directly from MATLAB

retVal = clib.libname.funcname(argl, arg2, ...
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Simulink >¢
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Simulink is the simulation integration platform

Simulink ¢




<) MathWorks

Simulink is the simulation integration platform

> OpenCV ) FMI/FMU P

Simulink ¢
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Test and verify your design

Review and analyze traceability
between artifacts in one interface

Simulink Requirements

4 Traceability

Add  Update

FILE
FILTER PANEL

==
op

¥ Type

Traceability Matrix

<) MathWorks
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Test and verify your design

4\ Test Manager

Results: 2019-Oct-02 19:02:58

Review and analyze traceability
between artifacts in one interface '

v Results: 2019-Oct-02 19:02:58
v =1 dTestReqLinkBasic_Tests

v [ MyTestSuite - [*a] mTestreqLinkBasic

» |=] Testcase 1

» |=| Testcase 2

Scope model coverage to S e s s e e
re q u | re m e nts_ b ase d te StS ( R BT) MultiPortSwitch block "MPSwitchl"

Requirement Testing Details

Implemented Requirements || Verified by Tests Associated Runs
Requirement 1 Testcase 1 T1

Metric Coverage

Cvclomatic Complexity 2

Decision 33% (1/3) decision outcomes
Execution 100% (1/1) objective outcomes
_Decisions analyzed

truncated input value 33¢

=1 (output is from input port 1) oL H|t by Ilnked RBT
=2 (output is from input port 2) = .

Hit, but not by linked RBT -- Unsatisfied

Satisfied

=* 3 (output 1s from input port 3)

Simulink Coverage
Simulink Test
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Use Jenkins servers to automatically run and test your project

Install MATLAB Plugin for
Jenkins directly from the
Jenkins Plugin Manager

Simulink Test
Simulink
MATLAB

Jenkins = Plugin Manager

MATLAB

This plugin integrates MATLAB (R) with Jenkins and
provides Jenkins interface to run MATLAB and

\ATLAB (R) with Jenkins and 11.2
ice to run MATLAB and

Install without restart Download now and install after restart
Update information obtained: 4 min 43 sec ago m
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Code verification using Polyspace

=

Desktop

Polyspace Bug Finder
Polyspace Code Prover



Automate code verification using Polyspace

C=H
g I ..H ..I
CH )

Desktop Server Computer

@ = =

Polyspace Bug Finder Server
Polyspace Code Prover Server

<) MathWorks



Automate code verification and share results

C=H
g I ..H ..I
CH )

Desktop Server Computer

@ =

Polyspace Bug Finder Access
Polyspace Code Prover Access

<) MathWorks

using Polyspace

Web Interface

N
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<) MathWorks

Share MATLAB apps as browser-based web apps

Create apps using App Designer
and host them using
MATLAB Web App Server

MATLAB Web App Server | NEW PRODUCT



<) MathWorks

Share Simulink simulations —where Simulink is not available

Package a compiled Simulink
model with MATLAB code

Standalone FMUs

Standalone Apps

Simulink Compiler NEW PRODUCT
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Deploy algorithms with automatically generated code

C++ classes from MATLARB classes f{ﬂlass MyClass

public:

MyClass *init();

void publicMethod (double value);

static double doubleThisValue (double wval);
double calculateSomeValue () const;
private:

MyClass *matlabCodegenHandle init();
MyClass *privateMethod (double value);
public:

double publicProp;
private:

double privateProp;

Y

MATLAB Coder



Deploy algorithms with automatically generated code

Sender

C++ classes from MATLAB classes

Service Sender

i

Code from software compositions Sender.cpp

with message-based communication .
pubLic:
step 10s() {

// compute ack and send

Embedded Coder

<) MathWorks
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Deploy algorithms with automatically generated code

C++ classes from MATLAB classes

R LT DET/

Name mpiledDT SpecifiedDT SimMin SimMax
From FixPt

fxpdemo_direct_form2/Sum1 : Output

Property Sp d Data Type

Code from software compositions
with message-based communication

Range Informal

Property Minimum Maximum
Simul
Sum1:

Fu3
o
|
o
o
O
o
O
O
o
O
o

To FixPt X 6 alization of Simulation Data using
fixdt(1,16,10)
tion mulation Data

Potential In-Range Potential
Overflows Underflows

Explore signal ranges in designs,
and data type optimization

Fixed-Point Tool

Fixed-Point Designer
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S
.’:\7“. Artificial Intelligence (Al)
W

MATLAB

Access Data Preprocess Data

%i%\\*g Jil O ¢

Develop

Deploy

s

2 e
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. . o-®
Interactively access models, and develop and train networks  <Ye

Mew | Duplicate

PROPERTIES

convolution2dLayer (2

imagelnputLayer Mame
FilterSize

image3dinputLayer
NumpFilters

sequencelnputLayer Stride
DilationFactor
roilnputLayer E—
all I
OM AND FULLY CONNEC
convolutio
L mRateFactor
convolution3dLayer
groupedConvolution2dLayer

transposedConv2dLayer

transposedConv3dLayer

Deep Network Designer App

Deep Learning Toolbox
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Interactively access models, and develop and train networks  «Ye

4 Deep Metwork Designer

MATLAB

] Started Compare Pretrained Networks Transfer Learning

Import pretrained
networks for transfer
| e a. r n i n g Blank Network From Workspace

v Pretrained Networks

[N
0ooad

Oooan
|

ooad

HHHHHHHHHT

LOooo

SqueezeNet GooglLeNet ResNet-50 DarkNet-53 DarkNet-19 ShuffleNet

O

| |
oo |0onio
|

0o

Oooan
|

000
Qooo

NasNet-Mobile NasNet-Larae Yception Places365-Gooale... MobileNet-v2 DenseNet-201

Deep Network Designer App

Deep Learning Toolbox
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Interactively access models, and develop and train networks  «Ye

Import pretrained ||

15 -
Training Progress (15-Jan-2020 16:03:36) Results

networks for transfer o
learning e

Training Time
Start time:

Elapsed time:

Training Cycle

Epoch:

Train networks and -
generate MATLAB code )

Frequ

Other Information

Epoch 2 3 Epoch 4 ) 7 Epoch 8 (AT T TR

20 Learning

lteration - Learning rate

Accuracy
Training {(smoothed)
Training

— —@— — Validation

Loss
Training {(smoothed)
Training
— —@— — Validation
lteration

Deep Network Designer App

Deep Learning Toolbox
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. . . o-®
Manage multiple deep learning experiments oo

EXPERIMENT MANAGER [2]

Keep track of training v PP T S
parameters

. . |
I t e u S e tra-l n I n g ata Status Progress Elapsed Time mylnitialLearn... Training Accu... Training Loss Validation Ac... Valida

0 hr 0 min .002 100.0

across multiple networks = R B

OhrOm

0 hr 0 min 2

Analyze and
compare results

Training Plot (Trial 4, Result1, Experiment1)

Iteration

Iteration

Experiment Manager App

Deep Learning Toolbox
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Robotics and
Autonomous Systems

Control
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Simulate and visualize robot kinematics (EX

Robotics System Toolbox



Design algorithms for planning and navigation

session.mat

« Create a map of the environment

Navigation Toolbox

4\ sLaM Map Builder - C:\Users\sradford\Desktopislam s

MAP BUILDER

O B & ©

SLAM Settings ~ Build Sync

Open Save Import
Session  Session v -

FILE

CONFIGURATION BUILD MAP

Map (Overlaid 5cans)

Y
¥
—

b 'ﬂ an
— -t N
Loop CldSlre .

'

Secans

- r——
B B H &
Default Export
Layout Occupancy Grid =
EXPORT

Incremental  Loop
Match Closure
MANUAL MODIFICATION | LAYOUT
| Incremental Match

SLAM Map Builder

<) MathWorks
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Design algorithms for planning and navigation ‘EX

Occupancy Grid

« Create a map of the environment

« Plan a path through a known map

=
3

1]

E

-

X [meters]

Navigation Toolbox
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Design, simulate, and deploy ROS-based applications YX
g= BEICEREIARS
_______ , &% | __andplayback_
i ROS bags i
! (Log files) !
1 v

!'-Ii:ﬂi{"'
A
\ 4

A
\ 4

Simulators Desktop QA _Dlj_-’
———— NON prototyping

Hardware I

Perception

[~ Planning and
YO decision making

Standalone

ROS Nodes de T:d:]ent
(Software) Y

ROS Toolbox
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RF & Antenna Digital Baseband Standards
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Model, simulate, and test Wi-Fi 6 systems QK)

Generate P802.11ax™ Draft 4.1 waveforms | Equalized data symbols (packet 4)

Link-level simulation of 802.11ax Trigger-

Based Format .. SV el
WP Eom e dw

:+ » \+ . g+ .+ .'

b’l« BUP NS g
T W xo X

+ B

oS 5* SR A

¥ ‘4 * W -&’ $~e

+
‘#*#'iv ‘1— %u#- S .-%

o
(8

48]
o
=
=
-t
&
<
o 0
>
“—
©
S
o
©
>
a

=
)

0.5 0 0.5
In-phase Amplitude

WLAN Toolbox



Interactively generate 5G waveforms for testin

: FR1 (450 MHz

Downlink | Uplink FR T
Maode|

W TYPE

¥ FRC Info

Subcarrier spacing (]

S: [l Allocated resource bioi

Channel bandwidth (MHz):

Subframes:

Layers: 1

Cellidentity:
RNTL
¥ Bit Source
Bit source:
Input bits:

¥ Filtering Configuration

mpleted generatio

5G Toolbox

Duplex mode:
Wodulation:

Target code rate:

PDSCH mapping type: A
Allocated symbols:

DM-RS configuration type:

User-defined Additional DM-RS position

First DM-RS position: 2

Inad (bits/slot):

ource

1 Carrier (SCS=15kHz). PDSCH, PDCCH and CORESE

Carrier RB

20 40 60 80 100 120 140
Symbols Frequency (MHz)

Wireless Waveform Generator

<) MathWorks
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Start with reference examples to implement your design P

-
_MRrorcensereh J Standards-based IP + Your expertise

To run this model, e
nrhdlexamples.runCe

MATLARB: search mode P55 correlation
]
1 LOGIC ANALYZER. TRIGGER § B ‘

Inputs |
» dataln .

validin MATLAB: Rx grid
» mode

start )

Outputs = 200

carrelation

4
4
4

» pssTiming Offs
» pssFrequency
[] » pssCorrelation
» NCelllD
reportvalid
» gridData
gridValid

[

subcarrier inde

= -

» pssNCelllD2
05 1 1.5 2 2.5 3 3.
OFDM symbol #
Simulink: Rx grid

150
100
S AR —
50 A = .
e A

subcarrier index

0 R N N W
correlation

B=] 3 3.

Wireless HDL Toolbox



Automotive Systems

Waltham

Electrical energy transfer
Aechanic

Shift Lines Before Optimization

Cochituate



< } MathWorks’

Accelerate development of automated driving systems =

Develop driving algorithms in a 3D
simulation environment

Test algorithms with prebuilt scenarios

Automated Driving Toolbox
Vehicle Dynamics Blockset



<) MathWorks

Accelerate development of automated driving systems =

Develop driving algorithms in a 3D
simulation environment

Test algorithms with prebuilt scenarios

Create driving scenarios using road
data from high-definition maps

Automated Driving Toolbox
Vehicle Dynamics Blockset
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<) MathWorks

Analyze fuel economy and performance for various architectures

B Trace Velocity, Target, Actual (mph){1)

200 400 300 300

1000 1200

oH

85 4

60 4

B EngSpd (RPM) = MotSpd (RPM)

" !

TR

! |

| 1 '1I 1 |
L u Mo

\_.

i -l,tm,l H Lt i H’*-l"‘-}""--,-"i,_}‘*‘- hh | ’|
L

Sl Engine

Electrical energy transfer

- [Mechanical energy transfer

Transmission

Wheel and Brake

Clutch

i}

200 400 300 300

W Battery SOC

1000 1200

L y

FNRY, T

o

f

(NEEEEP

i}

200 400 800 300

US Fuel Economy MPGe

1000 1200

200 400 300 300

Powertrain Blockset

1000 1200

Battery

Bidirectional
DC-DC

Differential
|~ \
q \9

[ | ‘-'.‘_'h.'

v

Wheel and Brake
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<) MathWorks

Learn more about what’s new with blogs and release notes

R2020a at a Glance

Explore What's New

Cleve's Corner: Cleve Moler on Loren on the Art of MATLAB Guy on Simulink Steve on Image Processing and Get more Out Of MATLAB and S|mu||nk by downloading the
latest release.

Mathematics and Computing MATLAB

Deep Learning Developer Zone Behind the Headlines

Communicating with an External Application

Release Highlights

Ol &

© B >

PM PDT

nnection Partners.

MATLAB Web Apps Simulink Compiler Deep Learning

Share MATLAB apps and Simulink simulations Share simulations as standalone executables, Manage muitiple deep learning experiments,
as browser-based web apps. web apps, and Functional Mockup Units (FMUSs) keep track of training parameters, and analyze
and compare results and code with the new
Learn more > Leam more Experiment Manager App.

Learn more




<) MathWorks

Access and try the latest release with MATLAB Online and Onramps

MATLAB Online

Stateflow Onramp Deep Learning Onramp Machine Learning Onramp



MATLAB EXPO




