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Applications: Image and Video Processing

= Medical imaging

= Survelllance

= Robotics

= Automotive safety

« Consumer electronics
= Geospatial computing
= Machine vision

= Science research

= and more...
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Challenges with Imaging and Vision Systems

. [ . . ‘x@ P
« Reading and writing to various file formats O~ Zo 0 o ©
O - : O 00 O~
- Create and test algorithms with what-if scenarios [_“=° | ©,°° o

ldentifying causes of algorithm failure

Visualizing images and intermediate results

Processing large images with limited memory

Executing algorithms faster
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MATLAB & Simulink in Research

‘MathWorksx Products  Solutions Academia Support Community Events

Biological Sciences |

- Overview  Microscopy and Biomedical Imaging  Electrophysiology = Genomics and Next Generation Sequencing § Trial software  {, Contact g

ContactUs H

B Neuroscience

8 https://www.mathworks.com/academia/research.html

‘\MathWorks*‘ Products Solutions Academia Support Community Events
‘MathWorksa Products Solutions Academia Supports

Academia

Research with MATLAB and Simulink

Latest Features

Use Cases  Resources

Overview

Get MATLAB and Simulink for

Researchers in engineering and science require platforms that let them explore and express new Academic Research

ideas, solve difficult problems, and create tools, leveraging a robust and flexible computational
foundation. MATLAB and Simulink are widely used across industries for research and product )
development, so you can apply your research to interesting and challenging real-world examples. § Getatrial - | U Se CG Ses

» See if you have a campus license

» 7 Reasons to Use MATLAB ‘MathWorks-a Products  Solutions  Academia  Support  Co

Explore how MATLAB is used for neuroscience applications

Rusemsch Hligblighis Earth, Ocean, and Atmospheric Sciences

Overview  Working with Geoscience Data  Teaching Geoscience with MATLAB ~ Seisi

N
Seismology: An Active MATLAB Community

Seismolegists around the world use MATLAB to study seismic events, from eart H B 2 M g
analysis of data from sensor sites. uman brain GPP'”Q
Explore how scigntists use MATLAB in seismology, download the code, and leal Use cases illustrating analysis of macroscopic data modalities,

Images of remotely sensed subsurface @ 8:51
MATLAB Analysis of Prestack Seismic: Using MATLAB

Interictal (normal) data

Beyond the Geophysicist's Sandbox (Highlights) The Robot Made Me Do It: How Robots are Changing ~ MIT rese:
the Lives of Children with Disabilities magnify n =
€
Read story Read stor g
GISMO: MATLAB Toolbox MATLAB for Analyzing and BRTT Technologies
for Scientific Research in Visualizing Geospatial Data Antelope Software (Tool
Seismology and Infrasound (Video)

(File Exchange)

Channel

Accelerating Your Research Activities Featore T
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TNG Data Project and Jupyterlab Interface

) www.tng-projectorg

s |

www.tn|

What is it, &

is the
In addition to the
console, and com

Computation is la

This service enah
on a system at M
storage means u
Everything is fairl

Please note: this !
access or resourt
data should be cg

Request ac

al
1

You need to log ir

Public Data Access

Project: http://www.tng-project.org/
Jupyterlab: tng-project.org/data/lab/
(i) reading a given particle type and/or data field from the snapshot files,

) readi _ _ Scripts: http://www.tng-
(i) reading only the particle subset from the snapshot corresponding to a halo or subhalo, i .
(iii) extracting the full subtree or main progenitor branch from either SubLink or LHaloTree for a given sul Dl'OleCt Orq/d ata/dOCS/SC” ptS/

(iv) walking a tree to count the number of mergers,
(v) reading the entire group catalog at one snapshot,
(vi) reading specific fields from the group catalog, or the entries for a single halo or subhalo.

We provide example scripts for reading the data files of the lllustris[TNG] simulations. They are availz
includes:

DATAACCESS  EXPLORE

We expect they will provide a useful starting point for writing any analysis task, and intend them as a
that they can be quickly understood and extended.

Currently available are: Python (3.6+ recommended), IDL (8.0+ required), and Matlab (R2013a+ requi
for that language.

In all cases, these scripts assume that you have downloaded local copies of the relevant files. Paths e Ct
in to all read functions. The locations of group catalog files, snapshot files, and merger trees files are ; 3
snapPath(), and treePath() . These can be modified as necessary to point to your local files, but it i al simulations.

TNG188-1/
TNG188-1/output/
= group catalogs: TNG1@8-1/output/groups_899/fof subhalo_tab_@9%.%.hdfS
= snapshots: Tnelee-1/output/snapdir_@99/snap_899.*. hdfs

TNG18@-1/postprocessing/
- offsets: TNG1ee-1/postprocessing/offsets/offsets_*.hdfs
= SubLink mergertree: TNG1@8-1/postprocessing/trees/sublink/tree_extended. *. hdfs
- other catalogs: TNG18@-1/postprocessing/catalog _name/files*.hdfs



http://www.tng-project.org/
http://www.tng-project.org/data/lab/
http://www.tng-project.org/data/docs/scripts/
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MATLAB Community Tools for Astronomy

https:/iwww.mathworks.com/matlabcentral/fileexchange?sort=downloads desc&g=astronomy

Contact Us Howto Buy Lisa

‘MathWorkse Products  Solutions Academia Sunnart  Communitc - Fuents =

&« & & https://www.mathworks.com/matlabcentral/fileexchange/69815-matlab-astronomy-astrophysics-toolbox-maat
File Exchange

MATLAB Central =  Files  Authors = My File Exchange = Contribute

“MﬂthWDI'l{S‘E Products  Solutions Academia Support Community Events

Filter by Source 43 RESULTS

] Community 48

Filter by Category Satte | h

Using MATLAB Sam__ rbits Satd Fl e EXC Cll"lgE
Language 4 r “Fu

Fundamentals Maon

cox MATLAE Central ~  Files  Authors My File Exchange  Contribute  About

Data Import and 1

Analysis
Mathematics 2 Hig .
MATLAB Astronomy & Astrophysics Toolbox (MAAT)
Science and Industry 32
) Spril . . .
Image Processing and 2 e — version 1.0.3 (129 MB) by Eran
Computer Vision — )
Dals Analyticsand 1 | — A collection of functions and classes for astronomy and astrophysics experimental and theoretical researc
Machine Learning .
Signal Processing ang 2 Zer https://github.com/EranOfek/MAAT
Wireless 5 = ] Zem
Communications =] 0 |
B & & |
- e - orthe
Filter by Type & .g & &
[] Functions 47 n Colle )
_ _ Overview
Filter by Product Family Rol
[ MATLAB 47 Olde

Solv

nas  The MATLAB Astronomy & Astrophysics Toolbox (MAAT) is a collection of functions and classes for astronomy and astrophysics
bour
experimental and theoretical research.

Funt

o Sat  The toolbox is organized in several packages and sub packages that allow easy-to-navigate platform, as well as several
/ < € :':: "container” classes (e.g., image, catalog, time containers) with their own functions (methods), as well as static classes. The

f A P foolbox contains detailed documentation and examples, as well as a detailed help section for each function (see documentation).
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LIGO: Spot 1st-Ever Gravitational Waves with MATLAB

. ‘I\/IEltl’l\"\é’(]'l'l(-b"3 Products Solutions Academia Support Community — Events
‘MﬂthWOI'kS“ Products  Solutions  Academia Support  Community  Events

i i Blogs
NPy S T

MATLAE Central »  All MathWorks Blogs »  Subscribe «

Owverview  Search Technical Articles ~ Mewsletters +  Cleve's Comer Collection  Sign Up

Cleve’s Corner: Cleve Moler on Mathematics and Computing

Confirming the First-Ever Detection of Gravitational Waves by Serentic computng, morh & more
Analyzing Laser Interferometer Data
Recent Posts Archive Dark Energy Gravitational Waves
[ e Posted by Cleve Moler, April 1, 2016
BY Matthew Evans__ MIT ;&zﬁflﬁ:g};gﬂs and Energy Vorlices Near
' Recent theoretical, observational and computational results establish
At about 7 a.m. on September 14, 2015, | received an email from my colleagues in Europe notifying me of an extracrdinary 12 MAR Benchmarking a GPU the dawn of the universe affect the clock rate of silicon digital process
event: Two detectors in the Laser Interferometer Gravitational-Wave Observatory (LIGO) had simultaneously identified what 4 MAR Amaze, A Maze Generator
appeared to be a fransient gravitational-wave signal—a “ripple” in space-time. 18 FEB Experiments with Variable Format Half Contents
Precision » EdPlum

As a member of the team that developed the LIGO instrumentation, | was excited but also slightly apprehensive. | was excited : o )

. . . . L i 18 JAN Floating Point Arithmetic Before IEEE « LIGO
because If the signal was authentic, it would mark the first ime that a gravitational wave had ever been directly observed, 754
confirming Albert Einstein’s prediction of their existence, made a century ago. It would also mark the first observation of a pair * LIGO Labs

of black holes merging to form a single black hole. My colleagues and | were apprehensive, however, because we did not yet Categories » LIGO Gravitational Waves
know whether the signal came from a genuine gravitational wave or was merely the result of some error in the LIGO control History 104 + Dark Energy Gravitational Waves
system and instrumentation. Precision 13 « The signal

i i B ; : People 60 + The sound
| immediately downloaded the LIGO data onto my laptop, opened MATLAB", and began analyzing the recorded signals and
visualizing the data. In the months that followed, my LIGO colleagues and | confirmed that we had, in fact, detected a Eigenvalues 20 * The spectrogram
gravitational wave, and identified its source: the cataclysmic collision of two black holes with a combined mass 60 times greater Numerical Analysis 51 » Expectations

than our sun in a galaxy more than one billion light years away (Figure 1).

more ¥ Ed Plum

Article
Blog post



https://www.mathworks.com/company/newsletters/articles/confirming-the-first-ever-detection-of-gravitational-waves-by-analyzing-laser-interferometer-data.html
https://blogs.mathworks.com/cleve/2016/04/01/dark-energy-gravitational-waves/
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NASA Build Kepler Pipeline tools with MATLAB

download: github.com/nasa/kepler-pipeline

& C "] kitHub, Inc. [US] | https://github.com/nasa/kepler-pipeline X ¢

Kepler Science Data Processing Pipeline

The Kepler telescope launched into orbit in March 2009, initiating NASA's first mission to discover Earth-size planets orbiting
Sun-like stars. Kepler simultaneously collected data for ~160,000 target stars over its four-year mission, identifying over 4700
planet candidates, 2300 confirmed or validated planets, and 2100 eclipsing binaries. While Kepler was designed to discover
exoplanets, the long term, ultra-high photometric precision measurements it achieved also make it a premier observational
facility for stellar astrophysics, especially in the field of asteroseismology, and for variable stars, such as RR Lyrae stars. The
Kepler Science Operations Center (SOC) was developed at NASA Ames Research Center to process the data acquired by
Kepler starting with pixel-level calibrations all the way to identifying transiting planet signatures and subjecting them to a
suite of diagnostic tests to establish or break confidence in their planetary nature. Detecting small, rocky planets transiting
Sun-like stars presents a variety of daunting challenges, including achieving an unprecedented photometric precision of ~20
ppm on 6.5-hour timescales, supporting the science operations, management, and repeated reprocessing of the
accumulating data stream.

The scientific objective of the Kepler Mission is to explore the structure and diversity of planetary systems. This is achieved by
surveying a large sample of stars to:

® Determine the abundance of terrestrial and larger planets in or near the habitable zone of a wide variety of stars;

e Determine the distribution of sizes and shapes of the orbits of these planets;

Estimate how many planets are in multiple-star systems;

® Determine the variety of orbit sizes and planet reflectivities, radii, masses and densities of short-period giant planets;

Identify additional members of each discovered planetary system using other techniques; and

Determine the properties of those stars that harbor planetary systems.


github.com/nasa/kepler-pipeline
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What is MATLAB?

High-level language

= Interactive development environment

Used for:

Numerical computation

Data analysis and visualization

Algorithm development and programming
Application development and deployment

4\ MathWorks:

11



Workflow: Image and Video Processing

Access

Hardware

i }

Files

Software

s B¢

Code & Applications

y

“

Data Analysis
& Modeling

Algorithm
Development

Eor k=1l1l:max
= = f£ft (dat
Y = 20*logl

Application
Development

= Ogfion 8
_’l‘f. J‘||,_. + ghend

¢ Explore and DiscoveN

Share
Outputs for design

Reporting and
Documentation

e | 5[

Deployment

MATLAB gl
exe C/C++

Java -dll

Automate

4 MathWorks
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Accessing Data from MATLAB

Access

Files

— Excel, text, or binary

— Audio and video, image

— Scientific formats and XML

Applications and languages
— CJ/C++, Java, FORTRAN, Python
— COM, .NET, shared libraries
— Databases (Database Toolbox)

Measurement hardware

— Data acquisition hardware
(Data Acquisition Toolbox)

— Stand-alone instruments and devices

(Instrument Control Toolbox)

4\ MATLAB R2012b

Ea f;‘a | @) miner jomn + | producttable. stockNumber

New Connect
- A

DATA SOURCES

Database Explorer - dbtoolboxdemo

(dbtoolbordemo x|

r - o
vie v ‘ salesvolume.StockNumber v (e

SO CRITERIA

Database Browser " Data Preview

51 » toy_store b sales_data (15X 9) x

i &3 inventorytable - ‘pwdudDe... January February March Apnl May

# 3 mytable Victorian Doll|1400 1100 | 081 882! 7

&= ooducttable] [ [Train Set 12400 1721 1414/ 1191 a

(AlD 4\ Test & Measurement Tool
VI productDesc file View Tools Desktop Window Help
productNun 3, | &

\!odNumb!M
B |4 Instrument Control Toolbox

= Hardware

# GPB-vXI
& TCPIP (VXI-11)

=% Instrument Objects
¥ Interface Objects
© VISA-USB-0-1689-874-CU010114-0

*® Device Objects

£ Instrument Drivers

# 4] MATLAB Instrument Drivers
#) VXiplug&play Drivers
am

USB0:1689:874:CU010114:0 (TEKTRONIX,TDS 20248,CU010114,CF9L1CT FVv22.01
Connection

Connection status to usb manufacturer id 1689 (model code 874): Connected

Last identification request on 23-Jun-2011 16:44:05: TEKTRONIX,TDS 20248,CU010114,CF911CT FVv22.01

Communicate ' Configure | Session Log

Sending data Receiving data
Datatype:  ASCH ¥  Data type: ASCll
Data format: %s\n v| Dataformat | %c
Data to write: Size (optional)

*ION? ¥ Response:

Evaluate in workspace before write datal (TEKTRONIXTDS 20248,

Query || write Read || Export

Action Data Size Format
Connecting to VISA-USB-0-1689-874-CU010114-0

Write *RST 1x4 %s\n
Write (Query’ *IDN? 15 %s\n
Read (Query) datal (TEKTRONIX.TDS 20248..) 1x49 %<

@\ MathWorks

Disconnect

Flush

13



What do data look like?

Access

Ukraine Election Signals -Pobe i

[x =] s 2008Jan.csv - Excel s - o X " wa.wgn L L
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW DEVELOPER Team Francesca Perino ~ n 2 O 1 3 O 6 3 O r 1 ; 2 r 9 3 ; 6 ; - 3 r 4 9
o T "20130630™;"1";0,72;"5+";-4,91
. v | vear &
L " mwoa.m m . - —_m .
@ = s HistoricalCreditRatings : Database- C:\_myFold... TABLE TOOLY 20130630 r 1 r 4 r 84 v 6 r 2 r 87

" mwoa.m m . - "moa. _

i = ; = z FILE HOME =~ CREATE  EXTERNALDATA  DATABASETOOLS  FIELDS  TA 20130630";"1";0,17;"4 ";-6,33

B C " mwoa.m m . - —_m .

1 [Year _ |Month  DayofMon DayOfWecDepTime CRSH b/‘ 4] Ascending V- T i New b ah. 20130630";"1";1,34;"5 ;4,29
2 2008 1 3 4 2003 £ By 7| Descending T3 Hoe N "20130&30"™;™1";0,81;"5 ";-4,80
3 2008 1 3 4 754 ; o
4 2008 1 3 4 628 Vl:ew Filter Remove Sort R‘:’:ﬂe.sh X Delete ~ I:|' Find % "20130630" i "l" 7 12 r 25 ; "? " _1: 96
z :ggﬁ i Z : 1;;: Views Clipboard & Sort & Filter Records Find "20130630" ; " r 1 r 60 ; "o+ ; -4 r 11
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CACCTCCCCTCAGGCCGCATTGCAGTGGEGECTGAGAGGAGGAAGCACCATGGECCCACCTCTTCTCACCCCTTITE "20130630":"1";:5 80;:"F ":-2 78
GCTGGCAGTCCCTTTGCAGTCTARCCACCTTGTTGCAGGCTCAATCCAT TTGCCCCAGCTCTGCCCTTGCAGAGE . " ’ R T ’ weLm ’ ’

20130630™;"™1";0,55;"5+";-5,198
GAGAGGAGGGAAGAGCAAGC TGCCCGAGACGCAGGGGARAGGAGGATGAGGGCCCTGEGEATGAGCTGGGGTGAAC ’ -
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TGATGGETTCCTGGACCCTCCCOTCTCACCCTGGTCCCTCAGTCTCATTCCCCCACTCCTGCCACCTCCTGTCTS "20130630";"1";0,50;"5+";-5,
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Example: FITS files

— CONTENTS

#« Documentation Home

« MATLAB

« Data Import and Analysis
#« Data Import and Export
« Standard File Formats

« Scientific Data

MNetCDF Files
HDF5 Files
HDF4 Files
FITS Files
High-Level Functions
Low-Level Functions
Band-Interleaved Files

Common Data Format

Documentation Al

Chiudi

= O >
4\ FITS Files - MATLAB & Simulink - X -+
— C 1} & nhttpsy//fitmathworks.com/help/matlab/flexible-image-transport-systern.html & * O :
4MathW0rks~* Frodotti  Soluzioni  Universitd  Assistenza Community  Eventi

Examples Functions Search R2019a Documentation

& Product Updates & Translate This Page

FITS Files R2019a

Flexible Image Transport System

High-level access functions make it easy to read data from a FITS file or write data from the MATLAB workspace to a
FITS file. Low-level functions provide direct access to more than 50 functions in the CFITSIO library.

High-Level Functions
Easily view, read, and write FITS files

Low-Level Functions
Interact directly with CFITSIO library functions

4\ MathWorks
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MATLAB connects to your hardware

Image Acquisition Toolbox™
Image capfture devices

Vehicle Network Toolbox
CAN bus interface devices

MATLAB

Interfaces for communicating with
everything

Data Acquisition Toolbox
Plug in data acquisition boards and modules

Instrument Control Toolbox
Instruments and RS-232 devices

16
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Data Analysis and Visualization in MATLAB

Explore & Discover

= Built-in engineering and S
mathematical functions o
— Interpolation, filtering, e v e e e
smoothing, Fourier analysis

= Extensive plotting capabilities
— 2-D, 3-D, and volume visualization
— Tools for creating custom plots

17



Expanding the Capabilities of MATLAB

Explore & Discover

- MathWorks add-on tools for:
— Math, statistics, and optimization
— Control system design and analysis
— Signal processing and communications
— Image processing and computer vision
— Parallel computing and more...

- Partner products provide:
— Additional interfaces
— Domain-specific analysis
— Support for niche applications

4\ MathWorks:

Plot Step  +  Response Reference tracking

nnnnnnnnnnnnn

ccccccccc

18



4\ MathWorks
Sharing Results from MATLAB

Share

" Au tO m ati Cal Iy g e n e rate re p O rtS :I’I]:tl'eDSZT:I'::I?n:n;UdNEEIFmiﬂg Toolbox has a plot method for displaying the result graphically. We can
— Publish MATLAB files
— Customize reports e (R(314), ‘Tinestyier, i, “Golext, [0 .5 O1;
(MATLAB Report Generator)

= Live scripts export

= Deploy applications to
other environments

19



4 MathWorks

Share MATLAB Code as Toolboxes or Apps

Access Explore & Discover Share

= MATLAB files
= Data
MATLAB Authors . Documentatlon MATLAB End Users

2
2 % P %%%J}

/)

’ -
% - l
k\
“a % BMATLAB CENTRAL %
%

) /
* Check-in /
check-out
= Revision control Collaborate Peer

Get from GitHub

B MATLAB CENTRAL
File Exchange I
oseledets/TT-Toolbox Get from GitHub
oy van Wiew license infermation and
. 7 Downl st 30 days)
) Fik 3.8 18
Fi 312
")-format Note: Information from GitHub is
il
‘

Source control
(Git, Subversion)

20



Sharing Standalone Applications

Access Explore & Discover

[ Application Author J

MATLAB

Toolboxes

e) MATLAB Compiler
i+ Standalone Excel
Q{}Application

Share

4 MathWorks
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4 MathWorks

Image Processing Toolbox

Perform image processing, analysis, visualization, and algorithm
development

= Image display and exploration
= Image enhancement

= Image analysis

Morphological operations
Image registration

Geometric transformation
ROI-based processing

23
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What Is image enhancement?
Pre- and Post-Processing

Image enhancement is the process of adjusting digital images so
that the results are more suitable for display or further processing.

= Noise removal
= Deblurring
= Filtering

24



Demo: Image Enhancement

« Import and visualize map of Paris
= Correct for poor contrast and unbalanced colors

>> Histogram Stretch

4 MathWorks
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Demo: Image Enhancement
Summary

= Visualize images
= Visualize histogram and scatter plot
= Perform contrast and decorrelation stretch

4 MathWorks
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What Is Image segmentation?
Image processing for detection

« Image segmentation is the process of dividing an image into
multiple parts.
This is typically used to identify objects and other relevant
iInformation within an image.
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Demo: Image Segmentation

« Objects detection

>> cardetection

4\ MathWorks

There are 4 objects in the image!
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Demo: Image Segmentation
Summary

1
2
3.
4

Detection concept: Image difference
Preprocessing. Enhancements

Segmentation: Threshold, Fill in, Morph. Opening

Region Properties

There are 4 objects in the image!

4\ MathWorks
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What Is image registration?
Image alignment

= Process of aligning images from different data sets for visual or
computational analysis.
— Enables quantitative comparison

— Removes changes due to camera motion

30
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Automatic Image Registration

Intensity-based

B

Feature-base

= A
= B

7=

= Two registration types supported:
— Intensity-based (Image Processing Toolbox)
— Feature-based (Computer Vision Toolbox)
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Demo: Image Registration

« Goal: Register the image pair to detect the eyes and measure
body temperature

Webcam image Thermal IR image

>> ThermalScreening

32



4 MathWorks

Demo: Image Registration
Summary

Acquire images into MATLAB
Visualize images

Automatic image registration
Feature detection (where are eyes?)
Text annotation on the image
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Use Apps to Quickly Explore Ideas or Find Solutions

1. Image Batch Processor App
2. Image Segmenter App

3. Region Analyzer App

4. Color Thresholder App

From the Community:
Image Morphology App
Image Registration App

File Exchange: http://www.mathworks.com/matlabcentral/fileexchange/
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Images & Video Applications Have Massive Data Challenges

« 20+ Mega Pixel cameras
= 4K or 8K video
= Thousands to millions of images or videos to process

36



Working with Large Images Sets

- Processing large data sets with datastore and imageSet
— Navigate data too large for memory.
— Process multiple files as a single entity.

— Works with mapreduce

= Image Batch Processor App
— Apply algorithms to sets of images
— Interactive interface
— Support for parallel processing

4\ MathWorks
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Parallel computing

Using More Cores (CPUs)

4\ MathWorks
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Parallel computing support for image processing applications

= Option in Batch Image Processor to improve performance with parallel
processing.

= Option in blockproc function to improve performance of block processing
tasks.

l‘ Worker
4 Worker
Worker

er
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MATLAB supports GPU Acceleration with NVIDIA on

nviDiA

—

= Over 300 MATLAB functions supporting NVIDIA GPUs
= 50 of the most popular Image Processing functions

= Support for functions in bag-of-words workflow

« Constantly adding more GPU functionality

http://www.mathworks.com/discovery/matlab-gpu.htmll 40
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GPU Example - Required Code Changes

function vv = waveEgn (N,Nsteps)
% Initialization / Setup
vv = exp(-40*((xx-.4) .2 + yy."*2));
i i s S T S A

WMMW%;WW
% Send data to GPU

dt = gpuArray(dt) ;

vv = gpuArray (vv) ;

indexl = gpulArray(indexl) ;

T T I T N Py

o

% Processing
n=0;
while n < Nsteps
V= [vv(ii,:) vv(ii,N:-1:2)];
U = real (f£ft(VvV."')).";
Wltest = (U.*W1T) .';
Wl = (real(ifft(Wltest))).';
R R Y o S W
WWMWMM

% Gather vvg back from GPU memory when done

vvg = gather (vv) ;
“WWWWWWW

4 MathWorks
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Scale to Clusters and Clouds

= Offload computation:
— Free up desktop
— Access better computers

= Scale speed-up:
— Use more cores
— Go from hours to minutes 4

Parallel Computing Toolbox

= Scale memory:
— Utilize distributed arrays
— Solve larger problems without re-coding algorithms

4 MathWorks

MATLAB Distributed Computing Server
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Advising on Deployment or Code Generation

1
e
__For k=1l:max

x = fft(dat
v = 20*logl

= Ogfien 1
+ Ehbon 2

| MEXT |

MATLAB MATLAB

MATLAB Coder
products
@ .C,.Cpp

Compiler Compiler SDK

Integrate Prototype
algorithms with custom software algorithms on PC’s
Accelerate Implement
algorithm executi algorithms on embedded pro
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regionprops
watershed
bweuler
bwlabel
bwperim
multithresh
padarray
bwmorph
bwlookup
Conndef
fspecial

Code Generation for Image Processing Functions

bwtraceboundary
Imadjust
Imclearborder
medfilt2

imfill

Imhmax

Imhmin
Imreconstruct
iImregionalmax
Iptcheckconn

4\ MathWorks:
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Sustainable Research Software Engineering with MATLAB

MATLAB Live Script

Create computational code stories with Live Editor for papers and teaching

= Source Control .
Use git and SVN from MATLAB 0 glt

= MATLAB Projects (R2019a)

Organize, manage, and share your work H

= Test Frameworks
Unit Test, Performance Test, App Test, and Mocking Framework tests

= Object Oriented Programming
Validate object properties by their type, size, shape, or other attributes (R2017a)

= Continuous Integration
Use MATLAB with Jenkins

46



MATLAB Projects: Organize, manage, and share your code

Configure your environment

Analyze dependencies

Track and control changes

Package and share projects

4 @ E‘F (5! Project Path

@ é} ? e @ Remote
i Push

Search Custom Run References Details Bs{amp Shutdown Git Refresh Commit Branches
Tasks v Checks v Details L Pull
TOOLS ENVIRCNMENT SOURCE CONTROL
All| Project (226) | Modified (344)
Mame = Status Git Claszification

+Test o | Test
ACI v .
Dashboard v S .
Documents v S .
Elasticsearch v S .
MachineLearning v S ]
MATLAB_Kafka_Producer Java v S .
mps_stream v S ]
SimExecutable v .
Simulation v .

15| DocExample_MultiClassFaultDetectionUsi.. v o Design

fﬂ genPumpData.m ¥ @ Design

¥ javasetup.m vl + Design

5] Main_ExampleWorkflow.mlx v o Design

HH MLModels.mat v fad Design

H rawdata.mat v il Design

| ] README.md v .

@\ MathWorks'

2019
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App Designer R2017b

Create professional Apps for no professional software developer

- Enhanced design environment Rl o e . i |
°' : - ||l” }ﬂ‘ L'.',"”'h
+ New Ul components: 10: -0 -8 il L“ﬂ','v"v“*
Jeuges, dias, tavbed PSSl A
interfaces, and more... | -
- Improved object-based code S —
and coding tools

- Deploy apps to the web

48



Working with Other Languages

4 MathWorks

Interoperate with Python, C, and more from MATLAB
Call Other-Language Libraries from MATLAB

Other
Code

Call C++ libraries directly
Java from MATLAB R2019a
Python
C/C++

Fortran
COM components and ActiveX® controls
RESTful, HTTP, and WSDL web services

Call MATLAB from Another Language

Your Coding

Environment

Java
Python
C/IC++

o Updated C++ API
Fortran

COM Automation server

49



4 MathWorks

MATLAB Programs Can be Shared With Anyone R2018a

Standalone desktop app & Web Deploy

- O X

serstwsong#OneDrive - MathWorks¥WSONG_PrivatestApplication Engineering#Customer Visit#180612 KARWAppDesignerDemo#AppD..  — [m] X

+ hitpy/kr-lab-dl-9988/web O ~ C | @\ MATLABWeb Apps 4 MassSpringDa.. % | [ 1

LY
\%

= G Google 4\ MathWorks Inside - Home 4\ CRE - Home

L]
| " MATLAB & =
] MATLAB Web Apps
o of v o @
MATLAB CompilerS AF=3101, =l & Cixtel =27 [ s 2| LESL B
= nIEE P|E 'E
B A0 S WEY HASE 58 ZT2I8E BEUL ErallRgr - —
MATLAB Compilerg AH33H0] e} =] w0 5 o e Initial Values Mass 0 50 60
Jrrrpr e 30 p3 7 app.MassSlider III\IlI\IIl\IIIIIIIIlIIII
Displacement m 0 20 40 60 80 100 y X . SR
[ toom] N & N — Displacement 0 20 40 60 80 100 30 TN TO
aming (e e A 20 3| = oo
0 20 40 60 8 100 0 100 EoE =R . D . | /
app.InitialvaluesPanel VelOCIty 4.00 m/s amping
Stiffness |I\II|IIII|IIII|IIII|IIII| 10 90
Response app.DisplacementEditField ——
1 app.VelocityEditField 0 20 40 60 80 100 0 100
Underdamped app.Gauge ]
08 app.UnderdampedLabel - StlﬂneSS
. « , Response
_ v 2994 &4 1 o '
5os ! o ! Underdamped
£ | 1 : pe
8 Overdampec | | [
o i |
Web app R
a '
Dotted DotDa 05 ! ! | :
02 4 | I .
Solide = | *Dal — '
— URL = | ioPi oA
[} i | |
0 Line Style E |
0 02 04 06 08 1 i i \
| \
S— @ ok | | . Overdamped
o] | | i | | \
[T a. ! L i /
off T On Gauge T 20 40 60 80100  WWaming eror @ i) | | | 1 ’
e & I b
- . | ] | 1
< » d P . \ Dotted DotDashed
05 I v \ .y
[ ) IR Solid | | Dashed
Lo V4
[ | .
-1 L ! Line Style
] 0 5 20 25
show log
User
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Deep Learning Toolbox
Create, analyze, and train deep learning networks

Interoperability with other
deep learning frameworks

&) ONNX
O PyTorch ) )

TensorFlow

Deep Network Designer
app

| e &}
O DB -1 @
B CEEN e GRS

Improved inference
performance

< NVIDIA.

Domain-specific workflow
support

* Ground truth labeling
apps for audio and video

» Application-specific
datastores

Network training

performance
NVIDIA. A Azure
GPU CLOUD
amazon
webservices™

Expanded deployment
support

inte) ARM
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Blog: Deep Learning

4 https://blogs.mathworks.com/deep-learning, ~ac | | Search... o~ | ’J—D ‘}:ﬁ?

4\ Deep Learning - MATLAB &L, % ||_|
File Edit View Favorites Tools Help

Contact Us How To Buy Giuseppe ~

‘MathWorkS"-" Products  Solutions Academia Support Community Events

Search Blogs Blogs ~ | Q

MATLAB Central ~  All MathWorks Blogs ~  Subscribe - § Trial software @ Translate This Page

Deep Learning

Understanding and vsing deep learning networks

<< 1 2 3 > >>

Recent Posts Archive Deep Beer Designer 1]
18 OCT Deep Beer Designer Posted by Johanna Pingel, October 18, 2018

4 OCT 3 Trends in Deep Leamning
21 SEP Deep Leamning with MATLAE R2018b
21 AUG Deep Leaming in Action - part 3

6 AUG Classify EEG Signals Using LSTM
Networks

MATLAB for Deep Learning

A Overview

B. Features

C. Examples This post is from leuan Evans, who has created a very unique example combining deep learning with LSTM and beer. (Please drink responsibly!) |
love craft beer. Nowadays, there are so many choices that it can be overwhelming, which is a great problem to havel Lately | have found myself
becoming... read more ==

Category: Deep Leaming Example Send m Share G+

H 100%

D. Models

E. Videos and Tutorials

-

http://blogs.mathworks.com/deep-learning/

4\ MathWorks
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Why use MATLAB for Image Processing?
Key takeaways

Complete environment

Verified and trusted algorithms

Faster than hand-coding algorithms in C/C++

Open and flexible architecture enables a customized workflow
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Download Image Processing Tips, Techniques, and Code

Author and developer Steve Eddins shares excerpts from his blog, featuring the most popular tips

and techniques for image processing and image segmentation with MATLAB®.

Download the Image Processing Tips and Techniques Kit to get code and
step-by-step instructions for implementing these tasks easily in MATLAB:

v Color Segmentation

v Image Region Analysis

v Watershed Segmentation

The kit also includes several bonus techniques that MATLAB users have
found helpful.

https://it. mathworks.com/campaigns/products/offer/image-processing-tips-and-technigues.htmi
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Blog: Steve on Image Processing

Giuseppe =]
4\ Steve onlmage Process X W Y
&« Cc 0O | @ blogs.mathworks.com/steve/ hd ‘ o
How To Bu

‘ MathWorks-"- Products

MATLAB Central +  All MathWorks Blogs

Concepts, algorithms & MATLAB

Recent Posts Archive

16 SEP Getting the math right

12 SEP Ten years of MATLAB blogging
29 AUG The MATLAB community and me
26 AUG Friday MATLAB Mystery

22 AUG Binary image area filtering

Categories

Colormap 5
Fourier transforms 21
Fixel colors 5
Friday MATLAB Mystery 2
DIFUM tutarials 4

more ¥

Image Processing Toolbox

Solutions ~ Academia  Support Community Events

Subscribe « & Trial software

Steve on Image Processing

<< 1 2 .. 50 = =»

Getting the math right ¥

Posted by Steve Eddins, September 16, 2016

Because | work regularly with developers on the MATLABE Math team, | see the questions that come to them from tech support. Today there was an

interesting cne.... read more ==
=] - [N b - 1

Ten years of MATLAB blogging 1

Posted by Steve Eddins, September 12, 2016

As | mentioned last time, MATLAB Central is celebrating its 15th anniversary. You should head on over there to try one of the two contests, the

Scavenger Hunt and the Triathlon. Or compete in bothl... read more ==
send | [P o4 o EES ¢

The MATLAB community and me 1

Posted by Steve Eddins, August 25, 2016

As Ned Gulley posted over on the MATLAB Community blog last week, MATLAB Central is 15 years old.... read more >>

http://blogs.mathworks.com/steve/

4 MathWorks
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MATLAB Examples

4\ Image Processingand C X Y& Y

=
«->C O ‘@ it. nathworks.com/examples/product-group/matlab-image-processing-and-computer-vision

&MathWorks* Prodotti  Soluzioni  Universita ~Assistenza Community  Eventi

MATLAB Examples
— CATEGORY Close

< Examples Home

Computer Vision System Toolbox
< MATLAB Family

Image Processing and Computer
Vision

| @ AN G

Computer Vision System Toolbox
Image Acquisition Toolbox
Image Processing Toolbox

Mapping Toolbox

K
Feature Based Panoramic
Image Stitching

Vision HDL Toolbox

Face Detection and
Tracking Using the KLT
Algorithm

Automatically create a panorama
using feature based image
registration techniques.

Automatically detect and track a
face using feature points. The
approach in this example keeps
track of the face even when the

Transtormed Teapot

Align Two Point Clouds

Load point cloud data.

Examples ~ Q

View All (59)

Face Detection and
Tracking Using Live Video
Acquisition

Automatically detect and track a
face in a live video stream, using
the KLT algorithm.

http://it. mathworks.com/examples/product-group/matlab-image-processing-and-computer-vision

4 MathWorks
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4\ MathWorks:

Hardware Support in MATLAB

Validate algorithms with live data

Integrate with webcams and IP cameras

Access images and video from network cameras
Webcam and IP Camera support in base MATLAB
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Support for Industrial and Scientific Cameras

= Acquire images & video from industry-standard hardware:

= Manufacturers include:

Camera Link

DCAM compatible FireWire (1IDC 1394)
GIgE Vision

GenlCam Interface

“mwean  //ALLIED 8

n
Allied Vision Technologies

Basler

Baumer 0 |
FLIR

Hamamatsu HAMAMATSU
Point Grey

Teledyne DALSA

= See Hardware Catalog for more details: www.mathworks.com/hardware
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Getting Started Resources

Web Resource Portal

= MATLAB and C/C++ Resources

— Videos
— Examples
— Documentation

41\"Iath\’\forks' Products Solutions Academia Support Community Events Company

MATLAB and C/C++ Resources

Learn about working with MATLAB® and C/C++ to verify designs, leverage existing code, and target embedded processors.

R Simuletion Development
=3 o0
‘ Visual Studio #
CiCos

@pse

® MATLAB to C Made Easy 57:22
A View Related Presentation

B Calling C fibraries from MATLAB

B Call C/C++ Code from MATLAB with MEX
# MATLAB Coder Getting Started Guides

® Integrate Code into Visus| Studio 4:17

[} Deciding between MATLAB Coder and Compiler

(® Building DLLs for C/C++ Applications 5:08

() MATLAB for Product Development 40:52

A T T YL "
Explore Support for Application Pomains

B Visusiizing C/C++ Data with MATLAB

Tips and Tricks for Vision Applications

N

D) View Related Visus! Studio Project Image Processing Functions

(® MATLAB Unit Testing Framework 3:38 Signal Processing Functions

B Write snd Run Tests Using Unit Testing Framework Communications Functions

BEEED

() Finding and Fixing C/C++ Bugs 1:15 Statistics Functons

[:::

Regquest More Function Support

http://it. mathworks.com/matlab-c-resources

4\ MathWorks
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Getting Started Video Series = Wil

YouTube:

- Integrating MATLAB and C/C++ i o
— Visualizing and Testing C/C++ Code —_—
— Using C/C++ Code with MATLAB
— Fixed Point Conversion Overview cl

5?3:__ _ Integrating MATLAB and C/C++

. RS | )
‘ “2- 3 i" by MATLAB - 5 videos - No views - Updated 2 days ago
I F |
N =

» Playall < Share + Save

(>
"'
-

- ,,:—" Integrating MATLAB and C, Part 1 Introduction
1 LT
W by MATLAB

(45 ’, Integrating MATLAB and C, Part 2 Visualizing and Testing CC++
2 ;.&;f-}_ 2o#  Code
B R by MATLAB

ssm Integrating MATLAB and C, Part 3: Using CC++ Code with
—— E MATLAB
== byMATLAB

Integrating MATLAB and C, Part 4 CC++ Code Generation and
Integration

by MATLAB

Integrating MATLAB and C, Part 5 Fixed Point Designer
by MATLAB

https://www.youtube.com/playlist?list=PLn8PRpmsu08rKGu3KagYixmZQV-qYGfE7q

4\ MathWorks

1555

8:07
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Thank you for your attention!
Questions?

Accelerating the pace of engineering and science

@\ MathWorks'
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