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MATLAB with Python

Easier than you think
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Why Call Python from MATLAB?

Already working in MATLAB, and:
- Wantto reuse existing Python code

Need functionality that is only available in Python
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MATLAB EXPP

Call Python from MATLAB &
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Ex : Use a Python Speech Command Recognition System in MATLAB
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https://github.com/matlab-deep-learning/Use-a-Python-Speech-Command-Recognition-System-to-MATLAB

Why Call MATLAB from Python?

« Already working in Python, and:

— Wantto reuse existing MATLAB code
— Need functionality available in MATLAB
— Wantto collaborate with MATLAB users
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Call MATLAB from Python

MATLAB EXIlPO
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Deployment
WebApps

[ Pump Fieet Monitoring X +

G @ o] webapp-06-ah.mathworks.com:

Health Status Updated To: 04-Oct-2021
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Automatic Data Conversion Chart

Data Type Conversions

\

Data types will be automatically >

converted where possible.

Some MATLAB data types need to be
converted.

Cell array

list, tuple

MATLAB Python MATLAB Conversion Function
double, single float categorical char
complex single complex string char
complex double table table2struct
(1)int8, (u)intlé, int timetable timetableZstruct
(u)int32,(u)int64

datetime char
NaN float(nan)
Inf £loat(inf) Note: The default numeric type is integer in

: Python and double in MATLAB when typing 42

String, char str
Logical bool To create a float in Python:
Structure dict 53> x = 42.0
Vectors array.array() >>> x = float(42)

Create integer from MATLAB:
>> x = int32(42)

https://mathworks.com/help/matlab/matlab external/passing-data-to-python.html

/

MATLAB EXP
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https://mathworks.com/help/matlab/matlab_external/passing-data-to-python.html

Data Exchange (Parquet)

T = parquetread("data/healthy.parquet")

T

timestamp Flow Pressure Current

1 27-Jan-2022 30.4092 7.1813 38.°
2 27-Jan-2022 31.6696 7.1952 38.°
3 27-Jan-2022 33.6281 7.2088 38.
4 27-Jan-2022 34.8138 7.2178 38
5 27-Jan-2022 36.4904 7.2300 38.(

6 27-Jan-2022 36.9497 7.2364 38.(

7 27-Jan-2022 37.3693 7.2365 38.(

8 27-Jan-2022 36.4781 7.2432 38.1

| 9 | 27-Jan-2022 37.1206 7.2403 37.¢

df = pd.read_parquet('data/healthy.parquet’)

df .head()

+ Qs

P S

timestamp
2022-01-27
2022-01-27
2022-01-27
2022-01-27
2022-01-27

Flow
30.409192
31.669556
33.628129
34.813787
36.450430

4

A

python

=

A

Pressure
7181319
7.195158
7.208793
7217771
7.229957

Current
38.180181
38.127038
38110161
38.122689
38.073930

MATLAB EXIlPO

Python
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MATLA

Call MATLAB from Python
MATLAB Engine API

1.

4MQ48

Installing MATLAB Engine API for Python

For MATLAB 2022b +

$ python -m pip install matlabengine
For previous MATLAB versions

cd "matlabroot\extern\engines\python"
python setup.py install

Start a MATLAB process Microsoft Windows [Version 10.0.22621.1555]

) ) (c) Microsoft Corporation. All rights reserved.
>>> import matlab.engine

C:\Users\jpark>python -m pip install matlabenginé

>>> m = matlab.engine.start matlab()

Call MATLAB functions
>>> x = m.sqrt(float(42))

22



Engine Setup - Locating setup.py in MATLAB folder

MATLAB EXP
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& armes - Mathworks
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MATLAB EXP

Engine Setup - Installing setup.py

= O X
python X =
® Mz Qts7| - NFH g |
&« - v I « MATLAE » R2023a_KOR » extern > engines » python W G python 44 0
A5 build] 2B LT 2023-04-17 22 330
t
T A E——— dist +HTh ET 2023-04-17 2F 3:30
v
I— " a -
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Call MATLAB from Python
MATLAB Engine API

1.

Installing MATLAB Engine API for Python

For MATLAB 2022b +
$ python -m pip install matlabengine

For previous MATLAB versions
cd "matlabroot\extern\engines\python"
python setup.py install

Starta MATLAB process

>>> import matlab.engine
>>> eng = matlab.engine.start _matlab()

Call MATLAB functions
>>> x = eng.sqrt(float(42))

MATLAB EXIlPO

L

4’14?148
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Running MATLAB Iin Python

¥ Windows PowerShell X + ~

Windows PowerShell

Copyright (C) Microsoft Corporation. All rights reser
ved.

Install the latest PowerShell for new features and im
provements! https://aka.ms/PSWindows

PS C:\Users\jpark> |




MATLAB EXF

Wrg,qg

Syntax Differences When Calling MATLAB from Python »

P\ A

MATLAB Python
>> [s,sidx] = sort(x) >>> s = eng.sort (x,nargout=2)
>> foo (x) >>> eng.foo (x,nargout=0)
—>

> C =A + B >>> C = eng.plus (A,B)

27
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"14%

Demo with a Custom MATLAB Function E »

1. Clean Data ‘

2. Make Function‘ )

3. Make Input

4. Start Engine

5. Call Function



1. Clean Data

F )
4\ MATLAB R2023a

HOME PLOTS APPS LI'VE ED... INSERT WIEW

@M Search Documentation P8l L JamesH

| = -@ Refactor= J
I:Il:::I ™ . (2= compare Morma L> @
New Open Save E3PAE Y | wavigate Ted B ey Code Control Task SECTION  Run  Step Stop
- - —
FILE TEXT CODE RUM o
@ Hl & T r c» Gt audio * -
B Live Editor - untitledé.mlx *
| untitledmbx + = | + |
~ Specify method & .. .
BECy Number of filled missing entries: 2
. ] " 2 ' ‘
Cleaning method | Fill missing ———— Cleaned data
18 - Filled missing entries
Moving window Centered
. 1.6
Max gap to fill
; 14
~ Display results
Cleaned data Filled mis 1.2
1
0 2 4 6 8
1 3
Command Window ]
- Zoom: 150% UTF-8 | LF | script |

MATLAB EX

¥

M4r1,48
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2. Make Function

4\ MATLAB R2023a

T

HOME PLOTS PPS VIEW VRS =0 ‘ Search Documentation
= @5 fxl P g %I h (=] section Break
EEJ e [il Compare + oA _ J’;’:_J S & Profiler =
New Open Save (print v GoTo AFind ¥ Fd e E &3 = o /24 Run and Advance
v v v v Bookmark - v Section Run to End
FILE NAVIGATE CODE ANALYZE SECTION

O X

Step Stop

EPH Hal ™ T » ¢ » Gt » audio »

B% Editor - untitled12 *

| untitled6.mix* | untitled12* ¢ | + |

1[-]  function [cleanedData2,nMissing] = myDataCleaner&fignall A ()
2 % Fill missing data

3 [cleanedData2,missingIndices] = fillmissing(signal, "movmean”,5);

4

5 % Display results

6 figure

7

8 % Plot cleaned data

9 plot(cleanedData2,"Color",[@ 114 189]/255,"LineWidth",1.5,...

10 "DisplayName”,"Cleaned data")
11 hold on
12

13 % Plot filled missing entries

14 plot(find(missingIndices),cleanedData2(missingIndices),”.","Markersize",12,...

15 “"Color",[217 83 25]/255,"DisplayName”,"Filled missing entries")
16 title("Number of filled missing entries: " + nnz(missingIndices))

17 v

Command Window ®
4| 5 usages of "missinglndices” fo... | Zoom: 150% |UTF-8 CRLF | myDataCle Ln 1 Col 45

MATLAB EXPP

"14@4
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3. Make Input

+ Code -+ Markdown | [» RunAll == Clear All Outputs O Restart | -+ L, Python 3.104

make random signal

import random
import numpy as np

signal = random.choices([np.nan, 1, 2, 3, 4], k=100)
print(signal))
[1] v/ 04s Python

=k [2, 1, 4, 1, 4, 1, 1, 3, 2, 4,1, 2, 3, 2, 1, nan, 3, nan, 1, 2, 4, 4, 3,




4. Start Engine

+ Code -+ Markdown | [» RunAll == Clear All Outputs ‘O Restart | =+ B Python 3.104
v/ 04s Python

2,00, 4, 1,04, 0, 2,03, 2, 4,0 35 3. - 1, nan, 3, nan; 1, 2,4 4 .3

start matlab engine

import matlab.enginel

eng = matlab.engine.start_matlabj()




5. Call Function

+ Code -+ Markdown | [> RunAll == Clear All Outputs 'O Restart | *-*  El Python 3.104
[2] v/ 114s Python

run matlab function

Dr» Dy B - @

eng.addpath(eng.genpath("C:/Git/audio”), nargout=0)

rL matlab function
output = eng.myDataCleaner(np.ar‘r‘ay((_jsignali)l, nargout=2)




Automatic Data Conversion Chart

Data Type Conversions

\

Data types will be automatically >
converted where possible.

Some MATLAB data types need to be
converted.

MATLAB Python MATLAB Conversion Function
double, single float categorical char
complex single complex string char
complex double table table2struct
(1)int8, (u)intlé, int timetable timetableZstruct
(u)int32,(u)int64

datetime char
NaN float(nan)
Inf £loat(inf) Note: The default numeric type is integer in

: Python and double in MATLAB when typing 42

String, char str
Logical bool To create a float in Python:
Structure dict 53> x = 42.0
Vectors array.array() >>> x = float(42)

| Cell array

list, tuple

Create integer from MATLAB:
>> x = int32(42)

https://mathworks.com/help/matlab/matlab external/passing-data-to-python.html

/

MATLAB EXP
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https://mathworks.com/help/matlab/matlab_external/passing-data-to-python.html

MATLAB In Visual Studio Code

] File Edit Selection View Go Run ‘- Extension: MATLAB - Visual Studio Code lj E ED 08
EXTENSIONS: MAR... Y O C E Extension: MATLAB X

(EE]s)

MATLAB .0

) .} aratlil SR MathWorks # mathworks.com D 6,611 Y % % % X (8)

Edit MATLAB code with synta...
% MathWorks Installing Edit MATLAB code with syntax highlighting, linting, navigation ...

Matlab Unoffi... @ 562k % 45 Installing 5%
MATLAB support for Visual St...
Xavier Hahn Install
DETAILS FEATURE CONTRIBUTIONS CHANGELOG
| matlab-format... & 141K % 35

format matlab code

Affeniicsel nstall MATLAB extension for Visual
. Matlab Code R... & 103K % 45 StUle COde Programming

Languages
INes COfle eYer g g

Categories




MATLA

MATLAB In Visual Studio Code

= myDataCleaner.m X

: 2 Git > audio > & myDataCleaner.m
[cleanedData2,nMissing] = myDataCleaner(signal)

[cleanedData2,missingIndices] = fillmissing(signal, "movmean"”,5);

figure

plot(cleanedData2,"Color”,[© 114 189]/255,"LineWidth",1.5, ...
"DisplayName","Cleaned data")
hold on

plot(find(missingIndices),cleanedData2(missingIndices),".", "Marke
"Color",[217 83 25]/255,"DisplayName”,"Filled missing entries

title("Number of filled missing entries: " + nnz(missingIndices))

nMissing = nnz(missingIndices);
1

®0A 1 MATLAB: Connected Ln 6, Col 1 (6 selected) Spaces:4 UTF-8 CRLF MATLAB &/
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MATLAB Integration for Jupyter
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MATLAB Integration for Jupyter (mathworks.com)
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https://www.mathworks.com/products/reference-architectures/jupyter.html

Call Python from MATLAB



Setup Instructions

= Pyenv
— pyenv(“Version”, “PATH TO PYTHON")

MATLAB E

Version:
Executable:
Library:

Home =

Itatus:
ExecutionMode:

PythonEnvironment with properties:

"3.10"

"Z:h Usersh jpark' Applatal Local'y WPy64-3 10404 python-3.10. 4. amdéd) python. exe”
"C:Y Usersh jpark' AppData’ Locall WPy64-31040% python-3.10. 4. awd64' python3 10, 411"
"2 U=ers’ jparkh Apphata’ Local WPy54-31040% python-3.10. 4. amdad™

NotLoaded
InProcess

39



MATLAB EX

Syntax Differences When Calling Python From MATLAB e I

|
<

e 4\

Python MATLAB

>>> import math A >> py.math.sqrt (42)
>>> math.sqrt (42)

Betisr R2022a

>>> print('hello', 'world' , sep=', ') ﬁ >> py.print('hello’', 'world’, .sep="',
pyargs('sep',', '))

')

40



MATLAB

Setup Instructions for Calling Custom Python Class

= Pyenv
— pyenv(“Version”, “PATH TO PYTHON")

= Add to Python Path using
— addpath(“path-to-pythonFile.py”)

— filePath = fileparts(which(“pythonFile.py”)
If count(py.sys.path, filePath) ==
insert(py.sys.path, int32(0), filePath);

o

Btho,

Command Window

> pYENV

ans =

PythonEnvironment with properties:

Executable: "C:%Usersh jparkhApplatalLocal' WPyed-31040% python-3.10.4,amdéd python, exe"”
Library: "C:4Usersh) jparkhippData’ Localy WPy64-31040% python-3.10. 4. amdady python3 10, 411"
"2 U=ers’ jparkh Apphata’ Local WPy54-31040% python-3.10. 4. amdad™
3tatus: MNotLoaded
ExecutionMaode: InProcess

Home =

/Set up Python and Python path

end

pyversion

pathToSpeech = fileparts(which('mySpeechRecognizer.py'));

if count(py.sys.path,pathToSpeech) == ©
insert(py.sys.path,int32(9),pathToSpeech);

end

41
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Demo with a Custom Python Class

1. Make ClassP

2. Add Path‘w
Call Method ' @

3.

4’14?148

=
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F_____________________________________________________________________________________________ MATLA
1. Make Class

® class breakfast: Untitled-1 @

class breakfast:
def __init__ (self, menu):

self.menu = menu

f getBreakfast(self):
return self.menu

- addBreakfast(self, food):
self.menu.append(food)
print(i”{food} added”ﬂ




2. Add Path

Command Window

»» addpath("C: \Uzers" Jjpark\0nebrive - Mathllorks'\Desktop™) :
x> py.ays.path I

Python 1list with walues:
['', 'C:y\Usersiy\JparkyvAppDhatayy Local VWITPyed-31040%\python-3. 10, 4. an)
Tze string, double or cell function to convert to a MATLAE arravy.
»» filepartsi(which("Breakfast.py™])
ans =
'CivUzersyiparkOnelrive - MathlWorks'\Desktop!

f{ Fr insertl:y.sys.path, intiz2 (01, filepartsiwhich("EBreakfast.pv™"]] ]l

MATLAB E

Workspace )
Mame » Value
ans "Coflser

44



3. Call Method

Command Window

»» pythonBreakfast = py.breakfast.breakfastipvy.lizt([{'bacon'}, {'eggs'l]
»» pythonbBreakfast.menu

ans = ]:
Python list with walues:
[ '"bacon', 'egqgs']
Uze string, double or cell function to conwert to a MATLAE array.

»» pythonbBreakfast.getEreakfasti)

ans
Python list with walues:
[ '"bacon', 'egqgs']
Uze string, double or cell function to conwvert to a MATLAE array.

fe >> |

MATLAB E

A
Workspace @

Mame -« Value

(€] ans 1x2 list

pythonBreakfast 1x71 brea,

45



Automatic Data Conversion Chart

Data Type Conversions

\

Data types will be automatically >
converted where possible.

Some MATLAB data types need to be
converted.

Cell array

list, tuple

MATLAB Python MATLAB Conversion Function
double, single float categorical char
complex single complex string char
complex double table table2struct
(1)int8, (u)intlé, int timetable timetableZstruct
(u)int32,(u)int64

datetime char
NaN float(nan)
Inf £loat(inf) Note: The default numeric type is integer in

: Python and double in MATLAB when typing 42

String, char str
Logical bool To create a float in Python:
Structure dict 53> x = 42.0
Vectors array.array() >>> x = float(42)

Create integer from MATLAB:
>> x = int32(42)

https://mathworks.com/help/matlab/matlab external/passing-data-to-python.html

/

MATLAB EXP
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https://mathworks.com/help/matlab/matlab_external/passing-data-to-python.html

MATLAB EXP

Al Model Interoperability

TensorFlow Caffe2 PyTorch

TensorFlow-
Keras \ I /
N

MATLAB
F M ONNX (— MXNet

Keras importer

Caffe importer

/TN

Cognitive

Tool kit Chainer Core ML

https://www.mathworks.com/solutions/deep-learnina/models.html



https://www.mathworks.com/solutions/deep-learning/models.html

X MATI
Using Open-source with MATLAB Deep Network Designer

import torch
model = torch.hub.lcad('pytorch/vision:v8.10.8', 'alexnet', pretr:
model.eval()

v/ 04s Python

Using cache found in C:\Users\j

AlexNet(
(features): Sequential(
(8): Conv2d(3, 64, kernel _size=(11, 11), stride=(4, 4), padding=(
(1): ReLU(inplace=True)
(2): MaxPool2d(kernel _size=3, stride=2, padding=©, dilation=1, ce
(3): Conv2d(64, 192, kernel size=(5, 5), stride=(1, 1), padding=(
(4): ReLU(inplace=True)
(5): MaxPool2d(kernel size=3, stride=2, padding=6, dilation=1, ce
(6): Conv2d(192, 384, kernel_size=(3, 3), stride=(1, 1), padding=
(7): ReLU(inplace=True)




Using Open-source with MATLAB Deep Network Designer

MATLAB E

4 Deep Metwork Designer

DESIGMER
& Cut ‘
EII}I 3=] n IEI &, Zoom In % Q?
Mew Duplicate & Copy Fit =, Zoom Qut Auto Analyze | Export
to View Arrange - -
METWOREK BUILD MAWIGATE LAYOUT | ANALYSIS | EXPORT &
| Layer library Designer Data Training Properties '
ImagelnputLayer (2 I
+ INPUT E SeRE Y !
E imagelnputLayer Mame | imageinput | f
— InputSize | 1920.1080,3 |
E’.ﬂ image3ddinputLayer
SplitComplexinputs |:|
ﬂ sequencelnputLayer i _ : Mermalization |zero:.enter | - |
input_1_ Batc. ..
VerifyBatchSiz. .. MermalizationDimension |autu | - |
ﬁ featurelnputLayer '
Mean []
roilnputLayer StandardDeviation [] b
Mim [] -
%[l pointCloudinputLayer =] Conv O o ——
al convolution2dL...
» CONVOLUTION AND FULLY C... T -
convolution1dLayer E
I4 {

k|

49
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MATLAB Web App Server

Develop

MATLAB
App Designer

—)

Package

MATLAB
Compiler

N\

| MATLAB Web App |

—)

Share

4 )

MATLAB Web App
Server

—]

—

4

o-c)

| MATLAB Web App |

Access and Run

4 )

Browser

| MATLAB Web App |

MATLAB EXIlPO

51



MATLAB App Designer
App Development for Non-Programmers

4 App Designer - appl.mlapp*

MATLAB EXP(

LS
LEg Uik
Save CpevertSsvgn Cdfparg
- - - D
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Y ® |
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X
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Slider —_—
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Design View
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Code View
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v app.UiFigure
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WerdWrap:
HorizontalAlignment
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Fontxngie
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MATLAB EXP(

Generate Python Library from MATLAB Functions

‘ g .

30 File Edit Selection View Go Run Terminal Help CallMATLABfromPython.ipynb - weather - Visual Studio Code

CallMATLABfromPython.ipynb X
Trusted | Jupyter Server: local & | Python 3: Idle

Dy Dy DO O+ 8 = 02D
Deploy Python package with Compiler SDK

Export the SineFit MATLAB function to a Python Package to remove dependency to MATLAB in deployment
https://www.mathworks.com/help/compiler sdk/python/pass-data-to-matlab-from-python.html

[g1 [

<\ Library Compiler - AirQual prj

COMPILER s e
e e
or 0|3 (54 Java Package B predictsinCuatm SF O Runtime downloaded from web|MyAppinstaller_web o
[z @z s I © Runtime included in package [ MyApplnstaller_mcr S || bz
~  Project ~ L =

EXPORTED FUNCTIONS PACKAGING OPTIONS SETTINGS | PACKAGE

FILE

Library information

AirQual 1.0
|

Author Na

Select custom splash screen

Set as default contact

Namespace

Lo
b Additional installer options.
Files required for your library te run

EH sirQualModelmat 8 backupdatacsy B backupforecastiesy [ cities.mat £ prepDatam

Files installed for your end user

AirQual [ setup.py
v
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Generate Python Library from MATLAB Functions

MATLAB

Code

B

e

&

~

-

Python

5 | for_redistribution_files_only

Condividi Visualizza

v A « AirQual > for_redistribution_files_only

Nome

AirQual
¢ GettingStarted
D setup

~

Install library

Ultima modifica
22/02/2021 14:53
03/02/2021 11:59
03/02/2021 11:58

= O X
v O 2 Cerca in for_redistribution_files_only
Tipo Dimensione
Cartella di file
Chrome HTML Do... 5KB
Python source file 1KB
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Running with MATLAB Runtime

r

4\ Library Compiler - myDataCleaner.prj — O
I COMPILER _f,
P
ED:' (i ﬁ E§ Java Package ] myDataCleaner.m dh @

| m
Add MATLAB files that demonstra 010

the target language.

| znerate sample driver files in

E % N L

5 myDataCleaners...
— Packaging... —
nple  Add Existing Sample

@ Open output folder when process completes

New Open Save | .NET Assembly ' PACKAGING OPTIONS = Settings Package
v Project v |igaPython Package ¥
w —
FILE TYPE EXPORTED FUNCTIONS SETTINGS = PACKAGE a
Namespace
~ Package X [

e s

A~ e AV

MATLAB EXIlPO

L

'1’&1?148
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MATLAB EXF

Summary:. Using MATLAB with Python

Data Sharing
— Parquet

Interoperability

— Calling libraries written in Python from MATLAB

— Calling MATLAB from Python

Al
— Great compatibility with Tensorflow, Pytorch, ONNX

Deploy Apps & Algos
— App Designer

— MATLAB Compiler

— Production API

ox
alelc]D
|

—

MATLAB S
HE
y ~—

MATLAB pythor
MATLAB

TensorFlow
[&Keras] [ ONNX ] [PyTorch]

MATLAB
Code * Python

ﬁ Python
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MATLAB EXF

Use MATLAB Reference Architectures for Easy Cloud Setup,
Dockerfiles, and Interfaces to OSS

= https://github.com/mathworks-ref-arch/matlab-dockerfile

Marketplace Explore

mathworks.github.io

MathWorks Reference Architectures
s Azure

& hitps:/mathworks.com/doud  ( Verified )

(1 Repositories 35 () Packages A People 29 [1]] Projects

3 matlab-on-aws B matlab-parallel-server-on-aws &) matiab-production-server-on-aws a m a zo n
Stand up a MATLAB desktop with Remate Stand up a MATLAB Parallel Server dluster using Stand up a MATLAB Production Server using "
webservices™

Desktop access using AWS CloudFormation CloudFarmation

Trs7 Yo Dshel Yr17 %8 @Fthon Trid %3

Pinned repositories

&3 matlab-on-azure B matlab-parallel-server-on-azure &3 matlab-production-server-on-azure

Stand up a MATLAB Production Server using

Stand up a MATLAE desktop with Remote Stand up a MATLAE Parallel Server dluster using
Desktop access using Azure Deployment Azure Deployment Azure Deployment
w2 Y10 @Powershell 6 W6 @Powershell Yy6 %3

docker

Type ~ Language - Sort -

" Top languages
license-manager-for-matlab-on-azure planguag

Stand up a Network License Manager for MATLAB using Azure Deployment
@rowershell Fo fr1 (Do [10 Updated 4 hours ago @ Dockerfile ® Shell @ Python

container-images People 29 >

MathWorks container images on Docker Hub

@Dockerfile ¥ 1 ¥rs (Do 110  Updated 19 hoursago {é @ @ o a a
: & W

license-manager-for-matlab-on-aws v &
Stand up a Network License Manager for MATLAB using CloudFormation M

https://github.com/mathworks-ref-arch

@ MATLAB @ PowerShell
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Demo W orkflow

2 |\|||\|\|

(" )

TensorFlow
& Keras

. J

ONNX

MATLAB EXF

PyTorch
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o streamlit_app - Streamlit X -+
& C  ® localhost:8501 O @ 2=
MATLAB

MATLAB or Python

Upload file

Drag and drop file here Browse files

Limit 200MB per file

sigl.wav 86.2KB

» 0:01/0:01

Preprocess
G

shape (96, 64)

Predict




X

X (@ localhost:8502




Demo workflow

iy Data
Preparation

&

Al
Modeling

w

and Test

MATLAB EXIPO
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MATLAB EX

Use Your Mobile Devices to Acquire and Analyze Data ilSSReEE

Preparation

= mobiledev object to acquire data
— microphone property
— GPS —
= Send data to MATLAB or MATLAB »
Online for analysis ;ﬁ?\

= Available both in Android and 1I0S

>
ol

MATLAB Mobile MATLAB Online Desktop MATLAB
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_ ||||||‘|| Data

~ MobileSensorData  x +

Preparation
@ M2 2t=7] - [© NHHE =g
“ S ow P T s MATLAE Drive » MohileSensarData v O MobileSensorliata 24 §=]
o audio » O olg STHE LT =g 37
“ mbappe [ senserlog_matlab.mda 2023-05-15 2% 944 WP AssocFile T2KE
@ sensorlog 3B sensarlog_matlab 2023-05-15 2% 944 MATLAE Data 1KE
[ sensorlog_matlab2.md 2023-05-15 ZE 1026 WMP11 AssocFile S2KE
s & MATLAE Drive £ sensorlog_matlabz 2023-05-15 2F 1026 MATLAE Data 1KE
[ sensorlog_pythen.mda 2023-05-15 2F 844 WMP11 AssocFile 20KE
S & OneDrive - Mathorks 1 sensarlog_python 2023-05-15 2F 944 MATLAE Data 1KE
[ sensorlog_pythen2 mda 2023-05-15 ZF 1027 WWPT1 AssocFile S92KE
U pC 1 sensarlog_python2 JO23-05-15 2F 1027 MATLAE Data 1KE
L
y WS Windows (C)
> W HER=
>y Linux
871 2= =0
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Audio Data Preprocessing and Labeling

audio

4
R
=

0 audio
mbappe

o sensorlog

& MATLAE Dinve
~ [l U Prc
e windows (C)
o UEHN=2
.C. Linu

18} &) & ]

'O Windows (C) s Git s audio

tfrmadel

0
9
" [
/1 ““I:u:. e Ty
a5,

® & .:1_|:-re[§r-:,-ces:=|'ng

& b_trainMATLAB model

breakfast
A
! % python 218 Tt

yamni=t

@ c_simulation

c_testTensorFlowMaodel
O| & Jupyter € £ It

d_audicipp
D xoemmy
d_deployaudioPipeline
0| w2 Jupyter 22 T

| datawvay

| myDatalleansr

wdio g4 fal

el
e
W,

K

0
i
i

QST == HET 7 2023-05-15 22 1126

27 3.44KB

OFF |22 E MTE 7 2023-05-15 2FE 1235
=7|: 500KB

2 ST 2023-05-10 2% 608

27| 227610/ €

5-00 2F 11112

Z0] 000001
=7 SE1KE

2023-05-10 273 11:22

I
0

MATLAE

Data
Preparation
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| MATLAB EXP

Signal Processing + Al Modeling fp  Data
Preparation Modeling

T 1745
- TR A
hf

! o
~ —_—
£ —_—
®
5 —
;‘c} —

2

10

" Signals Jd Vel H/ Train
Spectrogram _ .
Convolutional Trained Model |
Labels G N:vork (CNN)
\

: Pre-Trained Predicted
New SlgnaIJ Transform ) Model J Label
v
X
X
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Data Preprocessing for Deep Learning

»

audio

® Mz BHE|

i EE 178

> e 4 »

& Jlames - MathWorks

ST
4 Oe=c
=X
N
D &

.
=

o

=
jark
02_DTE
Git

EPO

g audic

0 sensorlog

Feferance dides

&% MATLAE Dirive
U rC
5 windows (C)

Um 1A F 213
B2 AfExE}
i 475

W

db

K

Lf PC » ‘Windows (C) » Git » audio

O &g = W

MATLAB E

Data
Preparation

Al
Modeling

nEP e

gitignare
T Git lanore fE opY

_audio

+3 PRI IE

L
o
& a_praprocessing OFjere B HTE o
&

2023-05-16 2T 122
7| 344k

b_trainMATLABR model RIS S 2 T 2T 2023-06-16 278 12:34

7: 515KB

[[T=]

st

= .
i # Python 2 Ty

@ c_simulation o

o_testTensorFlovhadel e
2 Jupyter B8 THE 3

S0 2F 608

IR

23.2KB

d_audioApp ST U 2023-04-16 22 823
#7 PRI TpY 27| 7.45KB

d_deploysudioPipeline L By
o Jupyter & T 262KE

(T 2023-05-00 2% 11112

| B datawvav 20| 0000

27| &5 1KE

T 2023-05-10 273 11:22

| myDataCleaner

o Objective © 22 g S| gaaHIO B
| myDatalleaner AR LT 2023-05-10 23 1233
w2 PRI IO =7 a.a0KE
| myDataCleanerSample2 AT WT 2003-05-10 2F 12:33
o Ohjective © @& ME =) 214HIO B
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Importin

Current Folder | Command %Wind

g Al Model

HOME PLOTS LIVE EDITOR INSERT B S I I < e ch Documentation

'L e [EJ (&iCompare =g <8 Aa Mormal = =| == ~_] 4 Refactore | [E] section Break o (i

e S e = = E == > &

Mew Open Save B Print ¥ Go Ta A Find ~ Text B I ﬂ M Code Control Task Run Run and Advance Run Step  Stop

- - ~ lEepot ~ ~ W Boockmark ~ = §E|_ = = - - b f¢  Section B Run to End

FILE MAVIGATE TEXT CODE SECTION RUN
o Hal @ T rcor oGt »oaudio
'rﬁ‘ E, Live Editor - C-Wat#Waudio®h trainMATLABmodel mlx
a_prepracessing. mbx | b_trainMATLAEmodel mix +

1e

Select Pretrained Network

Prepare and train the network interactively using Deep Network Designe%. To open Deep Network Designer, on
the Apps tab, under Machine Learning and Deep Learning, click the app icon. Alternatively, you can open the
app from the command line.

deepNetworkDesigner

Deep Network Designer provides a selection of pretrained audio classification networks. These models require
both Audio Toolbox™ and Deep Learning Toolbox™,

4\ Deep Network Designer Start Page

Getting Started | Compare Pretrained Networks Transfer Learning

Zoom: 15084 UTF-8 LF scnpt

MATLAB EX
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‘ 4\ Deep Network Designer

DESIGNER

ED] ) ; IZ] & Zoom in

New C ¥ Fit & Zoom Out
aste | to View

NETWORK BUILD NAVIGATE

2 B ¢

Auto | Analyze | Export
Arrange v v

LAYOUT | ANALYSIS | EXPORT

Importing Data and Training Al Model

MATLAB EXIlPO

|

i Layer library

resize2dLayer (for reference input)
resize3dLayer (for scale)

resize3dLayer (for output size)

F X E |

resize3dLayer (for reference input)

4
(o]
c
pes |
o
c
-

EEEEROREBEOR

softmaxLayer

sigmoidLayer
classificationLayer
regressionLayer
rpnSoftmaxLayer
rcnnBoxRegressionLayer
rpnClassificationLayer
pixelClassificationLayer
dicePixelClassificationLayer

)

yolov20utputLayer

1 ﬁ focalLossLayer

Designer Data Training

h 4

global_averag...
globalAverage. ..

|

v

fc
fullyConnected. ..

/‘]

(
\ 4

softmax
softmaxLayer

L \

)

h 4

ﬁ classoutput
EE classificationlLa...

¥ Properties
Input type Image
Output type Classification
Number of layers 86

Number of connections 85

v Overview

»|

74



MATLAB EXIlPO

Testing Trained Al Model in MATLAB

4\ MATLAB R2023a

S INSERT VIEW =S 5 59 & Search Documentation Pl £ Jamest! -~
11;1 Compare @5 = Normal ¥ = D4 @ Refactor v %" EI Section Break
o | Eown| gy €5 | ] e = ) e B e
New Open Save EPnnt = | gomp i ¢ B I UM Code Control Task 7o % %3 Ran| LS Run and Advance Run  Step Stop
- - v |lm&pot v v  [{ Bookmark ¥ = - v b3 = section B RuntoEnd

FILE NAVIGATE TEXT CODE SECTION RUN -
@ Hpl & T ¢ roGit > audio » v P
‘g E] Live Editor - C:#%Git¥audiowh_trainMATLABmodel mlx ® x

5 [ a_preprocessing.mlx [ b_trainMATLABmodel.mlx = | +
FUCATIEIIIY Wi, WUVl S ~ RSN IO TS VI T e N OUO OO IO T T VY OO

programmatically prepare the data for training, create the network architecture, and train the network.

Test Network

Classify the test data using the exported network and the classify function.

| Current Folder | Command Wind

11 [audioIn,fs]=audioread('audiofiles/matlab/sigll.wav');
12 info.Label = "matlab";

13 info.SampleRate = fs;

14 [data,info] = audioPreprocess(audioIn,infly)

15 classify(trainedNetwork_1,data{1})

16 [audioIn,fs]=audioread('audiofiles/python/sigll.wav');
17 info.Label = "python";

18 info.SampleRate = fs;

19 [data,info] = audioPreprocess(audioIn,info)

20 classify(trainedNetwork_1,data{1})

4 »

m. Zoom: 150% UTF-8 |LF | script Ln 14 Col 44 75




Testing Trained Al Model in Python

~ audio
® MZ Hs7]

~ ¢« > v 4 @

=

> James - Mathwoarks

|
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Lw]
=
m

1 EXPO
o audio
o sensarlog

o data

> & MATLAE Drive
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T » = Windows (C)

3

db

WP s Windows (T »
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o 2870 BE 170 TS T 22.9K8

" toumnd

A = w e
© B B W oy ™A
Git > audio v G audio 24 o
_audio SEE ST 2023-04-16 2% 523
7 SEEER T =7 10oHt0| E
@ Apreprocessing O 2 2 HTE YT 2023-05-16 @ 12:31
37) 244KE
@ b_traindM ATLABmodel OFF 22 2 s YTk 2023-05-16 28 358
37| 524KEB
breakfast SEHE TR 2023-05-10 2F 608
7 Python & oty i
@J f i OFF|9f = 2 HThE 97 2023-04-16 2% 822
37| 27.1KB
) a c_testTensorFlawMadel SHE LT 2023-05-16 27 4:00
23 Jupyter Rt T 37| 22 9KB
d_audiodpp TE TR 20230416 R3F 323
P 2= Ty 27| TASKE
a _deployAudioPipeline SFEHE TR 2023-05-00 2F 11012
FE Jupyter # & oy 27| 262KE
D dataivay 20| 000001
37| 26.1KE
D myDataCleaner SEE YT 2023-05-10 27 11:22
23 Objective ¢ B2 Tty == Teagsial=
myDataCleaner +EE U7 2023-05-10 2F 12:33
27 PRI IHY 37 6.60KE
D myDataCleanersamplez SEE TR 2023-05-10 RF 1233
T Objective ¢ HE Oty =7 214801 E
&j README ST ST 2023-04-16 2F 523
SE Markdown #E oY =71 2.01kB
=0
[ZO0m: 150 [CRLF [ audioPreprocess L9
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Testing Trained Al Model in Python with MATLAB

c_testTensorFlowModel.ipynb @

C. > Git ? audio > c_testTensorFlowModel.ipynb > M#Test TensorFlow Model > MiUse test data > id = np.argmax(Y)
+ Code + Markdown | [» RunAll = Clear All Outputs ‘O Restart Variables = Outline - B, Python 3.104

Use MATLAB Engine

import matlab.enging&
m = matlab.engine.connect_matlab()

(audioIn,fs)=m.audioread('audiofiles/matlab/sigll.wav', nargout=2)

info = {"Label" : "matlab","SampleRate" : fs}

m.cd( 'mlmodel’)
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Deploying as Python Package from MATLAB

-
4\ MATLAB R2023a

PLOTS APPS LIVE EDITOR INSERT VIEW 1 o) 2 Search Documentation L Jamesd ~

Variable v P> Analyze Code {G) Preferences a) % Communi
l@c[bﬁ[annmes&wg A Ca) @ﬁ &@%ﬁ i
New New Open (] compare Import Clean Save Workspace Favorites = Rur:and: time Simulink = Layout SekPath Add-Ons  Help — M e
Script Live Script  « Data Data Clear Workspace ~ > Clear Commands v v Parallel » 2 v Learn MATLAB
B k @ cl d il paratiel o
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES =
G EHagl & T co»Git > audio » v P
z B Live Editor - C:#Git#audiowb_trainMATLABmodel.mlx ® Workspace ®
_‘SE [ a_preprocessing mlx | b_trainMATLABmodelmix 3 | audioPipelinem * | audioPreprocessm | predfenm | + | Value
= @ pretrained network. Each input signal generates multiple n 1
= . 1x1 audioDatastore
E spectrograms, so the labels must be duplicated to create a one-to-one 1x1 audioDatastore
o . 1x1 audioDatastore
3 correspondence with the spectrograms. St stdloD s
_g 6x2 cell
- % S - 5 . 16001x1 double
5| 33 function [data,info] = audioPreprocess(audioIn,info) 6x2 cell
3| 34 class = info.Label; "
. 6x2 cell
35 fs = info.SampleRate; ‘audiofiles'
- 16000
36 features = yamnetPreprocess(audioIn,fs); T i
37 4x2 cell
. I 86x1 Layer
38 numSpectrograms = size(features,4); 1x2 cell
1x1 TransformedDatastore
39 1x1 TransformedDatastore
40 data = cell(numSpectrograms,2); 1x1 TransformedDatastore
. 6x2 cell
41 for index = 1l:numSpectrograms 1%6 string
42 data{index,1} = features(:,:,:,index); 1x1 SeriesNetwork
. 1x1 struct
43 data{lndex, 2} = ClaSS; 6x1 ca(eggnca[
44 end 1x6 categorical
45 end
4 »

L‘ 4 usages of "info" found Zoom: 150% |UTF-8 [LF [ script Ln 32 col 25 _ 78




Testing Python Package

d_deployAudioPipeline.ipynb ®
C. > Git ? audio > d_deployAudioPipeline.ipynb » MtDeploy audio pipeline > M¥Python Package » import audioApp
+ Code + Markdown | [» RunAll = Clear All Outputs ‘O Restart Variables = Outline - B, Python 3.104

Deploy audio pipeline

Python Package

cd audioApp\for_redistribution_files only
python setup.py install

import audioApd
app = audioApp.initialize()

data = app.audioPipeline('audiofiles/matlab/sigll.wav')
data[1]
Python
In1,Col16 & 0O {3
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Deploying Python Package as WebApp

audio X +
/ -
® Mz g7~ & O @ B W ny=E- gEgyc -
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Al Interoperablility - Demos

= Converting TensorFlow & PyTorch models into MATLAB

github.com/matlab-deep-learning/Image-Classification-
iIn-MATLAB-Using-Converted-TensorFlow-Model

= Co-executing TensorFlow & PyTorch with MATLAB

qgithub.com/matlab-deep-learning/Image-
Classification-in-MATLAB-Using-TensorFlow

DEEP LEARNING Livestream

USING MATLAB WITH

With Heather Gogr, PhD
And Yann Debray

MATLAB EXP

4 A

TensorFlow

. J

TensorFlow

4 )

. J
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github.com/matlab-deep-learning/Image-Classification-in-MATLAB-Using-Converted-TensorFlow-Model
github.com/matlab-deep-learning/Image-Classification-in-MATLAB-Using-Converted-TensorFlow-Model
github.com/matlab-deep-learning/Image-Classification-in-MATLAB-Using-TensorFlow
github.com/matlab-deep-learning/Image-Classification-in-MATLAB-Using-TensorFlow
https://www.youtube.com/watch?v=ViI01KNIMh4

Al Interoperability - Examples

Hyperparameter Tuning in MATLAB using Experiment Manager & TensorFlow

Audio Experiment i R
Toolbox Manager
,!. TensorFlow
LB - J

( )

Image
Labeler
TensorFlow

. J

Use a Python Speech Command Recognition System in MATLAB

MATLAB EXP(

83


https://github.com/matlab-deep-learning/Hyperparameter-Tuning-in-MATLAB-using-Experiment-Manager-and-TensorFlow
https://github.com/matlab-deep-learning/Automate-Labeling-in-Image-Labeler-using-a-Pretrained-TensorFlow-Object-Detector
https://github.com/matlab-deep-learning/Use-a-Python-Speech-Command-Recognition-System-to-MATLAB

MATLAB EXPO
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