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Class Objectives

e Before this class:
* Basic C programming language design skills
 When you finish this course, you will be able to:
* The basic information to implement Al/ML at the edge.
* Be familiar with MPLAB Machine Learning Model Builder.

* Enable to configure and deploy model on the small processors.

* You won’t be able to learn:
* Making you an Artificial Intelligence/ML expert.
* Build a Large language model.
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Agenda

Artificial Intelligence and Machine Learning
Introduction of Edge Al

* LabO: Initial Setup

Data Collection

« MPLAB® Data Visualizer
* Labl: Collect Data by MPLAB Data Visualizer
Organize: label and prepare data

e MPLAB® Machine Learning Development Suite

* Lab2: Organize: Label and Prepare data
Analyze the data & Introduce ML model

* Lab3: Analyze the data & Build and Test model
Explore & Test model

e Lab4: Explore & test model
Deploy the model

* Lab5: Export & Deploy the Model
Large Language Models
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Software Prerequisite and Installation

e MPLAB® X IDE v6.20 hitps://www.microchip.com/mplab/mplab-x-ide

e MPLAB® XC32 v4.35 nhttps://www.microchip.com/mplab/compilers

* SAMD21 DFP v3.6.144 (pevice Family Pack download from X IDE Tools Packs)

* CMSIS v5.8.0 (common Microcontroller Software Interface)

* Install MPLAB® ML Model Builder v1.1.0

* Install MPLAB® ML Data Collector v1.2

* Apply “MyMicrochip” account:
https://www.microchip.com/myMicrochip/#/

* TeraTerm
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Hardware Prerequisite

e APP045 EV Board with SAMD21
e 6DOF IMU 2 Click board
 Micro USB transmission cable

* Debugger

°’°\’f e\
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Introduction of
Machine Learning
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Artificial Intelligence and Machine Learning
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Al, ML and DL

Al (Artificial Intelligence): technology that enables computers and
machines to simulate human intelligence and problem-solving
capabilities.

* ML (Machine Learning): a type of artificial intelligence (Al) focused on
building computer systems that learn from data.

* DL (Deep Learning): a subset of T 4
machine learning that uses

INTELLIGENCE

multi-layered neural networks, {3
0 20:
called deep neural networks,
to simulate the complex LEARNING
« . . MACHINE
decision-making power of the e LEARNING

human brain.
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Why is it so popular now?

 Advancements in computational power
 Vastly parallel operations
* Virtual computing and Data Center

* Large Datasets
* Example data

* Algorithms
* New algorithms
* Accessibility

* Automation

* ‘Intelligence’ and automation
 Sustainability
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Machine Learning

* Machine learning (ML) is a technique of using computers to
predict things based on past observations.

* A set of algorithmic methods that discovers patterns from
seemingly unrelated data, providing you with important
information to facilitate decision making.

Final Model
Model
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4 kinds of Machine Learning

Supervised Learning Un-supervised Learning

Give label and data Unlabeled data
Provide examples. Let computer find

the underlying rules in the examples.

Give the standard answer while
training.

- \

1

Semi-supervised Learning Reinforcement Learning

Unlabeled data

Small amount of labeled data
. Tell computer whether the steps are
Large amount of unlabeled data correc’F, the machine will modlfy by
\ 2 environment and experience.
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How does Supervised Learning work?

TensorFlow C affe

Server, Infrastructure
Tensorflow, Caffe etc.

App Integration

\4 “inference”
Training:
Input S —>

/' Computer Program

Learning Time (i.e. ML Model)

Training:
Expected Output
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Edge Computing vs. Cloud Computing

* Cloud Computing: Transfer the data to
the server on the Internet, and use

the high-performance advantages of

the server for calculation and processing.

* Edge Computing: The data is calculated
directly on the local side. It can overcome
the problem of data transmission delay
and facilitate instant judgment and
decision-making.
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Why Al at the Edge?

* Edge Al: Execute the application of artificial intelligence algorithms on
edge computing nodes such as embedded devices and sensors.

* Edge is the location of Data Processing near the source of Data
Generation

Reduce Power Consumption |

| = o Privacy and Security l |

\\Z.”  Data stays on the device, gets processed GJ Stay operational for longer periods of
k < Jocally. time.
N | & |
| Real Time Operation , | Reduce Cost l
Process data real-time on the edge Save on compute costs, storage, and less
device, without having to wait for a communication.
X response back from the cloud. | \_ |

@ MICROCHIP
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ML Edge Applications

Machine assistance
for faster, better

Surveillance / security
with granular, real-time

Smart Embedded

Vision - Y monitoring and
Enhanced quality and S & response
productivity at factories o

Smart Human Machine
Interface (HMI)

Local processing for voice

: _ . Real time, interactive gesture
interactive appliances

recognition

Smart Predictive
Maintenance

Detect ageing / environment Predict ‘and prevent Water / hazardous leak
driven degradation system failures detection and alarm

. A8\ MicrocHip



22

Machine Learning workflow

Build & Label
Datasets

Evaluate
Inference

Model
Architecture

Training
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What is the goal of today?

* Build a boxing recognition model and deploy it on the APP045
development board with 6-axis G-sensor.

* The model should recognize 4 different actions, and which is:
* Straight
* Righthook
* Uppercut
* Freeze

@ MICROCHIP
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Problem ldentification

* Detect boxing action posture

 Straight, Uppercut, Right Hook, Freeze.

* Traditional approach(es)
* Camera, Computer vision
* Dynamic system, Hand tracking
* Let’s try Machine Learning
* Does it offer any benefits?
* Development speed?
* Accuracy?
* Code size?

@ MICROCHIP
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Lab O Initial Setup

 Verify the hardware setup and open the project.
* APP0O45 EV Board with SAMD21
* 6DOF IMU 2 Click board

* Check the project configuration and inspect the operation of the
supplied sampling program.

W

S 80.
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Lab O Initial Setup
Step 1

e Assemble BMI160 click board on APP045 with mikroBUS socket.
e Connect the APP045 to the PC.
* Connect Debugger

o

sl \\
: S 1 A AN a iy
H@S 302 m‘\w -

| ,v, mii @Q

@ MICROCHIP
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Lab O Initial Setup
Step 2

* Open MPLAB X IDE.

W23 MPLAB X IDE v6.20 - X I
|| File Edit View Navigate Source Refactor Production Debug Team Tools Window Help | |

PEGES HDE BB )T 2-QR Qw208 @ oo

StartPage x|

v LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
~
! \ m Helpful Links
| S i e n — = D E v Tu ﬂ L « Development Tools Overview
MACHINE LEARNING P -
{ DEVELORMENT SUITE ICkITS « MPLAB Discover
pete b e ) IN-CIRCUIT DEBUGGER i
v SOEEEEEED T « MPLAB XC Compilers
v— v * MPLAB Code Configurator
« Browse Evaluation Boards
* Developer Help
Dou b | eC | | C k | MPLAB® Machine MPLAB® PICKkit™ 5 In- Dev Tool Bits * Microchip University
1 L *) Learning Development Circuit Debugger Now * Support

Suite Now Available Available View these short and informative

MPLAB X lDE videos for words of wisdom from
MPLAB Machine Learning Our favorite pocket-sized Microchip experts themselves. Leave

VG.ZO Development Suite Model Builder is debugger/programmer lets you a comment about any topic you'd
available as a plug-in for MPLAB X prototype and debug your solution, like to see covered in future videos
IDE. This plug-in fully automates and then unplug and bring the
each step of the Machine Learning device with you to deploy that
(ML) workflow and speeds up your solution out in the field.
.. £ . hd
@
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Lab O Initial Setup
Step 3

» Click k=% icon or File -> Open Project
* Open project LabO0 APP045 ML

& Open Project %
D ~L.00k in: Lab0_APP0O45_ML < 5
'u-:!': 1 ] ~ A .
Recent Items | ta b0 APP045 M L.XJ Project Name:
22 T o IoT
G [ Lab0_APP0O45_ML.
. @] sre % Open Required Projects:
Des} @ mplab-dv-workspaces
Wns
This PC

‘ File name: C:\Excercises\Lab0_APP045_ML \Zj Open Project
Network  Fiesoftype:  [proect Folder T Cancel )
29 ﬁ\ MICROCHIP
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Lab O Initial Setup

Step 4

* Projects > Header Files > app_config.h

Projects x Files

=l LabO_APP0O45_ML

r—"}- Header Files
[ app_config.h | i

brmi 160

B config
& pads

-« ringbuffer.h
'E sensor.h

. sensor_config.h
(i Important Files

£ Linker Files

- Source Files

G- Libraries

ﬁ Loadables
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Lab O Initial Setup
Step 5

Make sure the Data Streaming Format is MDV.

58 oanta eami Cj rorma INg seiecTIof

59 []5 #Hifndef DATA_ STREAMER FORMAT

‘ 60 #Hdefine DATA STREAMER FORMAT | DATA STREAMER FORMAT MDV
61 [ #Hendif

31
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Lab O Initial Setup
Step 6

* Line 69 Check Sample Rate is 100.

32
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Lab O Initial Setup
Step 7

* Clean and Build Project
* Click & icon to Program the Project.
* Output Window will show Programming/Verify Complete.

QOutput =
Lab0_APP045_ML (Build, Load, ..) = PICkitd =x= PICkit 4-Lab0_APP045_ML x
lcul f ope
Er £
he f ar be p ]
program memory: start address = 0x0, end addrezs = OxSbff
figur
Due to the larse memory ran h d h f mem h have b with de (via the build process d h f w

33
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Lab O Initial Setup
Step 8

* Open Data Visualizer. Click icon @

|
3 5 - m
actor Production Debug Team Tools Window . X
~ Search (Ctrl+)
;
- :"-!' v [Hig. w
SRC E 1 b
d — T rva
P e Time Piot 2] . A 3 A vessages @ Hep Dari Theme
g
& ="a
B ¢ | 8] Serial Ports v ——
" g 7 Marker Time Axis
55| comao [T lss x 05 »
ip] & 200-] Data values ¢
|nz
o Mark T snz
f Touch ? 200 Data Axis
] —
E: |
]
8 100 No Source v reof
2
' @ Add Piot
£ 0 ||
%l @® Add Data Avis
g
-1004
s i
] i T T T T T T T T T )
g Os 1s 2 3s 4s 5s 8s 7s 8s os 104
2
® | WL Data Collector X |

MPLAB® ML Data Collector

[ LOGIN WITH MICROCHIP ACCOUNT }

]

=]
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Lab O Initial Setup
Step 8

OR

* Open Data Visualizer.
Select
Window ->
Debugging ->
Data Visualizer.

|

[ Window ]

Window, Help

J
~T g - B

Kit Window = | Start P,

bugging ]

Call Graph | Seart
Scripting x MPLA

Loading script fi

Loading script fi

@

delle«degEs e d

M mnt Manager
MP ode Configurator v5

>@-§-‘f@@ m w How do I?

LEARD

Kit Window

Projects Ctrl+1
MPLAB Discover

Files Ctrl+2
Classes Ctrl+9
Favorites Ctrl+3
Services Ctrl+5
Dashboard

Navigator Ctrl+7
Action ltems Ctrl+6
Tasks Ctrl+Shift+6
Output Ctrl+4
Editor Ctrl+0
Debugging

Web

IDE Tools

Target Memory Views

Simulator

Event Recorder (Beta)

Programming Center

Configure Window

Reset Windows

Close Window Ctrl+W
Close All Documents Ctrl+ Shift+ W

Close Other Documents
Document Groups
Doculpenls Shift+F4

Loading script fi

Loading script fi

~L=3 Data VisualizerE

s \Userg

Loading seript fi

:\Users‘\A/6905\. mchp_packs \Microchip'\SAMD21 |

Loading script fi

\Users'\A76905". mchp_packs'Microchip\SAND21 |

Loading script fi

- \Users\A76905". mchp_packs'\Microchip'SAMD21 |

Output
Variables
Watches
Call Stack
Breakpoints

Sessions

geEO0d

Sources

Disassembly
10 View

PIC ApplO
ITM Display

Trace

G EHECE

Stopwatch
PC Profiling

Code Coverage

ﬁ r

Data Visualizer
Power Moenitoring
DVRT for Project (Lab0_APP045_ML)

eae

Triggers

|

Alt=Shift+1
Alt+Shift+2
Alt+Shift+3
Alt+Shift+5
Alt+Shift+6
Alt+Shift+8
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Lab O Initial Setup
Step 9

Load the DV workspace from the project.

e Click 71 Lezc.. jcon.

* LabO_APP045_ ML/mplab-dv-workspaces/DataCollection.dvws

l g Load...

|| @ mPLAB Data Visualizer » i T src\main.c x
1 y ) I
Workspace: D Clear a Load.. H Save ==+  Views:

Touch | % > fTime Pl

N
|
- Tatul D

Connections

36

x |

\2) ———
Look 5 mplab-dv-workspaces v |2 I CI'Ck 2 times !
BN 1. Collcction.dv N
Rm”“t[ DataCollection.dvws |
Val

D

i i 7| g Ll

Network

You have unsaved changes. Do you want to continue
without saving? Unsaved changes will be lost.

3/
nts

4

File name: DataCollection.dvws Open

Fles of type:  workspace (*.dvws .json) Files v Cancel @ MICROCHIP




Lab O Initial Setup
Step 10

 Variable Streamers > tosource »

> COMxx

@ New... ,i, import...

.--4 Click !
£

)

r
.

Workspace: [) Clear 27 Load.. [F)Save see

‘I

EEE Auto-configure

s op O

o) 2

No Source v% >

(x)

Variable Streamers X

\3m
{ COM20 \ COMxx ]

-

Touch Session on Touch

[Variable Streamers?

37
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Lab O Initial Setup
Step 11

* Sensor> £} (Source Option) > Baud Rate: 115200

Workspace: D Clear Jﬁ Load.. H Save eee

@\Jew... ,i.ln"part... [ﬁl Auto-configure =
£ Sensor | Click |# © p* T
x ] =

COM20 w %
» s, \
) DM20 Settings
e | (x) Variables
£ Saud Rate: 115200 [ 115200 ]
e
g (x) ax Char Length: 8 bits ¥
L
g Parity: Mone *
] o
- aY
(x) Stop Bits: 1bit ¥
aZ
x)
ax M

@ MICROCHIP
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Lab O Initial Setup

Step 12

e Start Variable Streamers

* Click

» icon

4rwi

||5 [ startPage x | MPLAB Data visuaizer x |
| ]

- Dashboard Oh EJFnles |5‘ Project:

Variable Streamers X

Lab0_APPO45_ML

(7) Navigator

¥ Auto-config

Config ID: Not decoded

N\

Labo_APPO45_MLX [l )

Search path:

Recrciu

- - .
*5e Change Project  # Project Metadat

Workspace: D Clear ;'nj Load B Save ***  Views: B Time B3 terminal **+ | Protocols: EE] DVRT Session ... Messages
@ New.. li, Import.. [E‘j Auto-configure
= Time Axis
Sensor s ] iy
fx £okrD Je913.4s
COM20 » ﬁ 5k Data values
I 169
I-s—1= » Merk
(x) Variables K~ 204k Data Axis
|18
' Variable Streamers | | !
o
\ J aX on Sensor
0=
) aY a¥ on Sensor
aZ on Sensor
(x) = 3 @® Add Piot
Data Axis
gx A
x) .
aX on Sensor
Y
(x) g g¥ on Sensor
7 gZ on Sensor
9 o
x) ® Add Plot
(® add Data Axis
T T T T T T T T T 1
Ge28s 6020s 6030s 6031s 6032s 6033s 6034z 62353 6028s 6037s
Sensor Options
Auto-config enabled: ML Data Collector X

MPLAB® ML Data Collector

a ML First Project

@ Hep

10s

‘1, Snapshot...

w
(=]

Dark Theme

<&

n
R |
éom
éom
éom
T .o
bom
éofd
éof

[—P Logout
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Lab O Initial Setup

Result Time Axis |
70677.1s 10s

* Time Plot Graphic Window will & ot A snapshot..

ShOW the raw data, | Data Axis for Accelerometer
A just 512 T .

v

Views: B TimePiot [ Terminal *ss | Protocols: [EE) DVRT Session A essages Help Dark Theme =%
= oo B ; ‘ il aX on Sensor v Log
=%

- Time Axis

7] Ia%:;ss \ I e 105 i || aY on Sensor v I . o
I_E" 1 hot...
I‘.-fa:k A \ l . ata Axis - az n

0+ i-: {};;5' . _,’-J}‘\ sc— :\m{,w . N%P‘u e _‘p\hy\ S—— 5’% ——— D; 512 : e onserer . E . G
I V 'l,‘ : ’ aX on Sensor 1 @ Aﬂd P Dt

o Data Axis for Gyroscope |

: |

| Data Ax — - -

\( }\ [ st 512 $:m \ULO adjust 2e $ v
1) W—WJ '\f‘f«x»—-—-\ e e ;r«-r)ueﬁr. = | gxonSensor viXx 4O

\ ] J / iL gY on Sensor 6o g}:’ on Ser\-sar w E . 0

gZ on Sensor

Greere gY on Sensor v [ § O

708885 708885 708875 708635 70860 708705 708715 708725 708735 708745 @ Acd Data Axis
=
gZ on Sensor v I § O
(®) Add Piot

@ Add Data Axis

Bl Bl 8 &l

4
[
-
0

4
&
>
]
El B Bl B8t

4
[
-
0

=)

4

4
[Z
o
<]
=]

a gl a

[> Logout

@)
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Data Collection
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Select and Collect dataset

* Data is the basis of model training.
* Quantity
* Quality

* Diversity
* Performance evaluation
* Ethical

* Where to get the data?
* Acquire it
* Buy it
* Build it

@ MICROCHIP



Example MNIST

e Collection of handwritten digits widely used for training and testing in

the field of machine learning and computer vision

70’000images 0000060290002 000
gl AR RN RVAV AN VAV AN AN AR WV

* 60,000 training samples 222223222021 43222
* 10,000 testing samples 3323333333333 333
. H#lt a9 4y #yadq 484
ImagePropertles 55|555S$5S5557<s5 5557
* Grayscale images (0-255 levels) L6 6blGbbbdése ébelel
° S|Zeof28)(28p|xe|s T7977T7rT7090 712 F7 77
Y2 f®8 %P T YL TTY LTS

Labels 7191919199942 94 944999

* Each image is labelled with the digit it represents (0 through 9)

Benchmark for evaluating the performance of image processing systems

Availability

* The dataset can be freely downloaded for use with various data science and
machine learning libraries

Useful for creating Convolutional Neural Networks

@ MICROCHIP
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Example MS COCO

* The Microsoft Common Objects in Context — Object detection,
segmentation, and caption. Pre-divided into training, validation, and
test sets

* 80 object categories with a wide range from everyday scenes.

* Diverse and Complex Scenes - |- | e
* Closely resemble real-world scenarios EEEEH&Q%
* Detailed annotations HEVES ¥R
* Object bounding boxes sl e AT Bl -
* Segmentation masks “ ﬁm.mﬁg & i e

* Image captions
* Over 200,000 labelled images
* Image Captions
Updated yearly
* Free for researchers

o ol T

@ MICROCHIP
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Obtaining Datasets

* Limited number of free datasets
* Check licenses
* Dataset Providers
» Kaggle (public datasets)
* Subsidiary of Google

* Companies that will create a dataset (for a fee)
* Scale Al

* MTurk (Amazon Mechanical Turk)
* Crowdsourced marketplace for data labelling

* Most focus on image analysis or Generative Al
* Create your own

* Sometimes only viable option

* New products/fields-of-play

* Where data confidentiality is important
* You know your data

* But you can be too close to it

@ MICROCHIP



Vibration Analysis

* Bearing Data Center (CWRU)
* Vibration sensor samples at 12kHz

* EDM Artificial Damage |

* Machinery Failure Data

* Extensive set of vibration readings

* Common failure modes for broad range of machines

e NASA Acoustics and Vibration Database
* Great for building rockets

46
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Machine Learning workflow

Build & Label Model
Datasets Architecture

Digplen ‘ Evaluate ‘ Training
Inference

@ MICROCHIP



MPLAB® Data Visualizer




MPLAB Data Visualizer
 MPLAB® Data Visualizer is a free debugging tool that graphically

displays run-time variables in an embedded application.

* Available as a plug-in for MPLAB X Integrated

49

Development Environment (IDE) or a
stand-alone debugging tool, it can

receive data from various sources MPL AB“’

such as the Embedded Debugger T
Data Gateway Interface (DGI) and UIELIRLIZER

COM ports. ‘v

View Data Stream format for DV

@ MICROCHIP
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Interface of DV

(@) MPLAB Data Visuaiizer x |

Workspace: DCear ;ﬁLoad... BSave eee

views: B TimePlot [=) Terminal *s»  Protocols:

Serial Ports
COM20

Connections

Touch

v

&3

Time Plot X
| marker
| o4s
2004 Data values
| n/a
200
100
D -
-100 <
! T T T
0s 1s 2s 3s

Line 1nput

Gs

8s

@s

109

1) v

.!. Messages 0 Help (_ Dark Theme

Time Axis

0s

o Mark
Data Axis

Auto adjust

No Source

@® Add Piot

(® Add Data Axis

Input

Source:
Display
Az

Input Filtering:
Output

Newline
Character:

Echo to Screen:

8-bit ASCII

¥

-
-

v 3P ¥ o

512

Bt 8l

No Source v -}:} »

4

4

Clear Termina
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Interface of DV

e Connections

Connections

g\ MICROCHIP
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Interface of DV
* Time Plot Graphic Windows

[Time Plot Graphic Windows]

T
55
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Interface of DV

* Graphic Properties

@ Add Piot

(@ Add Data Axis

Graphic Properties

@ MICROCHIP
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Interface of DV

e Terminal Windows

Terminal Windows

@ MICROCHIP



Interface of DV

* Terminal Properties

Echo to Screen:

@ MICROCHIP



Interface of DV

* Workspace

Workspace:

Workspace B Clear I “1oad I save
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Interface of DV

* Views

B-] Terminal ==+ | Protocols: EE DVART Session

@ MICROCHIP



Interface of DV

Add
L_|Data Axis|_|

Zoom In Auto Adjust

M showliveData @& Q (-B Q $ @ %

@98 o988 o98 Power Analysis
ovs oon | A B C oos oo
Show the 5755 |5259.2s |52607s : ! ; A C
AL6Ts  |A347s ' ! : |s257.5s |s52607s |A3.17s
information of all s e O i : - : e P —
ata values ' '
: ' ' 129mA  |4.09mA |20.4mA
11.2mA 13.6mA 14.8mA T ' l
cursors. Including ofABlaon  |az237ma |assima : : I:'f:"w !;‘:"w Ls;svw
H H - = ' ' ' om 4m m
bandwidth, Time 24V |s2v |s2ev ; ; :
. AV A344mV | A6.93mV ' ' ! Total Charge  Total Energy
period, and ss9mw |71.7mw [777mw f : : [n4uan  |215m)
20W a129mw jatssmwfl . : :
Frequency ; ; :
' ' '
' '
' ' '
' ' '
: Cursor; Cursor, Freely move cursor
' i i
' Jo - o '
' ' ' |
v -4 ‘ :
T T T T T L i
5257s 5258s 5250s 5260s 5261s 5262s 5263s

Click to show/hide
58 the Axis.

Need two cursor to
show the window.
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Labl: Collect Data by
MPLAB Data Visualizer




Labl Collect Data by DV

* Use DV to collect data and save as the Dataset (CSV files) in two
different ways.
1. Upload and save Data by ML Data Collector.
2. Snapshot Data by DV and save the file in local. (Optional)
* Build at least 2 CSV files for 3 different actions.
* Straightl.csv, Straight2.csv
* Uppercutl.csv, Uppercut2.csv
* Righthook1l.csv, Righthook2.csv

t’s go!

@ MICROCHIP



Labl Collect Data by DV
Step 1

* Choose ML Data Collector tab in the below window.

a MPLAB X IDE v6.20 - Lab0_APP045_ML : default - X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q Search (Ctrl+I
3 B N - - = ™ .
FEES DE = JE-E-B 0-RRUR O @8 Q pooo e
o [ StartPage x| MPLAG Data Visualzer x | rvd
n
§ | Workspace: [) cear A)ioaa. Fysave seo  Views B Timeriot [ETeminal e+ Protocols: ] OVAT session A vessages @ Hep Dark Theme
S
& =5
=] IE Serial Ports v -
" 7 Marker Time Axis
i o
2 COM20 & Jos 0s 105 »
i) 200 Data values
|nz # ek T,
&
il [ Touch > | Data Axis
: =43 A
§ @l : i
]
8 100 No Source B reof
o
s
y @ Acd Plot
g o
ES (® Add Data Axis
g‘
: I ]
3
: IVIL Data Collector
£ L )
2 - 3
H
3
z
®

MPLAB® ML Data Collector

[ LOGIN WITH MICROCHIP ACCOUNT ]

& [ Output @
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Labl Collect Data by DV
Step 2

* Log in with your myMicrochip credentials in the MPLAB ML Data
Collector tab.

M Microchip Login
_ AS\MicrocHip

ML Data Collecter X | Touch X J| Terminal X J XY Plot X “
Sign In

MPLAB® ML Data Collector

Forgot password?

EEEEEE er Me
[ LOGIN WITH MICROCHIP ACCOUNT ]

CCCCCCC

Privacy Policies

- ﬁ\ MICROCHIP
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Labl Collect Data by DV
Step 3

* Click the Create New Project button.

ML Data Collector X | Touch X § Terminal X Plot |

S ok, (v B A 3= 00N 20 > AOGLLM

MPLAB® ML Data Collector

*5* Change Project [—* Logout

Wealcoms ta the data collection

Select 3 exist “fCreate New ProjectF o begin Collecting data from your target.

Create New Project Open Existing Project

@ MICROCHIP
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Labl Collect Data by DV

Step 4

* Input a name for your project.
Project Name: ML First Project

ML Data Collector X | Touch X J§ Terminal X § XY Plot X

*5* Change Project

MPLAB® ML Data Collector

1)
Project ML F

MName:

Create Project

rst Project

CreateI

\ZI_I

Create [

f Input: ML First Project |

@ MICROCHIP



Labl Collect Data by DV
Step 5

* Two ways to capture and Upload Data.
17 Upload and save Data by ML Data Collector. The data will be
uploaded to the project in your MyMicrochip account.

2. Snapshot Data by DV and save the file in local. Must upload
the data to your project in your MyMicrochip account by

yourself. (Optional)

@ MICROCHIP
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Labl Collect Data by DV
Step 6

* Upload and save Data by ML Data Collector
* Click Upload Data

ML Data Collector X

MPLAB® ML Data Collector

*5e Change Project  # Project Metadata ML First Project

Capture and Upload Data

* Graph visible area can be zoomed infout using cursor
= Data ranges can be customized using "Mark™ option on axis pane

Learn more Ei'

%N Upload Data... [ Upload Data ]

|:—i Logout

68
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Labl Collect Data by DV
Step 7

* Profile Name: Boxing ML
* Device Name: BMI160
 Sample Rate (Hz): 100Hz

69

Create Sensor Configuration

Create

[ Boxing ML |

(

BIVI160

]

(

100

]

MPLAB® ML Data Collector

ML First Project
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Labl Collect Data by DV

Step 8

* Observe the data sent by g-sensor.

e Start moving your body and do some straight action. Remember
the time interval while you start the action.

70

€3 MPLAB Data Visualizer - Ed a >
| @) ¥PLAB Data Visualzer x | e
Workspace: [ Clear 2 toad.. [H) save Views: B TimePiot [z Terminal s+ | Protocols: B} DVRT A Vessages @ Hep Dark Theme

@ New..

© ax

Variable Streamers X

® aY

&, import... | EfR Auto-configure

Sensor
comis v (£F W

(x) Variables

o

B

=

7 Marker
Joss2s
20k -

Data values
|-38 ’
lso
[ B3
|-2
[ R

o 16

Auto-con
enabled:
v Aut

Config ID:

Recursive

Maximize
dashboart

» Stat

Sensor Options.

fig

0-config

Search path:

search:

d:

istics

Not decoded
-.b0_APPO45_MLX [ ¥

: ,,V‘Qﬁcki—% ‘

* Graph visible are:

 Data ranges can

Learn more [

’1\ Upload Data...

Capture and Upload Data

Mark” option on axis pane!

Time Axis

10s

# Mark 1, Snapshot...

Data Axis

X on Sensor
aY on Sensor
aZ on Sensor

@ Add Piot

Data Axis

gX on Sensor

g¥ on Sensor

gZ on Sensor
@ Acd piot

@ Add Data Axis

EEE

EE[E

oo 0 o
000 o

oo s o
000 o

(=== =]

B 8 8 &8

@ MICROCHIP



Labl Collect Data by DV
Step 9

e Capture and Upload Data

ML Data Collector X

MPLAB® ML Data Collector

*5* Change Project  # Project Metadata ML First Project [—i Logout

Capture and Upload Data

* Graph visible area can be zoomed infout using cursor
= Data ranges can be customized using “Mark” option on axis pane

Learn more L;'n

# Upload Data... [ Upload Data ]
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Labl Collect Data by DV
Step 10

* Enter the time period of data to take snapshot

Save Data Snapshot X ‘ Save Data Snapshot X

Data Capture File Format
Snapsh 1 rdow start (s): ( ] Preset: ML Upload $
/789.496832 2 \ Data Start TimeJ Fietyosr @ csv
Window end (s): JSON
7799.496832 C ( Data End Time ] CSV options: nclude timestamps
S % Header row
Duration (s}

‘ \ Data value format: Allow scientific notation
10 [Auto Generated] o

Decimal places:

<>

~
3
Sources to include: v 9

B Al sources Data layout: Q) Table @

320,-2162,151, -386,-62,-79
325,-2168,168,-350,-90, -
3@6,-2171,185,-38

281, -2165,197, -39

Ie)
(8]
o
-
w
Y
3
A
=]

aX on Sensor Windowed 0
aY on Sensor o .
review
aZ on Senso
gX on Sensor aX,av,aZ,gx,gY, g2 =
,

Touch Session on Touch 267,-2153,209,

248, -2153,214, -374,-17, -16
COM20 2 220,-2146,215,-339,35,17 \3/
u_] 217,-2142,217, - 76,50 ]
| Next 232,-2132,286,-252,180,64 | Save
Previous
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Labl Collect Data by DV
Step 11

* Save the .csv files in a folder. In this project, | create a folder
named “Dataset” under Lab0_APP045 ML.

* Name the file as Straightl.

9 Select a file
2

] X

1
' fPress 2 times

\ /] f ] 4
Savein: T Dataset Dataset v '
=
Recent Items
Desktop
Documen ts
This PC
3 \4 ) Save |
y _ YRETEYR
W Fenone: “svaigna | Straightl " ;
Nk i of et Sracatt (e D e WS A8\ MicrocHip

73
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Labl Collect Data by DV
Step 12

* Show File uploaded successfully after the dataset uploaded
successfully to the cloud under your myMicrochip account.

* Repeat step 12 to step 17.
Build, Upload and Save all the data file.
 Straightl.csv, Straight2.csv
* Uppercutl.csv, Uppercut2.csv
* Righthook1l.csv, Righthook2.csv

@ MICROCHIP



Labl Collect Data by DV

Precautions

» Before starting capture data, you can first observe the results of
different actions G-sensor.

* Ensure uniformity and quality in executing every action.

* |t is recommended that the length of each data file should not
longer then 30 seconds while today’s training.

* |t is recommended perform one movement per second, and rest
for about one second between each movement.

* Proper data organization and naming rules will facilitate data
retrieval and analysis.

75 @ MICROCHIP



Labl Collect Data by DV
Step 13

* Two ways to capture and Upload Data.
1. Upload and save Data by ML Data Collector. The data will be
uploaded to the project in your MyMicrochip account.

2. Snapshot Data by DV and save the file in local. Must upload
the data to your project in your MyMicrochip account by

yourself. (Optional)

@ MICROCHIP
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Labl Collect Data by DV
Step 14 (Optional)

* Click snapshot in the upper right corner.

Views: B TimePiot [BI] Terminal eee Protocols: EE] DVRT Session .!. Messages 0 Help

Time Plot X

Time Axis

20k~ Marker
| 7063635 1
Data values | 2
E [
|-1s "
|zosc | \ ‘
. 117 l/\ —— ," \ l_—\
'—I__ Y S -jr\__,.. - =y \,‘.\,f -
S f
[ VIV 7
J aX on Sensor v
aY on Sensor -
- aZ on Sensor v
10x 3
(@ Add Piot
| Data Axis
!
LE BP0 N ;’/)-‘*-\-(\ \x")ﬁ(“n_—\} 1) N '}{f‘/’(\-"\‘ I‘?—""‘D“-——— ;f\’_)“ﬁ"*— S gX on Sensor v
W
| J ’} \L gY on Sensor v
gZ on Sensor bl
i @ Add Piot

T T T T T T T T T T 1
708855 708685 706575 708685 708595 708705 705715 706725 T0873s 706745 | (3) Add Data Auis

MPLAB® ML Data Collector

Welcome to the data collection,
Select a existing project, or create a new one to begin. Collecting data from your target.

»* Mark &Srapsho; Sna pSh
Data Axis %
Auto adjust 512 -~ .

l @)

77
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Labl Collect Data by DV

Step 15(Optional)

* Enter the time period of data to take snapshot

Save Data Snapshot

Data Capture

Snapshot: Window start (s):

7789.496832

Window end (s):

7799.496832

Duration (s}

o

Sources to include:

(CHCR< N Q<<
: Bo% %

S

%

8

~ AR
COM20

<>

Touch Session on Touch

= Data Start

S N—

| Data End

[Auto Generated]

X
2—
I Next

Save Data Snapshot X

File Format

Preset: ML Upload $
Fietype: Q) csv
JSON
CSV options: nclude timestamps
Header row

Data value format: Allow scientific notation 0
Decimal places:

3 o
Data layout: o Table e

Windowed @

Preview

ax,av,aZ,gx,gv, g2
328,-2162,151,-308,-62,-73
325,-2169,168,-350,-98, -85
306, -2171,185,-389,-106,-79
281,-2165,197,-395,-93, -62
267,-2153,289,-395,-61, —
248,-2152,214,-374,-17,-16

220,-2146,215,-339,35,17 3
217,-2142,217,-297,76,50 U ]

222,-2132,206,-252,100,64

®

MICROCHIP

.



Labl Collect Data by DV
Step 16(Optional)

* Also save the file under folder “Dataset”, and name the .csv file
Straightx then save.

—— 1) :
EiSelectaf-l\Zl ‘Press 2 times

Save in: Dataset( Dataset ] v .

W

] X

J

=
Recent Items

Desktop

-

Documents

2

This PC

_a 3 PR
L’ File name: \ lStraightl Stralghtl

Netﬂork

79 ﬁ\ MICROCHIP
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The importance of data

* Google’s Research Director Peter
Norvig has been quoted many times
on the value of more data in
analytics:

* “We don’t have better algorithmes.
We have more data.”

* “Simple models and a lot of data
trump more elaborate models
based on fewer data.”

@ MICROCHIP



Data must be organized - Categorize events

* Where in the sample has it been selected?

* What thing has been detected in the picture?

* Bicycle, Person, Bus

* Vibration Classification?
* Knock, Blocked, Normal

* Detect light levels?
 Blink, Steady, Brightness, Off

@ MICROCHIP



84

Segment Label and Metadata

* Segment Label: Describe the types of our events.
* The outputs from the classifier.

* Metadata: Data about the data. Provide the description of the
dataset and define custom information that can be used in
training.

* Data quality management
* Feature engineering
* Model training and evaluation

* Model tracking and
version management

@ MICROCHIP
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Example Data from our Lab

* Boxing demo
* Accelerometer (AX, AY, AZ)
* Gyroscope (GX, GY, GZ)

* Multiple Events
* Each signal has ‘quiet’ spells
* Amplitude, spectrum vary

* Metadata
* Dominant hand
* Gender

WaxXlayllaZloX oYW gz

I- 10,000
1| I 5.000
| | | |
Ll ! | \ B ‘
[ ot R | et | WG { 7K Al ey AR i R IR IS
il Al A 4 . ) ] i .
v | “~ | o \
-5
! | |
] - -10.
- -15,
- =20
- -25.
0 500 1.000 1.500 2,000 2.500 3.000 3.500 4,000 4,500

g 8 8§ § ¢
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MPLAB® Machine Learning
Development Suite




MPLAB ML Development Suite

* The MPLAB ML Model Builder plug-in is an application that
filters and optimizes your labeled sensor data through machine
learning algorithms. It generates a model (Knowledge Pack)
ready to be flashed into the firmware of your device of choice.

= Edgi:vim:_w S BRB-)-T-%- O« o @
L A8\ MicrocHIp
il @ LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
. ~ @ HHHHHHHH inks
MPLAB MPLAB DEV TOOL |
RATA i MACHINE LEARNING
+ MPLAB XC Compilers
DEVELOFPMENT SUITE

XIDE || RALL
‘\/q- v— v « MPLAB Code Configurator
* Browse Evaluation Boards
« Developer Help
MPLAB® X IDE v6.20 New Version of MPLAB® Dev Tool Bits « Microchip University
Legacy Tool Support Data Visualizer No! w * Support
Available View these short and informative
MPLAB X IDE v6.20 will be the last deos for words of wisdom from
version to support the PICkit™ 3 The latest version of Microchip experts themselves. Leave
MPLAB ICD 3, and MPLAB REAL ICE Visualizer offers ent acon atyou
m bugger t uture
utu AP |
¥ 3
L i
| t If | 1
3
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MPLAB ML Development Suite

* Create compact supervised and anomaly-detection algorithms that can run

on edge based MCUs and MPUs

Automate each step of the ML flow process.
* Data preparation

Validation

* Deployment

Generate AutoML AutoML-powered code

* Create a prototype in days or weeks (or 3 hours)
Fine-tune aspects of your algorithm

* Advanced users can develop with Google Colab or Jupiter Notebooks
Firmware generation for 8-, 16- and 32-bit XC compilers

* Library and Source Code export options

Label and filter data . SRR
Feature extraction MPI-AB o -
Trainin macHine Leamin: [

8 S 5

' c\ MICROCHIP
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Licensing Information for MPLAB ML

Licensing Information for MPLAB Machine Learning Development Suite

Evaluation License Standard License Pro License

Price Free $29/month $1990/year

Supported Silicon 8-, 16- and 32-bit MCUs 8-, 16- and 32-bit MCUs 8-, 16- and 32-bhit MCUs
Data 1GB Upto 10 GB Upto 10 GB

Labels 2500 Unlimited Unlimited

Output Library Library Source Code

AutoML CPU Time 5H/month 10H/month 250H

Application Evaluation Only Production Production
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The Workspace of ML Development suite

* Home Page of ML Development suite

c\ MICROCHIP

MPLAB ML Model Builder

|
( Get Started & ]
Documentation
A J

[ Telmkaiie

User Guide

N 4

90

1]

2

B
=

Projects

Get Started

Documentation

Support

‘

CREATE PROJECT

Project Search

Open Project

NAME = FILES =  PIPELINES = SIZE(MB) = QUERIES =  MODELS =  SEGMENTS - CREATED DATE =  DELETE

A ML First Project 9 1 1.55 1 20 285 of 2500 5/30/2024 [ ]

Rows per page: 10 = 1-1 of 1

Last opened project: ML First Project

@ MICROCHIP




The Workspace of ML Development suite
* Each step of the ML flow process.

3] Change Project
(=) Project Summary
= Data Manager
[ Prepare Data

¥, Build Model

¢ Explore Model
=, Test Model

€ Download Model

@ MICROCHIP



The Workspace of ML Development suite

* The Overview, Queries, Pipelines, Models, and Project Settings
of the project.

: | First Pysie=t 5) CHANGE PROJECT |
Oerview Pilelines Project Settings |
OVERVIEW QUERIES PIPELINES MODELS PROJECT SETTINGS C
Queries Models
& Captures @& Queries X Pipelines % Models
o 9 1 1 20
c\ MICROCHIP - sner Py

285 1.55

(3 Created Date
= 5/30/2024 4:53:08 PM

(3 VUID
0b53f3c6-b4f9-4cdc-8087-e5197cf38045

Sensors
aX, a¥, aZ, gX, g¥,gZ

92 c\ MICROCHIP



Lab2:
Organize - Label and Prepare Data




Lab2 Label and Prepare Data

* View the project on ML development suite.
* Add 4 labels in the project.

* Straight

* Uppercut

* Righthook

* Freeze
* Label all the data.

Let’s go!

@ MICROCHIP



Lab2 Label and Prepare Data

Step 1

e Click @ icon
Or

 Tools > Embedded > MIPLAB ML Model Builder

Ig MPLAE X IDE v6.20 - Lab0_APP045_ML : default

IFI|E Edit View Navigate Source Refactor Production Debug Team Tools Window Help

Analysis

Embedded

Licenses

MCC Content Manager
Documentation Manager
Packs

Manage Network Tools
Cl / CD Wizard...

Templates
DTDs and XML Schemas

Plugins

Plugins Download

Options

RSN o BT

- @ X2CScope

N —

i m MPLAB ML Model Builder
s MPLAB® Code Configurator v5: Open/Clos

L

)
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Lab2 Label and Prepare Data
Step 2

* Log in with your myMicrochip account.

(D MPLAB ML Model Buider x |

A QA Q
Sign |
Email Address*
[ Enter Email Address (0) ]
Email Address is required
password*
[ Enter Password @) ]
MicrocHIP T——
Forgot password
(J Rremember Me
‘ LOGIN WITH MICROCHIP ACCOUNT
= . . . Sign in
| Login with Microchip Account g
\ J New to Microchip? Register for an account
View Microchip's Privacy Policies

MACHINE LEARNING
DEVELOPMENT SUITE

.
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Lab2 Label and Prepare Data

Step 3

* The project we built will show on the welcome page.
* Click £ icon to open ML First Project.

MPLAB ML Model Builder

EEEEEEEEEEEEE
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Lab2 Label and Prepare Data

Step 4

* Click Project Settings.

StartPage x (] MPLAB Data Visualizer x | ([} MPLAB ML Model Builder x

A

Qa Q

ﬁ\ MICROCHIP

ML First Project

il ©

Q F B i

1
<

o

“

Change Project

Project Summary

Data Manager

Prepare Data

Build Model

Explore Model

Test Model

Download Model

Get Started

Documentation

Support

Project: ML First Project

[Project Settings]

OVERVIEW QUERIES PIPELINES MODELS PROJECT SETTINGS

@ MICROCHIP

@ Captures B Queries X Pipelines

€ Segments B Size(MB)

(3 Created Date
5/30/2024 4:53:08 PM

(3 UUID
0b53f3c6-b4af9-4cdc-8087-e5197¢cf38045

3] CHANGE PROJECT

% Models

c

@ Sensors
aX, aY, azZ, gX, gY, gZ

4P

= ﬁ\ MICROCHIP



Lab2 Label and Prepare Data

Step 5

 Add Label Name.

aQa Q

ﬁ\ MICROCHIP

ML First Project

il ©

Q F B i

I
'3

o

)

© "N

Change Project . . .
Project: ML First Project

Project Summary

OVERVIEW QUERIES PIPELINES
Data Manager

Prepare Data SEGMENT LABELS ~ METADATA
Build Model
Labels
Explore Model
Test Model

Download Model

Get Started

Documentation

Support

MODELS

PROJECT SETTINGS

No Labels

8] CHANGE PROJECT

c

| Add Label |

RS

‘ ADD LABEL
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Lab2 Label and Prepare Data
Step 6

 Add Label Name.

A @ Q
= QMI:HO!:HID ML First Project
Ch P t
2] Change Projec 5] CHANGE PROJECT i

| Project: ML First Project

[=] Project Summary
— OVERVIEW  QUERIES  PIPELINES  MODELS PROJECT SETTINGS c
= Data Manager
(1] Prepare Data SEGMENT LABELS ~ METADATA X
_ Create Label
9,  Build Model Labels ADD LABEL
Label Name *
@) Explore Model Straight [ Stra|ght ]
¢ )
=, Test Model
Label Color
& Download Model . #1D7DC4
@ Get Started
2 Documentation
CANCEL
@© Support
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Lab2 Label and Prepare Data
Step 9

* Repeat the step 5 to step 6 to add segment label. Make sure
that the Label color for each label is different.
e Straight
* Uppercut

* Freeze
* (Optional) Repeat the step 7 to step 8 to add Metadata.

@ MICROCHIP



Lab2 Label and Prepare Data

Result

e Should show 4 Label with different color after finished step 9.

I Project: ML First Project

OVERVIEW QUERIES PIPELINES

SEGMENT LABELS

Labels

NAME =

Straight | | staight

Uppercut | M Uppercut

|
Righthook | B Righthook

=
Freeze | [l Freeze
J

METADATA

MODELS PROJECT SETTINGS

CREATED DATE =

7/15/2024 5:01:34 PM

7/15/2024 5:01:50 PM

7/15/2024 5:02:01 PM

7/16/2024 2:09:45 PM

UPDATED DATE =

7/15/2024 5:01:34 PM

7/15/2024 5:01:50 PM

7/15/2024 5:02:01 PM

7/16/2024 2:09:45 PM

EDIT

N, NN

N,

5] CHANGE PROJECT I

cC

ADD LABEL

DELETE

|}
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Lab2 Label and Prepare Data

Step 7 (Optional)
 Add Metadata.

Q Q
@ MICROCHIP

ML First Project

i ©

Q K, B i

1
Bl

o

“

e M

Change Project

Project Summary

Data Manager

Prepare Data

Build Model

Explore Model

Test Model

Download Model

Get Started

Documentation

Support

Project: ML First Project

OVERVIEW QUERIES

U

SEGMENT LABELS

Metadata |k METAD A@

METADATA

PIPELINES PROJECT SETTINGS

No metadata

3] CHANGE PROJECT

C

\2)

’ ADD METADATA

' ADD METADATA |
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Lab2 Label and Prepare Data
Step 8 (Optional)

 Add Metadata and Metadata values.

X
| % | Metadata values
| Create Metadata I
(i) Updating values for Dominant_hand
\]-jﬂe:ada'_a name * -
| [ Dominant_hand] 3)
Right_handed | Right_hand | &
\ . J
Select metadata type 5)
' Left_handed \'/| Left_handed | B
Dropdown @ Text O L 0 = )
Define a custom list of values to select from a dropdown \4'J

+ ADD ‘

6
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Lab2 Label and Prepare Data
Step 10

* Click Data Manager. The collected data files can be found in the
Data Manager page.

= A%\MicrocHiP ML First Project
5] Change Project )
( Pata Manager Session: Training Session ¢ SESSION || & IMPORT CAPTURE
Data Manager
\ J
= Data Manager Captures c
] Prepare Data %
e CAPTURE NAME =  SEGMENTS =  SIZE(MB) =  CREATED DATE = DOMINANT_HAND = OPEN DOWNLOAD METADATA DELETE
¥,  Build Model
o O Right1.csv 0 0.22 7/16/2024, 2:43 PM A (&) Va ]
Explore M |
=, Test Model 0O Straight1.csv 0 0.12 7/16/2024, 2:43 PM @A @ Va (]
@ Download Model
O Upper1.csv 0 0.17 7/16/2024, 2:43 PM A () Va [}
3‘ Get Started Rows per page: 25 « 1-30f 3
llE Documentation
© Support
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Lab2 Label and Prepare Data
Step 11

* Import the file that have captured before.

* Click IMPORT CAPTURE
3 McsocHe ML First Project | IMPORT CAPTURE |

5] Change Project ) 7 T
Data Manager Session: Training Session ¢ SESSION ‘ & IMPORT CAPTURE
=] Project Summary
= Data Manager Captures o
] Prepare Data
s CAPTURE NAME =  SEGMENTS = SIZE(MB) =  CREATED DATE = DOMINANT_HAND = OPEN DOWNLOAD METADATA DELETE
W, Build Model
O Right1.csv 0 0.22 7/16/2024, 2:43 PM = () 7 i
¢ Explore Model
=, Test Model D Straight1.csv 0 0.12 7/16/2024, 2:43 PM E () /’ 'i'
@ Download Model
O Upper1.csv 0 0.17 7/16/2024, 2:43 PM A [ Vs ]
® Get Started Rows per page: 25 w 1-30f 3
B2 Documentation
© Support
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Lab2 Label and Prepare Data
Step 12

* Choose the file you would like to import.

Look in: Dataset v ¥ Efl-

Import capture file % | & Koo
P 8] Right2.csv
| ——
o o Recent [tems @ Straight1.csv

@ Straight2.csv
A3 Straight3.csv

Import Capture File Set Metadata _B

2
(@ Upload CSV or Wav Y—\ - UF
[ ) ] Desktop Eﬂ Upperl.csv
1 Choose File B3] Upper2.csv
)
1 f e
=/ CHOOSE FILE, L

Ordragit her% - —
This PC
.

2 3
@ File name: Testl_s—r-u.csv =/ Open

Network Files of type:  All Files “ Cancel
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Lab2 Label and Prepare Data
Step 13 (Optional)

e Confirm Import -> Set the metadata. (Leave it blank if doesn’t
want to set metadata)

Import Capture File Set Metadata
Import Capture File Set Metadata
(D Upload CSV or Wav
X \ @ Files uploaded successfuly. Now you can set metadata

Sensor Configuration

OOOOOOOOOO

Or drag it here R ~ [ Set Metadata |
) \2 ).\ 2

i [Confirm import SET METADATA
\1/> ¢

O\
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Lab2 Label and Prepare Data
Step 14

* Let’s start labeling our data, which also means define segments.
* Open Straightl.csv data.

= @Ml:ﬁucHlp ML First Project
5] Change Project ) 7
Data Manager Session: Training Session & SESSION || ¢® IMPORT CAPTURE
(=) Project Summary
&= Data Manager Captures c
[] Prepare Data
CAPTURE NAME =  SEGMENTS =  SIZE(MB) =  CREATED DATE - DOMINANT_HAND - OPEN DOWNLOAD METADATA DELETE

9, Build Model

0O Right1.csv 0 0.22 7/16/2024, 2:43 PM (] o 7 B
¢) Explore Model
=, 'estl Straightl_csv I Straight1.csv 0 0.12 7/16/2024,2:43 PM 24 @ /7 ]

L J

© Download Model %

O Upper1.csv 0 0.17 7/16/2024, 2:43 PM @A () Va [}
3‘ Get Started Rows per page: 25 - 1-30f3
B2 Documentation
© Support
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Lab2 Label and Prepare Data
Step 15

* Segment: Define where an event is located in your sensor data
file.

() Select a segment to edit or click the create button for a new segment. ‘ - [} ‘

‘ I 15,000

**M%%F*%%%rr%wva%»z

A

Click to show [ ' ] , '
or hide the 1,500 2,000 2,500 3.000 3.5:00 . .
ll aX il aY M aZ Il oX M oYW oZ | Time Axis I
selected [ | ' |

raw d ata | 500 T T T T T T J T 8 3'00‘

2.000 2,500 3.000 3,500 4.000 4.500 5.000 5.500
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Lab2 Label and Prepare Data
Step 16

* You may zoom in to view the detail of the file.

Slide it to
Zoom in the view | | ,

N
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Lab2 Label and Prepare Data
Step 17

* Click + to add segment.

* Move the cursor over the chart, then click and drag the area that

will be marked as an event. This will place a new segment in the
file.

@ MICROCHIP



Lab2 Label and Prepare Data
Step 18

* Click the segment first, then choose the label for the

corresponding selection segment.

O @ [moam ARSI -
1 .

/4 B Straight "“
1 - 25,000
Click h‘\ B Uppercut
B Righthook 000
B Freeze 5,000
4+ CREATE NEW LABEL
0.000
I 5.000
m*m_-mmmu;ﬂn‘mmmmm.umaww
5,000
10,000
5,000
500 1.000 500 00 500 3,000 500
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Lab2 Label and Prepare Data
Step 19

* Finish labeling the segment in each dataset. Click IEM to save.

@ Select a segment to edit or click the create button for a new segment. [] [E |ﬂ! !

25,000

ﬁ\ MICROCHIP



Lab2 Label and Prepare Data

Result

* The data manager will show the number of segments in each

data.
Captures
() Select a segment to edit or click the create button for a new segment.
CAPTURENAME =  SEGMENTS = SIZE(MB) = CREATEDDATE =  DOMINANT_F
O Right1.csv 0 0.22 7/16/2024, 2:43 PM
O Straight1.csv 37 0.12 7/16/2024, 2:43 PM
Upper1.csv 7/16/2024,2:43 PM

ﬁ\ MICROCHIP



Lab2 Label and Prepare Data

Precautions

* “Label the data” this step may be the most important but also
most boring work during the ML training.

* Observe the aX, aY, aZ, gX, gY, and gZ raw data first, then start

labeling data, even slightly differences may impact the training
result.

* |f the event doesn’t belong to any label, keep it empty to avoid
confusing training.

* Repeat step 17 to step 19 to label all the segment and file.

@ MICROCHIP



Lab2 Label and Prepare Data

Precautions

Why keep this unlabeled?
* Take Uppercutl.csv as example. Is it also an uppercut?

- 16,000

- 12,000

- 10,000

- 8.000

- 6.000

2.000

i

500

’ U
‘ |
‘ ‘ | - -4.000
- -8.000

- -8.000

& I

HaxXMayl-HoXHl W
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Analyze the data & ML model




Querying the data

* Querying data: The process of extracting data from a database,

repository, or other source for use in training a machine learning
model.
* Only a subset may be required

* Metadata comes in useful

* Only select samples from right-handed
* Or samples taken by male

* Create models better tuned for certain scenarios or markets

s A8\ MicrocHip



Feature Generation

* “More data beats clever algorithms, but better data beats more
data,” said Peter Norvig.

* The process of converting raw data into a format that a machine
learning model can understand. May include extracting
information from the raw data, creating new features, or

transforming the data to improve the performance of the model.
* Which sensor data to use
* Generate features

* Select features \ 1
* Classification { ; é% L2
Feature

Raw Data A Features
Generation

. J A8\ MicrocHIp




Machine Learning workflow

Build & Label
Datasets Architecture

Identification

Deploy &

Evaluate Training
Inference
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Al/ML Models

* How does an Al/ML model look like in your mind?

Hidden Layers

Input Layer Output Layer

[\
%:;';.%‘ X
e~ 2% ‘Y‘I""ﬁ “L
XX ‘#-%‘.‘ >
SR KIS

A RN R AR
%288 @) 7
— O\

The answer is......Yes and no.
Not all AIML models are Neural Networks.

- A\ MicrocHIP



ML Models

* Not all models are neural networks

* To build an application we need to know what type of model to

123

use.

* Depends on application space
* Hire a PhD

* Try using AutoML

/L o o o1°
— (=l | |20 ©°°
OO0
O
Regression Algorithms Regularization Instance-based Dimensional Reduction Clustering Algorithms
Algorithms Algorithms
(AB) —C
posterior
(DE) —» F
(AE) — G rior
D T

Algorithms

Support Vector
Machines

NG

78

Ensemble Algorithms

Evolutionary
Algorithms

Non-exhaustive
list of ML families

Artificial Neural Network
Algorithms

Bayesian Algorithms

IF = THEN
IF = THEN
IF > THEN
IF = THEN

Learnin g Classifier
Systems
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Common ML model

* Supervised Learning
* Linear/Logistic Regression
* Decision Tree
* Support Vector Machine
* Unsupervised Learning
* K-means Clustering
* Hierarchical Clustering
* Deep Learning
* CNN
* RNN

@ MICROCHIP



Supervised Learning - Linear/Logistic Regression

* Linear Regression * Logistic Regression

* Find the relationship between * The output of logistic regression
independent variables and is binary, either 1 or 0.
dependent variables. « Example:

* Example: * Whether there is fraud based on
- Optimize pricing strategies transaction behavior patterns
+ Demand analysis * Whether a tumor is malignant

@/,om.ier
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Supervised Learning - Decision Tree

Example Movement Sensor

* Tree-like graph of decisions

and possible consequences

M ot movin ovin oving fas
* Each node is a feature Not moving Moving| Movin fast

* Branching is decision rule on that

feature
* Training requires splitting rule

generation and pruning l |l |l wakin |l ek |l i |l g |

* Example:
* Provide a decision-making

framework l Time Il Working | m

nght/Dawn | Afternoon

State
Estimation
Sleeping Resting

128 %\ MICROCHIP
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Deep Learning - Artificial Neural Network

* Fully connected layers of neurons
* Best for tabular data, time series forecast, basic classification.

* Touch example

* Touch sensor with resolution of 28 X 28 means 784 pieces of data to
feed into the network with 10 desired outputs.

gifs.com

@ MICROCHIP

A network which classifies images into one of 10 numbers —full video by 3Bluel1Brown



https://www.youtube.com/embed/aircAruvnKk

Deep Learning — Convolution Neural Network

* Convolutions applied to local input regions
* The architecture most commonly used in image recognition.
* Best for spatially related data

* Example:

* Image Classification, Edge Detection

28x28x1ch

131

Conv2D ;

24x24x32ch

32 Filter

Maxpool 12x12x32ch
(2x2)

| | Conv2D

11x11x16§h

&

4
2x2x32ch

16 Filter

~| Conv2D

8x8x8ch

4 ®
4x4x16ch

8 Filter
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AutoMMIL

* Automated machine learning, AutoML is the process of
automating the time-consuming, iterative tasks of machine
learning model development.

* Implement ML solutions without extensive programming knowledge
* Save time and resources

* Apply data science best practices
* Provide agile problem-solving

132 %\ MICROCHIP



Select the Model

* Depending upon the problem space different models may be more

appropriate
* Certain architectures suit different problems

* YOLO (You only look once) well suited to object detection using deep convolutional neural

network.

* CNN can be used for vibration analysis but others like Bayesian networks might be better.

* MPLAB® ML Suite Templates "™~

* Keyword Spotting @ el

ofif|il00e o 0

* Vibration Classification L
* Activity Recognition I
* Gesture Recognition fi ﬁ!.

/

* Audio Classification 0, L
A

Vibration Classification

AT

Activity Recognition
o

X AL
- [

do A

Audio Classification

_b___ o
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Lab3:
Analyze the data & Build Model




Lab3 Analyze the data & Build Model

* Build the query of previous segment.
* Select the proper model for your project.
* Configure the parameters of the model.

e Start training!

Let’s go!

@ MICROCHIP



Lab3 Analyze the data & Build Model
Step 1

* Click Prepare Data -> Create Query

A\ MicrocHip ML First Project

\2

M

Change Project
Data Explorer %4 CREATE QUERY

Project Summary
rCreate Query

Data Manager Queries

Prepare Data )
; No Queries
Build Model

Explore Model

(1]
)
N

rPrepare Data

"Q F Bl (i

e

“

Get Started

Documentation

© M

Support

@ MICROCHIP



Lab3 Analyze the data & Build Model
Step 2

* Click to open the list and select.

@ Create Query

( Tralnlng SeSSlon ] TrainingSession

Labe
| Label || Lebe

N—————

! Segment_uuid ! segment_uuid

20urce

{ aX aY aZ gX gY gZ ] ax ay aZ gXx gy gz

@ MICROCHIP



Lab3 Analyze the data & Build Model

Step 3
* Click = to open the list

‘ @ Create Query

Query Name | Query Builder

All Classes . | .
Filter: [Label] IN [Straight,Uppercut,Righthod Straight

A® 2’ Label IN [Straight,Uppercut,Righthook Uppercut

\Zj—m Righthook

Labe Label La bel
| e —
Label

Training Session

Freeze

! Select all the options !

|

vE

D@«
v

v

3 Source

Straight Uppercut Righthook Freeze

segment_uuid

4
Source CANCEL DON
ax ayY aZ gX gY gz v E%
ey
Query Filter =

@ MICROCHIP



Lab3 Analyze the data & Build Model
Step 4

@ Create Query

Query Name

‘> All Classes ‘
Session
Training Session v
Labe
Label v
L.'{_ -------
segment_uuid -
aX a¥Y az gX g¥ gz v
Query Filter

[Label] IN [Straight,Uppercut,Righthook Freeze] =

B SAVE

140 ﬁ\ MICROCHIP
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Lab3 Analyze the data & Build Model

Step 5

* Click © to build Cache
|

Queries Cc |
LAST CREATED
NAME COLUMNS SEGMENTS
.. _— . FILTER = . MODIFIED DATE uuID = STATUS = REBUILD
c66e7cds-
717/ 4 7/17/2024
D All ax aY aZ [Label] IN 5'23 22102 5‘/23_/221 . 376c-4ade- o
Classes gxgygz [Straight,Uppercut,Righthook, Freeze] PM ) PM ' 87f5- B d
41b3fccc66c5 %
Rows per page: 25 ~ 1-1 of 1
J
> |
Queries c |
LAST CREATED
NAME COLUMNS SEGMENTS
wee —= — FILTER = —_ MODIFIED DATE uuIiD = STATUS = REBUILD
c66e7cds-
717/ 7/17/
0 Al aX aY az [Label] IN . 5’;;423024 5/2137221024 376c-4ade- o
Classes gx gy gz [Straight,Uppercut,Righthook,Freeze] A G 87f5- ¢
PM PM
41b3fcccé6c5
Rows per page: 25 ~ 1-1 0f 1

@ MICROCHIP
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Lab3 Analyze the data & Build Model

Step 6

* Click All classes to see details

Queries

NAME COLUMNS

m[AII Classes]

D All ax aY az

ClassesD gXx gy gz

Count

30

25

20

Segment Length Distribution

Uppercut
Straight
Righthook
Freeze

100 200 300 400
Segment Sample Size

STATUS

+/ CACHED

1-3-0f3

Il

REBUILD

©

Il

LAST CREATED
SEGMENTS
FILTER = —— MODIFIED DATE uuID =
7172024 771772028 CO0E7CUE
[Label] IN 113 523:43 5:23:21 376c-4ade-
[Straight,Uppercut,Righthook,Freeze] P'M i p'M ' 87f5-
41b3fccc66c5
oM nernage 28
9,000]
8,000
7,000
6,000
Label Distri

60

Straight

Label Distribution by samples

Straight

Uppercut

Righthook

Uppercut

Righthook
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Lab3 Analyze the data & Build Model
Step 7

e Click Build Model

E
=

Change Project

Project Summary

Data Manager

[Build Model]

Q
3

o

¢

© M

Build Model

Explore Model

Test Model

Download Model

Get Started

Documentation

Support

Build Model 1

Create Pipeline

Pipelines are individual workspaces where you can
build machine learning models against your labeled
data sets.

* You will be able to select the components of
the pipeline including digital signal processing,
feature extraction, sampling techniques and
the Machine Learning algorithms.

* Pipelines create a cache at each step so you
can quickly iterate your models.

CREATE PIPELINE

Activity Recognition

P Ae

Keyword Spotting

o0([J0o0e

l_"*'l
Led

Templates to do keyword spotting for human voice

SELECT TEMPLATE

Gesture Recognition

W

4+ CREATE PIPELINE @ IMPORT PIPELINE

Vibration Classification

AT

This is a template for using machine learning to
classify machine states based on vibrations
Sensors.

SELECT TEMPLATE

Audio Classification

[
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Lab3 Analyze the data & Build Model
Step 8

 MPLAB® ML Suite Templates, choose Gesture Recognition.

Vibration Classification Activity Recognition

Keyword Spotting
®
@
dT “
Eza = : 4
ot S = o A
[ o 1] o0
This exampl line for machine
This is a template for using machine learning to learnin g for human activit y recognll?on,

classify machine states based on vibrations

Templates to do keyword spotting for human voice ‘

Keyword Spotting Vibration Classification Activity Recognition

Gesture Recognition Audio Classification

KX =

;3 =

Th'? 1S a'p|pelme th::t uses mac?me learning to This is a simple example project to demonstrate
perform human gesture reco gnition how to perform audio classification using the
Toolkit. It is meant as the hello world of audio

144 Gesture Recognition Audio Classification S\ MicrocHIp




Lab3 Analyze the data & Build Model
Step 9

* Slide to bottom and click next.

Configure Template X

o o o

Template Information Select Pipeline Select Parameters

T &

Gesture Recognition

We use the IMU sensors to classify the gesture a person is performing. We expect the gestures to be
discrete events with segmentation from an external trigger or a segmentation algorithm. For best
performance, the gesture should framed entirely within the segment.

@ MICROCHIP
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Lab3 Analyze the data & Build Model
Step 10

* |t will auto select the pipeline that best fits.
* Choose the 1% one. — g

Template Information Select Pipeline Select Parameters

— @ Select pipeline that best fits your project
\ 1 J

This pipeline uses features optimized for separating discrete motions combined with supervised
machine learning classification algorithms to identify different gestures.

Expected Sensors:
AccelerometerX,AccelerometerY,AccelerometerZ,GyroscopeX,GyroscopeY,GyroscopeZ

This pipeline uses features optimized for separating discrete motions combined with supervised
machine learning classification algorithms to identify different gestures.

Expected Sensors: AccelerometerX,AccelerometerY,AccelerometerZ

This pipeline uses features optimized for separating discrete motions combined with supervised
machine learning classification algorithms to identify different gestures. This pipeline also
includes a trigger used for segmentation.

Expected Sensors:
AccelerometerX,AccelerometerY,AccelerometerZ,GyroscopeX,GyroscopeY,GyroscopeZ, Trigger

\2/

146
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Lab3 Analyze the data & Build Model
Step 11

* The name of model.
* Choose the Query.

Configure Template X
Template Information Select Pipeline Select Parameters

[ Boxing Recognition ] Boxing Recognition

| Select the query |[
you create | AllClasses

T —

CREATE PIPELINE

@ MICROCHIP
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Lab3 Analyze the data & Build Model

Step 12 e |

Label Column Label
Y Fi I I i n Columns ax ay az gx gy gz
Metadata Columns segment_uuid

a I I t h e Session Training Session

@ The imported pipeline and the query All Classes have different sensor columns. To import this pipeline,

sensor Columns.

Sensor Columns

AccelerometerX — aX

AccelerometerY — aY I aY I - X
AccelerometerZ — | aZ I a’z I - X
GyroscopeX — gX l g)( I - %

GyroscopeY —  agY I gY I - X

GyroscopeZ — gZ | gz I - b

@ MICROCHIP



Lab3 Analyze the data & Build Model
Step 13

* Click next. |

® Pipeline Imported

When importing the pipeline the following parameters were reset to default values. Click the next
button to review/update the changes to the following parameters:

Step: Isolation Forest Filtering

Parameter: Filtering Label

@ MICROCHIP
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Lab3 Analyze the data & Build Model
Step 14

* Adjust and confirm the segmenter.

Segmenter
¢ Window Size: 11100” refe rS tO the Segmenter JSON Editor
Wi n d OW S i Ze i n S a m p | e S . (i) Wwindowing has been set as the default Segmenter. The default window size is set to 1 second of data

for your project. Please review/update the parameters and then click the save button to confirm

* By picking “Windowing” and “100” on

Windowing

100 hz data, there is a 1 second )
window size. Window Size .
Which means every 1 second you will N
get a new classification. - §
* Slide: Control the amount of |
overlap between this signal and the ® cavcel %

last.
@ MICROCHIP
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Lab3 Analyze the data & Build Model
Step 15

* Adjust and confirm the outlier filter.

Outlier Filter

Sampler B JSON Editor

() Review the values for the parameter: Filtering Label

Isolation Forest Filtering
Straight  Uppercut  Righthook  Freeze

0.05

) CANCEL .
151 ﬁ\ MICROCHIP




Lab3 Analyze the data & Build Model

Step 16

» Pipeline overview. Click 7 to edit.

Pipeline Settings

Feature Extraction

Feature Extraction

Model Training ,} Model Training

Classifier

Training Algorithm

Validation © =
Stratified Shuffle Split 4

Pipeline Settings Va ]
: . Feature Generator O Vi
Preprocessing Preprocessing
Input Query © . (%
All Classes 4
é) Feature Selector () cV4
Segmenter (0 s 4)
Windowin
incowing Outlier Filter © .
(%) Isolation Forest Filtering i
Sensor Transform () - . é
Magnitude B 7 Feature Quantization © )
Min Max Scale 4

152
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Machine Learning workflow

e 64

Build & Label Model
Datasets Architecture

Identification

Deploy &

Evaluate Training
Inference
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Lab3 Analyze the data & Build Model
Step 17

 Start running pipeline.

(Run Pipeline]

@ Pipeline: Boxing Recognition > RUN PIPEL|N=>I W STOPPIPELINE || () EXPORT ~ | & SWITCH PIPELINE

P\

—— RESULT LOGS ) TRAINING SUMMARY ()
Pipeline Settings

Preprocessing

Input Query
All Classes

Segmenter
Windowing

Sensor Transform
Magnitude

(E3)

154 %\ MICROCHIP



Lab3 Analyze the data & Build Model

Result

* Training Complete! 5 different models generated.

RESULT LOGS TRAINING SUMMARY
RESULT LOGS TRAINING SUMMARY
MODEL NAME ACCURACY VLRSS T SENSITIVITY Stk
SIZE(B) FEATURES SCOF
Boxing_Recognition_rank_0 100 1376 2 100 100
Boxing_Recognition_rank_1 100 1096 3 100 100
Boxing_Recognition_rank_2 00 193 8 100 100
Boxing_Recognition_rank_3 100 239 8 100 100
Boxing_Recognition_rank_4 100 232 12 100 100
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Lab3 Analyze the data & Build Model

Step 18

» Pipeline overview. Click 7 to edit.

Pipeline Settings

Pipeline Settings

Feature Extraction

— Feature Extraction
| Click | V%
|
Feature Generator ©

Model Training ,} Model Training

Classifier

Training Algorithm

Validation © =
Stratified Shuffle Split 4

: 4
Preprocessing Preprocessing
Input Query © . (‘%
All Classes 4

é) Feature Selector () cV4

Segmenter (0 s 4)
Windowing Outlier Filter © .
(%) Isolation Forest Filtering i

Sensor Transform () - . é
Magnitude M 7 Feature Quantization © .
Min Max Scale 4
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Lab3 Analyze the data & Build Model
Pipeline Settings

* Pipeline Settings Involves defining the execution order of
individual steps and the passing of parameters between them.

* Prediction Target: Fipeline Settings
* Fl-score —
* Accuracy Gustom Traiing
* Sensitivity Optmization Targets

Optimization Targets

Classifer Size(B)

32000

157 %\ MICROCHIP



Lab3 Analyze the data & Build Model
Pipeline Settings

* Pipeline Settings Involves defining the execution order of
individual steps and the passing of parameters between them.

* Iteration: Refer to the number of times an algorithm runs or cycles
through the data. ——

* Population Size: Defines how
large the initial population is. _°

Search Settings

Population Size

40
" ;

Search Settings

Anomaly Detection
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Machine Learning workflow

Build & Label Model
Datasets Architecture

» £

-

Identification

Deploy &
Inference

Evaluate

Training

@ MICROCHIP
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Explore & Test model
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How good is the model?

* 5 models generated
* rank_4 will usually be the best

* May not be the smallest or
fastest

G—) Model: light_pipeline_rank_4 & CHAN
L] L]
¢ IVI O d e | te Ste d a ga I n St I n p u tS CONFUSION MATRIX ~ FEATURE VISUALIZATION  FEATURE EMBEDDING URE SUMMARY ~ MODEL SUMMARY  PIPELINE SUMMARY  KNOW! \CK SUMMARY

Validation Training

(] ] . ]
. U S I n g St ra t I fl e d S p | It ambient  torch_blink torch_high torchdow torchomid UNK  Support  Sensitivity(%) ambient  torch_bbnk torch_high torch_jow torch.mid UNK Support Sensitivity(%)
ambient — 0 0 0 0 0 9 100.00 ambient u 0 ( a1 0000
[d [ ] torch_blink — 0 ) 1 ) 9 888 torch_blink ( 18 ( “ ( a 4318
* Confusion Matrix e OB s e <

torch_low 0 0 0 — 0 9 100.00 forch_low 0 0 0 “ 0 0 B 0000

torch_mid 0 ] 0 0 — 0 9 100.00 Torch_mid 0 0 o 0 n 0 4 00.00

o A I r r l t t m m Predicted 9 8 8 9 10 ] 24 Predicted : 2 : Al
n I p O r a n S u a ry Pos_Predic(%) 100.00 100.00 100.00 100.00 90.00 Acc(¥ 9773 Pos_Predic(%) 0000 100.00 0000 100.00 6377 Acc(%) 88.53

Fold 0 - validation Fold 0 - train

I [}
CO I I | p a re a Ct u a a ga I I l St ambient  torch_blink torch_high torch_low torchumid UNK  Support  Sensitivity(%) ambient  torch_blink torch_high torch low torch_mid UNK  Support  Sensitivity(%)
. oo EEE © 0° ° c° o 3 e oo [QENN °© 2° 2 ° o ®m  wow
re d I ( :t e d 1orch_blink 0 “ 0 0 1 0 3 torch_blink 0 “ 0 0 4 0 35
torch_high 0 0 — 0 0 0 8 100.00 torch_high 0 0 “ 0 ) 0 34 00.0
torch_jow 0 0 0 n 0 0 9 100.00 torch_jow c 0 0 “ 0 0 35 100.00
torch_mid 0 0 0 0 “ 0 9 100.00 torch_mid 0 0 0 0 u 0 35 100.00

9 8 8 9 10 0 44 Predicted 35 3 34 35 39 0 174

( 42 0000

Pr
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Confusion Matrix

* The Confusion Matrix tab shows the averaged confusion matrix

for the validation data. What’s the prediction? Positive/Negative

Is the prediction correct? True/False

Pos_Predic(%):

% 1000 . Predicted
TP X P 00% Confus.lon
Matrix Yes No
Sensitivity (Recall)(%): .
X 100% TP FN
T
I'P+FN e (True Positive) (False Negative)
Accuracy(%): Actual |
TP+ TN « 100% False FP - TN |
TP + FN + FP + TN (False Positive) (True Negative)
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Feature Visualization

* Provide feature visualization as a 2-D comparison plot and

feature insights chart.

 How well features are clustered according to classification.

Freeze

gen_0077_gXaY_cross_p2p_diff ~

gXminimum

00¢

gen

Right Hook Straight

Feature Vector Plot

3 S 0
. Y
o ®
®
®
o

Uppercut

gen_0062_gXminimum

D NAME =

1 W Freeze

2 W Freeze

3 W Sstraight
4 Uppercut
s om
6 B Freeze

7 Uppercut
8 B Freeze
9 ppercut
10 B Freeze

Rows per page: 10 «

uuID

edbceee7-beda-4a51-99a2-
2bcf7305f1¢3

10b6e258-a75¢c-4329-b777-

31264d7f5b97

eea28b04-7220-48df-9¢50-
74f97c6edabb

6aa9905e-554f-4271-bf78-
3d10e3d04dch

3be64b47-5671-4593-a978-

25234ba3ae59

aa34e1df-1cde-47b4-8b53-
1f989c8ebda8

d2f64a9b-aaf8-4b1
17aa5edecb29

2d78e6b9-6dcf-429e-3396-
f1f01031134d

€30632d1-ffeb-4bf5-8df3-
856db09b3782

71a41370-725-4c42-92e2-

db9e6326065d

0 of 300

M
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Feature Embedding

* The Feature Embedding tab provides three different embedding

algorithms: UMAP, PCA, and TSNE.

TSNE_1

N B
o o

(=]

20

o

g

Feature Analysis @
W Straight
Right Hook
== . m B Freeze
. Uppercut

=10 0 10 20 0 20 40

TSNE_O

ID

291

292

293

294

295

297

298

NAME

Freeze

B Right Hook

J Right Hook

| Right Hook

Freeze

Freeze

Freeze

Freeze

Straight

uuiD

49bd7596-ce08-49e8-b6c4-965b2b371487

e1d5342d-f3c0-4d54-b21¢-924604171b4d

d449c02b-4543-4160-b706-b56090ddac4e

c36bc6e5-d7b2-4e55-b00f-ac5¢c72f1ab09

f37aad6a-5657-493b-945f-4419444debc0

edbceee7-beda-4a51-99a2-2bcf7305f1¢c3

1274476c-ab07-4fba-8f0c-67a41c908fdf

432e0517-a4df-4733-94bc-96e89f13bf1a

15cc8e86-000d-45dc-be8f-8a629b9e9f59
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Feature Summary

* Indication of what features are actually used to classify the
results. Contain information about the features that are used
during the feature extraction step of the Knowledge Pack.

Statistical

Statistical

Interquartile Range

or Distribution

250 . .
W Freeze . ook
Right . T
W seraight - : Uppercut
B Uppercus v
o150
. N
v H
2 100 o .
© H
L é .
il ) :
50 I
.
) === —_— = =
gen_0224_aZVariance gen_0247_aYIQR gen_0263_gZ100Percentile gen_0306_aXMaxP2PGlobalDC

@ MICROCHIP




Model Summary

* The Model Summary tab describes the classifier, classifier

parameters, and training algorithm that was used to generate
the final model.

CLASSIFIER _ _ NEURONS CLASSIFICATION_MODE DISTANCE_MODE
_ uuID - OPTIMIZER — _ _ _
d6027a4e-5937-4547-bofd- RBF with Neuron Allocation
PME . . 14 KNN LSUP
0dcf0381855f Optimization
1-1 of 1

CATEGORY = CATEGORYID = AF = PATTERN =

Uppercut 4 62 126,237,72,201,149,154,129,104

Right Hook 2 43 119,196,129,207,124,130,194,160

Freeze 1 100 251,200,8,73,0,3,59

Straight 3 100 171,22,215,79,5,87,233,90

Uppercut 4 37 68,214,81,161,97,120,211,174

Uppercut 4 59 107,199,134,214,134,203,210,95

Right Hook 2 a1 04,204,130,222,122,163,187,244

Right Hook 2 53 84,213,100,198,110,107,188,208

Uppercut 4 58 126,240,80,217,162,144,197,102

Uppercut 4 78 111,197,134,228,149,153,139,125

Right Hook 2 55 92,208,100,200,102,160,174,203

Uppercut 4 76 131,200,67,145,75,108,229,224

Uppercut 4 100 55,198,51,145,89,32,163,150

Right Hook 2 100 71,199,95,224,113,253,149,176

-
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Pipeline & Knowledge Pack Summary

* Pipeline summary consists of * Knowledge Packs summary
data input, signal conditioning, consists of data input, signal
signal preprocessing, feature conditioning, signal preprocessing,
extraction, sampling, and model feature extraction, and
training. | . .. ... classification.
© w T * e e
ut
B
iel
D e et
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Lab4: Explore & Test model




Lab4 Explore & Test model

* Observe 5 different models that the pipeline trained.
* View the detail of the model by exploring the model.
* Select the data to test the model.

Let’s go!

@ MICROCHIP



Lab4 Explore & Test model
Step 1

* Click Explore model and C to reload.

| 3] Change Project Explore Model |
(=] Project Summary \2/
Select model (&
= Data Manager %
[1l Prepare Data No Knowledge Packs
A[ Explore Model |
)

@ Explore Model
=, Test Model %

€@ Download Model

€ Get Started
B2 Documentation

© Support
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Lab4 Explore & Test model

Step 2

 The details of 5 model will show on the window.

* Click rank_4 model to explore it. (Usually rank_4 is the best.

Select model

NAME -

Boxing_Recognition_rank_4

Boxing_Recognition_rank_3

Boxing_Recognition_rank_2

Boxing_Recognition_rank_1

Boxing_Recognition_rank_0

CLASSIFIER ACCURACY
PME 100.00 %
PME 100.00 %
PME 100.00 %
PME 100.00 %
Decision
Tree 100.00 %
Ensemble

MODEL
SIZE
(BYTES)

216

1348

1352

FEATURE
COUNT

4]

N

PIPELINE

Boxing
Recognition

Boxing
Recognition

Boxing
Recognition

Boxing
Recognition

Boxing
Recognition

CREATED
DATE

7/18/2024
3:53:03
PM

7/18/2024
3:53:03
PM

7/18/2024
3:53:03
PM

uuID =

9faa0712-
69c7-4d53-
971f-
a3914588a878

c0c01323-
e35a-41b8-
al87-

6b9odcf3bcca3

44661fed-
3f22-488e-
b39%e-
71ba2666b1aa

acceb015-
efbb-429e-
b955-
f4597¢2302b1

ds0ddabc-
0e07-43c0-
9751-
0b500df91cée

EXPLORE TEST

1
(II

1
‘II

1
‘Il

1
(II

1
(ll

DOWNLOAD RENAME

o 7
[+ Ve
O /7
[+ /7
o Vd

DELETE
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Lab4 Explore & Test model
Step 3

 The window will show confusion matrix, feature visualization,
feature embedding...etc of the model.

CONFUSION MATRIX FEATURE VISUALIZATION FEATURE EMBEDDING FEATURE SUMMARY MODEL SUMMARY PIPELINE SUMMARY KNOWLEDGE PAC >

Validation Training

Freeze  RightHook Straight  Uppercut UNK Support Sensitivity(%)
Freeze  RightHook  Straight  Uppercut UNK Support Sensitivity(%)

Freeze 215 0 0 0 0 215 1
Freeze “ 0 0 0 0 43 100.00
Right Hook 0 26 0 0 0 26
TSN . R T d =]

Straight 0 0 — 0 0 5 100.00 Sttt 0 0 0 0 2 :
Uppercut 0 0 0 “ 0 8 100.00 Lzl 0 0 0 “ 0 % ‘

=
o
=]
o

=]
o
=]
o

o
=]
o
o

=
=1
=}
o

Predicted 43 5 5 3 0 61 Predicted 215 26 25 39 0 305
Pos_Predic(%) 10000  100.00 10000  100.00 Acc(%) 100.00 Pos_Predic(%) 10000 10000 10000  100.00 Acc(%) 100.00
Fold 0 - train Fold 0 - validation
Freeze  RightHook Straight  Uppercut UNK Support Sensitivity(%) Freeze  RightHook  Straight  Uppercut UNK Support Sensitivity(%)
Freeze 172 0 0 0 0 172 100.00 0.00

Freeze 0 0 0 0 43 10

Right Hook 0 0 0 0 21 100.00 Right Hook 0 — 0 0 0 5 100.00
Straight 0 0 0 0 20 100.00 Straight 0 0 — 0 0 5 100.00

=]
o

Uppercut 0 0 0 0 31 100.00 Uppercat 0 0 0 — 0 8 100

Predicted 172 21 20 3 0 244 Predicted 43 5 5 8 0 61

Pos_Predic(%) 100.00 100.00 100.00 100.00 Acc(%) 1

o
o
o
=3

Pos_Predic(%) 100.00 100.00 100.00 100.00 Acc(%) 100
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Lab4 Explore & Test model
Step 4

* Click Test model.

{ii

Change Project

Project Summary

Data Manager
classification.

Prepare Data

Build Model

Test Model } Captures

= ACCURACY SEGMENTS SIZE(MB RESULTS CAPTURE_UUID CAPTURE_CONFIGURATION_UUID DC
l =, TestModel e T NAME = - - (MB) - CREATED = - - B
© Download Mod%
564450f1-8e51-
2024-07-
Straight1.csv 37 0.12 16T06:43:20.2527 4572-b3a3-
€ Get Started 722e00d6a8e6
~
’ 209407 7ab77451-9556-
B2 Documentation Upper1.csv 27 017 15T06.43.20.9617 4ebe-b460-
e 85222fd37493
Support X A
@ v Right1.csv 49 0.22 202607 2333—7a07de27—b bgf
' : 16T06:43:21.67
oreasz16752 65c7e6f7ee53

@ Model: Boxing_Recognition_rank_4

(i) Evaluate your model by selecting one or more capture files for

Session

Training Session

» RECOGNIZE

¢ CHANGE MODEL

i SUMMARIZE W STOP

c
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Lab4 Explore & Test model
Step 5

* Select «/ the files which want to test, may be multiple.
* Click Recognize
| |

Session

() Evaluate your model by selecting one or more capture files for

Training Session v
classification.
| Recognize |
= | J
Captures » RECOGNIZE iti SUMMARIZE m STOP c
ACCURACY SEGMENTS SIZE(MB) RESULTS CAPTURE_UUID CAPTURE_CONFIGURATION_UUID DC
| aee = NAME = . . . . CREATED = . . il
\1l) bt
2024-07- oo 22113093-e1ac-42ef-ac40-
RigheL ca 9 922 16T06:43:21.675Z fMfarer- 0e95a9b9acc3 .
. 65c7e6f7ee53
2024-07- 1REH1A e 22113093-e1ac-42ef-ac40-
ooy @ e 22T09:41:07.0302 o e0116 0e95a0bacc3 .
= af979dd66a3a e
564450f1-8e51-
2024-07- 22113093-e1ac-42ef-ac40-
Straight1.csv 37 0.12 4572-b3a3- R
16T06:43:20. 9
6T06:43:20.252Z et 0e95a9b9acc3
c16e90e1-f502-
175
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Lab4 Explore & Test model

Step 6

* The result will be shown in the result field.
* Click to view details.

Captures » RECOGNIZE i SUMMARIZE m STOP c
ACCURACY SEGMENTS SIZE(MB) CAPTURE_UUID CAPTURE_CONFIGURATION_UUID
= NAME = . . . RESULTS <=  CREATED = . .
: 2024-07- sl 22113093-e1ac-42ef-ac40-
Right1.csv a1 49 0.22 |E RESULTS AR EokA 65 4749-a7e7- ot
S 65c7e6f7ee53
VY
= 792f7714- -
Right2.csv 32 0.20 | Clicl ta-m- 423e o116f3e3 2211 300-etacA2arcAl;
ICK ; Bd
C 09:41:07.030Z e 0e95a9b9acc3
4450f1-8e51-
Straight1.csv 37 0.12 s :27330333&_365 22113093-e1ac-42ef-ac40-
; ‘ 16T06:4 = 9
6T06:43:20.252Z i i 0e95a9b9acc3
16e90e1-f502-
Straight2.csv 43 0.19 |8 RESULTS 2028 07 zb;Z-gtfda-soz 221 S elactact
- 635 ‘ T09:41:07.6
22T09:41:07.631Z Ao ABE0G 0e95a9b9acc3
7292-3ce1-
i one - Gk 2024-07- i?ig.;ffce 22113093-¢1ac-42ef-ac40-
9 22T00:41:08.231Z 0e95a0boacc3
dfobbe7defac

176
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Lab4 Explore & Test model

Step 7

* Slide to the bottom to view detail.

Boxing_Recognition_rank_4 - Right1.csv

177

Classification

Freeze
Righthook
Unknown
Uppercut

Predicted

Pos_Predic(%)

Freeze

Righthook —

Uppercut

Freeze

30

100.00

Righthook Unknown Uppercut UNK Ground Truth  Support

0 0 0 0 0

0 0 0 0 0

21 0 0 49 51
85.71 Acc(%)

Classification Chart - Boxing_Recognition_rank_4 - Right1.csv

Sensitivity(%)

90.91

100.00

94.12

Freeze
Righthook

Uppercut

Unknown
®  Mismatch

Unknown

1,000

2,000 3,000 4,000 5,000 6,000

Time (Samples)

7,000
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Machine Learning workflow

Build & Label Model
Datasets Architecture

Identification

Evaluate Training
Inference

@ MICROCHIP
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Deploy the model




Model Deployment

* The model exists in the cloud
* Mathematical filters
* Transformations
* Python code

* Needs to be converted to run on Embedded Target

* Converting precision
* Doubles->char or int
* Possibly involving regeneration COMEILER
* Convert language et
* Python to ‘C’ library S
* Account for architecture (8/16/32bit)
* Implement calls to model

* Integrate it into your code

e A8\ MicrocHip



Silicon Platforms for ML Edge

/ Smart Embedded Vision
High performance video
- Real time / near real time
- High frame rate / large image size
- Multiple input streams
k - Simultaneous multiple DNNs

Input sensors / data
Camera: Up to 4 interfaces
MIPI, parallel, HDMI

Mic: Multiple audio streams
Additional sensors

Smart HMI

- Visual / audio / touch / gesture
- Recognition and interaction

- Single stream

Input sensors / data
Camera: MIPI, parallel, USB
Mic: Multiple audio streams
Touch surface

/ Smart Predictive Maintenance
- Time series / linear sensor data
| - Simultaneous, multiple sensor

- Variety of sensor type
supported

181

Input sensors / data

IMU ( Inertial Measurement Unit )
Temp, Current, Pressure

Mic: Audio Stream

PolarFire
/ PF SoC
FPGA

SAMD21
MCU

AVR
MCU

@ MICROCHIP



Deploy the model

* Select the optimal pipeline
* That achieves your desired performance

* Verify the results with test data
* Take more samples

* Select your compiler target

MMMMMMMMM

GGGGGGGGGGGGG

* Select the processor ST
* Create and download the knowledge pack o
° le file S —

* Library (libmplabml.a)
* Header files (6)

* Source output is possible
* Separate License

182 %\ MICROCHIP



Deploy the model

* To interface with a , use the files that get
downloaded with your Knowledge Pack.
* Kb.h

* sml_recognition_run.c

* For this demo only 3 function calls needed

* kb_model _init(): Before any other functions are called, must initialize the
Knowledge Pack.

* kb_reset_model(): Called after every run of the model
* kb_run_model(): Add new data to the model and classify it

@ MICROCHIP


https://onlinedocs.microchip.com/oxy/GUID-80D4088D-19D0-41E9-BE8D-7AE3BE021BBF-en-US-3/GUID-2EA363E8-250B-425C-B544-D6DA53A9A3E2.html

Lab5 Export &
Deploy the Model




Lab5 Export & Deploy the Model

* Convert the trained model to run on a SAMD21(XC32).
 Download the model and Integrate this into the project.

* Compile, program and test the model.
* Detects different actions.

™

e 0!

@ MICROCHIP
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Lab5 Export & Deploy the Model
Step 1

e Select Download Model

! 2] Change Project Download Model

(=] Project Summary
. Select model C
&= Data Manager
MODEL
[iJ Prepare Data FEATURE CREATED
CLASSIFIER ACCURACY SIZE PIPELINE
ves NAME = . . COUNT . DATE wp = EXPLORE TEST I
¥, Build Model - - (BYTES) —_ - —
| ¢ Explore Model et
| I Decision Boxin 7/22/2024 €300-de3c-
Download Model Boxing_Recognition_rank_4  Tree 100.00 % 1370 12 g 5:03:02 =,
9 9 Recognition 9bc4
L J -
p
Ensemble M d773cfaS5cbh62
€ Download Mod
. 7527d561-
Boxing J/2212024 a065-afad-
O Boxing_Recognition_rank_3 PME 100.00 % 232 12 Recognition 5:03:02 acaf (7] =,
PM
€ Get Started 3623f64713e8
B2 Documentation Decision S 7/22/2024 23;21610:)6;_
O Boxing_Recognition_rank_2 Tree 100.00 % 2588 4 9 5:03:02 (7] =,
Ensemble Recognition PM 8bfa-
@ Support 2b8488390286
Decision ) 72212000 ©8833767-
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Lab5 Export & Deploy the Model
Step 2

* Choose the model you want to download and click € .

Select model

C
MODEL
FEATURE CREATED
CLASSIFIER ACCURACY SIZE PIPELINE
wee NAME - COUNT DATE uuID = EXPLORE TEST DOWNLOAD RENAME DELETE
= = (BYTES) e = —
Decision o 7/22/2024 :ggg‘i{g;
R ti nk_4 T 100.00 % 1370 1 :03:0 e = * [
N Boxing_Recognition_rank_ ree b 2 Recognition 5:03:02 ohed. (/7] ., O / ¥
Ensemble PM
d773cfa5cb62
- 7/22/2024 :gé;df;:i'
' ition_rar PM 100.00 % :03: R = y ]
| Boxing_Recognition_rank_3 E 00.00 % 232 12 Recogultion 233 02 acsf- (/7] = [+ /7 | |
3623f64713e8
Decision — 7/22/2024 jﬂ:cfﬂbé
A . c85- - —_
R t k T 100.00 % 4 50 = ’
| Boxing_Recognition_rank_2 ree 0.00 % 2588 eiecagniiion 3.02 Sbfa- o =, O / B
Ensemble PM
2b8488390286

187
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Lab5 Export & Deploy the Model
Step 3

* Select MPLAB XC32.

Select a Target

Compilers
ﬁ\mn:nn Q MICROCH
MPLAB XC8 MPLAB XC16
. Ty,
\1/ ! \ A0\ Microckie
g\ MicRoCHIB . Windows
MPLAB XC32
MPLAB XC32 Windows x86_64 }
x86 GCC Generic
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Lab5 Export & Deploy the Model
Step 4

* Configure the knowledge pack ->Download

| Download Knowledge Pack Platform

- Name MPLAB XC32
{ 'atform - MPLAB XC32 @ Manufacturer Microchip
I - | Format Description  Compile libraries for Microchip 32 bit processors.
| Libra ry | Library v Resources Firmware Documentation
| | Processor Class Map:
ATSAMD21G18A ATSAMD21G18A -
L J 1-Freeze 2 - Righthook 3 - Uppercut
! Library ! MPLAB XC32 4.35 v Knowledge Pack Resource Estimates
| ! | pee s Estimated Memory Usage
Custom Custom v
‘—|—' SRAM Used: 2108 Bytes
Application
| Al Model Runner | Al Model Runner v Stack Size: ¥4 tytes
: X ’ Flash Used: 6480 Bytes
Output
Serial Serial -
. Estimated Latency
Debug/Profiling Settings
- v Feature Extraction 2.154 ms (172300) (7.
@/ Latency:

© DOWNLOAD Total Latency: 2.15375 ms (172300)

@ MICROCHIP



Lab5 Export & Deploy the Model

Step 5
 Save the zip file under “Lab0_APP045 ML /firmware/src”.

X Knowledge Pack Download Path

! LabO_APP045_ ML/firmware/src !

Compiling Knowledge pack firmware

......

Recent Items

Save in:

firmware

+]
[+

bmi160

LabO_APP045_ML.X

Please unzip the Knowledge Pack and follow instruction in ReadMe to consume.

X Knowledge Pack Downloaded successfully.

src
Desktop
A=5
=
Documents
This PC
‘ File name: Excercises\Lab0_APP045_ML\firmware\src Save
Network Files of type: | all Files o Cancel

190
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Lab5 Export & Deploy the Model

Step 6

* Create a “AIML_firmware” folder “firmware/src” folder.

» ThisPC » OS({C) » Excercises > Lab0 APPO45 ML * firmware * src »

MName

Date modified

AIML firmware | AIML_firmware
|

L_fEE_fEUELl 12:13 PM

]
J

app_config
config
packs
@ app_config.h
@ ringbuffer.h
@ sensor.h
@ sensor_config.h
@ main.c
@ ringbuffer.c

; kp_5dbdcf02-e399-4e3c-9bcd-d773cfabc.

6/6/2024 10:30 AM
7772024 11:13 AM
6/4/2024 3:57 PM
6/11/2024 2:00 PM
11/2/2021 1:53 AM
11/2/2021 1:53 AM
11/2/2021 1:53 AM
6/6/2024 10:38 AM
11/2/2021 1:53 AM
7/23/2024 5:29 PM

Type

File folder

File folder

File folder

File folder

C Header Source F...
C Header Source F...
C Header Source F...
C Header Source F...
C Source File

C Source File

Compressed (zZipp..

Size

Yo |

7TKB
7KB
3 KB
3 KB
10 KB
7KB
51KB

@ MICROCHIP



Lab5 Export & Deploy the Model
Step 7

* Double click to open the .zip file, open the firmware folder.

Excercises » AIML1001 > LabO_APP0O45_ML > firmware » src > ~ O Search src r
Mame - Date modified Type Size \
Q sensor_config.h 11/2/2021 1:53 AM C Header Source F... 3KB
Q sensor.h 11/2/2021 1:53 AM C Header Source F... 3KB
Q ringbuffer.h 11/2/2021 1:53 AM C Header Source F... TKB
| _'C] ringbuffer.c 11/2/2021 1:.53 AM C Source File 7TKB I
\1/ main.c T/31/2024 1.qe==s= EE— B
| kp_edee5393-bcb9-4b7d-8060-507322d..[ 9/19/2024 11 | £ « firmware > kp_5dbdcf02-e399-4e3c-9bc4-d773cfa5cbb2_MPLAB-XC32_lib_4.35-v1.0_p.zip > v O
|€] app_config.h /2024 10
N
ks b/4/2024 3.5 . .
pace M _Mame Type Compressed size Password p.. Size
config T/17/2024 11 2
\,
firmware [: File folder
« firmware » kp_5dbdcf02-e399-4e3c-9bcd-d773cfabcbb2_MPLAB-XC32_lib_4.35-v1.0_pzip *» firmware > v O
Y
MName Type Compressed size Password p.. Size
application File folder
mplabml File folder
|j model.json JSON Source File 2ZKBE No
|ﬂ README.md Markdown Source File TKE MNo /
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Lab5 Export & Deploy the Model
Step 8

* Copy and paste all the files to “firmware/src/AIML_firmware/”.

d L
—I . . . r
T — kp_5dbdcf02-e399-4e3c-9bca-d773cr «Z1P file/ firmware lzip > firmware v |

MName a Type Compressed size Password p.. Size
application File folder
mplabml File folder
|:| model.json JSON Source File 2ZKB No
'¥| README.md . . .
> ThisPC > OS(C) > Excercises > Lab0_APPO45 ML > firmware > src > AIML firmware ! .zip file/ firmware/src/AIML_firmware |
MName Date modified Type Size
application 72372024 5:40 PM File folder
mplabml 7/23/2024 540 PM File folder
D model,json 172024 422 PM JS0N Source File S KB
EI README.md 172024 422 PM Markdown Source .. 3 KB

193
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Lab5 Export & Deploy the Model
Step 9
* Back to MPLAB X IDE. Add those file into the project.

* Right click Header Files -> Add Existing Items from Folders.

| Projects x Services Files (=] ShrtPal

|| E-sdl Lab0_APP045_ML MCU
| Header Files |& (i (EXCA0>

| . ) -=. MNew ?
| Right Click 1"7

|E.5 Add Logical Folder

|»;e| W) Source Files Add Existing ltem...
- (§§ Libraries Add Existing ltems from Folders...
- [@F Loadables

!Add Existing items from Folders... |

Paste Ctrl+V

@ MICROCHIP
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Lab5 Export & Deploy the Model

Step 10
* Click Add Folder

1 Add Files

Specify the folders that contain the source files for the project:
Source File Folder Files of Type

! Add Folder ||

Ignored Folders Pattern:

(See also IDE level file filter in Options->Miscellaneous->Files)

Source files from specified folders will be added to the project.

Add

Default

@ MICROCHIP
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Lab5 Export & Deploy the Model
Step 11

* Select folder “AIML_firmware.

1! Select Source File Folder

o Look in: firmware v 5
Ly
RecentItems |-  bmils0

G Lab0_APP045_M| =~
= src

v @

RO AlVIL ﬂnnmmrel

Desktop [+ app_config > .l
[+ config .
- [+ packs
.——-:l
Doménts
This PC
o 3)
‘ File name: C:\Excerdises\Lab0_APP045_ML\firmware\src\AIML_firmware Select
Network 5
Files of type:  Header Files (.H .SUNWCCh .h .hpp .hxx .tcc .inc .INC) v Cancel
Files

1 Yk Source Files (.c.i.m)

\ ++ Source Files (.C .c++ .cc .cpp .0 .mm)
Header Filesy/ H .SUNWCCh .h .hpp .hxx .tee .inc .INC)

A -“ .As .85 .85 .5 .5 .Asm .MSA .asm .msa .ASM)
teC .mm .c++ .pp .00 .C .c .H .h.i.hpp .hxx .m .tcc SSUNWCCh)

| Header Flles
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Lab5 Export & Deploy the Model
Step 12

* All the .h file will add in the project.

i Add Files

Spedify the folders that contain the source files for the project:

Source File Folder Files of Type
C:\Excercises\Lab0_APP045_ML\firmware\src\AIML_firm... Header Files ((H .SUNWCCh .h .hpp .hxx .tcc .inc .INC) Remove
Ignored Folders Pattern:
Default

(See also IDE level file filter in Options->Miscellaneous->Files)

Source files from spedified folders will be added to the project.

Add Cancel
ey
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Lab5 Export & Deploy the Model

Step 13
* Check and make sure that all the .h files are added into the
project.
AIML_firmware  Projects x| Services | Files = |
— Application 7 ?é‘]’w-m
— sml_recognition_run.h | B8 AM._frmware
- mpIame SRPE application
— Inc 39 sml_recognition_run.h
=g mplabmi
~ kb.h R
— kb_defines.h | L kh
— kb_output.h ; @9 kb_defines.h
— Kb_typedefs.h | & kb_output.h
— model_json.h ' % kbo_dtevlpédefs';h
— testdata.h ; - Zstda—t’:r‘
— lib & lib
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Lab5 Export & Deploy the Model
Step 14

* Back to MPLAB X IDE. Add those file into the project.
* Right click Source Files -> Add Existing Items from Folders.

[ Services | Projects x| Files =
- Lab0_APPO45_ML
E{Fﬁ Header Files

£
4 Right Click
' Source Files | & 'S :‘.

P agEp_
@) bmn Add Logical Folder

Mew

- &R conf Add Existing ltem...
= man  Add Existing tems from Folders...
% ::g_t! Add Existing items from Folders...!
l?*-ﬁ' Libraries Cut
& [§ Loadable Copy
Paste Ctrl+V

@ MICROCHIP
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Lab5 Export & Deploy the Model

Step 15
* Click Add Folder

1 Add Files

Specify the folders that contain the source files for the project:
Source File Folder Files of Type

! Add Folder ||

Ignored Folders Pattern:

(See also IDE level file filter in Options->Miscellaneous->Files)

Source files from specified folders will be added to the project.

Add

Default

@ MICROCHIP
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Lab5 Export & Deploy the Model

Step 16

* Select folder “AIML_firmware.”

1! Select Source File Folder

- Look in: firmware v (5
=3
RecentItems |-  bmils0
[+ Lab0_APP045_ML .
= src 2
al o I AIML_firmware !
Desktop [+ app_config ’{‘
[+ config -
- [+ packs
.___E\
Documénts
This PC
o 3)
‘ File name: C:\Excerdises\Lab0_APP045_ML\firmware\src\AIML_firmware Select
Network 5
Files of type:  Header Files (.H .SUNWCCh .h .hpp .hxx .tcc .inc .INC) v Cancel

Files

Source Files (.c .i .m)

++ Source Files (.C .c+ ’ fPEPp OO . mm)
eader Files ((H .SUNWCCH "} pp .hxx .tec .inc .INC)

4ASM Source Files (L AS .As .a5 .as .5 .s .Asm .MSA .asm .msa .ASM)

All Source Files (.cc .mm .c++ .cpp .oxx .C .c .H .h.i .hpp .hxx .m . tcc SSUNWCCh)

c

1

!C Source Files

¢
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Lab5 Export & Deploy the Model
Step 17

* All the .c file will add in the project.

ﬁi Add Files X
Spedify the folders that contain the source files for the project:

Source File Folder Files of Type Add Folder..,
C:\Excercises\AIML1001\Lab0_APP045 ML\firmware\src... C Source Files (.c .i .m) S
Ignored Folders Pattern:

Default

(See also IDE level file filter in Options->Miscellaneous- >Files)

Source files from spedfied folders will be added to the project.

care
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Lab5 Export & Deploy the Model
Step 18

 Check and make sure that all the .c files are added into the
project.

Services | Projects x Files L (=]
=@ Lab0_APPO45_ML
. # () Header Files
AIML_firmware @8 Important Fies
. . + @ Linker Files
- Appllcatlon =@
— sml_recognition_run.c 3-(gF) AIML_frmware
=g application
- mplabml _ ﬁi] sml_recognition_run.c
— Inc - = (g} mplabmi
— | f Gf] inc
lib | (g b
& @ app_config
-5 bmis0
- @) config
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Lab5 Export & Deploy the Model
Step 19

* Add Libraries in the project.
* Right click Libraries -> Add Library/Object File...

‘ Services | Projects xl Flles | EIM‘
|| = Lab0_APP045_ML
& () Header Files

li} ﬁ Important Files

l } [
g Right Click |

| Libraries |C»P”F _ _ D’L

- [{F Tac Add Library Project...
Add Library/Object File...

, Properties...
' Add Library/Object File... !

@ MICROCHIP
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Lab5 Export & Deploy the Model
Step 20

* Find “AIML_firmware/mplabml/lib/libmplabml.a”

X Add Library/Object File

v £ B2~
Desktop
A=E
=
Documents
Store path as:
! () Auto
This PC Relative
®
(") Absolute
‘ File name: li 2 —I
- : bmplabml.a \</ Add
Network ] L
Files of type: | Al Files 9 e
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Lab5 Export & Deploy the Model
Step 21

* Check and make sure the Library is added into the project.

| |
| Services Projects x Files E_'

=l Lab0_APPO45_ML
&) Header Files
&[5 Important Files
E}-E Linker Files
[+ % Source Files
I'"I E Libraries

G- ﬁ Loadables
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Lab5 Export & Deploy the Model
Step 22

* Projects > Header Files > app_config.h

| ijecl:s Files = ||
ﬁ Lab0_APP045_ML

GT:‘ Header Files
[app_conflg h = |
\ - bmlﬁu

| l o

| z--ﬁg packs

: @) ringbuffer.h

| 'E] sensor.h

_ 'EI sensor_config.h
@[] Important Files
@) Linker Files
Ea Source Files
@[ Libraries

Er@ Loadables
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Lab5 Export & Deploy the Model
Step 23

Select the Data Streaming Formats

- #tdefine DATA_STREAMER_ FORIVIAT DATA_STREAMER _ FORMAT NONE K

....................................................................

| 58 E // Data streaming formatting selection
59 L[| #ifndef DATA STREAMER FORMAT
60 #define DATA STREAMER FORMAT | DATA STREAMER FORMAT NONE
61  #endif
62

@ MICROCHIP
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Lab5 Export & Deploy the Model
Step 24

Change the file path in “AIML_firmware/application/
sml_recognition_run.h” .

Line 3

1 [ #ifndef _ SML_RECOGNITION_RUN_H__

2 Hdefine SML RECOGNITION RUN H

3 #include "../mplabml/inc/kb.h '|

4

5 int32 1 sml_recognition_run(intl6 t *data, int32 + num_sensors);
6

7| - #endif // SML RECOGNITION RUN H

8
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Lab5 Export & Deploy the Model
Step 25

Change the file path in “AIML_firmware/application/
sml_recognition_run.c” .

LheL&Z

' #include “kb.h” to #include "../mplabml/inc/kb.h“ .

[-] #include "../mplabml/inc/kb.h
#include "../mplabml/inc/kb_output.h'
- #include <string.h>
-] #ifdef SML_USE_TEST DATA

#Hinclude "testdata.h"

int32_t td_index = O;

- #endif // SML USE TEST DATA

211 ﬁ\ MICROCHIP
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Lab O Initial Setup
Step 25

* Clean and Build Project
* Click = icon to Program the Project.
* Output Window will show Programming/Verify Complete.

Output = [=]
Lab0_APP045_ML (Build, Load, ..) = PICkitd =x= PICkit 4-LabO_APP045_ML x
lcul f ope A
Er £
he f ar be p ]
program memory: start address = 0x0, end addrezs = OxSbff
figur
Due to the larse memory ran h d h f mem h have b with de (via the build process d h f w b
Frogramming/Verify comp
W
< >

@ MICROCHIP
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Lab5 Export & Deploy the Model

Step 26

* Open Tera Term as the terminal console software.
* Select COMxx: USB Serial Device (COMxx)

* Set

Tera Term: New connection

OTCPIP myhost.example.com
History
Telnet
SSH
Other

® Serial Port: COMS: USB [£F(55E (COMS)

Cancel Help

22

SSH2

AUTO

File Edit

!COIVIxx: USB Serial Device (COMXxx)

¥ Tera Term - [disconnected] VT

Setup Control Window Help

Terminal...
v-;.'ndoW.__l Setu P —l

Font...

Keyboard L

Serial port

Serial port...
Proxy...
SSH...

SSH Forwarding...

S$5H KeyGenerator...

TCP/IP...

General...

Save setup...
Restore setup...

Setup directory...

Load key map...

SSH Authentication_.

Additional settings...

Tera Term: Serial port setup and connection

Port: I%'V_I_‘ New setting
Speed: ilﬂﬂ] 115200

Data: 8 bit ~

Cancel
Parity: none ~
Stop bits: 1 bit v Help
Flow control: none w

Transmit delay

0 msec/char El msecfline

Device Friendly Name: USB [£5[Z2E [COMS)

Device Instance ID: USBYID 04D8&PID 000A\724D72A558048
Device Manufacturer: Microsoft

Provider Name: Microsoft

Driver Date: 6-21-2006

Driver Version: 10.0.19041.906

. ¢ >

|
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Lab5 Export & Deploy the Model

Result

* Show the classification result every 1 second (100 Mz).

B CcomM20 - Tera Term VT

File Edit Setup Control Window Help
sensor type is bmilé®
sensor sample rate set at 106Hz

accelerometer e
nabled with range set at +/-16Gs

gyrometer enabled with range set at
2000DPS
{"ModelNumber":8,"Classification":1,"OutputSize":4,"OutputT
ensor":[24.000000,0.000000,0.000000,12.000000]}
{"ModelNumber":0e,"Cl
assification":1,"OutputSize":4,"OutputTensor":[33.000000,0.000000,0
.000000,3.000000]}
{"ModelNumber":0,"Classification":1,"OutputSize":
,"OutputTensor":[27.000000,0.000000,1.000000,8.000000]}
{"ModelNumb
er":0,"Classification”:1,"OutputSize":4,"OutputTensor":[32.000000,0
.000000,0.000000,4.000000]}
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Lab5 Export & Deploy the Model

Result

* What is the definition of the classification?

* Find .json file under “AIML_firmware/model.json”

. model.,json - Notepad

File Edit Format View Help

RANK_4"}, "ModelDescriptions": [{"Name": "BOXING_ RANK 4", "classMaps": {"1": "Freeze", "2": "Right Hook™, "3": "Straight", "4": "Uppercut",
return_segment_index": false}, "outputs": ["temp.Windowinge"]}, {"set": [{"family": null, "inputs": {"columns": ["g¥Y"]}, "outputs": [e], "
"1, "sample rate": 1ee}, "outputs": [@], "function name™: "Absolute Area of Spectrum"}, {"family": null, "inputs": {"columns": ["gZ"], "thr:
Spec": 2089251308752.0, "gen 019@ aZ75Percentile": 2014.8, "gen @214 g7Zle@Percentile”: 11710.0, "gen 0130 gXaY cross_median_diff": 2255.8, "
"1, "feature table": "temp.features.generator_sete"}], "sensors_columns”: ["ax", "ay", "az", "gX", "gvy", "gZ"], "uuid": "99a85601-a9dd-4adfe
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Lab5 Export & Deploy the Model

Result

* Show the result in a more humanity way.
* “Main.c”
* Uncomment Line 279 to 290.

B comM20 - Tera Term VT
File Edit Setup Control Window Help

ensor type is bmilée®

. . . sensor sample rate set at 10@Hz
* “AIML_firmware/application/ " scceleroneter <
. . ” abled with range set at +/-16Gs _
Sml_recognltlon_run.c 70000PS gyrometer enabled with range set at
. Freeze!
* Comment Line 17/. Right Hook !

Freeze!

* Compile and Program! eraignt:

Right Hook!
Freeze!
Upper cut!
Straight!
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Large Language Models




Generative Al

* G-Al models learn patterns and structures of input data and produce new

data with similar characteristics.

* Input data such as instructions, images, etc. for G-Al is often prompted by

Large Language Models.

* G-Al creates new content
such as text, videos.,
pictures, audio, etc.

Generative

Al
218

-

GenAl Agent \

v E
Prompt [ _ ;
» Preprocessing N { Data ]
\ \i\\ "
¢ N R
LLM 3 :[ Tools
( Pl B ‘
l Postprocessing }—:--—--- Other models

-

N
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Large Language Models

* LLM’s are transformer-based ,
Deep Neural Networks(DNN) Embedding
 Transformer is a DL k J

architecture developed by

Google and based on multi- Tokenization ~_ ¢ | )\ - Pretraining

head attention mechanism. k J l | k J
* Transfer Learning
* Popular LLM: \, /

*  OpenAl’s ChatGPT ~ / \_ _

*  Microsoft’s Copilot

* Meta's LLaMA Transfer Attention

*  Anthropic's Claude model k Learning J k J

*  Mistral Al's models

o A8\ MicrocHip



Interfacing with basic LLM prompt

 User initiate session with an
initial prompt.

User

* Prompt goes to LLM context - 4 o
window. ' - >
* LLM uses prompt to generate PromptJ ~ \fvcl’:;‘;’:, k LLM |
output. l .
e Output is added to the context
window along with additional 1
prompts. | | Output ]

@ MICROCHIP
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Retrieval Augmented Generation LLM prompt

* RAG provides a performance
improvement as compared with | UYse" | memp"l |
LLM alone by reducing bad
responses and focusing LLM
on relevant data. —

* Initiates prompt will search in the LCO“teXtJ

vector DB. S
« o . n

* The original promptis addedtothe ' ] W?nd(:;v  LLM

context and the expanded prompt. rrompt1 L _ )
* LLM generates output. y

] Context — 4

* Add New prompts until the . o

output is satisfactory. L Prompt2 J utput

@ MICROCHIP
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Connecting HW to LLM

222

Use LLM API's to

get answers and return
natural language on
hardware.

HW uses inputs from the
microphone to take in
speech and write text then
sends a text prompt to the
LLM.

The LLM responds to the
text prompt, then the MPU
uses text to speech the
read the response out loud
on the connected speaker

MIC |—

Speaker [«——

b,

.

MQTT Client
subscribe/publish

LLM model
service

LLM APl commands
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Architecture of ChatGPT in Microchip Healthcare Kits
User Query Microchip Healthcare Kits

| am xx years old,
my heart rate about

100 bpm and oxygen <==p : P 4_ .

saturation is 98% > i i M@: e e
Sa02. '

{EM\CRDC\-\\D

Prompt L -
Manager T s e

A BV
P TexXToSpeech clckw

Iterative Reasoning
aAWS

223
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Summary
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MPLAB® ML Suite

* The ML Suite Plugin in MPLAB X is a plugin
* Behind this is a rich APl based on SensiML

* Easily accessed from Python &, =3l B |

* Customize functions
* Feature extraction sel‘SI M I-
* Can tuned by Jupyter Notebooks Related document

* Web-based live notebooks

* Code » ®

Y
* Notes Jupyter
* Visualization v

@ MICROCHIP
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https://sensiml.com/documentation/pipeline-functions/overview.html

MPLAB® ML Suite Addresses Billions of Time-
Series loT Endpoints

8
1000+ GOPs
ADAS, VR/AR, Camera 7
Video Object
Classification 6
10 GOPs 5

Industrial loT
Process Control
Structural Health Monitoring

Processor Performance

WW loT Units (Billions)
w —

— Smallest processors

.1 GOPs \  Vibration Analysis
dio — Highly constrained power budgets 2
A — Works without connectivity
I — Realtime local insight } I I I
L o HThN_ -
Microwatts Milliwatts Watts 2018 2023

Power Consumed

@ MICROCHIP



Microchip Trademarks

https://www.microchip.com/en-us/about/legal-information/microchip-trademarks

Trademarks
Adaplec *a" logo

Description/Appropriate Nouns

Notes

Registered in
other countries

Trademarks Description/Appropriate Nouns Notes
CryptoRF® transponder, devices
dsPIC® Digital Signal Controllers {DSCs)
dsPIC Logo
dsPIC.
dsPICDEM™ demonstration board, development board
dsPICDEM.net™ board
Dynamic Averaged Matching™ architecture
(DAM™)
ECAN™ technology, solution
Espresso T1S™ device
EtherGREEN™ platform, technology, family
EtherSynch® platform, technology, family US Only
EyeOpen™ cable compensation
Flashtec® controller, products, family US Only
flexPWR® technology

Frequency on Demand®

Registered in
other countries

@ﬂ (not US)
Adaptec® products, solutions, cables, software, drivers,
adapters, controllers, series, family
Adjacent Key Suppression™ technology
AgileSuitch® digital programmable gate driver, gate driver, US Only
drivers, family, device
AKS™ technology
Analog-for-the-Digital Age ™ AIPD family tagline
Any Capacitor™ stable
Anyin™ feature, structure, capability
AnyOut™ feature, capability
Augmented Switching ™ technology
AVR® devices, microcantrollers, MCUs, GPU, arcnitec-
ture, family
AVR Logo
AVR Freaks® forum
BesTime® technology
BitCloud® SDK
BlueSky ™ firewall, subscription service, technology
BodyCom™ technology, system, development kit
Clockstudio™ application, software, program, utility
ClockWorks® Configurator, products, series, family, devices US Only
CodeGuard™ security
Crypl ication™ library, library, devices, ICs, family
CryploAutomotive™ technology, securily ICs, development kils
CryptoCompanion ™ chip
CryptoController™ solution, Trusted Platiorm Module (TPM)
= © cryplographic security ICs, ICs
NOTE: *Always check with the Legal Department for the most current trademarks.
Trademarks Description/Appropriate Nouns Notes
PIC*? Logo ' 32
PICDEM™ demonstration board
PICDEM.net™ board
PICKit™ starter kit, programmer, debugger, in-circuil debug-
ger, development tool, tool, on-board
picoPower® technology
PICSTART® development programmer
PICtail™ daughter board, board
PolarFire® FPGA, family, kits, devices, SoC, System-on-Chip
Power MOS V™
Power MOS 7™
Powermite 3° package US Only
PowerSmart ™ digital control library designer, development suite
Tamily, product family US Only
ProASIC® FPGA, architecture, board, kit, family US Only
ProASIC Plus® FPGA, devices, family, architecture, switch US Only
ProASIC Plus Logo US Only

ProASIC;I_”“‘S

Prochip Designer®

software suite

PureSilicon™ oscillator, technology
QMatrix™ sensor, devices
QTouch® sensor, devices, library, tcols, development plat-
form, project builder, Gomposer, Project Builder.
board, solution, technology, Configurator
Quiet-Wire® enhanced EMI technology, family, technology

Ripple Blocker™

technology. attenuators, product line, family of
linear regulators

REAL ICE™ In-circuit emulator
RTAX™ FPGAs

RTGA™ FPGAs

SAM-BA® software, applicaticn, menitor

(not US)
GeslIC® technology, sensing. controllers
GridTime™ device, time server, GNSS time server
HELDO® family, regulators
Hyper Speed Controf® family, architecture US Only
HyperLight Load® mode US Only
ICSP™ or In-Circuit Serial programming capability
Programming™
IdealBridge™ rectifier, dual MOSFET-bridge rectifier
IGaT™ board, demonstration board
16LOG® FPGASs, family, devices, series
INIChet™ technology, sniffer
Intelligent Paralieling™ technology
IntelliMOS ™ family, power stage family US Only
Inter-Chip Connectivity ™ technology
JitterBlocker™ family, altenuators
JukeBlox® technalogy, platform
NOTE: "Atways check with the Legal Department for the most current
Trademar Description/Appropriate Nouns Notes
SAMHCE™ emulator
SenGenu\lyQ sensors, products
Serial Quad U™ or SQI™ family, flash device, product
Silicon Sterage Technology® Japan only
simpleMAP ™ protocol
SimpliPHY ™ family, products, devices
SmartBuffer™ devices, ICs
SmartFusion® FPGA, evaluation kit, SoC, System-on-Chip, US Only
SmartHLS™ IDE, compiler software, compiler, software
SMART-1S.™ technology
SpyNIC® device
s5T®
SSTLogo
storClad ™ encryption technology, technology
SuperFlash® technology, kit, macro, device, memary
SuperSwitcher™ family, regulator, buck regulator
SuperSwitcher II™ family
Switchtec™ technology, family, switch(es), product line
Symmcom® China only
Symmetricom®
SynchroPHY ™ family, products, devices
SyncServer® server, instrument, clock, oscillator, dev
SyncWorld® timing, Ecosystem Program US enly
Tachyon® products, family, controllers, platform, technology
The Embedded Control MarCom Use Only
Solutions Company®
TimeCesium® products, primary frequency reference US only
TimeHub® platform, system US only
TimePictra® software sui US enly

. platform, Synchronization
System

NOTE: *Always check with the

Legal Department for the most current trademarks.

NOTE: “Aiways check with the

Legal Department for the most current trademarks.

Trademarks Description/Appropriate Nouns Notes
JukeBlox with design Registered word mark JukeBlox with a design Image is not
o registered, this
. P is a graphic
jukeblox weamentwin
the word mark
KeeLoa® security ICs, protocol, technology
Kleer® technology
Kleer with design Registered word mark Kleer with a design Image is not
- . registered; this
is a graphic
SKLEER o=

treatment with
the word mark

Knob-on-Display ™/KaD ™

technology. solution, HMI, user interface, touch
controller, family, devices, Widget Gonfigurator,
Knob Designer, Position Wizard

Trademarks Description/Appropriate Nouns Notes
Mindi ™ analog simulator, analog simulator tool
MV wireless networking protocol, protocol, network,
stack, software, applications, mesh, coordinator
MOST® technology, NetServices, evaluation kit, board,
system, device, product, network, specification,
platform, cooperation, design
MOST Logo
MOST
motorBench® Development Suite US Only
MPASM™ assembler
MPF™ products, devices
MPLAB® Integrated Development Envirnment, In-circuit
Debugger, In-Circuit Emulator, IDE, IGD, REAL
ICE™ in-circuit emulator, starter kit, compiler, XC
compiler, C compiler, Harmony, Integrated Pro-
gramming Environment, IPE, Xpress, Code Config-
urator, development ecosystem, PICKit™, server,
library, Snap, Connect Configurator, Network
Creator, Analog Designer, Discover, Mindi™,
Analysis Tool Siite, Discover, Universal Device
Programmer, Machine Learning Development
Suite, PTG, Programmer-to-Go, Programmer-to-Go
Mobil App, SiC Power Simulator
MPLAB Cerlified Logo R
MPLAB
CERTIFIED
MPLIB™ object librarian or librarian
MPLINK™ object linker o linker
mSiC™ MOSFETs, diodes, producls, gate drivers, modules,
re die, technology, solutions
mTouch® soltion, sensing solution, evaluation ki, US Only
ki, library
MultiTRAK™ technology
NetDetach™ technology

Omniscient Code.
Generation™ (OCG)

compilation technology

OptoLyzer®

00l, network analysis tool, Studio

PIC®

microcontroller, MCU, device(s), assembler

NOTE: "Always check with the Legal Department for the most current trademarks.

LANCheck® online design review, online review, review
Libera® S0C Design Suite, tools, software, design files, IDE, | US registration
designer
LinkMD® cable diagnostics, technology. family, diagnostics
engine
MarginLink™ signal integrity testing
maxCrypto™ controller-based encryption, encryption
maxstylus® soldtion
maXTouch® touchscreen controllers, technology, studio, family
maxView™ slorage manager, lools, drivers
MediaLB® bus, coniroller, device
megaAvR® devices, MCUs
memBrain™ neuromorphic memory product, preduct, solution,
technology
Microchip Logo :
Microchip Name and Logo
MicrocHIP
Microsemi Logo
Microsemi®
NOTE: *Always check with the Legal Department for the mos! curren trademarks.
Trademarks Description/Appropriate Nouns Notes
TimeProvider® series, server, clock, products, grandmaster, US on!
ePRTC, enhanced PRTC
TimeSource® Enhanced PRTC
linyAVR® microcontroller, MCU
Total Endurance ™ software model
Trusled Time™ technology
TSHARC™ touch screen controller, controller
Turing™ hardware securily module, programmer
UNIG® memory chips, bus, hardware port, communication
protocol, fimware
USBCheck™ design review
VariSense ™ technology
VectorBlox™ ‘accelerator, software development kit, SDK, intel-
lectual property, IP, solution, platform, tools, tool
chain, tool flow
Vectron®
VeriPHY ™ cable diagnostics algorithm, cable diagnostics soft-
ware suite
ViewSpan™ technology
WiperLock™ technology
XMEGA® microcantroller, MCU, devices, Custom Logic
(XCL), family, series
XpressConnect™ refimer
ZENA™ software, analyzer or wireless adapter
2®
NOTE: *Always check with the Legal Department for the most current trademarks.
Microchip Technology Inc. Servicemarks*
Trademarks Description/Appropriate No Notes

satpt

Serial Quick Turn Programming capability

[NOTE: Always check with the,

Legal Department for the mas! current ser

emarks.

MICROCHIP RESERVES THE RIGHT TO CHANGE THESE GUIDELINES

SOLELY AT ITS DISCRETION.
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Data Stream Format for DV

* The Data Stream Format is processed in the same order as the
variables specified in the Variable Streamer.

* Data must be given as little endian values.

* The start byte can be arbitrary, but the end byte must be the inverse of
the Start byte.

START _ START
Byte Variable 2 = END Byte
I A A
oreoon] fon
7 7z
Variable 1 Variable 3
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Data Stream Format for DV

START START
Byte Variable 2 = END Byte
4 4 4
lIIII' liiiiil lHHHHIIlIIIIII lIIII' lIIIIIl lIIIII
7z Z
Variable 1 Variable 3

printf (“%clhckcikcihcrchc™,
Ox03,
variable[0] & Oxff, (variable[0]>>8) & Oxff,
variable[1l] & Oxff, (variable[1l]>>8) & Oxff,
LED Get() & 0x01,
~(0x03));

o

Backto o

Introduction of DV
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Install MPLAB® ML Model Builder

 MPLAB X IDE -> Tools -> Plugins -> Available Plugins -> MPLAB®
ML Model Builder

I |
- a Plugins
Tools Window Help B Search: ML
. Updates Available Plugins Downloaded Installed (210) Settings
,ﬂ. | 5 d Available Pl {15/39) loaded led (210) &
na }’SIS \&/
Check for Newest | Search: ML ]
Embedded > o ¢
3 1 Tl Cates 5 1
n AMS Arennry OUrce N -
Licenses ’ 3/ . MPLAB® ML Model Builder
MPLAB® ML Model Builder
= = L ji} Community Contributed Plugin ~
@ MCC Content Manager N7 MPLAB® ML Model Builder MPLAB IDE i e Tty 9
Ardiino Import Plugin MPLAB IDE o P
. ] g ; | Uil Version: 1.1
Documentation MBHEQET [l “ te USB Debugging (Trial Version) MPLAB Plugin U Author: Microchip Technology Inc.
O SE"Tool Connection Diagnostics MPLAE Plugin e Date: 2/23/24
Doxygen Integrator MPLAE Flugin K Source: Microchip v6. 20 Plugins
P - Cks r_\ E Code Profiling (Trial Version) MPLAB Plugin % Homepage: hitps:/imicrochipdeveloper. com
Mﬂnﬂgﬁ MNetwork Tools [J simple Serial Port Terminal MPLAB PRO Plugin i
[0 Darcula LAF for NetBeans Metheans Plugin t[m.l Plugin Description
Cl/ CD Wizard [J PathTools Metbeans Plugin W
o [0 spedial copy/paste Metheans Plugin i -
O cvs veteanspian | |MPLAB® ML Model Builder
[0 vebD-ink Tools i
TﬂmplatCS [  chipKIT Import Plugin Tools P The MPLAB® ML Model Builder plugin allows users to develop and deploy embedded
machine learning (ML) models based on sensor data from their application. The ML
= DTDs and XML Schemas Model Builder indudes tools for data management, model development, model testing,
and model deployment. License for the ML Development Suite can be purchased on
\ 1 /. Microchip Direct. First time users can login with their myMicrochip credentials to create
Plugins r_] a free demo account on the ML Development Suite, The MPLAB® ML Model Data
= Collector i jon to this plugin.
4 | n Sta I I ] ollector is a companion iz plugin -
Plugins Download \&) .
Install 1 plugin selected, 1MB
Options
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Install MPLAB® ML Model Builder
* Next -> Install -> Restart the MPLAB X IDE.

> Plugin Installer

License Agreement
Please read all of the following license agreements carefully,

In order to continue with the installation, you need to agree with all of the license agreements associated
with the particular plugins.

Plugins:  MPLAB® ML Model Builder [1.1] -
Welcome to the Plugin Installer _ Restart application to complete installation
The installer will download, verify and then install the selected plugins. Restart application to finish plugin installation.
The followi ins will be installed:
ng plug The Plugin Installer has successfully installed the following plugins:
MPLAB® ML Model Builder
MPLAB® ML Model Builder [1.1) p—
%C&pt the terms in all of the license agreements.
| Install |
[ Iaccept... 3
<u Install Cancel Help
(®) Restart Now
(O) Restart Later

zl Finis_J

Cancel Help

(=)

< Back

MICROCHIP
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Install MPLAB® ML Model Builder
 See I icon on the top after reopen MPLAB X IDE.

‘

IFile Edit View Navigate Source Refactor Production Deb
7l D O VB E B > L1 RB 0B W fr*": m H.,w

4y wi

fmwws sualizer |ta! age x|

B A\ MicrocHIP
I5|

= v VER | MY MPLAB® X IDE | WHAT'S NEW

@ MICROCHIP
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Install MPLAB® ML Data Collector
* MPLAB X IDE -> Tools -> Plugins -> Available Plugins -> MPLAB®

ML Data Collector

Tools Window Help

Analysis >
Embedded >
Licenses ’

B MCC Content Manager
Documentation Manager
Packs
Manage Network Tools
Cl / CD Wizard...

Templates
DTDs and XML Schemas

Plugins

Plugins Download

Options

_E_\,

Updates Available Plugins (14/37) Downloaded Installed (212) Settings

. Search: ML

©) =

:["'L — . | Search: ML ]
- . \
MPLAB® ML Data Collector |
\3/ — e | MPLAB® ML Data Collector
MPLAB® ML Data Collector MPLAB Data Visu... T
[[] Machine Learning Partners Plugin MPLAB Data Visu... iy Ba e munity Contributed Plugin A
[[1.. Arduino Import Plugin MPLAB IDE b W v ua
O te USB Debugging (Trial Version) MPLAB Plugin @ ||version:1.2
O ol Connection Diagnostics MPLAB Plugin lﬁﬁ‘ Author: Microchip Technology Inc.
(| gen Integrator MPLAB Plugin b Date:5/14/24 _
[0 Code Profiiing (Trial Version) MPLAB Plugin i Source: Microchip v6.20 Plugins
[0  Simple Serial Port Terminal MPLABPROPlugin ¢y | | Homepage: httos:/imcrochipdeveioper.com
[[] Darcula LAF for NetBeans Netbeans Plugin i
[J PathTools Netbeans Plugin fr) Plugin Description
[[] Specal copyjpaste Netbeans Plugin i
[0 cvs Netbeans Plugin i
O veooink Tools & MPLAB® ML Data Collector
[]  chipKIT Import Plugin Tools i

3 Install '

The MPLAB® ML Data Collector plugin allows users to capture and upload data from
MPLAB® Data Visualizer to the MPLAB® ML Development Suite for developing
embedded machine learning (ML) models optimized for Microchip MCUs. License for the
ML Development Suite can be purchased on Microchip Direct. First time users can login
with their myMicrochip credentials to create a free demo account on the ML
Development Suite. The MPLAB® ML Model Builder is a companion to this plugin.

System requirements »

in selected, 1MB

=

\ij Install

Close Help

@ MICROCHIP



Install MPLAB® ML Data Collector
* Next -> Install -> Restart the MPLAB X IDE.

O —

Welcome to the Plugin Installer
The installer will download, verify and then install the selected plugins.

The following plugins will be installed:

MPLAB® ML Data Collector [1.2]

\l)
< Back Cancel Help

235

13 Plugin Installer

License Agreement |
Please read all of the following license agreements carefully.

In order to continue with the installation, you need to agree with all of the license agreements associated
with the particular plugins.

Plugins: | MPLAB® ML Data Collector [1.2] v

Restart application to complete installation
Restart application to finish plugin installation.

The Plugin Installer has successfully installed the following plugins:

MPLAB® ML Data Collector

%ccept the terms in all of the license agreements.
)| ! Install |

[ Iaccept... O —
< = Cancel eip
(®) Restart Now

(O Restart Later

V=

A Finish |

—

Cancel Help

Back to
prerequisite
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