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Class Objectives

* 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 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 (1/2)

* Software Prerequisite and Installation
 Hardware Prerequisite
* What is Artificial Intelligence ?
* Why Edge Al ?
* MPLAB® Data Visualizer
* % Lab0 Data Visualizer for 6DOF Sensor data
* Set Goal and Problem Identification
e X Labl Initial Setup
* Data Logging and Upload
* ‘X Labl Data Collecting
* Labeling and Prepare Data
* MPLAB® Machine Learning Development Suite
* X Lab2 Data Labeling and Preparation
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Agenda (2/2)

* Model Pipeline and Training
e % Lab3 Model Pipeline
* X Lab3 Training
Model Evaluation and Deploy
* X Lab4 Model Evaluation
X Lab4 Model Deploy
* Knowledge Pack, Main Flow, and State Machines
* Summary
* Appendix
* Install the ML Data Collector & ML Model Builder
* Create and Login MPLAB ML Account
* Porting Deploy Model to Custom Project

e JSON Decoder helper Library
* Large Language Models
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Software Prerequisite and Installation

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

e MPLAB® XC32 v4.45 https://www.microchip.com/mplab/compilers

* SAMD21 DFP v3.6.144 (Device Family Pack download from X IDE Tools Packs)
e CMSIS v6.1.0 (Common Microcontroller Software Interface)

 MPLAB® Data Visualizer v1.3.1677
(Embedded with MPLAB X IDE v6.20, upgrade is necessary)

* MPLAB® ML Model Builder v1.1 (Customer install in Plugin of MPLAB X IDE)

« MPLAB® ML Data Collector v1.2 (Customer install in Plugin of MPLAB X IDE)

* Apply “myMicrochip” account (Register in ML Model Builder after installed)
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https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

Hardware Prerequisite

APP045 v5.0 R2 EV Board with SAMD21

APP-Kick-014 the Accelerometer and Gyroscope (6DOF) daughter board

* Micro USB cable x 1

* On-Board Debugger (appoas v5.0 R2 available)
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What is Artificial Intelligence ?
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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.
]

—
-

Inference

Training

Final 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

Small amount of labeled data Unlabeled 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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https://www.youtube.com/watch?v=kopoLzvh5jY

Supervised Learning

Let’s take memorizing English words as an example....

Supervised Learning
By Flash Cards

Un-supervised Learning
By reading lots of book

Have clear answers and
feedback.

There is no clear answer,
rely on your own discovery
and understanding.

Semi-supervised Learning
By Prefix, Root, and Suffix

-view £i 85 @ %ﬂ

-view BE
-view BE
-view HEER
-view [l 7%

Combines known information
with new learning.
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How does Supervised Learning work?

TensorFlow Caffe

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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Why Edge Al ?
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Differences between Edge computing & Cloud computing

* 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.

* Cloud Computing: Cloud computing is the delivery of computing services over the
internet (the cloud).

Edge computing Cloud computing

@
5> - i, P

ﬁ\ MICROCHIP




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

| = 4 Privacy and Security I | Reduce Power Consumption |
= - A ; :
\\®./ Data stays on the device, gets processed E+j Stay operational for longer periods of
- - locally. time.
\_ | \__ |
| Real Time Operation I | Reduce Cost ]
Process data real-time on the edge Save on compute costs, storage, and less
device, without having to wait for a communication.

response back from the cloud. \_ |
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ML Edge Applications

Machine assistance
for faster, better

Smart Embedded

Vision =
Enhanced quality and S o
productivity at factories o

Surveillance / security
with granular, real-time
monitoring and

response

Smart Human Machine
Interface (HMI)

Local processing for voice
interactive appliances

Real time, interactive gesture
recognition

Smart Predictive
Maintenance

Detect ageing / environment

driven degradation system failures

Predict and prevent

- e —
1 o

Water / hazardous leak
detection and alarm
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MPLAB® Data Visualizer
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MPLAB® Data Visualizer

 MPLAB Data Visualizer is a program used for processing and visualizing data.

* It can receive data from various sources such as the DGI (Data gateway Interface) and
COM ports.
And has a graph plotter and an oscilloscope, a terminal and a configurable dashboard
with buttons, sliders, and various indicators. It can decode protocols and log data to
file. T T

* It‘s an MPLAB X IDE plugin and
cross platform standalone application.
It’s installed at X IDE right.
don’t need do anything before use.
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MPLAB® Data Visualizer

* To open MPLAB Data Visualizer. You can click icon @ in MPLAB X IDE.

|
Vindow Help o vea %
pr= : > (BT
DR R QBIOB Y @ kg
- |34 »
SutPags x| ) maine_x | maine_ ¥laajmaino_] N
NEDEG CMSIS-DAP -
R Hiswory 'q Click to Open Data Visualizer .l Ef = @ TR
121 @ rsaveta
@ ADC CallbackRegister{ ADC Complete, (wintptr_t JNULL
123 ADC_Enahble(): i
124
125 wvhile { true )
126 {
127 {* Malntaln state machines of all polled WPLfw
128 8YS_Tasks ( ); s T z z z z z I .
129 e T |
. ]
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MPLAB® Data Visualizer

Workspace of MPLAB Data Visualizer
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¥4 WIPLAB Data Visualizer - Editar
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MPLAB® Data Visualizer

Variable Streamers and Dark Theme of MPLAB Data Visualizer
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MPLAB® Data Visualizer

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.

ints 1 - (START Byte)
int16 2 START Byte Variable 2 END Byte
int32 4 4% > 72

uint® | 1 0xAS5 |||| oxB9 EOch} [OXOSJ LOXOOJ
uint16 | 2 ’ ‘
uine32 4 \Z 2z

float32 4 Variable 1 Variable 3

floatbd 8
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MPLAB® Data Visualizer

Data Stream Format for DV

(START Byte)

START Byte Variable 2 END Byte
74 4 >
<Z <7
Variable 1 Variable 3

printf(“%ckckhcrkcrhcrickhc’,
OXA5,
variable[0] & oxff, (variable[0]>>8) & oOxff,
variable[1] & Oxff, (variable[1]>>8) & Oxff,
BTl Get() & 0x01,
~(OXA5) ) ;

o
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MPLAB® Data Visualizer

Data Streamer Setting

* The correspond format of Data Streamer must be setting at MPLAB Data Visualizer.

¥4 MPLAB Data Visualizer - Editar .
0 LB D V> Plot Streaming Data from COM®6

Workspace: [} Cear 7 Losd.. [ save [

Power Debugger CMSIS-

E [I§ pap —
i Configure Variable Streamer START START
Byte Variable 2 = END Byte
e e e

' [OXAS} [ 0xB9 ] [ OxFC ] [ OXOS} [ OXOO] [0x01J [OXSA}

Framing Mode: Auto ¥ |

25 = |

Frame Size; . .
(Including framing) 7 bytes Variable 1 Variable 3

Byte Position

L Type (Frame header is at position 0)

ol nEDBG CMSIS-DAP VR1 Uint16 1
DGI

COMé
» Serial

MCP9700 Uint1é

E Serial Ports

o e printf(“%ckcihckechcricihc”,
Output Voltage in mv: @ X A 5

- variable[0] & oxff, (variable[0]>>8) & Oxff,
variable[1] & oxff, (variable[1]>>8) & oxff,
BT1 Get() & 0x01,

~(OxA5)) ;
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APP-Kick-014 6DOF Motion Sensor Board (TDK ICM-42670P)

* The APP-Kick-014 is design for 6DOF (Degree Of Freedom) Motion Application.

* The TDK ICM-42670-P is a high performance 6-axis MEMS MotionTracking™ device
that combines a 3-axis gyroscope and a 3-axis accelerometer.

* It has a configurable host interface that supports I3CSM, 12C, and SPI serial
communication, features up to 2.25 Kbytes FIFO and 2 programmable interrupts with
ultra-low-power wake-on-motion support to minimize system power consumption.

éI

S

S

o e

O —

23
.
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2 3 o

&I ﬂ.l [~

<L << <<

=]2]]2)

AP_SDO / AP_ADO 1 11 | Resv
RESV 2 10 J Resv
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Resv | 3 9 JInT2
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FSYNC 7‘

VDDIO 5 ‘
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APPO045 and APP-Kick-014 Assembly

» MicRrocwe
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*Lab0
Data Visualizer for 6DOF Sensor data

Boxing Recognition by Machine Learning
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%€ Lab0 Data Visualizer for 6DOF Sensor data

* Try using MPLAB Data Visualizer to view Gyro and Accelerometer data from the 6-axis
motion sensor ICM-42670P.

* You will need to disable the UART messaging you did in the previous Lab and add the
new DV protocol as below.

* Load pre-stored DV workspace file to quick config DV’s Time Plot.

START Byte Accelerometer Data Gyro Data END Byte
Tt Tt
{ OxA5 J [ AX_L }[AX_H }[ AY L ][AY_H }[ AZ_L } [AZ_H} [ GX_L }[GX_H }[ GY_L }[GY_H }[ GZ_L J[GZ_H} { 0x5A }
| I I I I I
Intl6 aX Intl6 aY Intl6 aZ Int16 gX Intl6 gY Intl6 gZ

Let’s go!
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%€ Lab0 Data Visualizer for 6DOF Sensor data

Step 1

* Open “\AIML1001\Lab0_6DOF Data_Visualizer\Lab0_6DOF_Data_Visualizer.X” .

3! MPLAB X IDE v6.20
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

ala

TN

- X
Q- Search (Ctrl+])

dbwi
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LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

MACHINE LEARNING
DEVELOFPMENT SUITE

=

MPLAB® Machine
Learning Development
Suite Now Available

MPLAB Machine Learning
Development Suite Model Builder is
available as a plug-in for MPLAB X
IDE. This plug-in fully automates
each step of the Machine Learning

(ML) workflow and speeds up your
s .

PIC<iv5

IN-CIRCUIT DEBUGGER

S

MPLAB® PICKit™ 5 In-
Circuit Debugger Now
Available

Our favorite pocket-sized
debugger/programmer lets you
prototype and debug your solution,
and then unplug and bring the
device with you to deploy that
solution out in the field.

e

DEV TOOL
v

Dev Tool Bits

View these short and informative
videos for words of wisdom from
Microchip experts themselves. Leave
a comment about any topic you'd
like to see covered in future videos.

Helpful Links

Development Tools Overview
MPLAB Discover

MPLAB XC Compilers

MPLAB Code Configurator
Browse Evaluation Boards
Developer Help

Microchip University
Support
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%€ Lab0 Data Visualizer for 6DOF Sensor data
Step 2

—~.
* Click onicon % and select Clean and Build Project to compiler your project.

* Click on icon%lh to Mark and Program to EVB and check if any fault while Programming.

* Output Window will show Programming/Verify Complete.

Output x (=]
PKOB nano-Lab0_6DOF_*
Calculating memory ranses for operation... A
Erasing...
The following memory area(s) will be programmed:

program memory: start address = 0x0, end address = Ox5Sbff

configuration memory

Due to the large memory ranges on this device, only the areas of memory that have been loaded with code (via the build process or loading s hex file) will be reas
f — . )]
lF:osram:nE Verify ::S:L‘e-E:EJ
W
< >
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%€ Lab0 Data Visualizer for 6DOF Sensor data

OLED Sensor Data Output

. e i?‘,\ﬁaﬁé- 2 b 1R Ao
E":& ?% ﬁ%‘&a ﬁz’.‘%ﬁkﬂz (} <o ‘
@D 2
m o @, 3\

oL

o o
- R R Rwiinegs 0
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The Sensor Axis of APP045 and APP-Kick-014
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%€ Lab0 Data Visualizer for 6DOF Sensor data

Step 3
* Find TODO 0.01 and modify the #if 1 to #if 0 at Line 212.

: : : | I
Int main (VOId) | START Byte Accelerometer Data Gyro Data END Byte |
( 1t

e e E e eNEn

{...
// TODO ©0.01
| Line 212  #if © —
sprintf((char *) USARTRTxBuffer, " Accel Gyro" );
LCM _DrawString(@, ©, (char *) USARTRTxBuffer);

#else
sprintf( USARTRTxBuffer,
"% CHCHCHCHCHCHCHCHCHCHCHCHCHC" ,
OxA5,
AxisOutByte Accel[1], AxisOutByte_Accel[0],
AxisOutByte Accel[3], AxisOutByte_Accel[2],
AxisOutByte_Accel[5], AxisOutByte_Accel[4],
AxisOutByte Gyro [1], AxisOutByte_Gyro [0],
AxisOutByte _Gyro [3], AxisOutByte_Gyro [2],
AxisOutByte_Gyro [5], AxisOutByte_Gyro [4],
~(OxA5));
SERCOM5_USART_Write( USARTRTxBuffer, 14 );
#endif

@ MICROCHIP



%€ Lab0 Data Visualizer for 6DOF Sensor data
Step 4

—~.
* Click onicon % and select Clean and Build Project to compiler your project.

* Click on icon%lh to Mark and Program to EVB and check if any fault while Programming.

* Output Window will show Programming/Verify Complete.

Output x (=]
PKOB nano-Lab0_6DOF_*
Calculating memory ranses for operation... A
Erasing...
The following memory area(s) will be programmed:

program memory: start address = 0x0, end address = Ox5Sbff

configuration memory

Due to the large memory ranges on this device, only the areas of memory that have been loaded with code (via the build process or loading s hex file) will be reas
f — . )]
lF:osram:nE Verify ::S:L‘e-E:EJ
W
< >

@ MICROCHIP



%€ Lab0 Data Visualizer for 6DOF Sensor data
Step 5

 Open MPLAB Data Visualizer by click the icon

E3 MPLAB X IDE v6.20 - O X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Q- Search Curl+D) ‘
FHEES D6 TH & EE-B-P-RL 0D DO 2 @D Foe) o
Projects *| Files | Services | 1 | |0 MPLAE Data Visualizer x I R N . ArvE
=-5 Lab0_6DOF _Data_Visualize CI I O P D \V I
-5 Header Files Workspace: D Clear a Load... B Save e**  Views: B Time Plot er I C ( t O e n at a I S u a I Ze r \ges 0 Help ()  Dark Theme
Important Files ~ i
Linker Files s Ime Flo
““9 Files S | M&] rRTc-APPO45VE0OR2 v 7 Marker : Time Axis
(F] config = |9.1s |
) mainc (8] 0G| @, DA : Os 10s »
[ pin_configurations.csv 300 | n/a '
[+ Libraries Ccom3 > ! o Wark
& Loadables e | Data Axis
| .
. - | Auto adjus | 512
- Serial Ports v | @ ! : . m
!
! No -
com4 '*. E Sourcev ﬁ ¢ E.om
Coria i '
Seria 100 ' @ Add Plot
I
!
com1 > : @ Add Data Axis
S !
o 0 i
|
. Touch > '
!
100 :
!
= | Input -
sourcet | Nosource w4 B
Displ.
<| aar? | B-bitasc &
- P L e T
Line input P »
Output = | Search Results | B
Kits = Snap *  MPLAB® Code Configurator =
Loading script file C:\Program Files\Microchip\MPLABX\v6.26\packs\Microchip\SAMD21_DFP\3.6.144\scripts\properties_device.py A
Loading script file C:\Program Files\Microchip\MPLABX\v6.2@\packs\Microchip\SAMD21 DFP\3.6.144\scripts\properties_device.py
Loading script file C:\Program Files\Microchip\MPLABX\v6.20\packs\Microchip\SAMD21 DFP\3.6.144\scripts\properties device.py ) o
(=2 Mavigator LabS_Data_Visnalizer - Dashboard M
s @ c\ ICROCHIP



%€ Lab0 Data Visualizer for 6DOF Sensor data

Step 6

* Double-Click on MPLAB Data Visualizer tab to enlarge DV window.

3 MPLAB X IDE v6.20 - O X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help |Qv Search (Ctrl+1)
TIPS D E Y e VEH-B PR R R QUDE Y =D rcuhnion
EIEMPLAB Data Visnalizer = l qrw
% Workspace: D Load... H Save e+  Views: B TimePlot [ Terminal =+  Protocols: [EE] DVRT Session !. Messages 0 Help (_ Dark Them
418 1 z T s e Axis
21| M Rrc-ane] Double Click the MPLAB Data Visualizer to enlarge window [™*
2 = Data values | > 10s »
é COM3 5 [ 3 300 4 Infa ] & Mark ‘I‘ Snapshot...
a.
5 e Data Axis
o
2 Serial Ports v Auto adjust 512 $ -
: COM4 & » 2 No Source v r i s o0
(@ Add Plot
COM1 | 0l (@ Add Data Axis
- . Touch >
0
-100
N r T T T T T T T T 1
Os 1s 2s 3s 4s s 6s 7s 8s 104
= ¢
~ | input -
Source: No Source - ﬁ | d
2‘:‘”“ &-bit ASCII &
| Input Filtering:
put Output = |

o () Mavigator Lab5 Data_Visualizer - Dashboard

@)
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%€ Lab0 Data Visualizer for 6DOF Sensor data

Step 7

* Load Workspace file DataCollection.dvws in \AIML1001\Recourse\mplab-dv-workspace\

i Projects [ Files off Services Ch

MFLAE Data Visualizer x
oV ata Wisnalizer | \]j
Workspace:  [) Clear | 2 Load.. | [2] save *e= 'V
o AT —_
g | Click Load !
2| @8 RTC-APPO45V5.00R2 v
8
COM3 5 »
2
|E| Serial Ports v
COM4 % »
COM!1 % »

B4 Load..

ERA (D) mplab-dv-workspaces — e E3-

SERTEE

]
S

B DataCollection.dvws

" Select .dvws file__

TEEETEM:  DataCollection.dwws

e SR (T): Weorkspace (*.dvws * gson) Files

You have unsaved changes. Do you want to continue
without saving? Unsaved changes will be lost.
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%€ Lab0 Data Visualizer for 6DOF Sensor data

Step 8
* Click on ¥ to select correct COM port and then click on %# to config as 115200-n-8-1.

7 MPLAE Data Visvalizer = |

P |0 MPLAE Data Visnalizer = |
g . . .
E Workspace: [ Clear ) Load.. [F}save e+ |V Waerkspace: D Clear a Load... H Save *** | Views: B¥ Time Plot
= (‘B MNew... i‘ Import... EE;J Auto-configure | “ Wl Tin | (‘B New... &, Import... @ Auto-configure  “ W Time Plot X
g — L = Marke
o 1 Sensor < ORI Sensor 4 r4 W |93530;5
— 1 1
¥ ‘ BT \2) |~ » I | J% coms on rrc- v |8 COM3 settings ! 115200
- <] - I APPO45 vw5.00 R2
c || x lQ|: 'Click to Select COM Port| sud Rate: ~[ 115200
1| s || e (x) _ 1 B E o 3
= No S e | (x) Variables =/
sl s @ SOUree @ Char Length: 8 bits
wnie o
o ¢ Touch Session in
w E (x) P aX Parity: None ¥
1 E | com1 — = M 16
— 5 —_ @ o : 1
r;c - { COM3 on RTC - APPO45 v5.00 R2 \=/ = | StoeBits R
) i AN
CoM4 : I )
T ' J | Click correct COM Port! ™) e J ;
_aZ 1Sl —
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%€ Lab0 Data Visualizer for 6DOF Sensor data

Step 9

* Click on » to start Data Stream output raw data waveform in Time Plot output.

i} Projects (5 Files off Services

I Vanable Streamers X

) MPLAB Data Visualizer x J

Workspace:

D Clear a Load... ﬂ Save eee |V
| @ New... 1 L’l'_, Import... [ [9*,' Auto-configure I E

S op
*}@@

! Click to Start |

Sensor

JX  omzon RTC - .
APP045 v5.00 R2

(x) Variables

"

Time Plot

Time Plot X

7 Marker
J10276.25
Data values

r T
10296.5s

T
10297s

T
10297 .55

T
10298s

T
10298.5s

T
10299s

T
10299.5s

T
10300s

T 1
10300.5s

Time Axis

Auto scroll

4.35s n

* Mark lI.Snapshut...

Data Axis
Auto adjust 512
aX on Sensor

aY on Sensor

aZ on Sensor

(@ Add Plot

Data Axis
Auto adjust 336

gX on Sensor

gY on Sensor

gZ on Sensor

@ Add Plot

(® Add Data Axis

¢ cm
v el
v éom
v éom

N i
~ £ 6o
v el
v éom
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%€ Lab0 Data Visualizer for 6DOF Sensor data

Step 10

* Check DV protocol Raw Data on Terminal Window.

Time Plot X

FC 5A A5 31 FA EB FA 8A 05 3D 13 B8 FO FC F9 5A A5 BS5 FB E3 FC B5 03 2B 0C A2 F3 14 F8 5A A5 BB FD 38 FE
BO 06 BA 08 56 F4 FB F7 5A A5 67 FE CD FF 01 07 18 QE E9 F3 CE F3 5A A5 89 FF 51 01 B2 04 E3 12 FB F5 21
F3 5A A5 C1 00 D5 01 97 08 CE 08 92 F8 74 FA 5A A5 DO 01 13 05 56 05 41 09 2F FA 2C FB 5A A5 AB 02 20 05 F
IC 06 23 05 02 FB C7 FC 5A A5 F1 02 BA 05 BF 05 FO 04 8D FF 39 FD 5A A5 CC 02 CO 06 08 07 B1 FA DA 03 F5 FF
5A A5 46 02 38 05 70 08 EB EC 2B 06 A5 01 5A A5 OD 01 29 02 1E 08 9A EC 19 07 A2 02 5A A5 FC 00 QE 01 BC
07 D5 E9 C9 08 1E 03 5A A5 77 FF D1 FC 9E 05 4C E3 72 05 73 07 5A A5 3A FE A7 F9 86 05 12 E8 18 06 92 0C 5
A A5 3E FD 7B FA CO O BC F5 8A 04 39 0A 5A A5 87 FA 36 F9 75 01

18 F9 16 02 43 07 SAiAS 77 FA F7 FB BC 01 1A 03 69 FD D2 FD 5A A5 F5 F9 45 F9 DE 01 €3 13 64 F6 51 FA 5A
A5 B3 FA 37 F9 65 04 77 1D 7P—=E BT TS T U3 EL 12 2B F5 B9 FD 5A A5 DF FD E8 FD OF 08 1
C OE E4 F7 19 FB 5A A5 07 FE 5A A5 C3 FF BB 01 4E 07 EF OE 87 F7 82 FC 5A A5

D2 00 42 04 7C 06 C5 0OC CF Data Packet 03 61 0A 44 FB F3 FC 5A A5 4B 01 21 06 55 05 A8
04 76 FC D3 FE 5A A5 97 01 Ci I5A A5 71 02 CO 09 78 03 7B F5 00 FF 3C 00 5A A5 9
F 01 16 04 22 09 5B E7 9E 05 OF 00 5A A5 D7 00 A8 03 58 07 7C E8 51 OC OA FE 5A A5 B2 FF 49 FF CC 04 81 ES

B7 07 6D 01 5A A5 BA FE 64 FB 9E 07 73 E4 F6 05 17 02 5A A5 F4 FE 75 FA B2 02 59 E4 94 06 CF 09 5A A5 69
FB 02 F8 EA 02 63 EC 76 00 C9 0A 5A A5 2B FC 1C F9 54 01 7D F8 17 01 1F 05 5A A5 64 FB 7B F9 00 00 E4 F8 6
B 02 9 03 5A A5 1C FB 8D F9 CE FF 0B FE 72 01 EF 01 5A A5 F9 FA BE F9 F6 FF BF FF F5 FE B4 FF 5A A5 65 FB

84 FA A3 FF 05 00 7B FD DA FD 5A A5 B7 FB 1A FB 4E 00 F4 03 F4 FE A7 FD 5A A5 7B FB 4B FA OE 00 C1 06 BS
FE A3 FD 5A A5 1F FC 83 FA FF 00 5F 09 40 FC 9B FB 5A A5 76 FC C5 FA BF 01 FE 06 41 FF 03 FC 5A A5 03 FE 1
3 FB 2B 05 63 07 3B 01 63 FB 5A A5 3F FC EC F8 C9 02 39 07 3F FE DF FB 5A A5 AB FD D5 F9 A5 04 EO 05 QOE FD

E2 F9 5A A5 66 FE E8 F9 AA 07 04 OA 23 FE 10 FA 5A A5 7F FE AD F9 D8 05 99 05 4E FE F4 FA 5A A5 85 FF E7
FA 14 06 78 04 AD FF 3F FC 5A A5 E9 FE A4 FB 31 08 2A 03 2C 01 77 FE 5A

FB 7A 00 61 FF OF FB BA 04 5A A5 E9 F8 FB FA 6F 00 99 0A 28 F4 8C FE 5A A5 7F F8 4A FB C2 01 1C 10 E6 ED A

7 Marker
| 1043835
Data values ST
3 _ Ve = \A
0 I_;32 T \—-/\\
| 203k T 7
- ]-10
1067 |7
I3
oo A= —
\/——::a--
10k = —
T J — I T T T T T 1
10475 55 o/ Termina 10477s 10477.55 104785 10478 55 10479s 10479 55
—
08 5C FF 5A A5 32 FF 35 FF BE U F 93 07 B9 00 5A A5 5E FF 3B 00 7B 06 5F F6 CO 05 3D 01 5A A5 4A FD B .
1 FC B4 06 51 E2 02 OD 6D 08 5A A5 D6 FA 44 FA DC 05 B9 E2 E9 07 CD 07 5A A5 74 FA 6C F9 23 02 72 FO F8 02
B4 06 5A A5 D1 FB 9D FB F8 03 F9 EF A2 04 23 06 5A A5 FC F9 90 FB D9 FD C2 F2 E2 00 45 07 5A A5 B8 FA 29

Time Axis
Auto scroll 4.35s
# Mark 2, Snapshot...

Data Axis
Auto adjust = 512 $ :
aX on Sensor v i~ & O
a¥ on Sensor v i & ©
aZ on Sensor vy i~ & O

(® Add Plot

Input

Source:

Display

COM3 on RTC -

APP045 v5.00 R2

Hex Values

As:
Input Filtering:
QOutput

Newline
Character:

Echo to Screen:

Clear Terminal

8 & & &

%I Select the same COM PortI

Select Display As : Hex Value |
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MPLAB® Data Visualizer

Data Axis and Plot of Time Plot (Waveform Viewer)

! MPLAB Data Visualizer - Editor

) MPLAB Data Visualizer x
Workspace: [ Cear 2) Load.. [F)save *++  Views: B TimePiot [=)Terminal **+ ' Protocols: [EE] DVRT Session B Messages @ Hep Dark Theme
E = ¢]
5 Power Debugger CMSIS-DAP P Et %
2 ] Marker Time Axis -
§ 20mA - | 1308.95 WsowliveDats Q@ Q9 T o @ ¥
o Power a o D.ata values A Os n
| 148ma : w* Mark P Snapshot...
CAPTURING |5.23v | 1 ; -
2 1oma | 77.3mw i Data Axis
Debug GPIO > — ———
2L $ » O
Deb Polli o - iR
ebugger Polling > N Current on Power o
Debugger > Q -4 ‘ ©om
5.4 CMSIS-DAP
12C > ; P
| ,.A,W"V\...,.A M*F o, ﬂl""“ Pt e WA . o 'Aﬂl J\"‘ @ Add Piot
| Wik Al WA .
5.2V Data Axis
SPI ¢ | Auto adjust 256 $ : ﬁ
5V~
= Channel A
Voitage on Power —
USART ﬁ > 00mW Debugger s Q A . ° m
CMSIS-DAP
Add Piot
COMS8 L » . ® o
50mw ) Data Axis
neosst o $:m
Touch > i
T T T T T T T T T T T 1 Channel A Power
1303s 1204s 1205s 1308s 1307s 1308s 1300s 1210s 1311s 1312s on Power —
ik v oOq -
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MPLAB® Data Visualizer

Toolbar Control of Time Plot Zoom In Add Axis Auto Fit

Show the information
of all cursors. Including
bandwidth, Time
period, and Frequency

5.4v4

5.2V~

5V -

00mW -

50mw

M ch

ow Live Data \@l @ @ /9 é - b4

| Time Plot X

el o998
B

5257.5s |5259.2s
AOs AL67s
0% 52.8%
Data values
11.2mA
L0A

13.6mA

524V 5.27V
AQV

8237mA IAS.S?mA

A34.4mV

Add Cursor

XL i B s K—
: Cursor ‘Cursor ‘Cursor g SYm

5260.7s
A3.17s 525755 |s52607s |a317s

100%

Power Analysis

2

-Averege Min Max

J129ma |409ma |20.4mA
|s2sv  |sawv  |s3ev
|67.8mw |21.4mw |108mw

14.8mA

R e

Is.zw

46.93mV Total Charge  Total Energy

'
'
'
'
'
'
'
'
'
'
'
'
= -y - - ) '
589mwW |71.7mw |77.7mw - : ' | n.4pan J215m)
AOW A12.9mW | A18.8mW : -
' '
: Freely move cursor |
' '
' v '
' ' '
' 1) '
L ' L
' '
' ' '
' ' '
' ' '
' '
' ' '
' '
' ' '
' '
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
L} L} 1
) ' '
' ' '
' ' '
T 1 '
' ' '
' ' '
' ' '
' ' '
' '
' ' '
' ' '
L L '
' '
. T T T T T T T
5256s 5257s 5258s 5250s 5260s 5281s 5262s 5282
Channel A Current on Power Debugger CMSIS-DAP Channel A Voitage on Power Debugger CMSIS-DAR CThannel A Zowe

Need cursor to
show the window.

Click to show/hide
the Axis.
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MPLAB® Data Visualizer

Cursor Delta Time Measurement by Time Plot

A B C

98 o098 o998

C
5260.7s
A3.17s
100%

14.8mA
A3.57TmA
5.24V
A6.93mV
77.7mW
A18.8mW

Power Analysis
©oeE o8
A C

|5257.5s |52607s |a3.17s

-

Bandwidth of A and !

B

gBandwidth of Band :

e E e e e e e o .- -—--—---—

C

- T ———— -

Average Min Max

|129ma  |4.09ma |20.4mA
|s2sv  |sarv  |s3ev
|67.8mw |21.4mw |108mwW

Total Charge
| 1n.4pan

Total Energy
| 215m)

20mA | A 8
5257.5s | 5259.2s
AOs A1.67s
0% 52.8%
Data values
11.2mA 13.6mA
10mA -3 § A0A 8237mA
5.24v 5.27V
AV A34.4mV
58.9mW | 71.7mW
-4 LAOW A129mW
5.4V
5.2V =
5V -
00mW -
1
50mwW —
I 1§
5256s

Channel A Current on Power Debugger CMSIS-DAP Channel A Voitage on Power Debugger CMSIS-DARP Thar

T
5257s

T
5258s

T
52508s

T
5260s

T
5263s
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Set Goal and Problem Identification
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Machine Learning Workflow

Build & Label Model
Datasets Architecture

Evaluate ‘ Training
Inference
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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 motion sensor ICM42670.

* The model should recognize 4 different movements, which is:
* Straight

* Right hook

* Uppercut

* Freeze

@ MICROCHIP



Problem Identification

* Detect boxing action posture
 Straight, Uppercut, Right Hook, Freeze.

 Classic approach(es)

* Camera, Computer vision
* Dynamic system, Hand tracking

* Let’s try Machine Learning
* Does it offer any benefits?

* Development speed?
* Accuracy?
* Code size?
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% Lab1
Initial Setup and Data Collecting

Boxing Recognition by Machine Learning
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%€ Labl Initial Setup and Data Collecting

Boxing Recognition by Machine Learning

* Verify the hardware setup and open the project.
« APP045 v5.0 R2 EV Board with SAMD21
* APP-Kick-014 Accel and Gyro (6DOF) daughter board
* Program the project and make sure it performs data samples in 3 different modes.
* Create a ML project by ML Data Collector.
* Collect sample data set for Straight, Uppercut, and Right hook three actions, and

observing good labelling practice.

o o B L
- F Ry

K
Rri) g 4 “
'?-‘“24-‘—-. 3 B BT
_ eabesmbened v L =t e 2
— \ o ox
ncvaznﬁﬁ gl 16 ¥)
e )
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%€ Labl Initial Setup and Data Collecting

Step 1

* Open “\AIML1001\LabX_BoxingPoseAlML\LabX_ BoxingPoseAIML.X".

' MPLAB X IDE v6.20

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

‘&ﬂ@%. X

MPLAB
X IDE
vv
—

@Y W e

Jb-B-8 b}

-
Q- Search (Ctrl+])

X

dbwi

@ MICROCHIP

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

MACHINE LEARNING
DEVELOFPMENT SUITE

=

MPLAB® Machine
Learning Development
Suite Now Available

MPLAB Machine Learning
Development Suite Model Builder is
available as a plug-in for MPLAB X
IDE. This plug-in fully automates
each step of the Machine Learning

(ML) workflow and speeds up your
s .

PIC<iv5

IN-CIRCUIT DEBUGGER

S

MPLAB® PICKit™ 5 In-
Circuit Debugger Now
Available

Our favorite pocket-sized
debugger/programmer lets you
prototype and debug your solution,
and then unplug and bring the
device with you to deploy that
solution out in the field.

e

DEV TOOL
v

Dev Tool Bits

View these short and informative
videos for words of wisdom from
Microchip experts themselves. Leave
a comment about any topic you'd
like to see covered in future videos.

Helpful Links

Development Tools Overview
MPLAB Discover

MPLAB XC Compilers

MPLAB Code Configurator
Browse Evaluation Boards

Developer Help

Microchip University

Support

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting
Step 2

—~.
* Click onicon % and select Clean and Build Project to compiler your project.

* Click on icon%lh to Mark and Program to EVB and check if any fault while Programming.

* Output Window will show Programming/Verify Complete.

Output x =]
PKOB nano-LabX_Boxing*
Calculating memory ranses for operation... A
Erasing...
The following memory area(s) will be programmed:

program memory: start address = 0x0, end address = Ox5Sbff

configuration memory

Due to the large memory ranges on this device, only the areas of memory that have been loaded with code (via the build process or loading s hex file) will be reac

{F: ogramming/Verify complete }

< >
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%€ Labl Initial Setup and Data Collecting
Step 3

* Let’s see the folder “\AIML1001\Resources” in the project.
* There are three folders, which is Dataset, DeployModel, and mplab-dv-workspaces.

Resources X aF

Dataset: The folder for you to

. < T G &G > - AIML1001 > Resources >
save all the dataset collected in 1\
following steps. © ew - ) B sort = View -
\ Name Date modified Type Size
‘ DeployModeI: Save the final L Dataset M 12/12/2024 4:52 PM File folder
DeployModel ! DeployModel !2/2024 4:52 PM File folder

model you download.

File folder

I mplab-dv-workspaces !mplab'dV'WorkSpaceIN
| mplab-dv-workspaces: The | /
' workspace settings of DV. |
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%€ Labl Initial Setup and Data Collecting
Step 4

* Open Data Visualizer. Click icon @ .

Vindow Help 3 w10 Do Vi - £ | = X
— : — | Dit8 e e . e
2L QUB (DO 2w @ e i =1
= I o s »
Shttogp x| Blmeine x| B maine PYmnine 3] e E
T nEDBG CMSIS-DAP = P - =
Sowce  History iICIick to Open Data Visualizerké; o . rra—
h121] [ | S
@ ADC _CallbackRegister{ ADC Complete, {(wintptr.t )JNULL
123 ADC_Enahle():
124
125 while ( true ) »,
126 { 3
127 /* Malntaln state machines of all polled WP P:._,
128 SYS_Tasks ( ); i s z z . z p z z 3
129 rerre = 1 — |
. ]
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%€ Labl Initial Setup and Data Collecting

Step 5
* Load Workspace file DataCollection.dvws in \AIML1001\Recourse\mplab-dv-workspace\

& [ MPLAP Data Visualizer x| \L B4 Load.. 3%
g Workspace:  [) Clear | 2 Load.. | [2] save *e= 'V T mplab-dv-workspaces - £ B
£
- . | — i B DataCollection.dvws .
= s )@ Click Load | ?—]g ’,“ | \2)
= - W .
= |2| M8 RTC-APPO45V5.00R2 v HE ajSelect .dvws file]
15| E - ﬁf@rfﬁm): DataCollection.dvws BHIET |
2 S TEFARRU(T):  Workspace (*.dvws *.json) Files HYiH Open
g COM3 L »
S 2
|E| Serial Ports v
You have unsaved changes. Do you want to continue
COM4 'l:l' > without saving? Unsaved changes will be lost.
COM1 >
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%€ Labl Initial Setup and Data Collecting

Step 6

e Go to left tab “Variable Streamers” > Sensor > Mo Source v > COIMIXX

P |[] MPLAB Data Visualizer = |

g

g Workspace: [ Clear ) Load.. [H)save e« |V
L]

= @New... ;ia'mp@d--- E]:%Aum-mnﬂgure “ Q Tir
g _

&= i Sensor LSOO
g |
g ‘NDSDUF{:E \2’ - ']:" > |

7| E* {QF . ' Click to Select COM Port!
Y sle|l@ 2

22—

& e ' )

o ll (x) ¢ Touch Session

|| L

A E | comi =

= | 5 —

c;c > { COM3 on RTC - APP045 v5.00 R2 \3)

(x) i
COmM4 .
T ' N !Cl|ck correct COM Port!
,al

c\ MICROCHIP



%€ Labl Initial Setup and Data Collecting

Step 7
e Sensor > Q(Source Option) > Baud Rate: 115200

‘ @ MPLAB Data Visualizer x|

| Workspace: D Clear a Load... BSENE ses | Views: B TimePlot |

@New... llilllrru::u::nrt... E]:%Autu—configure “ § Time Plot X -

—at = Marker
i Sensor 4 1 ~ 195&0.&5 |
COM3 on RTC — — ﬁ COM3 SEHII"IQS l 115200 |
x APPO45 w5.00 R2
2 aud Rate: El 115200 !
% (x) Variables Char Length: 8 bits w
n
@ aX Parity: MNone ¥
g
£ Stop Bits: 1bit w
ay I

I (x) ---.: ‘ J .:-

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting

Step 8

* Go to left tab “Connections” Click on [=] and display the text in Terminal output.

U

]

'l

(Connections

EE] OVRT Session

Workspace:  [) Clear 7Y Load.. [“)save +es | Views: P TimePlot [ Terminal e+ = Protocols:
o Time Plot X Dashboard x
5 E RTC - APP045 v5.00 R2
E - Roll Mode | Scope Mode
g 2
[&] . 3

COM10 \e/ click 1”0 @ 4355 | @ uming
* OTH #®¢ ©98@
5
= . z . !
g Serial Ports rminal l
= (H Display as text in the terminal ~- .
o 20 3 Data values !
g Ccom L » Ujln,a |
g T T — T

4646 5 '‘Bs

x  COM3 0 \2/
= ML Data Collector X Touch X I Terminal X I XY Plot X
= TDK ICM42670 Initialize
= - Software Reset Completed
o » | - WHO AM T : Ox67
o E Touch - Gyro_Initial Completed
Z - Accel Initial Completed
a2 - Enable Completed
] - Hardware INT Enabled

TDK ICM42670 Output

- Temperature : 24.1'C
- Accel ( 40.0, +0.0, +1.0)
- Gryo ( -0.1, -0.1, +0.3)

Auto ML Model Name : BOXING_RECOGNITION_RANK_3
Auto ML Classify Maps :

- Id 0 : Unknown

- Id 1 : Freeze

- Id 2 : Righthook
- Id 3 : Straight
- Id 4 : Uppercut

Data Axis

128 512

aX on Sensor hd
aY¥ on Sensor v

aZ on Sensor v

®) Add Piot
Data Axis

Input

Source: Mo Source

Display Ast | g pit asCll

O

Input Filtering:

Output

Newline
Character:

Echo to Screen:

Clear Terminal

!. Messages e Help O

R R R

é ©
é ©

B 8 a &l

é ©

»
s
Ik

<O

4

L 1]

Dark Theme |

~
w
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Step 9

* There are 3 different modes, we can switch the mode by pressing BT2.

* Mode 1: Display 6DOF Sensor Data in DV Terminal and OLED.
* Mode 2: Display Boxing Stance classification results of preset ML model in DV Terminal and OLED.

TR RY e

-

« Mode 3: Display 6DOF Sensor Data waveform in Time Plot of Data Visualizer (For Data Collection).

Mode 1 !

TDK ICM42670 Initialize
- Software Reset Completed
WHO AM I : Ox67

Gyro Initial Completed
Accel Initial Completed
Enable Completed
Hardware INT Enabled

! Terminal ! '

TDK ICM42670 OQutput

- Temperature : 25.2'C
- Accel ( -0.0, -0.0, +1.0)
L= Gryo ( -0.3, +0.3, +0.4)

Auto ML Model Name :
Auto ML Classify Maps :
- Id 0 : Unknown

- Id 1 : Freeze

- Id 2 : Righthook
- Id 3 : Straight
- Id 4 : Uppercut

© 3

&

BOXING_RECOGNITION_RANK_3

Temp :

A

21.3°C

+12 -58 +2047

+4 +102 +23

! Mode 2 !

TDK ICM42670 Initialize

- Software Reset Completed
- WHO AM I : Ox67

- Gyro Initial Completed

- Accel Initial Completed
- Enable Completed

- Hardware INT Enab'le
TDK ICM42670 Output

- Temperature : 25.0'
- Accel ( -0.2, +0
- Gryo ( +29.5, +2

Auto ML Model Name : B
Auto ML Classify Maps
- Id 0 : Unknown

i (s i
-Id 2

Freeze

: Righthook
- Id 3 : Straight

- Id 4 : Uppercut

!Terminal !

Freeze

= A e

uto ML Inference Result

: Boxing Freeze |

Mode 3 !

o

aaf

A\ 5
Py ~A M a\ AN\ /N /A
PV V¥ A SR WA S A AN (NP
-‘\/ﬂ \ A ) \*

N

7 Marker

Wsontvedss RQAO Q9 T 0 @ ¥

T T T T T T T T
1084 55 1085s 1085.5s 1088s 1088.5s 1087s 1087.5s 1088s

! Time Plot !

c\ MICROCHIP
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Step 10

* Finally! We are going start collecting data.
* Press BT2 two times to switch the mode to Mode 3.
e Start Variable Streamers, Click P> icon

|= | StartPage x |1 MPLAB Data Visualzer x| rwn
‘;_1 Workspace: [ Clear 2% losd.. [H)save »o¢  Views: ¥ TimePiot [ Terminal s+ | Protocols: [EE] DVRT Session A Messages @ Helr Dark Theme
— . -
w ® New... &, import. B4 Auto-configure = ¢
_ - Time Axis
i Sensor s oprd I"’l“g’:f:s
6913 .
Q coM20 v 5| Data values 105 n
E x ) . IWLG o# Mark I, Snapshot...
1) E R B~ | 204 Data Axis
5 | RE:
QI: .
aX 1 T m
| - i ) I\: .
= ? aX on Sensor I~ 6 ©f
w) o
. ) o a¥ on Sensor & O
Qv aZ on Sensor & ©f
aZ -
0 ©® 7 @ ada plot
© | | oua i
= x Mode 3 - g
L S (x) 9 a | o e | 12 T O
m gX on Sensor = 4 © ﬁﬂ
: v —
=) g gY on Sensor = éod
—
gZ on Sensor 558 . Lod ﬁ
9z o
« ® add piot
@® Add Data Axis

Sensor Options

¥ Auto-config
Config ID:

Search path:

Auto-config enabled:

Not decoded

Lab0_APPO45 MLX il )

MPLAB® ML Data Collector

ML First Project

[ ogout

ﬁ\ MICROCHIP



%€ Labl Initial Setup and Data Collecting

Step 11

! Time Axis '

* Time Plot Graphic Window will show the raw data. e o

# Mark II. Snapshot...

¥

| Views: B Timepiot [2)Terminal *»» | Protocols: BB DVRT Session .!. Messages 0 Help Dark Theme | I
- Sl Data Axis for Accelerometer |
20k Marker e R
70656.35 e P
IDai; values f 1 Auto scro 10s (1] A ] i 312 $ = m
Ii: | | A o# Marc T, snapshot.
Jzom A | b } Data Axs aX on Sensor v i 0o
o4 I == *\J‘}m S—— 'xﬁf:“ ot 1\%‘"" i — ﬁ\*& —e———— | & 512 T .o -
| J J U \ aX on Sensor v i dOd aY on Sensor - E . G m
aY on Sensor R o i il
] — C 6o aZ on Sensor v I~ & O
10k 3
@ Add Piot
I Data Axis @ Add Plot
4{_ -‘ | st | 512 ¢ @ . |
o M{/\J}m&/"‘/‘w’\} ‘XP{;*’»———\J Lf}w‘a— }\Tﬂ/ﬁlp\’f}f%'——-— }/‘C)W?ﬁt J gX on Sensor v I s O -ﬂ-j Data Ax'S for GerSCOpe |
‘I \ | J ’ 'L gY on Senscr v I § O -U-j 1 J 51 5“:' ¢ : ﬁ
) gZ on Sensor vy dOmd
] @ acq Pt gX on Sensor v |~ § O -U-ﬁ
I 708885 Togges 708875 70888s 708605 708705 708715 708725 708725 708745 @ Add Data Axis
gY on Sensor v I~ & OO
MPLAB® ML Data Collector gZ on Sensor v I § ©10
(#) Add Piot
Select a existing project, cr:ri:a‘E::i;C. :;*Eec:ac:aoé:'ﬂecéc:ne::"; data from your target, > @' Add Data Axis

@

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting

MPLAB® ML Data Collector

1. _Upload and save Data by MIPLAB IVIL Data Collector.
The data will be saved to .csv file in your local PC and Capture and Upload Data
upload to the ML Project you created automatically. U ——

= Data ranges can be customized using “Mark™ option on axis pane

*Se Change Project  # Project Metadata ML First Project |:—' Logout

> Upload Data... ( Upload Data ]

o
)

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting
Step 12

e Choose ML Data Collector tab in the below window.

¥4 MPLAB Data Visualizer - Editor - ul X
mMPLAB Data Visualizer x 4rwig
Workspace: D Clear xj Load... ﬂ Save **» | Views: B TimePiot [Z] Terminal eee Protocols: BB DVRT Session ... Messages 9 Help Dark Theme |
@ New.. | ¥, import.. | ER Auto-configure | = ¢
7 Time Axis =
- Marker
Sensor S opd | 6610835
COMS v ﬁ [ 10k~ Data values A \ ﬁ r”‘ 66103.55 5.74s »
22 \ \ ‘
X . . I;ag( ||‘ ‘l‘\ | | | | o Mark i. Snapshot..
E (%) Veriobles By | 477 } | ‘ I‘\ | | I Data Axis
I |
= | -145 | |\ | i A
£ e A I N\ I\ 1
5w ax 5 Ir'eh J/ \\\ T\ ‘;I “\\ . j" "‘:\ < = * T
- 138 AP\ ——< — { e i N\ = — N\ o _
3 A N A RN AV N 7 A W / =X on Sensor v i & o
8 S v o - - W p g =
> —
® aY | a¥ on Sensor v 6o
7 aZ on Sensor * i~ & © ﬁ
aZ 1
) , ‘ [ ; @ Acd Piot
‘I ™ ‘ / !'\\ AW Data Axis
9x al ! [ A .
i/ \ A% | \ A\ . \ N F N + 1 -
(x) oo s— ‘\‘\ P (l‘/>\_,—....__._.._-—-‘<-/\l U ) O f". Y e a2 ‘| /"};\‘, e 4.2k $ -0
\ \ | \ X _
- .\J A | \ +\j \ $\f gX on Sensor AL i
Senscr Options v | \ ’ —
) “, \ gY on Sensor v éom
Auto-config a [ ) .
L Data Collector | TN
IVIL Data Collector
¥ Auto-config C J T T T T T T T T T 1 @ Add Plot
65105s 66105.5s 66108s 85106.5s 88107s 86107 5s 68108s 5810858 66100s
Config ID: Not decoded

Search path:
Recursive search:

Maximize
‘dashboard:

- ML Data Collector 3, |
..oxingPoseAIMLX oy ')

MPLAB® ML Data Collector

b Statistics

{ LOGIN WITH MICROCHIP ACCOUNT ]

Appendix : Install the ML Data Collector & ML Model Builder @Mncnocmp



%€ Labl Initial Setup and Data Collecting
Step 13

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

MU Microchip Login
A5\ MicrocHip

Email Address*

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

Enter ema
Passwor! d*
er Password
got password?
R
I I Sign i
l[ LOGIN WITH MICROCHIP ACCOUNT ] | ;;;iimf

CCCCCCC

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting
Step 14

* Click the Create New Project button.

ML Data Collector X l|§_’”“: X | Terminal X | XY Pl

MPLAB® ML Data Collector

*5e* Change Project E" Logout

Weicome to the data collection

Select 3 exist ’[Create New ProjectF tc begin Collecting data from your target.

Create New Project ! Open Existing Project

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting

Step 15

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

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

MPLAB® ML Data Collector

*5* Change Project

Create Project
1 /)

VL First Project

ML First Project)

Project

MName:

\ZI ( |

——— Create

NS

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting

Step 16

* 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 [= 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 Ei'

%N Upload Data... [ Upload Data ]

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting

Step 17

[iosecorccer]
* Profile Name: Boxing ML

e Device Name: ICM42670P
 Sample Rate (Hz): 100Hz

MPLAB® ML Data Collector

*5* Change Project P Project Metadata ML First Project

Create Sensor Configuration

Profile Name: [ BOXing VIL ]
Device Name: | ICM42670P |
Sample Rate (Hz): [ 100 ]

Sensor Names :

aXx

@ MICROCHIP



Data Logging and Upload

@ MICROCHIP



Select and Collect dataset

* Data is the basis of model training.

* Quantity

* Quality

* Diversity - - _

* Performance evaluation o Face Detection AR Doroeton

° Ethical | ’ y lFace Recognition
* Where to get the data? | \‘x} | ' -

* Acquire it ;M A

°* Buyit RGN il Detection gFve & Smile Detection 1L

- Build it F Fa
i Silid
P L = k

@ MICROCHIP



Example MNIST

* Collection of handwritten digits widely used for training and testing in the field of
machine learning and computer vision

. 0000006 0QopgpOoOoOCY OO0

* 70,000 images AR AN R AV AN AV AN AN RN AR RV
60,000 training samples RAd22IId2 2222222222

. 3333333333333 333

* 10,000 testing samples S ¢+ 4404 g faddan gy
* Image Properties 555855$S5S559<s5854¢¢9
* Grayscale images (0-255 levels) ig?j;%‘:::ﬁ?;;g;f
® SiZEOf28X28piXE|S Y3 s ' L %P SRR PIYES S T I
 Labels 7 999499%949%49499 9

* 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

e Useful for creating Convolutional Neural Networks

ﬁ\ MICROCHIP



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 Y Ty
* Closely resemble real-world scenarios Eg;éggﬂﬁ

Detailed annotations
* Object bounding boxes
* Segmentation masks

SmB B ¥ s
FEDESEEE - P
Pl B FRT L
i = Y o
A - BRI
— b

* Image captions

Over 200,000 labelled images
Image Captions

Updated yearly

Free for researchers

“name": "car",

@ MICROCHIP



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
* Butyou can be too close to it

Q MICROCHIP



Vibration Analysis

e 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

* NASA Acoustics and Vibration Database
* Great for building rockets

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting
Step 18

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

Ensure uniformity and quality in executing every action.

Start moving your body, perform Straight, Uppercuts, and right hooks 15 times each,
and save them into three different files.

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

It is recommended perform one movement per second, and rest for about one second
between each movement, and the rest interval can be regarded as an action- Freeze.

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

ﬁ\ MICROCHIP



%€ Labl Initial Setup and Data Collecting
Step 19

* How to do Straight, Right hook, and Uppercut?

Freeze

(Ready Position ) Straight Right hook Uppercut

i vZ?%
O NN

@ MICROCHIP




%€ Labl Initial Setup and Data Collecting
Step 20

* Click Pause Scrolling and a to zoom out the window to show the all actions your

P> Show Live Data Q Q @ 9 ¢ o ® %

c\ MICROCHIP



%€ Labl Initial Setup and Data Collecting
Step 21

» Add two vertical cursor §J and move to the time you start and stop the movements.

)

[Data Start Time | A

Data End Time I B N
¥

] @98 0908 Al Wshowivenat: R Q ® Q9 T o @ ¥
A 8 '
6063.2s |6087.8s ; '
AOs A24.5s ’ .
Data val : '
-35 472 ’ i
40 A-437 ' " |
-161 1.35k ' '
AD A151k i : — - o PN
'
04 J2.1k 971 B ’ = ‘ﬁé}(/\’:‘v—
AD A-1.13k ' '
17 -2.57k ' '
A0 A-25% - '
0 110 : ;
A0 A-110 . '
10 349 : '
A0 4339 : .
' 1
‘ :
10k — ' '
1 1
1 1]
' 1

c\ MICROCHIP



%€ Labl Initial Setup and Data Collecting

Step 22

* Capture and Upload Data in ML Data Collector
* Click Upload Data

ML Data Collector X

MPLAB® ML Data Collector

*5e Change Project  # Project Metadata ML First Project [= 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 Ei'

%N Upload Data... [ Upload Data ]

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting

2. » Snapshot Data by click on E in Time Plot of DV to save the .csv file in your local PC.
Then upload the .csv file to the ML Project you created manually.

Time Plot X  Dashboard X = ¢

Roll Mode || Scope Mode @ 1595 @ 4665 O © Q08 I C I Data Axis
Al
i

lick

\ . o
v| 215k 705k S -

leem oom B v
A B : k aX on Sensor v éoTm
0 I‘I600‘65 |1622.2s | — ' it
AOs A21.7 s aY on Sensor v éoM
Data values ' '
11204k [-201k ! ! aZ on Sensor v éom
20 k=3 | AO A26
264 -110 @ Add Piot
A0 A-374 Data Axi
o] ie |330 ata Axis
A0 A286 P
. -1.5 428 k
H-ZA i128 R
20k An A1
: : . . gX on Sensor v ¥ 6 OoMm
1590 s 1600 s 1610s 1620 s _- "
Y o Sense - I 4O MiCROCHIP




%€ Labl Initial Setup and Data Collecting

Step 23

* Enter the time period of the movement to take snapshot. (Use cursor A and B automatically)
* Don’t check the Include stamp and Allow scientific notation.

Save Data Snapshot

Data Capture

Sources to include:

Save Data Snapshot

Snapst 1 ndow start (s):
u'sg.:esas:

Data Start Time

Window end (s):
7799496832

 S— A S

Data End Time

Duration (sk

Auto Generated]

| File Format

CSV optior Dnc!.;d mestamp:
Header ro
Data value format: low scientific notation ()
Data layout: Table o
Windowed 0
Preview

RO W W
B0
MO ® 00 N e Gy @
DAV A A )
T T ' ¢

Decma r"““[Don’t check the Allow scientific notation

1

O/
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Step 24

* Save the .csv files in folder “\AIML1001\Resources\Dataset”.
 Name the file as Straight1.

‘ B Select afile ' \AIML1001\Resources\Dataset | X
Save in: Dataset v 5 Eo-
——
Recent Items

[Straightl} | Save | |

- File name: Straightl Save
—_—|

Desktop Files of type:  gnapshot (*.csv) Files v Cancel

@ MICROCHIP



%€ Labl Initial Setup and Data Collecting

Result

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

v File uploaded successfully X

* Repeat step 19 to step 24.
Build, Upload and Save all the data file.

* Straightl.csv.
* Uppercutl.csv.
* Righthook1.csv.

@ MICROCHIP



Labeling and Prepare Data
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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 algorithms. We
have more data.”

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

c\ MICROCHIP



Organize and label data

* How to Organize and label data?
* By Application
* By Purpose

* Things to note

* Consistency and Quality
* Quality Control of Labeled Data
* Marking tools and platforms il

Amplitucle

[u] ::E [u] ::H o
Time [g]

@ MICROCHIP



What do you see in this picture?

* What will you label this Picture ?

@ MICROCHIP



What do you see in this picture?

* By Application - In Object Detection...

@ MICROCHIP



What do you see in this picture?

* By Application - In Semantic Segmentation...

@ MICROCHIP



What do you see in this picture?

* By Application

| Original Photo

e\
N 1
N ) W
N i

Semantic
Segmentation

Object Detection

NS
m\@ & % m
1
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What will you select in this picture?

Q MICROCHIP



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

vl

o5

PR R RO
W0 808 0 sanguly
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Segment Label and Metadata

* Take 2025 Winter Elite training materials as example

\\ //

= | Metadata @ Segment

Title: 2025 Winter Elite Training Catalog:

e Section 1: SAMD21 ARM Cortex-MO0+

Materials Microcontroller Introduction

Author: Microchip Taiwan CAEs

* Section 10: SERCOM - SPI - OLED SSD1306
Publisher: Microchip

* Section 11: Machine Learning Boxing
Publication date: 2025/02/10 Recognition

Chapter: 11

Dataset: Indian Driving Dataset - Segmentation Part 2 @ MICRDCHIP



Example Data of Boxing Recognition

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

* Multiple Events

* Each signal has ‘quiet’ spells =
* Amplitude, spectrum vary H I

F 30,
|- 25,000
- 20,
- 15.4
| - 10,
[ Ls
| | |
' | | B ) ‘
P A 1 e iyl it : e\ AR " : Ry { " - o
« i il [ ~ 2 ¥
l -5,
| [ |
i - -10,
- -20.,
L 25,
1.500 2,000 2500 3,000 3,500 4,000 4

 Metadata ]
* Dominant hand
* Gender

@ MICROCHIP



MPLAB® Machine Learning
Development Suite

@ MICROCHIP



MPLAB® Machine Learning 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.

&3 MPL

File E: Q-

¥ 7 o - . v % L. B m.@.# fou) @ How

Sl MPLAB A8\ MicrocHIP
s X IDE

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

. o
: : s S ® Helpful Links
l DEVTOOL ... oo MACHINE LEARNING
UUUUUUUUUU BITS) kol
- S d e i DEVELOPMENT SUITE

eeeeeeeeeeeeee

MPLAB® X IDE v6.20 New Version of MPLAB® Dev Tool Bits « Microchip University
Legacy Tool Support Data Visualizer Now « Support

Available View these short and informative
MPLAB X IDE v6.20 will be the last deos for words of wisdom from
vers it~ 3 The latest version of MPLAB Data Microc s. Leave
REAL ICE™ Visualizer offers enhancements for a a comr that you
prog fyou plar better us cluding would like to see covered in future
tous PLAB X videos

» oy « Improved dashboard

t ¥ lude tt it ! ile ir
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MPLAB® Machine Learning 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
* Label and filter data
* Feature extraction MACHINE LEARNING
* Training
* 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

' g\ MICROCHIP
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MPLAB® Machine Learning Development Suite

Licensing Information for MPLAB ML Development Suit

Evaluation License Pro License
Price Free S99/year
Supported Silicon Microchip 8-, 16-, 32-bit MCUs and dsPIC® DSCs
Data 1 GB Up to 10 GB
Labels 2500 Unlimited
Output Library Source Code
AutoML CPU Time 5H/month 250H
Application Evaluation Only Production
Pur\cl\r/g‘::/’lxta” Free MPLAB X IDE Plug-in SW67G42A

@ MICROCHIP


https://www.microchip.com/en-us/tools-resources/develop/mplab-x-ide
https://www.microchipdirect.com/dev-tools/sw67g42a

The Workspace of ML Development suite

* Home Page of ML Development suite

MPLAB ML Model Builder

| = @MICHDCHIP
M Projects
( Get Started & ] @ Get Started
\Documentationj 2 Documentation
0 Support

[ The link cﬁ\

L User Guide

A

Project Search

‘

Open Project | CREATE 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.

Change Project

M

Project Summary
Data Manager
Prepare Data
Build Model

Explore Model

=]
[
3
o

=, Test Model

© Download Model

ﬁ\ MICROCHIP



The Workspace of ML Development suite

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

Proiect: ML First Proi

Project Settings

OVERVIEW QUERIES

PIPELINES MODELS

PROJECT SETTINGS

Queries

Models

B Captures

@ MICRDCHIP —9 Segments

9

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

@& Queries

285

X Pipelines

B Size(MB)

5] CHANGE PROJECT '

&

% Models

1.99

(3 UUID

0b53f3c6-b4f9-4cdc-8087-e5197¢cf38045

Sensors
aX, a¥, aZ, gX, g¥,gZ

c\ MICROCHIP



% Lab2
Data Labeling and Preparation

Boxing Recognition by Machine Learning

@ MICROCHIP



% Lab2 Data Labeling and Preparation
Boxing Recognition by Machine Learning

* Try to segment and label the data. This will be a lengthy process but is also the most
important part to get the best results.

* Start the ML Builder plugin and log into your account.

* Opened the project you created and add 4 labels of the boxing movements to the
project.
* Straight
* Uppercut
* Right hook
* Freeze

* Label the data for the model generation.

J.lq go!

@ MICROCHIP



Machine Learning Workflow

Build & Label Model
Datasets Architecture

Identification

Digplen ‘ Evaluate ‘ Training
Inference

c\ MICROCHIP



% Lab2 Data Labeling and Preparation
Step 1

* Click m icon

B3 MPLAB X IDE v6.20
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

PEESDCE:T W vﬁ-'@-b""ﬁw'@”ﬁ'%@@

OR

* Tools > Embedded > MPLAB ML Model Builder
|

ﬁ MPLAB X IDE v6.20 - Lab0_APP0O45_ML : default I
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help |

Analysis > X BR . v
Embedded W xacScope
Licenses m MPLAB ML Model Builder
&) MCC Content Manager % MPLAB® Code Configurator v5: %lose

Documentation Manager

Packs

Appendix : Install the ML Data Collector & ML Model Builder @Mu:nocmp



% Lab2 Data Labeling and Preparation
Step 2

* Log in with your myMicrochip account.

1) MPLAB M. Model Buider x | (rv@
A Q@ Q

Sign In ‘

Email Address*

[ Enter Email Address (0} ]
Email Address is required
Password*

Enter Password

MICROCHIP
e MALCHINE LEARNING
@] T DEVELOPMENT SUITE

‘ LOGIN WITH MICROCHIP ACCOUNT
[Log| n W|th myM |croch i p Accou nt} New to Microchip? Register for an account

View Microchip's Privacy Policies

© Copyright 1998-2023 Microchip Technology Inc. All rights reserved

Appendix : Create and Login MPLAB ML Account @MICRDCHIP



% Lab2 Data Labeling and Preparation

Create a New Project in ML Model Builder
* Click on CREATE PROIJECT, if you have not created one using ML Data Logger.

| .
= @Mlcnncmp MPLAB ML Model Builder

A Projects \]j—l
Project Search Q

¥ Get Started
2 Documentation Open Project \Zj ‘ CREATE PROJECT ‘
© support . . . . : E
Welcome to the MPLAB ML Model Builder. Follow the Getting Started guide to learn how to build your first
* Input Project Name: ML First Project for your project then click SAVE
| x |

Create Project

—— Project name *

\3J ML First Project f|V||_ First Project]

4

CANCEL

@ MICROCHIP



% Lab2 Data Labeling and Preparation

Step 3

* The project we built will show on the welcome page.
e Click [/] icon to open ML First Project.

DY MPLAB ML Mode! Builder x
A @ Q
= A%\MicrocHip MPLAB ML Model Builder
A Projects
Project Search
®  Get Started
E Documentation OPen Project
o Support NAME = FILES = PIPELINES = SIZE (MB) = QUERIES = MODELS =  SEGMENTS =

0 0 0

0 of 2500

/) I ML First Project 0 0
Rows per page: 10

‘

CREATE PROJECT

CREATED DATE =  DELETE

@ MICROCHIP



% Lab2 Data Labeling and Preparation

Step 4

e Click Project Settings.

Start Page x[mmwoatavm&zer x[@NPLABM.Modelauiuer x
w QA Q
= AS\MicrocHiP ML First Project
3] Change Project . . )
Project: ML First Project [ Proiect Setti ] 5] CHANGE PROJECT
(=) Project Summary ¢ rojec ettings J
T — OVERVIEW  QUERIES  PIPELINES  MODELS | PROJECT SETTINGS I c
[i] Prepare Data ) o
@ Captures B Queries X Pipelines % Models
‘\ Build Model
® 1 0 0 0
Explore Model )
. MICROCHIP - s:onens B size(E)
=, Test Model
0 0.02
€© Download Model
(3 Created Date
] 5/30/2024 4:53:08 PM
®  Get Started
(3 UUID
@5 Documentation 0b53f3c6-b4f9-4cdc-8087-e5197¢f38045
© Support E@ Sensors
aX, a¥, aZ, gX, gy, gZ

4P

c\ MICROCHIP



% Lab2 Data Labeling and Preparation

Step 5

 Add Label.

3

a Q

ﬁ\ MICROCHIP

ML First Project

&3]

i

Q K, B i

1
M

o

“

© M

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

5] CHANGE PROJECT

&

| Add Label |

‘ ADD LABEL

c\ MICROCHIP



% Lab2 Data Labeling and Preparation

Step 6

 Create Label.

3

a Q

Q MICROCHIP

ML

First Project

(i

Q F, B i

1
M

o

“

© 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

SEGMENT LABELS

MODELS

PROJECT SETTINGS

3] CHANGE PROJECT

Labels

\]jLa:e Name *

Straight

Label Color

. #1D7DC4

Create Label

[ Straight ]

CANCEL

c

ADD LABEL

c\ MICROCHIP



% Lab2 Data Labeling and Preparation

* As you add labels, 1,2, the color of each label you add will change.
If you find that the Label color does not change,

\A) Try clicking C to refresh the GUI or
\B).© Click on a different label and then go back to create another label name.

= @Ml:nnculp ML First Project

5] Change Project - ’rf - - ] - ( ] = “Hf ]

- \B )" Click different Tab| (C) | Go back to create \A )" Click refresh

roject Summary \ 4 \ =
= i Manacer OVERVIEW | QUERIES  PIPELINES ~ MODELS | PROJECT SETTINGS c
(] Prepare Data SEGMENT LABELS  METADATA Create Label X
A Made abel Name * ‘ |

9, Build Model Labels - ADD LABEL

@ Explore Model . -
e 2 Y

=, Test Model T \=/ ] l Add Labe‘ J
Bl #o7oc4 | If Color not changed |

& Downlnad Maodal \ -

CANCEL SAVE

@ MICROCHIP



% Lab2 Data Labeling and Preparation
Step 7

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

* Straight

* U p pe rcut Project: ML First Project 5) CHANGE PROJECT
°
g OVERVIEW  QUERIES  PIPELINES  MODELS  PROJECT SETTINGS c
* Freeze
SEGMENT LABELS ~ METADATA
Labels ADD LABEL
NAME = CREATED DATE = UPDATED DATE = EDIT DELETE
| Stra |ght {| [ straight 7/15/2024 5:01:34 PM 7/15/2024 5:01:34 PM V4 ]
! U pperc ut ! Uppercut 7/15/2024 5:01:50 PM 7/15/2024 5:01:50 PM 7 ]
| - | Righthook 7/15/2024 5:02:01 PM 7/15/2024 5:02:01 PM yd ]
' Righthook |
B Freeze 7/16/2024 2:09:45 PM 7/16/2024 2:09:45 PM * ]
! Freeze I ’ .

@ MICROCHIP



% Lab2 Data Labeling and Preparation
Step 7-1 (Optional)

 Add Metadata.

# Q@ Q
= AS\MicrocHiP ML First Project
5] Change Project i X .
Project: ML First Project 3] CHANGE PROJECT
[Z] Project Summary
OVERVIEW QUERIES PIPELINES MODELS PROJECT SETTINGS C

Data Manager

Prepare Data SEGMENT LABELS | METADATA

\2)——
Build Model Metadsta METADAT ” ADD METADATA
Explore Model
' No metadata (ADD METADATA |

J

Q +/ B

Test Model

1
Bl

Download Model

o

“

Get Started

Documentation

e M

Support

c\ MICROCHIP



% Lab2 Data Labeling and Preparation
Step 7-2 (Optional)

 Create Metadata name and Metadata values.

Create Metadata

<

\]J-Aetadata name *

[ Dominant_hand ]

Select metadata type

Dropdown @ Text O

Define a custom list of values to select from a dropdown

CANCEL

m@

Metadata values

(i) Updating values for Dominant_hand

Right_handed

Left_handed

O,

G
t Right_hand | &

5

\/l Left_handed] B

+ ADD ‘

CANCEL

TN

c\ MICROCHIP



% Lab2 Data Labeling and Preparation

* Now we are going to start the “Data Labeling” works !!
* The next steps are probably the most important but also the most boring
part of the machine learning training process.

* Observe the aX, aY, az, gX, gY, and gZ raw data firstly, then start labeling
data, even slightly differences may impact the training result.

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

* Repeat step 8 to step 14 to complete label all sections and files.

@ MICROCHIP



% Lab2 Data Labeling and Preparation

Step 8

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

AZ\ MicrocHiP

ML First Project

5]

Change Project

(Data Manager

J

Q ;B

<

o

“

®© "

Data Manager i Captures
Prepare Data %
e CAPTURE NAME =  SEGMENTS =

Build Model

Explore Model

Test Model

Download Model

Get Started

Documentation

Support

(]

O

a

Right1.csv

Straight1.csv

Upper1.csv

T)ata Manager Session: Training Session

0

0

0

SIZE (MB)

0.22

CREATED DATE =

7/16/2024, 2:43 PM

7/16/2024, 2:43 PM

7/16/2024, 2:43 PM

DOMINANT_HAND = OPEN

Rows per page: 25 «

< SESSION

DOWNLOAD METADATA DELETE

¢ IMPORT CAPTURE

c

Vs []
/ [ ]
/ [ ]
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% Lab2 Data Labeling and Preparation

2. » Snapshot Data by click on E in Time Plot of DV to save the .csv file in your local PC.
Then upload the .csv file to the ML Project you created manually.

Time Plot X  Dashboard X = ¢

Roll Mode || Scope Mode @ 1595 @ 4665 O © Q08 I C H I Data Axis
:
i

lick

= A —r] 215k 70.5 k S
o o o om 3 v Vv - |
aX on Sensor v |2 Lo i}
0 I‘I6006 |16222s v ¢ o
0217 s aY on Sensor v éoM
Data value : :
i 2 04 k =201k : : aZ on Sensor v éom
20k A26
264 -110 @ Add Piot
A0 A-374 .
0 fas |330 ata Axis
A0 7286 - =
15 28k
ﬂ -24 i128 v .o
20k =
- : - - gX on Sensor v éom
.
1590's 1600 s 1610's 1620's _
e - V8 OF MICROCHIP




% Lab2 Data Labeling and Preparation

Import the Snapshot .csv files

* Click on Data.Manager > IMPORT CAPTURE > CHOICE FILE.
2

| = A\ MicrocHip | | \2) - |
9 SESSION @ IMPORT CAPTURE () 0o

Import capture file X

[
5 Change PI’OjeCI S [ ] % Import Capture File Set Metadata
Data Manager Ses IMPORT CAPTURE 0 wosesewn [~ CH e T E )
(=] Project Summary ‘ \ \ J C Y_\ L }
1 / -

F—] \ / Captures .

= e P = OPEN DOWNLOAD METADATA DELETE / \ 3 /]
[ Data Manager ] @ CAPTURE _ ‘
. d & & /7 i

9, Build Model

e Select multiple .CSV you stored then CONFIRM IMPORT > SET METADATA(optional).

_I | Import capture file % | Import capture e X
| Look in: Dataset ~ £5 BB~ | | o (2] | | (] (2] -
Y Ri Import Capture File e import CaptureFile ~ SetMeta data

Select Multiple

— - (@ Upload CSV or Wav
RECE:;I;E!TIS * C SV fl I e S ) & Files uploaded successfuly. Now you can set metadata
- N IcONFIRM IMPORT|  ® \ @
- \4/ \ ) or Conf
Desktop ] 1 /“‘ 5 CHOOSE FILE / R (SET M ETA DATA] )
) | 4 U Or drag it here L )
Dof;‘unénﬁ Files of type: | All Files - | Cancel 6
A8\ MicrocHip



% Lab2 Data Labeling and Preparation

Step 9

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

= @Mlcnm:mp 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 / B
¢) Explore Model
=, lestl Straightl_csv I Straight1.csv 0 0.12 7/16/2024, 2:43 PM @A () P (]

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

@ MICROCHIP



% Lab2 Data Labeling and Preparation

Step 10

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

Click to show
or hide the
selected
raw data.

() Select a segment to edit or click the create button for a new segment.

|
Sisamadii

|

%)

-

|
f
- P U [leema iy  — ] — w:‘;:J" — 3
FEHH

- 25.000

|- 15.000

- 5.000

-5,000

|- -10,000

|- -15.000

r T T
o 500 1,000

T
2,000

T
2,500

T
3.000

T
3,500

"-aXI aY [ aZ [l oX Il oYW gZ

i Time Axis !_

f T T T
0 500 1.000 1.500

T
2.000

T
3.000

T
3,500

T
4.000

T
4.500

T
5.000

T T1
5.500 6.000
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% Lab2 Data Labeling and Preparation

Step 11

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

Slide it to
Zoom in the view

: X

() Select a segment to edit or click the create button for a new segment.

c\ MICROCHIP



% Lab2 Data Labeling and Preparation
Step 12

 Click + toadd 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.

() Select a segment to edit or click the create button for a new segment. \ -+ ! e

]
HEHHHH

T T T T T T T
500 1,000 1,500 2,000 2,500 3.000 3,500

@ MICROCHIP



% Lab2 Data Labeling and Preparation

Step 13

e Click and Drag to select the segment first, then choose the label for the corresponding

selection segment.

1-197 @ Il Straight

197

3
[Select Label Name] \IJ-

B Straight

B Uppercut
B Righthook

|1+ [Add newsegment]

W\ M

} [l Freeze \4_J
2 AV + CREATE NEW LABEL '3/

Choice a Label for this segment

[Click and Drag to select

Segment the ‘eI

in the interval of “Blel 4"

- 25,000

- 20,000

- 15,000

- -15,000

N W W NN
1.000 1,500

2,000

T
2,500

lJ
3.000 3.500

Q MICROCHIP



% Lab2 Data Labeling and Preparation

Step 14

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

 Remember to click “save” anytime!

2

@ File: Straight1.csv

Session: Training Session

200

WaxPaylazBoXHB oYW oz

[ < SESSION “ @& DOWNLOAD “ € CHANGE FILE ]

.’

@ MICROCHIP



% Lab2 Data Labeling and Preparation
Step 15

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

Captures
CAPTURENAME =  SEGMENTS = (MB) = CREATEDDATE =  DOMINANT_}
il
() select a segment to edit or click the create button for a new segment.
O Right1.csv 0 0.22 7/16/2024, 2:43 PM
O Straight1.csv 37 012 7/16/2024, 2:43 PM

Upper1.csv 7/16/2024,2:43 PM

c\ MICROCHIP



% Lab2 Data Labeling and Preparation

Result

* Repeat step 9 to step 15 to label all the segment and file.

* Make sure you label and save all the dataset. There will be number in the SEGMENTS
column.

K3

Data Manager e &
= P imi
&= Data Manager Captures o
@ Prepare Data

CAPTURENAME = SEGMENTS = SIZE(MB) = CREATEDDATE =  OPEN DOWNLOAD METADATA DELETE
QB
o O Righthook.csv 34 0.04 12/10/2024, 4:31 PM @ () Vd [}
=, TestMode 0O Straight.csv 30 0.03 12/10/2024, 4:25 PM & & 7/ [ ]
o o
O Upper.csv 32 0.04 12/10/2024, 4:28 PM A () Ve [ ]
—

¥ Get Starte
il Rows per page: 25 w 1-30f 3
2 Documentation
@ Support

@ MICROCHIP



% Lab2 Data Labeling and Preparation

Result & Discussion

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

- 10,000

Q MICROCHIP



Model Pipeline and Training
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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

e Metadata comes in useful

* Only select samples from right-handed

* Or samples taken by male

 Create models better tuned for certain scenarios or markets

ﬁ\ MICROCHIP



Build Model - Pipeline

The model training process includes three main processes :

* Preprocessing

* Input Query Data

* Segmenter

* Sensor Transform Preprocessing

 Feature Extraction

\

Feature
Extraction

* Feature Generator

* Feature Selector

\ 4

* Model Training Model Train
odel Training

@ 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
e Select features

e Classification

—

kY

Raw Data

Feature
Generation

¢3¢

Features

/
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Al/ML Models

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

Hidden Layers

Input Layer Output Layer

"
‘ [ SN L [\ /
X ) /\ ‘\4‘, /\ XA
NG T PX KA SIS

' “,‘"\

A%
NS5 XS W‘%A
> N\
</ /"* w
X 7

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

154 @Mlcnucmp



ML Models

Not all models are neural networks

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

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 (convolutional neural network) can be used for vibration analysis but others like Bayesian

networks might be better.

NG

Ensemble Algorithms

Evolutionary
Algorithms

Non-exhaustive
list of ML families

i

oo
o
O o o
(P[5 2o =e
2)i(e)
o
Regression Algorithms Regul Instance-based Dimensional | Reduction Clustering Algorithms
Algorithms Algorithms
(AB) —=C
posterior
(DE) —> F
(AE) — G rior
Decision Tree Association Rule Artificial Neural Network Bayesian Algorithms
Algorithms Leaming Algorithms Algorithms
IF > THEN
IF > THEN

IF > THEN
IF > THEN

Deep Leaming
Algorithms

Learning Classifier
Systems
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Common ML model

e Supervised Learning
* Linear/Logistic Regression
* Decision Tree

* Support Vector Machine

* Unsupervised Learning
* K-means Clustering
* Hierarchical Clustering

* Deep Learning

* CNN

* RNN

ﬁ\ MICROCHIP



Supervised Learning - Linear/Logistic Regression

* Linear Regression * Logistic Regression

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

* Example: * Example:
*  Optimize pricing strategies .

Whether there is fraud based on transaction

* Demand analysis behavior patterns

*  Whether a tumor is malignant

@ MICROCHIP



Supervised Learning - Decision Tree

Tree-like graph of decisions and possible Example Movement Sensor

consequences

 Each node is a feature ot moving Vo) Vioving fas
* Branching is decision rule on that

* Training requires splitting rule

. . Sil Moderate/Loud CoId |V|I|d M|Id CoId
generation and pruning e
° Example: h h Walking Walking Running Running
. - . LiEDE Hins Outside Inside Inside Outside
* Provide a decision-making framework
Very Dark | Very Bright Bright/Very Bright
l Time | l Working | m
nght/Dawn Afternoon

State
Estimation
Sleeping Resting

Q MICROCHIP




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.

2000000

00000000

gifs.com

A network which classifies images into one of 10 numbers —full video by 3Bluel1Brown @ M|CRQCH|D



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

Conv2D ;

24x24x32ch

32 Filter

Maxpool 12x12x32ch
(2x2)

T

11x11x16gh
Conv2D

®

2x2x32ch

16 Filter

~] | Conv2D

8x8x8ch

.\‘\ 2
4x4x16¢ch

512

Flatten

— ‘
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AutoML

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

@ MICROCHIP



Select the Model

MPLAB® ML Suite Templates
* Keyword Spotting

Keyword Spotting

Vibration Classification

.1
Activity Recognition ““"“"“““;"_ﬂﬂﬂlﬂi

Gesture Recognition

Gesture Recognition
X
0 ~

Audio Classification

Vibration Classification Activity Recognition
»
— 2°
— o ™
?‘- ﬂ.

Audio Classification

==
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* Lab3
Model Pipeline and Training

Boxing Recognition by Machine Learning

@ MICROCHIP



€ Lab3 Model Pipeline and Training

Boxing Recognition by Machine Learning

* Create a query for the data and then pass these data into the model builder.

* Select the proper model for the project, and the model builder will need to configure
with some initial settings to help it understand how to best process the training sets.

 Start Training your unique model.
AL X

> U ‘ '

@ @
e s Build & Label Model

. .
1001101 L L

a

IIIHHHEIIII

ﬁ\ MICROCHIP
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Machine Learning Workflow

Build & Label Model
Datasets Architecture

Deploy &

Evaluate Training
Inference

c\ MICROCHIP



% Lab3 Model Pipeline and Training

Step 1

* Click Prepare Data -> Create Query

A8\ MicrocHip ML First Project

M

(i

(1F

Change Project

Data Explorer

Project Summary

Data Manager Queries

[Prepare DataT/IEI

N K

e

“

® M

Prepare Data )
No Queries

Build Model

Explore Model

Test Model

Download Model

Get Started
Documentation

Support

2
H CREATE QUERY ! |
[Create Query)

c\ MICROCHIP



% Lab3 Model Pipeline and Training
Step 2

e Select and Fill in all the blank.

| @ Create Query

\ 1 Juery Name
| All Classes || = AilCiasses
\ & Jession
r Training Session ] Training Session -
\ 3 Jave
Must choose [ Label || Lebe .
. -
agaln ! ! ! ! Metadata
! Segment_uuid I segment_uuid v
\5};\:!.‘&
[ aX a¥Y aZ gX gY gZ ] aXx a¥Y aZ gX g¥Y ¢Z -

5
Query Filter \—t = !

B SAVE

@ MICROCHIP



% Lab3 Model Pipeline and Training
Step 3

* Click = to open the list

@ Create Query

Query Name | Query Builder

All Classes ) J : |
Filter: [Label] IN [Straight,Uppercut,Righthod Straight v |
Session g—
. _ —( 4 Label IN [StraightUppercut Righthool| UPPercut 3) % v
Training Session 1 - I
\ L Jane Righthook : Select all the options ' v
Labe Label
_}Label Freeze v
Label —
2 source
Metacata u Straight  Uppercut  Righthook  Freeze -

segment_uuid —

Source CANCEL |DONE
aXx a¥ az gX g¥ oz =

Query Filter —

@ MICROCHIP



% Lab3 Model Pipeline and Training

Step 4
@ Create Query

e Save the Query.

Query Name

‘>AIICIasses

Session

Training Session v
Labe

Label v
L'l':'l_ﬂ

segment_uuid -
aXx a¥Y az gX g¥ gz v
Query Filter

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

@ MICROCHIP



% Lab3 Model Pipeline and Training
Step 5

» Click ©) to build Cache.

Queries Cc
LAST CREATED
NAME COLUMNS SEGMENTS
.o . s FILTER = _ MODIFIED DATE uwip = STATUS = REBUILD
c66e7cds- ’
717 4 7/17/2024
0O All aX aY aZ [Label] IN 5,/23‘/2 2102 5_’23_/2 21 2 376c-4ade- P
Classes gXx gy gz [Straight,Uppercut,Righthook,Freeze] PM ; PAM ) 87f5- J
41b3fcccb6c5 ]
Rows per page: 25 « 1-1 of 1
J‘ s
Queries C
LAST CREATED
NAME COLUMNS SEGMENTS
.o — — FILTER = — MODIFIED DATE uup = STATUS = REBUILD
c66e7cd8-
7/17/2024 7/17/2024
D All aX aY az [Label] IN 113 5/23;3 5,/23/21 376c-4ade- ¢
Classes gx gy gz [Straight,Uppercut,Righthook,Freeze] L G 87f5- ¢
PM PM
41b3fcccé6c5
Rows per page: 25 = 1-1 of 1

c\ MICROCHIP



€ Lab3 Model Pipeline and Training

Step 6

* Click the name of queries - All classes to see details.

Queries

NAME COLUMNS

m[AII Classes]

aX aY az
gX gy gz

LAST
SEGMENTS
RILTER S = iy MODIFIED
[Label] IN sia ;/21;;23024
[Straight,Uppercut,Righthook,Freeze] P-M :

Count

30

25

20

Segment Length Distribution

Uppercut
Straight
Righthook
Freeze

100 200 300 400
Segment Sample Size

CREATED
DATE

7/17/2024
5:23:21
PM

uwip =

c66e7cd8-
376c-4ade-
87f5-
41b3fccc66c5

Quc nornago. 28

[ B

STATUS =

+/ CACHED

1.1l ofl1 Il

REBUILD

©

Label Distri

Straight

9,000

8,000

7,000

6,000

Label Distribution by samples

Straight

Uppercut

Righthook

Uppercut

Righthook

Q MICROCHIP



% Lab3 Model Pipeline and Training

Step 7

e Click Build Model

E

Change Project )
| Build Model 1
(=] Project Summary
= Data Manager
Create Pipeline
'Build Model|__
Pipelines are individual workspaces where you can
,\ Build Model build machine learning models against your labeled
data sets.
|
! Q Explore Model ¢ You will be able to select the components of
the pipeline including digital signal processing,
= Test feature extraction, sampling techniques and
=v Test Model the Machine Learning algorithms.
* Pipelines create a cache at each step so you
€© Download Model can quickly iterate your models.
CREATE PIPELINE
B2 Documentation
@ Support Activity Recognition

P Ae

Keyword Spotting

o00[) o0 of|

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

—

@ MICROCHIP



% Lab3 Model Pipeline and Training
Step 8

« MPLAB® ML Suite Templates, choose Gesture Recognition.

Keyword Spotting Vibration Classification
Create Pipeline

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

r.-1 —
o0|jfo! *
e You will be able to select the ’ ﬂﬂ“ l]“l- | &

components of the pipeline including
digital signal processing, feature
extraction, sampling techniques and

the Machine Learning algorithms Templates to do keyword spotting for human voice This is a template for using machine learning to
* Pipelines create a cache at each step classify machine states based on vibrations
so you can quickly iterate your models sensors

Create Pipeline Keyword Spotting Vibration Classification

Activity Recognition Gesture Recognition

Audio Classification
5 A IR B
do R .58 ﬁ

This is an example pipeline for using machine This is a pipeline that uses machine learning to
learning for human activity recognition. perform human gesture recognition

This is a simple example project to demonstrate
how to perform audio classification using the
Toolkit. It is meant as the hello world of audio
classification.

Activity Recognition Gesture Recognition Audio Classification

@ MICROCHIP



% Lab3 Model Pipeline and Training
Step 9

e Slide to bottom and click next.

| Configure Template X

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



* Lab3 Model Pipeline and Training
Step 10

* It will auto select the pipeline that best fits.
* Choose the 1° one. |

Configure Template X

Template Information Select Pipeline Select Parameters

L

@ Select pipeline that best fits your project

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

@ MICROCHIP



% Lab3 Model Pipeline and Training

Step 11

* Name the model Boxing Recognition.

* Choose the Query.

Configure Template X
Template Information Select Pipeline Select Parameters

New name

| Boxing Recognition ] Boxing Recognition

Select the query
, you create

~ Query

All Classes [

CREATE PIPELINE

ﬁ\ MICROCHIP



% Lab3 Model Pipeline and Training

Step 12

* Fill in all the sensor Columns.

Name All Classes

Label Column Label

Columns ax ay az gx QY gz
Metadata Columns segment_uuid

Session Training Session

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

please, select how to replace them.

Sensor Columns

AccelerometerX — ax I aX | v
—

AccelerometerY — aY I aY | -
—

AccelerometerZ — aZ I a’Z | -
—

GyroscopeX — gX ' g)( | -
——

GyroscopeY — a¥ I gY | B
—

GyroscopeZ —  aZ I gZ | -

@ MICROCHIP



* Lab3 Model Pipeline and Training
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



* Lab3 Model Pipeline and Training
Step 14

* Adjust and confirm the segmenter.

Segmenter

Segmenter JSON Editor

. S/ ”
* Window Size: “100” refers to the
window size in samples. R
* By picking “Windowing” and “100” on 100 hz

Windowing -

data, there is a 1 second window size.
Which means every 1 second you will get a Window Size (=)
new classification. . —
. Slide ?
* Slide: Control the amount of overlap . =
between this signal and the last.
(*® CANCEL I

@ MICROCHIP



* Lab3 Model Pipeline and Training
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 -

Filtering Label

Straight Uppercut Righthook Freeze -

Outliers Fraction

_.
0.01 1

B Assign Unknown

@ MICROCHIP



Machine Learning Workflow

Build & Label Model
Datasets Architecture

Deploy &

Evaluate Training
Inference

(\ MicrocHIP



* Lab3 Model Pipeline and Training
Step 16

 Start running pipeline, and wait...

( . .
Run Pipeline
8 i " o | |
1@ Pipeline: Boxing Recognition B> RUN PIPELINE W STOP PIPELINE () EXPORT ~ & SWITCH PIPELINE
RESULT - RESULT LOGS ) TRAINING SUMMARY ()
Pipeline Settings
Preprocessing
a
Input Query
All Classes
W\
? |
4
Segmenter ‘
Windowing
Sensor Transform =
Magnitude ®

@ MICROCHIP



* Lab3 Model Pipeline and Training

Result

* Training Complete! 5 different models generated.

RESULT LOGS TRAINING SUMMARY

RESULT LOGS TRAINING SUMMARY
MODEL NAME ACCURACY BUEIFES . SENSITIVITY S
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

@ MICROCHIP



€ Lab3 Model Pipeline and Training

Pipeline Settings

* Pipeline overview, Click ./ to edit.

Feature Extraction

Feature Extraction

Feature Generator © Vi

Feature Selector () =

Model Training

Model Training

Pipeline Settings Pipeline Settings /
Preprocessing
. Preprocessing

Input Query .
All Classes 4
Segmenter .
Windowing 4
Sensor Transform O X

M~

Magnitude

¢

Training Algorithm

Validation O R
Stratified Shuffle Split 4

Outlier Filter ¢ i
Isolation Forest Filtering o7
Feature Quantization =
Min Max Scale &

e

o

ﬁ\ MICROCHIP



Model Evaluation and Deploy
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How good is the model?

5 models generated

* rank_4 will usually be the best

But may not be the smallest or fastest
* Model tested against inputs
Using stratified split
Confusion Matrix

* An important summary

 Compare actual against predicted

CONFUSION MATRIX

ambient
torch_blink
torch_high
torch_low
torch_mid
Predicted

Pos_Pradic(3)

ambient
torch_blink
torch_high

torch_ow

torch_mid

FEATURE VISUALIZATION

ambient

100.00

ambient

((9 Model: light_pipeline_rank_4

FEATURE EMBEDDING

Validation

torch_blink torch_high

0 0
8 8
00.00 100.00

torch_low

10000

torchomid UNK  Support
9
1 9
8
0 9

90.00 Acc(%

Fold 0 - validation

torch_blink  vorch_high

torch_low

torchmid  UNK  Support

o 9
1 0 9
0 0 )
0 0 9

FEATURE SUMMARY

MODEL SUMMARY

Sensitivity(%)

00.0¢ ambient
torch_blink
100.00 torch_high
100.00 forch_low
100.00 torch_mid

Fredicted

6773

Sensitivity(%)

100.00 ambient
torch_blink

100.00 torch_high
torch_low

100.00 torch_mid
Predicted

Pos_Predic(%)

PIPELINE SUMMARY KNOWI

ambient

amblent

PACK SUMMARY
Training
torch_bbink torch_high torch_low torch.mid UNK Support
C a4
19 42 44 69 0 218
100.00 000D 100.00 6377 Acc(%)
Fold 0 - train

torch_blink  torch_high

wrch_jow  torchomid  UNK  Support

0 35
4 0 35
0 0 34

& CHAN

Sensitivity(%)
0000
4318
0000
00,00

00.00

Sensitivity(%)

00.00
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Confusion Matrix

* The Confusion Matrix tab shows the averaged confusion matrix for the validation

What’s the prediction? Positive/Negative

Is the prediction correct? True/False

data.

Pos_Predic(%):

X 1009
TP + FP /o

Sensitivity (Recall)(%):

X 100%

TP+ FN

Accuracy(%):
TP+ TN

TP+ FN+FP+TN

X 100%

Confusion Predicted |
Matrix Ves No
T TP FN
rue o _
(True Positive) (False Negative)
Actual —
False FP - TN .
(False Positive) (True Negative)

@ MICROCHIP



Feature Visualization

* Provide feature visualization as a 2-D comparison plot and feature insights chart.
* How well features are clustered according to classification.

Freeze Right Hook Straight Uppercut - wen [} NAME — LU (o] ‘

gen_0077_gXaY_cross_p2p_diff ~  gen_0062_gXminimum - 0] ] W Freeze edbceee7-beda-4a51-99a2
2bef7305f1¢3
Feature Vector Plot a

10b6e258-a75¢c-4320-b777-
2 Freeze
D u 312644715097
eea28b04-7220-48df-0c50-
74197 céedabb

D 3 . Straight

- — 63a9905e-5541-4271-bf78- 1

When the boundaries of feature clusters are clearer,

the accuracy of the model is usually higher. |
i_‘- 34e1df-1cde-47b4-8b53
- N aalaeg =l cae- G023
5: O ’ I Freezs 1f989cBebdas
g ) d2f64a0b-aaf8-4b1 5-a55e-
D ! W Uppercut 17aa5edecb29
2478e6b9-6dcf-429e-a396-
F—
O ¢ Bl Frene f1f01031134d
€30632d1-ffeb-4bf5-8df3-
9 Uppercut
U I Uppercu 856db09b3782
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Feature Embedding

* The Feature Embedding tab provides three different embedding algorithms: UMAP,

PCA, and TSNE.

Analysis Type

TSNE

40

D
o

4

o

20

TSNE_1

Feature Analysis

EEEn

(O}

Straight
Right Hook
Freeze
Uppercut

ID

291

292

293

294

295

296

297

298

299

NAME =

[l Freeze

B Right Hook

B Right Hook

I Right Hook

Il Freeze

[l Freeze

Il Freeze

[l Freeze

[l straight

uuID

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

€1d5342d-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¢3

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

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

15¢cc8e86-000d-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.

MTTF Demo2 rank 4 Feature Vector Distribution
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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
. uip = OPTIMIZER = . . _
d6027a4e-5937-4547-bofd- RBF with Neuron Allocation
PME R ; . a 14 KNN LSUP
0dcf0381855 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 1 100 251,200,8,73,0,3,5.9

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 41 94,204,130,222,122,163,187,244

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 76 131,209,67,145,75,108,229,224

Uppercut 4 100 55,108,51,145,89,32,163,159

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

1-14 of 14
A8\ MicrocHiP




Pipeline & Knowledge Pack Summary

* Pipeline summary consists of data
input, signal conditioning, signal
preprocessing, feature extraction,
sampling, and model training.

* Knowledge Packs summary
consists of data input,
signal conditioning,
signal preprocessing,
feature extraction, and

Type:

1:1_ Name:

classification.
oo

% Name:

Windowing
segmenter

Magnitude
transform

generator_set
generatorset

Min Max Scale
transform

]

Type

Name

Type

Name
Type

Name
Type

Name
Type

Name
Type

Name
Type

All Classes
query

Windowing

segmenter

Magnitude
transform

Isolation Forest Filtering
sampler

Min Max Scale
transform

tvo
tvo
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% Lab4
Model Evaluation and Deploy

Boxing Recognition by Machine Learning
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€ Lab4 Model Evaluation and Deploy

Boxing Recognition by Machine Learning

Look and observe the results and select one of the model to test and inference.
View the detail of the model by exploring the model.
Download the trained model as a library file, deployed the model to the MCU.

Start inferencing your model.

Build & Label

Identification Datasets

»

Architecture
‘

c\ MICROCHIP

I Deploy &




Machine Learning Workflow

Build & Label Model
Datasets Architecture

ﬁ!

Evaluate Training

Deploy &
Inference

c\ MICROCHIP



€ Lab4 Model Evaluation and Deploy
Step 1

* Click Explore model and (C to reload.

! 3] Change Project Explore Model

(=] Project Summary

Select model (&
Data Manager

il Prepare Data No Knowledge Packs

[Explore I\/Iodel]

Y, !
@ Explore Model
=, Test Model

€@ Download Model

“

Get Started

Documentation

© "N

Support

@ MICROCHIP



€ Lab4 Model Evaluation and Deploy

Step 2

° The details of 5 model will show on the window.
e Click rank_4 model to explore it. (Usually rank 4 is the best)

| Select model

CLASSIFIER

Decision

NAME = =
Boxing_Recognition_rank_4 PME
Boxing_Recognition_rank_3 PME
Boxing_Recognition_rank_2 PME
Boxing_Recognition_rank_1 PME
Boxing_Recognition_rank_0 Tree

Ensemble

ACCURACY

100.00 %

100.00 %

100.00 %

100.00 %

100.00 %

MODEL
SIZE
(BYTES)

259

1348

1352

FEATURE
COUNT

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

7/18/2024
3:53:03
PM

7/18/2024
3:53:03
PM

U =

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

c0c01323-
e35a-41b8-
a187-
6b9dcf3bcca3

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

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

dsoddabc-
0e07-43c0-
9751-
0b500df91c6e

EXPLORE TEST

o

1
A

1
A

1
A

<

1
A

DOWNLOAD RENAME DELETE

(43 7
O /7
o /7
o /7
o /7

L]

o)
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€ Lab4 Model Evaluation and Deploy

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 >
s Trainin
Validation 9
; . - Freeze  RightHook  Straight  Uppercut UNK Support Sensitivity(%)
Freeze  RightHook  Straight Uppercut UNK  Support  Sensitivity(%)
Freeze 215 0 0 0 0 215 100.00
Freeze 0 0 0 0 43 100.00
Right H 26 1

Right Hook 0 0 0 0 5 100.00 ight Hook o - . 0 o ® 00.00
Straight 0 0 0 0 5 100.00 S 0 0 0 0 2 100.00
Uppercut 0 0 0 “ 0 8 100.00 Uppercut 0 0 0 “ 0 39 100.00

Predicted 43 5 5 8 0 61 Predicted 215 26 25 39 0 305
Pos_Predic(%) 100.00 100.00 100.00 100.00 Acc(%) 100.00 POS_PrediC(%) 100.00 100.00 100.00 100.00 Acc(%) 100.00

Fold O - 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 Freeze 0 0 0 0 43 100.00
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
Uppercut 0 0 0 0 31 100.00 Uppercut 0 0 0 — 0 8 100.00

Predicted 172 21 20 31 0 244 Predicted 43 5 5 8 0 61
Pos_Predic(%) 100.00 100.00 100.00 100.00 Acc(%) 100.00 Pos_Predic(%) 100.00 100.00 100.00 100.00 Acc(%) 100.00
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€ Lab4 Model Evaluation and Deploy
Step 4

e Click Test model.

K2

Change Project @ Model: Boxing_Recognition_rank_4

(i

Project Summary

Session

Data Manager

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

Training Session
classification.

Prepare Data

F B

1 SUMMARIZE

< CHANGE MODEL

m STOP C

Build Model
[ Test Model ] Captures » RECOGNIZE
‘]T J
\J= ACCURACY SEGMENTS SIZE(MB RESULTS CAPTURE_UUID
=, Test Model . = NAME = . _ . (M0} _ CREATED = —
€ Download Model
564450f1-8e51-
2024-07-
Straight1.csv 37 0.12 4572-b3a3-
g 16T06:43:20.252Z
®  Get Started 722e00d6a8e6
2094-07- 7ab77451-9556-
2 Documentation Upper1.csv 27 0.17 160643200612 4ebe-ba60-
85222fd37493
Support N :
@ " Right1.csv 49 0.22 202407 2§i;?a07de27-b o
) ) 16T06:43:21.67
oTooAg21 6752 65c7e6f7ee53

CAPTURE_CONFIGURATION_UUID DC

c\ MICROCHIP



€ Lab4 Model Evaluation and Deploy
Step 5

* Select §4 the files which want to test, may be multiple.
e Click RECOGNIZE and wait.

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

Training Session
classification.

|RECOGNIZE
] ]
Captures I‘ b RECOGNIZE! |-|| SUMMARIZE W STOP c
ACCURACY SEGMENTS SIZE(MB) RESULTS CAPTURE_UUID CAPTURE_CONFIGURATION_UUID DC
wee = NAME = . _ _ _ CREATED = _ _ i
Right1.csv p — 2024-07- 3_3]33_7307127'_“91“ 22113093-e1ac-42ef-ac40- .
16T06:43:21.67
6T06:43:21.675Z 65c7e6f7ee53 0e95a9b9acc3
792f7714-f3e3-
2024-07- 22113093-e1ac-42ef-ac40-
Right2.csv 0 0.20 437e-9116- R
T09:41:07 9bo
N 22709 07.030Z af979dd66a3a 0e95a9b%acc3
1) 4450f1-8e51-
N/ — - . 2024-07- 227 2_5b033 35_3851 22113093-e1ac-42ef-ac40- .
' ) 16T06:43:20. 9
6T06:43:20.252Z 722600463866 0e95a9b%acc3
c16e90e1-f502-
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€ Lab4 Model Evaluation and Deploy

Step 6

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

Captures

ACCURACY

Right1.csv m

Right2.csv
Straight1.csv

Straight2.csv

o
w
w

Straight3.csv

SEGMENTS

49

32

37

43

38

SIZE(MB)

0.22

0.20

0.19

0.15

RESULTS =

|§ RESULTS

K
RESULTS|

| ——|

B RESULTS

» RECOGNIZE

CREATED =

2024-07-
16T06:43:21.675Z

2024-07-
22T709:41:07.030Z

2024-07-
16T06:43:20.252Z

2024-07-
22709:41:07.631Z

2024-07-
22709:41:08.231Z

CAPTURE_UUID

a3d470d2-bbof-
4749-a7e7-
65c7e6f7ee53

792f7714-f3e3-
437e-9116-
af979dd66a3a

564450f1-8e51-
4572-b3a3-
722e00d6a8eb

c16e90e1-f502-
4bb3-bbda-
46eefb385009

29¢d7292-3cel-
4143-8442-
dfabbe7defac

i1 SUMMARIZE m STOP C

CAPTURE_CONFIGURATION_UUID

22113093-e1ac-42ef-ac40-
0e95a9b9acc3

22113093-e1ac-42ef-ac40-
0e95a9h%acc3

22113093-e1ac-42ef-ac40-
0e95a9b%acc3

22113093-e1ac-42ef-ac40-
0e95a9b%acc3

22113093-e1ac-42ef-ac40-
0e95a9b%acc3

@ MICROCHIP



€ Lab4 Model Evaluation and Deploy

Step 7

e Slide to the bottom to view detail.

Boxing_Recognition_rank_4 - Right1.csv

Classification

Freeze  Righthook Unknown Uppercut
Freeze “ 3 0 0
Righthook 0 0 0
Unknown 0 0 0 0
Uppercut 0 0 0 0
Predicted 30 21 0

Pos_Predic(%)

Freeze

100.00

85.71

UNK Ground Truth

Support
30 33
19 18
0 0
0 0
49 51
Acc(%)

Classification Chart - Boxing_Recognition_rank_4 - Right1.csv

Sensitivity(%)

90.91

100.00

9412

Freeze

—— Righthook

= Uppercut
= Unknown

% Mismarch

Unknown

o

1,000

3,000 4,000

Time (Samples)

5,000 6,000 7,000
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Review from Start to End

Segment Labels ({Z2& 2 17)

REFZRPINZEEFRAIUKTEE D 1

Project Summary

Metadata (JTEIEZE )

REFZZTEEI DA (IJE)

Data Labeling (BB 1R H 1R5T)

SR BIBEETSREUBMEENE=EHME

Data Manager —
g Metadata Given (7520328 )

roskBURIZR B - RIS RA - BIERITEERMS (&)

Prepare Data Create Query (E597217) RIBIEE B TEBE R EHBESHNEEBEE
£ & | Select Template Model (EIFEEIFK) | FIZSEAVIBEE A (40 Gesture Recognition )
% LE Input Query (8 A E38) {55 Fg Create Query EEWEIBFAEE A BB
S wx | Segmenter (B4 |22) IEEEREE O 1 7))y 8 FRE 2 ST BUE R B
£ B | sensor Transform (f |22 8815 EETRCHIZIETERZIE - WA RedE - EAE(EE RN
c = | Feature Generator (FHgl Al =5) sTESE R ENAGHFE (NFEANRE, SAXARE, 8REREES)
Build Model § £ 0 | Feature Selector ({52 1Z5R) EEHREDARZBIMEEE NS E
ks gﬁ Outlier Filter (& B8 28) ERIBEEENENE - REEOHRERNEREE
“ = | Feature Quantization (5 21k) FHEBERPEAB AL - FRETEEEHATFK
— ghéf Classifier (77 4A25) SREBRBDBRBEA . AUREE - SVM ~ RS
8 £ | Training Algorithm (FIIBREEE) HETNITEENMNEEE - WBEEEFMN - KNN - XEEEE
=~ # | Validation (§25& FRARXY BB FEIEEREE AR ER Y

EIEE AR A ZEAGETT A

Select Model (Z£1Z 45 HY
Explorer Model (Lgfi)

oo

Model Explorer (12 HUIF )

EEEBI D FEYE (U0 Confusion Matrix, feature visualization/embedding)

Test Model Test Model (Hz 2 7Y)

SRR BB R A ERE

Download Model Model Deploy (2B Z(ZE)

NEIEEEAI HRRE - WAESIES (MCU) SiEZRE
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Machine Learning Workflow

Build & Label Model
Datasets Architecture

Evaluate ‘ Training
Inference

c\ MICROCHIP



Deploy the model

* The model exists in the cloud
 Mathematical filters
* Transformations

* Python code

>

* Needs to be converted to run on Embedded Target CoMETLER

* Converting precision
* Doubles->char orint 8/16/32

* Possibly involving regeneration
* Convert language

* Python to ‘C’ library

* Account for architecture (8/16/32bit) D'

* Implement calls to model 0--- :-::6-

* |Integrate it into your code

@ 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

o
- Smart Predictive Maintenance
- Time series / linear sensor data
| - Simultaneous, multiple sensor
- Variety of sensor type
supported

Input sensors / data

IMU ( Inertial Measurement Unit )
Temp, Current, Pressure

Mic: Audio Stream

PolarFire
/ PF SoC
FPGA

SAMD21
MCU

AVR
MCU

c\ MICROCHIP



Deploy the model

‘\;) Model: lighten_torch_pipeline_rank_4

* Select the optimal pipeline

* That achieves your desired performance
* Verify the results with test data
° Ta ke more Samples Windows x86_64 xB86 GCC Generic

* Select your compiler target
* Select the processor

* Create and download the knowledge pack R —

Development Platform

* zipfile
* Library (libmplabml.a) et WP XCS? ©
* Header files (6) . '
* Source output is possible
* Separate License

Al Model Runner

Seria

Debug/Profiling Settings
-

& DOWNLOAD

@ MICROCHIP




Deploy the model

To interface with a Knowledge Pack, 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() :Addnew data tothe 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

€ Lab4 Model Evaluation and Deploy

Step 8

 Select Download Model

3] Change Project
=)

Project Summary

. Select model C
—] Data Manager
MODEL
(1) Prepare Data FEATURE CREATED
CLASSIFIER ACCURACY SIZE PIPELINE
NAME = - - COUNT - DATE wip = EXPLORE TEST
¥, Build Model = = (BYTES) — = _
¢ Explore Model
| | Decision o 7/22/2024 :ggg‘ﬁ;c
Download Model 0 Boxing_Recognition_rank_4  Tree 100.00 % 1370 12 9 5:03:02 O =,
| Ensemble Recognition oM Obc4-
d773cfas5ch62
€ Download Mod
7527d561-
Boxing 772272024 a065-4f4d-
O Boxing_Recognition_rank_3 PME 100.00 % 232 12 Recognition 5:03:02 acaf O =,
PM
® Get Started 362364713€8
= Documentation Decision Boxin 7/22/2024 ij;g_c:’][:bf;‘
O Boxing_Recognition_rank_2 Tree 100.00 % 2588 4 9 5:03:02 (7] =,
Ensemble Recognition PM 8bf4-
@ Support 2b8488390286
Decision . 7/22/2024 eaesafer-

Download Model

c\ MICROCHIP



€ Lab4 Model Evaluation and Deploy

Step 9

 Choose the model rank 4 and click €% to download library.

| Select model

May Skip this step.
It will choose the model you explored in
I previous step automatically.

MODEL ‘
FEATURE CREATED
CLASSIFIER ACCURACY SIZE PIPELINE
NAME = _ _ COUNT _ DATE iD= EXPLORE DOWNLOAD RENAME DELETE
— — (BYTES) _ = i
Decision — 7/22/2024 :gsgjg;c
iti T 100.00 % 137 :03: i e p [ ]
O Boxing_Recognition_rank_4 ree 00.00 % 370 12 it T 5:03:02 Shcdk O =, &y / ]
Ensemble PM
d773cfa5cb62
Boxing i mmopania Zgzgddsf%
iti PM 100.00 % 1 :03: o = 5 [ ]
O Boxing_Recognition_rank_3 E 00.00 % 232 2 Beaouiiin 2513 02 it O =, / ]
362364713e8
Decision T~ 7/22/2024 ig;zczog
R iti T 100.00 % 4 03: R - * B
N Boxing_Recognition_rank_2 ree 00.00 % 2588 Sncomnlti 5:03:02 vy O =, / 8]
Ensemble PM
2b8488390286

217
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€ Lab4 Model Evaluation and Deploy

Step 10

 Select MPLAB XC32.

218

Select a Target

Compilers
ﬁ\m
MPLAB XC8
\1
d A5\ Microcke
MPLAB XC32
x86 GCC Generic

@mn

MPLAB XC16

. Windows

Windows x86_64

AT\ MicrocHe

MPLAB XC32

@ SELECT

@ MICROCHIP



€ Lab4 Model Evaluation and Deploy

Step 11

e Configure the knowledge pack -> DOWNLOAD

Download Knowledge Pack

. Platform - MPLAB XC32 @
\]J Format
| 1 | Library =
. Library .
| ATSAMD21G18A | ATSAMD21G18A v
| |
Library I MPLAB XC32 4.35 v
J
Data Source
[ custom | custom (= Important | *
| N | |
Application
| Al Model Runner | Al Model Runner v
| J

Output

| Serial | Serial -
| I |

Debug/Profiling Settings

€ DOWNLOAD

219

Platform

Name MPLAB XC32

Manufacturer Microchip

Description  Compile libraries for Microchip 32 bit processors.

Resources Firmware Documentation

Class Map:

1 - Freeze 2 - Righthook

3 - Uppercut

Knowledge Pack Resource Estimates

Estimated Memory Usage

SRAM Used:
Stack Size:
Flash Used:

Estimated Latency

Feature Extraction
Latency:

Total Latency:

2108 Bytes
1114 Bytes
6480 Bytes

2.154 ms (172300)

2.15375 ms (172300)

®

@

@ MICROCHIP



€ Lab4 Model Evaluation and Deploy
Step 12

 Save the zip file under “\AIML1001\Resources\DeployModel\”".

| Knowedge PackDownload Pt | \AIML1001\Resources\DeployModel\ |

‘ % Save in: Resources v '
Recent Items Dataset
DeployMaodel
mplab-dv-workspaces
Desktop File name: \Resources\DeployModel Save
Deploy Model ! Files of type: | all Files v Carite
— -i -

Compiling Knowledge pack firmware ...

! Knowledge Pack Downloaded successfully.

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

220 @ MICROCHIP



€ Lab4 Model Evaluation and Deploy

Step 13

* Open downloaded Deploy Model [kp XXXX].zip file in “\DeployModel”,
Enter its folder “\firmware” and Select all files, press [CtrI]+[C] to copy all files in it.

| \AIML1001\Resources\DeployModel\[kp_XXXX].zip\firmware\*.* |

AIML1001 > Resources > DeployModel > kp_XXXXzip » firmware >

application

mplabml | |
Select All and [Ctrl]+[C]

« ] modeljson |
'¥| README.md

* Go to “\AIML1001\LabX_BoxingPoseAlML\src\AIML_firmware”,
Paste and overwrite all files by [Ctrl]+[V]

| \ AIML1001\LabX_BoxingPoseAIML\src\AIML_firmwa re\I

") Replace or Skip Files

Copying 15 items from firmware to AIML_firmware

The destination has 11 files with the same names

AIML1001 > LabX_BoxingPoseAIML > src > AIML_firmware ‘ + Replace the files in the destination ‘
apphCEtIDn : \ 2 Skip these files %
mplabml

| 4 Let me decide for each file

[Ctrl]+[V] to Replace All

« ) modeljson | ,

|£| README.md I More details >
A8\ MicrocHiP




€ Lab4 Model Evaluation and Deploy

Step 14

* Open the Chrome web browser

* Find a JSON file “model.json” in “\LabX_BoxingPoseAlML\src\AIML_firmware”.

* Drag and Drop it to Chrome.
* Check the “Pretty-print” option.

* Look at the “ClassMaps” section
in the JSON file.

| \ AIML1001\LabX_BoxingPoseAlIML\src\AIML_firmwa re\|
| |

Ib LabX_BoxingPoseAIML » src > .*1".IWIL_ﬁrmm'ufareI

l mplabml -~
«'1 modeljson | model.json I

¥] README.md \Drag and dropi

b

@ model.json X +

® &= /LabX BoxingPoseAlIML/src/AIML_firmware/model.json

.i(f.(t((é‘.({{;] ——LN

1

={ t?é'lﬁﬁﬁ_ﬂl‘ I

"NumModels": 1,
"ModelIndexes": {

h
{

IIBI! .

"BOXING_RECOGNITION_RANK_3"

¥
"ModelDescriptions": [

"Name": "BOXING RECOGNITION_ RANK_3",

P

"ClassMaps": {
"1": "Freeze",
"2": "Righthook",
"3": "Straight”, I ClassMaps I
mw mn mn " L J
4" : "Uppercut”,
"@": "Unknown"

Iy

"ModelType": "Decision Tree Ensemble™,

@ MICROCHIP



€ Lab4 Model Evaluation and Deploy
Step 15

* Open “Poselearning.c” of current project LabX BoxingPoseAIML in MPLAB X IDE.

* Look at Line 80, 83, 86 and make sure the case number of pose is correct mapping to
ClassMaps in deploy Mode JSON file. If not, replace with the corresponding number.

|$ MPLAB X IDE v6.20 - LabX_BoxingPoseAIML : default |
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help \

n . 0 ",
PEES D TH E Tl LY LY ModelDescriptions™: [

Projects XI Files T Services ] =l @PoseLearning.c x {
E-Ed LabX_BoxingPoseAIML ChBxercises_2025_Winter_ElitehApplication\Labi_BoxingPose IMLisrc\Poseleaming.c

Soa |ty 8BS -8-[QSF VTP &% A0 8| "Name": "BOXING RECOGNITION RANK 3",

" Important Files

B3 Linker Files 75 void ClassifyMapping( int clsid )
@ S Fi % @ "ClassMaps": {
e 77 uint32_t PoseVoise;
- e 78 sviteh clsia ) "1": "Freeze",
& 79 m
80 caseE| PoseClassifyResult = POSE_STRAIGHTj~__| .“ . " nght hook™ 3 [ |
81 PoseVoise = VOICE_STRAIGHT; .“ " St . I—I-I: " CIaSSMapS
82 break; . ral L J
| 5 | 83 caseaposeclassiFyResult = POSE_RIGHTHOOK; = -
. Poselearni ng.c| 84 Eose\;oise = VOICE_RIGHTHOOK; '" n UPPEPE ut " 3
83 reak;
86 caseEPoseClassifyResult = POSE_UPPERCUT; "E“ n Unknuwn "
87 PoseVoise = VOICE_UPPERCUT; I . I
88 break; }J- | mode|.j50n |
Modify case number to corresponding
| with ClassMap in model.json |
T3]

@ MICROCHIP



€ Lab4 Model Evaluation and Deploy
Step 16

39
* Click onicon c& and select Clean and Build Project to compiler your project.

* Click on icon%lh to Mark and Program to EVB and check if any fault while Programming.

* Output Window will show Programming/Verify Complete.

Output x =]
PKOB nano-LabX_Boxing*
Calculating memory ranses for operation... A
Erasing. ..
The following memory area(s) will be programmed:
program memory: start address = 0x0, end address = Ox5Sbff

configuration memory

Due to the large memory ranges on this device, only the areas of memory that have been loaded with code (via the build process or loading s hex file) will be reac

{F: ogramming/Verify complete }

< >
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€ Lab4 Model Evaluation and Deploy

Result
Switch the operating mode to Mode 2 by press one time of BT2. ﬁ:

* Mode 2: Display Boxing Stance classification results of preset ML model in DV Terminal and OLED.

[ )
Start doing some boxing!!! freeze 1 o o .
Straight Right hook Uppercut
| I (Ready Position & X & X PP
Mode 2 ! ! !
) B 2 <@, | : i
= - - 1 1
I"-Dﬂlm X-"ITM %"ITerminaI x IXYPHXI ! LG > < ! 7y )
TDK ICM42670 Initialize 1 1 1
- Software Reset Completed [ - | ] : 1 1
- WHO AM I : Ox67 ! !
- Gyro Initial Completed [ Termina | | : e, :
- Accel Initial Completed 1 1 1
- Enable Completed
@ @ - Hardware INT Enabled | . ]
Ve e
TDK ICM42670 Output 1 Terminal f
- Temperature : 25.0'C .
- _Acc& U 0.7, 0.7, #1.0) Auto ML Inference Result : Boxing Freeze
() EREERRERN() () BRI |- oo (-9 24 iz
Auto ML Model Name : BOXING_RECOGNITION_RANK_3 Auto ML Inference Result : Boxing Straight
Auto ML Classify Maps :
= - Id 0 : Unknown
R'th Hook - Id 1 : Freeze Auto ML Inference Result : Boxing Right hook
- Id 2 : Righthook
- Id 3 : Straight
- Id 4 Uppercut . s
@ @ @ @ ifo L Inference Result : Boxing Freeze | Auto ML Inference Result : Boxing Uppercut
- - e —)
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Knowledge Pack,
Main Flow, and State Machines
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Composition of ML Deploy Model Knowledge Pack

Folders and Files

AIML firmware model.json: Contains the structure and parameters
B ] of the machine learning model.
L l?| model.json
j README.md README.md: Description file, including the

application integration of knowledge pack.

t% sml_recognition_run.c

. application: Contains the main code for running
S| sml_recognition_run.h

machine learning models. Responsible for loading

mplabml models, processing input data, performing inference.
INC
. milpabml: The inc folder contains header files (.h),
lib which define various functions and structures used in
|_ D libmplabml.a the project. libmplabml.a is the library of the related
to ML.

ﬁ\ MICROCHIP



Composition of ML Deploy Model Knowledge Pack

model.json

* Contains the structure and parameters of the machine learning model. If you want to
see the graphical interface, you can view it in the ML Model Builder of Explore model.

1
"MumModels": 1,

"ModelIndexes": { MOdEI name.
"@": TBOXING RECOGNITION_ RAMK_ 3"

}

¥
"ModelDescriptions": [

{

"Name": "BOXTNG_RFCOGNITION_RANK_3", s flUan, u ”
et § ClassMaps: {“1”: “Freeze”}

1": "Freeze", “q
S S e, 1" stand for the output

G TR “Freeze” stand for the meaning of output

: "Uppercut”,
: "Unknown™

S &N

h!

"ModelType": "Decision Tree Ensemble",
"FeatureNames": [

"gX25Percentile”, Feature Summary: what features are actually

"aXAbsAreaDc",

"aYAbsAreaDc”, used to classify the results. All the parameter of

"aXP2pP",
"gZMaxP2PGlobalDC", the feature is also included.
"gXg? cross_mean_diff",
"g¥aX cross_mean_diff",
"aYaZ cross_p2p diff"

Q MICROCHIP



Composition of ML Deploy Model Knowledge Pack

sml_recognition_run.c

* Includes functions for:

* Running inference: Processing incoming sensor data and passing it through the trained model.
* Handling model output: Interpreting classification or anomaly detection results.

* Integrating with firmware: Ensuring real-time execution and efficient resource use on
microcontrollers.

void sml|_output results(uint16_t model, uint16_t classification)
{
memset(serial_out_buf, 0, SERIAL_OUT_CHARS_MAX);
kb_sprint_model_result(model, serial_out_buf, false, false, true);
printf("%s\n", serial_out_buf);

}

int32_t sml_recognition run(int16_t *data, int32_t num_sensors)
{
int32_tret;
ret = kb_run_model((int16_t *)data, num_sensors, KB_MODEL_BOXING_RECOGNITION_RANK_3_INDEX);
if (ret >= 0){
sml_output_results(KB_MODEL_BOXING_RECOGNITION_RANK_3_INDEX, ret);
kb_reset_model(0);
b
return ret;

} D,
ﬁ\ MICROCHIP



Composition of ML Deploy Model Knowledge Pack

libmplabml.a

A static library file to provides precompiled machine learning functions optimized for embedded systems for
microcontrollers.

Header Files for Interface Functions :

kb.h

* The main header file that includes function prototypes and references to other knowledge base (KB) files.
*  Provides an interface to interact with the ML model and run inferences.

kb_define.h

* Contains macro definitions and constants used across the KB system.

* Defines buffer sizes, thresholds, and model-specific parameters.

kb_output.h

* Manages the output format of the machine learning inference.

* Defines structures or functions to handle classification results, anomaly detection, etc.
kb_typedef.h

* Defines custom data types (typedefs, structs, and enums) used in the KB system.

* Ensures consistency across different hardware and software implementations.
model_json.h

* Contains the ML model in a serialized JSON format (converted into C header form).

* Stores model architecture, weights, and metadata needed for inference.

testdata.h

* Likely includes predefined test data for validating the model during development.

* Used for debugging and verifying inference correctness without live sensor input.

Q MICROCHIP



Main Flow and State Machines

* The State Machine implemented in “PoselLearning.c"” as below.

\Y
|' 1 Kb_model_init() PaserJSON_ClassMaps
: [ INIT ] : ICM42670P_Initial() PoseVoice_Initial()
I l :
: I
|
i l ; Select Output Mode: (BT2)
: SELECT_OUTPUT ] i ( UART, DV, or INFERENCE J
I I
: I
1, .
i [ CH ECK_SENSOR_DRDY : ICM42670P_IsDataReady() J
| l I ("Output_UART() Output_DV()
: : Output_Inference() sml_recognition_run()
i I i ICM42670P_GetQueuedSensorRaw()
: OUTPUT ] i ICM42670P_GetSensorData() )
e _ R4

@ MICROCHIP



PCM Voice for Boxing Pose

* We have implemented a PCM voice as a hidden bonus in the current application.

* Open “PoseVoice.c” file.
* Modify the #define POSE_VOICE_ENABLE to 1 in Line 41.

* Program again and enjoy it ! \
Straight!

—_—

Kit Window x | Start Page = |[] MPLAB Data Visvalizer = |3 pain.c * |2 PoseLearning.c * | Bl PoseVoice.c X
ChBrercises_ 2025 Winter ElietApplication\Labi_BowingFoseA ML\ s\ PoseVolre.c
Source | Hisory M| B B-5-|QATFBH|P LD |20 0| & =0
40
| . L .
[Line 41 >41|  #define POSE_VOICE_ENABLE (1]
42
43 ITl #1f POSE_VOICE_ENABLE
1.1

* Thumb on the Buzzer will make the PCM Voice clearer and louder ! (Or use a tap)
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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
* Customize functions

* Feature extraction

e Can tuned by Jupyter Notebooks
* Web-based live notebooks
* Code
* Notes

* Visualization

DO--LI -l
SensilML

Related document

s—_
jupyter
N’

@ MICROCHIP


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
\  Vibration Analysis

Processor Performance
w

WW loT Units (Billions)
IS

N

- — Smallest processors
P“r_ — Highly constrained power budgets

Q) — Works without connectivity
’ I — Realtime local insight 1

Microwatts Milliwatts Watts 2018 2023
Power Consumed

.1 GOPs

c\ MICROCHIP



Appendix
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Install the ML Data Collector
& ML Model Builder
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Install the ML Data Collector & ML Model Builder

Step 1

* Open Plugins installer

3 MPLAB X IDE v6.15 [

File Edit View Navigate Source Refactor Production
BEES

[ startPage x| MPLABXStore x|

PROJECTS

# Open sample
® Create New

® Import Legacy
® Import Prebuilt

Tools

Help

\1 8808 wBE
lysis

Embedded

Licenses

Content Manager
Packs

Manage Network Tools
Cl/ CD Wizard...

Ternplates

DTDs and XML Schemas

A

Plugins
SR 2
Plugins Dowfoad

Options

Tutorials

MPLAB X IDE
Developer Help

¢ Features of
MPLAB X IDE

Online Videos.

% Show On Startup

RO

ﬁ\ MICROCHIP

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

LEARN & DISCOVER

Community

» All Forums
» MPLAB X IDE Forum
» MPLAB Harmony Forum

» MPLAB Code
Configurator Forum

» MPLAB Mindi Analog
Simulator Forum

@ MICROCHIP



Install the ML Data Collector & ML Model Builder

Step 2

* Install the “MPLAB ML Dara Collector” and “MPLAB ML Model Builder” Plugins.

BA Plugins A
Updates Available Plugins (38) Downloaded Installed (209) Settings !
Check for Newest Search:
Install - te 5 c
nstal | \iPLAB® ML Data Collector 2% e MPLAB® ML Model Builder
1 [] Lrrcrorooen ~PLAB Data Vis...  fi
\L)| B MPLAB® ML Data Collector _ MPLAB Data V... Plugin Description
L | | Machine Learning Partners Flugin @~ MPLAE Data Vis... T
\_2/ »  MPLAB® ML Model Builder MPLAB IDE il _
Ll e ——*{PLAB IDE o MPLAB® ML Model Builder
O | MPLAB' |V|L||V||Ode| Builder PLAB P:ugin e
ECAM Bit Rate C to MPLAE Plugi
] —— iz ShEs o MPLAE Plug!n % The MPLAB®E ML Model Builder plugin allows users to develop and deploy embedded
Q in .uglr'l i machine learning (ML) models based on sensor data from their application. The ML
Install 2 plugins selected, 3MB
3)
Close Help

@ MICROCHIP



Install the ML Data Collector & ML Model Builder

Step 3
* After install completed, please check your MPLAB X IDE to find the ML Model builder.

* Click m icon

'ﬁ MPLAB X IDE v6.20

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
PEESDCTH 16-K-§->-32-2-B-9Q w'@'%-@@@
OR

 Tools > Embedded > MPLAB ML Model Builder

|
ﬁ MPLAB X IDE v6.20 - Lab0_APP0O45_ML : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help |

| Analysis YT B
Embedded I x2CScope
Licenses [ MPLAB ML Model Builder
@ MCC Content Manager 15 MPLAB® Code Configurator v5: lose
Documentation Manager |
Packs

@ MICROCHIP



Create and Login MPLAB ML Account
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Create MPLAB ML Account

* This course must have a MPLAB ML Account to continue, please create it first !

B3 MPLAB X IDE v6.20

File Edit View Navigate Scurce Refactor Productien Debug Team Tocls Window Help

OGRS DETH @"u M AN Ak Bae= AT N | 4 @'@"ﬁk'? ) PC: x| Howdo 17 m

Qr Search (Cti+])

o [ [ MPLAB ML Model Buider = I Q]
i &« a @

=]

1K

=

@ Evaluate MPLAB ML Model Builder for yourself!

+ Amazingly simple to use.
MicrocHIP

+ No need for large data science teams.

« Community Edition for rapid exploration.

| LOGIN WITH MICROCHIP ACCOUNT ‘

@ Copyright 1998-2023 Microchip Technology Inc. Al rights reserved
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Create MPLAB ML Account

* Create a MPLAB ML Account.

N
i\

Click on the icon to open

MPLAB ML Model Builder )

-

MICROCHIP

LOGIN WITH MICROCHIP ACCOUNT ‘

\g{CIick "Login with Microchip Account"}

Fill in your information
( Please do not fill in wrong information arbitrarily ! ))

Q

VCreate Your Account

*Required Fields. Optional fields will help us to complete your profile and improve your

experience on our site.

First Name * Last Name *

Enter First Name Enter Last Name

Email Address *

Sign In

Email Address™

Enter Email Address

Password®
Enter Password
Forgot password?

[J Remember Ms

Sign in

AI New to Microchip? Register for an account

3

Enter Email Address

Password * Re-type Password *

Enter Password Re-type Password
Show Password

Company Name * Job Function

@ : \ Enter Company Name
/ / Industry Country *

1

| Click "Register for an ac
SverEeTerms = Comanone

/A > -- Select Country — 5
7“‘
State or Province * Address Line 1 *
Enter State or Province Enter Address Line 1
" ] Address Line 2 City *
unt ]
Enter Address Line 2 Enter City Name

Postal/Zip Code *

Enter Zip Code
[CJFuture offers or information about Microchip's products or services

Save my profile and Continue

\S{Click "Save my prle and Continue"]
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Login MPLAB ML Account

* Login your MPLAB ML Account.

N
\

(3
| Fill in your information and Click "Sign in"|
Click on the icon to open SignT I

MPLAB ML Model Builder

) Email Address” 3 MPLAB X IDE v6.20 - D0 X
File Edit View Navigate Source Refactor Preduction Debug Team Tools Window Help Q- search (Ctrl+1)
Enter Email Address PGS DA TH (L BB >-%-c iviviower o

o [ [ MPLAB ML Model Bulder x O

Password* f & a a

y % )
! \ Enter Password @ ! \ " = MPLAB ML Model Builder (=]

i

Forgot password?
| M Projects

y [J Remember Ms V. % Project Search Q,
4 4
““ /‘ @ Get Started
y —‘A‘
Sign in B2 Documentation Open Project | create proseCT |
7 = Support
New to Microchip? r for an account o PP Welcome to the MPLAB ML Model Builder. Follow the Getting Started guide to learn
how to build your first application.
MI:RD:HIP View Microchip's Privacy Policies
Website Terms & Conditions
@)

LOGIN WITH MICROCHIP ACCOUNT ‘

\QCIick "Login with Microchip Account"]
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Login MPLAB ML Ac
Alnvalid credentials

count

* Please try to Reset Your Password when the "Invalid credentials"” message appears.

2
! |

Sign In

Email Address™

Enter Email Address /

y
Password” y

Reset Your Account Password

Erter the email address you used while creating myMicrochip account and press Submit to
request a password reset. You'll receive an email confirmation with a link to create a new

password

Email Address *

Enter Email Address

Fill in your information and Click "Submit"

Enter Password a

Remembered your password? Login

New to Microchip? Register for an account

View Microchip's Privacy Policies

Website Terms & Conditions

Success!
Password reset link has been shared to your registered
email address.

You will receive a link to
| reset password in your mailbox

o

Find the email in your mailbox and click "click here" ]

3/

Reset Password |
| Please click he[F to reset your password. |

DENEOE

@ MICROCHIP

®Copyright 2025 Microchip Technology Inc. All rights reserved.

Microchip Technology Inc, 2355 West Chandler Bivd, Chandler,
AZ 85224-6199, USA, +1(480),792-7200

g

(Fill in your password and Click "Reset Password",

| P

4

then login to your account again.
) Reset Your Account Password ﬁ_}

New Password *

Enter Password

Confirm New Password *

Re-type Password

Show Password

Reset Password

c\ MICROCHIP



Porting Deploy Model to Custom Project

@ MICROCHIP



Porting Deploy Model to Custom Project
Step 1

 Open downloaded ML Deploy Model [kp XXXX].zip,
Enter its folder “\firmware” and Select all files, press [CtrI]+[C] to copy all files in it.

| \[kp_XXXX].zip\firmware\*.* |

kp_XXXXzip > firmware >

application

mplabml |

I
& modeljson . Select All and [Ctrl]+[C] .
'¥| README.md

* Create a folder "AIML_firmware” under “\[Your Project]\src\”,
Paste all files copied from above step by [Ctrl]+[V]

") Replace or Skip Files - X

| \[Your PrOjeCt]\SrC\A| IVI L_f' rmwa re\ | Copying 15 items from firmware to AIML_firmware
L

The destination has 11 files with the same names

[Your Project] > src > AIML_firmware

‘ + Replace the files in the destination

2 Skip these files %

«] model,json [Ctr|]+[V] to Replace All | | "4 Let me decide for each file

|£| README.md I More details

application '\

mplabml [
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Porting Deploy Model to Custom Project

Step 2

* Open your project in MPLAB X IDE.
* Right click on Header Files -> Add Existing Items from Folders.

f3 MPLAB X IDE v6.20 - LabX_BoxingPoseAIML : default ‘
'File Edit View Navigate Source Refactor Production Debug Team|

PR DE § G e v [ - B

Projects x| Files | Services | &
= Q LabX BoxmgPoseAIML

! Header Files |

ror t@} F New
e Flle: Add Logical Folder
H- i Source File Add Existing Item...

& Libraries —
B9 Loadables Add Existing Items from Folders...%
Find...

>

| nght Click

! Add Existing items from Folders... !

@ MICROCHIP
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Porting Deploy Model to Custom Project
Step 3

* Click Add Folder.

B4 Add Files e

| |

specify the folders that contain the source files for the project: { Add Folder |
source File Folder Files of Twpe Add Folder...

Re mov@

[enored Folders Fattern:

Defanlt
(=ee also [DE level file filter in Options-=Miscellaneous-=Files)

sonrce files from specified folders will be added to the progect.

Add Cancel
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Porting Deploy Model to Custom Project

Step 4

* Choice Files of type : Header Files (.H .SUNWCCh .h .hpp .hxx
* Select folder “\[Your Project]\src\AIML_firmware\”

* Click Select.

¥4 Select Source File Folder Pt
w"ﬁ— Ea (D Lab¥X_BoxingPoseAIML w £
BTATEE - Lab¥_BoxingPoseAIML X
" Resources
- E S0C \Zj
FH v [T AIML_firmware |
" config } N
e - pen_decoder %8
j!q:. - packs N
3
2[.:?&5 e Sy !li Select |
L 1EEIENT): | Header Files (H SUNWCCh b hpp Jhxx Jtee .ine . INCY | Header Files | i HYiF
. AL/
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Porting Deploy Model to Custom Project
Step 5

* Click Add then all the .h files in folder ”\AIML_firmware\” will be added to project.

B4 Add Files ey
specifv the folders that contain the source files for the progect:
source File Folder Files of Twpe Add Folder...
CaBExercises 2025 Winter ElitetApplication’... Header Files {H SUNWCCh b hpp hx tcc... Remove
[enored Folders Fattern:
Defanlt
(=ee also [DE level file filter in Options-=Miscellaneous-=Files)
sonrce files from specified folders will be added to the progect. IA—ddl
Add Cancel
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Porting Deploy Model to Custom Project

Step 6

* Check if all the .h files in ”\AIML firmware\” are added into Header File folder.

Projects = | Files | Services

[=]

—Ed Lab¥ BoxingFPosed IML

! Header Files | EI Header Files

Ei AIML firmware
E E' application
~IE] sml recognition_runh
E'" mplabml
| e ine
'EL] kb_defines.h
"El kb_output.h
'E"] kb_typedefs.h
E"] madel_jzon.h
-] testdata.h
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Porting Deploy Model to Custom Project

Step 7

* Return your project in MPLAB X IDE.
* Right click on Source Files -> Add Existing Items from Folders.

Ra)=

= e Ko B T

wd

N |

Projects | Files | Services | =

" Header Files
" Important Files
#-[F Linker Files

! Source Files

=G Lab¥ BoxingPoseAIML

| " Sonrce Files

.
| Right Click [3==2
FIF Loadaklzs

MNew

Add Logical Folder
Add Existing ltem...

! Add Existing items from

Fo

Iders... .

Add Existing ltems from Folders...
Find.. S
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Porting Deploy Model to Custom Project
Step 8

* Click Add Folder.

B4 Add Files e

| |

specify the folders that contain the source files for the project: { Add Folder |
source File Folder Files of Twpe Add Folder...

Re mov@

[enored Folders Fattern:

Defanlt
(=ee also [DE level file filter in Options-=Miscellaneous-=Files)

sonrce files from specified folders will be added to the progect.

Add Cancel
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Porting Deploy Model to Custom Project

Step 9

* Choice Files of type : C Source Files (.S .c .i .m)
* Select folder “\[Your Project]\src\AIML_firmware\”

* Click Select.

258

¥4 Select Source File Folder Pt
ﬂ_ LA Lab¥_ BoxingPose AIML v £
BITAEE 5 Lobi BoxingPoseAML X
" Resources
- = s \ZJ | . |
£=MH EIE . 1111 _firmware | AIML_firmware .
" config } N
2 - pen_decoder %8
i!ﬂ; - packs -
3
Zﬁg R E: S ! li Select |
Lk @A E(T: | Sonrce Files (5.1 .m) |C Source Files.I i g HYiR
4 } ‘ ' ‘;
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Porting Deploy Model to Custom Project
Step 10

* Click Add then all the .c files in ”\AIML_firmware\” will be added to project.

B4 Add Files ey
specifv the folders that contain the source files for the progect:
souree File Folder Files of Twvpe Add Folder. ..
ChBExercises 2025 Winter ElitetApplication’... ©C Source Files (5 ¢ 1. m) Remove
[enored Folders Fattern:
Defanlt
(=ee also [DE level file filter in Options-=Miscellaneous-=Files)
sonrce files from specified folders will be added to the progect. IA—ddl
Add Cancel
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Porting Deploy Model to Custom Project
Step 11

* Check if all the .c files in ”\AIML_firmware\” are added into Source File folder.

Projects = | Files | Services | =]

Elﬁ Lab¥ BoxingFoseAIML
" Header Files
" Important Files
+-F] Linker Files

! Source Files | EI . =onree Files

' E| AIML firmware

| E' . application

=3 sml_recognition_run.c

EI mplabml

. 5] config
B IOMAZETOR ¢

. - json_decoder m
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Porting Deploy Model to Custom Project

Step 12

* Return your project in MPLAB X IDE.
 Right click Libraries -> Add Library/Object File...

File Edit View Navigate Source Refactor Production Debug Team

FEES D T W [ -5
Projects = | Files | Services | =

Elﬁ Lab¥ BoxingFose AIML
-- Header Files

-- Important Files
-[EF] Linker Files

#H-F Source Files

! Libraries ! ExN (=01 ibraries
! Right Click !iel:-lt. Add Library Project.. ! Add Library/Object File... !
Add Library/Object File...

Properties...
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Porting Deploy Model to Custom Project
Step 13

* Find the folder “\[Your Project]\src\AIML_firmware\mplabml\lib\”
* Select Library file libmplabml.a
* Click Select.

£3 Add Library/Object File 1) %
! \[Your Project]\src\AIML_firmware\mplabml\lib\ | .
LED: | lib - ~ e E2-
@ [libmplabmia \2/
EiRRTEE ! libmplabml.a !
Store path as:
A () Anto
= .
(@ Relative
= OAB3 e
53 ——
n PEEZZTBQD: libmplabml.a Add | Add
SRR T, =) 9 l\:'\. 7
. EEELD: (HEEE A
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Porting Deploy Model to Custom Project
Step 14

* Check if the libmplabml.a files are added into Libraries folder of your project.

"t':i MPLAB X IDE v6.20 - LabX_BoxingPoseAIML : default
'File Edit View Navigate Source Refactor Production Debi

A B 5 @ P By [defaut y

Projects = | Files | Services | =]
Elﬁ Lab¥ BoxingFosedA ML

" Header Files

" Important Files

#-F Linker Files

- +-iF] Source Files
! Libraries | E L1brar1es
: ferefB ML firmware/mplabmllibdibmplabml.a
- = Lc:-adables

263
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Porting Deploy Model to Custom Project
Step 15

* You could also check to the libraries file in Project Properties by click on %& .

IProject PropertiesI

—-a& Facks

-9 Compiler Toolchain

[—]ﬁ Memory

3 Lab}{ BoxmgFoseAIML
.75 Project Type: Application - Configuration: defanlt

kb_reset_feature_banks(in3-+ | & |

Device

g ATSAMD2131
4 Checksum: Blanl
g3 CRC32: Hex file

@8 CMSIS (5.4.0)
- @ SAMD21_DFP (

KO3 (el A5 [
-9 Production Image
- Device support 1

LW TTeaen Srmbals d

¥4 Project Properties - LabX_BoxingPoseAIML

Categories:

=+ @ General

""" 2 File Inclusion/Exclusion

B @ Conf: [default]

| Libraries |

. o M2 {Globa pt:l-::-ns}

Manage Configurations. ..

banage MNetwork Tools..,

Libraries:

Item

Configuration  Include

= b/ AL firmwarefmplabmllibdibmplabml.a

I . -

Add Library Froject. .,
Add Librarw/Obiect File. ..

Add Bualt-in Librarv...

Duplicate

Remove

Up

h Diowrn

1814

Cancel

Apply Unlock Help
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Porting Deploy Model to Custom Project
Step 16

* Add "\mplabml\inc” & “\application\” in \AIML_firmware\” to Common include dirs.

IProject Properties

% LabX_BoxingPoseAIML
.73 Project Type: Application - Configur

— g Facks

=% Compiler Toolchain

[—]ﬁ Memory

1 =
1

kb reset featu

Device

g ATSAMDZ1G18A

4 Checksum: Blank, no code loaded
~-EB CRC32: Hex file unavailable

- CMSIS (5.4.0)
- SAMDZ1_DFF (3.6, 144)

- HC32 (04 45) [CProgram Files\l
-9 Production Image: Optimization:
- Device support information: SAN

LW TTeawa Sumbals disablad Click 1

B4 Project Properties - LabX_BoxingPoseAIML

Categories:

o @ General
----- @ File Inclusion/Exclusion
= Conf: [default]

2 Loading

X
Cptions for xc32-goe (vd 40)
Crption categorias: | (Al Options) o Reset
Stack Smashing Protector Mo Stack Frotector o
Do not override v

2 Libraries IXC32 (GIobaI Optiohs)leféultdevice support

xc32-goe
wedd-tt
wc32-1d

weI2-ar

Analvsis

TomTaerEe intermediate files

L]

Link-Time Optimizations

=

Commeon inclnde dirs

I - .
Use GP relative addressing threshold | COmmon include dirs l

| B3 Common include dirs

Destroy

| \AIML_firmware\mplabml\inc

Do Up Browse,., !
e\ A DML firmwaretmplabmldoc

| \AIML_firmware\Application

e\ A ML firmwaretapplication

Felative paths are from
MPLAR X project directory,

| ex

Cancel
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Porting Deploy Model to Custom Project
Step 17

* The example Auto ML model inference result.

#include "sml_recognition_run.h*

"ModelDescriptions”: [

! model.json !
#define SNSR_NUM_AXES 6 | —— { . o .
'Sensor Raw Function| Name”: "BOXING RECOGNITION RANK 3%,
void ICM42670P_GetQueuedSensorRaw( uintl6é *SensorRaw ) {...} "ClassMaps™: {
LR L. “FI'-"EEIE",

void Inference( void ) | r ': "Righthook",
{ | ClassMapsId 3y "Straight™,
int32_t ClassMapsId; "

i 4" : "Uppercut”,
uintl6_t SensorRawData[SNSR_NUM_AXES]; vlah . oW "
A" : "Unknown
' Sensor Raw Data | ),

while( ICM42670P_GetQueuedSensorRaw( SensorRawData ) )
{ ' ML Inference Function |

ClassMapsId = sml_recognition_run( (intl6_t *)SensorRawData, SNSR_NUM_AXES );

printf( "Auto ML Inference Result : %d“, ClassMapsId );
}

Terminal X

uto ML Inference Result : 1 | Output |
266 A8\ MicrocHiP




JSON Decoder helper Library
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JSON Decoder helper Library
Step 1

* There has a JSON decoder library been implemented in LabX_ BoxingPoseAlML project.
It’s helpful to auto parser the model json.h (model.json converted into C header form)
to get correct mapping of Classified ID of you deployed Model.

#ifndef _ MODEL_JSON_H__
#define _ MODEL_JSON_H__

«— v 1 » AIML1001 > LabX_BoxingPoseAIML » src » json_decoder
LA Elrecognition_model_string_json|§iE _ n . ~
{"{\"NumModels\":1,\"ModelIndexes\":{\"0\":\"BOXING_REC g LabX_BoxingPoseAIML =i

OGNITION_RANK_3\"},\"ModelDescriptions\":[{\"Name\":\"B

LabX_BoxingPoseAIMLX
OXING_RECOGNITION_RANK_3\",\"ClassMaps\":{\"1\":\"Freez

= json_decoder.c

e\ll,\uz\u:\llRighthook\ll,\HB\n:\||Str‘aight\n’\ll4..\'.':\"Uppe St sSrc m jSOI‘I_dECGdEF.h
rcut\",\"0\":\"Unknown\"},\"ModelType\" :\"DecisionTreeE .
nsemble\",\"FeatureFunctions\":[\"25thPercentile\",\"Ab AIML_firmware ¥ lexer.c

soluteAreaofLowFrequency\",\"AbsoluteAreaofLowFrequency
\",\"GlobalPeaktoPeak\",\"GlobalPeaktoPeakofLowFrequenc I
y\", \"TwoColumnMeanDifference\",\"TwoColumnMeanDifferen | json_decoder | ® mem_model.c
ce\",\"TwoColumnPeakToPeakDifference\"]}]1}"};

cgnﬂg = lexer.h

packs = mem_model.h

= ® parser.c
Resources P

<y @recognition_model_string json_len
sizeof(recognition_model_string_json);

® parserh

| : |
#endif /* _ MODEL_JSON_H__ */ 'model_json.h|
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JSON Decoder helper Library
Step 2

* Copy whole ”\json_decoder\” folder to under “\src” folder of your project.

 Add *.h and *.c into “Header Files” and “Source Files” of your Project in MPLAB X IDE.

v LabX_BoxingPoseAlML
LabX_BoxingPoseAIMLX

W alC

AIML_firmware

config

Jjson_decoder

packs

Projects = | Files | Services

=Ed Labi¥ BowxingPosed IML

=

o

EallHeader File: I

o= (& json_decoder

'F'_il son_decoder.h

8] lexer b

%] mem_model.h
] parser.h

sonrce Files

=

15on_decoder
B json_decoder.c
'EI lexer.c

'EI mem_maodel,c

EI Palser.c
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JSON Decoder helper Library
Step 3

* Add ”\src\json_decoder\” to Common include dirs.

IProject Properties

% LabX_BoxingPoseAIML
.73 Project Type: Application - Configur

=g Facks

=% Compiler Toolchain

[—]ﬁ Memory

1 =
1

kb reset featu

Device

g ATSAMDZ1G18A

4 Checksum: Blank, no code loaded
~-EB CRC32: Hex file unavailable

- CMSIS (5.4.0)
- SAMDZ1_DFF (3.6, 144)

- HC32 (04 45) [CProgram Files\l
-9 Production Image: Optimization:
- Device support information: SAN

LW TTeawa Sumbals disablad Click 1

B4 Project Properties - LabX_BoxingPoseAIML pd

Categories:

&

@ Jeneral

2 File Inclusion/Exclusion
@ Conf: [default

2 Loading

Cptions for xc32-goe (vd 40)

o Libraries IXC32 (GIobaI Options)lefaultdevice support

Option categories: | (All Options) o Reset
Stack Smashing Protector Mo Stack Frotector o
i Do not averride r

2 Buldine Do TaEEte intermediate files I:'
| Link-Time Optimizations [1]
. _ ; : —
o vl Use GP relative addressing threshold | COmmon include dirs |
..... xc 33 goc _ _
..... o xcID-gtt Common include dirs Lered\A ML _firmvrare mplabmlin [J
""" ° xe3eld | B2 Common include dirs ¥ i
----- o wedd-ar
..... [ 1
Analysis Destroy Diowrn Up Erowse... !
Manage Configurations... Lered\AIML_firmwaredmplabmline
— — — Lerc A IML_firmwarebapplication ol
! \src\json_decoder\ [ Saerchjson_decoder —[ =P

Felative paths are from

MPLAB X project divectory, Cancel
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JSON Decoder helper Library
Step 4

* The example to add JSON Decoder helper Library into your project.

#include "json_decoder.h"
#include "model_json.h*

#define MODEL_NAME_LENGTH 50
#define CLASSIFY_ID_ MAXIMUM 5
#define CLASSIFY_NAME_LENGTH 20

typedef struct

{
char ModelName[MODEL_NAME_LENGTH];

char ClassMaps[CLASSIFY ID MAXIMUM][CLASSIFY NAME_LENGTH];
} MODEL_DESCRIPTIONS;

MODEL_DESCRIPTIONS DeployModel;

void ParserJSON_ClassMaps( char *string_json, int32_t string_json_len )

{
char jsonbuffer[500];

jsonNode_t *root, *objModelDescriptions;
jsonNode_t *objClassMaps;
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JSON Decoder helper Library
Step 5

* The example to add JSON Decoder helper Library into your project.

memcpy( jsonbuffer, string_json, string json_len );

JSON_DECODER_fromString(jsonbuffer);

JSON_DECODER_getRoot (&root);

JSON_DECODER_getObject(root, "ModelDescriptions", &objModelDescriptions);
JSON_DECODER_getObject(objModelDescriptions, "ClassMaps", &objClassMaps);
JSON_DECODER_getString(objModelDescriptions, "Name", MODEL_NAME_LENGTH, DeployModel.ModelName);

printf("Auto ML Model Name : %s\r\n", DeployModel.ModelName );

printf("Auto ML Classify Maps :\r\n");
for( int Clsid=0 ; Clsid<CLASSIFY ID MAXIMUM ; Clsid++ )

{
char ClsidStr[2];
memset( DeployModel.ClassMaps[Clsid], ©, CLASSIFY_NAME_LENGTH );
sprintf( ClsidStr, "%d", Clsid );
JSON_DECODER_getString(objClassMaps, ClsidStr, CLASSIFY_NAME_LENGTH, DeployModel.ClassMaps[Clsid]);
printf(" - Id %d : %s\r\n", Clsid+16, Clsid, DeployModel.ClassMaps[Clsid] );
}
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JSON Decoder helper Library
Step 6

* The example to add JSON Decoder helper Library into your project.

void Parser]SON_ClassMaps( char *string json, int32_t string _json_len )

{...}

void main( void )

{ ' Text array and length in model_json.h '
kb_model_init();

CETRT-I N G I T Y QN ¢ FIadIrecognition_model string jsonflrecognition_model_string json_len

)s

#ifndef _ MODEL_JSON_H__
#define _ MODEL_JSON_H__

L 3 EIlrecognition_model _string json|§lG

{"{\"NumModels\":1,\"ModelIndexes\": {\"O\":\"BOXING_RECOGNITION_RANK_3\"},\"ModelDescriptions\":[{\"Name\" :\"BOXING_RECOGNITION
_RANK_3\",\"ClassMaps\":{\"1\":\"Freeze\",\"2\":\"Righthook\",\"3\":\"Straight\",\"4\":\"Uppercut\",\"@\" :\"Unknown\"}, \ "Mode1T
ype\":\"DecisionTreeEnsemble\",\"FeatureFunctions\":[\"25thPercentile\",\"AbsoluteAreaofLowFrequency\",\"AbsoluteAreaofLowFrequ
ency\",\"GlobalPeaktoPeak\",\"GlobalPeaktoPeakofLowFrequency\",\"TwoColumnMeanDifference\", \"TwoColumnMeanDifference\",\"TwoCol
umnPeakToPeakDifference\"]1}1}"};

int32_t [geleloY-{ih R Nel s W1 (ole [N KR S T- S I\ MN:ly] = sizeof(recognition_model_string_json);

| . |
#endif /* _ MODEL_JSON_H__ */ 'model_json.h|
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JSON Decoder helper Library

Result

Auto ML Classify Maps
Id 0 : Unknown

- Id 1 : Freeze

- Id 2 : Righthook

- Id 3 : Straight

- Id 4 : Uppercut

* The JSON parser example is using the LabX BoxingPoseAlIML.X project.

Auto ML Model Name : BOXING_RECOGNITION_RANK_3

! Parser Result |

#ifndef _ MODEL_JSON_H

i I : |
#define __MODEL_JSON H__ 'model_json.h ]

const char recognition_model_string_json[] =

{"{\"NumModels\":1,\"ModelIndexes\":{\"0\":\"BOXING_RECOGNIT
ION_RANK_3\"},\"ModelDescriptions\":[{\"Name\" :\"BOXING_RECO
GNITION_RANK_3\",\"ClassMaps\":{\"1\":\"Freeze\",\"2\":\"Rig
hthook\",\"3\":\"Straight\",\"4\":\"Uppercut\",\"0\" :\"Unkno
wn\"},\"ModelType\":\"DecisionTreeEnsemble\",\"FeatureFuncti
ons\":[\"25thPercentile\",\"AbsoluteAreaofLowFrequency\",\"A
bsoluteAreaofLowFrequency\",\"GlobalPeaktoPeak\",\"GlobalPea
ktoPeakofLowFrequency\", \"TwoColumnMeanDifference\",\"TwoCol
umnMeanDifference\",\"TwoColumnPeakToPeakDifference\"]}]1}"};

int32_t recognition_model_string_json_len =
sizeof(recognition_model_string_json);

#endif /* _ MODEL_JSON H__ */

"NumModels":

X ' model.json

"ModelIndexes": {
"@": "BOXING_RECOGMITION RANK_3"

¥

"ModelDescriptions™: [

1

"MName

": “BOXING_RECOGNITION_ RANK_ 3",

"ClassMaps": {

"1": "Freeze",
"2": "Righthook",
"3%: "Straight™,
"4": "Uppercut",
"@": "Unknown"
s
"ModelType"”: "Decision Tree Ensemble”,
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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

-

GenAl Agent \

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

-

N
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Large Language Models

e LLM'’s are transformer-based
Deep Neural Networks(DNN)

* Transformer is a DL
architecture developed by
Google and based on multi-
head attention mechanism.

* Transfer Learning

* Popular LLM:
*  OpenAl’s ChatGPT
*  Microsoft’s Copilot
* Meta's LLaMA
*  Anthropic's Claude model
*  Mistral Al's models

Embedding

N

)

Tokenization ﬁ

Transfer

k Learning J

)~ Pretraining

N )

L

Attention

)
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Interfacing with basic LLM prompt

User initiate session with an initial prompt.
Prompt goes to LLM context window.
LLM uses prompt to generate output. User

e Output is added to the context window . a
along with additional prompts. D — - ~
Prom pt | Context LLM
Window J

:
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Retrieval Augmented Generation LLM prompt

RAG provides a performance improvement
as compared with LLM alone by reducing | User |~ Promptl
bad responses and focusing LLM
on relevant data.

Initiates prompt will search in the vector DB. - —
The original prompt is added to the context Context ~ R
and the expanded prompt. L J ) .
LLM generates output. | Context
Add New prompts until the output is -~ : Window LLM J
satisfactory. Promptl L
+
Context v

k PromptZJ LOUtpUtJ
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Connecting HW to LLM

* Use LLM API's to get answers
and return natural language
on hardware.

* HW uses inputs from the
microphone to take in speech

MIC |—

)

and write text then sends a
text prompt to the LLM.

Speaker [«——

)

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

-

MQTT Client
subscribe/publish

LLM model
service

LLM APl commands
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