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ABSTRACT

Nowadays, machine learning is a technology that is widely used, but it is limited in
terms of high cost and high computing power required to used it. Therefore, a technology that
enables Machine Learning to be implemented on small devices or microcontrollers, called
TinyML, has been developed. The purpose of this research is to study machine learning on
microcontrollers by applying machine learning and microcontrollers knowledge to study and
learn to use TinyML, start with compare the results of TensorFlow, a machine learning tool,
and TensorFlow lite, which is intended for converting model sizes to use on microcontroller
devices, found that after the conversion process, the model size is smaller and can run on
the small board, but the accuracy is reduced to the level that can be used. Later, we studied
edge impulse, which is a tool for doing Machine Learning and converting it to be able to work
on different types of endpoints in a single platform. We have chosen to use the edge impulse
as a model for study and testing. By selecting a keywords spotting, gesture detection and
object detection Come as an example for a prototype to do research. After training on the
edge impulse and installing it on the Xiao nRF52840 Sense board for keywords spotting and
gesture detection, it collects datasets with on-board sensors and results in 80-100% accuracy
during training, but in actual use there are still some errors in use. An object detection test
uses a camera attached to a computer or mobile device and mounted on a terminal equipped
with a camera. Achieve 80-90% accuracy results and satisfactory test results are ready for use.
In the end, we also brought what has been studied to design a developmental course for
beginners who are interested in learning about TinyML to be able to understand the basics

and overview of TinyML in the beginning and be able to apply it.
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2.5 TensorFlow
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2.6.2 W93 Tiny Machine Learning Tutagdu

Imaﬁ"ﬂULLé”;ﬂ’ﬁL‘%au?umLﬂ‘%'m%m‘ﬂumi Training Model Ul platform #14 ¢ 1y
TensorFlow vuaa1t vilianunsaUszananateyavuinlvig/un web platform 1y Google
Colab 1 uwsinsimsdsuiuuies edlUlduussuuuszananasuinidn 1wy Android wie
lilpspeulnsaiaes sndufinzdeadiSnnsiiagyiiliuuinves Model ¥&1n15 Training 1&nas
wil dlutfuiie TensorFlow lite & 9@® framework 7i1314%l%a1150v11n15 Inference Uy
gunsnigunsal edge #n9 9 wWu gUnsal Android %e 10S 16 usdvegraiufdslianunsn
inlUlduulalasaeulnsaaesiamsizlavdiulnguaalulasreulnsataesinazdnuiedn
Wee 1 MB uag RAM 256 KB sladinnswmun TensorFlow lite Micro G?fﬂﬂszJuﬂﬁiaﬂ‘UUWﬂ
904 library 989 TensorFlow lifluumdnas Tneazyiiniséa Operators #ilaigndusaanu
Jagtusenluuasiinlyianaunsavinanuuy embedded system 1o
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mwﬁ 2.2 Arduino nano 33 BLE

2.6.2.1 Arduino nano 33 BLE

Ua3AYA nano wulag Arduino Innseuiuuwgasinasie 9 Tudn
s095UNsiousie Bluetooth wisnzuAn1suTH I usduluTeIsE U Embedded

foyarhluvasuadn

397 : 3125 UmlaeusEu

U9 : 45%18 mm

Microcontroller : nRF52840

CPU Flash Memory : 1 MB

SRAM : 256 KB

/O pin : 14

IMU : LSM9DS1

Microphone : MP34DT05

Gesture, light, proximity : APDS9960

Barometric pressure : LPS22HB

Temperature, humidity : HTS221
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() seeed

| Model XIAO-nRF52840

dreC

A1 2.3 Seeed Studio XIAO nRF52840 Sense

2.6.2.2 Seeed Studio XIAO nRF52840 Sense

vesaluma XIAO Wamlny Seeed famnifieldfuwmalulad TensorFLow
lite unFourululasiviu/IMU wazsessunsideusie Bluetooth

foyarhluvesuadn

59A1 : 550 UmlagUszan

YUIR : 21%17.5 mm

Microcontroller : nRF52840

CPU Flash Memory : 1 MB

SRAM : 256 KB

I/O pin : 11

IMU : LSM6DS3TR-C

Microphone : MSM261D3526H1CPM
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SYNTIANT °.
TinyML

Al 2.4 Syntiant’s Tiny Machine Learning (NDP101)

2.6.2.3 Syntiant’s Tiny Machine Learning (NDP101)

vasanaun TinyML wiauldnudwmsunisadraweundinduidosaziduses

Fldngsnudlagldunanrasy ML wuuiladaves Edge Impulse
foyarhluvesuedn

591 : 1,245 UmlaeuTEIN

YUIR : 24%*28 mm

Neural Decision Processor : NDP101

Host processor: SAMD21 Cortex-M0+ 32bit low power ARM MCU

CPU flash memory : 256KB

SRAM host processor : 32KB

Board power supply: 5V micro-USB or 3.7V LiPo battery

Digital I/Os : 5 compatible with Arduino MKR series boards

UART interface : 1 (included in the digital I/O Pins)

12C interface : 1 (included in the digital I/O Pins)

on-board serial flash : 2MB

48MHz system clock

RGB LED : 1 user

uSD card slot

6 axis motion sensor : BMI160

Microphone : SPH0641LM4H
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A7 2.5 Arducam PicodML

2.6.2.4 Arducam Pico4ML

Va3 Raspberry Pi Pico 13U TensorFlow Lite Micro fiiaunlaefiniiu
Arducam 1ald Raspberry Silicon (W3e7i3en31TU RP2040) wazasd s PicoaML Fuduuadn
Wawlilasroulnsameinasdundniunmsusagiindregne ML Tneamsy

foyavhluvesuadn

597 : 902 UMlaaUszun

YUIA : 51%*21 mm

Microcontroller: Raspberry Pi RP2040

IMU: ICM-20948

Camera Module: HiMax HM01B0, Up to QVGA (320 x 240 @60fps).

Screen: 0.96 inch LCD SPI Display (160 x 80, ST7735)

Operating Voltage: 3.3V

Input Voltage: 5V +/- 10% via VBUS, Max 5.5V via VSYS
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Al 2.6 SparkFun Edge

2.6.2.5 SparkFun Edge

vasaiun SparkFun Edge dmduisuduldanm TensorFlow Lite fiwamna
1n8 Ambiq Micro Apollo3 Blue Bluetooth MCU Faflwnu Arm Cortex-M4F ifluszansam
geananunsasenly TensorFlow Lite lagldiiies 6uA/MHz

fouarhluvesuadn

39A7 : 520 UlpeUssuoy

UM : 40.6*40.6%8.9 mm

Microcontroller : 32-bit ARM Cortex-MdF processor with Direct Memory

Access 48MHz CPU clock, 96MHz with TurboSPOT™

Extremely low-power usage : 6UA/MHz

Flash memory : 1IMB

SRAM host processor : 384KB

Connectivity : Bluetooth LE 5 (on-chip) + Bluetooth antenna

Camera : OV7670 camera connector

Audio : 2x MEMS microphones with operational amplifier

Sensor : STMicro LIS2DH12 3-axis accelerometer

Expansion : Qwiic connector, 4x GPIO header,

Debugging : FTDI-style serial header for programming

Misc : 4x user LEDs, 1x user button

Power Supply : CR2032 coin cell holder for battery operation, VDD (1.8

to 3.6V) / GND pins
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m‘wﬁ 2.7 Arduino Portenta H7

2.6.2.6 Arduino Portenta H7

U93A Arduino d113UN153ANI5QUNTILALATENAURTATEAUYNAIMNTTY

Portenta Tvsifituindeulae lulasreulnsaiass Arm Cortex-M7/Ma4 wuugdanes STMicro
foyarhluvesuedn

5901 : 3,618 UMlneUTEINY

YUIA : 6625 mm

Microcontroller : STM32H747XI dual Cortex®-M7+M4 32bit low power

Arm® MCU

Radio module : Murata 1DX dual WiFi 802.11b/¢/n 65 Mbps and

Bluetooth® (Bluetooth® Low Energy. 5 via Cordio stack, Bluetooth®

Low Energy 4.2 via Arduino Stack)

Security : NXP SE0502 Secure Element

Board Power Supply (USB/VIN) : 5V

Supported Battery : Li-Po Single Cell, 3.7V, 700mAh Minimum

(integrated charger)

Circuit Operating Voltage : 3.3V

Display Connector : MIPI DSI host & MIPI D-PHY to interface with low

pin count large display

GPU : Chrom-ART graphical hardware Accelerator™

Timers : 22x timers and watchdogs

UART : 4x ports (2 with flow control)

Ethernet PHY : 10 / 100 Mbps

SD Card : Interface for SD Card connector

Operational Temperature : -40 °C to +85 °C

MKR Headers : Use any of the existing industrial MKR shields on it
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High-density Connectors : Two 80 pin connectors will expose all of
the board's peripherals to other devices

Camera Interface : 8-bit, up to 80 MHz

ADC : 3x ADCs with 16-bit max. resolution (up to 36 channels, up to
3.6 MSPS)

DAC : 2x 12-bit DAC (1 MHz)

USB-C : Host / Device, DisplayPort out, High / Full Speed, Power

delivery

A7 2.8 Wio Terminal(ATSAMD51P19)

2.6.2.7 Wio Terminal(ATSAMD51P19)

Juvesalulpsaeulnsaaesiiinisfindsasdearsteyaliaisuuy Wi

WAy BLE (Ugnsn1deaunn) Wauilaeg Seeedstudio N5t eusiogunsaldunniaising

'
=

varnviany ielviihludssendldaissuuauauiinsfssenuuldmeldodisazaan
fFoyavhluvesuadn
5901 : 1,712 umlaeUssunn
VWA : 72¥57*12 mm (a9 ABS+PC)
MCU - Microchip SAMD51 (ATSAMD51P19) Arm Cortex-M4F
microcontroller @ 120 MHz (can be overclocked to 200 MHz) with 192KB RAM,
Flash memory : 512KB
Storage : 4MB external SPI flash, MicroSD card slot up to 16GB
Display : 2.4" LCD screen with 320x240 resolution (IL19341 driver)
Audio : Microphone and buzzer
Connectivity : Dual-band WiFi 4 802.11b/g/n and Bluetooth 5.0 via
Realtek RTL8720DN COrtex-M4/MO WiSoC
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USB : 1x USB-C OTG port

Sensors : LIS3DHTR accelerometer, light sensor, IR emitter

Expansion : 40-pin Raspberry Pi Compatible female header to connect
to Raspberry Pi board, 2x multi-function Grove connectors, 20-pin FPC
connector (no details provided)

Misc : 5-Way Switch, Power/Reset switch, 3x user-defined buttons

Power Supply : 5V via USB-C port

Temperature Range : -40°C ~ 85°C (TA)

2.7 Edge Impulse
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Fsumsuiudsauasiannanimnsisldsuanulindanesdnsuaz it q Mlandmiurs
fiaunuazinangunsaldmiunisSouiveanissunlilasneulnsaaes Sulszaumsallunisiiam
uazUiuldnsBeuiveandesunlilasneulnsaaeslaoiiuiiduiressvuuidvuaz aouiiaimesiviel
vlvanunsauitigmvdoimuinisSeuivesnissuulilasreulnsameslseiiinenelasdniuses
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3.1 AnwndanIfNgI999

3.1.1 Annuansnsvasiulasaaulnsaaaswazlulasinsivaivas

lulasiwsiwawesilvegludagiuarlifiisonnud’ RAM ROM uag Port aglu
e Sedesdonismudlusunsuneuen wazdedld ICs lumsveneweinifia dofide
anunsaciumieaudildnaon daulilasneulnsanestuazitssiuguogudineluiy
(1w smsANd RAM ROM ag /O Port) msizwmilulasmeulnsanesisdvuadinnd,

wars1AnItulasins s

3.1.2 Machine Learning lLa2 TensorFlow

Machine Learning Aia walulagfigniiunldegraunsvarslutagtunaivaieanu
o A v ] = . Py 4 A o v = @
fanina1 I lut19aU wag TensorFlow Ae library AWmUNA UL ey lANSANEIAWAIU
Machine Learning 1Jululasonagazainuindu wansuutuiia Machine Learning way
TensorFlow Aflanvauildanunsathunldsauiulaifiosevesdiianieinuiug wildluidy
Ao embedded system FalatinswWaun TensorFlow lite wag TensorFlow lite Micro el
&11150141 Machine Learning intgeuuululasaoulnsatassiauaziiunin Tiny Machine

Learning 1#30N19438U3UDHATDIVUIALANTLDS

3.1.3 Tiny Machine Learning

Y

nsdnseuirenasewUsrendltunlilasreulnsaaet vsesvuvausanail
Ingdigausvasdiialinsiteuiveansosaunsaldanuuugunsaiildndenum aelunaniia

Tod dvheauduazmaslunisuszananaiinn Is1agnuazanansaldnulaegseiiios

I~
Wukianuiu

3.1.4 Edge Impulse
Ju Al platform Mldlunsusulumanlaannisseuivesnsomyinisusuldasuu

lulasaoulnsatasns aszuvaNoInaf19819978 1JuLAs 095 9n15199NUNTLUIUNTT

a03aRNdLUUATUIRS 1§ TensorFlow dwsunisinteyariadsednsam
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3.2.1 aunsallulasmeulnsawasndananldlunsaiugunisiseuivaaias

Tutlaguiigunsaisurumniignianuiielddunisifouiveanissuugunsal
lulasreulnsaiand winisaaizgdnvindonaglduasda Arduino nano 33 BLE duduuesiayn
nano Waiwnlag Arduino yiesindauesaumiendn nRF52840 Aulwuwesind e q uaz
lulasTaiu Tusia sesfumsifiousis Bluetooth unzunnsuldidudaduuuuvessyuy
Embedded fnmamgs ausamialdie Mogrunivansuasiiusundoslvinisatuayy
fauffueinagimiagaiug Flash Memory Liles 1 MB wifimngiagthuniielinaasy

N558U3VBUATOIVUAN LA UNSNEINT

mwﬁl 3.1 Arduino nano 33 BLE

wazUDIA Seeed Studio XIAO NRF52840 (Sense) NHAUDTAUINS DUAUTN
NRF52840 5095UN15180uMe Bluetooth LWINZEANTISUN T URIAULUUUDITLUY

Embedded fRan1mas anansami@oladiesnign

') seeed:

| Model: XIAO-NRFS2840 -‘

A9 3.2 Seeed Studio XIAO nRF52840 (Sense)
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3.2.2 N52UUNTSHUAY TensorFlow @28 TensorFlow lite
$#8991NNYIN1S Train Model dwmsultaumiluuu TensorFlow S8uUsaewan saun
azifunsih Model Alalusunsguauns TensorFlow lite wielvaunsatlulduu edge

device 19 lnganunsagumnounmsiulansununnealuil

%

TensorFlow Lite

-- Deploy Make
o;t;r::e model at inferences
Edge at Edge

ANT 3.3 WHUNINATEUIUNNSUAY TensorFlow se TensorFlow lite

4 o X vy . . o
Weihiaunmidluageanuagladunsugey § fng g alull

3.2.2.1 Convert Model

\Hunsidsu format 283 Model 910 TensorFlow s Ty TensorFlow lite Tng
nsldnsld AP e TensorFlow lite TaemialuazAanis pruning (M5saus) a3uiedenis
11 synapses wag neurons 7 lildwanenadnsndenis Convert agnuiulddnoaniuyile
Tuwatildufivueiidnas

before pruning after pruning

pruning
synapses

pruning
neurons

AN 3.4 A1LERIn1s Convert Model

3.2.2.2 Optimization

Tugumaunis Convert WU @11150YINSAIAMNLLALLND LAAIUIT0ANVUINVDY

Model Tsidnaaludn lneilnan o aesione
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3.2.2.2.1 Automatic Optimization
fie n35l4 APl w3 TensorFlow lite tite Optimize Model Tnganusasarn
i1azhnns Optimize ludauln Wy auinves Model siormaumiiag sunouiiasyinld
vurpueslinaanad 3 89 4 hveswualnany wagyiliaumiieairesns Inference

anadle 2 89 3 Wi wirUwliugIvaslumalTanauiU

3.2.2.2.2 Quantization

Aonswisuguuuudeyaann float32 Wu ints Tnevinfioanvueaiuiildly
maivdoya wazanauriinia1nldlunig Interference demalvindaruildlunisdin
anaNIUiU WHLH9991nN1S Quantize Yl uasiduavaslumaanadldiuiuazdanali

ANMULUUENUBIULAATZANAS

Floating point Integer
3452.3194 ) 3452

32 bit 8 bit

01010101 § 1010101
A

A9 3.5 N5 Quantization

3.2.2.3 Quantization-aware Training

Aan1svluaafioglusendnents Training SU3N1T Error M1LAiA31AN13 Quantizing
Wolvluaani1unis Training @13150UsUFULUUAIG 9 983 Model TWUS U Error
5895UN15 Quantizing N9gLARTWYNTANAY LAKEIN1S Quantizing HAUUNUGININTU WA
791n15v1 Quantization-aware Training ldlein5ufianeluin Model Alausagiivundnas

' a A 1o X A A 1Y) a P . . L. )
uRgdinanudugunnTuiiafisuiu Model Nulan11 Quantization-aware Training #a4n1S

Convert

3.2.3 TensorFlow lite Micro

NaINIUNT Convert wag Optimize 138USDBLAONIADNTT deploy Model 71K1U

nsgevuInasuU Edge device tathlUldmusioly
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Ineviluudn Edge device Usziav Android w3e 10S AiflszuuufiRnisuumanlu
Magau13at1 Model 11NN Convert winlUldleiae widiasaailulduwgunsalidl

L4 =

YUIALANAINTIU UDSA Arduino nano 33 BLE stuiazsaaiinisvinlis Model Svuin

(% '
) ]

dnasludnuseusulianunsaldnuuuaniisiinsneinsiuiog1esnale

3.2.3.1 Heuva4 TensorFlow lite Micro

Ao library N19zviinsusulis TensorFlow lite @nansaldaiuuugunsaliifivwinanas
1U8n wu Arduino nano 33 BLE \Jusiu lneazitiuluinmsvinlilunaanunse Inference uu
gunsalffininensininlaenisiiiniuigeanildls uazdn Operators #e 4 Nlidnlusie

Model 989 TensorFlow ¥lANuAltuanas

3.2.4 Edge Impulse

Edge Impulse T9Uszleuin1s TensorFlow d@usunsinluinasiunssuiung

wWialranursatllduulalasraulnsatassiaotidne

Dataset

Acquire Training Data Train Machine Algorithms
S - [ @uion
Edge Device A Impulse
Embed On Edge = , Test Data Flow

Tests

Al 3.6 Edge Impulse

3.2.4.1 Train tiny model

anelu Edge Impulse anunsaldlausnslunaiiegdseonuvunndmiunisldly
gunsallulasnoulnsatans amnsaufuudandives iaweslnifednddslagld Python
K11 Keras APl 984 TensorFlow @adresemaifinlusunsulunsiinevsy 18ludlatuuy
nsrUIUNNTARdaRndATU9as Audunsiiuszuunand lunadinagldfunsusuli
wingaudmsunisilalaenaiunauselovives TensorFlow waginalulagves Edge

Impulse
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Neural network architecture

Architecture presets @ 1D Convolutional (Default) 2D Convolutional

Input layer (2,262 features)

| Reshape layer (13 columns)

| 2D conv / pool layer (8 neurons, 3 kernel size, 1 layer)

| 2D conv / pool layer (16 neurons, 3 kernel size, 1 layer)

| Dropout (rate 0.5) ‘

Dropout (rate 0.5)

Flatten layer ‘

Add an extra layer

Output layer (3 features)

AW 3.7 Train tiny model

3.2.4.2 Model optimization

nsldlunansidsuguuuudoyaain float32 1u int8 wuulAeIfy TensorFlow
iiotnuinaluing annusudlaglilssunansgnudesiign 19 TensorFlow lite Micro
AULeNALISTIa9 Renode vl Edge Impulse aansaUsziiiuaiurlsiaznsldnuae
aunsadilunisilesavedlunaldesauiug) dedenisivuanansznuresnsiiiv
Uszansn iiuenudangugegauazamnuthiuldiuisninaiidey flunaiifneusuud
manegULuy wazanunsadsoenlumaidunuy TensorFlow w3 auuudiusulmnzaudu

Tunankaae1s TensorFlow lite 1ol
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Available optimizations for NN Classifier

Quantized (int8) RAM USAGE  LATENCY CONFUSION MATRIX @
88K  36ms [N o o o
ROM USAGE  ACCURACY 07 m 42 42
Currently selected

31.8K 89.83% 54 a7 27

This optimization is
recommended for best

performance.
Unoptimized RAM USAGE LATENCY CONFUSION MATRIX @
(float32) 27.7K 169 ms I oo 57 1
ROM USAGE ACCURACY 07 m 42 42
Click to select
— 41.9K 89.59% 5.4 a7 34

ANl 3.8 Model optimization

3.2.4.2 Deployment

Wi elutnan1un1sineusunasnageuUsz@ns amuas @amisaviluledfu
lulasmoulnsataesfinusauiuaiw C 3o C++ lnsmsliyaedasiiolunisusulavsns
Guaq'T:UiLmsaﬂ,ﬁmmzams‘iﬂs&’flﬂﬂlaﬁmsﬂwmamamsmﬂ‘%auisuaqm‘%'aw?mﬁﬂ

Taglyinalulad TensorFlow A® EON Compiler 484 Edge Impulse Tun1suias
Taina TensorFlow lite 1un1wn Co+ dnsululasaeulnsaiassd lnaiSonld Kemnal i

o

UszAnsnmlaelddesudainwdaluifdmsuaunsal laussegnldnuaumungay

9

&

danaluszudanuloauanlaidulesidud wisldiasasiiolunisfiivusaiasesiionazils

LnaninunsEnuudnilegedrsainvansla

Create library

Turn your impulse into optimized source code that you can run on any device.

@
A library using TensorRT for

running inferencing on the
GPU of the Jetson Nano.

S

NVIDIA.

Al 3.9 Deployment
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3.3 N15NAABIYU

3.3.1 MsnagauilanizAtddgilenisieuivensasuululasreulnsanes

o o

nsTameAmdfyse Keyword Spotting (KWS) iunsiigunsaliianunsaiuides
Mnldnuwmaunsaventaidldnunemndmuaelillelus Fagninluldegiunsvany

4 Aoy a Y& o @ = 1% '
vugunsalvuannmniigiesansey Ingldidumdilunisisenlda wu Google

Assistant , Siri Wuduy

Collect Preprocess Evaluate Convert Deploy Make
Data Data Optimize Model Model Inferences

TensorFlow TensorFlow Lite TensorFlow Lite Micro

A1 3.10 Keyword Spotting (KWS)

3.3.1.1 Collecting Data

o A ¥

TuAIULINVBINISYINNSTRINEAAAYABNITTIUTINYATBLAYRIANTILT RIS

lnggadyntayaiinnnurainvatgvednuldeiaran nwingouzdwinti Model 91 Train

ynfianusiugwazaiunsatldlglnasdanau

3.3.1.2 Preprocess Data

Tunsihgadeyaluldiiie Train Model 1 Walalvlaidsaudy avagluguuuuuny
nandahlldfunisseudvenaietlien Isseainisiuasugduuuwnuliluunuainug
feulnen3ld Fast Fourier Transform vinliunuagluguves Spectrogram

No Loud No Loud

20000

10000 [

=10000

-20000

T mw em om ol
A 3.11 nsivasugduuusnuliduunuaiud

\ieagluzukuu Spectrogram N13I3HUSVBUATINLANNTORENAIIUUANG1AYDIAT

nldanuyalading
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RO NITUINUNANVBINTT A BUTDINYWE N UTUYLIANNTD
wenuezdesiianudalafnindeanianudamiunanues Mel Scale 3slaviinisaine Mel

filter bank esIuNguANDEe ke lUldiunisiseuivenaies

Yes Loud

E 2 8§ 8 8 s & w

AN 3.12 M5a378 Mel filter bank [ieTINGUAINDE

3.3.1.3 Design Model
Tunsvi Neural Network tdantt Convolution Neural Network L‘ﬁl’eﬂﬁﬂumsa%ﬁﬂ
Model uagld Convolution Model 4119983 Model fituns Train wudiazdeiivund

Tngjiiuluegdadinisld tiny_conv Model 7t Convolution Model #ifluunatdnninus

Useansnminlaunazeesnin

Output

Input Data Reshape Softmax ClRssi Reation

DepthwiseConv2D FullyConnected

Weights: <1,10,8,8> Weights: <4,4000>
Bias: <8> Bias: <4>

Al 3.13 Design Model

3.3.1.4 Training Model

11 Model #ilgain Train lu TensorFlow

3.3.1.5 Evaluate Optimize ez Convert Model

% Model 7is1un1s Train Swaidnasaienis Convert way Optimize
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3.3.1.6 Deploy Model

Deploy Model asunuasaiothluldnusely

3.3.2 MINAFBUAINAANYITNNNTVEUAIENTTEUSVRIATRIAIENLIEATIVIANTT

waaulnaniely

mhgnTinnsinaeulmniglunie Inertial measurement unit (IMU) Tnguniuga
il ieUssaianadnuarnsvdulufians 6 wnu lnemildaggnldinenisinanuaunauy
sadnsEUEUAvToTIRUTIANIIvaINIsUIRuTatgUnsalindioudl 6 unu laglunmsnaaeuilas

o Y a &/ « i o a 6 1 v & Y ) Y =
Yunussendldiunisiseuivesnsaaietlyinsgiinnisvdutuvdudugy fsnus vise

auegls
Collect Preprocess Evaluate Convert Deploy Make
Data Data Optimize Model Model Inferences
1 Y )
TensorFlow TensorFlow Lite TensorFlow Lite Micro

A 3.14 Inertial measurement unit (IMU)

3.3.2.1 Collecting Data

Tuduusnfenssiusingadeys lneaziivyatayanisvdu IMU iDudnwaesing o
watuiinddesnsiiduglesls Bsgadeyadidnuiumnnuazdnvazanuuansislunisviiu

@a

YaawAargUININABadrenis Train Model

3.3.2.2 Preprocess Data

wanmsddgyAenafiuywdaveduludnuaezriinne 9 azd pattern Aiuiuouey 1wy

o '
v a

nsvduiieifusuian 1 vieddnws | awdunisusutuadluunuden udluanuduaiaiud
19 pattern fuduouusinisviiuresuyudiuaylallfoonudussmiiasnuanysaiuuuiad
manBunisdoudveasouliluduiierSouisuduiiiananafisudndosurdsuou
fannuédusznanaeenininimsiivsuiududnumzesls

Ty lukad IMU 9ga1u15011un b iiaUseuliananiseduna 6 wnuvinlia1na bad

ee

anwasduauddld wiluwdnisdnldauieyszaananisvdumailutusuiy aed
Aududaulazegensensiill Train Favziinisudasdeyanlalieglusuiuuninaesdia

AauN1sUll Train wazUszunana
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3.3.2.3 Design Model

Tun1svi Neural Network vdantt Convolution Neural Network wialglunisasna

Model \ilosandiman ¢ ARen1s Image Classification

3.3.1.4 Training Model

131 Model #ilgan Train 1u TensorFlow

3.3.1.5 Evaluate Optimize a2 Convert Model

% Model fis1un1s Train Suwiadnassienis Convert way Optimize

3.3.1.6 Deploy Model

Deploy Model asunuasaiiothluldnusely

3.3.3 MNAaUN1IATRTUINgAIEMsIsEuTvaATasuuaunsallulasraulnsaiaas

n3nsaduingAenisnlusunsuaunsaUszinanan nuaz vanlainesdussnaulunmtiud

[

Tagevlseging laenilunisnsaaduingasilildiessyingluninainndas 1wy ndeaasln uag
inluuszenaldsalunisldaumia g
I

Collect Preprocess sign a'. o\, Evaluate Convert Deploy Make
Data Data i d  Optimize Model Model Inferences
1 1 1

TensorFlow TensorFlow Lite TensorFlow Lite Micro

AWl 3.15 Object detection

3.3.3.1 Collecting Data

TudusnAonissiusiugateya tnsasiiugadeyasuninvesingiiesiny

ps19aEaULazily train model

3.3.2.3 Design Model

Tun1svi1 Neural Network vdantt Convolution Neural Network wivalglunisasna

Model 1ilpsanndvinuan 9 Arens Image Classification

3.3.1.4 Training Model

11 Model ﬁlﬁu’l Train T4 TensorFlow
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3.3.1.5 Evaluate Optimize e Convert Model

'
a1

¥ Model fir1un1s Train Svwindnassienis Convert way Optimize

3.3.1.6 Deploy Model

Deploy Model atuuuasaiotluldnuseoly

3.4 NSNAIUIAULUY

Fupoutiagfunisihdsiidne it ldhandunauisudisunsinnures TensorFlow
waz TensorFlow lite nszuauNsLUadlimaves TensorFlow liifluunnanasing TensorFlow lite
ASLUIUNTS Optimize tiensinsadg TensorFlow lite Micro n1sldfau tools s % WU edge
impulse silUfsnmsnaaeddfnuats wu msddianz nsamaduingfenm widenass davh
uardnutanduduuuuiionsinu Tnefauszasdiiiefeudesdeiila@nwaniomnuasimeunsly

sunuulasuwuunilauiansisasy
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uni 4

NANSANULUNSIY

4.1 nsslSeuigunanlaszning TensorFlow wag TensorFlow lite

Tunszulrun1suuasann TensorFlow 1eg TusUuuuad1vsyu Deploy asuugunsal
lulaspaulnsatass snduiidaald TensorFlow lite Inan15nnasIdaztiindnsvianauwasnaans
wlaauwUSeusuny enAaauIINsEUINNIswUaIty d9NananINUkLUE) YUIANSBRNARNENAY

19 inference

4.1.1 Nalannn1s Convert Model

N1snadauiu Model Image Classification ¥asninunuazgiy laely dataset ves

EUmWLLmLLazqﬁﬂJﬁum Kaggle Cats and Dogs Dataset

(https://www.microsoft.com/en-us/download/details.aspx?id=54765)

Ingvinisivian dataset wag Train Model lagle Epoch = 5

-image.resize(image, (224, 224)) / 255.8
image, label

test), metadata = tfds.load(

se%:1'1,

num_exampl i _num_exanples
num_classe .fea 1.num_classes

24) .map(format_i atch(BATCH_STZE) .prefetch(1)
) . batch(BATCH prefetch(1)

‘https: //tfhub.dev/google/tF2-preview/{}/feature_vector/4" format(handle_base)
{}".format(MODULE_HANDLE, IMAGE_SIZE, FV_SIZE))

yer (MODULE_HANDLE ,

ﬂ"lW‘ﬁl 4.1 LLﬁ%ﬂ?W‘ﬁl 4.2 Naa1nn1s Convert Model (1)


https://www.microsoft.com/en-us/download/details.aspx?id=54765

35

t pathlib
_VS_DDGS_SA)
)GS_SAVED MODEL)

t pathlib
rter = tf.lite.TFLiteConverter.from saved_model (CATS_VS_DOGS_SAVED MODEL)

ite model = converter.convert()
tflite_models_dir = pathlib h("/tmp/™)

tflite_model file = tflite_models_dir/'mo
tflite_model file.write bytes(tflite mo

A 4.3 Haa1nnIs Convert Model (2)

¥n13 save Model #iliuaziinly Convert lu TensorFlow lite uda3sguunnvaslugiilaun

Juwadns
tflite model file = tflite models_dir/'modell.tflite’
tflite model file.write bytes(tflite_model)

. 8377856

A 4.4 Haa1nnIs Convert Model (3)

namziuldvualidndaiiung Convert udavzagiuseuin 8.8 MB 91ntiuth

Model 961un1s Convert 11IaANULIuEN

 model file
interpreter = tf.lite.
interpreter.allocate_tensors()

input_index = interpreter.get_input_details()[e
output_index = interpreter.

predictions = []

interpreter.set_tensor(input_index,
interpreter.invoke()

predictions.append(interpreter.get_tensor(output_index))

test_labels.append(label.numpy()[@])
test_imgs.append(img)

score = @
item in range(8,len(predictions)):
prediction=np.argmax(predictions[item])
label = test_labels[item]
if prediction==label:
score=score+l

print("Out of

AW 4.5 naennns Convert Model (4)
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@ oo I 100/100 [00:01<60:00, 88.77it/s]out of 16@ predictions I got 10@ correct

AW 4.6 Haa1ANIS Convert Model (5)

INNALWUINTAIULLUEN 100%

meulavinnsusueAn Epoch 1u 20

module selection

handle_base, pixe

MODULE_HANDLE =" b E e eatu .format(handle_base)
IMAGE_SIZE [

print(*Using {] h ut size {} ar tput dimension {}".format(MODULE_HANDLE, IMAGE SIZE, FV_SIZE))

feature_extractor = hub.KerasLayer (MODULE_HANDLE,
input_shape=IMAGE_SIZE + (3,),
output_shape=[FV_SIZE],
trainable=False)

print(“Buil with", MODULE_HANDLE)
model = tf.keras.Sequential([
feature_extractor,
, activation="soft

D

model.summary( )

model.compile(optimizer=

model.fit(train_batches,
epochs=EPOCHS,
validation_data=validation_batches)

mwﬁ 4.7 Naa1nn1s Convert Model (6)



YU NANLANAINS Convert TvunUszann 8.8 MB

t pathlib
_DDGS_SA
,_SAVED_MODEL}

aved_model (CATS_VS_DOGS_SAVED_MODEL)

tflite _model file = tflite_models_dir/’ ell.tflite’
model file.write_| ite model

8877876

mwﬁ 4.8 Naa1nn1s Convert Model (7)

A o Y 1o 1 o A
LIDUIUIIAAINULLUULIIENUITUAIULUUEIN 99%

from tgdm import tqdm

tflite model file
interpreter = tf.lite.Interpre model path=tflite model file)
interpreter.allocate_tensors()

input_index = interpreter.get input details()[@]["
output_index = interpreter.get output_details()[8][

predictions = []

t_labels, test imgs = [1
img, label in tqdm(test batches.take(168)
interpreter.set_tensor(input_index, img)
interpreter.invoke()
predictions.append(interpreter.get_tensor{output_index))

test labels.append(label.numpy(}[a])
test_imgs.append(img)

# This
score
for item in range(®8,len(predictions}):
prediction=np.argmax(predictions[item])
label = tes i 1
if predictio
score=score+l

prinmt("C

100% || 1¢e/100 [ee:01<ee:00, 88.85it/s]0ut of 180 predictions I got 99 correct

mwﬁ' 4.9 naa1nn1g Convert Model (8)

37
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4.1.2 waiildannis Optimization wag Quantizing

'
a

MNnnaedlagly dataset Wediun1snaass 4.1.1 taelyd Model Ninnun1s Convert Lan

WudndSeudieu

import pathlib
converter = tf.lite.TFLiteConverter.from_saved_model{CATS_VS_DOGS_SAVED MODEL)

tflite model = converter.convert()
tflite models_dir = pathlib.Path("/tmp/")

tflite model file = tflite models_dir/ model]
tflite model file.write bytes(tflite model)

A 4.10 waanA1s Convert Model 9)

YuAvlNdNlenaanis Convert HLAuAD 8.8 MB

tflite model file = tflite models dir/'model
tflite model file.write bytes(tflite model)

8877856

A 41198977715 Convert Model (10)

N3 Optimization Mg APl Y83 TensorFlow lite Wenuuiavedlndagnuinvuiaveslne

auidu 2.5 MB

import pathlib
converter = tf.lite.TFLiteConverter.from saved model{CATS VS5 DOGS SAVED MODEL)

converter.optimizations = [tf.lite.Optimize.DEFAULT]

tflite model = converter.convert()
tflite models dir = pathlib.Path({"/tmp/")

tflite model file = tflite models dir/'mo
tflite model file.write bytes(tflite model)

2512760

AW 4.12 waann1s Convert Model (11)
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#Mou1NN15 Quantizing Aglainvuavasindagf 2.7 MB

t pathlib
= tf.lite.TFLiteConverter.from_saved model(CATS VS DOGS SAVED MODEL)
converter.optimizations = [tf.lite.Optimize.DEFAULT]
re

supported ops = [tf.lite.OpsSet.TFLITE_BUILTINS INTS

odel = converter.convert()

tflite_models_dir = pathlib.Path("/

tflite model file = tflite models dir/'mo
tflite model file.write bytes(tflite model)

AT 4.13 Haann1s Convert Model (12)

11 Model 611N Train 919 3 MnedaumLdugn

from tgdm import tgqdm

tflite_model file =
interpreter = tf.lite. (model_path=tflite model_file)
interpreter.allocate_tensors()

input_index = interpreter.get input_details()[e@]["i
output_inde interpreter.get_output_details()[@][

predictions = []

test_labels, test_imgs = [], []

for img, label in tgdm(test batches.take(16@)):
interpreter.set_tensor(input_index, img)
interpreter.invoke()
predictions.append(interpreter.get_tensor(output_ind

predictions[item])
st_labels[item]
io
score=score+l

100% | BB 10¢/100 [ee:ei<ee:ee, 57.54it/s]out of 1ee predictions I got 1@@ correct

A 4.14 waann1s Convert Model (13)



from tqdm import tqdm

tflite_model file =
interpreter = tf.lite.Interpreter(model path=tflite model file)
interpreter.allocate_tensors()

input_index = interpreter.get input details()[@]["ir
output_index = interpreter.get output details()[e]["i

predictions = []

test_labels, test_imgs = []. []
img, label in tqdm(test_batches.take (1€
interpreter.set_tensor(input_index, img)
interpreter.invoke()
predictions.append(interpreter.get_tensor(output_index))

score = @
item in range(©,180):
prediction=np.argmax(predictions[item])
label = test labels[item]
if prediction==label:
score=score+l

print("Out of I " + str(score) +

100% | I 100/100 [06:03<00:00, 29.95it/s]out of 180 predictions I got 10@ correct

tflite_model file
interpreter = tf.lite.In
interpreter.allocate tensors()

input_index = interpreter.get input_detail
output_index = interpreter.g

predictions = []

test_labels, test imgs = []. []

r img, label in tgdm(test batches.take(180)):
interpreter.set_tensor(input index, img)
interpreter.invoke()
predictions.append(interpreter.get tensor(output_index))

.append(label.numpy()[@])

score = @
for item in range(8,168):
prediction=np.argmax(predictions[item])
label = test_labels[item]
if prediction-=label:
score=score+l

print("0 F 1 icti "+ str( e) : )

¢ |IIEBIEENN| 1¢¢/100 [0:04<@0:080, 21.92it/s]Out of 168 predictions I got 188 correct

mwﬁ 4.16 1a’a1nn1s Convert Model (15)

ALNUIMIE Model Toanuusiugidu 100%

40



4.2 NM1MAaaeldeU TensorFlow lite wazinlulduuuasa Arduino nano 33 BLE
4.2.1 JumsumInasaUTRNIZAdAYiensiFeuiveuasasuLlulasneulnsaaes

4.2.1.1 Collecting Data

ymsiutufindesluguuuy ogg Induuivles

https://tinyml.seas.harvard.edu/open_speech recording/

1AgVININSOALELIAINIADINTITRENNRY 3-4 A9

Open Speech Recording

[y

. Input the words you would like to record as a comma separated list:
|The59.are.example.\u\xords |

2. Input the number of samples of each word you would like to record:
[10 |

3. Press Record to start recording. And record only the word show in the box
below when instructed (the record button will switch between red and grey to
indicate each new recording and will randomly select words from your list to
record).

4. Press Stop to stop recording, and when all the requested words are completed
you'll be able to download the recordings.

Stop

AN 4.17 Open Speech Recording

4.2.1.2 Preprocessing and Model

N5 define wag import library 114

import tensorflow as tf

g
Ipip install ffmpeg a
fapt-get update &% apt-get -qq install xxd

Al 4.18 Preprocessing and Model (16)

41


https://tinyml.seas.harvard.edu/open_speech_recording/

42

wadlwandnlmanliduzuuuu .wav

mkdir wavs
!find g -print® | xargs -8 basename -s .ogg | xargs -I {} ffmpeg -i {}.ogg -ar 16808 wav
'rm -r - *.o0gg

tract_loudest_section.git
ction/
on/gen/bin/extract_loudest_section "1 trimmed_wavs/

v_path in glob.glob(search_path):
original wav_path = wav_path

if len(parts :
wav_path = . rts[1:])
) ', wav_path)
matches:
e Exception('F g i " % wav_path)
d = matches.group(1
ance = matches.group(2).lower()
not word in data_index:
data_index[word] = {}
if instance in data_index[word]:
ise Exception(’ i
_wav_path

output_dir = os.path.join("..",

os.mkdir(output dir)

"+ word_dir)

ing dir: ' + word_dir)
instance in data_index[word
wav_path = data_index[word][instance]
output_path = os.path.join(word_dir, instance +
shutil. copyfile(wav_path, output_path)
os.chdir('..")
'rm -r -f trimmed_wavs

AT 4.19 Preprocessing and Model (17)

o

AMUUAAIMI B INAAINADINTS Train

WANTED WORDS

AT 4.20 Preprocessing and Model (18)

AuA Training step Way Learning rate

TRAINING STEPS = '

LEARNING RATE =

Al 4.21 Preprocessing and Model (19)



fviua Model 1Ju tiny conv
MODEL_ARCHITECTURE

AT 4.22 Preprocessing and Model (20)

number of labels = WANTED WORDS.count(',') + 1

number of total labels = number of labels + 2
equal_percentage_of_training_samples = int(1@8.8/(number_of total labels))
SILENT_PERCENTAGE = equal_percentage of_training_samples
UNKNOWN_PERCENTAGE = equal_percentage_of_training_samples

VERBOSITY = 'DEBUG"
EVAL_STEP_INTERVAL
SAVE_STEP_INTERVAL

LOGS DIR = 'logs/
TRAIN DIR = ‘train/

import os
MODELS DIR = ‘models”®
if not os.path.exists{MODELS DIR):

os.mkdir({MODELS_DIR)
MODEL_TF = os.path.join(MODELS_DIR, 'KWS_custom.pb’)
MODEL_TFLITE - os.path.join(MODELS DIR, ‘KWS custom.tflite')
FLOAT MODEL _TFLITE = os.path.join{MODELS DIR, ‘KWS custom float.tflite')
MODEL_TFLITE MICRO = os.path.join(MODELS DIR, 'K C
SAVED MODEL = os.path.join{MODELS DIR, ‘KWS custom
PREPROCESS = 'micro’
WINDOW STRIDE = 28

QUANT_INPUT_MIN = 8.0
QUANT_INPUT_MAX = 26.8
QUANT_INPUT_RANGE = QUANT_INPUT_MAX - QUANT_TINPUT_MIN

SAMPLE_RATE = 1688
CLIP_DURATION MS = 1@ee
WINDOW SIZE MS = 28.0
FEATURE_BIN_COUNT = 4@
BACKGROUND _FREQUENCY = 8.8
BACKGROUND VOLUME_RANGE = 8.1
TIME_SHIFT_MS = 1@8.@

DATA URL = "
VALIDATION PERCENTAGE = 18
TESTING_PERCENTAGE = 1@

il 4.23 Preprocessing and Model (21)
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4.2.1.3 Training Model
¥1n13 Training Model #ilgian

python tensorflow/tensorflow/examples/speech_commands/train.py \
--data_dir={DATASET DIR} \

--data url={DATA URL} \
--wanted_words={WANTED_WORDS} %
--silence_percentage={SILENT_PERCENTAGE} \
--unknown_percentage={UNKNOWN_PERCENTAGE} \
--preprocess={PREPROCESS} \

--window stride={WINDOW STRIDE} \

--model architecture={MODEL_ARCHITECTURE} \
--how_many_training_steps={TRAINING STEPS} \
--learning_rate={LEARNING RATE} \
--train_dir={TRAIN DIR} \
--summaries_dir={L0G5_DIR} \
--verbosity={VERBOSITY} \

--eval step interval={EVAL STEP_TINTERVAL} \
--save_step_interval={SAVE_STEP_INTERVAL}

'rm -rf {SAVED MODEL}
I'python tensorflow/tensorflow/examples/speech _commands/freeze.py \
--wanted _words=$WANTED WORDS
--window_stride ms=$WINDOW_STRIDE %
--preprocess=3$PREPROCESS \
--model_architecture=$MODEL_ARCHITECTURE \
--start_checkpoint=$TRAIN DIR$MODEL ARCHITECTURE' .ckpt-'{TOTAL STEPS} \
--save format=saved model

SAVED_MODEL}

ﬂﬁwﬁ'4247ua3ﬂﬂwﬁl425'ﬂahﬂnghﬂodel(22)

4.2.1.4 Evaluate Optimize e Convert Model

11n13 Convert Waz Optimize Model 628 TensorFlow lite

model settings = models.prepare_model_settings(
len(input_data.prepare_words_list(WANTED WORDS.split(','))),
SAMPLE_RATE, CLIP DURATION M5, WINDOW SIZE MS,
WINDOW STRIDE, FEATURE_BIN_COUNT, PREPROCESS)

audio processor = input data.AudioProcessor(

DATA_URL, DATASET DIR,
SILENT PERCENTAGE, UNKNOWN_PERCENTAGE,
WANTED_WORDS .split(’, '), VALIDATION_PERCENTAGE,
TESTING_PERCENTAGE, model settings, LOGS DIR)

Al 4.26 Evaluate Optimize (1)
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REP_DATA SIZE
iith
F.lite.TFLiteConverter.from_saved_model(SAVED MODEL)
float_tflite_mo float_converter.convert()
float_tflite_model s open(FLOAT_MODEL_TFLITE, "wb").write(float_tflite_model)
float_tflite_mode

= tf.lite.TFLiteCor r.from_saved_model (SAVED_MODEL)
.optimizations - [tf.lite.Optimize.DEFAULT]
~.inference_input_type = tf.lite.constants.INT8

~.inference_output_type = tf.lite.constants.INT8

BACKGROUND_FREQUENCY,
BACKGROUND VOLUME_RANGE,
TIME_SHIFT_MS,

flattened_data = np.array(data.flatten(), dtype=np.float32).reshape(1,
print(i)
d [flattened data]
~ter.representative_dataset = representative_dataset_gen
» model = converter. rt()
tflite _model_size = open(MODEL_TFLITE, "wb™).write(tflite model)
1is % % tflite_model size)

AWl 4.27 Evaluate Optimize (2)

uwias Model Tidusuuuuiianansaiilulduu Microcontroller ¢ae TensorFlow lite

Micro Tngvinniswladlvianunsalanu C source file

Ixxd -i {MODEL_TFLITE} > {MODEL_TFLITE MICRO}
REPLACE_TEXT = MODEL_TFLITE.replace('/', ' ').replace(’.’,
Ised -i "s/'{REPLACE_TEXT}'/ =1/g" {MODEL_TFLITE_MICRO}

mwﬁ 4.28 Convert Model (1)

Icat {MODEL_TFLITE_MICRO}

AW 4.29 Convert Model (2)



4.2.1.5 Set up Code

lunanudasguuuusdianladluludues Arduino
#include "micro_ features_model.h™

// We need to keep the data array aligned on some architectures.
#ifdef _ has_attribute

#define HAVE ATTRIBUIE(x) _ has_ attribute (x)

gelse

#define HAVE ATTRIBUTE(x) O

$endif

#1f HAVE_ATTRIBUIE (aligned) || (defined{_ GWUC_ ) & !defined(_ clang_ ))
#define DATA ALIGN ATTRIBUIE _ attribute_ ((aligned(4}))

gelse

g#define DATA ALIGN ATTRIBUTE

$endif

lconst unsigned char g model[] DATA ALIGN ATTRIEUIE = |
Ox20, 0x00, 0x00, 0x00, Ox54, Ox46, Oxdc, 0x33, Ox00, Ox00, Ox00, Ox00,
Ox00, 0x00, Oxl12, 0x00, Oxlc, 0Ox00, Ox04, Ox00, Ox08, Ox00, 0OxOc, 0x00,
0Ox1l0, 0x00, 0x14, 0x00, 0x00, 0x00, 0x18, Ox00, Oxl12, O0x00, Ox00, OxO00,
0x03, 0x00, 0x00, 0x00, 0x94, 0x45, 0x00, Ox00, Ox34, Ox42, 0x00, Ox00,
Oxle, Ox42, O0x00, 0x00, Ox3c, O0x00, O0Ox00, Ox00, OxO4, Ox00, O0x00, Ox00,
Ox01, Ox00, Ox00, 0Ox00, OxOc, Ox00, Ox00, Ox00, Ox08, Ox00, OxOc, Ox00,
0x04, 0x00, 0x08, 0x00, 0x08&, 0x00, O0x00, Ox00, OxOS, O0x00, O0x00, Ox00,
0x0k, 0x00, 0x00, 0x00, 0x13, 0x00, 0x00, Ox00, Oxéd, 0x&9, Oxée, OxSE,
0x72, 0x75, Ox€e, 0x74, 0x€9%, Ox6d, 0x65, OxS5L, Ox76, Oxe5, 0x72, 0x73,
Oxe5%, Oxof, Oxge, 0x00, OxOc, O0x00, Ox00, Ox00, Oxd4, Ox41, Ox00, OxO0,
Oxk4, 0x41, 0x00, 0x00, Ox24, 0x03, 0x00, Ox00, Oxfd4, 0x02, O0x00, Ox00,
Oxec, 0x02, Ox00, 0x00, Oxed, Ox02, O0x00, Ox00, Oxcd, Ox02, 0Ox00, 0x00,
Oxkec, 0202, 0x00, 0x00, Ox2e, 0x00, 0xz00, Ox00, Ox24, 0x00, 0x00, Ox00,
Oxlc, 0x00, 0x00, 0x00, 0x04, 0x00, O0x00, Ox00, Oxlé, Oxkd, OxIff, OxIf,
Ox04, O0x00, Ox00, O0x00, OxO05, 0x00, O0Ox00, Ox00, 0x31, Ox2e, 0x35, Oxie,
0x30, 0x00, 0x00, 0x00, 0x94, Oxba, Oxff, Oxff, Ox98, Oxba, Oxff, Oxff,
0x32, Oxbd, 0xff, 0xff, 0x04, 0x00, 0x00, Ox00, OxS0, 0x02, 0x00, 0x00,
Oxfa, Oxee, 0x28, 0Oxcd, Oxee, Oxfe, Oxcf, O0x0f, Oxle, Ox£7, 0Ox1f, Ox0E,
0Ox0d, Oxed, Oxe9, 0x83, 0x5c, 0xc%, 0xl18, Oxe3, Oxf9, Ox14, 0x28, 0x2a,

AWl 4.30 Set up Code (1)
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115 Include library tag ARUAGRILUTH 9)

#include <TensorFlowlite.h:
#include "main_ functions.h™

#include "audio provider.h™

#include "command responder.h”

#include "feature provider.h”

#include "micro_features micro model settings.h”
#include "micro_features model.h”

#include "recognize commands.h™

#include "tensorflow/lite/micro/micro_error_ reporter.h”
#include "tensorflow/lite/micro/micro_interpreter.h™
#include "tensorflow/lite/micro/micro_matable op resolwver.h”
#include "tensorflow/lite/schema/schema generated.h™
#include "tensorflow/lite/version.h"

S/ Glokals, used for compatibility with Arduinc-style sketches.
namespace |

tflite::ErrorReporter* error reporter = nullptr;

const tflite::Model® model = nullptr;
tflite::Microlnterpreter® interpreter
TflLiteTensor* model input = nullptr;
FeatureProvider* feature provider = nullptr;
BecognizeCommands* recognizer = nullptr;
int32_t previous_time = 0;

nullptr;

ff Create an area of memory to use for input, output, and intermediate arravs.
// The size of this will depend on the model wou're using, and may need to be
// determined by experimentation.

constexpr int kTensorArenaSize = 10 ¥ 1024;

uintd_t tensor_arenalkTensorArenadize];

inti_t feature buffer[kFeatureElementCount];

intd_t* model_input buffer = nullptr:

} // namespace

Al 4.31 Set up Code (2)



Tu void setup %15 load model
vold setup() |
S/ Set up logging. Google style is to avoid globals or statics because of
S/ lifetime uncertainty, but since this has a trivial destructor it's okay.
S/ NOLINTHNEXTLINE {(runtime-global-variables)
static tflite::MicroErrorBeporter micro error reporter;
SFFOr_Feporter = EMicro_£FrOr_Feporter:

f¢ Map the model intc a usabkle data structure. This doesn't invelwe any
f/ copying or parsing, it's a very lightweight operation.
model = tflite::GetModel (g_model);
if (model->version() != TFLITE_SCHEMA VERSION) |
TF _LITE_REFORT ERROR (error_reporter,
"Model provided is schema version ¥d not equal ™
"to supported version 4.7,
model->version(), TFLITE SCHEMA VERSION) ;
return;

AT 4.32 Set up Code (3)

fAviun Operator N4 Ineailifudiunilares TensorFlow lite Micro

static tflite::MicroMutableOpResolver<4> micro op resolver(error reporter);

1 if (micro _op resolver.RddDepthwiseConw2D{} '= kTfLiteOk) |
return;
}
1 if (micro op resolver.RddFullyConnected() '= kTfLiteOk] |
return;

}
1 if (microc_op resclver.BddSoftmax() '= kTfLitelk) |
return;
}
1 if (microc_op resclver.RddReshape() '= kTfLitelk) |
return;

Al 4.33 Set up Code (4)

AvuA Interpreter Nl

atatic tflite::Microlnterpreter static_imterpreter(
model, micro op resolver, tensor_arena, klensorArenajize, €rror_ reporter);
interpreter = &static_interpreter;

Al 4.34 Set up Code (5)



ruAYUIA Arena viTovuIANUTIgegan Model T4l

Jf Allocate memory from the tensor_arena for the model's tensors.
IflLiteStatus allocate status = interpreter->Allocatelensors();

if (allocate_status != kTfLiteOk) {
TF _LITE _REPORT ERROR (error_reporter, "RAllocateTensors() failed™):
return;

}

Al 4.35 Set up Code (6)

ANUAAIAIG 9 Y89 Model Input

// Get information abkout the memory area to use for the model's input.
model input = interpreter->input(0);
if ({model input->dims->size != 2) || (model_ input->dims->data[0] '= 1} ||
{model input->dims->»data[l] !=
{kFeatureSliceCount * kFeatureSliceSize)) ||
{(model input->types != kTfLitelInt&)) {
TF_LITE REPCRT ERROR (error_ reporter,
"Bad input tensor parameters in model™);
return;
}
model input buffer = model input->data.intd;

Al 4.36 Set up Code (7)

Set up A¥IN9 9 NOU main loop LU feature provider taldlunsasia

I £
spectrogram LtUUAY

f/ Prepare to access the audioc spectrograms from a microphone or other source
[/ that will provide the inputs to the neural network.
S/ WOLINTHEXTLINE (runtime-global-wvariakbles)
static FeatureProvider static feature provider (kFeatureElementCount,
feature _buffer):
feature provider = sstatic_feature_provider;

static Recognizelommands static_recognizer (error_reporter);
recognizer = &static_recognizer;

previous_time = 07

AWl 4.37 Set up Code (8)
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Tu void loop yImsmuuailsAdunvinliansaass spectrogram 19
dwvoid loop() {
S/ Fetch the spectrogram for the current time.
const int3Z2_t current time = LatestAudioTlimestamp():
int how_many new_slices = 07
TflLite3tatus featurs_status = feature provider-:>PopulateFeatureData(
error_reporter, previous_time, current time, &how many new_slices);

d  if (feature status != kTfLitelk) |
TF_LITE EEFORT_ERRCR(error reporter, "Feature generation failed"™);
return;

1
previous_time = current_time;
S/ 1f no new audic samples have been receliwved since last time, don't bother
S/ running the network model.
d  if {how_many new slices == 0) |
return;

AT 4.38 Set up Code (9)

nsindeyadssfiuuantu spectrogram ud 1Wgnszuauns Inference e

'
o

A&9 invoke

S/ Copy feature buffer to input tensor
for {int i = 0y i < kFeatureElementCount; i++) |
model input buffer[i] = feature buffer[i];

S/ Bun the model on the spectrogram input and make sure it succeeds.
Tflite3tatus invoke status = interpreter-:>Invoke();

if (invoke status != kTfLitelk) |
TF_LITE_REPORT ERROR(error_ reporter, "Invoke failed™);:
return:

1

Al 4.39 Set up Code (10)

dayanlauvaainszuiuns process Wethluldsialy

// Obtain a pointer to the output tensor
TfLiteTensor’ ocutput = interpreter->output (0}
// Determine whether a command was recognized based on the output of inference
const char* found command = nullptr;
uinti_t score = 0r
kool is_new command = false;
TfLiteStatus process_status = recognizer->ProcessLatestResults|(
cutput, current time, sfound command, &score, &£is_new command) ;
I if (process_status '= kTfLitelk) |
TF_LITE _EEFORT ERRCOE (error_reporter,
"RecognizeCommands: :ProcessLatestResults() failed™):
return;

AWl 4.40 Set up Code (11)
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M slEHsAtu RespondToCommand Litelirdsndsainiuyingussly

RespondToCommand (error_reporter, current time, found command, score,
is_new_command) ;

AWl 4.41 Set up Code (12)

' I < °

Ineluilenigu RespondToCommand agiinisasiadeuinaniulatuduezlsuan

'
[

949 LED 197y

woild RespondToCommand (tflite::ErrorReporter* error reporter,
int32_t current_time, const char* found command,
3 uinti_t acore, bool ia_new command) |
static kool is_initialized = false;
Jd  if {!is_initialized) |

pinMode (LED_BUILTIN, CUIFUT);
Sf Pins for the built-in RGB LEDs on the Arduinc Nano 33 BLE Sense
pinMode (LEDR, COUTFUT);
pinMode (LEDG, OUTFUT):
pinMode (LEDB, CUTFUT);
/f Ensure the LED is off by default.
// Hote: The RGB LEDs on the Arduino Nano 33 BLE
// Sense are on when the pin i3 LOW, off when HIGH.
digitalWrite (LEDR, HIGH):
digitalWrite (LEDG, HIGH):
digitalWrite (LEDB, HIGH)r
is_initialized = trus;

}

static int32_t last command_ time = 0;

static int eount = 0f

static int certainty = 220;

Jd  if {is_new_command) [
TF_LITE _REPORT ERROR{error_ reporter, "Heard %3 (%d) @%dms”, found command,
score, current_time);
/f 1f we hear a command, light up the appropriate LED

3 if {found command[0] == "¥") {
last_command_time = current_time;
digitalWrite (LEDG, LOW); /f/ Green for yes

}
3 if (found command[0] == 'm") {

last command time = current_time;
digitalWrite (LEDR, LOW); // Red for no

}

B if (found command[0] == 'u'}) |
last_command_time = current_time;
digitalWrite (LEDB, LOW):; // Blue for unknown

}

Al 4.42 Set up Code (13)
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4.2.2 wan1vagaudlanizAdfyaiensiseuivauatasuulilasnaulnsaaes

ULER SRS
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E
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ANNT 4.43 HansNaEaU KWS (1)
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diornfilsegluaniug unknown LED auidudih

AT 4.44 wansvaaau KWS 2)

Waledua1i1 no LED aztdudunsmuilagsaiantd

AT 4.45 mansvaaau KWS (3)



Walddumin Yes LED aztdudideinnuilasaaenly

AT 4.46 mansaEaU KWS (4)
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4.2.3 JUABUNIINATIUAINLAYIINIINITVEUAIENISITEUIVRAUATIIAENUIENTIVIN

nstaaaulniniglu

4.2.3.1 Collecting Data

ﬁﬂmiLﬁUSﬁa;ﬂamuﬁﬂ%ﬁ https://tinyml.seas.harvard.edu/magic_wand/

Ineiiudayanisadusiienisifion Bluetooth Auvesanll IMU Waiiudeyausyunm vinaz

20 feee Alwaedeayatiuliluguuuu json file

To get started recc

Download Data Bluetooth Click the bluetooth button to connect to your board

i 4.47 wihaadulednldnudeya IMU

4.2.1.2 Preprocessing and Model

N5 define wag import library 14

~flow_version 2.
tensorflow as
tensorflow imp
import layers
-preprocessing import image dataset_from_directory
IPython.display import Image, display
numpy as np
pandas as pd

matplotlib.pyplot as plt
pathlib impor
shutil

lapt-get update &% apt-get -qq install xxd

Al 4.48 Preprocessing and Model (1)
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MODELS_DIR = 'models
if not os.path.exists(MODELS_DIR):

os.mkdir(MODELS DIR)
SAVED MODEL_FILENAME = os.path.join({MODELS_DIR, "
FLOAT_TFL_MODEL_FILENAME = os.path.join(MODELS_DIR,
QUANTIZED TFL_MODEL FILENAME = )ath.join(MODELS DIR,
TFL_CC_MODEL_FILENAME = os.path.join(MODELS DIR,

DATASET_DIR = se

if not os.path.exists(DATASET DIR):
os.mkdir (DATASET_DIR)

TRAIN DIR = os.path.join(DATASET DIR,

VAL_DIR = os.path.join(DATASET_DIR, "v

TEST_DIR = os.path.join(DATASET DIR,

I'rm -rf sample_data

CHKPT DIR = ‘c 1
if not os.path.exists{CHKPT_DIR):
os.mkdir(CHKPT_DIR)

TEST_PERCENTAGE = 1@
VALIDATION PERCENTAGE = 18
TRAIN_PERCENTAGE = 188 - (TEST_PERCENTAGE + VALIDATION_PERCENTAGE)

os.chdir("/
uploaded =

gy

os.chdir("/

Al 4.49 Preprocessing and Model (2)

AMNUATIUIUVIININADINTS

GESTURE

dataset jsons = DATASET DIR + "/*.json”
strokes = []

tfor filename in glob.glob(dataset_jsons):
with open(filename, "r"} as file:
tile contents = file.read()
file data = json.loads(file contents)
for stroke in file data["str
stroke["f e"] = filename
strokes.append(stroke)

Al 4.50 Preprocessing and Model (3)



Preprocess U84a
Y
FIXED_POINT = .

mul_fp(a, b):
urn (a * b) / FIXED_POINT

div_fp(a,
= 8:
b=1
urn {a * FIXED _POINT} / b

float_to_fp(a):
turn math.floor(a * FIXED POINT)

def norm_to_coord_fp(a, range fp, h:
a_fp = float_to_fp(a)
norm_fp = div_fp(a_fp, range_{p)
return mul_fp(norm_fp, half_size fp) + half_size fp

def round_fp_to_int(a):
return math.floor({a + (FIXED_POINT / 2})) / FIXED_POINT)

def gate(a, min, max):
if min:
rn min

_points, x_range, y_range,

buffer_byte_count = height * width * num_channels
buffer = buffer byte count)

width_fp = width * FIXED POINT
height_fp = height * FIXED_POINT
half_width_fp = width fp / 2
half_height_fp = height fp
x_range_fp = float_to_fp(x
y_range_fp = float_to_fp(y_ra

_fp = FIXED_POINT / len(stroke points)
one_half_fp = (FIXED_POINT / 2)

for point_index in range(len(stroke_points) - 1):
start_point = stroke_peoints[point_in 1
end_point = stroke points[point index + 1]
start_x_fp = norm_to_coord_fp(start_point[" ¥_range_fp, half width_fp)
start_y fp = norm_to_coord_fp(-start_point["y"], y_range fp, half_height_fp)
end x fp = norm_to coord fp(end point[ 1, % range fp, half width fp)
fp = norm_to coord fp(-end point["y"], y range fp, half height fp)
= end_x_fp - start_x fp
= end_y fp - start_y fp

t_fp = point_index * t_inc_fp
if t fp < one_half fp:
local t_fp = div_fp(t_fp, one_half_fp)
one_minus_t_fp = FIXED POINT - local t_fp
red = round_fp_to_int(one minus_t fp * 255)
= round_fp to int(local t fp * 255)

local_t_fp = div_fp(t_fp - one_half_fp, one_half_fp)
e_minus_t_fp = FIXED POINT - local t_fp

round_fp_to_int{on
und_fp_to_int(loc

een - gate(green, @,
blue = gate(blue, 8

Al 4.51 Preprocessing and Model (4)



if abs(delta x fp) » abs(delta y fp
line length = abs(round_:
if delta_x fp > ¢
x inc fp = 1 FIXED POINT
inc_fp = div_fp(delta_y fp, delta

= -1 * FIXED_POINT
-div_fp(delta y_fp, delta_x_fp)

 length = abs(round fp to int(delta y fp))
if delta_y fp > ¢
y_inc_fp = 1 * FIXED_POINT
x_inc_fp = div fp(delta x fp, delta y fp)

= -1 * FIXED_POINT

. inc - div_fp(delta x fp, delta y fp)

i in range(line_length + 1)
x_fp = start_x fp + (i nc_fp)
y fp = start y fp + (i * y inc_fp)
x = round_fp_to_int(x_fp)
y = round_fp_to_int(y_fp)
if (x < 8) or (x »>= width) or (y < @) (y »= height):

tinu

buffer_index = (y * width * num_channels) + (x * num_channels)
buffer[buffer_index + 8] = red
buffer[buffer_index + 1] green
buffer[buffer_index + 2] = blue

np_buffer = np.frombuffer(buffer, dtype=np.uint8).reshape(height, width, num_

return np_buffer

AT 4.52 Preprocessing and Model (5)

X_RANGE
¥_RANGE

def ensure_empty_dir(dirname):
dirpath = Path(dirname})
if dirpath.ex () and dirpath.
shutil.rmtree{dirpath)
dirpath.mkdir()

def augment_points(points, move_range, scale_range, rotate range):
np.random. uniform({low=-move range, high=move ran
np.random. uniform(low=-move_range, high=move_range)
scale = np.random.uniform(low=1.8-scale range, high=1.8+scale range)
rotate = np.random.uniform{low=-rotate_range, high=rotate range)

x_axis_x = math.cos(rotate) *
x_axis y = math.sin(rotate) *

y_axis x = -math.sin(rota
y_axis_y = math.cos(rotate}

new_points = []

for point in points:
old x = point[
old_y = point[")

AT 4.53 Preprocessing and Model (6)
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kes, root_folder, width, height, augment count):

labels.add( < 1"].1lower())
for label in labels:

label path = Path(root_folder, label)

ensure_empty_dir(label path)

label counts

% (stroke["fi

label_coun
label count = label counts
label counts[label] += 1
raster = rasterize stroke(points, X_RANGE, Y_RANGE, width, height)
image = PIL.Image.fromarray(raster)
image.save(Path(root_folder, label, str(label count) + ".png"))
for i in range(augment_count):

augmented points = augment points(points, 6.1 8

(augmented_points, X RANGE, Y _RANGE, width, height)
y(raster)
image.save(Path(root_folder, label, str(label count) + "_a" + str(i) + “".png"))
return labels

IMAGE_WIDTH = 32
IMAGE_HEIGHT =

shuffled strokes = strokes
np.random.shuffle(shuffled_ strokes)

test_count = math.floor((len(shuffled strokes) * TEST PERCENTAGE) / 168)

validation count = math.floor((len(shuffled strokes) * VALIDATION PERCENTAGE) / 168)
test_strokes = shuffled strokes[@:test count]

validation_strokes = shuffled_strokes[test_count:(test_count + validation_count)]]
train_strokes = shuffled_strokes[(test count + validation_count):]

labels test save stro mages (test strokes, TEST DIR, IMAGE WIDTH, IMAGE HEIGHT, 18)
e stro _images(validation_ strokes, VAL DIR, IMAGE WIDTH, TMAGE HEIGHT, @)
labels train = save strokes as images(train_strokes, TRAIN DIR, IMAGE WIDTH, IMAGE HEIGHT, 18)

labels val av

AN 4.55 Preprocessing and Model (8)
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Define Model ﬁiﬂgjj

make model(input_shape, num_clas

r

layers.experimental.preprocessing.Rescaling(1.8 / 255)(inputs)
layers.Conv2D(16, 3, strides=2, padding=" Y(x)
layers.BatchNormaliz

layers.Activation(’

layers.Dropout(8.5)(x)

layers.Conv2D(32, 3, strides=2, padding=
layers.BatchNormali
layers.Activation(“re
layers.Dropout(8.5)(x)

layers.Conv2D(64, 3, strides=2, padding=
layers.BatchNormalization()(x)
layers.Activation( "Y(x)
layers.Dropout(@.5)(x)

layers.GlobalAveragePooling2D()(x)
activation =
units = num_classes

¥ = layers.Dropout(8.5)(x)
outputs = layers.Dense(units, activation=activation}(x)

return keras.Model(inputs, outputs)

model = make_model(input_shape=(IMAGE_WIDTH, IMAGE_HEIGHT, 3), num_classes=NUM_GESTURES}

AN 4.56 Preprocessing and Model (9)

4.2.2.3 Training Model

%1113 Training Model #il#inde Epochs = 30

EPOCHS

checkpointFileloc = CHKPT_DIR + ° {epoch:
modelCheckpointCallback = keras.callbacks.ModelCh

model . compile

optimizer=keras.optimizers.Adam(le-3},
loss="bi

history = model.fit(train_ds, epochs=EPOCHS, validation data=validation ds,
callbacks=[modelCheckpointCallback])

Al 4.57 Training Model
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model.save(SAVED MODEL FILENAME)

4.2.1.4 Evaluate Optimize e Convert Model

N3 Convert tag Optimize Model g8 TensorFlow lite

converter = tf.lite.TFLiteConverter.from_saved model (SAVED MODEL_FILENAME)
model_no_quant_tflite = converter.convert()

open{FLOAT_TFL_MODEL_FILENAME, ° }-write(model no_quant_tflite)

representative_dataset():
for filename in glob.glob(TEST_DIR +
.preprocessing.image.load_img(filename, target_size=(IMAGE_WIDTH, IMAGE_HEIGHT))
keras.preprocessing.image.img_to_array(img)
y, 8) # Create

converter.

converter.target_spec.suppor = [tf.lite.OpsSet.TFLITE_BUILTINS INT8]
converter.inference_input_type = tf.int8

converter. i e = tf.int8

converter.r

model tflite =

open (QUANTIZED TFL_MODEL_FILENAME, "wb™).write(model tflite)

A1l 4.58 Evaluate Optimize (1)

WsuigusunnauLasadiiu TensorFlow lite Taefvuinanaslunin 0.5 MB 210 0.6

MB waranadludniliax1un1s Quantize

TensorFlow 655959 byles

TensorFlow Lite ¥ (reduced by 555531 byles)

TensorFlow Lite Quantized 31240 bytes  (reduced by 69188 bytes)

AT 4.59 Evaluate Optimize (2)
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NAADUAINLIUEIUBY Model NauwagaInis Quantize
run_tflite test(model no quant tflite)

with datasize: 143
with datasize:
with datasize:
with datasize:
with datasize:
with datasize:
with datasize:
with datasize:

Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture: with datasize:
Testing Gesture: with datasize:
186.8% correct (N=915, 185 unknown)

Tl S I v R W

[ [ W B R Y

o

test the quantized model

run_tflite test(model tflite)

Lt

with datasize:
with datasize:
with datasize:
with datasize:
with datasize:
with datasize:
with datasize:

Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture:
Testing Gesture: with datasize:
Testing Gesture: with datasize:
Testing Gesture: with datasize:
1806.8% correct (N=924, 176 unknown)

PSR BD

|

(W |

5]

Al 4.60 Evaluate Optimize (3)

uas Model Thfuguuuudiansnsalulduu Microcontroller lishe TensorFlow lite

Micro Tagvinniswladlvanunsalanu C source file

Ixxd -i {QUANTIZED TFL_MODEL_FILENAME} > {TFL_CC_MODEL_FILENAME}

REPLACE_TEXT = QUANTIZED TFL MODEL FILENAME.replace('/', ' ').replace(’.", )

!sed -i 's/'{REPLACE_TEXT}'/g_magic ata/g’ {TFL_CC_MODEL FILENAME}

mwﬁ 4.61 Convert Model



4.2.1.5 Set up Code

lunanudasguuuusdianladluludues Arduino

Elunsigned char g_magic_wand_model_datal[] = {

Oxlc,
Oxlc,
0x0&,
0x40,
Oxed,
0x01,
0xlo,
Oxdd,
0xé3,
0xé4,
0x01,
0x0f,
0x6d,
0x04,
0x07,
0x01,
0x08,
0x04,
0x72,
0x69,
0x04,
0x6d,
0x34,
0x54,
0x3c,
o0x24,
ox04,
0x30,
ox20,
Ox3e,
Oxe&,
Oxda,
Oxbf,
o0x3z2,
Ox0a,
oxl9,
oxfs,
oxlz,
Ox30.

0x00,
0x00,
0x00,
0x00,
0xél,
0x00,
0x00,
0x00,
0x00,
0xee,
0x00,
0x00,
0x65,
0x00,
0x00,
0x00,
0x00,
0x00,
0x75,
0xé6f,
0x6l,
0x60,
0x5c,
0x00,
0x00,
0x00,
0x00,
0x00,
0x89,
0x39,
0x8e,
oxfe,
0x90,
Oxfd,
0x49,
0x29,
0x08,
Oxda,
Oxas.

0x00,
0xlg,
0x04,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x67,
0x00,
0x00,
Oxée,
0x00,
0x00,
0x00,
0x04,
0x00,
Oxée,
Oxée,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
Oxff,
Oxff,
oxfE,
oxl0,
0xf3,
Oxfd,
Ox81,
Oxfa,
Oxfa,
0x00,
Oxg2.

0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x5£,
0x00,
0x00,
0x73,
0x00,
0x00,
0x00,
0x00,
0x00,
0x74,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0XfE,
0xff,
0xff,
0x95,
0xdé,
0x13,
0x3b,
0x36,
0xbé,
0x05,
0xfl.

0x54,
0xl4,
0xl4,
Oxcd,
0x54,
0x04,
0xlg,
0x03,
0x0f,
0xéd,
0x04,
0x04,
0x65,
Oxle,
0x69,
Oxlc,
0x08,
0x13,
0x69,
0x12,
Oxcec,
0xdd,
0x24,
Oxdc,
0x34,
o0x04,
oxlo,
0x00,
0x24,
0x30,
ox04,
0x28,
0x08,
0x37,
0x3&,
0x07,
Oxea,
Oxfa,
Oxl0.

0xds,
0x00,
0x00,
0x00,
0x79,
0x00,
0x00,
0x00,
0x00,
0xé5,
0x00,
0x00,
0x5E,
0x%e,
Oxée,
0x00,
0x00,
0x00,
0xéd,
0x00,
0x60,
0x5£,
Oxda,
0x00,
0x00,
0x00,
0x00,
0x00,
0x29,
0x29,
0x00,
0xes,
0xeT,
0x9d,
Oxed,
0xfa,
0xfe,
Oxff,
leoa =

Oxdc,
0xl10,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0xé6,
0x00,
0x00,
0x31,
0xff,
0x70,
0x00,
0x00,
0x00,
0XE5,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0200,
0x00,
000,
oxff,
Oxff,
0x00,
Oxec,
O0xg1,
0x32,
0x5e,
Oxad,
OxcE,
oxf3,
Oxed.

0x33,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0xél,
0x00,
0x00,
0x00,
0xfEf,
0x75,
0x00,
0x00,
0x00,
0x5fE,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
oxff,
Oxff,
0x00,
Oxld,
0x2a,
Oxla,
0x05,
0xf9,
0x35,
0x0b,
0x29.

0xl4,
Ox0c,
Oxlec,
O0xdi,
0x03,
0x3g,
0x28,
0x73,
0x73,
0x75,
Oxcd,
0x07,
0x01,
0x04,
0x74,
0x08,
0x11,
0x6d,
0x76,
Ox0c,
0xbd,
Oxcd,
0x14,
0xd4,
Oxic,
Oxb2,
0x31,
0x00,
ox28,
0x34,
Oxb0,
Oxfa,
Oxfa,
Oxed,
Oxff,
Oxfa,
ox8l,
Oxeb,
Ox02.

0x00,
0x00,
0x00,
0xdél,
0x00,
0x&7,
0x00,
0xé5,
0xé5,
Oxec,
0xff,
0x00,
0x00,
0x00,
0x5£,
0x00,
0x00,
0x69,
0x65,
0x6l1,
0x60,
0x5e,
0x02,
0x00,
0x00,
Oxae,
Ox2e,
0x00,
0xa9,
0x89,
0x01,
Oxef,
Oxe3,
Oxdb,
0x04,
Oxed,
Oxel,
Oxes,
Oxdb.

0x20,
0x00,
0x00,
0x00,
0x00,
Oxff,
0x00,
0x72,
0x72,
0x74,
Oxff,
0x00,
0x00,
0x00,
0x32,
ox0c,
0x00,
Oxée,
0x72,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0xff,
0x36,
0x00,
0xff,
0xff,
0x00,
0xas,
Oxec,
0xf4,
0x42,
Ox0e,
0x1%,
0x32,
Oxal.

AN 4.62 Set up Code (1)

0x00,
0x00,
0x00,
0x00,
0x00,
0xff,
0x00,
0x76,
0x78,
0x00,
0xff,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x5£,
0x73,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0xfE,
Ox2e,
0x00,
Oxff,
Oxff,
0x00,
Oxbe,
Oxdf,
0x05,
0x95,
0xf3,
Oxbf,
0x22,
OxBl.

63



115 Include library agnuua@ILUTaNg 9
#include <TensorFlowLite.h>

#include "tensorflow/lite/micro/micro_error_reporter.h”
#include "tensorilow/lite/micro/micro_interpreter.h”
#include “"tenscrilow/lite/micro/micro matakle op resolver.h”
#include “tensorilow/lite/schema/schema generated.h”
#include “tensorilow/lite/version.h”

#include "magic wand model data.h"
#includs “"rasterize_stroke.h”
#include "imu provider.h”

#define BLE_SENSE UUID(val) ("479820f2-" wal "-4deS-afed-3a8f5255404e™)
I namespace |
const int VERSION = 0x00000000;

// Constants for image rasterization

CONStexpr int raster_width = 327

constexpr int raster_height = 32;

constexpr int raster_channels = 3;

constexpr int raster byte count = raster height * raster width ¥ raster channels;
intd_t raster_buffer[raster byte count];

// BLE settings
BLEService s=rvics (BLE_SENSE UUID({"0000™)) >
BLECharacteristic strokeCharacteristic (BLE_SENSE UUID("300a"), BLERead, stroke_struct byte count);

/f 5tring to calculate the local and device name
String name;

// Create an area of memory to use for imput, output, and intermediate arrays.
// The size of this will depend on the model you're using, and may need to be
// determined by experimentation.

constexpr int kTensorArenaSize = 30 * 1024;

uinti_t tensor_ arenalkTensorArenaSize]:

tilite::ErrorReporter* error_reporter = nullptr;
const tflite::Model* model = nullptr;
tflite::MicroInterpreter* interpreter = nullptr;

1" -- - -- -- -- - -- 17
// UPDATE THESE VRRIABLES TO MATCH THE NUMBER AND LIST OF GESTURES IN YOUR DATASET //
7 -- - -- -- -- - -- i

constexpr int label count = 10;
const char* labels[labkel count] = {"0", "1",6 ™27, "3", "4", 6 "5", "g¢", "7", "8", "O"}:

ATl 4.63 Set up Code (2)



Tu void setup() ¥MN15AIANTUAY IMU

|[void setup() |
S/ Start serial
Serial.begin {9600}
Serial.println({"Started™);

/f Start IMU
| if ('IMU.bkegin{)) {
Serial.println{"Failed to initialized IMU!™}):
while (1);
1
SetupIMU();

S/ Start BLE
| if (!BLE.bsgin{)) {
Serial.println{"Failed to initialized BLE'"):
while (1);
}
String address = BLE.address(}):

S/ Output BLE settings over Serial
Serial.print{"address = ");
Serial.println{address):

address.tolpperCass () »

nams = "BLESense-";

nams += address[address.length{) - 5];
nams += address[address.length{) — 4]
nams += address[address.length{) - 2];
nams += address[address.lengthi{) - 1]:

Serial.print {"name = "}:
Serial.println(nams);

BLE.setLocallame (name.c_str()):
BLE.setDeviceNams (name.c_str());
BLE.sethAdvertisedService {s=2rvice);

service.addCharacteristic (strokeCharacteristic)

BLE.addSsrvice (service);
BLE.advertis=();

Al 4.64 Set up Code (3)
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yIMn15tuan Model

f/ Set up logging. Google style is to aveoid globals or statics because of
f/ lifetime uncertainty, but since this has a trivial destructer it's ockay.
static tflite::MicroErrorReporter micro_error_reporterr // NOLINT
frror_reporter = &Micro_error reporter;

/4 Map the model into a usable data structure. This deoesn't involwve any
// copying or parsing, it's a very lightweight operation.
model = tflite::GetModel (g magic wand model data);
if (model-»version() != TFLITE SCHEMA VERSICN) {
TF_LITE REFOET ERROR(error reporter,
"Model provided is schema version %d not egqual ™
"t supported version 4.7,
mdel->version(), TFLITE_SCHEMA VERSICN):
return;

AW 4.65 Set up Code (4)

fviua Operator M4 Ineduililudiunilares TensorFlow lite Micro

static tflite::MicroMutableOpResolver<4:> micro op resolwver; // HOLINT
micro _op resolver.fddConv2D();

micro_op_resolver.hAddMean():

micro_op resolver.hAddFullyConnected():

micro_op_resclver.BAddSoftmax () ;

ATl 4.66 Set up Code (5)

MuuA Interpreter 9l

S/ Build an interpreter to run the model with.
static tflite::Microlnterpreter static_interpreter(

model, micro_op resoclver, tensor _arena, kIensorlArenaSize, error reporter);
interpreter = sstatic_interpreter;

/f Allocate memory from the tensor_arena for the model's tensors.
interpreter->AllocateTensors();

Al 4.67 Set up Code (6)



Set up Model Input wag Output

S/ Set model input settings
TfLiteTensor* model input = interpreter->inpuat(0);

if ((model_input->dims->size != 4) || (model_input->dims->data[0] !'= 1} ||
{model input->dims->»datal[l] != raster_height) ||
(model input->dims->data[2] != raster width) ||
{model input->dims->»datal[3] != raster_channels) ||

| {model input->types != kTLLiteIntd)) |
TF_LITE EEPCRT_ERRCR (error_reporter,
"Bad input tenscor parameters in model™);
return;

1

/S Set model ocutput settings
TflLiteTensor* model output = interpreter--output(0);

if ((model output->dims->size != 2} || (model output->dims->data[0] != 1)
(model output->dims->data[l] != lakel count) ||
| (model output->type != KTfLitelntd)) {

TF_LITE REPORT ERROR{error_reporter,
"Bad ocutput tensor parameters in model™):

return;

f/ make sure IMU data is available then read in data

const kool data_available = IMU.accelerationfwveilakle() || IMU.gyroscopehvailable();

1 if ('data_availakle) [
return;
}
int accelerometer samples read;
int gyroscope_samples read;

ReadiccelerometerAndGyrodcope (caccelerometer samples read, Lgyroscope_samples read);

ATl 4.68 Set up Code (7)

Uszanauanlsain IMU wazudaslmduassdln

// Parse and process IMU data
kool done_just_triggered = false;
1 if (gyroscope_samples read > 0) |
EstimateGyroscopeDrift (current_gyroscope_drift);
Updatefrientation(gyroscope_samples_read, current_gravity, current gyroscope_drift);
UpdateStroke (gyroscope_samples_read, sdone_just_triggered):
El if (central e& central.connsctad()) {
strokeCharacteristic.writeValus (stroke_struct_buffer, stroke_struct_byte_count);
}
}
1  if (accelerometer samples read > 0) |
EstimateGravityDirection{current_gravity);
UpdateVelocity (accelerometer_samples_read, current_gravity):
}

ATl 4.69 Set up Code (8)
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YnantaurIuiandu rasterize LoaUSRERSINUIIEIY

f// Wait for a gesture to be done
if (done_just_triggered) [
// BRasterize the gesture
RasterizeStroke (stroke_points, *stroke_transmit_ length, 0.€f, 0.6f, raster width, raster height, raster buffer);
for ({int ¥ = 0; ¥y < raster_height; ++v) {
chi lin=[raster width + 1]:
for (int x = 0; x < raster width; ++x) |
const intd_t* pixel = sraster buffer[(y * raster_width * raster channels) + (x * raster_channels)];
const intd_t red = pixel[d]:
const intd_t green = pixel[l];
const intd_t blue = pixel[2];

char output;

if ({red > -128) || ({(green > -123) || (blue > -123)) [
cutput = "#';

1} =lse |
cutput = '.';

}

lin=[x] = output;

}
line[raster_width] =
Serial.println(linej;

}

a;

AT 4.70 Set up Code (9)

ﬁ?‘ﬁagaﬁlﬁmﬂm Convolution Neural Network #1113

// Pass to the model and run the interpreter
TflLiteTensor* model input = interpreter-:inpuat(0);
for {int 1 = 0; i < raster_byte count; ++i} {
model input-»data.int8[i] = raster buffer[i];
1
TfliteStatus invoke status = interpreter->Invoke ():
if {inwvoke_ atatus != kTfLitelk) |
TF_LITE REPORT_ERROR (error_reporter, "Invoke failed™):
return;
1

TfliteTensor* cutput = interpreter->output{0);

AWl 4.71 Set up Code (10)

YrantauLanang

// Parse the model output
intd_t max score;
int max_index;
for {(int 1 = 0y 1 < label count; ++i) {
const intd t score = output->data.int8[i];
if {{i ==0) || (score > max score)) [
maxX Score = SCOre;
max_index = i;
}

}
TF _LITE REPORT ERROR (error reporter, "Found %5 (%d)", labels[max index], max score);

i
Al 4.72 Set up Code (11)



4.2.4 HAN1IVIAFBUAIALANYIININITVEUAIINISITIUTVONATENIENUILATIATANTS
=
wasulnanielu

Wavinnnsvduuesaid IMU 1UsLNSUAEVINSANMAIA a7

@ coms N

Found 9 (1)

[ Autoscroll [] Show timestamp

ﬂ’]‘W‘ﬁl 4.73 Haans31NN1TNAgay IMU (1)

Found € (67)

Found & (-32)

] Autoscroll [] Show timestamp

ﬂ’]‘W‘ﬁl 4.74 HaaWsINN1TNAGOU IMU 2)
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Found 2 (-7)

Found 8 (38)

] Autosaroll [[] Show timestamp

ﬂ’lWi‘;‘ll 4.75 HadWSINNTNAGDU IMU (3)
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4.3 AN5NAaBILYIUN Edge Impulse

4.3.1 JunauUNINAgaUBRNIEAEAYAen1sseuIvaunIasullulasraulnsalaasing
edge impulse

4.3.1.1 Collecting Data

Na99INNINN5aNAT edge impulse account wazasne project Tuisausounal vin

9% aure edge impulse AU web browser vulnsdnyisafe laun15auni QR code 7
edge impulse @319311%

L __ ____

Collect new data

Your d€  collect data directly from your phone, computer, device, or development board.

=+ Connect a new device

These are
NAME - . |0.. LAST SEEN
== \ Today, 11:49:25
Scan QR code to connect to Connect to your computer Connect your device or
your phone development board
©2023 Edge
- LR ] | F TP TTYTyYTY Sy ' A A A A AL A" ol % o e e

NN 4.76 NsesanUaUnInl

dl' o ¥ o 6 ¥ dy £ % Y o
diavihnsawnuselnsAnyiudaztugunsallvailunii Devices lvinisng

Collecting audio iiainudayadnluAvedinsdniiietie

Collect new data

+ Connect a new device

Device "phone_lgde1pkl” is now connected

Go Lo 'Data acquisition’ Lo collect data from this device. Today, 16:46:23

Connected as

phone_lgde1pk! - m

2023 Edge
You can collect data from this
device from the Data
acquisition page in the Edge
Impulse studio.

:] ATNNN 4.77 ANTUDUMNDLIYUITDY
& Collecting audic?

o

| “\ Collecting motion? 1
G —
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N5l Permission 14lud azidrguinissadesiieiudoya vinisiasu label

<

Tidudenisdeinisduiindeya lagarunsanailiy length titenmuaszezialung

o

gnLdusunazaseld Wa31N13 Start Recording label ag 10 Fu1¥ vin1snAA1AA0IN1S

sorlandual 10 Jud

= A8 R 39

Y @ edgeimpulsecom ¢ @

= & Data collection

Label: test Length: 10s.

Category: | Training b5

E & Start recording

Audio captured with current
settings: Os

Enter a label

test
Permission required

Cancel Set label
Give access to the microphone

Switch to classification mode

A9 4.78 ntsinslugunsallsAnsiiians

luni Data acquisition AgTutayadesiilaviin1sdaly vinn1snadl kebab menu

Adina / Voice Respond test

Data explorer Datasources | CSV Wizard

TRAIN / TEST SPLIT

75% /25% A

Collect data

DATA COLLECTED Y
1m 48s ‘ '

& Connect a device to start building your dataset.

Dataset

RAW DATA

test.40em3arl

Training 7 Test G4 Y

SAMPLE NAME LABEL ADDED LENGTH
test.40em3arl test Today, 17:24:53 10s
sawadee.404n2ti1.in... sawadee Today, 11:49:00 1s
sawadee.404n2ti1.in... sawadee Today, 11:49:00 1s
sawadee.404n2til.in... sawadee Today, 11:49:00 1s
sawadee.404n2ti1.in... sawadee Today, 11:49:00 1s

AT 4.79 teng dataset



¥n13na Spilt sample ekenidesfisisiniseenudutoyatos 9 8nil

Data explorer Data sources |  csywi

Rename
DATA COLLECTED 949 Edit label
1m 48s . ’ Move to test set

Disable
Dataset Crop sample

Split sample
Training ©7) Test (34 Download
SAMPLE NAME LABEL ADDED Delete

— T — - e

test.40em3arl test Today, 17:24:53 10s :

ldl v U gj 1 14
NN 4.80 NUINTUNUPRATVDLA

vn1sain Segment Tnssiuidssnasenislanazinnisng Add Segment Lile

AeaN1skiia Segment WataSaudalwiinisng Split

[ Split sample 'test.40em3arl’

[ Q Zoom \ \ + Add Segment \ Set segment length (ms.):  Riefely Apply

Remove segment

»> 0:00/0:00 g

Cancel Shift samples @ m

Al 4.81 nihea Split sample

73
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hlnladeyages 9 sanu1nuduIL Segment Nlldasluageay 1 i

Training @1  Test 34) Y L
SAMPLE NAME LABEL ADDED LENGTH
test.40em3arl.s5 test Today, 17:41:39 1s $
test.40em3arl.s4 test Today, 17:41:39  1s :
test.40em3arl.s3 test Today, 17:41:38 1s $
test.40em3arl.s2 test Today, 17:41:38 . 1s :
test.40em3arl.s1 test Today, 17:41:38 1s :

AT 4.82 Uayanain1s Split sample

& o o v a Y | Y = o Y = a o
f\]qﬂuquﬂqﬁa@m@%aLﬁﬂﬂﬂiglnm 30-40 39819 LLa']"\N@@TE’]HaLﬁENLWlI@ﬂa@ﬂ

label wavinlsanunsasulananedes

Data explorer Data sources | csv Wizard
DATA COLLECTED ’. TRAIN / TEST SPLIT ’
1m 38s 'Y 73%/ 27% &

Dataset

Collect data

# Connect a device to start building your dataset.

RAW DATA

Training (s Test 4

sawadee.404n2ti1.ingestion-7f6f59c885-zgppq.s6....

SAMPLE NAME LABEL ADDED LENGTH

sawadee.404n2til.in... sawadee Taday, 11:49:00 1s

sawadee.404n2til.in... sawadee Today, 11:49:00 1s

sawadee.404n2til.in... sawadee Today, 11:49:00 1s

sawadee.404n2ti1.in... sawadee Today, 11:49:00 1s

sawadee.404n2til.in... sawadee Today, 11:49:00 1s

sawadee.404n2til.in... sawadee Today, 11:49:00 1s

sawadee.404n2til.in... sawadee Today, 11:48:59 1s H P 0:00/0:00

NN 4.83 N159RTRYALNILAY
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4.3.1.2 Training Model

L‘ﬁmﬂuuﬁ% Create impulse Tu Add a processing block ¥inn1staean Audio(MFCC)

LLaﬂuLQJH Add a learning block L@an Classification La239na Save impulse

Output features °

Time series data e Audio (MFCC) o Classification e

Input axes Name Name 4 (hello, konnichiwa, noise,
> sawadee)
Window size ®
Input axes (1) Input features
1000 ms. audio (¥] MFCC e se

Window increase ®@

Output features

@

4 (hello, konnichiwa, noise,
sawadee)

Frequency (Hz)
16000

Zero-pad data
% s & & it T i . e AN N TER T S Se - ;

Al 4.84 619 Create impulse

Whanluy MFCC waavinn1sne Save parameters

Mel Frequency Cepstral Coefficients

Number of coefficients @ 13
Frame length ® 0.02

Processed features
Frame stride ® 0.02

9.1345, -1.3064, -0.0618, 1.0919, -0.6943, -0.4825, -8.8169, 0.3386, -1.5134, -6..
Filter number ® 32
FFT length ® 256 .

Bt On-device performance @
Normalization window size @ 101
PROCESSING TIME PEAK RAM USAGE

Low frequency @ 0 176 ms 13 KB
High frequency @ Click to set

Pre-emphasis

Coefficient @ 0.98

Save parameters

AW 4.85 eieing MFCC
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\lona Save parameters wtAazUABTUNTEN Y Generate features

N15NA Generate features

. Training set

Data in training set im1iis

. Feature explorer

® helo °
@ konnichiwa (Y
@ noise % °
® souwadee ° 5 °
°ge o ®
[
&
° ° ®eoy
(] [ ....O.
bt e o ° ® '.
® . o [ .’
L]
[ )
° o* ° ... ° 2
0y o o
° ‘. e
[ J
o %o
® .. L4

On-device performance @

PROCESSING TIME
176 ms.

PEAK RAM USAGE
13 KB

=/

AN 4.86 M1NH19 Generate features

iy Classifier ¥11n135n@ Start training 19 training L@59uA9ghaRIMATNGNS

Classes 4 (hello, konnichiwa, noise, sawadee)
Training windows 19
24
v e
NAANIVUUN

Architecture presets @ 1D Convolutional (Default) 2D Convolutional

Input layer (650 features)

‘ Reshape layer (13 columns) I

‘ 1D conv / pool layer (8 neurons, 3 kernel size, 1:layer) |

‘ Dropout (rate 0.25) I

‘ 1D conv / pool layer (16 neurons, 3 kernel size, 1 layer) |

‘ Dropout (rate 0.25) |

‘ Flatten layer |

Add an extra layer

Output layer (4 classes)
Start training

F1 SCORE 1.00 1.00 1.00 1.00

Data explorer (full training set) @

hello - correct

> )
@ konnichiwa - correct ° " ..’
@ noise - correct L) 2
@ sswadee-corect B @ [
e o°
L] [
oo @ °
o ¢ Fool ©
°e @ ® oo
°
3 -
... ‘. 0%
e %8

On-device performance ®

INFERENCING ... PEAK RAM USA... FLASH USAGE
4 ms. 3.7K 27.1K

AR 4.87 wiising Classifier
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Ingaganunsaitnisnaaeu Model lamensideniiy Model testing lnganunsaiiy
713 Perform train / test split latuntin Dashboard Lﬂaﬁﬁauuaiu dataset d@unilaluldy

Judeyadmsunmeaeurseszyinisinudeyasenilaguiu

Test data H l Model testing output R (0) - I

Set the 'expected outcome' for each sample to the desired outcome to

automatically score the impulse. Model testing results
SAMPLE NA... EXPECTED OUT... LENG.. ACCURACY RESULT =
ACCURACY
sawadee.4... sawadee 1s 100% 1 sawadee H 100.00%
sawadee 4... sawadee 1s 100% 1 sawadee H HELLO KONNICHIWA NOISE SAWADEE UNCERTAIN
HELLO “ 0% 0% 0% 0%
sawadee.4... sawadee 1s 100% 1 sawadee H KONNICHIWA 0% m 0% 0% 0%
NOISE 0% 0% m 0% 0%
sawadee.d... sawadee 1s 100% 1 sawadee i SAWADEE 0% 0% 0% m 0%
F1.SCORE 1.00 1.00 1.00 1.00
sawadee.4.. sawadee 1s 100% 1 sawadee

Feature explorer @

noise.orig_... noise 1s 100% 1 noise

hello - correct ®

kennichiwa - correct ° Y
noise - correct ®

4
@0 o0

sawadee - correct L]

LJ (]

AT 4.88 11619 Model testing

® @ @

4.3.1.3 Deploy Code

wlwy Deployment ¥innisAumuagidan Arduino library

Configure your deployment

You can deploy your impulse to any device. This makes the model run without an internet
connection, minimizes latency, and runs with minimal power consumption. Read more.

Q Arduino library X

SELECTED DEPLOYMENT
Arduino library

ARDUINO  An Arduino library with examples that runs on most Arm-based Arduino
development boards.

AN 4.89 1dengUnIalineen1s Deployment
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WaLaan Arduino library 1a2 11101509 build wieasns file zip wa4 library wagyi

N15 download

MODEL OPTIMIZATIONS

Model optimizations can increase on-device performance but may reduce accuracy.

(——.‘-) Enable EON™ Compiler Same accuracy, upto 5 ess memory. Open s ce. Learn
— more
Quantized MFCC CLASSIFIER TOTAL
(int8) .

LATENCY 176 ms. 4ms. 180 ms.

Selected v RAM 13.0€ 37K 13.0K

FLASH - 271K -

ACCURACY 100.00%
Unoptimized MFCC CLASSIFIER TOTAL
(float32) = o

LATENCY 176 ms. 50 ms. 226 ms.
[ Select RAM 13.0K 71K 13.0K

FLASH . 221K -

ACCURAGY. 100.00%

Change target

Al 4.90 Build library

Tulusunsu Arduino vinnnsiieniay Sketch wagyinn1s Include Library fenis

Add ZIP Library u&denlndfilvnanun

@ Voice_Respond_01 | Arduino 1.8.19

File Edit Sketch Tools Help

Verify/Compile Ctrl+R
Upload Ctrl+U
Upload Using Programmer Ctrl+Shift+U
Export compiled Binary Cirl+Alt+S

Show Sketch Folder Ctrl+K nc.

Include Library A

Add File... Manage Libraries... Ctrl+Shift+1
. Add ZIP Library... |

Arduino libraries

Bridge
Esplora
Firmata

GSM
Keyboard
LiguidCrystal

AT 4.91 g Add library

13| * limitations under the License.




Inlanlaunazeglunuiany Examples waveglu Library Mlnanan

File Edit Sketch Tools Help

New Ctrl+N
Open. Ctrl+O
Open Recent
Sketchbook -
Examples L
Close Cul+W Examples for Seeed XIAQ BLE Sense - nRF52840
Save Ctrl+S Doom
Save As..  Cirl+Shift+S Ethemet
PageSetup  Ctrl+Shift+P KemnelDebug 4
Print Cirl+P Nano33BLE_System >
Nicla_System
Preferences  Ctrl+Comma PDM
Quit Cti+Q Portenta_Camera
Portenta_lvgl
Portenta_SDCARD
Portenta_SDRAM >
Portenta_System >
Portenta_Video >
7 // If your target RPC »p to save 10K RAM
8 #define EIDSP_QUAN Scheduler N
ThreadDebug >
USB Mass Storage >
USBHID > =
USBHOST > .
WiFi Y1777 7 o~

fdefine EI_CLASSIF Examples from Custom Libraries

‘ Arduino_TensorflowLite >
v Magic_Wand_Test_inferencing > |
Motion_Recognition_with_Xiao_inferencing A & (
5 Seeed Arduino LSM6DS3 b esp32 > — 11 , 9
y Seeed Arduino Mic X nano_ble33_sense f» nano_ble33_sense_accelerometer
Seeed-Grove-Vision-Al-Moudle-main nicla_sense nano_ble33_sense_accelerometer_continuous
<ARDU Seeed_Arduino_GroveAl-master nicla_vision nano_ble33_sense_camera

SparkFun APDS9960 RGB and Gesture Sensor portenta_h7

Speech_Recognition_with_Xiao_inferencing rp2040

Voice_Respond_test_inferencing static_buffer
7 u

nano_ble33_sense_fusion
nano_ble33_sense_microphone
nano_ble33_sense_microphone_continuous

AN 4.92 n151den Examples

WA code d@uidunsdslit LED a31tunurfilinamn

273 void led(int pred_index){

274 switch (pred_index) {

275 case 0:

276 igitalWrite (LEDR, LOW):;
277 gitalWrite (LEDG, HIGH);
278 gitalWrite (LEDB, HIGH);
279 break;

2

281 case 1:

282 gitalWrite (LEDR, HIGH):
283 igitalWrite (LEDG, LOW) ;
284 gitalWrite (LEDB, HIGH);
285 break;

286

287 case 2: // environment voice
288 gitalWrite (LEDR,

2 gitalWrite (LEDG,

2 gitalWrite (LEDB, HIGH);
29! break;

292

293 case 3:

294 gitalWrite (LEDR, HIGH);
295 igitalWrite (LEDG, HIGH);
296 igitalWrite (LEDB, LOW);
297 break;

298 }

2595 %

A7 4.93 Code Tttty



4.3.1.4 nanmsnagaudlanizAdAyiien1siieuivanIacuu
lulasmaulnsalaaslng edge impulse

\Weneaaayar1I1 Hello LED Aunsagyinau ienwn Sawadee LED #fhagyinanu

Wl Konichiwa LED @13e39gvienu

el' av v v o
AINN 4.94 Naw‘lﬂﬂqﬂﬂ']TV]ﬂa@Qﬂ'ﬁQ‘Uﬂ']LQWW%
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4.3.2 YUABUNITNATDUAINLAYITNIINTVEUAIBNISITEUIVRAUATBIAENUIENTIVIA

nsiadeulnanielulae edge impulse

4.3.2.1 Collecting Data

¥1n15 Download edge impulse CLI fieanunsa Upload %a;gamma%@lﬂﬁ edge

impulse 1anu Serial port

A 4.95 n15 Download edge impulse CLI

lgrmduiaweudayaluds edge impulse

Al 4.96 n1sdadeyaly edge impulse

msiiudeyanisiadoulmvesnu X,Y,Z
+—— EDGE IMPULSE Training Labe

1.j50n.40606itn.inge
Sensor Frequency

0.json.406062vB.ing

) ETEET T T

0.js0n.406033g3.ing.

2 Data acquisitior 0.json.4060

0.json

RAW DATA

1.json.40606itn.ingestion-7f6f59c885-v2mjp

0.js0n.406027tn.ing...
dle.json.406nvabq.i...
dle.json.406nv16n.i...
dle.json.406nujbj.in..
dle json.d406nucaf.in
0.js0n.40605pei.inge.

dle.json.406nu574.

A7 4.97 Dataset Aiudoyaunls
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4.3.2.2 Training Model

82

L‘ﬁmﬂumy Create impulse Tu Add a processing block T#@en Spectral Analysis

Tudau Add a learning block T9ildean Classification La239na Save impulse 9MNUUNNIAS

train model

Dashboard

Devices

Data acquisition

- Input layer (39 features)

Dense layer (20 neurons) ‘

Dense layer (10 neurons) ‘

Add an extra layer

Model Model version: @ | Quantized (int8) =

Last training performance (validation set)

%

ACCURACY
92.3%

LOSS
0.18

Confusion matrix (validation set)

W Impulse design Output layer (3 classes)
™ T pul: 0 1 IDLE
®  Classifier
F1 SCORE 1.00
@ EON Tuner
Data explorer (ful training set) @
Retrair
© O-corect
75 Live dlassificatior ® 1-coreqt
@ (dle- correct
R o - ® 0-incorrect
Model testing ® 1-incorrect
® idle-incorrect
P Versioning
@ Deployment '
- g
7 4.98 eine Create impul
YININAERUAULIUE1IBY Model
Addy / Motion Detection 0 o
—
—- EDGE IMPULSE \
[ Dashboar
& Devices
B  Data acquisitior Test data 8 Classify all i Model testing output R (0 -
+  Impulse design Classifying data for int8 model.. -
Set the 'expected outcome' for each sample to the desired outcome to Classifying data for floatdl sodel..
T It tically s th s Scheduling job in cluster...
e pul automatically score the impulse L W
Container image pulled!
] ectral feature: SAMPLE NA..  EXPECTED OUT.. 'LENG.. ACCURACY  RESULT - lob started
5 Container dmage pulled!
e idlejsond... idle 2 100% 2idle geiisresrted R
-l Classifying data for Classifier O
@ EON Tuner idlejsond... idie 2 50% 1 idle, 1 uncertain
fetra 1json.406... 1 2 100% 21
75 Live classificatior
idlejsond... idle 3 100% Zidle
Maodel testing Model testing results
idiejsond... idle 2 0% 2 uncertain i
P Versioning
idle.json.d... idle 25 100% 2idle ACCURACY
@ Deployment 87.50%

AWl 4.99 wthee Model testing



4.3.2.3 Deploy Code

83

wilwy Deployment yinn1sAuviagiden Arduino library

- EDGE IMPULSE

Addy / Motlor

Configure your deployment

Run this model

Das
E I
You can deploy your impulse to any device. This makes the model run without an internet Scan QR code or launch in browser to test your prototype
B  Data acquisitior connection, minimizes latency, and runs with minimal power consumption. Read more.
I e gr
- Q Arduino library %
® O pul
L] SELECTED DEPLOYMENT
Arduino library
.
ARDUING  An Arduino library with examples that runs on most Arm-based Arduino
development bo.
EONT P Launch in browser
Retr
MODEL OPTIMIZ
Live cl
Model optimizations can increase on-device performance but may reduce accuracy.
el testi
v —. Enable EON™ Compiler Learn
@  Deployment Quantized SPECTRAL FEATUR CLASSIFIER TOTAL
(int8) {. P
- -~

AN 4.100 1EeNgUNIalNAeINIs Deployment

Upload code el model

@ com12

(I ] S

0: 0.12891
1: 0.33203
idle: 0.53%906

Starting inferencing
Sampling. ..
Predictions (DSP: 45

0: 0.2031z2

1: 0.12500

idle: 0.67188

in 2 seconds...

ms., Classification: 0 ms., Anomaly: 0 ms.):

A [ % !
ANN 4.101 NAAWINITNAADINTIVIUNINN
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4.4 M5NARBINTNTITUINDAIENTRBUSvRATasULRUNallulATABULNSALADS

4.4.1 Collecting Data

= EDGE IMPULSE

& Data acquisition

.
]
.

14

]

ﬁflmilﬁu%’azﬂamﬂﬂé’aq webcam 138 nasdilena

Label: face Category: | Split automatically (80/20) |

Images captured with current settings: 0

A7 4.102 nsiiuteyandes

o 3 £ v = 14 4
hnnsiiudeyauazduiinteya label luntiy

Adina / Face Recognition with Xiao

Datasources | Labeling queue (0)

TRAIN / TEST SPLIT 4
80% /20% @ |

TA COLLECT

50 items

Collect data

8 Connect a device to start building your dataset.

Dataset

RAW DATA
Training 0 "
face.3vstbrmj

face.3vstérmj face May 092023, 19:42:.
face.3vstendl

face.3vstehjh ace ay 0920

face.3vsté1jr ace May
face.3vststjr face May 09 2023, 19:42

Metadata ? +
face.3vstSo0l face May 09 2023, 19:42

fars querfinn

Al 4.103 Dataset deyalunth



= EDGE IMPULSE

]
]
e

—
—_—

=]
]
e

3

@
Fa
]
P

“

85

4.4.2 Training Model

Iumlé Object detection 1%#%1n15 Start training Wfiei31 train model

Training settings

Model Model version: @ | quantized (int8) =
Number of training cycles @ 80 R
Dashboard Learning rate ® 0.001 Last training performance (alidation set)
F1 SCORE
Devices Data augmentation @
54.5%
Data acquisition
Advanced training settings - Confusion matrix (validation set)
Impulse design
BACKGROUND FACE
®  Createimpulse Neural network architecture T -

—
-

®  mage =
Input layer (76,800 features) F1 SCORE

®  Object detection .
d On-device performance @

e L@ INFERENCING .. PEAK RAM USA.. FLASH USAGE
Retrain model 7 ms. 626.1K 72.8K

FOMQO (Faster Objects, More Objects) MobileNetV2 0.35

Live classification

Choose adifferent model
Model testing

Versioning Output layer (1 classes)

Deployment
. .
AN 4.104 NS train model

11113 Test Model L‘ﬁa@ Accuracy U84 Model 7ila

This lists all test data. You can manage this data through Data acquisition.

EDGE IMPULSE

Test data 3 Model testing output =N
Dashboard
Devices A d

Set the 'expected outcome' for each sample ta the desired outcome to

automatically score the impulse. Model testing results
Data ac

SAMPLE NA.. EXPECTED OUT. LENG.. F1 SCORE RESULT <
Impulse design 8 poom &
. - ! faced0kad..., Phone - 100% i ) 75.00%

reate impulse
! | PRECISION SCORE UNCERTAIN
® Image face.40ka9... . Phone - 100%. H FRECISION SCORE
71 SCORE .00
® Objectd face.40k9g... - face - 100% i
v
EON Tuner face40kog. face - 0% 1 5 Feature explorer @
Retrain model face.d0k9g.. face y 100% 1 @ object.detection - correct
@ object_detection - incorrect L]

Live classification

face.d0k9f... face - 100% i
Model testing .

PR - o
Versioning ®

L]
Deployment
= - =

m‘wﬁ 4.105 N9 test model
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4.3.1.2 Deploy Code

o = . o ¥ a 6 A U e A
MNStaently Build wagvinisldauvunsuiimesnIslnsdnyilens

Addy / Object Detection Experiment 01

= EDGE IMPULSE

| Dashboart Configure your deployment Run this model
De
You can deploy your impulse to any device. This makes the model run without an internet Scan QR code or launch in browser to test your prototype
& Dawa acquisition connection, minimizes latency, and runs with minimal power consumption. Read more.
W Impulse desig
N Q Search deployment options
e o pul
® Image DEFAULT DEPLOYMENT
C++ library
. * detect
A portable C++ library with no external dependencies, which can be compiled
~ I with any modern C++ compiler )
@ EON T Launch in browser
Retra E
MODEL OPTIMIZATIONS
Live cl. t
Model optimizations can increase on-device performance but may reduce accuracy.
i
v ® Enable EON™ Compiler Learn
@ Deployment Quantized 1A odfECT o TOTAL
) eng 1ms ams ams.
[oe _a—)
'
a

AWl 4.106 Eengunsalifiesns Deployment

TaelUsunsuazaunsansrdusazvantadndulumindeamiulunta

—

=  Addy/ Object Detection Experiment 01

face (0.83)

ANA 4.107 HAANSNNTNAFDUNITATIIUIUNLN
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4.5 MIINVIWUUEBUNBNSANEINISEEUYRATaIULgUnsallulasraulnsaiaas

mﬁﬁauiﬁuaam%wuqﬂﬂmﬂlmimﬂaulmaLaai“vﬁa Tiny Machine Learning #3olagge
“TinyML” s1a1ede naluladfitn Machine Learning sﬁaLﬁumiL%uﬁ’maqLﬂ%’lamauﬁfsLmai"lﬁ
TUsunsuanunsnmanviselsousieddiisdons wu msuenguau & dsves msmiaianann
omavIonaUsznaunisvesgsnatulannadaly Wudu denfduduideddszuulssainanadi
dsmsUszanadigaliianmsaanldnuuugunsaififiiddunisusssnanaiisn wu nsdwislede
vidsegunsallulasnoulnsaiand lnedinguszasdiiioth Machine Learning luussgndldiuussian
dlildnhanniu Taefedensldnu TinyML ludindsesnfuilanduiianfde nsvan Google
assistant 3@ Siri é’aaﬁwé’qmswma&m Hey Siri ez OK Google

TnenszuIunisadne Machine Leaming axiinsldiadesilontns TensorFlow Taazldiu
Tupafinuns train ansusailuwadildusiunszuiunsgerunaliidnasienszuiunmsang o
#eadosile TensorFlow Lite uag TensorFlow Lite Micro wé3siluinalufadsasuugunsal
Uaneng

Tuthgiulufimswaueiesdlednuilsedwigniimuiileatuayunisvih TinyML Tansnsa
Wddldinenaraznanuindudedn Edee Impulse Gﬁdgﬂﬁ'ﬁuuﬁumﬂlﬁdws&iamﬂ%’mu Tunuuisou
atuilaviulufinasldau Edge Imputse Tutub oy warsegransiluldauass wazuuuiln

NAasy

gunsaisedldlunisneaes

- U83A Seeed Studio XIAO nRF52840 (Sense)

a saa = R d' I a ¢ & v
- ABUNIHNDINU webcam Mi@ImiﬂWVﬁJ@ﬂ@ WaquqﬁﬂL%@NWQQULmaﬁLum‘l@
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TUswnsufnaaaltlunismaass

- Arduino IDE
- Web browser 1 Google Chrome
- Python 3

- Nodejs 1astu 14 Fuly

ANsTURNUBSA Xiao U Arduino IDE

Tihluluiy File wawidon Preferences

File Edit Sketch Tools Help

MNew Ctrl+N

Open... Ctrl+Q

Open Recent

Sketchbook

Examples >

Close Ctrl+W

Save Ctrl+5 of class LSMEDS3

Save As.. Ctrl+Shift+5  DE, 0x6R); //I2C device address 0x6R

Page Setup  Cirl+5Shift+P

Print Ctrl+P MS2 9.80665E

Preferenc‘es‘ QW' AR

(1000 / (FREQUENCY HZ + 1))
Quit Ctrl+Q

1z
13

14

static unsigned long last interval ms = 0;

void setup({) {

ANA 4.108 F9E19INITAIANUDSA
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Tuntieng Preferences lud@iu Additional Boards Manager URLs T4ld

https://files.seeedstudio.com/arduino/package seeeduino_boards_index.json
iress Ox6A

Preferences e

Settings  Metwork

Sketchbook location:

+ C:\Users\acer\Documents\Arduino Browse
Editor language: Systermn Default ~ | (requires restart of Arduino)
Editor font size: 13
Interface scale: Automatic | 100 5 % (requires restart of Arduino)
Theme: Default theme | (requires restart of Arduino)

Show verbose output during: [_| compilation [_| upload

Compiler warnings: None |

Display line numbers [] enable code Folding

Verify code after upload [] Use external editor

Check for updates on startup Save when verifying or uploading

L lllce acrgacibi ifufaatucas

Additional Boards Manager URLs: 'httpg—r—g’?_les.sti_edsigg}ojct_;r:r1,"_a._rr_jyﬁio}"p?_a?:_k%ée_éeedLi—ngjmards_indexjs_on__ A ﬁ

B LR L o= o= =T = =T YR =
C:\Users\acer\AppData'Local\Arduinol5\preferences.td

(edit only when Arduino is not running)

| OK 1 Cancel

ANA 4.109 NTRNg Preferences

Giaa\l’flul,ug Tools Ui Board > Boards Manager...

@ testIMU | Arduino 1.8.19
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch
test IMU Fix Encoding & Reload
1 #;nclucie Manage Libraries... Ctrl+Shift+]
2 #include Serial Monitor Ctrl+Shift+M
3 Serial Plotter Ctrl+Shift+L
4 //Create - - )
- SO CMGE L e e sl —
6 Board: "Seeed XIAO BLE Sense - nRF52840" Boards Manager...
7 POTE CONT Araune AV poare
3 #define Get Board Info Seeed nRF52 Boards >
9|#define Seeed nRF52 mbed-enabled Boards >
10 #define Programmer -
11 Burn Bootloader
12 static unsigned long last_interval ms = 0;
13
1A crnid catnm I T

ANA 4.110 N1SHIANUDSA
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AUYN Seeed NRF52 Boards wag Seeed nRF52 mbed-enabled Boards way

1 v

IannavuaIgauIng 2 du

@ Boards Manager

Type All ~ | |Seeed|

Seeed nRF52 Boards

by Seeed Studio version 1.1.1 INSTALLED

Boards included in this package:

Seeed XIAO nRF52840 Sense, Seeed XIAD nRF52840.

Online Help
Mare Info

Select version ~ Install

Remove

Seeed nRF52 mbed-enabled Boards

by Seeed Studio version 2.9.1 INSTALLED
Boards included in this package:

Seeed XIAD NnRF52840 Sense.

Online Help
More Info

AWl 4.111 e Board Manager

luiy Board 9zanunsaiien Seed XAIO nRF52840 Sense Lo

@ testIMU | Arduino 1.8.19
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch
test_IMU Fix Encoding & Reload
2 g . Manage Libraries... Ctrl+Shift+]
1 #include
2 #include Serial Monitor Ctrl+Shift+M
3 Serial Plotter Ctrl+Shift+L
4 //crea WiFi101 / WiFININA Firmware Updater
S LSMEDS| ss 0xEA
[} Board: "Seeed XIAO BLE Sense - nRF52840" Boards Manager...
7 Port: "COM12" Arduino AVR Boards >
8 #defin Get Board Info Seeed nRFS52 Boards Seeed XIAQ nRF52840
9 i
© #dsfing Seeed nRF52 mbed-enabled Boards Seeed XIAO nRF52840 Sense
10 #defing Programmer ¥/
11 Burn Bootloader
12 static unsigned long last_interval ms = 0;
13
14 void setup() {
15 // put your setup code here, to run once:
16 Serial.begin(115200);

AN 4.112 1@SAEUNITRIAIUDSA
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N19a1iAT Edge Impulse

TigAnwvhnsdiuledues Edge Impulse wagyinnisadag Account

Introducing new Python SDK: Optimize and convert trained models to embedded C++ in minutes Read more

: EDGE IMPULSE Product Solutions ~ Developers ~ Pricing Company * Blog Login

Optimize Al for
the edge

Edge Impulse is the edge Al platform for enterprise teams
building innovative products. Optimize your medels and
deploy to any edge device with ease. Accelerate preduct

P
development while minimizing risks with a platform A—L

designed to handle real-world sensor data. (/o Lo, —ee
—

A7l 4.113 M usn edge impulse

nsenTLazdeanaausuteulukazna Sign up lneazll E-mail @115 Activate

Account @slUTu mail Ainsentenld

—— EDGE IMPULSE

—>1 Signup
|

-—
S
Start building embedded
machine learning models

—_—l] e ——— today.

. ;

AW 4.114 99519 account edge impulse
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Sign up successfull!

Thanks Addy!

You have successfully signed up for Edge Start b u ild i n g em bedded

Impulse.
machine learning models

f Click here to build your first ML model!

A9 4.115 1@AAUNTAS9 account

nagUlUslnaieuanuuy waden Create new project tieasnslusianlvy

== EDGE IMPULSE

Dashboard
s

L]
1
]

GETTING START

Addy / Addy-project-1

WELCOME!

Project info Keys Export  Jobs " Projects

Addy / Addy-project-1

PROJECTS

This is your Edge Impulse project. From here you acquire new training data, design impulses and train models. %= Addy-project-1

£ Account settings

2 Logout

Getting started - Sharing

start building your dataset or validate your model's on-device performance Your project is private.
| # Make this project public |

Add existing data Collect new data Upload your model
Collaborators (1/4) 2

ATl 4.116 %i#19 Dashboard edge impulse
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Tdelusianuazna Create new project

=" EDGE IMPULSE [~ ]

———

# Create a new project

e e g n e Brgiacl
— |

Addy Choose your project type:
© Developer
20 min job limit, 4GB or 4 hours of data, limited collaboration
©2023 Edgelmpulse Inc. Al rights res Enterprise

e |

AT 4.117 §egrensadie project edge impulse (1)

1.Voice Responder (nsnagaudianizidAgalenisiseuivasaAIasuy
lulasaaulnsaiass)

a$19lusianlviaide Voice Respond Experiment 01

= EDGE IMPULSE (]

Custom bl

+# Create a new project

Enter the name for your new project:
{
; Voice Respond Experiment 01

Addy | Choose your project type [
| © Developer |
20 min job limit. 4GB or 4 hours of data, limited collaboration.
©2023 Edgelmpulse Inc. All rights res Enterprise
J its, higher performance, cust

ATl 4.118 Fegranmsadn project edge impulse (1)
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Addy / Voice Respond Experim

- EDGE IMPULSE

Project info Keys Export Jobs

& Devices
8 o scaus Addy / Voice Respond Experiment 01
% Imbisedasin t. From here you acquire new training data,

@ EON Tuner

Retrain model
£ Live dassification Getting started - Sharing
Model testing
Start building your dataset or validate your maodel's on-device performance: Your project is private,
poove o
¥ Make this project public |
@& Deployment -
= 3 ==
] 6§ C Add existing data Collect new data Upload your model —
it il Collaborators (1/4) &
£ Documentatior
- Start with a tutorial ;A ...
' |

A7 4.119 fegrmsideusegunsaifivdoyaide (1)

Am Connect a new device

Addy / Voice Resp

Experiment 01

=_ EDGE IMPULSE

O Dashboard Your devices
W Devices
These are devices that are connected te the Edge Impulse remote management API, or have posted data to the ingestion SDK.
8 Data acquisitior
+ Impulse design N
®  Create impulse No devices connected yet.
@ EONTne # Learn howto connect a new device
Retrair
5 Live dassificatior
Madel testir
2023 Edgelmpulse Inc. All rights reserved
4

A 4.120 fegrmsideusiegunsalifiudoyaides (2)
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=

Puntinsdengunsainvzwentunn Wvilnsdwsidlefounaunu QR code Lile

Wousre Ineagtuderludaiu edge impulse

PRSP SESSE S—

== EDGE IMPULSE o
Collect new data

Your de

EEsies ] Collect data directly from your phone, computer, device, or development board. [+ connect a new devics |

Devices
These are

Data acquisition

= m = O

- L 4

Impulse design

®  Createimpulse
Scan QR code to connect to Connect to your computer Connect your device or

your phane development board
@ EON Tuner

Retrain model
73 Live dassification
B  Modeltesting
“ : 2023 Edgelmpulse Inc. All rights reserved

P versioning

@ Deployment

GETTING STARTED

] Documentation

Al 4.121 fegrmsideusiegunsaifiutoyaides (3)

1%

A oA oA 9] 9 =~ I v > A @ v a °
Lll@lﬂj@lﬁﬂ@LiEJ‘UiE]EJLLaﬁﬂgmu%@QUﬂimﬁ[’Wlﬂiu%uqLlﬁé Devices LW@LﬂUGUE]%JJaLaENV]’]

n13nA Collecting audio?

Collect new data

Your dé

These are
NAmE 18h s seen
| Device "phone_lgde1pkl" is now connected F
= Go 1o "Data acquisition to collect data from this device Today. 16:46:23

Connected as |

phone_lgde1pkl ©2023 Edge

You can collect data from this
device from the Data

¢« Back

acquisition page in the Edge
Impulse studio.

@ Collecting images?

Al 4.122 fegrmsideusegunsaifiudoyaides (4)

& Collecting audio?

"\, Collecting motion?



96

19 permission 11814 Microphone sioaluntll recording %ﬁmyj label TasnaLan
Tiiedsdelagliildta Hello @y length azilunisinunninuendlunisdndsusag
A5a Imeivualidu 10 undl uwaavin1sne Start recording agyinsisusades lvinnass

NWAA1I Hello IUNINENUANIAT

= & Data collection

Label: test Length: 10s.

Category: "lraining v

i & Start recording

Audio captured with current
settings: 0s

Enter a label

test

Permission required

Cancel
Give access to the microphone

Switch to classification mode

A 4.123 fegnnsiiudoyaides

luniiuy Data acquisition AgduwanIteyaldusislasnlizuin nafiuyln 3 90

UTUALTN Laen Split sample

Data explorer Datasources | CSY.Wi

Rename

DATA COLLECTED b Edit label
Tm 48s . ‘

Move to test set

Disable

Dataset Crop sample

—p Split sample

Training @7 Test (34)

Download
SAMPLE NAME LABEL ADDED Delete
T ———
test.40em3arl test Today, 17:24:53 10s H

Al 4.124 §aeg13ns Split sample (1)
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sxUunianeildlunis Split sample afifonsdauusdoyaiiagne Ingasiinis
wusiegradeandannduidesdes q ietoanizidssiiisidesnis lneviinisna Add

Segment kagnaNNTINEBUNDLNN Segment

[ split sample 'test.40em3arl'

| @ zoom | [ +Add Segment | Set segment length (ms.):  [gfele]

Remove segment

(1)
> 0:00/0:00 0. i

Cancel Shift samples @ m

ATl 4.125 Fe8193 Split sample (2)

deulivinssades label hello Wiudnuazyinis Splic Sample litlguszanas 30

04 40 F98n9

== EDGE IMPULSE DETY  Data explorer  Datasources | CSV Wizard

of:- o

Collect data
5
£  Data acquisition

Dataset

H

Training @

hello.sawadee.404n8gqj.ingestion-7f6f59c¢885-rim...

hello.sawadee 404n...  hel day, 13:25:0
hello.sawadee.404n.

hello.sawadee.404n.

hello.sawadee.404n...  hel

hello.sawadee.404n...  hel

hello.sawadee.404n...  hello

hello.sawadee.404n.

> 0:00/0:00 §
hello.404nj8te.inges...  hellc

ATl 4.126 faegams Split sample (3)
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yMNsondsLiudn label Inaaselilite sawadee wagyinNoRAIINEI@RALALYIN

113 Split Tlauszana 30 59 40 Froeng

= EDGE IMPULSE

& Data acquisition

Addy / Voice Respond Experiment 0

Data explorer Data sources | €SV wizard

TRAIN / TEST

70% /30% &

L Collect data

# Connect a device to start building your dataset.
Dataset
¥

Training < sawadee.404mphOb.ingestion-7f6f59c885-zgppq.s...

sawadee.404mphob.... sawades Today, 14:07:07 1s
sawadee.404mj90g.i.. sawadee Today, 14:07:07 18
sawadee.404n2til.in... sawadee

sawadee 404mphOb.... sawadee Today, 14:07:07

sawadee.404mphob.
sawadee 404n2tilin.. sawades Today, 14:07:0:

sawadee.404mph0b....

Todaw. 14:07:02 1s i

A 4.127 fregmsiiudeyaiiuiu

I‘Uﬁﬁﬁ’nu‘% Dashboard 1d@8usnusLiey Danger zone Laammé Perform train / test

split teuustoyadrunilslilddmsu Model testing

Danger zone

Perform train / test split €

Launch getting started wizard

Delete this project

Delete all data in this project

Al 4.128 §a0813m3 perform split (1)
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AABUSUNTS perform train / test split wagiu perform split Livegudu

. . Confirm
Perform train / test split

Enter "perform split” to continue

Are you sure you want to rebalance your dataset? This splits all your data
automatically between the training and testing set, and resets the perform splid
categories for all data. This is Irrevocable!

Cancel Yes, perform the train / test split Cancel Perform train / test split

AT 4.129 Fegnens perform split (2)

\WnuInTinene Create impulse A5 Add a processing block e tdenidu

Audio(MFCC) @u Add a learning block tdenilu Classification wagyiin1s Save impulse

N ‘—

Time series data : ‘i Output features
O Dashboard ¥ n 4
& Devices : I
. Add a processing block | Adda learning block p
audio 16
Dataacquisiion | (S .
Window size
A Impulse design

®  Createimpulse

Window increase

@ EON Tuner
-
Retrain mode
5 Live classificatior Frequency (Hz)
00C
Model testing ¢
Zero-pad data
14 ioni
v
@ Deploymen

GETTING STARTED

£ Documentation ®2023 Edgelmpulse Inc. All rights reserved

Al 4.130 §2987195 Create impulse (1)
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== EDGE IMPULSE - _

% Add a processing block
Did you know? You can bring your own DSP code. H utput features
] Dashboard i
e DESCRIPTION AUTHOR RECOM H
E L Input z !
o audio !
& Data acquisition Audio (MFCC) H
LUBEEE B Extracts features from audio signals using Mel Frequency Cepstral Edge Impulse Add
4% Impulse design Coefficients, great for human voice.
Save Impulse
®  Createimpulse )
Audio (MFE)
® EONTuner Extracts a spectrogram from audio signals using Mel-filterbank energy Edge Impulse Add
features, great for non-voice audio.
%4 Retrain model
Spectrogram
73 Livedassification Extracts a spectrogram from audio or sensor data, great for non-voice Edge Impulse Add
audio or data with continuous frequencies.
B Model testing
P versioning Audio (Syntiant)
Syntiant only. Compute log MeHfilterbank energy features from an audio Add
@ Deployment signal.
Raw Data
GETTING STARTED
Use data without pre-processing. Useful if you want to use deep learning  Edgeimpulse Add
. to learn features.
£ Documentation ©2023 Ed

AT 4.131 Feg1ems perform split (2)

== EDGE IMPULSE
A Add a learning block

e Did you know? You can bring your own madel in PyTorch, Keras or scikit-learn. ! Output features °
O Dashboar !
1
- - = - [
& Devices Input RS AUTHOR RECOMMENDED 1
i
§ Dataacquisition Classification X
Learns patterns from data, and can apply these to new data. Great for SWECULF Add |
4 Impulse design categorizing movement or recognizing audio.
EoCz e ) Save Impulse
®  Createimpulse
Regression
@ EON Tuner Learns patterns from data, and can apply these to new data. Great for Edge Impulse Add |
predicting numeric continuous values.
24 Retrain model
Transfer Learning (Keyword Spotting)
DL assification Fine tune a pre-trained keyword spotting model on your data. Good Edge mpulse ) N
performance even with relatively small keyword datasets.
Model testing t
I Versioning Anomaly Detection (K-means)
Find outiers in new data. Geod for recognizing unknown states, and to Edgen add
@ Deployment complement classifiers. Works best with low dimensionality features like - '
the output of the spectral features block.
GETTING STARTED Classification (Keras) - BrainChip Akida™
N . - Learns patterns from data, and can apply these to new data. Great for BrainChip Add
a RnEntation ‘ 5 categorizing movement or recognizing audio.

Al 4.132 §308719M93 perform split (3)
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= EDGE IMPULSE

Time series data : H Output features
O Dashboard : L] ; L '
Devices ! :
I i Add a processing block ' Add a learning block !
& Data acquiskion b i . :
Window size
A Impulse design
®  Createimpulse
@ EON Tuner Window increase
-
Retrain model
75 Live dassification Frequency (Hz)
16000
8 Modelesing EZ. -
Zero-pad data
P Versioning
v
@ Deployment
GETTING STARTED
£ Documentation 2023 Edgelmpulse Inc. All rights reses

AT 4.133 §re819m3 perform split (4)

\lanm Save impulse iy MFCC uag Classifier Iunidnluiuy MFCC aauas

Uaenm Save parameters

ZepcEmPUSE | parameers

Mel Frequency Cepstral Coefficients

T

IS B _® " .- “*_I -
o= €
b TR

D Dashboard 3
Number of coefficients @ 13 i o I ) B ‘S
Devices
Frame length® 002
8 Data acquisition Processed features
Frame stride & 0.02
<% Impulse design 8.2911, ©.1760, -8.9738, -2.7384, -8.1092, 8.2919, -0.1715, 0.5635, 1.1837, 1.57.
Filter number ® 32
®  Createimpulse
FFT length @ 256
® MFCC “ On-device performance @
® Classifi Normalization window size @ 101
PROCESSING TIME PEAK RAM USAGE
@ EON Tuner Low frequency @ b 176 ms. 13KB
Retrain model High frequency @ Click to set

A Live dassificatior
Pre-emphasis

B Madel testing
Coefficient @ 0.98

e Performance calibration

versioning B — o
Save parameters

@ Deployment - —

AT 4.134 fhegantimne MECC (1)




\anm Save impulse LAZITUAAINTIFG Generates features NA Generate

features
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=- EDGE IMPULSE . Training set . Feature explorer l
Data in training set a7s ® hello
[ Dashboard L Sawadee..
Classes 2 (hello, sawadee) ® e
e ©®
e ®
Data acquisition Training windows 2 * .
® [ )
e o
A Impulse design ° LJ
®  Createimpulse oo ®
o ®
®  MFCC
.. .. L]
® Classifie Feature generation output R0 F
]
L]
o . . .
@ EON Tuner Still running = ® *
completed 8 / 588 epochs L] A
o onpl 50/ 500 epochs LI
Retrain ode ompl. 100 / 509 epachs
owpl 150 / 569 epochs
75 Live classification compl 200 / 500 spochs
ompleted 250 / 580 epochs
Model testing :;::;: :Z; p SE? m::: On-device performance @
ompleted 460 1
M Performance calibration completed 450 / 560 spochs
Wed May 17 07:15:38 2023 Finished embedding | | PROCESSING TIME PEAK RAM USAGE
e Reducing dimensions for visuslizations OC 176 ms. 13KB
Job campleted
@ Deployment B = .
A 4.135 fheeiavtieing MFCC (2)
v a dl' N
o v a A
WY Classifier N@ Start training 1WaL3Y training model
- EDGE IMPULSE Architecture presets @ 1D Convolutional (Default) 2D Convolutional
[J Dashboard _f £ \ 1 N LAl
Devices Reshape layer (13 columns)
Data acquisitior 1Dcanv / pool layer (& neurons, 3 kernel size, 1 layer) |

+

®

]

Impulse design

® MFCC
®  Classifier Dropout (rate 0.2

EON Tuner Flatten layer

Retrain mode
Add an extra layer

Live classification

Model testing Output layer (1 classes)

Performance calibration

—_—

Versioning

Deployment -

AT 4.136 fapgravtingne Classifier (1)



= EDGE IMPULSE

o training model 1@529¢3u Job completed LagkanInaansalaaInnnig

training 14 Accuracy Wag loss

TTTathed To 700 JUSIO6E. ..
Attached to job 9@51068...

Model Model version: @ | Quantized (int8) =

Last training performance (validation set)

ACCURACY LOSS

100.0% 0.03

Confusion matrix (validation set)

F1 SCORE 1.00
Data explorer ifull raining set) @

® hello- correct r

@e
@ sawadee - correct %‘ °
° @ %Y
o © ®
ol

AT 4.137 faegravtingne Classifier (2)

d' o 1 a A a a a 1! Y Y a
WWBNINITNAFBUIN Model NHIUNIT training ll'lJS%ﬁVlﬁﬂ’]WiﬂﬂLLﬂlWUIMLﬂJWNWVILJJH

Model testing lalinuudaliviinisna Classify all Jusunsuagvinsveaeulnglddeya

du testing fildvinis Split luneunihil

Addy / \ioice Respond Experiment 0

ta acquisitior Test data 1 Madel testing output B (0)

W
Set the "expected outcome' for each sample to the desired outcome to
® e impulse automatically score the impulse.
[ ]
® Cla sawadeed.. sawadee
@ EONTU sawadeed,. sawadee 1s
Retrain model i i i
sawadeed.. sawadee 1s
74  Live classification

i

sawadee 4. sawadee 1s

Model testing

Perform.

sawadee.d.. sawadee 1s
ance calibration

sawadee.d.. sawadee 1s

AN 4.138 Fregrantieing Model testing (1)
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W0ying testing L@SazUAnIHASNEINNTS testing danu Ty Accuracy

Model testing output ®(o) - I

Classifying data for float32 model...
Classifying data for int8 model...
Scheduling job in cluster...
Container image pulled!

Scheduling job in cluster...

Job started

Container image pulled!

Job started

Classifying data for Classifier OK

Job completed

Model testing results

ACCURACY
100.00%
HELLO SAWADEE UNCERTAIN

F1 SCORE 1.00 1.00

Feature explorer @

@ hello - correct

AT 4.139 fegemtieing Model testing (2)

soun9zLdun111 Model M1unTs training TU Deploy vugunsaifilinseuly 1

1‘1J‘17'iL1J‘1qu Deployment iagyinn1sAunI Arduino library

& Daa it
A Im
o
Configure your deployment Run this model
]
. You can dey your impulse to any device. This makes the model run without an internet Scan QR code or launch in browser to test your prototype
onnectior imizes latency, and runs with minimal power consumption. Read more.
@ EON
Q Search deployment options
Retra
Live classificatior Co library
A portable C++ library with no external dependencies, which can be
Model testing compiled with any modern C++ compiler
M Pe e tior Arduine library
=Pl O n Arduino ibrary with examples that runs on mast Armvbased Arduino
}  versioning ARPUING  development boards.
Depl t
%  Deploymen ®  Cube.MX CMSIS-PACK
A STM22Cube.MX CMSIS-PACK, for fast inferencing on many ST MCUs
GETTING STARTED
‘ Ethos-U library
£ Documentatior ST AC++ library with inferencing for devices with an Ethos-U NPU
®  Forums
MemryX Dataflow Program | sera
- s A e lanenine ale im MEN fo vk LA v T
ST—

ATl 4.140 Fregamtieing Deploymemnt (1)
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Walden Arduino library wadlvildeuasunuazna Build teass library
Ju zIP file

MODEL OPTIMIZATIONS

Model optimizations can increase on-device performance but may reduce accuracy.

I Enable EON™ Compiler Learn
‘ more
Quantized MFCC CLASSIFIER TOTAL
(int8) — e

LATENCY 176 ms. 4ms. 180 ms.

Selected v RAM 13.0K 37K 13.0K

FLASH - 267K -

ACCURAGY 100.00%
Unoptimized MECC CLASSIFIER TOTAL
(float32) B o

LATENCY 176 ms. 40 ms. 216 ms.
L Select RAM 12.0K 71K 13.0K

FLASH - 20.5K

ACCURACY 100.00%

Change target

AT 4.141 Fregnavtieing Deployment (2)

1319 Build 1@59aua192v1n15 download ZIP file Tnednlusif

& Data acquisition

Addy { Voice Resgond Experiment 01 o

“ Impulse design

®  Createimpulse

Configure your deployment Latest build
® MFCC
- . |
connecti 34:46
@ EON Tuner
Q
24 Retrain model
Built Arduino library X
A Live dassification
dt &
Add this library through the Arduine IDE via: i
B Model testing
sketch > Include Library > Add .ZIP Library...
ARDUT
M4 Performance calibration
pster. ..
1*  Versioning Examples can then be found under ed!
File > Examples > Voice_Respond_Experiment_@1_inferencing oK.
Deployment SDK Ok
mof
Model optimizations can increase on-device performance but may reduce accuracy. Compiling EON model...
Compiling ECH model OK
GETTING STARTED
@ Enable EON™ Compiler Same accuracy, uf y. Open source. Learn Lty S ) =Ly e,
7 Documentation (@ e Removing clutter and updating headers OK

- Creating archive...

Al 4.142 faegamtieing Deployment (3)
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Ualusinsy Arduino vn1sideniy Sketch wagyiinis Include Library 938013

Add ZIP Library u&adenlndfilnanu

@ Voice_Respond_01 | Arduino 1.8.19

File Edit Sketch Tools Help

Verify/Compile Cirl+R
Upload Cirl+U
Upload Using Programmer Ctrl+Shift+U
Export compiled Binary Cirl+Alt+S

2 Show Sketch Folder Ctri+K
3 Include Library &
‘f Add File... Manage Libraries... Cirl+Shift+]
; Add ZIP Library...
7 Arduino libraries
f Bridge
J Esplora
1 Firmata
= GSM
13 1 Keyboard
14 LiquidCrystal |
AW 4.143 #19813015 Add Library (1)
Code Msasldazegluld Examples uavagludu Library Mlvanan lngiden
nano_ble33 sense Wag nano_ble33 sense microphone continous
@ Voice_Respand_01 | Arduina 1819 - a | P4

File Edit Sketch Tools Help

New N
Open.. crl+0
Open Recent >

Sketchbook v ~
y
(E;:;ﬂac = ! Bcarmples for Seasd XIAGBLE Seie - nRrS
Save Cirlss B0
Ethernet
SaveAs.  CirleShiftes Brllbetun
PageSetup  Ctrl+ShiftP Nanc33BLE System
Print Cirlep Nicla_System
DM
Preferences  Crri=Comma ikerdlcame
Quit crl+Q Portenta vl
Portenta SDCARD
Portenta SDRAM

Portenta System
Portenta Video
RPC

Scheduler
ThreadDebug
USB Mass Starage
USBHID
USBHOST

WiFi

rom Custom Libraries

Arduina_TensorFlowLite

fdefine EI_CLASSIF

f
Magic_Wand_Test_inferencing s

Motion_Recognition with_Xiac_inferencing 3

Seeed Arduino LSMGDS3 3 esp32 ]

Seeed Arduing Mic > nano_ble33 sense 3 nano_ble33 sense_accelerometer

Seeed-Grove-Vision-Al-Moudie-main 3 nicla_sense 3 nano_ble33 semse accelerometer_continuous

Seeed_Arduino_GroveAl-master 3 miclavision 3 nano_ble33 sense_camera

Sparkun APDS3960 RGB and Gesture Sensor 3 portenta il 4 nana_ble33 sense_fusion

Speech Recognition_with Xiao_inferencing 3 1p2040 - .
Voice_Respond_Experiment 01_inferencing 3 i nano_ble33_sense_microphone_continuous

Voice_Respand_test inferencing >

Al 4,144 Freg19M3 Add Library (2)
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v snegeuliiia Code 1URail Code Taudu function itevihlit LED fifinsises
UuvaiAkanIHanauilagumnimualy

[

Tnelu void set up() Ifiiinnsusznna pin output sl

pinMode(LED BUILTIN, OUTPUT);
pinMode(LEDR, OUTPUT);
pinMode(LEDG, OUTPUT);
pinMode(LEDB, OUTPUT);
digitalWrite(LEDR, HIGH);
digitalWrite(LEDG, HIGH);
digitalWrite(LEDB, HIGH);
Tu void loop() Isaey code Tdussil
void loop()
{
bool m = microphone_inference record();
if (Im) {
ei_printf("ERR: Failed to record audio...\n");

return;

signal_t signal;
signal.total_length = EI' CLASSIFIER SLICE SIZE;
signal.get data = &microphone audio_signal get data;

ei_impulse result t result = {0};

El IMPULSE_ERROR r = run_classifier_continuous(&signal, &esult, debug nn);
if (r I= EI_IMPULSE_OK) {
ei_printf("ERR: Failed to run classifier (%d)\n", r);

return;
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if (++print_results >= (EI_CLASSIFIER SLICES PER_MODEL WINDOW)) {

// print the predictions

ei_printf("Predictions ");

ei_printf("(DSP: %d ms., Classification: %d ms., Anomaly: %d ms.)",
result.timing.dsp, result.timing.classification, result.timing.anomaly);

ei_printf(": \n");

int pred index = 2;  // added, Initialize pred_index

float pred value = 0.7; // added, Initialize pred value

for (size_tix = 0; ix < El_CLASSIFIER_LABEL_COUNT; ix++) {
ei printf("  %s: %.5A\n", result.classification[ix].label,

result.classification[ix].value);

if (result.classification[ix].value > pred value)

pred_index = ix;

pred value = result.classification[ix].value;

led(pred_index); //added, active function

#if EI_ CLASSIFIER HAS ANOMALY == 1
ei_printf("  anomaly score: %.3f\n", result.anomaly);

H#Hendif

print_results = 0;
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uazndsuTTVinaavineves Code Vvl function dmsusandids LED aslugsd
void led(int pred index){
switch (pred_index){

case 0:
digitalWrite(LEDR, LOW);
digitalWrite(LEDG, HIGH);
digitalWrite(LEDB, HIGH);
break;

case 1:
digitalWrite(LEDR, HIGH);
digitalWrite(LEDG, LOW);
digitalWrite(LEDB, HIGH);
break;

¥1n15 Upload Code asuainlagnaiivs Upload
File Edit Sketch Tools Help

Voice Respand 01§

—_— e —— -

=

AWl 4.145 F1e819113 Upload Code

\lo Upload t@59na Serial Monitor Lilegdayafidsumng port

kY

Al 4.146 Fregrensda Serial port
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Taelu Serial Monitor ALAAINNNAANSNISAAALESINLPEUYDY Model Usenau

fuvasnaznand LED Wudunsdialadum1in Hello wazdloiialadusin avan

@ com12 — O poe

Send

(You can enable this from 'Dashboard' if it's not visible in your project) 2

Predictions (DSP: 76 ms., Classification: 6 ms., Anomaly: 0 ms.):
hello: 0.00000
sawadee: 0.00000
AT 4.147 fMeg1aNaansn1sTALang (1)

(% '

v v ° ' o Aw O AN a4 &4 s
Iﬁ@ﬁﬂwqwqﬂq3W@a@ﬂ@3{hﬁnimﬂaaummﬁqﬂmaﬂﬂqﬁ]{)ﬂiﬂmﬂﬂ%uﬂﬂﬂiﬂmu@iﬂ

AUNIOWERINE LED 1ansannunifaens

| Y a 1

AN : MILAAINATIN LED enunsauanssaligniesmiavaavselal alag@nwandn

Y

& A 1 1 o v
LUI&WiW%LM@I@ ﬁiamaﬂlﬁﬂﬁNﬂ@@ﬂ?ﬁﬂ?ﬂLﬂ?ﬂﬁmﬂm@QIUi%ﬂiNUWQ?
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download dataset 91n&3# : https://docs.edgeimpulse.comn/docs/pre-built-

datasets/keyword-spotting

=: EDGE IMPULSE

Getting Started

Getting Started: Next Steps

APl and SDK references

What is embedded ML, anyway?

Frequently asked questions

Dashboard
Devices

Data sources
Data acquisition
Data explorer

Impulse design

Bring your own model (BYOM)
Processing blocks

Learning blocks

-

GitBook

Home  Guides Projects

Keyword spotting

This is a prebuilt dataset for a keyword spotting system based on a subset of data in the Gc
Speech Comm Dataset, with added noise from the Microsoft
It contains 25 minutes of data per class, split up in 1 second windows, sampled at 16,01
dataset contains:

ands Scalable Noisy

00Hz. The

« Yes - one second samples with only the word “yes" in it.
* No - one second samples with only the word "no" in it.
* Unknown - one second samples of other words.

» Noise - one second samples of background or static noise.

>
Importing this dataset
You can import this dataset to your Edge Impulse project through the Uploader in the studio, or via
the CLI (docs). First:

>

1. Download tl

2. Unzip the file in a location of your choice.

Then

29 4.148 nenAulenansulvan dataset

5o download udwhnsunnldazlélad keyword Tglulwan

Forum

s

97

Q Search

[ Export as PDF

Copy link

i .
NYB Nnoise

K

v
v

=

4

InldiFeasuniuegduiunils laglminng Upload ldweantiului dataset veasilagnad

U3 Upload luwti Data acquisition

= EDGE IMPULSE

£  Data acquisition

Qa

Data explorer Datasources | CSV Wizard

TRAIN

64% /36% 4

TEST SPLIT Collect data

Dataset

Training @ est

hello.sawadee.404n... 1s

hellosawadee.404n... helo  Today, 13:25:02
hello.sawadee.404n...
hello.sawadee.404n...
hello.sawadee.404n...
hello.sawadee.404n...  hello Today, 13:25:01 1s
hello.sawadee 404n...  hello Today, 13:25:01  1s
Today, 13:25:01 15

hello.404nj8te.inges... hello

Al 4.149 §19813115 Upload dataset (1)

» 0:00/0:00 §

hello.sawadee.404n8gqj.ingestion-7f6f59c¢885-rim...



https://docs.edgeimpulse.com/docs/pre-built-datasets/keyword-spotting
https://docs.edgeimpulse.com/docs/pre-built-datasets/keyword-spotting
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f93 label 731 noise wainm Choose Files waddanbiladedlulnawmas noise 1

Uszanas 30-60 g iouszananaiadaudiliviinisna Upload data e Upload &

Upload data

You can upload existing data to your project in the Data Acquisition Format (CBOR, JSON, C5V), or as WAV, JPG, PNG, AVI or MP4 files.

Choose Files | No file chosen —

Upload into category

o Automatically split between training and testing ®

Training
Testing
Label
@ Infer from filename @
Enter label:
==
< Back

A9 4.150 §I8819m3 Upload dataset (2)

== EDGE IMPULSE

& Data acquisition

Addy / Voice Respond Experiment 0

Data explorer Data sources | CSV Wizard

TRAIN / TES IT
70% /30% & ‘J

Collect data

to start building your dataset

Dataset

Training (2 = ) A - A
noise.orig_test.AirConditioner_8.wav.21000.wav.4...

noise.orig_test.AirCo.. naise Today, 15:06:42 1s
noise.orig test.AirCo... noise oday, 15:06:42
noise.orig testAirCo... nol

noise.orig testAirCo... noise

noise.orig_test.AirCo... noise Today, 15:06:40 15
noise.orig test.AirCo... noise Today, 15:06:40 15

> 0:00/0:00

9819013 Upload dataset (3)

noise.orig testAirCo... noise dav. 15:0
'
Y

ANA 4.151 @
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MNUUIAYIANTURBUATLENTS Create impulse dnAsilauAsitianansana Save

parameters lngldn1saepnnulaiay

=" EDGE IMPULSE

AN Animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.

®  Createimpulse

Time series data e Audio (MFCC)
Input axes Name
audio MFCC
‘Window size
Input axes (1)
audio

Classification o

Name

Input features

(¥] mrce

Output features
4 (hello, konnichiwa, noise,
sawadee)

AT 4.152 f19819n13 Create impulse 8nASY

NUUTAINP LT UN DULALF LS

Save Parameters
Generates features
Training Model
Deployment

Output features °

4 (hello, konnichiwa, noise,
sawadee)

Save Impulse

auldlvidiiie Upload asuadn Tnenaudiagyiinig Add .ZIP library Tivhnnsaulug

library wfiflegeanluneu laglwd library aveglulnawesiiiu Arduino 1 @muuinazdu

document) Arduino > libraries

Documents

Name

W Magic Wand_Test

[ | Motion_Recognition_witl

|
n
n
n
n
—
n
-
g

Arduino libraries

erencing

M Seeed Arduino_Grov

d_Arduino_Mic-ma
Seeed-Grove n-Al-Moudle-m
SparkFun_AP|

ch_| gnition_with_Xiao_inferenci...

60_RGB_an

Voice_Respond_Experiment 01 _inferenci...
VOICE_REespOona_test_interencing

readme

Date modified

Al 4.153 fegensau library
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\Unlusunsu Arduino Liveiiial library wileulutuneuiiiuuvinisidenuy

Sketch waz¥1n13 Include Library #8015 Add .ZIP Library udadenludiilnanun

@ Voice_Respond_01 | Arduino 1.8.19

File Edit Sketch Tools Help

Verify/Compile Cirl+R
Upload Cirl+U
Upload Using Programmer Ctrl+Shift+U
Export compiled Binary Cirl+Alt+S

2 Show Sketch Folder Ctri+K
3 Include Library &
‘f Add File... Manage Libraries... Cirl+Shift+]
; o Add ZIP Library...
7 Arduino libraries
f Bridge
J Esplora
1 Firmata
= GSM
13 1 Keyboard
14 LiquidCrystal |
A 4.154 fegrensiiig library Tud (1)
Code Msasldazegluld Examples uavagludu Library Mlvanan lngiden
nano_ble33 sense Wag nano_ble33 sense microphone continous
@ Voice_Respand_01 | Arduina 1819 - a | P4

File Edit Sketch Tools Help

New N
Open.. crl+0
Open Recent >

Sketchbook v ~
y
(E;:;ﬂac = ! Bcarmples for Seasd XIAGBLE Seie - nRrS
Save Cirlss B0
Ethernet
SaveAs.  CirleShiftes Brllbetun
PageSetup  Ctrl+ShiftP Nanc33BLE System
Print Cirlep Nicla_System
DM
Preferences  Crri=Comma ikerdlcame
Quit crl+Q Portenta vl
Portenta SDCARD
Portenta SDRAM

Portenta System
Portenta Video
RPC

Scheduler
ThreadDebug
USB Mass Starage
USBHID
USBHOST

WiFi

rom Custom Libraries

Arduina_TensorFlowLite

fdefine EI_CLASSIF

f
Magic_Wand_Test_inferencing s

Motion_Recognition with_Xiac_inferencing 3

Seeed Arduino LSMGDS3 3 esp32 ]

Seeed Arduing Mic > nano_ble33 sense 3 nano_ble33 sense_accelerometer

Seeed-Grove-Vision-Al-Moudie-main 3 nicla_sense 3 nano_ble33 semse accelerometer_continuous

Seeed_Arduino_GroveAl-master 3 miclavision 3 nano_ble33 sense_camera

Sparkun APDS3960 RGB and Gesture Sensor 3 portenta il 4 nana_ble33 sense_fusion

Speech Recognition_with Xiao_inferencing 3 1p2040 - .
Voice_Respond_Experiment 01_inferencing 3 i nano_ble33_sense_microphone_continuous

Voice_Respand_test inferencing >

Al 4.155 Fegansuii library Tuy (2)
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v snegeuliiia Code 1URail Code Taudu function itevihlit LED fifinsises
UuvaiAkanIHanauilagumnimualy

[

Tnelu void set up() Ifiiinnsusznna pin output sl

pinMode(LED BUILTIN, OUTPUT);
pinMode(LEDR, OUTPUT);
pinMode(LEDG, OUTPUT);
pinMode(LEDB, OUTPUT);
digitalWrite(LEDR, HIGH);
digitalWrite(LEDG, HIGH);
digitalWrite(LEDB, HIGH);
Tu void loop() Isaey code Tdussil
void loop()
{
bool m = microphone_inference record();
if (Im) {
ei_printf("ERR: Failed to record audio...\n");

return;

signal_t signal;
signal.total_length = EI' CLASSIFIER SLICE SIZE;
signal.get data = &microphone audio signal get data;

ei_impulse result t result = {0};

El IMPULSE_ERROR r = run_classifier_continuous(&signal, &esult, debug nn);
if (r I= EI_IMPULSE_OK) {
ei_printf("ERR: Failed to run classifier (%d)\n", r);

return;
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if (++print_results >= (EI_CLASSIFIER SLICES PER_MODEL WINDOW)) {

// print the predictions

ei_printf("Predictions ");

ei_printf("(DSP: %d ms., Classification: %d ms., Anomaly: %d ms.)",
result.timing.dsp, result.timing.classification, result.timing.anomaly);

ei_printf(": \n");

int pred index = 2;  // added, Initialize pred_index

float pred value = 0.7; // added, Initialize pred value

for (size_tix = 0; ix < El_CLASSIFIER_LABEL_COUNT; ix++) {
ei printf("  %s: %.5A\n", result.classification[ix].label,

result.classification[ix].value);

if (result.classification[ix].value > pred value)

pred index = ix;

pred value = result.classification[ix].value;

led(pred_index); //added, active function

#if EI_ CLASSIFIER HAS ANOMALY == 1
ei_printf("  anomaly score: %.3A\n", result.anomaly);

H#Hendif

print_results = 0;
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LaENaIUTININgAYNeved Code Manualiiiiiy function @nsusandnda LED lauass

[

Uawiiinduves noise lngaglilvillovlsiindullioaunsalanunsalaty noise 1o

void led(int pred index){
switch (pred_index){
case 0:
digitalWrite(LEDR, LOW);
digitalWrite(LEDG, HIGH),
digitalWrite(LEDB, HIGH);
break;

case 1:
digitalWrite(LEDR, HIGH);
digitalWrite(LEDG, LOW);
digitalWrite(LEDB, HIGH);
break;

case 2: // environment voice
digitalWrite(LEDR, HIGH);
digitalWrite(LEDG, HIGH);
digitalWrite(LEDB, HIGH);
break;
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\lognaansa1n Serial Monitor aziulaa1l noise NN

@ CoM12 - | P

Send

(You can enable this from 'Dashboard' if it's not visible in your project) 2

Predictions (DSP: 76 ms., Classification: 6 ms., Anomaly: 0 ms.):
hello: 0.00000
sawadee: 0.00000
noise: 0.99219

[

AN 4.156 FEINATNGNITTAMANIE (2)

o (%
v

WiAnwinsnaaesIlunisedeunar1inenis 10 Assilauanasivesa
ANI0waERINE LED lansannuinesnis
ANDY : NISHARINADIN LED mmimmemalﬁgﬂﬁaqﬁwmw%lﬂ ALY

dataset noise @nasanadnsIuansaly ae1gls?

v yee ° 2 v ° v v a o = o 1
nsnaaes 1 : gdnwwhnsinudeyamilailimulaveuludndmisuenaindtin

Hello wag adaanlanaassivlutunouneu o wiouuiy Code NazviliaunsananINg

'
o a

LED @hUuanilelagualiiuiiugn uazduiinuani1snaaesiilenaaaunamnfednis 10

R, A & A s % A v
AINUNVUANAIINUDINTTNUIIDLLENING LEDI@@ﬁQ@qNWm@Qﬂqi

nneaed 2 : WiKAnwly Dataset lnunainlna keyword uwihnisnaaedlaglyen

5 aa I 3 ¥ d’( o av Yo 1 v v =
yes no wag noise Nioglulwduazairalusunsudumndsnlavinlunount wasdufinuanis
nAaeridenaaounAAINfABINIs 10 ATElanuanASINveTAaINNTaLAAING LED lanTs

ANUNADINIT WIBULUIHUTEUININAANSAI9INNITNAA9N 1 Benals

— - EDGE IMPULSE Home Guides  Projects  Forum Q Search

Keyword spotting

This is a prebuilt dataset for a keyword spotting system based on a subset of data in the
Cor r , with added noise from the e Noisy
It contains 25 minutes of data per class, split up in 1 second windows, sampled at 16,000Hz. The
dataset contains:
e Yes - one second samples with anly the word "yes" in it.
« No - one second samples with only the word "no" in it
e Unknown - one second samples of other words.

+ Noise - one second samples of background or static noise

Importing this dataset

You can import this dataset to your Edge Impulse project through the Uploader in the studio, or via
the CLI (docs). First:

2. Unzip the file In a location of your choice.

1. Download

@‘ GitBook Then

AN 4.157 ANUSZNBUNISNAADY
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n1snaaes 3 : LiAnwinaasuiu dataset Arealanldniulageu nieazm
dataset 91 uleddu 9 1Wu Kaggle mnas1alusunsunsiaduidesdunuuvesdfnyiedodng

9498 2 M

2.0bject Detection (MmAgauns1IUANINGAIBNTTITEUTVRATIIUY

lulasmaulnsatany)

ApannInaesi 1 Trasrelusiaalumilu edge impulse #3931 Object

Detection Experiment 01

== EDGE IMPULSE [~ ]

(40 T{E8  Custom ML blocks

# Create a new project

Enter the name for your new project:
Object Detection Experiment 01
|

{
Addy § Choose your project type: ¥
|
" © Developer
20 min job limit, 4GB or 4 hours of data, limited collaboration.
N -
©2023 Edgelmpulse Inc. All rights rés Enterprise p
| No job or d ' earn mor b
| |
| F
] Create new project £
| }
5.6,V A "R S [ BN B S St S S 6

NNA 4.158 Feg19nsas19tUsLan b
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Tunti Dashboard Tdeulud Project info LLasﬁg\‘lﬁh labeling method Tdu Bounding

boxes(object detection)

= Summai -
— W v
—— EDGE IMPULSE A
o DEVICES CONNECTED

1

1 Dashboard Motion: Gesture recognition Images: Object detection Audio: Audio classification
& Devices DATA COLLECTED
o 1items
& Data acquisition
About this project
4+ Impulse design
®  Create impulse Project info
Download block output
@ EONTuner Project ID 228319
3 Retrain model 1
No downloads available yet Labeling method | One label per data v
5 Live classification _> One label per data item
B Model testing
Performance settings @
P versioning
@ Deployment Use GPU for training e
Enterprise performance @ N
GETTING STARTED
w & "y \LLAREY S -
@ Documentaion Job i s Y SN Ee

NN 4.159 Aeg19n15AIAT Dashboard

=

lunti Devices lWnisiweusiegunsalreuiaiAesnid webcam vselnsdnsidene

Collect new data

Collect data directly from your phene, computer, device, or development board.

Scan QR code to connect to Connect to your computer ). «Connect your device or

your phone \ ' development board

Al 4.160 fegimsieusegunsaliudeyanin (1)

J g = Y o [ £4 - =2 " 1 v o £ 54 1%
wenansiiluenansianulidmiumsldauienisdnwiving ldewgymlbnhluldusslevdiunise

lidnsdllas visdu Bnnsnudlidnuadlienuasiewsdadadivedenarsynasaninisiluly
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== Data collection

Connected as computer_lht763lu
Connected as You can collect data from Lhis device from the Data acquisition page in the Edge Impulse studio.
phone_lgde1pkl .
i Collecting images? & Collecting audio?
You can collect data from this o .

", Collecting motion?
device from the Data

acquisition page in the Edge Switch to classification mode
Impulse studio.

B Collecting images?

(& oremgenim | Al 4.161 fegnmsideusiegunsaliiudeyanin (2)

"\, Collecting motion? ]

<> This client is open source

Wewgensialseusosuailing Collecting image? uazlit access permission

= Data collection

Permission required

Give access to the camera

Switch to classification mode

A7 4.162 fegmsideusegunsaliiutoyanin (3)
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v A

Aae label 11 face Uawyiin1s Capture JUntiwessiiles 30-40 U

Enter a label

Cancel m

AN 4.163 é‘haammil,ﬁu%ngaﬂflw (1)

Label: face Category: | plit automatically (80/20) ¥

|

Images captured with current settings: 0

Al 4.164 fpgmsiudeyanin (2)

122
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diaviudeyaiseusesualuminuy Data acquisition liidnlugamiineing Labeling queue

= EDGE IMPULSE

[ Dashboard

& Devices
& Data acquisition
A Impulse design
®  Creareimpulse
® Image
®  Object detection
@ EONTuner
#  Retrain mode

i Live dlassification
B Model testing
P Versioning

W Deployment

lngvhmsainnsendmdeuienvusveuwaiifesnislissyduluniiuay

face

Dataset Data sources

DATA COLLECTED TRAIN / TEST SPLIT
41 items 78% /22% @

Dataset

Training @ Test on)

SAMPLE NAME

face.40ka3mof

face.40kagj40

face.40kadfv?

face 40kadepp

face.40kade1h

face.40ka9ck®

faca.a0ka9bsc

Addy / Object Detection Experiment 01

| Labeling queue (14)

Collect data

@ Connect a device to start building your dataset.

Click on a sample to load...

ADDED

Today, 21:54:05
Today, 21:54:02
Today, 21:53:59 4
Today, 21:53:58
Today, 21:53:57 H
Today, 21:53:55

Todav. 21:53:55

ﬂ']‘WV] 4.165 GI’JEJEJ’Nﬂ’]WN label (1)

@

Enter label

e et e segtic

Cancel

AT 4.166 freganses label (2)

(%
g

N

o label 91




Weannsauwazrivum label 1Sauspenadliinn1sna Save labels Tnavinuuudl

ylanualy dataset
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[y

usu
Y

= EDGE IMPULSE

] Dashboard
& Devices

& Data acquisition

@ EON Tuner

GETTING STARTED

£ Documentatior

Use your mouse to drag a box around an object to add a label. Then click Save labels to advance to the next item,

Jelete sample

AT 4.167 Fregansas label (3)

— Save labels

m'am’[,umy Create impulse Add a processing block Tiflden image uagludiuves Add a

learning block T9ldean Object detection(images) LiBlsaUsoauaq AN Save impulse

= EDGE IMPULSE ‘

®  Createimpulse

EON Tune|

®

Retrair

@ Deployment

GETTING STARTED

7 Documentation

4N Animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.

Image data

Input axes

image

Resize mode
A-H

@ For object detection use a
square image size, e.g. 96x96,
160x160 or 320x320.

Addy / Dbject Detection Experiment 0

Add a processing block

i

Add a learning block

ATl 4.168 §1081315 Create impulse (1)

‘Output features °

0
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PP e—

== EDGE IMPULSE
¥ Add a processing block
Did you know? You can bring your own DSP code.
O Dashboard
® Devices
8 Data acquisition Image
. Preprocess and normalize image data, and optionally reduce the color Edge Impulse Add

4 Impulse design depth. N

®  Create impulse I age

.

EON T H
@ e Input ax |
5% Retrain model # Add custom block Cancel :
#5  Live classification

Save Impulse

Model testing
P Versioning
@ Deployment

GETTING STARTED

H Documentation

AT 4.169 §18819m3 Create impulse (2)

AN IAL Lo et °

—
—— EDGE IMPULSE
A Add alearning block

Did you know? You can bring your own model in PyTorch, Keras or scikit-earn.

I Dashboard
& Devices
& Dataacquisition Object Detection (Images) ;
Fine tune a pre-trained object detection model on your data. Good Edge Impulse | Add
A Impulse design performance even with relatively small image datasets .Y
L Qutput features
®  Creatsimpulse 3
A i o \ 1
@ EON Tuner i Fine twine a pre-trained abjeet deteetion model on your data. Good BrainChip [ l 5«
nput 2 performance even with relatively small image dataseis.ONLY FOR: — (.':
52 Retrain model imag BrainChip AKD1000 MINI PCle board 1
Pt
: : Image W
A Live dassificatiorn Some learning blocks have been hidden based o the data in your project. Show all blocks anyway [
save Impulse
B Modeltesting
P Versioning
@ Deployment

O orol

square

on use 3

GETTING STARTED

36x96,

f Documentation -

=" EDGE IMPULSE

M Animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.
Dashboard

Device

s i
W Impulse desigr Image data Image ° Object Detection o Output features
(Images)
®  Createimpulse
Input axes Name Name 1 (face)
@ EONTuner
ain model Image width il
Input axes (1) Input features
os = —>
Fal assific image |»] Image
i e Resize mode
Model testing
-H outpust eatures
PV 1 (face)
@ Deployment L
@ For object detection use a
square image size, e.g. 96x96,
GETTING STARTED 160x160 or 320x320 ]
A Documentation B R RS SSSees

AT 4.171 §a9819m3 Create impulse (4)
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iuLquj Image NN19nA Save parameters HoNALAIITUAAINLUNFES Generate features

wagnm Generate Features

E FPoE IMPULSE _

—_—

Raw features DSP result
0446953, 0x49734d, Bxd673de, Oxdabedd, OxI36cdb, GxISEbLS, Bx306IA4, OxAIEEST, Image
itic
o desigr Parameters .
b pul Image
e | e P = -
e Color depth @ RGB M Processed features

L]

8.2667, 9.4118, 0.3529, 9.2863, 0.4519, 9.3020, ©.2745, 2.4510, 0.3059, .2275, .
Save parameters

On-device performance @

i

ROCESSING TIME PEAK RAM USAGE
@ 1ms. o 4 KB
2023 Edgelmpulse Inc
\
= o ' D1 |
A 4.172 fegrantindng image (1)
Addy. / Object Detection Experiment 0
EDGE IMPULSE

#1~ Click to set a description for this version

Parameters Generate features

Training set

Data in training set 40 items

Classes 1 (face)

—P Generate features

AN 4.173 A8 1UTIAN

Feature explorer

No features generated yet.

image (2)
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Iul,mé Object detection ¥11A15AA Start training 19 training A5 0LUARIKA Accuracy ke

28NUINIE

— Learning rate @ 0.001
—- EDGE IMPULSE
Data augmentation @
0 Dashboard Advanced training settings -
& Devices
. Neural network architecture
8 Data acquisition
®  Createimpulse
o mue (=P
@  Object detection FOMO (Faster Objects, More Objects) MobileNetv2 0.35
@ EON Tuner
Choose a different madel
Retrain mode B
7% Livech ation Output layer (1 classes)
Madel testing
—
P versioning
@ Deployment
lﬂ' U 1 ¥ 1
DI 4.174 AI8819RUI88 Object detection (1)
g AUVATILEU LI SELNES - L manag, wpases .

== EDGE IMPULSE Job completed 0

Neural network architecture

0 Dashboard Input layer (27,648 features)
Model Model version: @ | Quantized (int8) =
& Devices :
B Data acquisition @ Last training performance (alidation set)
F1SCORE
Impulse design 2
e b FOMO (Faster Objects, More Objects) MobileNetV2 0.35 e 88.9%
® Createimpulse
Choose a different model L Confusion matrix (validation set)

o o Ot 1 e

w o I
@ EON Tuner

F1 SCoRE 1.00 0.89

Retrain model
On-device performance @

75 Live dassification
INFERENCING PEAK RAM USA FLASH USAGE

B Model testing 3 ms. 239.1K 72.8K

P versioning

@ Deployment

©2023 Edgelmpulse Inc. All rights reserved

Al 4.175 Feagamtieng Object detection (2)
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Tuntens Model testing ¥11n13na Classify all [i9¥i1n151aaaU Model LazazULanINaans

Aleduna Accuracy

= EDGE IMPULSE

®

W

Live classificatior

Model testing

Wevinis Deploy Tilulumniin Deployment aunu QR code dmsuaunldlnsdnyide

Addy / Object Detection Experiment 01

This lists all test data. You can manage this data through Data acquisition.

Test data — | 7] | t Model testing output R (0)

ng data for float32 model

Set the 'expected outcome' for each sample to the desired outcome to data for intd model...

automatically score the impulse.

job in cluster...

job in cluster...

SAMPLE NA.. EXPECTED QUT.. LENG.. F1SCORE  RESULT
face.d0k9g... face - 100%

ng data for Object detection OK
face.40kog.. face 100%
face.d40k9g... face - 100%
face.d0k9g... face - 0%

Madel testing results

face.dokog.. face 100%

face.40k9f.  face 100% 1 ACCURACY @
& 83.33%

AT 4.176 Faog1emtieng model testing

PRECISION SCORE UNCERTAIN

wazna Launch in browser @15U computer laptop 713 webcam

=

AR

=~ EDGE IMPULSE ‘

m w

W

Retrair de

Live classificatior

Maodel testir
rsioning

Deployment

Addy / Object Detection Experiment 0

\ Configure your deployment Run this model

You can deploy your impulse to any device. This makes the model run without an internet Scan QR code or launch in browser to test your prototype
connection, minimizes latency, and runs with minimal power consumption. Read more.

Q Search deployment options,

DEFAULT DEPLOYMENT

C++ library
A portable C++ library with no external dependencies, which can be compiled

with any modern G+ compiler X
Launch in browser

MODEL OPTIMIZATIONS

Model optimizations can increase on-device performance but may reduce accuracy.

® Enable EON™ Compiler Learn
— moare
Quantized MAG! OBJECT DETECTION TOTAL
(int8) LATENCY 1ms. Ims ams.
- [—

Al 4.177 faegnamtieing Deployment
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nsédwiileda

=  Addy/ Object Detection Experiment 01

face (0.83)

,'l-//’
NNy,
e

AN 4.178 freganasnsn1sasasuluntn (1)

3:06 m &«

& edgeimpulse.com

== Adina/Face Re...

face (0.97)

face (0.99)

Time per inference: 24 ms

Switch to data collection mode

ANN 4.179 FegaNaansn1sasIasulunti (2)
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Moy : WiAnwmaaegilusunsuaunsansiaduluntwesauduuenainddnwlavselyl

ldleAninanezls?

Tunsnaaessenbigdnuwiiudeyanminleeasetilinuiludawes wu Insdwiiletie wie

avlsffivwminanunsaldienduls Wneiudeyauszunn 30-40 suiwluanidy

e

= EDGE IMPULSE

Data collection

Label: face Category: | Split automatically (80/20) ¥

d' Y 1 ® Y a a
21N 4.180 AIBYNATINUVBLANTWENULAL

Tuniieing Data acquisition w1 lUluntiise Labeling queue

& Data acquisition

Addy / Object Detection Experiment 0

Datasou.-—- . Labeling queue (14)

_-'\'T:L.'_LEK.‘_Z‘ TRAIN / TEST SPLI Collect data
41 items 78% / 22% @
# Connect a device to start building your dataset.

Dataset

Training 0

Click on a sample to load...

face.40ka9mof Today, 21:54:05
face.40kagj40

face.40ka9fv7

face.40ka%epp - Today, 21:53:58
face.40kade1h - Today, 21:53:57
face.40ka9ck9 Tod

face.0ka9bsc To

AN 4.181 Aeg19n1509An label Wudy (1)
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Taglrainnseunazivug label InuiduaswesisdoanisiluswnsUASIa0u 111N Save

labels V}ﬂgﬁﬂu dataset

- Labeling ‘face.40ka96nk’ (14 items left) Label suggestions: | Track objects between frames v | -
== EDGE IMPULSE e

Use your mouse to drag a box around an object to add a label. Then click Save labels to advance to the next item

Dashboard

£ Data acquisition

AN 4.182 A8e19n1509A1 label sy (2)

Mndulivhmudunoudufou
- Save Parameters
- Generates features
- Training Model
- Deployment
fna - Waknsuanansansaduluntuas Tagldndeusuvdoli? dnirmgtulundesie

1 a [ ) ¥ = Y | Ve a [l I
neBulusunsuazdianansansiduldegvsalyl mligfnwAndndunmszerls?

msveaes 1 : WigAnwvhnsmvuywdnldladfnwianiidd@nuiiiewseandumesiis
wazt 1 train Wevilusunsunsaduluni wagnaaasilusinsuaratnsansiaduluninves

Anwlevieldl uazdfnwAndmadnsilatuinaineyls

=

nnaaes 2 : WdAnvnaassaialusinsunsiaduinginaiu 2 vliandeuiulaglnlding

9

AAnwdeguazTuiinnansnaaes
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3.Motion Detection (nsnagaunsiaiunmingiien1sieuivainiacuu

lulaspaulnsaians)

nsuiiRAne Node.js Tilaananm tools isLiuasluae

D?@chevjs Setup — X

Tools for Native Modules n‘dc
Optionally install the tools necessary to compile native modules. :

Some npm modules need to be compiled from C/C++ when installing. If you want to be able
to install such modules, some tools (Python and Visual Studio Build Tools) need to be
installed.

Automatically install the necessary tools. Note that this will also install Chocolatey. The
script will pop-up in a new window after the installation completes. |

Alternatively, follow the instructions at https://github.com/nodejs/node-gyp#on-windows to ‘
install the dependencies yourself.

Back | Next Cancel

AT 4.183 feg19n1309A1 Node js

T461& npm install -g edge-impulse-cli ~force ifiefinfa edge impulse CLI ax¥ili

&11150d9A1970 Serial port U edge impulse 19

AT 4.184 Fregrensinasa edge impulse CLI
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TvhnisTuanlug Ubrary 1Sy LSM6DS3 wievilianunsainan Gyro whu xy,z 1
https://files.seeedstudio.com/wiki/XIAO-BLE-Motion-Recognition/Seeed Arduino | SM6DS3-

master.zip
dlolnanlnd . ZIP 1@Saudalivhnisiings library Tae include library wag Add .ZIP Library

Tngraantndnlnanun

@ Voice_Respond_01 | Arduino 1.8.19
File Edit Sketch Tools Help

Verify/Compile Cirl+R

Upload Cirl+U

Upload Using Programmer Ctrl+Shift+U
Ctrl+Alt+S

Export compiled Binary

Show Sketch Folder Ctrl+K

Include Library ) &

Add File. Manage Libraries... Ctrl+Shift+]
el 3 Add ZIP Library.. |
7 e Arduina libraries |
8 =
; | Bridge
y ‘ Esplora

10 ense |
E v Firmata
11 IT
12 ” GSM
N N A Keyboard :
14 * LiquidCrystal |

A il 4.185 Fee 193 Add Library

insneusiatunsuimesiiaz Upload Code maludl

#include "LSM6DS3.h"
#include "Wire.h"

//Create a instance of class LSM6DS3
LSM6DS3 myIMU(I2C_MODE, 0x6A);,  //12C device address Ox6A

#define CONVERT G TO MS2  9.80665f
#define FREQUENCY HZ 50
#define INTERVAL_MS (1000 / (FREQUENCY HZ + 1))

static unsigned long last_interval_ms = 0;
void setup() {

// put your setup code here, to run once:

Serial.begin(115200);


https://files.seeedstudio.com/wiki/XIAO-BLE-Motion-Recognition/Seeed_Arduino_LSM6DS3-master.zip
https://files.seeedstudio.com/wiki/XIAO-BLE-Motion-Recognition/Seeed_Arduino_LSM6DS3-master.zip
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while (ISerial);

//Call .begin() to configure the IMUs

if (myIMU.begin() 1= 0) {
Serial.printin("Device error"),

}else {

Serial.println("Device OK!");

void loop() {

if (millis() > last_interval_ms + INTERVAL _MS) {

last_interval_ms = millis();

Serial.print(myIMU.readFloatGyroX() * CONVERT G TO_MS2,4);
Serial.print(\t');

Serial.print(myIMU.readFloatGyroY() * CONVERT G TO_MS2,4);
Serial.print(\t";

Serial.printin(myIMU.readFloatGyroZ() * CONVERT G TO_MS2,4);
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Tu edge impulse vinsaselusianlumifnsdis Motion Detection Experiment 01

=- EDGE IMPULSE

Custom ML blocks

+# Create a new project

Addy Choose your project type

© Developer

AN 4.186 ABY19N15AS19M USRI

Tu cmd fiunAds edge-impulse-data-forwarder lnaseuuazau e-mail wagsanldiou

flu edge impulse ¥n1nT8n e-mail wagiaasly

tem32\cmd.exe - "node” AppData\Roaming\npm\\node_modules\edge-impulse-cli\build\cli\data-forwarder js"

dgeimpulse. com) ? o

Al 4.187 freg1ansiiousie edge impulse CLI (1)

Waweulenaivinnisidenlusaninednis Inetdan Motion Detection

ANl 4.188 Fregremsilionsie edge impulse CLI (2)
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[V
v A

5yUU AR aMILUISLALNS 3 unu TWld AxAy,Az

o connect this des

). What do you want to call them? parate the names w

ANl 4.190 fegansiiousie edge impulse CLI (4)

Aﬂl 1 a Y/
bYDUADLIYUITDY

nnect to another project, run edg

ild your machine learning model!

Al 4.191 fegansiiousa edge impulse CLI (5)

soululy Data acquisition il sensor Yuu Tnade label 1y 0 uag Simple length
Du 2000

Addy / Motior
+—— EDGE IMPULSE

Dataexplorer  Datasources | CSV Wizard

B Dataset Collect data

2 Data acquisition

Add data Label sample length (ms.)

Frequency

P
Start sampling
L]

AW 4.192 foeenssan label doya IMU (1)
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dlomaaasaliinnisne Start sampling asfinsiuaeendawazisunudeyalaglitouese
il uarnaduay 0 Ineviuseanu 20-30 ASe

- EDGE IMPULSE Training T @ Label sample length (ms.)

0.40keadlh

Sensor Frequency

Start sampling

£  Data acquisition

RAW DATA

0.40ke2dIh

A 4.193 Fregranisaann label %’a;ﬂa IMU (2)

Tivihnnstiuteyadn 1 label lneslio label 91 1 Tnepssilliniauesniduay 1 lnefiu
YoyaUszana 20-30 AY

e e —— - - - e ——
—_— Training ©3 T vt
EDGE IMPULSE raining 3 Label Sample length (ms.)
1.json.40606itn.inge... . 1 Today, 23:06:02
Sensor Frequency
8 0.js0n.406062vB.ing.
vith 3 axes (Ax, Ay, A v 50Hz v
& Dataacquisitior 0.json.4060188a.ing..

" A S b s Start samplin;
0json.406055]g.inge e 4 ¢
é Today, 2 25 3

0.json.406033g3.ing.

0,j50n.406027tn.ing

1.json.40606itn.ingestion-7f6f59c885-v2Zmjp

dle. json.406nv8bg idle day, 23:06:01

dle.json.406nv16n.i ile 230601 H
dle,json.406nujbj.in ile : 1 ~ ~ -
p S — e e
dle.json.406nucaf.in... Taday, 2 :
W

0.json.40605pei.inge... 0

idle.json.406nu574.i...

AT 4.194 fhegranissaa label Joya IMU (3)
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iuLmé Create impulse lugu Add a processing block T¥iiden Spectral Analysis Tugau

Add a learning block T¥iden Classification Wiefsaasauaaliing Save impulse

= EDGE IMPULSE

& Devi
B Data acquisii
A Impulse desigr

®  Create impulse

= EDGE IMPULSE

[ Dashboard
& Devices
B Data acquisition
~  Impulse design

®  Crestaimpulse
@ EON Tuner

3¢ Retrainmodel

77 Live classification
B Model testing.

P versiening

@ Deplayment

GETTING STARTED,

£ Documentation

- EDGE IMPULSE

Dashboard

Lu]

Devices

Data acquisition

s

Impulse design

®  Createimpulse
EON Tuner

% Retrain model

71 Live classification

Model testing
¥ versioning

@ Deployment

GETTING STARTED

@ Documentation

AN Animpulse takes raw data, uses signal processing to extract features, and then uses a leaming block to classify new data.

Time series data

Input axes (3)

Add a processing block Add a learn

Ax, Ay, Az

Window size

e

window increase

.

Frequency (Hz)
¢

Zero-pad data

ATl 4.195 §18819m3 Create impulse (1)

A% Animpulse takes raw data, uses signal processing to extract features, and then uses

 learning block to classify new data.

¥ Add a processing block x

Did you know? You can bring your own DSP code

4

to learn features.

Al 4.196 §798193113015 Create impulse (2)

& Add alearning block

Did you know? You can bring your cwn madel in PyToreh, Keras o scikit-learn.

AUTHOR

A& Animpulse takes raw data, uses signal processing to extract features, and then uses aleaming black to classify new data.

orscupTion AuTHOR REcomMENDED

Flatten \
\

Flatten an axis into a single value, useful for slow-m like Edge Impu Add |

temperature data, in combination with other blocks.

Spectral Analysis e

Great for analyzing repetitive mation, such as data from accelerometers, Edge Impulse =

Extracts the freguency and power characteristics of a signal over time.

Extracts a spectrogram from audio or sensor data, great far non-voice Edge Impulse | Add |

audio or data with continuous frequendies,

IMU (Syntiant) E

Syntiant only. Great for analyzing repetitive mation, such as data fram Shtiant [ndd

accelerometers. Extracts the frequency and power characteristics of a

signal aver time.

Raw Data

Use data without pré-processing: Useful if you want to use deep leaming _ EdgeImpulse Add

Classification

Learns patterns from data, and can apply these to new data. Great for Edge Impulse

categorizing movement or recognizing audio.

Regression
Learns patterns from data, and can apply these to new data. Great for Edge Impulse
predicting numeric continuous values.

Anomaly Detection (K-means)

Find outliers in new data, Good for recognizing unknown states, and to
complement classifiers, Works best with low dimensionality features like
the output of the spectral features black

Edge Impulse Add

Classification - BrainChip Akida™

Learns patterns from data, and can apply these to new data. Great for
categorizing movement or recognizing audio.ONLY FOR: BrainChip
AKD1000 MINI PCle board

BrainChip

Some learing blacks have been hidden based on the data in your project. Show all blocks

ATl 4.197 §9g19n3NI5 Create impulse (3)

Output features.

Output features

Save Impulse

Output features

3(0, 1, idle)

save Impulse
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iuLuH Spectral Features ¥1N1N13nA Save parameters 1PYALULARIUINANY Generate

features YU 19iNA Generate features

= = w = - ~_ T =
o - 500
== EDGE IMPULSE Filter 1000 < j

1500
Scale axes @ 1
000 12000 24000 360.00 480.00 600.00 720.00 B40.00 960.00
Dashboard Input decimation ratio @ 1 - Sample #
Devices Type @ none v Spectral power (log)
Data acquisitior 7
Analysis 6 ¥
“  Impulse design = 3
Type @ FFT ~ .
@ Cresteimpulse 2
FFT length @ 16 |
®  Spectral features 0
Take log of spectrum? @ 0.00 3.13 6.25 938 2.50 63 1875 188 2500
® Classifie equency (
Overlap FFT frames? @
@ EON Tuner
Improve low frequency resolution? @ Processed features
Retrain model

99.6030, -1.3662, 1.1941, 2.1241, 3.0840, 4.6083, 4.1861, 4.0126, 4.5388, 4.1406..

74 Live dassification

—>
Model testing

On-device performance @

P Versioni
@  Deployment PROCESSING TIME PEAK RAM USAGE
7 ms. 1KB
dl U 1 5 1
NN 4.198 AIBE1INITENAN Spectral features (1)
Addy / Motlen Detection 01
+— EDGE IMPULSE o
#1~ Clicktoseta cription for this version
O Dashboar
& Devices
B Data acquisitior | Training set Feature explorer
A Impulse design
Data in training set 2m 6s No features generated yet.
® Cr pul
Classes 3(0, 1, idle)

®  Spectral features

®  Classt Training windows 126
@ EON Tuner Calculate feature importance

Retrain mode

Model testing
P Versioning

© 2023 Edgelmpulse Inc. All rights reserved

@ Deployment

AT 4.199 F19813115A9AN Spectral features (2)
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Ty Classifier na Start training iol34 train model i train t@5a9zuanINaLTY

Accuracy U

— Learning rate @ 0.0005
+—— EDGE IMPULSE
Advanced training settings -
O Dashboard
Neural network architecture
¥ Devices
& Data acquisition Input layer (39 features)

& Impulse design

Dense layer (20 neurons) ‘

®  Createimpulse
®  Spectral features Dense layer (10 neurons) ‘
®  Classifier Add an extra layer

@ EON Tuner

Output layer (3 classes)
Retrain model
75 Live classification
b o | starttra

B Madel testing

P versioning

@ Deployment
©2023 Edgelmpulse Inc. All rights reserved

AT 4.200 §ro8139n75 Classifier (1)

Input layer (39 features)

== EDGE IMPULSE

| Dense layer (20 neurons) ‘ Model Model version:® [ Quantized fints) = |
| b

layer {10 neurons) J Last training performance (validation set)

& Devices . i 9
ACCURACY LOss
Add an extra layer ;
S Do 92.3% 0.18

Output layer (3 classes) Confusion matrix (validation set)
®  Createimpulse o 1 1DLE
Start training

Fiscore 089 100 089

O Dashboard

+ Impulse d

®  Classifier

@ EON Tuner
Data explorer tfull training sety &
Retrain mode!
0 - correct
1 - correct
Idle - correct
0 - incorrect
1 -incorrect
igle - Incorrect

7% Live dassification

B Madel testing

eo8eBO

P versioning

@ Deployment

A7l 4.201 fapg1anis Classifier (2)
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Accuracy U89 Model
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— Addy / VI
+— EDGE IMPULSE o
O Dashboarc
5
& Data acquisition Test data e ¢ [l & Classify all H Madel testing output W -
+  Impulse design Classifying data for int8 model.. -
Set the "expected outcome’ for each sample to the desired outcome to Clasifying duta flost32 model.
® Createimpulse automatically score the impulse Schaduling job in cluster
Scheduling job in cluster.
Container imags pulled!
®  Spectral feature SAMPLENA.. EXPECTED OUT.. LENG. ACCURACY  RESULT - Job started
ner imsge pulled!
®  Classifie idle json4... idle 2 100% 2idle o s o 1o ;
@ EONTune idlejsond... idle F 50% 1idle, 1 uncertain
Retrair 0
1.js0n.406. 2 100% 21 t
7 Live dassificatior
idlejsond... idle 2 100% 2idle
Maodel testing Model testing results
idlejson ... idle 2 0% 2 uncertain i
P versior
idle jsond..  idie 25 100% 2idle i ACCURACY
@ Deployment 87.50%
) < = & )
AN 4.202 MB819N1T test model
= s 1Y) 1 1% - .
e Deploy aauasn WuNLUlY Deployment AWM Arduino library
Addy / V)
== EDGE IMPULSE y (4]

13

]

Dashboar Configure your deployment Run this model
Devi
You can deploy your impulse to any device. This makes the model run without an internet Scan QR code or launch in browser to test your prototype

Data acquisitior connection, minimizes latency, and runs with minimal power consumption. Read moare.
Impulse desigr

- Q Arduino library %
@  Create impul
LA feature SELECTED DEPLOYMENT

Arduino library
® Classif
—’ ARDUING  An Arduino library with examples that runs on most Arm-based Arduino
. development boards.

EONTL Launch in browser
Rerair e

MODEL OPTIMIZATIONS
Live classificatior R .
Model optimizations can increase on-device performance but may reduce accuracy.

Model testing
— - M ¢ up t S y. Open source. Leorn
oo ® Enable EON™ Compiler . ‘\.’ i eor
Deployment Quantized SPECTRAL FEATUR CLASSIFIER AL
(int) . sms
= —

Al 4.203 §9813115 Deploy (1)
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dleden Arduino library waa liina build \ie download Twd .zIP

Model aptimizations can increase on-device performance but may reduce accuracy.

e Enable EON™ Compiler

mare

Quantized SPECTRAL FEATU CLASSIFIER
evices ntg
(ine8) LATENCY 7ms. 1 ms. ams.
a acquisitior
FLASH 148K
cc 85.00%
pulse Unaoptimized SPECTRAL FEATU
(float32) .- - - .
select | RAM 13k 13k

87.50%

Deployment

AWl 4.204 §18813115 Deploy (2)

WUalusinsu Arduino Livelityl library ¥innnsiieniay Sketch wagyiins Include Library

#8013 Add .ZIP Library udadenlgiluann

@ Voice_Respond_01| Arduino 1.8.19
File Edit Sketch Tools Help

1/

[ R SR LI S}

-

e e
W e o

'S

Verify/Compile Ctrl+R
Upload Ctri+U
Upload Using Programmer Ctrl+Shift+U
Export compiled Binary Cirl+Alt+S

Show Sketch Folder Ctrl+K i

Include Library 3 s

Add File... Manage Libraries... Ctrl+Shift+1

oA zRubEy. L e

Arduino libraries
Bridge

Esplora

Firmata

GSM

Keyboard
LiquidCrystal

AN 4.205 FaE19n13 Add Library
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a51alnd Arduino Tvsiwadld Code samaluil

/* Edge Impulse Arduino examples

* Copyright (c) 2021 Edgelmpulse Inc.

*

* Permission is hereby granted, free of charge, to any person obtaining a copy

* of this software and associated documentation files (the "Software"), to deal

*in the Software without restriction, including without limitation the rights

* to use, copy, modify, merge, publish, distribute, sublicense, and/or sell

* copies of the Software, and to permit persons to whom the Software is

* furnished to do so, subject to the following conditions:

* The above copyright notice and this permission notice shall be included in

* all copies or substantial portions of the Software.

* THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR

* IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,

* FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
* AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER

* LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
* OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE

* SOFTWARE.

*/

/* Includes */
#include <Magic_ Wand_Test _inferencing.h>

#include <LSM6DS3.h>

/*#include <U8g2lib.h>

#include <U8X8lib.h>*/

#include <Wire.h>

/* Constant defines */

#define CONVERT G_TO MS2  9.80665f
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#define MAX_ACCEPTED RANGE 2.0f // starting 03/2022, models are generated setting
range to +-2, but this example use Arudino library which set range to +-4g. If you are using

an older model, ignore this value and use 4.0f instead

/*

** NOTE: If you run into TFLite arena allocation issue.

*%

** This may be due to may dynamic memory fragmentation.

** Try defining "-DEI_ CLASSIFIER ALLOCATION_STATIC" in boards.local.txt (create

**if it doesn't exist) and copy this file to

** "<ARDUINO_CORE_INSTALL PATH>/arduino/hardware/<mbed core>/<core_version>/".
** See

** (https://support.arduino.cc/hc/en-us/articles/360012076960-Where-are-the-installed-
cores-located-)

** to find where Arduino installs cores on your machine.

*%

** If the problem persists then there's not enough memory for this model and application.

*/

//UBX8 SSD1306_64X48 ER HW 12C ux8(/* reset=*/ U8X8 PIN_NONE);

/* Private variables A/

static bool debug nn = false; // Set this to true to see e.g. features generated from the raw
signal

LSM6DS3 myIMU(I2C_MODE, 0x6A);

/**

* @brief  Arduino setup function

*/

const int RED_ledPin = 11;
const int BLUE ledPin = 12;
const int GREEN_ledPin = 13;
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void setup()
{
// put your setup code here, to run once:
Serial.begin(115200);
//u8g2.begin();
//u8x8.begin();

Serial.printin("Edge Impulse Inferencing Demo");

//if (IMU.begin()) {
if (ImyIMU.begin()) {
ei printf("Failed to initialize IMUNAN")
}
else {

ei_printf("IMU initialized\r\n");

if (EI_CLASSIFIER_RAW SAMPLES PER FRAME I= 3) {
ei_printf("ERR: EI_CLASSIFIER RAW SAMPLES PER FRAME should be equal to 3 (the 3
sensor axes)\n");

return;

/**

* @brief Return the sign of the number

* @param number

* @return int 1 if positive (or 0) -1 if negative
*/

float ei _get sign(float number) {

return (number >= 0.0) ? 1.0 : -1.0;



e
* @brief  Get data and run inferencing
* @param[in] debug Get debug info if true
*/
void loop()
{

uint8_t bufl[64]="idle";

uint8_t buf2[64]="left&right";

uint8 t buf3[64]="up&down";

// u8x8.clear();
// uBx8.setFont(u8g2 font ncenB08 tr);

ei_printf("\nStarting inferencing in 2 seconds..\n");

delay(2000);

ei_printf("Sampling..\n");

// Allocate a buffer here for the values we'll read from the IMU

float buffer[El CLASSIFIER DSP_INPUT FRAME SIZE] ={ 0},

for (size_tix = 0; ix < EI_CLASSIFIER_DSP INPUT FRAME_SIZE; ix += 3) {
// Determine the next tick (and then sleep later)

uint64 t next_tick = micros() + (EI_CLASSIFIER INTERVAL_MS * 1000);

//bufferlix] = myIMU.readFloatAccelX();
//bufferlix+1] = myIMU.readFloatAccelY();
//buffer[ix+2] = mylMU.readFloatAccelZ();

buffer[ix] = myIMU.readFloatGyroX();
buffer[ix+1] = myIMU.readFloatGyroY();

146
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buffer[ix+2] = myIMU.readFloatGyroZ();

for (inti=0;i<3;i++){
if (fabs(buffer[ix + iI) > MAX_ACCEPTED RANGE) {
buffer[ix + i] = ei_get sign(buffer[ix + il) * MAX_ACCEPTED_ RANGE;

bufferfix + 0] *=~ CONVERT G TO MS2;
bufferlix + 1] *= CONVERT G TO MS2;
bufferlix + 2] *= CONVERT G _TO_MS2;

delayMicroseconds(next_tick - micros());

// Turn the raw buffer in a signal which we can the classify
signal_t signal;
int err = numpy::signal_from_buffer(buffer, EI CLASSIFIER_DSP_INPUT_FRAME_SIZE,
&signal);
if (err 1= 0) {
ei_printf("Failed to create signal from buffer (%d)\n", err);

return;

// Run the classifier

ei_impulse result tresult ={ 0}

err = run_classifier(&signal, &result, debug nn);
if (err I= EI_IMPULSE_OK) {
ei_printf("ERR: Failed to run classifier (%d)\n", err);

return;
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// print the predictions
ei_printf("Predictions ");
ei_printf("(DSP: %d ms., Classification: %d ms., Anomaly: %d ms.)",
result.timing.dsp, result.timing.classification, result.timing.anomaly);
ei printf(": \n");
for (size tix = 0; ix < EI_CLASSIFIER_LABEL_COUNT; ix++) {
ei_printf("  %s: %.5\n", result.classification[ix].label, result.classification[ix].value);
}
#if EI_CLASSIFIER HAS ANOMALY == 1
ei_printf("  anomaly score: %.3f\n", result.anomaly);

#Hendif

/*if (result.classification[1].value > 0.5) {
digitalWrite(RED_ledPin, LOW);
digitalWrite(BLUE ledPin, HIGH); // idle red
digitalWrite(GREEN_ledPin, HIGH);
u8x8.setFont(u8x8 font_amstrad cpc_extended r);
u8x8.drawstring(2,3,"idle");
u8x8.refreshDisplay();
delay(2000);

if (result.classification[0].value > 0.5) {
digitalWrite(RED _ledPin, HIGH); //\eft&right blue
digitalWrite(BLUE_ledPin, LOW);
digitalWrite(GREEN _ledPin, HIGH);
u8x8.setFont(u8x8 font amstrad cpc_extended r);
u8x8.drawstring(2,3,"left");
u8x8.drawstring(2,4,"right");
u8x8.refreshDisplay();
delay(2000);
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if (result.classification[2].value > 0.5) {
digitalWrite(RED _ledPin, HIGH);
digitalWrite(BLUE ledPin, HIGH);
digitalWrite(GREEN _ledPin, LOW); //up&down green
u8x8.setFont(u8x8 font amstrad cpc_extended r);
u8x8.drawstring(2,3,"up";
u8x8.drawstring(2,4,"down");
u8x8.refreshDisplay();
delay(2000);
¥/

Tngliaeude library Widude library lnanun

P4 #include <Magic_Wand_Test_inferencin.g.h>|

e e S e e T i Lo a e e v

28 #include <Wire.h>

30 #define CONVERT G_TO_MS2 9.80665F
31 #define MAX ACCEPTED RANGE 2.0f // starting 03/2022, models are generated setting range to +-

A il 4.206 Fhegensiudey Library
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o Upload code asuasauaziln Serial port JUAAINARNGTLAINNITAIALAINIGN

@ CoM12 — O x

| Send

D: 0.1Z8%81
1: 0.33203
idle: 0.53906

Starting inferencing in 2 seconds...

Sampling. ..

Predictions (DSP: 45 ms., Classification: 0 ms., Anomaly: 0 ms.):
0: 0.2031z2
1: 0.12500
idle: 0.€7188
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4.6 nsunluszenald

magdnvilaideniiazihdsiladnwunaiaduiuuiiassssuunsmunuaenlniiedes
Ingi1uesa Arduino nano 33 BLE 7ilafnds code wag Wwanldlunmsiuidesnyadudes Wauay
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