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SYNTIANT

TinyML Tutorial

1 Target Audience

This tutorial is intended for users of the Syntiant TinyML board who are:

e Subject matter experts with limited knowledge of Artificial Intelligence (Al) system design

o Professional firmware developers getting into Al system design

o Professors, students, Al enthusiasts and hobbyists

2 Prerequisites and Materials
Experience with the following is recommended for this tutorial:

e Basic knowledge of Artificial Intelligence, Neural Networks and TensorFlow
e Windows 10 compatible laptop

e A Chrome web browser is recommended

e Account with Edge Impulse

e Syntiant TinyML board

e Micro-USB cable to connect your Laptop/PC to the TinyML board
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3 Tutorial Coverage
What is covered in this tutorial:

e Collecting data for testing
e Training a neural network

e Testing a neural network in a software flow

SYNTIANT

e Creating a voice controlled remote car controller which responds to two speech commands: “Go”

and “Stop”, using the Syntiant TinyML board

What is not covered in this tutorial:

e Collecting data for training
e Data alignment and annotation

e Automatic posterior parameter search

e Testing for False Rejection Rate (FRR) or False Acceptance Rate (FAR) within the software flow

e Optimization for FRR
e Optimization for FAR
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4 Tips for this Tutorial
Through the course of this tutorial, you will need to click on multiple GUI buttons:

e An arrow with a solid line which you click the mouse on the application:

Sign for clicking

e An arrow with a dotted line is used to indicate verification of a step:

Sign for verification

Text color and font usage

e Warning text is written in red color
e Blue fext in italics font is used to represent text used “as is” in other documentation, software etc.

Please note that the screenshots might differ from what is published in this tutorial, based on the specific
operating system revision loaded on your computer. In the unusual case where you run into issues completing
this tutorial, please contact tinyml@syntiant.com for help. There is also a FAQ published which might provide
additional support as well
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5 Syntiant TinyML board Block Diagram

The block diagram of the Syntiant TinyML board is shown in the figure below

| v
LiPo 5.5V 0.9V
Conn. PMIC H FET ]—» Headers 3.3VLDO DO
F Y F
12C aTG GPIOs VDD vDDID
k.
Micro SAMD21
NDP101
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F Y Iy FY
5Pl GPIOs Reset GPIO SPI
" v k. k. k.
Micro NOR RGB Reset Switch Accel Micro-
SD Flash LED Button Port Gyro phone

D Power [:] Processors
C] Connectors C] Other components

D Microphone/Sensors
Figure 1 Syntiant TinyML Board Block Diagram
Key features of the Syntiant TinyML board include:

e Neural Decision Processor: NDP101
e Host processor: SAMD21 Cortex-M0+ 32bit low power ARM MCU, including
o 256KB flash memory
o 32KB host processor SRAM
e Board power supply: 5V micro-USB or 3.7V LiPo battery
e Digital 1/0s compatible with Arduino MKR series boards
e 1 UART interface (included in the digital 1/0 Pins)
e 1 12C interface (included in the digital 1/0 Pins)
e 2MB on-board serial flash
e 48MHz system clock
e One user defined RGB LED

e uSD card slot (uSD card not included)
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e BMI160 6 axis motion sensor

SPH0641LM4H microphone

6 Syntiant TinyML board Annotation

The annotation of the Syntiant TinyML board is illustrated in the figure below

.@@@.@@@O’ RGB LED

Headers 1
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PDM MIC . 1 &5 3.2 = ) n
Hole SYNTIANT £ W8 Serial Flash - = r’q i}
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Decision Host processor
Processor usbD
card
Motion Battery slot
sensor Charger
BMI160
Orange LED User
Supol Switch
upply b
Indication  JSB pPort
Green LED connector
Switch
LiPo Battery Reset
Connector Switch GND
Top side Bottom side
Figure 2 Syntiant TinyML Board Annotation
. . D-00129-PSR01-2135
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7 Tutorial Overview
There are 3 sections to completing this tutorial:

1. Machine Learning
This section is common for all operating systems

2. Deployment
3. Real-Time Testing

SYNTIANT
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8 Section 1 — Machine Learning

SYNTIANT

In this section you will learn to how to generate a neural network model which will work the Syntiant TinyML board.
Start by cloning the Go/Stop Project from the Edge Impulse website by following these steps

e Click on this link: Tutorial: Syntiant-RC. A new browser window will open as shown below.

e Click on Clone this project. If you have not logged in to your already existing Edge Impulse account, it will
ask you to create a new account.

@ You are viewing a public Edge Impulse project. Clone this project to add data or make changes.

Y] Deployment

== EDGE IMPULSE
[ Dashboard
& Devices
Data acquisition
% Impulse design
@  Createimpulse
L]
]
@ E une
Retrain model
e classification
Model testing
P versioning

s omon

Edge Impulse Inc. / Syntiant-RC-Go-Stop

This is your Edge Impulse project. From here you acquire new training data, design impulses and train

models.

Creating your first impulse (100% complete)

E 3 Acquire data
i |

o LET'S COLLECT SOME DATA

e Design an impulse

readings.

P Clone this project

Summary
DATA COLLECTED
2h 54m 52s

Project info
Project ID 42868

Project version 1
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SYNTIANT

e On the next screen, click on Clone this project. Allow 5-10 minutes to clone the project into your
user account. Confirm Clone succeeded.

©

Clone this project

You're one step away roject. Enter a name for the

d

Syntiant-RC-Go-Stop

Cancel Clone this project

Clone succeeded

You're now ready to build your next embedded Machine Learning project!
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Review of the Cloned Project

SYNTIANT

The cloned project is ready and can be downloaded on the Syntiant TinyML board. However, we will redo some of
the steps so that you can get familiar with the process. We will start with exploring the Data acquisition by following

these steps

e Select the Data acquisition option in the left menu. You will see the right panel change. Click the

filter your data button.

=~ EDGE IMPULSE

[ Dashboard
J Devices
£ Data acquisition

A Impulse design
@®  Createimpulse
® Syntiant
@® NN Classifier
@ EON Tuner
Retrain model
73 Live classification
Model testing
I* Versioning

a¢ Deployment

DATA ACQUISITION (SYNTIANT-RC-GO-STOP)

@ Did you know? You can capture data from any device or development board, or|

DATA COLLECTED LABELS \
2h 18m 36s 3 AT
Collected data X

SAMPLE NAME LABEL D LENGTH

z_openset.helloworl... z_openset Jul 28 2021, 07:... 1s
z_openset.helloworl... z_openset Jul 28 2021, 07:.... 1s
z_openset.helloworl... z_openset Jul 28 2021, 07:... 1s
z_openset.helloworl... z_openset Jul 28 2021, 07:... 1s
z_openset.helloworl... z_openset Jul 28 2021, 07:... 1s
z_openset.helloworl... z_openset Jul 28 2021, 07:... 1s
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SYNTIANT

e Now you should see data in the right panel, filtered by label. Unselect stop and z_openset. Click
on the first sample name, which is a sample of the “Go” classifier.

@

2h 18m 36s

Collected data

Apply filters

By label

go.record now.24ul... go

Record new data

3 )

# No devices connected to the remote management
v
RAW DATA
[‘clear filers ] go.record now.24ulgmvq.ingestion-
By name
By length
® ®
L o J

By signature validity

Valid & invalid signatures v

0:03/0:03  e—
Jul 28 2021, 07: L2

[ == connect using webuss

75878d6744-47qf...

i

e Now you will see the first audio sample for “Go” in the right window. Click the play button. You will

hear the “Go” sound.

o

2h 18m 36s

Collected data

Apply filters

Record new data

] Q

B No devices connected to the remote man,

RAW DATA

Clear filters |

agement AP,

go.record now.24u1gmvq.ingestion-75878d6744-47¢f...

& Connect using WebUSB

80 (2872
By length
a [ so00n |
go.record now24ul... go jul 28 2021, 07, > 003008 ——— @ |
©2021 Syntiant Corp www.syntiant.com D-00129-PSR01-2135
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Next, start the impulse design:

SYNTIANT

e Click on Create impulse. The right panel will change to what is shown below.

O Dashboard
& Devices
8 Data acquisition
A Impulse design
®  Createimpulse
®  Syntiant
@ NN Classifier
@ EON Tuner
# Retrain mode
73 Live classification

Model testing

I Versioning

@ Deployment

GETTING STARTED

- EDGE IMPULSE

Time series data e

Axes

audio

Window size

—

Window increase

*

Zero-pad data
v

CREATE IMPULSE (SYNTIANT-RC-GO-STOP)

Audio (Syntiant) o

Name

Syntiant

Input axes

audio

Neural Network
(Keras)

Name

Input features

(v] Syntiant

Output features

3 (go. stop. z_openset)

@ -

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

Output features °

3 (go, stop, z_openset)

e Delete the Audio (Syntiant) and Neural Network (Keras) blocks by clicking on the trash icon in the
bottom right corner of each.

O Dashboard
& Devices
& Data acquisition
& Impulse design
®  Create impulse
®  syntiant
L] NN Classifier
@ EON Tuner
# Retrain mode
73 Live classification

Model testing
¥ Versioning

& Deployment

GETTING STARTED

== EDGE IMPULSE

Time series data

Axes
audio
Window size ®
— 9

968 ms.
Window increase

-

Zero-pad data

v

CREATE IMPULSE (SYNTIANT-RC-GO-STOP)

Audio (Syntiant) o

Name

Syntiant

Input axes

audio

Neural Network
[CEED)]
Name

Input features

(v] Syntiant

Output features

3 (go. stop, z_openset)

Q@ -

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

Output features °

3 (go, stop, Z openset)

©2021 Syntiant Corp

www.syntiant.com

D-00129-PSR01-2135
TinyML Tutorial for Windows 10

Page |13




TinyML Tutorial

o Next, click on Add a processing block. A new window will pop up.

== EDGE IMPULSE CREATE IMPULSE (SYNTIANT-RC-GO-STOP)

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

Time series data
A Impulse design

®  Create mpulse

Window increase
.
L ]
ol ficatior
s Zero-pad data
Pove
@ Deployment

SYNTIANT

QOutput features °

e Scroll and select Audio (Syntiant), then click Add.

% Add a processing block

DESCRIPTION

Audio (Syntiant) et

Syntiant only. Compute log Mel-filterbank energy features from an
audio signal,

Flatten

Flatten an axis into a single value, useful for slow-moving averages like
temperature data, in combination with other blocks.

Image

Preprocess and normalize image data, and optionally reduce the color
depth.

Audio (MFCC)

Extracts features from audio signals using Mel Frequency Cepstral
Coefficients, great for human voice,

Audio (MFE)

Extracts a spectrogram from audio signals using Mel-filterbank energy
features, great for non-voice audio.

Spectral Analysis

Great for analyzing repetitive motion, such as data from
accelerometers. Extracts the frequency and power characteristics of a

AUTHOR

Edgeimpulse Inc.,

Edgeimpulse Inc.

Edgeimpulze Inc.

Edgeimpulse Inc.

Edgelmpulse Inc.

Edgeimpulse Inc.

RECOMMENDED

! Add |
[ Add |
i..ﬂ.dd )

| Add |

! Acd |

| Add |
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e Click Add a learning block.

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

Add a learning block

Time series data Audio (Syntiant) °
Axes Name
audio Syntiant
Window size
Input axes
—_—
audio

Window increase

h

Zero-pad data
v

L]

SYNTIANT

e Choose Classification (Keras) from another popped-out window. Click Add.

&4 Add alearning block

Some learning blocks have been hidden based on the data in your project.

DESCRIPTION

Classification (Keras)

Learns patterns from data, and can apply these to new data. Great for
categorizing movement or recognizing audio.

Regression (Keras)

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

AUTHOR RECOMMENDED

Edgelmpulse Inc.

Edgelmpulse Inc.

Add

Cancel
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e Click on Save Impulse

- EDGE IMPULSE

O Dashboard

B Devices

& Data acquisition

Retrain model

7 Live classification
@ Model testing

P Versioning

& Deployment

CREATE IMPULSE (SYNTIANT-RC-GO-STOF)

4\ Successfully stored impulse. Configure the signal processing and leaming blocks in the navigation bar.

Time series data e

Window increase

E ]

Zero-pad data
v

Audio (Syntiant) o

L]

Classification o
(Keras)

4 Impulse design
®  Create impulse Axes Name Name 3 (go, stop, z_openset)
audio Syntiant NN Classifier
@ a
Window size
Input axes Input features
® NN T ) ; L Save Impulse
audio ) Syntiant
@ EON Tuner -

Output features

3 (go. stop, z_openset)

SYNTIANT

Output features °

e Confirm “Successfully stored impulse. Configure the signal processing and learning blocks in the

navigation bar”. before proceeding. You will notice that the bullets in front of Syntiant and NN
Classifier turned from green to gray

—_ p STOP)
=" EDGE IMPULSE CREATE IMPULSE (SYNTIANT-RC-GO-STOP)

O Dashboard

4\ Successfully stored impulse. Configure the signal processing and leamning blocks in the navigation bar.

& Devices
& Data acquisition
Time series data e Audio (Syntiant) o Classification o Output features °
4 Impulse design (Keras)
®  Createimpulse Axes Name Name 3 (go, stop, z openset)
s ° a
Window size
audio (] Syntiant
EON Tuner
Retrain madel Wi e Output features
* 3 (go, stop, Z_openset)
73 Live classification
@ Model testing Zero-pad data
s e
I Versioning L]
@ Deployment
. . D-00129-PSR01-2135
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SYNTIANT

e Select Syntiant in the left panel. Note the spectrogram of the sample on the right side. By clicking

on the play button, you will hear “Hello world”, which Is an open set sample.

—
— g P)
—- EDGE IMPULSE SYNTIANT (SYNTIANT-RC-GO-STOP)
#1~ Click to set a description for this version
Generate features
Raw data P i) —— ) B 2_openset.helloworld.mauriciowav.Inc v
€ Dataacquisition 2
W Impulse desigr
®  Createimpulse
®  Syntiant
@ NN Classifie
@ EONTuner Raw features DSP result
Retrainmodel 45,55, 3 2,1,0, -3, -1 1 1,0 Spectrogram
7 Live classificatior
fel test Parameters
P Versioning Log Mel filterbank energy features
@ Deployment
Frame length 0022 ko
GETTING STARTED Frame stride 0.024
£l Documentation Filter number 2
% Forum:
FFT length 512 Processed features
Low frequency 0 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0600, 0.000.
High frequency 0
Preemphasis
Coefficient 0.96875
. Scroll down and click on Save parameters.
&  Deployment
u et Frame length 0032
GETTING STARTED Frame stride 0.024
a0 PR Filter number )
®  Forum
FFT length 512 Processed features
Low frequency 7 0.0000, 0.0000, ©.8600, 0.200, 0.00
High frequency 0
Preemphasis
Coefficient 0.96875
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SYNTIANT

e Click on Generate features. Allow 5-10 minutes for this computing-intensive step to finish.
Confirm job completed. A three-dimensional database should have been generated. It shows the

clusters and their separation by classifiers.

SYNTIANT (SYNTIANT-RC-GO-STOP)

#1 > Click to set a description for this version

Parameters Generate features

Training set

Data in training set 2h 18m 36s

Classes 3(go, stop, z_openset)

Window length 968 ms.
Window increase 484 ms.
Training windows 7,360

Generate features

Feature generation output

completed @ / 500 epochs
completed 50 / 5@ epochs
completed 100 / 500 epochs
completed 156 / 500 epochs
completed 200 / 500 epochs
still running...
completed 250 / 500 epochs
completed 300 / 500 epochs
completed 350 / 500 epochs
completed 480 / 500 epochs
completed 450 / 500 epochs
Sun Aug 8 23:31:18 2021 Finished embedding
+., Reducing dimensions for visualizations OK

- completed

‘ atushee

Feature explorer (9,690 samples)

X Axis Y Axis Z Axis

Visualizatior v Visualizatior v

® go
® stop
® 7 openset

45 \
4
3.5 ‘
3
25 H
o
15 ‘
\ |
o6 o

Visualizatior v
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e Select NN Classifier. The right panel will change.

- EDGE IMPULSE

W

r

Dashboard

Devices

Data acquisition

Impulse desigr

®  Createimpulse

®  Ssyntiant

® NN Classifier

EON Tuner

Retrain model

Live classification

Model te

Versioning

Deployment

GETTING STARTED

a9

)

Documentation

Forums

NN CLASSIFIER (SYNTIANT-RC-GO-STOP)

#1 > Click to set a description for this version
Neural Network settings
Training settings
Number of training cycles @ 100

Learning rate ® 0.0005

Audio training options

Data augmentation @
Add noise @ None Low High
Mask time bands ® None Low High
Mask frequency bands @ None Low High

Warp time axis @

Neural network architecture

Input layer (1,600 features)

Dense layer (256 neurons) ‘

Dropout (rate

Dense layer (256 neurons) ‘

Dropout (rate 0.2) ‘

Dense layer (256 neurons)

Output layer (3 features)
Start training

SYNTIANT

Training output -

Converting Tens w Lite ints quantized model with float32

input and output...
Converting Tensorflow Lite ints quantized model with ints
input and output...

Calculating performance metrics...

Profiling float32 model...

profiling float32 model (tflite)...

Profiling float32 model (EON)

profiling ints model...

profiling ints model (tflite)...

Profiling ints model (EON)...

rodel training complete

30b c

Model Model version: @ | Quantized (int8) ~

Last training performance (validation set)

ACCURACY Loss
98.7% 0.08

Confusion matrix (validation set)

o om
2 openser osm os%

Feature explorer (iull training set) @

°
°
.
.
.
.

go- correct
stop - correct
2_openset - correct
go-incorrect

stop - incorrect

zopesetnorc N

2
g \2 | 45éo
P n/ws sa 5 .
eation jaye, . S N a o

e Check the box for Data augmentation, then choose the Low setting under both Add Noise and Mask
time bands. Choose None for Mask frequency bands. Do not check Wrap time axis
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SYNTIANT

= EDGE IMPULSE NN CLASSIFIER (SYNTIANT-RC-GO-STOP)
#1 v Click to set a description for this version

Neural Network settings : Training output -

® 0O
Training settings
=
Number of training cycles ®
. Learning rate @
B

® NN Classifier

Data augmentation ®

N Tur

Add noise ® none [TBW] High
Mask time bands @ wone [ESR] wien
Model Model version: @ | quantzed (mi®) =
Mask frequency bands ® Wona] Low | High
Last training performance ol sct
¥ Versionin Warp time axis ®
@ Deployment 0 A 2 ss
Neural network architecture 2B7% 0:08

Confusion matrix wiidation set)

Input layer (1,600 features)

Output layer (3 features)

Hint: The checkmark for step 2 is very faint, as shown in the image directly below. It is aligned with the
boxes to get values for Number of training cycles and learning rate. You may have to look from different

angles to locate it (it helps to look for the slight shadow around the bottom and sides).

e Click on Start training. Allow 10-15 minutes for this computing-intensive job

Data augmentation &

Job completed before proceeding. Review Accuracy and Confusion matrix

== EDGE IMPULSE NN CLASSIFIER (SYNTIANT-RC-GO-STOP)
#1 > Click to set a description for this version

Neural Network settings : Training output -

Training settings

Number of training cycles ® 100

®  createimpul Learning rate @ 00005

Audio training options

Data augmentation @
Add noise ® None Low  High 3
Mask time bands ® None Low  High
Model Model version: ® [ quantized int) < |
Mask frequency bands ® None Low High
Last training performanc
14 Warp time axis @
e ACCURACY
& D
Neural network architecture 987%
e RESTARTEG Confusion matrix (vaidation set
Input layer (1,600 features)
a ntation
- D

Feature explorer (vl aining st ®

Output layer (3 features)

| [ em

. Confirm that it says
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9 Section 2 — Deployment

SYNTIANT

In this section you will learn how to deploy the neural network model into the Syntiant TinyML board.
e Click on Deployment. The right panel will change. Click on Syntiant TinyML. Click on Find posterior

parameters.

=- EDGE IMPULSE I

Devices

£ Data acquisition

A Impulse design
®  Createimpulse
®  syntiant

® NN Classifiel

® EON Tuner

Retrain model

Live classification

Model testing

P Versio

@ Deployment

GETTING STARTED
7 Documentation

® Forums

Deploy your impulse

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.

Create library

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

Build firmware

Or get a ready-to-go binary for your development board that includes your
impulse

Configure posterior parameters
Posterior parameters define the thresholds at which a model activates for
words or other audible events. You'll need to set these parameters before

you can deploy your model.

| # Find posterior parameters |

In the Find posterior parameters window, check only the go and stop classifiers.

go
stop

#. Find posterior parameters

O z_openset

No calibration (fastest)

Select the key words or audible events that you want to detect @

Select a calibration dataset, you can either use a reference dataset, or upload your own (instructions)

©2021 Syntiant Corp
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e Click on Find parameters. Allow 5-10 minutes to complete

#. Find posterior parameters

Select the key words or audible events that you want to detect @
go
stop

O z_openset

Select a calibration dataset, you can either use a reference dataset, or upload your own (instructions)

No calibration (fastest) v

Find parameters

e Confirm that it shows Job completed.

#. Find posterior parameters

Best quantization arguments: (None, (‘uniform®, 4, 'min’), None, (‘uniform’, 4, "min'), None, (‘uniform-’,
4, ‘min’), None, (‘uniform”, 4, ‘min’), None)
Found posterior parameters:
go:
Best FRR: ©
Best FAR: @
Best Posterior Handler Parameters:
smoothing: 1
Threshold: o.7
Window: 5
stop:
Best FRR: @
Best FAR: @
Best Posterior Handler Parameters:
Smoothing: 1
Threshold: @.7
wWindow: S
Wrote output to /hgme/output.json

Job completed

©2021 Syntiant Corp
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SYNTIANT

In your Windows 10 Laptop/PC, first start by installing Arduino CLI so that you can upload the SAMD21 firmware.

Choose the appropriate download file (e.g. Windows 64 bit)

Download

Linux ARM
Windows

Mac 08X

Latest packages

Pre-built binaries for all the supported platforms are available for download from the links below.

If you would like to use the arduino-c1i command from any location, extract the downloaded
file to a directory already in your paTH or add the Arduino CLI installation path to your pATH

environment variable.

ws 32 bit Windows 64 bit
Mac 0SX

Click on the link Installation — Arduino CLI to download Arduino CLI

Create a new directory called Arduino_CLI in your computer under Documents. If you wish to

create this directory elsewhere, then remember the directory location for the next step.

Extract the downloaded file arduino-cli_0.18.1_Windows_64bit.

< | Documents

Home Share View

% cu T New itern - 5 [ open -
e « X T B v P
S5 Copy path ¢ | 7 Easy scoess - | L edit
Pinto Quick Copy  Paste Move Copy | Delete Rename  New Properties
accoss [#] Paste shortcut o~ w0~ - s -
Clipboard Organize New pen
« © 4 > ThisPC > Documents
Arduino_CLI
N

B setectan

R History | B invert setection

Select

13}

Browse to find the Arduino CLI you just created.

Right-click on the download file, then select Extract all in the drop-down menu

¥

e Click Extract.

A0+ Edrat
Home Share View Cempressed Folder Tools
B [ e B X =t
= % Copy path R
into Quice Copy  Pase ) Move Copy  Delewe Rename
i [ pastesheran " RS
Clipooard Orgarize
« v 1 & > ThisPC » Downloads
2 [ Neme
s Quick access
v 2
 Desktop oo
J Downloads
=) . » M

1 Bxtract Compressed (Zipped) Folders

7 Newitem ™ ) B
1] easyaccess ~ o
New ! Froperties Select a Destination and Extract Files
folder v ighistory.
New Open Files will be extracted to this folder:
v U O SearchDownloads CiUsers\atul\Documents'Arduinc_CLI

[ Show extracted files when complete

V1 | arcino-ci 0.18.1 Windows 64bit

Browse...
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e Confirm that the file is extracted in the directory. Ensure that the arduino-cli application and
LICENSE files are saved directly under the Arduino_CLI directory and not under any other

Y = | ArduinoCll
Home Share View
[Fit .
cut Newitem = Open ~ F selectall
» O X =] ] Boe- B
Wil Copy path 7] Easy access ~ — Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename  New Properties 5 §
access ; [#] Paste shortcut oo e - folder . lpHistory [ Invert selection
Clipboard Organize New Open Select
« v 4 1 > ThisPC > Documents > Arduino CLI v U 9 SearchArduino ClI
Email attachments A [0 Name Date modified Type Size
Pictures . e
] arduino-cl 4/21/202110:01 AM Application 30,414 KB
Public [ LICENSE 4/21/2021 1001 AM Text Document 35K8
B Tlie e v
2 items

Next, add Arduino CLI to the environment path:
e Type edit environment variables for your account in the search window in the bottom left corner.
The suggestion to open the window Environmental variables will appear.

L Type here to search

edit environment variables for your account

e Right click on the Path row.

Variable Value
CARBON_MEM_DISABLE 1
OneDrive CUsers\atul\OneDrive
OneDriveConsumer CUsers\atul\OneDrive
> Path cu MppData\L
TEMP C\Users\atul\AppData\Local\Temp
_l/ ™P C\Users\atul\AppData\Local\Temp

User variables for atul

System variables

Variable
ComSpec
DriverData

os
PATH
PATHEXT

NUMBER_OF PROCESSORS 8

PROCESSOR_ARCHITECTURE AMD64
PROCFSSOR IDFNTIFIFR

Edit...

<

Value A
CAWINDOWS\system32\cmd.exe
C:A\Windows\System32\Drivers\DriverData

Windows_ NT
CAProgram Files\nodejs\

COM;EXE; BAT; CMD;.VBS; VBE; JS;JSE.WSF; WSH;.MSC

Intel64 Family 6 Model 142 Stennina 11. Genuinelntel

New... Edit Delete

oK Cancel

e Click on Edit. A new Edit environment variables window will open.
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e Click on New. A new row will be added.

Edit environment variable X
%USERPROFILE%\AppData\Local\Microsoft\WindowsApps New
C\U: tulAppData\Local\ Microsoft VS Code\bin
CAU: tul\AppData\Roaming\Mi i Menu\P... Edit
c\windows\system32
CA\Users\atu\AppData\Roaming\npm

Browse...
Delete
Move Up
Move Down
Edit text...

Type C:\Users\atul\Documents\Arduino_CLI in the new row. Replace appropriate username.
Hint: Windows will not show the full path starting from C:. Left click in the explorer window to show the full
path. Ensure that you have the same address as where the arduino-cli app file is located.

e Click on OK to save.

Edit environment variable

X
New
C:\Users\atul\AppData\Local\Programs\Microsoft VS Code\bin
CA\U: tul\AppData\Roami icrosoft\Wi Menu\P... o
c\windows\system32
C:\Users\atu\AppData\Roaming\npm
Browse...
C:\Users\atul\Documents\Arduino_CLI
Delete
Move Up
Move Down
Edit text...
. . D-00129-PSR01-2135
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e Click on OK to save. Reboot the computer.

:C\Users\.

TEmP
™

tulAppData\Local\

Variable Value

Comspec CAWINDOWS\system32\cmd.exe
DriverData CAWindows\system32\Drivers\DiiverData

NUMBER_OF_PROCESSORS 8

PROCESSOR ARCHITECTURE. AMD64

PROCFSSOR IDFNTIFIFR  Intel6d Family & Mocdel 142 Stenning 11. Genuinelntel

Temp
jsers\atulAppData\Local\Temp.

E

SYNTIANT

After your computer reboots, open a CMD window and enter arduino-cli. It should print several lines starting with
text “Arduino Command Line Interface (arduino-cli)” confirming that the path of arduino-cli is set properly.

The next steps outline how to connect the Syntiant TinyML board to your computer:

e Connect the Syntiant TinyML board to your computer via the USB port.

Command Prompt

e The green LED on the TinyML board should be solidly lit. The orange LED is solid or flashing.

e The RGB LED will blink in the following sequence:

e Dark for about 5-7 seconds after being plugged in to the USB port. It will blink blue for less than
a second. Then it will be dark for about 3 seconds. It will once again blink blue for less than a

second

e Red for about 2 seconds

e Green for another 2 seconds

e Once the green light turns off, it is ready to detect factory programmed keywords.

In order to test the hardware after unboxing, following these steps:
e Say “Alexa, play music”. You should see a purple light turn on.

In rare cases, your accent may not be recognized by the system, despite several attempts. In such a situation, play the
“Alexa, play music” wav file at this link. Warning: Once you reflash any program, the factory installed “Alexa, play music”

model will no longer work.
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Next check which COM port number is assigned to the hardware.
e Search for control panel in your computer, and open the control panel

A2 Type here to sear€  “control panel”

e Select Hardware and Sound

Adjust your computer's settings View by: Category ~
System and Security ; User Accounts
»
Review your computer's status a E;; Change account type
Save backup copies of your files with File History
aEn
Backs d Rest Wind 7 mEEs - -
ackup and Restore (Windows 7) %' Appearance and Personalization
\' Network and Internet ~=
View network status and tasks _.‘ Clock and Region
; '*/ Change date, time, or number formats

7 Hardware and Sound

%‘ View devices and printers Ease of Access
Add a device @

Let Windows suggest settings

Adjust commonly used mobility settings Optimize visual display

Programs
[‘] Uninstall a program

. . D-00129-PSR01-2135
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Make sure that the Syntiant TinyML board is plugged in to your computer.

e Click on Device Manager

SYNTIANT

Control Panel Home

System and Security
Network and Internet

Hardware and Sound
Programs
User Accounts

Appearance and
Personalization

Clock and Region

Ease of Access

Devices and Printers
9 Add a device
Change Windows To Go startup options

S

Advanced printer setup | Mouse GDev'\ce Manager

AutoPlay

) Change default settings for media or devices | Play CDs or other media automatically

Sound

Adjust system volume | Change system sounds =~ Manage audio devices

Power Options
Change battery settings

W < M

Change what the power buttons do
Choose a power plan

Windows Mobility Center

Adjust commonly used mobility settings

Edit power plan

Adjust settings before giving a presentation

Pen and Touch
Change tablet pen settings

Turn flicks on and off | Set flicks to perform certain tasks

Change touch input settings

Tablet PC Settings

Calibrate the screen for pen or touch input

I

Set tablet buttons to perform certain tasks

Choose the order of how your screen rotates | Specify which hand you write with

Intel(R) Rapid Storage Technology

@

Change when the computer sleeps

e Click the arrow symbol to unfold the sub menus for Audio inputs and outputs

A Device Manager

File Action View Help
e B E Bm B
v & Syn0024

vl Audio inputs and outputs
= Microphone (8- TinyML)
E Microphone (Realtek(R) Audio)
iy Speakers (2- Dell USB Audio)
| Speakers/Headphones (Realtek(R) Audio)
E Batteries
| Biometric devices
B Bluetooth
@ Cameras
= Computer
== Digital Media Devices
w Disk drives
& Display adapters
! Firmware
v Human Interface Devices
-\I\- Imaging devices
= Keyboards
u Mice and other pointing devices
[Z3 Monitors
¥ Network adapters
#§ Ports (COM & LPT)
ﬁ Standard Serial over Bluetooth link (COM3)
E Standard Serial over Bluetooth link (COM4)
# USB Serial Device (COM27)
[ Print queues
= Printers
I Processors
B9 Security devices

<

[0 Sensors

e Click the arrow symbol to unfold the sub menus under Ports (COM & LPT). Note how many Audio
inputs and outputs you have, and also which COM port number is assigned to the board under Ports

(COM & LPT).

You can unplug the board and then plug it back in if needed to see which COM port it shows up in.
If you see an orange triangle with an exclamation point in the center (as shown below), please follow USP Port

Issue of the Troubleshooting section.
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v @ Ports (COM & LPT)

& Arduino MKRZERO (COM4)
@ USB Serial Device (COM3)

SYNTIANT

Now that we are done with our Windows 10 setting, we are ready to click on build. For this, you will need to be back
where we left off on the first page of the deployment section (you should be logged in to Edge Impulse, in the Deployment

section and with posterior parameters set).

e Continuing from the initial deployment page, click on Build. This may take 5-10 minutes to

complete

o @

[

=- EDGE IMPULSE l

ashb:

% Deployment

Deploy your impulse

Create library

Turn your
device.

impulse into optimized source code that you can run on any

Build firmware

Or get a ready-to-go binary for your development board that includes your
impulse

Configure posterior parameters

£ Documentat

ameters define the thresholds at which a model activates for
evel i to set these parameters before

e Confirm that there is a pop-up window showing Built Syntiant TinyML Firmware with a green

check mark

Built Syntiant TinyML firmware

Click on the script for your operating system to flash the binary.

[ aureleq — flash_mac.command — 93x24

AirDrop e 98836 bytes to flash (

es)
100% (1545/1545 pages)
Recents,

Desktop
Documents
Downloads

aureleq
iCloud Driv

P y...truncating history files

0:00/0:09

Then, from your terminal or command prompt run: edge-impulse

e Check your download directory. You should see a file that looks like what is shown below
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~ Today (1)

syntiant-rc-go-stop-syntiant-ndp101-v19.zip

50

e Unzip the file. It should generate the directory for flashing the Syntiant TinyML board

syntiant-rc-go-stop-syntiant-ndp10...

|:| Name

~

ndp10x_flash
2 ei_model.bin
ei_model.synpkg
2 firmware.ino.bin
& firmware.ino.with_bootloader bin
@ flash_linux.sh
\j flash_mac.command

flash_windows.bat

v O

Date modified

8/9/2021 1:55 AM
8/9/2021 1:55 AM
8/9/2021 1:55 AM
8/9/2021 1:55 AM
8/9/2021 1:55 AM
8/9/2021 1:55 AM
8/9/2021 1:55 AM
8/9/2021 1:55 AM

P Search syntiant-rc-go-stop-syntiant-ndp101-v19

Type Size

File folder

BIN File 307 KB
Adobe Acrobat Docu... 273 KB
BIN File 97 KB
BIN File 105 KB
SH Source File 3 KB
COMMAND File 3KB
Windows Batch File 4 KB

Next, build the flashing download file.

¢ In Windows explorer, go to the place where you saved the download file

] Name

]

) ei_model
ei_model

+] firmware.ino

ller-syntiant-ndp101-v2 v O

ndp10x_flash

) firmware.ino.with bootloader
@ flash_linux
|j flash_mac.comman

flash_windows

/2 Search toy car_controller-syntiant-ndp101-v2

Date modified

4/19/2021 1:38 PM
4/19/2021 1:38 PM
4/19/2021 1:38 PM
4/19/2021 1:38 PM
4/19/2021 1:38 PM
4/19/2021 1:38 PM
4/19/2021 1:38 PM
4/19/2021 1:38 PM

Type

File folder

BIN File

Adobe Acrobat Docu...
BIN File

BIN File

SH Source File
COMMAND File
Windows Batch File

Size

307 KB
273 KB
75 KB
83 KB
3 KB

3 KB

4 KB

e You will see a Windows protected your PC warning. Click on More info

Windows protected your PC

ized app from
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e The window will change, displaying a new option that says Run anyway

Windows protected your PC
Microsoft Defender SmartScreen prevented an unrecognized app from
starting. Running this app might put your PC at risk.

App: flash_windows.bat
Publisher: Unknown publisher

) P

e Click on Run anyway

. . D-00129-PSR01-2135
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The flashing sequence takes about 30-40 seconds. The red LED will turn on several times. Check for the
successful execution messages.

Select CAWINDOWS\system32\cmd.exe —

You're using an untested version of Arduino CLI, this might cause issues (found: ©.18.1, expected: ©.13.x
Finding Arduino SAMD core v1.8.9...
arduino:samd 1.8.9 1.8.9 Arduino SAMD Boards (32-bits ARM Cortex-M@+)

(RZero OK at COM38
Flashing Arduino firmware...
Atmel SMART device @x16e1eee5 found
i : ATSAMD21G18A

: 1eeleees
: v2.0 [Arduino:XYZ] Apr 11 2019 13:69:53
: 8192
: 3968
: 64 bytes
: 248KB
1
: 16
! none
: false
1 true
: true
1 true
: FAST_CHIP_ERASE
: FAST_MULTI_PAGE_WRITE
1 CAN_CHECK MORY_BUFFER

done in ©.832 seconds
Write 98836 bytes to flash (1545 pages)

==] 180% (1545/1545 pages)
n ©.935 seconds

Verify 98836 bytes of flash with checksum.

Verify successful

done in @.111 seconds

CPU reset.

Flashed your Arduino MKRZero development board. Board restarting...

Waiting for © seconds, press CTRL+C to quit ...
Writing NN model to flash.
: 100% [
16731 (@x415b) 313608 bytes written in 17.121 sec, 146537 bits/s
: 100% [==
= 16731 (©x415b) 313608 bytes read in 4.400 sec, 570196 bits/s
Writing NN model OK
Press reset button to start the application
Press any key to continue . .

If you get series of error messages like 0x000000: read 0x04 != expected 0x01 then go to Flashing errors sub-section of
the Troubleshooting section.

D-00129-PSR01-2135
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10 Section 3 — Real Time Testing
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Now your Syntiant TinyML board is ready for a test drive. Remove the board from the USB cable and then plug it back in.

You should see the following sequence:
e The green light is lit solidly

e The orange light is either off, solidly lit or flashing

e The RGB light is dark for about 5-7 seconds after plugging in to the USB port

e The red LED turns on for about 2 seconds

e The green LED turns on for about 2 seconds

Once the green LED turns off, it is ready to test the “Go”and “Stop” keywords. If you say “Go” or “Stop”, the RGB LED

will turn green or red, respectively.
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11 Summary

Congratulations! With this tutorial, you have completed the entire flow to successfully program the Syntiant
TinyML board and test the results in real time. Thank you for taking the time to complete this tutorial.

12 Troubleshooting

In this section, we will go over the steps to troubleshoot and solve some potential issues with your USB port, as well
as some possible flashing errors.

12.1 USB port issue

In case you encounter issues related to your USB port, make sure that the USB Dongle is plugged into the computer.
e Click on Device Manager.

Control Panel Home

= Devices and Printers
md

System and Security Add a device | Advanced printer setup | Mouse !; Device Manager

Change Windows To Go startup options

Network and Internet

P Hardware and Sound B! AutoPlay
© Change default settings for media or devices = Pla ther media automatically
Programs
User Accounts ? Sound
Adjust system volume | Change system sounds ~ Manage audio devices

Appearance and
Personalization 3 Power Options
Clock and Region © Change battery settings =~ Change what the power buttons do | Change when the computer sleeps

Choose a power plan | Edit power plan

Y, Windows Mobility Center
* Adjust commonly used mobility settings | Adjust settings before giving a presentation

Ease of Access

Pen and Touch
Change tablet pen settings | Turn flicks on and off | Set flicks to perform certain tasks

Change touch input settings

ﬁ Tablet PC Settings
Calibrate the screen for pen or touch input | Set tablet buttons to perform certain tasks
Choose the order of how your screen rotates | Specify which hand you write with

@ Intel(R) Rapid Storage Technology

e Click on the arrow to open the drop-down menu under Ports (COM & LPT).

: . D-00129-PSR01-2135
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File

pw L

Jevice Manager

Action  View Help

&= # E HE B X®

i v syn0016

iy Audio inputs and outputs
E Batteries

%l Biometric devices

B Bluetooth

@ Cameras

3 Computer

- Disk drives

E& Display adapters

i Firmware

# Human Interface Devices
“= |DE ATA/ATAPI controllers
i3 IntelR) Dynamic Platform and Thermal Framework

U Mice and other pointing devices
[ Monitors

[ Network adapters

B Portable Devices

v & Ports (COM & LPT)

ﬁ Arduino MKRZERO (COME)
! USB Serial Device (COM7)
= Print queues
n Processors
87 security devices
[ Sensors

't Cafhuisra FAamnnnante

SYNTIANT

e Check to see if there is a symbol showing an exclamation point inside a yellow triangle in front of the
USB port that corresponds with the board.

v @ Ports (COM &LPT)

a - USB Sernal Device (COM3)
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e Right click on the port corresponding to the TinyML board and click on uninstall.

iy Device Manager

3]
18]

File Action View Help

& @ HE B X ®

n v ;...-_ syn0016

iy Audio inputs and outputs
3 Batteries

5| Biometric devices

B Bluetooth

| @ Cameras

3 Computer

w= Disk drives

& Display adapters

; Firmware

*= |DE ATA/ATAPI controllers

@ Mice and other pointing devices
[ Monitors
& Network adapters
@ Portable Devices
v & Ports (COM &LPT)
i & Arduino MKRZERO (COME6)
\ @ USB Serial Device (COM7)
[ = Print queues
n Processors

B9 Security devices
[ Sensors

'* Saftuisra Famnanante

i3 IntelR) Dynamic Platform and Thermal Framework

e A new window will pop up; check the box for Delete the driver software for the device, then click

Uninstall.

=

Uninstall Device

Arduino MKRZERO (COM6)

s

Waming: You are about to uninstall this device from your system.

7 /] Delete the driver software for this device.

X

cars

e Once the drive is removed, unplug the board, then plug it back in. It should work now.
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12.2 Flashing errors

In case you run into flashing error using Term, the following might help resolve the issue:
e First, download the Tera Term software here.

e Click on the Tera Term app in your computer. This software is a prerequisite, as mentioned in the
Prerequisites and Materials section of this tutorial.

Tera lerm

e Check the Serial option.

Tera Term: New connection e
@TCPHP Host: myhost.example.com u]
M History
Service: O Telnet TGP port#:
® SSH SSHversion: SSH2 v

O Other .
IP version: AUTO v

d? O Serial Port: COM3: Standard Serial over Bluetooth |

0K Cancel  Help

e Scroll down to the COM port assigned to the Syntiant TinyML hardware.
e Click OK.

D-00129-PSR01-2135
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Tera Term: New connection

O TCPHP myhost.example.com
History
22
lelnet
SSH SSH2
Other
AUTO
® Serial Port: COM7: USB Serial Device (COM7)

OK Cancel Help

SYNTIANT

o Click on setup in Term Term, then select serial port. It will open a new window.

Gl

e Scroll down on speed and select 775200 baud rate.

Port: COM?

New setting
Speed: 115200
Data: 8 bit Cancel
Parity: none
Stop bits: 1 bit Help
Flow control: none

Transmit delay

0 msecichar 0 mseciline

Device Friendly Name: USB Serial Device (COMY)

Device Instance ID: USBWID_2341&PID_B04F&MI_0316&3A27C14(
Device Manufacturer: Microsoft

Provider Name: Microsoft

Driver Date: 6-21-2006

Driver Yersion: 10.0.19041.906
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e Click on New Setting to save these settings.

SYNTIANT

Port: COM?

New setting
Speed: 115200
Data: 8 bit v el
Parity: none v
Stop bits: 1 bit Help
Flow control: none

Transmit delay

0 msecichar

0 mseciline

Device Friendly Name: USB Serial Device (COMY)

Device Instance ID: USBVID_2341&PID_B04 F&MI_0316&3A27C14(

Device Manufacturer: Microsoft
Provider Name: Microsoft
Driver Date: 6-21-2006

Driver Version: 10.0.19041.906

e Type :Fin the window; you will see a message indicating that copying SD to flash has been completed.
Note that :F will not be shown in the Tera Term window

e Now try flashing the Syntiant TinyML board again.

‘T COM69 - Tera Term VT

File Edit Setup Control Window Help
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