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TinyIVIL Kit Overview






Nano 33 BLE Sense

Purpose
Al-enabled developmental microcontroller board with USB-A to microB cable

Specifications

e MPU: Nordic nRF52840 (ARM Cortex-M4 w/FPU): 3.3V, 64MHz, 1MB flash, 256 kB RAM

e Sensors on board: microphone, IMU (9 axis), color, light, proximity, barometric, temperature,
—h-u-m-'rel-i-t—y,*gesture, and light intensity.

e BLE module covered by ArduinoBLE library

e RGB LEDs

* Not included in some packages. For projects you can use the external Grove - Temp&Humi&Barometer Sensor (BME280)



Nano 33 BLE Sense
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QV 7675 Camera Module

Purpose
Breakout PCB for tiny camera.

Specifications
e Low-cost, Low-voltage, 0.3 MP CMOS VGA (can step down to OQVGA, QQVGA) image sensor
o Serial Camera Control Bus (SCCB) + Camera Parallel Interface (CPI) / Digital Video Port (DVP) interface
o Breaks ribbon cable out to 2x10 pin array
e 1or5fps(Frames per Second)



Tiny Machine Learning Shield

Purpose
A daughter PCB designed to breakout the I/0 from the Nano 33 BLE sense to permit easy,
reliable communication with other local, off-board elements

Specifications

e Grove connectors (3.3V 12C and simple digital / analog - see pinouts)
e 2x10 pin array for OV7675 camera module
e Voltage input terminal block, accepts 4.5 to 21V (down regulated to 3.3V on Nano 33)
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S — O TinyML Shield

2x10 header that is
intended to receive the
corresponding pins of the

o . OV7675 camera module
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A easily programmable
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TinyML Shield

Standard Grove
connectors, to permit
serial communication (12C
= power + data + clock)
with modules (both
sensors and actuators)



TinyML Shield

Grove connectors that
break out analog and
digital GPIO



Grove Connectors

Purpose
Facilitate plug-and-play connections to off-board modules to extend the possible scope
of functionality to new TinyML applications

Specifications

e Proprietary connection system from SeeedStudio, similar to JST PH-type connectors

e Large catalog of sensors, actuators available at seeedstudio.com

e Be sure to check the voltage requirements and pinout of any new Grove module for compatibility with
this shield before purchasing or connecting said module



TinyML Kit Installation

- Hardware Set-up
- Software Set-up %




Installing the Hardware

k2 ‘
AL LAY

° [
“E |
\

"
P b




Installing the Arduino IDE 2.0

eoe M- < > L )] @ 5] & arduino.cc & N ® LTJ + 83

& 6 » B v H & software | Arduino

PROFESSIONAL EDUCATION STORE Search on Ar ( SIGN IN

% HARDWARE SOFTWARE cLoup DOCUMENTATION + COMMUNITY BLOG ABOUT

Arduino Web Editor

Wetch,_febr
Start coding online and save your sketches in the cloud. The most . 7
up-to-date version of the IDE includes all libraries and also =
[ et

supports new Arduino boards.

CODE ONLINE GETTING STARTED

seigpne

Downloads

DOWNLOAD OPTIONS

% ArdUinO IDE 2.0.0 Windows Win 10 and newer, 64 bits
Windows Msiinstaller
Windows ziP file

The new major release of the Arduino IDE is faster and even more
powerful! In addition to a more modern editor and a more
responsive interface it features autocompletion, code navigation,
and even a live dEbUgger' macOS 10.14: "Mojave” or newer, 64 bits

Linux Appimage 64 bits (X86-64)
Linux zIP file 64 bits (X86-64)

For more details, please refer to the Arduino IDE 2.0
documentation.

Nightly builds with the latest bugfixes are available through the
section below.

SOURCE CODE

The Arduino IDE 2.0 is open source and its source code is hosted on
GitHub.




The Arduino IDE 2.0

hello_world | Arduino IDE 2.0.0

ToolBar » Q e ¢ Arduino Nano 33 BLE \/L 0O-

juino_main.cpp arduino output handler.cop constants.h main functions.h model.cpp model.h output handler.h

—

Menus —

« Code Area

P O 00O N O U B W N =

Output =56
/ writeBuffer(scr_addr=0x34, dst_addr=0x3000, size=0x1000)

1 4% (4/89 pages)write(addr=0x34,size=0x1000)
writeBuffer(scr_addr=0x34, dst_addr=0x4000, size=0x1000)

« Console

1 5% (5/89 pages)wr1te(addr-0x34 size=0x1000)




Installing the Board Files

sketch_sep19a | Arduino IDE 2.0.0

Arduino Nano 33 BLE

NE

BOARDS MANAGER

sketch_sep19a.ino

nano ble 33 sense

Type:  All v

rduino Mbed OS Nano
Boards by Arduino
Version 3.3.0

Boards included in this
package:

Arduino Nano RP2040
Connect, Arduino Nano 33
BLE

uore info

INSTALLED

~

,

[DEPRECATED - Please
install standalone
packages] Arduino Mbed
OS Boards by Arduino
Boards included in this
package:

Arduino Nano 33 BLE,
Arduino Nano 33 BLE Sense,
Arduino Nano RP2040
Connect, Arduino Portenta
H7, Arduino Edge Control,
Raspberry Pi Pico, Nicla
Sense ME, Arduino Nicla
Vision

More info

O 00O NOWULLE A WN =

=
(S

void setup() {

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

void loop() {

// put your main code here, to run repeatedly:

Ln1, Col1

UTF-8 ¥ Arduino Nano 33 BLE [not connected]

Y

0
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Select Board and Port

@ ® sketch_sep19b | Arduino IDE 2.0.0
¢ Arduino Nano 33 BLE v
sketch_se P Arduino Nano 33 BLE v
1 /dev/cu.usbmodem1101
2 ¥ Unknown e, to run once:
3 /dev/cu.Bluetooth-Incoming-Port
4 ]
5 Select other board and port...
6 void loop() {
7 // put your main code here, to run repeatedly:
8
9 }
10

Ln1, Col1 UTF-8| ¥ Arduino Nano 33 BLE on /dev/cu.usbmodem1101 [}

20



Installing Sensor and Auxilary Libraries

eve sketch_sep19a | Arduino IDE 2.0.0 @ ® BareMinimum | Arduino IDE 2.0.0
e - ¢ : m .‘:’. e -

LIBRARY MANAGER sketch_sep19a.ino LIBRARY MANAGER BareMinimum.ino

LSMoDS1| 1 void setup() { harvard 1 void setup() {

2

Type: Al v 2

y"? - 3 Type: Al v 3

SES 4 } fopic: Al v 4}

m Arduino_LSM9DS1 by 5 5
Arduino 6 void loop() { [Hh Harvard_TinyMLx by TinyMLx
Version 1.1.0 [0 g Authors 6 void loop() {
Allows you to read the Version 1.2.2-Alpha m 7
accelerometer, 8 This library supports the TinyML 8
magnetometer and 9 } Shield and provides examples that
gyroscope values from the 10 suppor the TinyML edX course. 9 }
LSM9DS1 IMU on your The examples work best with the 10
Arduino Nano 33 BLE Arduino Nano 33 BLE Sense board
Sense. and the Tiny Machine Learning Kit
More info from Arduino. It also includes a
modified version of the

Melopero LSM9DS1 by Arduino_OV767X library version Downloading Harvard_TinyMLx@1.2.2-Alpha
Melopero Electronics 0.0.2 and a fork of the H d Ti Lx@l1.2.2-Alph
This library allows an TensorFlow_Lite library version arvard_TinyMLx@1.2. pha
Arduino board to 2.4.0-Alpha Installing Harvard_TinyMLx@1.2.2-Alpha
communicate with the Supports the TinyML edX Course : : ) : i -
el kit S and TinyML Shield. Replacing Harva rd_T%nyMLx@l. 2.1-Alpha with Harvard_TinyMLx@1.2.2-Alpha
12C for reading the More info Installed Harvard_TinyMLx@1.2.2-Alpha

accelerometer, gyroscope

and magnetometer data. 1.2.1-Alpha v
Accelerometer / gyroscope

and magnetometer

interrupts are supported.

A driver library for the

LSM9DS1 9-DOF IMU.

More info

Ln1,Col1 UTF-8 @ Arduino Nano 33 BLE [not connected] £ Ln1, Col1 UTF-8 # Arduinc Nano 33 BLE on /devjcu.Bluetooth-Incoming-Port (21 B
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Installing Tensorflow Lite Micro (TFLM) Library (optional)

L [—— - https://qithub.com/tensorflow/tflite-micro-arduino-examples .

¢ C (O [ & github.comjtensorflow/tflite-micro-arduino-examples & Qa b % » 0@

Q Search or jump to... Pull requests Issues Marketplace Explore

& tensorflow / tflite-micro-arduino-examples  Public ®Watch 4 ~ % Fork 25 v ¢ Star 68  ~

<> Code () Issues 5 19 Pullrequests 6  (® Actions [ Projects @ Security |22 Insights

¥ main ~  $ 2branches © 0 tags Gotofile  Addfile ~ About

No description, website, or topics

TFLM-bot Sync from tflite-micro. (#130) G- Clone ® provided.
HTTPS SSH GitHub CLI

B _github setting up mergify for testing (# M Readme

88 Apache-2.0 license
B docs Support Tiny Machine Learning https://github.com/tensorflow/tflite-m @

¥ 68 stars

heck ith SVN using th A
BB examples Correct README docs TFLM in: Use Gitior checkout with SVN Using the wieb LRI ® 4 watching
B scripts Support Tiny Machine Learning [¥) Open with GitHub Desktop % 25 forks
B src Sync from tflite-micro. (#130)
[?) Download zIP
Y .gitignore getting some initial documentat $ Releases
[ AUTHORS Initial commit. 2 years ago No.releases published
avis- to codeowners ays ago
CODEOWNERS Add @ddavis-2015 d (#126) 17d
() LICENSE Initial commit. 2 years ago Packages
i

[ README.md Correct README docs TFLM install instructions. (#124) 19 days ago PR P
tflite-micro-ardui....zip A Show All X

22


https://github.com/tensorflow/tflite-micro-arduino-examples

.' Arduino IDE  File Edit Sketch Tools Help

Verify/Compile
Upload
Configure And Upload

Upload Using Programmer
Export Compiled Binary
Optimize for Debugging

Show Sketch Folder
Include Library
Add File...

O O NOOWULL A WN PP

[y
(S

= SKelcn_sep 1va.ino

void se

pu

void lo

pu

Manage Libraries...

Add .ZIP Library...

Arduino_Builtin
Ethernet
Firmata
LiquidCrystal
MLC

MRI

Mouse
Nano33BLE_System
PDM

SD

SFU

SPI

Scheduler
Servo
SocketWrapper
Stepper

TFT
ThreadDebug
USBHID
USBMSD

Wire

00_Arduino_TensorFlowLite
00_SciTinyMI_-_Africa_-_Motion_Classification_inferencing
01_SciTinyMI_-_Africa_-_Motion_Classification_inferencing
Adafruit_BuslO

Adafruit_Circuit_Playground

Adafruit_GFX_Library

Adafruit_GPS_Library

Adafruit_ILI9341

Adafruit_LED_Backpack_Library

Adafruit_STMPE610

Adafruit_SleepyDog_Library

Adafruit_TouchScreen
Adafruit_Unified_Sensor
Adafruit_VL53L1X
Adafruit_Zero_DMA_Library

)

OB 3 @ m

< =v B [ Downloads 1] Q

[ Marcelo’s MacBo...

¥ Macintosh HD Name K Date Added

£ Arduino IDE 2... B tflite-micro-arduino-examples-main.zip 36,6 MB  ZIP archive Today 10:50

& iCloud Drive
[ Documents
[=) Desktop

9 Shared

3% Dropbox

@ Recents

4 Applications
=) Desktop > B micropython-1.19.1 olde 30 August
@ Downloads

B3 On My Mac

fa} marcelo_rovai

> 0 IEEE-Ti ions-Word-tem d-instructions -- Folder 31 August 2027

\rduino Nano 33 BLE [not connected]

23



@ ® & sketch_sep19a | Arduino IDE 2.0.0 (5] (2] @ sketch_sep19a | Arduino IDE 2.0.0

Ardu’no Nano 33 BLE = ArleInO Nano 33 BLE =

sketch_sep19a.ino sketch_sep19a.ino

1 void setup() { 1 void setup() {
2 2
3 3
4 3} 4 }
5 5
6 void loop() { 6 void loop() {
7 7
8 8
9 } | 9 1} -
10 10
Output =6

Library installed

Processing tflite-micro-arduino-examples-main.zip

Ln10,Col1 UTF-8 @ Arduino Nano 33 BLE [not connected] (21 Ln 10, Col 1 UTF-8 @ Arduino Nano 33 BLE [not connected] (21 B
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TinyML Kit Test

- MCU test (Blink)
- Sensors Test (IMU, MIC, CAMERA)




MCU installation test (Blink)

‘ Arduino IDE  File Edit Sketch Tools Help

01.Basics
02.Digital
03.Analog
04.Communication
05.Control
06.Sensors
07.Display
08.Strings

og.uss
10.StarterKit_BasicKit
11.ArduinolSP

Examoles for Afduing Nant
Ethernet

Firmata

LiquidCrystal

MLC
Nano33BLE_System
PDM

sD

ThreadDebug
USB Mass Storage
USBHID

Examples from Custom Libraries
Adafruit BuslO

Adafruit Circuit Playground
Adafruit GFX Library

Adafruit GPS Library

Adafruit ILI9341

Adafruit LED Backpack Library
Adafruit STMPE610

Adafruit SleepyDog Library
Adafruit TouchScreen

Adafruit Unified Sensor
Adafruit VL53L1X

Adafruit Zero DMA Library

¥V VVVVVVVVYYVYVYVYY VVVVVVYVYVYVYYVYVY

TV VYV VNV VYV VYV VYY

3 ®@ B O w32 @ " QK O Mon19Sep 1601

“'-! "‘i
)

AnalogReadSerial
BareMinimum

DigitalReadSerial
Fade
ReadAnalogVoltage

® ® Blink | Arduino IDE 2.0.0

Y Arduino Nano 33 BLE -

void setup() {

je(LED_BUILTIN, OUTPUT);

32 void loop() {

33 jigitalWrite(LED_BUILTIN, HIGH);
34 delay(1000);
35 digitalWrite(LED_BUILTIN, LOW);
36 jelay(1000);
37}
38
Output = ¢

(‘35/(!4_41

writeBuffer(scr_addr=0x34, dst_addr=0x13000, size=0x1000)

1 95% (20/21 pages)write(addr=0x34,size=0>
writeBuffer(scr_addr=0x34, dst_addr=0x14000, size=0x1000)

] 100% (21/21 pages)
Done in 3.348 seconds
reset()

Ln1,Col1 UTF-8 @ Arduino Nano 33 BLE on /devicu.usbmodem1ion (22 B
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L J [ ] [dev/cu.usbmodem1101

Testing IMU :

x
i

0 = "'~-.\_.\__\ = —
o \ /
1.0
Arduino IDE Menu -> Files/Examples/Harvard_TinyMLx/test IMU
2.0
25 !
993 005 07 29 4042
® ® test_IMU | Arduino IDE 2.0.0 ? 3 &
T A N G = 'mmacﬂ 115200 boud
test_IMU.ino
76 if (imuIndex == @) { // testing accelerometer eve [devjcu.usbmodem1101
77 if (IMU.accelerationAvailable()) { Bwx Ewy Bw Sermolaie x=
78 IMU. readAcceleration(x, y, z); %
79
30
80 f Serial.print("Ax:"); ‘ X
81 Serial.print(x); »
82 Serial.print(','); 2
83 Serial.print("Ay:"); "
84 Serial.print(y); ®
85 Serial.print(','); y
86 Serial.print("Az:"); i
87 Serial.println(z); ‘ s
88 L 10
89 } 3680 3692 3704 e 3729
Output  Serial Monitor X ¥y 0= g -> I g ""M“R it
New Line v 115200 baud ~
Welcome to the IMU test for the built-in IMU on the Nano 33 BLE Sense enve [devjcu.usbmodem1101
Available commands: e Werpolate o
a - display accelerometer readings in g's in x, y, and 2z directions *
g - display gyroscope readings in deg/s in x, y, and z directions 20

m - display magnetometer readings in uT in x, y, and z directions
Ax:0.05,Ay:-0.03,A2:0.99
Ax:0.05.Av:=N.0N3.A2:0.99

p 5
Ln 116, Col 8 UTF-8 @ Arduino Nano 33 BLE on /dev/cu.usbmodem1101 (22 B

Note: To be shown simultaneously on Plotter, variables must s s
be separated by coma (Change the sketch) m-> - ge e




Testing Microphone

Arduino IDE Menu -> Files/Examples/Harvard_TinyMLx/test_microphone
5] @ /dev/cu.usbmodem1101

value 1

I

Interpolate

60

40

test_microphone | Arduino IDE 2.0.0

20

ece
¥ Arduino Nano 33 BLE v

test_microphone.ino

1 0

2 Ac Learning

3 Harva Jnivers

4 inyML - Built-in Microphone Te -20 38,385

5 - Jvalue 1:-23

6

7  #include <PDM.h> -40

8 #include <TinyMLShield.h>

9

10 PDM buffer -60

11  short sampleBuffer[256]; 38353 38365 38377 38389 38402

12 volatile int samplesRead;

13

14 ipoolirecord:=ifalse; click Both NL & CR 115200 baud
Output  Serial Monitor X vy 0=

New Line ¥ 115200 baud N/

Welcome to the microphone test for the built-in microphone on the Nano 33 BLE Sense

Use the on-shield button or send the command 'click' to start and stop an audio recording
Open the Serial Plotter to view the corresponding waveform

Note: Press the button on
shield or send “click” as a
command to start/stop
sound record

Q indexing: 17/31 Ln1,Col1 UTF-8 B Arduino Nano 33 BLE on /dev/cu.usbmodem1101 (22 B3

28



[dev/cu.usbmodem1101
Interpolate %=
¥ Arduino Nano 33 BLE
Y test_camera.ino
I n m r 1 s 10
3 arvard Uni 08
4 tinyMLx V7675 Ca
5 06
6
. . . 7 04
Arduino IDE Menu -> Files/Examples/Harvard_TinyMLx/test camera 8 einclude <Tinmishield]
- - 9 02
18 bool commandRecv = fals
11 bool liveFlag = false; 0
12 bool capturefFlag = fals
13 . b
o A S 0 0 [} ° 1
Qutput  Serial Monitor x
M single oth NL & CR 115200 baud
test_camera | Arduino IDE 2.0.0 p
Welcome to the OV7675 test
¥ Arduino Nano 33 BLE - SbTe command
test camera.ino single - take a single image and pring-6it the hexadecimal for each pixel (default)
= live - the raw bytes of images wily’be streamed live over the serial port
4 /%
2
3
4 Test
5
6 *
7
8  #include <TinyMLShield.h> ~- - mr—m—— -
9 Output  Serial Monitor X vy 0=
10  bool commandRecv = false; or indicati r »f commands from serial ) ) ) ) v
11  bool liveFlag = false; to li ream ra y et a single Vio8s80 or 10 send measage 1o ‘Ard ino 33 BLE 4 mod New Line v 115200baud ¥
12 bool captureFlag = false;
13 Welcome to the OV7675 test
14 // Image buffer;
e —t————— L8 _as -7 ez ai~ e o A N S Available commands:
Output  Serial Monitor x ¥y O =

single - take a single image and print out the hexadecimal for each pixel (default)
live - the raw bytes of images will be streamed live over the serial port
capture - when in single mode, initiates an image capture

New Line v 115200 baud ~

Welcome to the OV7675 test

Camera in single mode, type "capture" to initiate an image capture
Available commands:

Image data will be printed out in 3 seconds...

single - take a single image and print out the hexadecimal for each pixel (default)
0x2E6B, 0x2D6B, 0xD6B, 0x2D6B, 0x2D6B, 0xD6B, 0x2D6B, 0xD6B, OXEC62, OxCC5A, OxAB5A, 0x8B52, OxAAS5A, OxAB5A, OxABS5A, 0x8BS5

live - the raw bytes of images will be streamed live over the serial port

capture - when in single mode, initiates an image capture

Ln 1, Col1

UTF-8 8 Arduino Nano 33 BLE on [dev/cu.usbmodem1101

Note: Press the button on
shield or send “capture” as a

command to capture a image 29




Testing Camera

oN €O 0V7675_Image_Viewer.ipynb X + v

« > C O (ﬁ colab.research.google.com/drive/IRCJN54ByEoF... B @ ) ﬁ) » @

V7675 _Im Viewer.ipynb 7+
C ®0V7675 Image Viewer/pynb B Comment 2% Share £ w
File Edit View Insert Runtime Tools Help All changes saved
RAM [ ;
+ Code + Text - v | # Editing | A

~ OV7675 Image Viewer

Takes the hexadecimal output of the Camera Test from the Serial Monitor and converts and displays it as an image.

8]

“ [1] 1 # Import the needed libraries
(=] 2 from matplotlib import pyplot as plt
3 import numpy as np

4 import struct ece €O OV7675_image_Viewer.ipynt X =+ v
Update the following variable with the output of your Serial Monitor. € 2 C O (ﬂ colab.research.google.com/drive/IRcJN54ByEoF... & & Q) = ﬂ H
- & OV7675_Image_Viewer.ipynb
7 @ 1#Copy the output of the Serial Monitor to the variable L. = = PY! B Comment A% Share £
2 HEXADECIMAL_BYTES = [0XEF93, 0xAS2, 0xC641, 0x2531, Oxd Fle Edt View Insert Runtime Tools Melp Al changes saved
e el TR S | s |
x321, 0x321, 0x321, 0x2321, 0x2321, 0x2421, 0x2429, Ox e
0x4439, 0xC541, 0x642, 0x642, 0x274A, 0x274A, 0x2752, O OxSEFT, OxIEFT, OxIEF7, 0xIDIC, OxEFS2, Ox8CA2, Ox6A4Z, OxdB42, GxEd"L
0x274A, 0x74A, OxE641, 0x8639, 0x4531, 0x2429, 0x6431, M ° 0x6729, Ox4621, Ox6631, 0x8639, Ox8739, Ox8739, 0x2952, OXCAIY, OXDV ey ey
0x4429, 0x4529, 0x4429, 0x6429, 0x4429, 0x4429, 0x4429, Q OxBBD6, OXTACE, OxS9CE, Ox59CE, OxS9CE, Ox59C€, OxS58CE, OxIBCE, Ox3IBCE, O0xIBC6, Ox18CE,
0x6429, 0x4431, 0x6431, 0x6531, 0x6431, 0x6431, 0x6431, Ox18BE, Ox1SBE, Ox18BE, OxF8S8D, OxF8BD, OxF8AD, OxF88S5S, OxF7B5, OxDEBS, OxD7BS, OxD7BS,
0x8531, 0x8531, 0x8531, 0xB531, 0x8531, 0x8531, 0x8531, <> OxD7BS, 0xDIBS, O0XD7AD, OXBIAD, OxB7AD, OxB7AD, OxB7AD, OXB7AD, OXBJAD, O0X97AD, O0x97AD,
0x8531, 0x8531, 0xA531, O0xAS531, 0xAS31, 0x8531, 0x8531, 0x97AD, OxBTAD, Ox96AS, O0x37AS, OxBIAD, 0x9BAS, Ox76AS, OxD434, OxF1E83, Ox2FEB, OXED6A,
0x4531, 0xC539, 0xA531, 0x8531, 0x8531, 0x8531, 0xA539, [y} OXAASA, OXECSA, OXEBSA, 0xC5B, 0x2C58, OxCSB, 0x2C58
0xA539, 0xAS539, 0xA539, 0x8539, OxA539, 0x642, Ox464A, 3
0x9AF7, 0x9BF7, 0x9CF7, 0x9CF7, O0xICF7, O0x9BE7, 0x36B6, o i

OXF6AD, 0x94A5, 0x5395, 0x128D, 0x917C, OxF74, Ox6D63,
0x529D, 0x73A5, O0xCF7B, O0XCF73, OXBIAD, 0x15A6, 0xS5A6,

Then run the below to view the image.

0x728D, 0x3GAE, OXPSAD, 0XDSAD, OXD3AD, 0x3385, 0x537D,
— — —_—— - - 0x79C7, 0x39N 0x748p, 0x128D, 0x5074, OxCF63, 0x3174,
Output  Serial Monitor X OXFBBE, 0xIpf , 0xEAS1, 0xA649, 0x2529, 0x429, 0 [3] 1 Reformat the bytes into an image
0xE320, oxc3fo, 0xE320, 0xE320, 0xE320, 0xE320, 2 raw_bytes = np.array(HEXADECIMAL BYTES, dtype="i2")
0x2321, 0x2321, 0x2429, 0x2429, Ox 1 image = np.zeros((len(raw_bytes),)), dtypewint)
Messos Enter to e 2 Ao b Vi Na, ail ¢ i g e New Line v 115200 0 . 0x6%62, 0xAB52, 0x885A, 0x885A, 0x885A, A

0x274A, 0xE641, 0xB631, 0x2425, 0x429, 5 # Loop through all of the pixels and form the image
0x4429, 0x4429, 0x4429, 0x4429, 0x6529, 6 for & in range(len(raw_bytes)):
0x4529, 0x6429, 0x6429, 0x6431, 0x6431, 0x6531, U #Read 16-bit pixel
welcome to the OV7675 test 0x5 0x8531, 0x8529, 0x8529, 0x8531, 0x8531, 0x8531, 8 pixel = struct.unpack(’'>h', raw bytes[i])[0]
0xA531, 0xAS31, 0xA531, 0xAS31, 0xAS31, 0xAS31, )
0xA531, 0xA631, 0x8531, 0xAS31, OxA531, 0xA531, 10 #Convert RGB565 to RCB 24-bit
Available commands: 0xA539, 0xAS39, 0xC541, 0x642, O0x464A, 0x274A, 1 r = ((pixel >> 11) & Oxlf) << 3;
0x9CF7, 0x9CF7, 0xICF7, 0x7CE7, 0x96C6, 0xBTC6, 12 9 = ((pixel >> 5) & 0x3f) << 2;

0x5395, 0x118D, 0xDO084, Ox4F7C, Ox6E63, OxXEFD6, 13 b = ((pixel >> 0) & Oxif) << 3j
single - take a single image and print out the hexadecimal for each pixel (default) X128+ (0X3104,  DX10TC,, OXDIAD, OXFIID,|0X139E, DX AGEN lmuga(1);=ixvy b
0x36AE, 0x15B6, OxDSAD, OxD4AS, 0x337D, 0x5375, 0x5475, 15
live - the raw bytes of images will be streamed live over the serial port 0x79CF, 0x56AE, 0x37AE, 0xB47C, 0xBF63, 0x5274, 0x527C, 16 image = np.reshape(image, (144, 176,3)) #QCIF resolution
§ 2 R A OVARE?  NvCRAR  NYECS1 NvASA1  AvASIG  OvA7  OvRAI0 17
capture - when in single mode, initiates an image capture 7"0s completed at 5:58 PM 75 9 et tia e

' . -‘ 19 plt. imshow(image)

5 % " " Facaria N 20 plt.show()
Camera in single mode, type "capture" to initiate an image capture R

Image data will be printed out in 3 seconds...
0x2E6B, 0x2D6B, 0xD6B, 0x2D6B, 0x2D6B, 0xD6B, O0x2D6B, 0xD6B, OxEC62, OxCC5A, OxAB5A, 0x8B52, OxAA5A, OxAB5A, OxAB5A, 0x8B5

Arduino N bmodem1101  [2

OV7675 Image Viewer.ipynb = m—— .

X



https://colab.research.google.com/github/Mjrovai/UNIFEI-IESTI01-TinyML-2022.1/blob/main/00_Curse_Folder/2_Applications_Deploy/Class_17/OV7675_Image_Viewer.ipynb

Optional Tests (RGB LEDs)

& @ bilnk_RGB | Arduino IDE 2.0.0

I‘ e bl ' _

bink_RGB.ino

tup() {

in{115200);
(!Serial);
«printin("Serial Started");

10 pinMode (LED_BUILTIN, OUTPUT);

e(LEDR, OUTPUT);

14 (LEDG, OUTPUT);
15 LEDB, OUTPUT);

6

18 te(LEDR, HIGH);
19 e(LEDG, HIGH);
20 te(LEDB, HIGH);

digitalWrite(LED_BUILTIN, LOW);

}
26
27 {
28 ite(LEDR, LOW);
29 ntin("LED RED ON");
30 (1000); : - A
31 alWrite(LEDR, HIGH); ) )
32 printin("“LED RED OFF"); ! RARARRA ;A
33 ay(1eee);
35 te{LEDG, LOW);
36 ntin("LED GREEN ON"); ARDUINO
37 H
38 dig rite(LEDG, HIGH);
39 Ser printin(“LED GREEN OFF");
40 delay(1000);
41 '
42 digitalWrite(LEDB, LOW);
43 printin(“LED GREEN ON"); (’ k ) R
44 (1e00); ViNG
45 talWrite(LEDB, HIGH);
46 Serial.printin("LED GREEN OFF");
47 de H
48
49 e(LED_BUILTIN, HIGH);
50 ntln{“LED ON");
51 H

e(LED_BUILTIN, LOW);
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KeyWord Spotting (Optional)

® @& micro_speech | Arduino IDE 2.0.0

Pl vouwillfind the code under:

File > Examples >

del_settings.h  micro_features_model.cop = micro_features_model.h  recognize_commands.cpp  recognize_commands.h

1 /* Copyright 2017 The TensorFlow Authors. All Rights Reserved. / /
: Harvard TinyMLx > micro_speech
3 Licensed under the Apache License, Version 2.0 (the "License");
4 you may not use this file except in compliance with the License.
5 You may obtain a copy of the License at
6
4 http://www.apache.org/licenses/LICENSE-2.0
8
9 Unless required by applicable law or agreed to in writing, software INITIALIZATION
10 distributed under the License is distributed on an "AS IS" BASIS,
11 _WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND. either express or implied. MAIN LOOP
Output  Serial Monitor X Yy 0 = i Audio provider
Message (38 + Enter to send message to 'Arduino Nano 33 BLE' on '/dev/cu.usbmodem1” New Line ¥ 115200 baud ¥ -
Feature extractor
Model
Heard yes (210) €39952ms 1 ° '§
Heard no (211) @45440ms Yes ' b > ® ¢
TensorFlow Lite Micro @ Bl
Heard yes (203) €48832ms @ @ o
No
‘ Command recognizer
Unknown
‘ Command responder

Ln1, Col 1

UTF-8 ¥ Arduino Nano 33 BLE on /dev/cu.usbmodem1101 (22 BE]
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Reading Material



Main references

« Harvard School of Engineering and Applied Sciences - CS249r: Tiny Machine Learning
* Professional Certificate in Tiny Machine Learning (TinyML) — edX/Harvard

* Introduction to Embedded Machine Learning - Coursera/Edge Impulse

 Computer Vision with Embedded Machine Learning - Coursera/Edge Impulse
 Fundamentals textbook: “Deep Learning with Python” by Francois Chollet

» Applications & Deploy textbook: “TinyML" by Pete Warden, Daniel Situnayake

* Deploy textbook “TinyML Cookbook” by Gian Marco lodice

| want to thank Shawn Hymel and Edge Impulse, Pete Warden and Laurence Moroney from
Google, Professor Vijay Janapa Reddi and Brian Plancher from Harvard, and the rest of the
TinyMLedu team for preparing the excellent material on TinyML that is the basis of this course at
UNIFEI.

The IESTIO1 course is part of the TinyML4D, an initiative to make TinyML education
available to everyone globally.
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https://shawnhymel.com/
https://petewarden.com/
http://www.laurencemoroney.com/
https://scholar.harvard.edu/vijay-janapa-reddi
https://brianplancher.com/
http://tinymledu.org/
https://tinyml.seas.harvard.edu/4D/
https://sites.google.com/g.harvard.edu/tinyml/home
https://www.edx.org/professional-certificate/harvardx-tiny-machine-learning
https://www.coursera.org/learn/introduction-to-embedded-machine-learning
https://www.coursera.org/learn/computer-vision-with-embedded-machine-learning
https://www.manning.com/books/deep-learning-with-python
https://www.oreilly.com/library/view/tinyml/9781492052036/
https://github.com/PacktPublishing/TinyML-Cookbook
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