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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 the package. For projects we will 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
OV7675 camera module

OV7670_VSYNC 8
OV7670_HREF Al

OV7670_PLK A0

L_ OV7670_XCLK 9
OV7670_D0O 10

0V7670_D1 1

6 : OV7670_D2 0

p oV7670_D3 2
C ARDUINO.CC ovV7670_D4 3
OV7670_D5 5

OV7670_D6 6

oV7670_D7 4




10



A6
A7

TR TlnYML Shield

A easily programmable
button on the left

ek
+

L) ’ | . .
e ‘ \ Screw-in terminal block for

external (battery) power (4.5v to 21v)




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




Installing the Arduino IDE

[ NN ] Software | Arduino x <+

&« C { & arduino.cc/en/software

PROFESSIONAL EDUCATION

HARDWARE SOFTWARE cLouD DOCUMENTATION + COMMUNITY BLOG ABOUT

This page is available in another language. Switch to: English

Arduino Web Editor

Start coding online and save your sketches in the cloud. The most
up-to-date version of the IDE includes all libraries and also
supports new Arduino boards.

CODE ONLINE GETTING STARTED o

Downloads

o<}  Arduino IDE 1.8.19

The open-source Arduino Software (IDE) makes it easy to write code
and upload it to the board. This software can be used with any
Arduino board.

Refer to the Getting Started page for Installation instructions.

SOURCE CODE
Active development of the Arduino software is hosted by GitHub.
See the instructions for building the code. Latest release source
code archives are available here. The archives are PGP-signed so
they can be verified using this gpg key.

swetch_feb1s

v 4

—

-

DOWNLOAD OPTIONS

Windows Win 7 and newer
Windows ZzIP file

Windows app Win 8.1 0r 10

Linux
Linux 6

Linux A
Linux ARM 64 bits

Mac OS X 10.10 or newer

Get 52
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Menus
and
ToolBar

=

sketch_mar04a | Arduino 1.8.19

porfd setup() {
// put your setup code here, to run once:

}

void loop() {
// put your main code here, to run repeatedly:

Arduino Nano 33 BLE on /dev/cu.usbmodem11201

« Code Area
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Installing the Board Files

@ sketch j
File Edit Ske!

ino 1.8,13 (Windows Store 1.8.42.0)

O Format Ctrl+T

Archive Sketch

sketch_jan0 Fix Encoding & Reload
satupt Manage Libraries. Ctrl+Shift+!
7/ " ‘!' . Serial Monitor Crl+Shift+M
Serial Plotter Ctrl+Shift+L

WiFi101 / WiFiNINA Firmware Updater

Port
Get Board Info

Programmer: "AVRISP mkil*
Burn Bootloader

Arduine Uno
Arduino Duemilanove or Diecimila
Arduino Nano

Arduino Mega or Mega 2560

[ NoN Boards Manager

Type All Nano 33 BLE

~Arduino Mbed OS Nano Boards
by Arduino
Boards Included In this package:
Ardulno Nano 33 BLE, Ardulno Nano 33 BLE Sense, Ardulno Nano RP2040 Connect.

Online Help
More Info

Install

N 2.7.2
/1

—)OQ’RECATED - Please install standalone packages] Arduino Mbed OS Boards -

/| by Ardulno DEPRECATED

Boards Included In this package:

Arduino Nano 33 BLE, Arduino Nano 33 BLE Sense, Arduino Nano RP2040 Connect, Ardulno Portenta H7, Arduino Edge Control, Raspberry Pl
Plco, Nicla Sense ME.

Online Help

More Info

Close

[ NoN Boards Manager
Type Al Nano 33 BLE
~Arduino Mbed OS Nano Boards =
by Arduino version 2.7.2 INSTALLED
Boards Included In this package:
Ardulno Nano 33 BLE, Ardulno Nano 33 BLE Sense, Ardulno Nano RP2040 Connect.
Online Help
More Info
Select version [ Install Remove

-[DEPRECATED - Please install standalone packages] Arduino Mbed OS Boards -
by Arduino DEPRECATED
Boards Included In this package:
Arduino Nano 33 BLE, Arduino Nano 33 BLE Sense, Ardulno Nano RP2040 Connect, Ardulno Portenta H7, Arduino Edge Control, Raspberry Pl
Plco, Nicla Sense ME.

Online Help
More Info

Close |

"o



Installing the Main Libraries

@ sketch_j
File Edit Ske

ino 1.8.13 (Windows Stare 1.8.42.0) - (w]

P

h Tools H
Format Ctrl+7

Archive Sketch
sketch_jan0

otup(
/ pul

CtrlaShift+)
Ctrl+ Shift+M
Serial Plotter Ctrl+Shift+L

WIFi101 / WIFININA Firmware Updater

Loop () Board: "Arduino Uno" 2
¥O Port
Get Board Info

Programmer: "AVRISP mkll" >
Burn Bootloader

[ NoN ) Library Manager

Type All 7 Topic  All q tensorflow

rArduino_TensorFlowLite

by Pete Warden Version 2.4.0-ALPHA INSTALLED

| Allows you to run machine learning models locally on your device. This library runs TensorFlow machine learning models on
microcontrollers, allowing you to bulld Al/ML applications powered by deep learning and neural networks. With the Included examples, you can
| recognize speech, detect people using a camera, and recognise "magic wand" g using an acc . The work best with
the Arduino Nano 33 BLE Sense board, which has a microphone and accelerometer.

| More Info

- Adafruit TensorFlow Lite

by Adafruit

This is a library to abstract away TensorFlow Lite for Adafruit/Arcada boards This Is a library to abstract away TensorFlow Lite for
Adafrult/Arcada boards

More Info

Version 1.2.3 B Install

rElog TinyML
by Si Salerno,eloq ardul gmalil.com

An Iinterface to Tensorflow Lite for Microcontrollers

Close

[ NON ] Library Manager
Type Al @ Topic Al TinyML|
rHarvard_TinyMLx
by Brian Plancher Version 1.1.0-Alpha INSTALLED
Supports the TinyML edX Course and TinyML Shield. This library supports the TinyML Shield and provides examples that suppor the TinyML
edX course. The examples work best with the Arduino Nano 33 BLE Sense board and the Tiny Machine Learning Kit from Ardulno. It also
Includes a modified version of the Ardulno_OV767X library version 0.0.2 and a fork of the TensorFlow_Lite version 2.4.0-Alpha Arduino
examples.
R
Select version Install
Close
[ EaN ) Library Manager
Type | All B Topic Al LSM9DS1
Arduino_LSM9DS1
by Arduino Version 1.1.0 INSTALLED
Allows you to read the ! and gy values from the LSM9DS1 IMU on your Arduino Nano 33 BLE
Sense.
More Info

r Adafruit LSM9DS1 Library

by Adafruit

Arduino library for L 9-DOF sensor board. Ardulno library for LSMSDS1 $-DOF sensor board.
More Info

Melopero LSM9DS1

by Leonardo La Rocca
A driver library for the LSM9DS1 9-DOF IMU. This library allows an Ardulno board to communicate with the LSMSDS1 sensor via SPI or 12C

for reading the accelerometer, gyroscope and data. Acc / gyroscope and magnetometer Interrupts are supported.
More Info

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




MCU installation test (Blink)

File Edit Sketch Tools Help ¢

New

Open...
Open Recent >
Sketchbook >

Examples 3 Built-in Examples |
Close #W | 01.Basics > | AnalogReadSerial
Save ®S 02.Digital > | BareMinimum
Save As... 0%S 03.Analog >
04.Communication > DigitalReadSerial
Page Setup 0RP
5 05.Control > | Fade
Print
06.Sensors > ‘ ReadAnalogVoltage
07.Display s
08.Strings > Blink | Arduino 1.8.19
09.USB >
10.Starterkit_BasicKit >
11.ArduinolSP 2

Examples for any board
Adafruit Circuit Playground
Arduino_LSM9DS1
Arduino_TensorFlowLite
Bridge

Ethernet

Firmata

LiquidCrystal

sD

Servo

Stepper

Temboo

RETIRED

// the setup function runs once when you press reset or power the boa
void setup() {
// initialize digital pin LED_BUILTIN as an output.
pinMode(LED_BUILTIN, OUTPUT);

VvV VVVVVYYVYYVYVYVYY

Examples for Arduino Nano 33 BLE
Nano33BLE_System

PDM

Scheduler

ThreadDebug

// the loop function runs over and over
void loop() {
digitalWrite(LED_BUILTIN, HIGH); // turn the LED on (HIGH is the

again forever

v vV Vv y

delay(1000); // wait for a second
USBMass Storage digitalWrite(LED_BUILTIN, LOW); // turn the LED off by making th
USBHID delay(1000); // wait for a second

Examples from Custom Libraries

i augm_cnn_il
ESP32-CAM-FLOWERS_inferencing
ESP32-CAM-Fruit-vs-Veggies_inferencing
Harvard_TinyMLx
IESTIO1_-_Person_Detection_inferencing
mug_or_not_mug_inferencing
TensorFlowLite_ESP32

vV VYV YVYVvy

Arduino Nano 33 BLE on /dev/cu.usbmodem11201

w0 W a
a» NANO 33 BLE SENSE

Ll W ‘et aed il AR

AR AR MR R R AR
]

1

e
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Testing Microphone

| Edit Sketch Tools Help @ 33

BN
Open... 20
Open Recent >

Sketchbook >

Examples || Built-in Examples
Close 3¥W | 01.Basics
Save s | 02.Digital test_microphone | Arduino 1.8.19
Save As... @3S | 03.Analog
04.Communication

Page Setup 08P
Print %P

test_microphone

05.Control
06.Sensors
07.Display

08.Strings

09.USB
10.StarterKit_BasicKit
11.ArduinolSP

¥V VVVVYVYVYYVYYVYVYV

include <PDM.h>
include <TinyMLShield.h>

Examples for any board

Adafruit Circuit Playground > / PDM buffer
A"’“i""-LSMQDS" 2 hort sampleBuffer[256];
Arduino_TensorFlowLite > olatile int samplesRead;
Bridge >

Ethernet > ool record = false;
Firmata > ool commandRecv = false;
LiquidCrystal >

sD > oid setup() {

o > Sﬁj{al.tﬁzgin(?ﬁ?@);
Stenner 5 while (!Serial);

j{omboy 2 // Initidlize the TinyML Shield
RETIRED 2

initializeShield(Q);

Examples for Arduino Nano 33 BLE
Nano33BLE_System

PDM

Scheduler

ThreadDebug

USB Mass Storage

USBHID

PDM.onReceive(onPDMdata);

v VvV Vv Vvy

Examples from Custom Libraries
electronic_components_augm_cnn_inferencing >
ESP32-CAM-Fruit-vs- i

Arduino Nano 33 BLE on /dev/cu.usbmodem11201

IESTIO1_-_Person_Det
‘mug_or_not_mug_in

[ NN ) /dev/cu.usbmodem11201

| Send

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

BothNL&CR &

115200 baud &

Autoscroll Show timestamp Clear output

[ ] [ ] /dev/cu.usbmodem11201

1000.0

500.0

2.9 4

-500.0

-1000.0 t + + + {
41228 41328 41428 41528 41628 41728

115200 baud & Send BothNL&CR @

Note: Close the Serial Monitor before open the Plotter
23



Testing IMU

@& Arduino

| Edit Sketch Tools Help ®

Open Recent
Sketchbook
Examples

Built-in Examples

Close 01.Basics
Save %S 02.Digital test_IMU | Arduino 1.8.19
Save As... ©# S 03.Analog

04.Communication

Page Setup CRP
Print 8P

test_IMU

05.Control
06.Sensors
07.Display
08.Strings
09.USB
10.StarterKit_BasicKit
11.ArduinolSP

¥V VVVVYVYVYVYVYVY

Examples for any board

#include <Arduino_LSM9DS1.h>

Adafruit Circuit Playground >
Arduino_LSMIDS1 2 int imulndex = @; // @ - accelerometer, 1 - gyroscope, 2 - magnetomet
Arduino_TensorFlowLite > bool commandRecv = false; // flag used for indicating receipt of comm
Bridge > bool startStream = false;
Ethernet >
Firmata > void setup() {
LiquidCrystal > Serial.begin(9600);
sD > while (!Serial);
Servo > g i,
e 3 _// Initialize IMU
if (1IMU.beginQ)) {
Temboo 2 Serial.println("Failed to initialize IMU");
RETIRED >

while (1);

}

Examples for Arduino Nano 33 BLE
Nano33BLE_System

PDM

Scheduler

ThreadDebug

USB Mass Storage

USBHID

v vV VvV VvV

Examples from Custom Libraries Arduino Nano 33 BLE on /dev/cu.usbmodem11201
electronic. 0 augm_cnn_infe i >
ESP32-CAM-FLOWERS _inferencing

ESP32-CAM-Fruit-vs-Veggies_inferencing

[ ] @ /dev/cu.usbmodem11201

I a I Send

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

Available commands:

a - display accelerometer readings in g's in x, y, and z directions
g - display gyroscope readings in deg/s in x, y, and z directions
m - display magnetometer readings in uT in x, y, and z directions

Autoscroll Show timestamp Newline e 115200 baud & Clear output

(] @ /dev/cu.usbmodem11201

6.0+ BB EA

3.0

-6.9 t t t t |
3175 3275 3375 3475 3575 3675
115200 baud & Send BothNL&CR B

Notes: Close the Serial Monitor before open the Plotter

Repeat test for 'g' and 'm' o



Testing Camera

Edit

Sketch Tools Help

Open Recent
Sketchbook

Examples >
Close W 01.Basics
Save %5 | 02.Digital
Save As... €3S 03.Analog

Built-in Examples

[ ] [ ] test_camera | Arduino 1.8.19
0 B

test_camera

04.Communication
05.Control
06.Sensors
07.Display

08.Strings

09.UsB
10.StarterKit_BasicKit
11.ArduinolSP

Page Setup %P
Print ®P

VvV VVVVYVYVYVYYVYV

Examples for any board #include <TinyMLShield.h>

Adafruit Circuit Playground > o % _
Ardui bool commandRecv = false; // flag used for indicating receipt of comm
uino_LSM9DS1 > . R
X 2 bool liveFlag = false; // flag as true to live stream raw camera byte
Arduino_TensorFlowLite >
bool captureFlag = false;
Bridge >
Ethernet % // Image buffer;
Firmata > byte image[176 * 144 * 2]; // QCIF: 176x144 x 2 bytes per pixel (RGBS
LiquidCrystal > int bytesPerFrame;
SD >
Servo > void setup(Q) {
Stepper > Serial.begin(9600);
Temboo N while (!Serial);
RETIRED >

initializeShield();

Examples for Arduino Nano 33 BLE
Nano33BLE_System

PDM

Scheduler

ThreadDebug

USB Mass Storage

USBHID

// Initialize the 0V7675 camera

v vVVviVvvy

Examples from Custom Libraries

ic_( augm_cnn_inferenci >
ESP32-CAM-FLOWERS_inferencing
ESP32-CAM-Fruit-vs-Veggies_inferencing

Arduino Nano 33 BLE on /dev/cu.usbmodem11201

IESTIO1_~_Person_Detection_inferencing
mug_or_not_mug_inferencing
TensorFlowLite_ESP32

[ ] Q@ /dev/cu.usbmodem11201

I single| I Send

Welcome to the QV7675 test

Available commands:

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

Autoscroll Show timestamp BothNL&CR & 115200 baud & Clear output

@ [ ] /dev/cu.usbmodem11201

I capture I Send

Available commands:

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

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

Image data will be printed out in 3 seconds...
0x95B6, 0x75B6, 0x95B6, 0x75B6, @x95B6, @x74B6, Ox74B6, Ox75B6, 0x75B6, 0x74B6, 0x74B6, Ox7:

Autoscroll

Show timestamp

BothNL&CR B

115200 baud @& Clear output

Note: You can Press Button insteady send ‘capture’
25



Testing Camera

VA

2 L L T e
039/\/0;:;;344441 »
&
S

[ NoN ] /dev/cu.usbmodem11201

capture Send

Available commands:

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

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

Image data will be printed out in 3 seconds...
0x95B6, @Ox75B6, @x95B6, 0x75B6, @x95B6, @x74B6, 0x74B6, Ox75B6, Ox75B6, Ox74B6, 0x74B6, Ox7:

Both NL & CR

Autoscroll Show timestamp 115200 baud e Clear output

[ NON €O 0V7675_Image_Viewer.ipynb X + v

c O (H colab.research.google.com/drive/IRCJNS4ByEoF... B @ 1}) » @

& OV7675_Image_Viewer.ipynb

B Comment share
File Edit View Insert Runtime Tools Help Allchanges saved
RAM [ ,
+ Code + Text M v | AEing | 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 [ NN ] €O OV7675_lmage_Viewer.ipynb X = =+ v
Update the following variable with the output of your Serial Monitor. € > C O (5 colab.research.google.com/drive/IRcJN54ByEoF.. B @ ‘:?) » @
7 @ 1# Copy the output of the Serial Monitor to the variable o OV?é75_Image_V|ewen|pynb 5 B Comment Share £ @
2 HEXADECIMAL_BYTES = [OXEF93, OxAS2, 0xC641, 0x2531, Oxd File Edit View Insert Runtime Tools Help Allchanges saved
0xE320, 0xC320, 0xC318, 0xE318, 0xE318, OxE318, 0xE318, +Cods. vt L v | /Edtng | A
0x321, 0x321, 0x321, 0x2321, 0x2321, 0x2421, 0x2429, 0xX Disk WL
0x4439, 0xC541, 0x642, 0x642, 0x274A, 0x274A, 0x2752, 0 B | U (e A U L e I
0x274A, 0x74A, OXE641, 0x8639, 0xd4531, 0x2429, 0x6431, 0x6729, 0x4621, 0x6631, 0xB639, 08739, 0xB8739, 0x2952, OXCAID, OXDD ey oemmmmry mwombmmaiy—r
0x4429, 0x4529, 0x4429, 0x6429, 0x4429, 0x4429, 0xd4429, > 0xBBD6, OxX7TACE, OxS9CE, 0x59CE, Ox59CE, 0x59C6, 0x58C6, 0x38C6, 0x38C6, 0x38C6, 0x18C6,
0x6429, 0x4431, 0x6431, 0x6531, Ox6431, Ox6431, 0x6431, 0x18BE, 0x18BE, 0x18BE, O0xF8BD, OXFSBD, OxFSBD, 0xFSBS, 0xF7B5, 0xD8BS, 0xD7B5, 0xD7BS,
0x8531, 0x8531, 0x8531, 0xB531, 0x8531, 0x8531, 0x8531, <> 0xD7B5, 0xD7BS, 0xD7AD, O0XBJAD, OXBTAD, OxBTAD, 0xB7AD, 0xBJAD, OXB7AD, 0x97AD, 0x97AD,
0x8531, 0x8531, 0xAS531, 0xAS31, OxAS531, 0x8531, 0x8531, 0x97AD, OxBTAD, 0x96AS, 0x37A5, OXBTAD, Ox98AS, 0x76A5, 0xD494, OXF183, Ox2F6B, OXEDGA,
0x4531, 0xC539, OxA531, 0x8531, 0x8531, 0x8531, 0xAS39, (x} OxAASA, OxECSA, OXEBSA, 0xC5B, 0x2C5B, 0xC5B, 0x2CSB
0xA539, 0xA539, 0xA539, 0x8539, OxA539, O0x642, Ox464A,
0x9AF7, 0x9BF7, 0x9CF7, 0x9CF7, OxICF7, Ox9BE7, 0x36B6, 41
OxF6AD, 0x94AS, 0x5395, 0x128D, 0X917C, OxP74, 0x6D63,|
0x529D, 0x73A5, 0xCF7B, 0xCF73, OXBIAD, Ox15A6, O0XS5A6, Thied v e Bslow o Vit the ifmaga.
0x728D, 0x OXFSAD, 0xXDSAD, OxD3AD, 0x3385, 0x537D,
0x79C7, 0x39%, 0x74Wp, 0x128D, 0x5074, OxCF63, 0x3174,
OxFBBE, 0x3pf7, 0xD3q, 0xEAS1, 0xA649, 0x2529, 0x429, v (3] 1# Reformat the bytes into aniimage
0xe320, pA€320, 0xcifo, 0xE320, OxE320, OxE320, 0xE320, 2 raw_bytes = np.array(HEXADECIMAL BYTES, dtype="i2")
o0x321 /0x321, ox; 0x2321, 0x2321, 0x2429, 0x2429, 0% 3 image = np.zeros((len(raw_bytes),3), dtype=int)
oxza, 0xa745¢ 0x6762, 0xA852, 0x885A, 0x885A, 0x885A, 4
6752, 0xg7%2, 0x274A, OxE641, 0xB631, 0x2429, 0x429, 5 # Loop through all of the pixels and form the image
0x4429, pAa429, 0x4429, 0x4429, 0x4429, 0x4429, 0x6529, 6 for i in range(len(raw_bytes)):
0x44297 0x4529, 0x6429, 0x6429, Ox6431, O0x6431, 0x6531, 7 #Read 16-bit pixel
0xp#31, 0x8531, 0x8529, 0x8529, 0x8531, 0x8531, 0x8531, 8 pixel = struct.unpack('>h', raw_bytes(i])[0]
8531, 0xA531, 0xA531, 0xAS31, 0xAS31, OxAS31, OxA531, 9
0x4431, 0xA531, OxA631, 0x8531, OxAS31, OxA531, O0xAS3l, 10 #Convert RGBS65 to RGB 24-bit
0xA539, 0xA539, 0xAS539, 0xC541, 0x642, Ox464A, O0x274A, 1 r = ((pixel >> 11) & 0x1f) << 3;
0x98F7, 0xICF7, 0xICF7, 0xICF7, OxICE7, 0x96C6, O0xBTCE, 12 g = ((pixel >> 5) & 0x3f) << 2;
0xB3AS, 0x5395, 0x118D, 0xD084, Ox4F7C, Ox6E63, OXEFDE, 13 b = ((pixel >> 0) & 0x1f) << 3;
0x32A5, 0x5184, 0x107C, 0xD1AD, OXF59D, O0x159E, 0x357D, 1 image[i] = [r,g,b]
O0x36AE, 0x15B6, 0xDSAD, OxD4AS, 0x337D, 0x5375, 0x5475, 15
=] 0X79CF, 0xS6AE, 0x37AE, 0xBA7C, OxB8F63, 0x5274, 0x527C, 16 image = np.reshape(image, (144, 176,3)) #QCIF resolution
AYaRRT  NwCRAI vROS] NvASA1  OvAS29  Avd29  AvRA2N 17
+ 0s completed at 5:58 PM 18 # Show the image
""1 19 plt.imshow(image)
20 plt.show()
~ 0s  completed at 5:58 PM °

26



Optional Tests

[ ] [ ] bilnk_RGB | Arduino 1.8.19

void setup() {

}

void loop(Q) {

28

bilnk_RGB

// Pins for the built-in RGB LEDs on the Arduino Nano 33 BLE Sense
pinMode(LEDR, OUTPUT);

pinMode(LEDG, OUTPUT);

pinMode(LEDB, OUTPUT); :
ov7675 (@)
// Note: The RGB LEDs are ON when the pin is LOW and off when HIGH.
digitalWrite(LEDR, HIGH);

digitalWrite(LEDG, HIGH);

digitalWrite(LEDB, HIGH);

digitalWrite(LEDR, LOW);
delay(1000);
digitalWrite(LEDR, HIGH);
delay(1000);

digitalWrite(LEDG, LOW); J- hih
delay(1000); Casasaman
digitalWrite(LEDG, HIGH); ]
delay(1000); ' f'
digitalWrite(LEDB, LOW); e ? anouzno ¢
delay(1000);

digitalWrite(LEDB, HIGH);
delay(1000);
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Arduino Nano 33 BLE on /dev/cu.usbmodem11201
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Optional Tests (KeyWord Spotting)

MAIN LOOP
micro_speech | \% pp | ard d_respc p | arduino_t ™ in.cp ——  Audio provider
#include <TensorFlowLite.h> Feature extractor Vodel
.O (=] 'é
#include "main_functions.h" LY el P g
TensorFlow Lite Micro @ s
° { )

#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" e0 e /dev/cu.usbmodem11201
#include "tensorflow/lite/micro/micro_mutable_op_resolver.h"
#include "tensorflow/lite/schema/schema_generated.h"

Command recognizer

Command responder

Send

#include "tensorflow/lite/version.h" Heard silence (204) @1408ms
Heard yes (204) @6416ms
// Globals, used for compatibility with Arduino-style sketches. Heard yes (201) @8784ms

Heard unknown (207) @11280ms
Heard yes (209) @16656ms
Heard no (201) @25312ms
Heard no (201) @286@8ms
Heard unknown (202) @35552ms

namespace {
tflite: :ErrorReporter* error_reporter = nullptr;




Optional Tests (Person Detection)

[ NON ] person_detection | Arduino 1.8.19 INITIALIZATION

MAIN LOOP
person_detection
: . Image provider
#include <TensorFlowLite.h> il
Model
#include "main_functions.h" y
i 15’3 @
Person ‘ TensorFlow Lite Micro @ :
#}nclude '|§ietect10n_responger.h Not a Person ‘ ®
#include "image_provider.h
#include "model_settings.h" Detection responder
#include "person_detect_model_data.h"
#include "tensorflow/lite/micro/micro_error_reporter.h"
#include "tensorflow/lite/micro/micro_interpreter.h"
#include "tensorflow/lite/micro/micro_mutable_op_resolver.h"
#}nclude "tensorﬂow/l?te/schema/schema_generated.h e0e0 o usbmodema 1203
#include "tensorflow/lite/version.h
| Send
// Globals, used for compatibility with Arduino-style sketches. Person score: -37 No person score: 37
namespace { Person score: -39 No person score: 39
tflite::ErrorReporter* error_reporter = nullptr; Person score: 10 No person score: -10
const tflite::Model* model = nullptr; Person score: 2 No person score: -2
tflite::Microlnterpreter* inter reter" = nullptr; EEFson Scores @ Mo personi.Scones 9
e p P - Pyr; Person score: 22 No person score: -22
Person score: 22 No person score: -22
Person score: 21 No person score: -21
Person score: 9 No person score: -9
Person score: -1 No person score: 1
Person score: 14 No person score: -14
Person score: 12 No person score: -12
Person score: -40 No person score: 40
Person score: -34 No person score: 34
9 Autoscroll Show timestamp BothNL&CR B 115200 baud &) Clear output

1 Arduino Nano 33 BLE on /dev/cu.usbmodem11201



Thanks

And stay safe!




