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BE THE DIFFERENCE.

Hardware Overview

Microcontroller

nRF52840 (datasheet)

Analog Input Pins

8 (ADC 12 bit 200 ksamples)

Operating Voltage 33v Analog Output Pins Only through PWM (no DAC)
Input Voltage (Limit) 21V External Interrupts all digital pins

DC Current per /O Pin 15mA LED_BUILTIN 13

Clock Speed 64MHz USB Native in the nRF52840 Processor
CPU Flash Memory 1MB (nRF52840) IMU LSM9DS1 (datasheet)

SRAM 256KB (nRF52840) Microphone MP34DTO05 (datasheet)

EEPROM none Gesture, light, proximity APDS9960 (datasheet)

Digital Input / Output Pins 14 Barometric pressure LPS22HB (datasheet)

PWM Pins all digital pins Temperature, humidity HTS221 (datasheet)
UART 1 Length 45 mm

SPI 1 ‘Width 18 mm

12C 1 Weight 5 gr (with headers)




Tests — Part 2

- Inertial Module - LSM9DS1

—> Digital MEMs Microphone - MP34DTOS-A

- Camera Module - OV7675

©.0)

IMU

* LSM9DS1
* System-in-package
* 3D digital linear acceleration
sensor
* 3D digital angular rate sensor
* 3D digital magnetic sensor

*Comm

¢ 12C serial bus interface (standard
and fast mode)

* SPI serial standard interface

‘ ” life.augmented

LSM9DS1

iNEMO inertial module:

3D accelerometer, 3D gyroscope, 3D magnetometer

S

LGA-24L (3.5%3x1.0 mm)

Features

» 3 acceleration channels, 3 angular rate
channels, 3 magnetic field channels
+2/+4/£8/116 g linear acceleration full scale
+4/+8/+12/+16 gauss magnetic full scale
+245/+500/+2000 dps angular rate full scale
16-bit data output

SPI/ PC senal interfaces

Analog supply voltage 1.9Vto 36V
“Always-on” eco power mode down to 1.9 mA
Programmable interrupt generators.
Embedded temperature sensor

Embedded FIFO

Pasition and motion detection functions
Clickidouble-click recognition

Intelligent power saving for handheld devices
ECOPACK®, RoHS and “Green” compliant

Datasheet - production data

Applications

Indoor navigation

Smart user interfaces

Advanced gesture recognition

Gaming and virtual reality input devices
Display/map orientation and browsing

Description

The LSMSDS1 is a system-in-package featuring a
3D digital linear acceleration sensor, a 3D digital
angular rate sensor, and a 3D digital magnetic
sensor.

The LSM3DS1 has a linear acceleration full scale
of +2g/+4g/+8/+16 g, a magnetic field full scale of
+4/+8/+12/+16 gauss and an angular rate of
+245/+500/+2000 dps.

The LSMIDS1 includes an |*C serial bus
interface supporting standard and fast mode
(100 kHz and 400 kHz) and an SPI serial
standard interface.

Magnetic, accelerometer and gyroscope sensing
can be enabled or set in power-down
separately for smart power management.

The LSM3DS1 is available in a plastic land grid
array package (LGA) and it is guaranteed to
operate over an extended temperature range
from -40 *C to +85 *C.




@ com3 - u] X
i o o |
Te Stl ng I M U Welcome to the IMU test for the built-in IMU on the Nano 33 BLE Sense
Available command:
© testIMU| Arduino 1813 - o x a - display accelerometer readings in g's in x, y, and z directions
] Edit_Sketch Tools Help g - display gyroscope readings in deg/s in x, y, and z directions
New Cirl+N m - display magnetometer readings in uT in x, y, and z directions
Open.  Cwis0
Open Recent B
Sketchbiook > e
Examples 3 A
Close ClrlsW Adafruit Arcada Library »
Save s Adafruit BMP28D Library >
Save As. Ctrl+ShiftsS Adafruit BusiO ’
Adafruit EPD >
Page Setup  Ctrl+Shift+P Adafruit GFX Library >
Print Cirl+p Adafruit HX8357 Library > v
Preferences  CtrlsComma e ? [] Autoscrall [] Show tmestamp Mo lne ending ~| 115200 baud | | Clear output
Adafruit ImageReader Library »
Quit CtrsQ Adafruit LISIOH »
mulndex = 0; 1 Adafruit LIS3MOL @ com3 - = x
mmandRecy = f Adafruit LSMEDS -
| startstream - 2l st MSAZ0! ) 40.0 4 MAXEAYE Az Emagnetomerer Mreadings M in @ uT M40 and® z M directions M BLE M Sense
Adafruit NeoPixel »
setup() { Adafruit PixelDust > -
Sexial.begin(9600) Adafruit seesaw Library »
e (!Serial): Adafruit SHT31 Library »
Adafruit SPIFlash > w0
Adafruit SSD1306 ’
Adafruit SSD1331 OLED Driver Library for Arduing > 10.0
Adafruit SSD1351 library > .
Adafruit STT735 and ST7789 Library > I <N e —
} Adafruit STMPES10 1 helloworld o v =
Adafrit TensorFlow Lite 3 magic.wand
seial. Adafruit TinyUSB Library * micro_speech -10-955 1091 1o1a 157 =80 7163 B
Serial Adafruit TouchScreen A mult_tenant
serial.println("a P o 1 person defection F¢ 115200 baud Both HLB.CR
< Arduinclsan 3 testcamena >
Auci - Adauit Fork e Notes:
CircularGuffer 3 test microphone o1s . .
Hanard Tieyhix | ems , --Compiling & Uploading may take a few minutes
MIDI Library »

--Close the Serial Monitor before opening the Plotter
--Repeat test for 'g' and 'm'

SdFat - Adafruit Fork »
INCOMPATIBLE >

MP34DT05-A
1S7]

Datasheet

MEMS audio sensor omnidirectional digital microphone

Microphone

Features

Single supply vollage

* MP34DTO5-A e

* Digital MEMS microphone built R o,
* Ultra-compact, low-power, el
omnidirectional ) o ’

with a capacitive sensing element

Applications

. Mobile terminals
Comm " Lo st ik ot

* Portable media players

- VolP

* Speech recognition

¢ IC interface manufactured using a g ias

*+  Gaming and virtual reality input devices

CMOS prOCGSS ! ' - Digital stll and video cameras

+  Anfitheft systems

* Provides a digital signal externally o | e Doscrinon

. The 1P, -4 is an ultra-compact, low-power, omnidirectional, digital MEMS
| n P D M o rm at HeLGA microphone built with & capacitive sensing element and an IC interface.
Package
(2x4x1mm)dLD  The sensing element, capable of detecting acoustic waves, is manufactured using @

Packing ope and rest specialized silicon micromachining process dedicated to producing audio sensors.

The IC interface is manufactured using a GMOS process that allows designing a
dedicated circuit able to provide a digital signal extemally in PDM format |

The MP34DT0S-A is a low-distorfion digital microphone with a 64 dB signal-to-noise
ratio and —26 dBFS +3 dB sensitivity.

The MP34DT05-A is available in a top-port, SMD-tompliant, EMI-shisided package:
and is guaranteed to operate over an extended temperature rangs from 40 *C to
285°C




Pulse Density Modulation (PDM)

* A Pulse Density Modulation (PDM) microphone uses a Sigma-Delta modulator to
oversample an acoustic signal at a high sampling rate. This digital PDM signal is
output from the microphone as a 1-bit data word, where the density of ones and
zeros in the data represents the amplitude of the audio signal.

15
.5 -
— PDM sine wave
=== analog sine wave

S\

0.0r 4

N T2

0 20 40 60 80 100
Discrete time (n)

https://www.digikey.com/en/articles/a-comparison-of-digital-pdm-and-i2s-interfaces-in-mems-microphones
https://en.wikipedia.org/wiki/Pulse-density modulation 7

Signal amplitude

@ com3 - a X

Testing Microphon .

- Welcome to the microphone test for the built-in microphone on the Nano 33 BLE Sense
© test_microphone | Arduino 18.13 - a x

File] Edit Sketch Tools Help Use the on-shield button or send the command 'click' to start and stop an audio recording

New CuiN Open the Serial Flotter to view the corresponding waveform
Open... Cirl+O
Open Recent >

Sketchbook > &
Examples 3 4
Close CirlsW Adafruit ADT7410 Library

Adafruit APDS9960 Library

Adafruit Arcada Library

Adafruit BMP280 Library

Page Setup  Ctrl+Shift+P Adafruit BusiO

print Crisp Adafruit EPD

Adafuit GFX Library

Adafruit HX8357 Library

Quit CirleQ Adafnuit ILI9341
sampleBufferl25€  agafit ImageReader Library

o Adafruit LIS3DH

Adafuit LISIMDL

Adafruit LSMEDS

Adafruit MSA301

Adafruit NegPixel

Adafit PixelDust

Adafruit seesaw Library

save Culss i
Adafruit SHT31 Library >
5

Save As.. Ctri+Shift+S

Preferences  Ctrl:Comma B

2] Autoscroll (] Show tmestamp Bt &R~ |11200bavd ~ | Cleor output

© com3 - [m] X

450.0

100.0

Adafruit SPIFlash
Adafnuit SSD1306

Adafruit SSD1331 OLED Driver Library for Arduing 150.0 I 1 M.
Adafruit SSD1351 library \ ‘-‘J | "'M | ‘. I\ L
Adafruit STT735 and STT789 Library \ o/ h ! [ r‘l W M . |
Adafruit STMPES10 hello_world \‘. ,‘I Vo I [ W \nﬂ,‘ M )N \l«N“.;- ¥ |Nﬂ,f\/’“lf
Adafruit Tensarflow Lite magic wand ot W I‘f“ ‘\ | b\_f IV Wt W
Adafruit TinyUSB Library micro_speech v \/ Y .Irv‘l Ay
< Adafruit TouchScreen multi_tenant i \V
Adafruit Unified Sensor person_detection Cison
Froreran e han Tehme Teaso Teas Tetoma ot
Audio - Adafruit Fork test MU 115200 bawd - Send Both HL&CR ) ~
Circulartutrer test_microphone
Harvard Ti edras > . . .
E Note: Close the Serial Monitor before opening the Plotter



https://www.digikey.com/en/articles/a-comparison-of-digital-pdm-and-i2s-interfaces-in-mems-microphones
https://en.wikipedia.org/wiki/Pulse-density_modulation

OV7675 Camera Module

e 0.3 MP CMOS image sensor

¢ active array size: 640x480

o output formats: YUV422, Raw RGB, ITU656, RGB565

e input clock frequency: 1.5~ 27 MHz

o maximum image transfer rate: VGA 30fps, QVGA
60fps, QQVGA 240pfs

o pixel size: 2.5 um x 2.5 um

e image area: 1640 um x 1220 pm

https://www.arducam.com/products/camera-breakout-board/0-3mp-ov7675/
https://github.com/ArduCAM/ArduCAM USB Camera Shield
https://github.com/ArduCAM/Arduino

Testing Camera ) =

Welceme to the OV1675 test

© test_camera | Arduin 18.13 - o X
Available commands:
File Edit Sketch Taols Help

Mew CurleN N

sing
Open... ciriv0

live
Open Recent >

capt

Sketchbook > R
Examples i .

Close CirisW Adatruit Arcada Library

Save Ciri+S Adafruit BMP280 Library

SaveAs.  CuisShiftss | Adafnit Busio
Adatruit EPD

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

Page Sewp  Cirl+Shift=P Adafrit GFX Library
Print Ciriep Adafruit HXB357 Library
Adafruit 1L19341
Adafruit ImageReader Library
Quit Cri+Q Adafruit IS3DH
liveFlag = false;  adafruit LISIMDL
captureflag = fal  pgafnit LSMEDS

Adafruit MSA30T
nage buffer; Adafruit NeoPixel
image[176 * 148 *  sgapnit PixelDust
t bytesPerFrame;

Preferences  Ctri+Comma [] Autoscroll [_] Show timestamg Both NL&CR | 115200 bavd ~  Clear sutput

@ com3 -

Welcome to the OV7E7S test

>
>
>
>
>
>
Adatruit seesaw Library >
Adatruit SHT31 Library > .
id setup() [ Adafruit SPIFlash > Available commands:
Serial.begin(9600); Adatruit SSD1306 »
hile (!serial): Adsfruit SSD1331 OLED Driver Library for Arduino > single - take a single image and print out the hexadecimal for sach pizel (default)
> live - the raw byces of images will be streamed live over the serial port
> capture - when in single mode,
3
e
3

Adafruit 5501351 library
initializeshield(); Adatruit STI735 and ST789 Library
Adafruit STMPES1D
Adafruit TensorFlow Lite
1000 Agalruit TinyUSE Library
nEIn(TFS agatit TouchScreen
Adafruit Unified Sensor

ates an image capture
hello_warid

magic_wand camera in single mode, type "capture” to initiate an image capture

micro_speech

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

person_detection " 0xDEBD, 0xDEBD, 0XDEBD, 0XB6ED, 0xBSBD, 0xBSBD, 0xBSBD, 0x95BD, 0xS5BD, 0XSSBD, 0xBSBS, 0xBS
test_camera >
testIMU
test_microphane
extras >

ze the OV

Arduinalson

Audio - Adafruit Fork
CircularBuffer
Harvard_TinyMLx
MIDI Library

SdFat - Adafruit Fork
INCOMPATIBLE

< >

[ Autoscrall [[] Show timastamp Both WL&CR | 115200 boud | | Claor output

Note: You can Press Button instead of sending ‘capture’



https://www.arducam.com/products/camera-breakout-board/0-3mp-ov7675/
https://github.com/ArduCAM/ArduCAM_USB_Camera_Shield
https://github.com/ArduCAM/Arduino

« ca 08  google.com 1oy 3P TWk DT AREARD#550iTo= VK [oP N y m @ =

Q& OV7675 lmage Vieweripynb B comment 33 Share B @

Testing Camera """ 7 . o

Table of contents

Q| OVI6TS Image Viewsr

~ OV7675 Image Viewer

Takes the hexadecimal output of the Camera Test from the Serial Monitor and converts snd displays it a5 an image.

=]

© ¢ Reformst the bytes into an image
raw_bytes = np.array(HEXADECIMAL_BYTES, dtypes"i2") 9
image = np.zeros((len(raw_bytes),3), deype=int)

# Loop through 1 of the pixels and form the image
for & in range(len(raw bytes)):
3, o WRead 16-bit pixel

" pixel = struct.unpack('>h', raw_bytes[i])[0]

#Convert RGESES to RGB 24-bit
= ((pixel 5> 11) & 8x1f) << 3;
£ = ((pixel >> 5) & @x3f) << 2;
b = ((pixel >> 0) & 8x17) << 3;
inage[i] = [r,g,b]

e

Copy image from inage = np. reshape(inage, (144, 176,3)) #QCIF resolution

© com3
pture

Arduino Monitor ¥ o e Linge

plt. inshow( inage)
plE. show()

Welcome to the OVIE75 test

& Paste it into
) Notebook to
ch pixel (default)

live - the raw bytes of images will be streamed live opff th¥/serial port dlsplay |t|
capture - when in single mode, initiates an image

Available commands:

Camera in single mode, type "capture™ to init; image capture

z i bRk e A
0%D€BD, 0XDEBD, UXDEBD, 0XBEBD, 0XBSBD, 0xEBD, 0xBSBD, 0XOSBD, 0%95BD, 0x95ED, 0xB5BS, 0xBS J

< >
2] Autascrall [] Show timestams Both NL&CR | [115200baud ~| | Clear output <
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Credits

® A previous edition of this course was developed in collaboration with Dr. Susan C. Schneider of
Marquette University.

® We are very grateful and thank all the following professors, researchers, and practitioners for
jump-starting courses on TinyML and for sharing their teaching materials:

® Prof. Marcelo Rovai - TinyML - Machine Learning for Embedding Devices, UNIFEI

O https://github.com/Mjrovai/UNIFEI-IESTIO1-TinyML-2022.1
® Prof. Vijay Janapa Reddi - CS249r: Tiny Machine Learning, Applied Machine Learning on Embedded loT Devices,

Harvard
O https://sites.google.com/g.harvard.edu/tinyml|/home

® Prof. Rahul Mangharam — ESE3600: Tiny Machine Learning, Univ. of Pennsylvania
O https://tinyml.seas.upenn.edu/#

®  Prof. Brian Plancher - Harvard CS249r: Tiny Machine Learning (TinyML), Barnard College, Columbia University
O https://a2r-lab.org/courses/cs249r_tinyml/

12
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https://github.com/Mjrovai/UNIFEI-IESTI01-TinyML-2022.1
https://sites.google.com/g.harvard.edu/tinyml/home
https://tinyml.seas.upenn.edu/
https://a2r-lab.org/courses/cs249r_tinyml/

References

® Additional references from where information and other teaching materials were gathered

include:

® Applications & Deploy textbook: “TinyML” by Pete Warden, Daniel Situnayake
O https://www.oreilly.com/library/view/tinym|/9781492052036/

® Deploy textbook “TinyML Cookbook” by Gian Marco lodice
O https://github.com/PacktPublishing/TinyML-Cookbook

® Jason Brownlee
O https://machinelearningmastery.com/
® TinyMLedu
O https://tinyml.seas.harvard.edu/
® Professional Certificate in Tiny Machine Learning (TinyML) — edX/Harvard

O https://www.edx.org/professional-certificate/harvardx-tiny-machine-learning

® Introduction to Embedded Machine Learning - Coursera/Edge Impulse
O https://www.coursera.org/learn/introduction-to-embedded-machine-learning

® Computer Vision with Embedded Machine Learning - Coursera/Edge Impulse
O https://www.coursera.org/learn/computer-vision-with-embedded-machine-learning
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https://www.oreilly.com/library/view/tinyml/9781492052036/
https://github.com/PacktPublishing/TinyML-Cookbook
https://machinelearningmastery.com/
https://tinyml.seas.harvard.edu/
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
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