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ML-powered 
doorbell notifier
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🏡 David Henry’s Garden Office
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💡 Machine Learning + Microcontroller based solution

🚪🔔

🎶 ☁ 💬

📱🎤⬛
On-device ML Inferencing = Privacy Preserving
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📀 Dataset
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🔊 Audio Classification – FSD50K subset

Doorbell -🚪🔔

Music - 🎶

Domestic and home sounds - 🏠

Human voice - 🗣

Hands (clapping, finger snapping) - 👏 🫰
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ML Model
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ML Model
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“tiny_conv” ML model
TensorFlow v1 vs TensorFlow v2 with Keras
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🎶 Input Signal
1 second of audio @ 16 kHz = 16,000 samples
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⚙ Preprocessing
Sample Rate = 16 kHz

FFT Size        = 256

Frame Length = 30 ms

                         = 480 samples

Frame Step     = 20 ms

                         = 320 samples

30
1000

× 16000

20
1000

× 16000
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K.signal - spectrogram

Not 49 x 40 😕
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K.signal - Mel Weight Matrix
Human perception of audio frequencies
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tf.io - Mel spectrogram

✅



15 © 2023 Arm

K.io - Mel power spectrogram (dB)
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DSP + ML Model

🚪🔔 🎵 🏠 🗣 🫰👏

49 x 40 “2d image”

16,000 samples
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Model Training Flow
tf.data.Dataset pipeline

tf.io.read_file(…)

tf.audio.decode_wav(…)

tfio.audio.resample(…)

tfio.audio.trim(…)

# create 1 s slices with 0.1 s of overlap 
tf.signal.frame(…)

# steps from previous slides

Read Audio File

Decode Wave Data

Re-sample to 16 kHz

Trim Silence

Frame

Mel Power Spectrogram
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Model Training Flow
Train ”tiny_conv” model and convert 

Using ESC-50K data, 50 classes

Using subset of FSD50K data and Transfer Learning
 --> same DepthWiseConv2D weights 
       as baseline model
 --> new classificaHon head, 5 classes

Train baseline model

Train model

Convert model to .tflite 8-bit inputs and outputs, quanHzed weights
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Sending SMS messages 💬 
Twilio REST API

Twilio Console HTTP POST

URL
https://api.twilio.com/2010-04-
01/Accounts/<Account SID>/Messages.json

Auth Header = HTTP Basic Auth

• Username  = Account SID
• Password  = Auth Token

Body = application/x-www-form-urlencoded
• To      = the phone # to send the message to
• From = the Twilio # the message is from
• Body = the message text
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SparkFun AzureWave ThingPlus
Realtek RTL8721DM SoC - compute, connectivity, and audio

Arm Cortex-M33 compaNble Real-M300 CPU                
@ 200 MHz

512 KB of SRAM and 4 MB of PSRAM

4 MB of flash

Built-in 2.4 GHz and 5 GHz Wi-Fi connecNvity

Built-in audio codec with two analog inputs

Arduino IDE support with the Realtek Arduino core



21 © 2023 Arm

MEMS Microphone Input
SparkFun AzureWave Thing+ Analog MEMS Microphone

3V3 VCC

GND GND

22 (PA4) AUD

SparkFun SPH8878LR5H-1
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📚 Arduino Libraries
Name Provider Description

AudioCodec Realtek Used to control and manage the hardware Audio Codec
• Provides audio data 1024 bytes at a time = 512 samples @ 16-bit
• With sample rate = 16,000 Hz have 32 ms to process audio in real-time

• 32 ms = 0.320 s = 512 samples / 16,000 samples per second

WiFi Realtek Used to control and manage the Wi-Fi interface and UDP or TCP sockets

Ameba_TensorFlowLite Realtek Provides TensorFlow Lite for Microcontroller (TFLM) support for the board
• Includes Arm's CMSIS-NN library, which provides optimized Neural Network compute 

kernels for Arm Cortex-M processors

CMSIS-DSP Arm Optimized Digital Signal Processing on Arm Cortex-M

ArduinoHApClient Arduino Used to interact with HTTP + REST API’s
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Arduino Sketch pseudo code
setup()

Initialize 
DSP pipeline

Connect to the
Wi-Fi Network

Start
Audio Codec

Initialize 
ML Model

Mono 16-bit @ 16 kHz
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Arduino Sketch pseudo code
loop()

Wait for new 
Audio samples

Update Mel Spectrogram
with new Audio samples

ML Inferencing

Exponential Smoothing Send
SMS

𝑠! = 𝛼𝑥! + (1 − 𝛼)𝑠! "#

Doorbell sound detected
and over 30 s since 

last detection
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Arduino Sketch

Processing Step Time

Mel Power Spectrogram ~3.4 ms

Model Inferencing ~14.0 ms

Total ~17.4 ms

Under the 32 ms goal for
real-time processing !
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Recap

🚪🔔

🎶 ☁ 💬

📱

Twilio

Audio
Compute

Connectivity
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Learn More …

Demo at Arm booth

Hackster.io

• hYps://www.hackster.io/sandeep-mistry/how-to-build-an-ml-powered-doorbell-noNfier-0a781e

GitHub
• hYps://github.com/ArmDeveloperEcosystem/aiot-doorbell-noNfier-example-for-ameba

https://www.hackster.io/sandeep-mistry/how-to-build-an-ml-powered-doorbell-notifier-0a781e
https://github.com/ArmDeveloperEcosystem/aiot-doorbell-notifier-example-for-ameba
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Thank You
Danke

Gracias
Grazie
谢谢

ありがとう
Asante
Merci

감사합니다
ध"यवाद

Kiitos
ارًكش

ধন#বাদ
הדות
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The Arm trademarks featured in this presentation are registered 
trademarks or trademarks of Arm Limited (or its subsidiaries) in 

the US and/or elsewhere. All rights reserved. All other marks 
featured may be trademarks of their respective owners.

www.arm.com/company/policies/trademarks
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the use of any materials presented should be directed to the author(s) or their companies.

tinyML is a registered trademark of the tinyML Foundation.

www.tinyml.org


