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DAY 2 : Build/Train a TinyML
Model for Arduino in TensorFlow
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Webinar Logistics

• Turn on your system sound to hear the streaming presentation.

• If you have technical problems, click “Help” or submit a question 
asking for assistance.

• Participate in ‘Attendee Chat’ by maximizing the chat widget in your 
dock.
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Dr. Don Wilcher
Visit ‘Lecturer Profile’ in your console for more details.

LinkedIn Page:
https://www.linkedin.com/in/dr-don-wilcher-ed-d-mseit-ee-
ceta-2735151/

Patreon Page:
https://www.patreon.com/c/DrDon683
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Course Kit and Materials

Arduino Nano 33 
BLE Sense Rev2

Research Literature 
and Documentation
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Research Perspective

“Today’s large model might be tomorrow’s tiny model.” 
[1] Lin et al., 2024
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Agenda:
• What is TensorFlow?
• Common Terminology and Definitions
• What Can You Do With TensorFlow?
• Key Components In TensorFlow
• Lab: Sinewave Validation Device
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What is TensorFlow?

TensorFlow is an open-source machine learning and deep learning 
framework created by Google. 

• It provides a unified environment to build, train, deploy, and run  
Machine Learning (ML) models

• The ML Models can vary from 
a) small linear regressions to 
b) very large neural networks used in:

i.  computer vision 
ii. natural language processing, 
iii. robotics, and more.
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What is TensorFlow?. . .

• The Google Brain was started in 2011 to explore the use of very large-
scale deep neural networks:

a) research
b) for use in Google products

• DistBelief was built as the first-generation scalable distributed-training 
and inference system. 

• DistBelief work focused on the following items
a) unsupervised learning
b) language representation
c) image and video classification models
d) object detection
e) speech recognition [2]
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Question 1

What is TensorFlow?
a) A closed-source machine learning and deep 

learning framework created by Google.
b) An open-source machine learning and deep 

learning framework created by Microsoft.
c) An open-source machine learning and deep 

learning framework created by Google.
d) none of the above
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What is TensorFlow?. . .

• In 2012 DistBelief was deployed in a variety of Google products, like:
a) Google Search
b) Speech Recognition
c) Google Photos
d) Google Maps
e) Google Translate
f) YouTube

• TensorFlow was built as the second-generation system for the 
implementation and deployment of large-scale machine learning 
models. 
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What is TensorFlow?. . .

• TensorFlow uses computations described by a dataflow-like model 
and maps them onto a variety of different hardware platforms.

• TensorFlow usage ranges from running inference on mobile platforms 
like:

a) Android
b) iOS
c) model size training and inference systems

• Graphics Processing Units (GPUs) are typically used on single-
processor machines.

• Large-scale training systems using hundreds of specialized machines 
with thousands of GPUs
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What is TensorFlow?. . .

Example of a Computation Dataflow Graph
Note:
ReLU: Rectified Linear Unit-
An activation function
used in Deep Learning (DL).  

[2]
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Common Terminology and Definitions

What Is Inference?
Inference is the process of a trained model predicting new data.
Once the model is trained:

a) You feed it a new sensor reading, audio signal, image, or IMU data
b) It computes outputs
c) You interpret the results (e.g., “gesture = up”)
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Common Terminology and Definitions. . .

Inference in TinyML
Inference happens on the microcontroller, not the cloud.
For example, with the Arduino Nano 33 BLE Sense:

•Read 64 IMU samples
•Preprocess them
•Run the tiny neural network
•Output the predicted gesture
•Turn on an LED or send a BLE 
message
All of that is one inference.
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Common Terminology and Definitions. . .

Inference in TinyML
Inference happens on 
the microcontroller, 
not the cloud.

[3] Heydari & Mahmoud, 2025
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Question 2

Which device inference runs on?
a) LoRaWAN
b) an integrated circuit
c) microcontroller
d) none of the above
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Common Terminology and Definitions. . .

• TensorFlow is an interface for expressing ML algorithms, and 
an implementation for executing ML algorithms [3].

• TensorFlow represents computations as dataflow graphs:
a) Nodes = mathematical operations (e.g., MatMul, Conv2D)
b) Edges = multi-dimensional arrays called tensors

Note:
This is the fundamental structure used by TensorFlow to express 
machine learning computations.
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Common Terminology and Definitions. . .

Node-Typical
Edge-Typical

[2]

Anatomy of a 
Dataflow Graph
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Common Terminology and Definitions. . .

Operation (Op)
A single computational unit in the graph (e.g., MatMul, Add, 
Conv2D).
Nodes can have:

a) multiple inputs
b) multiple outputs
c) attributes that modify behavior
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Common Terminology and Definitions. . .

Kernel
a) A device-specific implementation of an operation (e.g., CPU 

kernel vs GPU kernel).
b) Multiple kernels may exist for the same operation, each 

optimized for a specific device.
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Common Terminology and Definitions. . .

Session
A runtime environment used to execute parts of a dataflow graph on 
one or more devices.
The session handles:

a) graph execution
b) communication
c) memory management
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What Can You Do With TensorFlow?

What You Can Do With TensorFlow
Build neural networks
Using APIs like:
a)tf.keras (high-level)
b)tf.nn (lower-level for custom layers)

Train and evaluate models
TensorFlow includes tools for:

a) gradient calculation (tf.GradientTape)
b) backpropagation
c) optimizers (Adam, SGD, RMSprop)
d) loss functions
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What Can You Do With TensorFlow?. . .

Do DL tasks
TensorFlow powers:

a) Image recognition
b) Speech recognition
c) Natural language models
d) Reinforcement learning
e) Time-series forecasting
f) Robotics control
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What Can You Do With TensorFlow?. . .

Deploy models everywhere
With TensorFlow, you can deploy to:

a) Servers
b) Mobile apps (TensorFlow Lite)
c) Web browsers (TensorFlow.js)
d) Embedded devices/microcontrollers (TensorFlow Lite Micro)

Note:
This makes TensorFlow suitable for TinyML and edge-AI applications as 
well.
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What Can You Do With TensorFlow?. . .

Deploy models everywhere
With TensorFlow, you can deploy to:

a) Servers
b) Mobile apps (TensorFlow Lite)
c) Web browsers (TensorFlow.js)
d) Embedded devices/microcontrollers (TensorFlow Lite Micro)

Note:
This makes TensorFlow suitable for TinyML and edge-AI applications as 
well.
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Question 3 

What can you do with TensorFlow?
a) Build an IT network
b) Train and evaluate systems
c) Build neural networks
d) none of the above
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Key Components in TensorFlow
TensorFlow Core
The foundational API for tensors, ops, and math functions.

Keras (tf.keras)
The preferred high-level API for designing deep learning models.

Example structure:
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Key Components in TensorFlow. . .
TensorFlow Lite
Allows running models on:

a) phones
b) microcontrollers (TinyML)
c) IoT devices

TensorFlow Model Optimization Toolkit
Tools for:

a) quantization
b) pruning
c) model compression

Note:
Essential for low-power devices like microcontrollers and small edge hardware.
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Key Components in TensorFlow. . .

TensorBoard
A visualization tool for:

a) training curves (loss/accuracy)
b) model graphs
c) histograms
d) embeddings
e) performance metrics
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Key Components in TensorFlow. . .

TensorBoard
Example

Edward
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Lab: Sinewave Validation Device
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Lab Objectives:
• Participants will learn to program the Arduino Nano 33 BLE Sense to 

obtain accelerometer data.
• Participants will learn to use a software terminal monitor to log 

accelerometer data obtained from the Arduino Nano 33 BLE Sense 
board.

• Participants will learn to program sine wave validation tools using 
TensorFlow and Python.

• Participants will learn to analyze the data produced by the TensorFlow 
sine wave validation..

Lab: Sinewave Validation Device. . .
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Concept System Block Diagram

Lab: Sinewave Validation Device. . .

Simple Data 
Logging 
Setup
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Software Code

Lab: Sinewave Validation Device. . .

Simple Data 
Logging 

Code for the 
Arduino 
Nano 33 

BLE Sense
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Software Code

Lab: Sinewave Validation Device. . .

To put Arduino 
Nano 33 BLE Sense 
into program mode, 

press the Reset 
button twice

Reset button

BMI270 IMU Sensor
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Question 4 

In reviewing slide 35, which component is used to 
enable program mode?

a) IMU Sensor
b) USB cable
c) Reset button
d) none of the above
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Sensor Output Data

Simple Data Logging Code for the 
Arduino Nano 33 BLE Sense

Serial Monitor-IMU Sensor Data 
37

Lab: Sinewave Validation Device. . .
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Lab: Sinewave Validation Device. . .

Data Logging Sessions

Tera Term Software Serial Monitor
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Lab: Sinewave Validation Device. . .

Data Logging Session Example

Noisy Data: Generated with Arduino Nano 33 BLE Sense IMU Sensor 
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Lab: Sinewave Validation Device. . .

4 Part Python 
TensorFlow Code 
Partitioning:
Each Part is placed 
in a Google Colab
programming cell.
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Lab: Sinewave Validation Device. . .

Python Partial Code: 
Google Colab
Environment
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Lab: Sinewave Validation Device. . .

Epoch
Results
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Lab: Sinewave Validation Device. . .

Python Partial 
Code: Google Colab
Environment
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Lab: Sinewave Validation Device. . .

Conversion
Results
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Lab: Sinewave Validation Device. . .

Python Partial Code: 
Google Colab
Environment
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Lab: Sinewave Validation Device. . .

Python Partial 
Code: Google 
Colab
Environment
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Lab: Sinewave Validation Device. . .

Python Partial Code: 
Google Colab
Environment
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Lab: Sinewave Validation Device. . .

Files uploaded to 
and generated 
from Python 
TensorFlow  Code

Python –Tensor Flow 
generated files

Uploaded 
files
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Lab: Sinewave Validation Device. . .

Clean Windows: 
probability ~1 model 
confident it’s a sine 
wave

Noisy Windows:
Probability <1 model 
detects 
deviations/noise 

Test sine wave
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Lab: Sinewave Validation Device. . .
Arduino Nano 33 BLE Sense IMU Data 
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Lab: Sinewave Validation Device. . .

Noisy Windows:
Probability <1 model 
detects 
deviations/noise 

Noisy Windows:
Probability <1 model 
detects 
deviations/noise 
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Question 5 

In reviewing slide 48, which file is not generated by 
the Python-TensorFlow code?

a) test_sinewave.csv
b) sine_model.h
c) sine_model.h5
d) none of the above
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Thank you for attending
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Please consider the resources below:

[1] J. Lin, L. Zhu, W. M. Chen, W. C.Wang, and S. Han, “Tiny machine learning: Progress and 
futures,” arXiv:2403.19076v2 [cs.LG], Jun. 2016. [Online]. Available:
https://arxiv.org/abs/2403.19076 
[2] R. Mathur, “A detailed intro to neural networks,” Aug. 2023. [Online]. Available: 
https://rikinmathur.substack.com/p/a-detailed-intro-to-neural-networks
[3] S. Heydari, Q. H. Mahmoud, “Tiny machine learning and on-device inference: A survey of 
applications, challenges, and future directions,” May. 2025. [Online]. Available: 
https://www.mdpi.com/1424-8220/25/10/3191 
[4] D. Wilcher, “Designs News December 25 webinar code,” GitHub repository, Dec. 2025. 
[Online]. Available: https://github.com/DWilcher/DesignNews-
WebinarCode/blob/main/December_25_Webinar_Code.zip
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