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❖     Edge Computing 

❖     TinyML 

❖     Microprocessors that run TinyML 

❖     Bird species classification by TinyML 

❖    A Neural Network used in image classifying 

❖    Edge Impulse ML Model building interface 

❖    Market considerations of Edge devices 

❖    The future of TinyML

TOPICS WE’LL DISCUSS:



“EDGE COMPUTING”
  Collect and process data at the source 

  Greater and higher quality data collection 

  Less  central processing 

  Less  network traffic & thus less latency 

   Data privacy / security 

   Specialized hardware 

  Redundancy and scalability



ESP32 VS. RASPBERRY PI

Adafruit HUZZAH32 ESP32 Feather breakout board - $20 Raspberry Pi 4 Model B - $55



WHAT IS TINYML?
Machine learning on “the edge” 

IoT microprocessor based machine 
learning: 

- Low power (mW range) Battery op 

- Always-on use cases 

“Inferencing” standalone or in a client-
server configuration 

data collection in “the field” (edge) 

More realistic data = better models



“AI-IOT” SYSTEM ON A CHIP (SOC)

ESP-EYE (2020): 
- Espressif ESP32 @ 240Mhz
- 2.4 GHz Wi-Fi and Bluetooth
- 4MB Flash and 8MB PSRAM memory
- 2 Megapixel Camera
- MEMS microphone
- Costs $20

ESP32-CAM (LATE 2019): 
- Espressif ESP32 @ 160Mhz
- 2.4 GHz Wi-Fi and Bluetooth
- 520KB SRAM and 4MB PSRAM memory
- TF card (microSD) socket
- 2 Megapixel Camera
- Costs $8

THE HARDWARE:

ESP32-S3-EYE (2021): 
- Espressif ESP32-S3 @ 240Mhz
- 2.4 GHz Wi-Fi and Bluetooth
- 8MB Flash and 8MB PSRAM memory
- 2 Megapixel Camera
- MEMS microphone
- LCD display
- Accelerometer
- Costs $48



ESP32-CAM: GATEWAY TO TINYML



THE CHALLENGE:
RECOGNIZE “BULLY BIRDS” FROM A BIRD FEEDER 
USING AIoT & TINYML



THE DATA:
TINYML IS “FOR THE BIRDS” OR, IMAGE RECOGNIZING THEM ANYWAY…



“THE FIELD OF STUDY THAT GIVES COMPUTERS THE ABILITY 
TO LEARN WITHOUT EXPLICITLY BEING PROGRAMMED.”

ARTHUR SAMUEL

https://en.wikipedia.org/wiki/Arthur_Samuel


NEURAL NETWORKS AS  
NEXT-GEN DIGITAL SIGNAL PROCESSING

X > 10 dB ?

Filter with rule-based parameters  
e.g. sound an alarm when the volume  (1 feature) is above 10 decibels

Filter with learned weights from training data/a training process 
e.g. does the set of features (including volume, frequency, time, and combinations of those) 

 from the input signal resemble those that an alarm situation would have?
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C  IS  FOR  CONVOLUTION:

Convolution:

A filter (kernel) is used to add values of a pixel within an image to its 
neighboring pixels (based on a certain filter) resulting in feature maps. 
The subsequent subsampling (pooling) layer reduces the dimensions of 

these feature maps.
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CNN FOR IMAGE CLASSIFICATION



MINIATURIZED ML - TINYML
Quantization: Pruning::



EDGE IMPULSE - THE PLATFORM



EDGE IMPULSE USER INTERFACE



THE TINYML MODEL ARCHITECTURE

MOBILENET V1



ML TRAINING ON EDGE IMPULSE



TENSORFLOW LITE ESP32 LIBRARY



DEPLOYING E-I ML ON ESP32-EYE



CUSTOMIZATION



TEST OF MODEL ON ESP32-EYE



ITERATIONS



DEVELOPMENT CYCLE

Field Test

Deployment

Architecting  & 
Training

Data Collection

Idea Research



❖     Events triggered after bully bird detection 

❖     Form factor of feeder 

❖     Additional feeder features/automation 

❖     Locality customization 

❖     Season customization 

❖     Human validation of field test results 

❖     User testing UI/UX 

❖    Hardware upgrades

FUTURE DEVELOPMENT



MARKET RESEARCH - OTHER PRODUCTS



DIY FLEXIBILITY



FUTURE OF TINYML



FURTHER LEARNING
Tensorflow Lite for Microcontrollers: https://www.tensorflow.org/lite/microcontrollers 

MIT Sloan School of Business ML Overview: https://mitsloan.mit.edu/ideas-made-to-
matter/machine-learning-explained 

Hymel et al., “Edge Impulse: An MLOps Platform for Tiny Machine Learning” 2023, 
https://arxiv.org/abs/2212.03332 

IBM, “What are convolutional neural networks?” https://www.ibm.com/topics/
convolutional-neural-networks

https://www.tensorflow.org/lite/microcontrollers
https://mitsloan.mit.edu/ideas-made-to-matter/machine-learning-explained
https://mitsloan.mit.edu/ideas-made-to-matter/machine-learning-explained
https://arxiv.org/abs/2212.03332
https://www.ibm.com/topics/convolutional-neural-networks
https://www.ibm.com/topics/convolutional-neural-networks
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