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Google Assistant

IoT 1.0: 
Internet

of Things

IoT 2.0: 
Intelligence 
on Things

TinyML will soon be 
everywhere!

Including on 
Robots!

nest
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So what is Robotics?
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Robotics is a BIG space
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Robotics is a BIG space
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Robots can do amazing things…
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Robots can do amazing things…

http://www.youtube.com/watch?v=-e1_QhJ1EhQ&t=14
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… but they still have a long way to go!

http://www.youtube.com/watch?v=EezdinoG4mk&t=119
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Especially at small scales!

SWaP 
Constrained

Size, 
Weight, 

and 
Power

Jafferis, Noah T., et al. "Untethered 
flight of an insect-sized flapping-wing 

microscale aerial vehicle." Nature 
570.7762 (2019): 491-495.
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Especially at small scales!

Neuman, Sabrina M., et al. "Tiny robot learning: Challenges and directions for machine learning in resource-constrained robots." 2022 
IEEE 4th International Conference on Artificial Intelligence Circuits and Systems (AICAS). IEEE, 2022.
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Especially at small scales!

Neuman, Sabrina M., et al. "Tiny robot learning: Challenges and directions for machine learning in resource-constrained robots." 2022 
IEEE 4th International Conference on Artificial Intelligence Circuits and Systems (AICAS). IEEE, 2022.

Can TinyML 
Overcome these 

challenges?

I’m Optimistic!
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1. Microcontrollers can already 
compute more than you think!

2. TinyML is already being 
demonstrated for robotics!

3. On-Device Learning is coming to 
MCUs near you!

TinyMPC

tinyRL / 
Sniffy Bug

TyBox / 
TinyProp

Tiny Robots: Edge Computational 
Challenges and Opportunities
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TinyMPC: Enabling state-of-the-art classical 
algorithms on Tiny Robots
Khai Nguyen*, Sam Schoedel*, Anoushka Alavilli, Elakhya Nedumaran, 
Brian Plancher, Zachary Manchester
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TinyMPC: Enabling state-of-the-art classical 
algorithms on Tiny Robots

Trade generality for speed and 
low-memory utilization
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TinyMPC: Enabling state-of-the-art classical 
algorithms on Tiny Robots
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TinyMPC: Enabling state-of-the-art classical 
algorithms on Tiny Robots

Cortex 
M4
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TinyMPC: Enabling state-of-the-art classical 
algorithms on Tiny Robots

http://www.youtube.com/watch?v=NKOrRyhcr6w&t=120
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1. Microcontrollers can already 
compute more than you think!

2. TinyML is already being 
demonstrated for robotics!

3. On-Device Learning is coming to 
MCUs near you!

TinyMPC

tinyRL / 
Sniffy Bug

TyBox / 
TinyProp

Tiny Robots: Edge Computational 
Challenges and Opportunities



Copyright (c) 2024 TinyMLedu. 
All rights reserved. 
CC BY-NC-SA 4.0

20



Copyright (c) 2024 TinyMLedu. 
All rights reserved. 
CC BY-NC-SA 4.0

21

Requirements:
● Obstacle avoidance
● Odometry
● Gas sensing
● Relative ranging
● Communication

Payload:
● Flow deck 
● Multiranger deck
● Custom gas/UWB PCB

Weight: 37.5g

Sniffy Bug System design
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Sniffy Bug Algorithm and Results

Particle Swarm Optimization

http://www.youtube.com/watch?v=NF1H8O5I0a8
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BitCraze CrazyFlie 2.1
● ARM Cortex-M4
● CPU: 1-core & 168 MHz
● RAM: 196 kB
● Storage: 1MB
● Available RAM: 33 kB
● Weight: 33 grams

tinyRL System design

Training done in 
simulation.
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● Obstacle avoidance requires low-latency inference.
● Libraries considered:

○ TensorFlow Lite, not fast enough.
○ uTensor, ran out of memory.

tinyRL Inference Implementation

24

● Therefore, developed a custom lightweight C inference library!
● Result: capable of inference at up to 100Hz, higher than the 

sensor polling rate!
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tinyRL Flight Test Results
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● Between obstacle densities, our policy found the source 
55%-70% faster than the baseline.

● The results show that our policy generalizes far beyond what 
was presented in simulation!

● The deep-RL model reaches a 94% success rate.
● The FSM Baseline reaches a 75% success rate.



Copyright (c) 2024 TinyMLedu. 
All rights reserved. 
CC BY-NC-SA 4.0

tinyRL Flight Test Results
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1. Microcontrollers can already 
compute more than you think!

2. TinyML is already being 
demonstrated for robotics!

3. On-Device Learning is coming to 
MCUs near you!

TinyMPC

tinyRL / 
Sniffy Bug

TyBox / 
TinyProp

Tiny Robots: Edge Computational 
Challenges and Opportunities
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On-Device 
Learning is 
Coming to 
MCUs near 

you!
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I’m Optimistic that TinyML 
can help Overcome SWaP 
Constraints for Robotics

Size, Weight, and Power

Initial Results 
are Already 

Positive!

http://brianplancher.com

