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Background: Navigation and Obstacle Avoidance for Quadrotor Systems

The excellent performance of drones heavily relies on 
external signals.

• Positioning: GPS signals or ground station signals

• Control: Manual control or ground station commands

In signal-denied environments, most solutions are 
designed for larger platforms.

• Li-DAR system: accurate but heavy and power-

hungry

• Vision system: lightweight but with excessive 

computational and memory costs
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Background: Neuromorphic Intelligence
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Motivation: Bio-inspired Neuromorphic Solution for Edge Computing Platforms

In nature, organisms (like anurans) can easily navigate and capture fast-moving objects.

Even With Tiny Brains!
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Hardware Introduction

Total weight of the quadrotor: 856 g

Tip-to-tip diameter: 240 mm

Due to the constraints of the Speck chip, the computational process carried out in the 

neuromorphic chip still relies on an x86-based onboard computer for fundamental support.
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Methods: Overview

① The quadrotor performs an 

outbound flight 

② Periodically records event 

streams at Snapshot points

③ Using Bio-inspired Event RF 

model to perform dynamic 

obstacle avoidance 

④ Continuously calibrates itself 

in the catchment area 

⑤ Reaches Snapshot area
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Methods: Event Visual-homing

Simplified stack-over-time IMU error:

Error w.r.t.
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Methods: Bio-inspired Dynamic Obstacle Avoidance

Event RF Model:

The mechanism by which anurans 

capture highly dynamic insects is the 

superimposition of ERF (excitatory 

receptive field) and IRF (inhibitory 

receptive field) to suppress the 

perception of static objects and 

maintain sensitivity only to dynamic 

ones.

R3 ganglion cells respond to stimuli 

to ON-OFF brightness changes, which 

are highly identical to event changes
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Methods: Bio-inspired Dynamic Obstacle Avoidance

Event RF Model:

Time Kernel:

Gaussian Kernel:
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Experiments: Simulation

The Event RF Model could accurately capture 
events produced by dynamic objects and 
generate avoidance movements
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Experiments: Simulation
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Experiments: Real-world – Indoor Experiment

Flight Arena in Various Light Conditions

Quantitative Evaluation
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Experiments: Energy Consumption and Computational Cost

Comparisons are made between the Speck neuromorphic chip and an Nvidia Jetson Orin NX for 

running the whole pipeline. Due to the device limit, only SNN is performed on the Speck 

neuromorphic chip, while both SNN and equivalent ANN are performed on the Nvidia Jetson Orin NX 

platform. The SNN ran in hardware on Speck and in software on Jetson Orin NX. 

95% energy reduction of computation (down to 5% of original levels) in the neuromorphic 

structure and the total system energy consumption decreases to 21% of baseline values.
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Conclusion

Our contributions to the community include:

• A fully neuromorphic framework enabling tiny UAVs to rely solely on onboard 

computation and sensing for real-time navigation and dynamic obstacle avoidance.

• A bio-inspired approach enabling tiny UAVs to accurately avoid dynamic obstacles at 

speeds up to 10 m/s with a latency of 2.3 milliseconds.

• An open-sourced monocular event-based pose correction dataset with over 50,234 paired 

and labeled event streams. (not mentioned in this slide due to time limit)
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