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Introduction & Motivation

Autonomous navigation of unmanned aerial vehicles (UAVs) in GPS-denied environments is a

critical challenge in search-and-rescue, structural inspection, and forest fire tracking. Traditional

state-estimation and navigation pipelines suffer from cumulative drift when primary sensor feeds

are degraded. While deep reinforcement learning (DRL) provides a promising alternative, existing

architectures fail to capture long-term temporal dependencies and struggle to adjust to dynamic

obstacle fields in real time. We address this limitation by proposing SynapseNet, a novel spatio-

temporal neural network designed specifically for real-time onboard path planning under severe

sensor constraints.

Methodology

Our methodology comprises a hybrid deep network architecture integrated directly into the UAV

flight controller. The model features:

+ Spatial Attention Mechanism: Focuses computational resources on critical obstacle bound-

aries detected via lightweight solid-state LiDAR.

Temporal Convolutional Layers: Processes sequences of past states to predict trajectory drift

and correct velocity vectors.

+ Kinematic Projection Layer: A custom layer that projects neural network outputs onto the
UAV’s physical constraints, ensuring smooth, executable trajectories.

Training was performed in the high-fidelity Nimbus Sim environment, using curriculum learning to

transition from static environments to dynamic wind-shear fields.

.

Results & Performance Analysis

The framework was evaluated across 500 randomized, cluttered scenarios and compared against
standard industry baselines. As summarized in Table 1, SynapseNet achieved a navigation success
rate of 94.2%, outperforming the Apex baseline by 15.8% while maintaining a computationally
efficient footprint. The integration of temporal modeling yielded a 22.4% reduction in trajectory
drift compared to purely spatial models. Crucially, inference latency remained well below the
15-millisecond threshold required for closed-loop stability on low-power edge computers.
Conclusion & Future Work

This work demonstrates the viability of attention-guided temporal architectures for robust, au-
tonomous UAV operations without GPS dependencies. Future research will focus on the de-
ployment of SynapseNet onto physical quadcopters for field validation within the Meridian forest
reserves.

Performance Comparison

Algorithm Success (%) Latency (ms)
Apex Base 78.4 8.5
Vertex-Path 82.1 15.2
SynapseNet 94.2 11.4

Table 1: Simulation benchmarks.
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Figure 1: Navigation schematic.
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