
HOW MUCH TIMING ERROR CAN YOU TOLERATE BEFORE TRUST BREAKS?

Future Work

Our Insight and Model Capability

Why not use a Better clock?

Size, Weight, Power, and Complexity

WHEN YOUR CLOCK DRIFTS
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We first validate the claim that Temperature and 
Vibration cause deviation in frequency output of a 
Crystal Oscillator, finding a strong correlation between 
temperature and frequency deviation.

Alternative timekeeping methods are also unsuitable, expensive and heavy

Methodology
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Our Goal and Design 
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UAV navigation often needs sub-microsecond synchronization
A low-cost oscillator can drift beyond 10x that under modest perturbation

The goal: using sensor fusion, give a $10 oscillator the stability and 
resilience of a $1,000+ oscillator.

Hardware and Data Correlation Assessment and Validation

Metric Uncompensated 
(Raw)

Model-
Compensated 

Improvement 
Observed

Fractional Stability 3.2x10-5 9.60x10-8 325x better
Frequency 
Deviation 31181 ppb 96.02 ppb 99% reduction 

Timing Drift 31.2 µs 96 ns 31000 ns saved

Statistical Metric Value Control Metric Status and Implications
RMSE 1.211 Hz @10Mhz Controllability Full Rank
MAPE 1.067x10-7 Observability Full Rank
95% PI coverage 99.89% System State Fully Identified

AIC-BIC 42303-42457 Forecasting Stable for out of state 
sample
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