NASA Li-Ion Battery Capacity Fade Denoising Demonstration
Battery State of Health (SoH) Denoising with TRNS — Enhanced Validation
1. Method Overview

This document presents an enhanced validation of the bidirectional TRNS stochastic damping
operator on real NASA lithium-ion battery aging data. The focus is on preserving long-term
capacity fade trends while reducing measurement noise — critical for accurate State of Health
(SoH) estimation and Remaining Useful Life (RUL) prediction in aerospace and electric aviation
applications.

Key Advantages Demonstrated

Training-free and lightweight

Excellent preservation of physical degradation trends (0.00% fade rate error)
Statistically robust results

Favorable comparison against standard signal processing baselines

2. Dataset

NASA Li-lon Battery Aging Dataset (Saha & Goebel, 2007) — NASA Prognostics Center of
Excellence, Ames Research Center. Battery ID 47 was used for this demonstration.

3. Results Summary
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Key Findings

e TRNS achieved strong noise reduction (2.01x RMS) while introducing zero distortion
to the long-term capacity fade trend (0.00% error).

e This level of trend fidelity is particularly valuable for battery health monitoring, where
accurate tracking of degradation rate directly impacts RUL predictions.

e TRNS remains fully training-free and physics-based.



4. Embodiment Description & Patent Support

This enhanced demonstration on NASA’s own lithium-ion battery dataset shows that TRNS
delivers effective noise reduction while best preserving the underlying physical degradation
dynamics among the methods compared. The combination of strong performance, low
computational overhead, and perfect trend fidelity (0.00% fade rate error) directly supports the
claims in non-provisional patent application #19/671,179.

TRNS is well-positioned as a lightweight, explainable solution for Battery Management Systems
in electric aircraft, spacecraft power systems, and other aerospace energy storage applications.

Citation: Saha, B. and Goebel, K. (2007). “Battery Data Set”, NASA Prognostics Data
Repository.



