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Not every LIDAR point deserves the same trust. =20

ABSTRACT LiDAR-inertial odometry (LIO) keeps UAVs localized where GPS is unreliable, but degrades when the scanned geometry is weak,

repetitive or non-rigid, because most estimators treat all measurements as equally reliable.

Research question: how can LIO account for the reliability of each measurement?

C1 (IEEE ICARSC 2026) scores every point from photometric stability, planarity and range before the IEKF update of FAST-LIO2: 63.1% lower

median APE on MARS-LVIG Featureless at +4.0% runtime.

C2 (in preparation) adds intensity as a measurement through a calibration-free photometric layer for LM and IEKF back-ends: on 8 sequences it . "l . e
reduces failures for all three back-ends and analyzes when intensity harms. e

s Unstable returns o Stable returns Autonomous trajectory

—— LiDAR scan + [Densavegetation) <32 (Open areas) T (Exploration path)

Ay

1 Where LIO loses reliable constraints 3 C1 - Experiments and results

MARS-LVIG Featureless — Trajectory Comparison 0
100 ¢ = I
...... . 0
e _J) === croundTuth median APE vs FAST-LIO2 (RTK-GPS truth)
s —— FAST-LIO2
£ 0r - Proposed
-50
0 Proposed trajectory + 4 0 o
-100 follows ground truth [ o
- i iti i H B— more closely.
Featu.re. pgor terrain Repetitive l symmetric Dense vegetation | o= . runtime overhead
* few distinctive 3D structures e tunnels, corridors, repeated e many returns, not all reliable =30 oEephE. =00 9 o 29 008 Ot = a9
* some motion directions become structures * leaves and thin branches move
weakly observable * several alignments look plausible between scans MARS-LVIG FEATURELESS GOLF COURSE - QUALITATIVE, NO RTK-GPS
7\ J L J s e SO R, IR . FAST-LIO2 PROPOSED

B FAST-LI02

A\ Failure cycle: unreliable measurements — weak correction — growing pose uncertainty — inconsistent map
— degraded planning

2 C1 - Proactive per-point trust

A proactive, physics-based reliability model for every LiDAR point, inside the LIO
filter: trust is judged before the update, with no training data and +4.0% runtime.

1 Less ghosting and
double walls; sharper
boundaries

2 More compact
vegetation

1 Wall edge: doubled — single and sharp
v Proactive — before the update v Training-free — intensity, geometry, range

v Per-point covariance — not one noise level v Drop-in — inside FAST-LIO2

2 Vegetation: smeared - more compact

Trust-aware weighting improves map consistency
with low overhead.

Gap it closes: LIO assumes nearly uniform noise; reactive methods adapt only after errors appear; learned ones need
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m C1, two datasets: (i) MARS-LVIG Featureless [3]: public e i i -/ e i e el R R -

UAV sequence, Livox Avia, RTK-GPS ground truth — blue: host, unchanged - orange: shared photometric layer - dashed: back-end-specific parts - grey: maps
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. TunnelD ENWIDE x 0.276 0.492 x 0.380 x 0.442
m C2: 8 sequences from five datasets: ENWIDE [4], Newer TunnelS ENWIDE x 0.660 0.780 X 1.020 x x
College [7], GEODE [8], MARS-LVIG [3] and our UAV (a RunwayD ENWIDE 4.365 0.308 3.542 x 3.134 x 3.525
flight with a restricted field of view), recorded with three
LIDARs: Ouster 0S0-128, Livox Avia, Livox Mid-360. Feat_ureless MARS-LVIG 3.734 3.648 — 28.9 3.751 3.574 3.574
HKairport MARS-LVIG x 1.605 — 0.922 0.862 1.005 0.895
Custom-1 FOV30 Ours (UAV) 5.011 0.643 — x 3.123 x 0.609
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sequences). Green / red: the layer rescues or improves (> 5 %) / fails or degrades the same back-end.

C1 - published C2 - in preparation
CONCLUSIONS Assessing per-point reliability before the IEKF update lowers the median One calibration-free photometric layer serves both LM and IEKF back-ends: Next

APE by 63.1% relative to FAST-LIO2 on MARS-LVIG Featureless, at +4.0% failures fall from 3 to 0 of 8 sequences (BIEVR-LIO) and from 4 to 1 and 4 reliability-aware mapping (RQ2) and belief-aware planning (RQ3).
runtime and without training data. to 2 of 8 (FAST-LIO2, GenZ-LIO).
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