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Abstrakt

Pre dosiahnutie vysokej kvality vyslednych dat z leteckého laserového skenovania je nevyhnutné odstranit
chyby spOsobené nestladom medzi jednotlivymi pasmi, ktorych zdrojom su nepresnosti v ur€ovani polohy
spOsobené chybami GNSS, drift a oscilacia senzorov inercialnej meracej jednotky (IMU) , nespravne uréenie
osi LIDAR senzora voci IMU (boresight misalignment), vibracie lietadla a variacie v letovej vySke, vysoka
variabilita a komplexnost geometrie snimanych povrchov, atmosférické podmienky a pod. Tento problém sa
pri su€asnej generacii dvojkanalovych LiDAR systémov eSte znasobuje, kedZe z jedného letového pasu su
simultanne generované data z dvoch skenerov, ktoré je taktiez potrebné zarovnat. V pripade velkych
projektov, ktoré pokryvaju rozlahlé uzemia (niekolko stoviek km2), je dalSou vyzvou aj spracovanie takychto
velkoobjemovych dat, ktoré kladu vysoké vypoctové naroky. Z hfadiska uspedného zvladnutia projektu je
nemenej dblezité zvazovat ¢asové hladisko.

V predkladanom prispevku prezentujeme vysledky porovnania dvoch pristupov ku urovnaniu letovych pasov
z dvojkandlového LIDAR systém Riegl VQ-1560 II-S. Prvy pristup je implementovany v softvéri TerraMatch.
Po predspracovani, ktoré zahffa filtrovanie Sumu a klasifikaciu mragien bodov do z&kladnych tried, sa
extrahuju spojovacie body a linie. Pomocou tychto geometrickych prvkov je iterativnym spésobom vykonana
optimalizacia lokalnych transformaénych parametrov pre korekciu polohy bodov. Druhy pristup je
implementovany v softvéri BayesStripAlign, ktory je zalozeny na vypoclte posteriérnej funkcie
pravdepodobnosti pomocou Bayesovho pravidla. Ide o Statisticky pristup umozZriujuci urovnanie letovych
pasov hlfadanim lokalnych transformacnych kfu€ov pomocou kombinacie odvodenych parametrov z mracien
bodov a kvantifikaciou neistoty. V tomto procese zohrava klti€ovu ulohu vahovanie bodov pre minimalizaciu
Sumu a zvysenie presnosti urovnania letovych pasov. Taktiez tento postup eliminuje arbitrarne rozhodnutia
pre stanovenie hraniénych hodnét pre filtraciu bodov, na zaklade ktorych dochadza ku vypocte lokélnych
transformacnych funkcii. ZjednoduSene by sme mohli povedat, Ze kym pomocou prvého pristupu su viac
pod kontrolou uzivatela parametre pre vypocet lokalnych transformacnych kfucov, druhy pristup je plne
automatizovany a ¢asovo efektivnejsi.

Cielom prispevku je porovnanie dvoch pristupov k urovnaniu letovych pasov pre dvojkanalovy LIiDAR
systém, testovanych na Uzemi s rozlohou viac ako 1000 km?, kde jednotlivé letové linie dosahovali viac ako
50 km. V oboch pripadoch bola dosiahnuta stredna kvadraticka chyba (RMSE) priblizne na drovni 0,05 m.
Priestorové rozloZenie chyby v3ak naznaluje, Ze presnost jednotlivych pristupov sa liSi v zavislosti od
charakteru Uzemia a typu krajinnej pokryvky.
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Abstract

To achieve high-quality data from aerial laser scanning, it is necessary to eliminate errors caused by
inconsistencies between individual strips. These inconsistencies arise from inaccuracies in position
determination due to GNSS errors, drift and oscillation of inertial measurement unit (IMU) sensors, incorrect
determination of the LIDAR sensor axes relative to the IMU (boresight misalignment), aircraft vibrations and
variations in flight altitude, high variability and complexity of the geometry of the scanned surfaces,
atmospheric conditions, and other factors. This challenge is further amplified in the latest generation of dual-
channel LIDAR systems, where data from two scanners are simultaneously generated from a single flight line
and must also be aligned.

In large-scale projects covering vast areas (several hundreds of square kilometres), another significant
challenge is processing the resulting large-volume data, which imposes high computational demands. From
a project management perspective, the time required for data processing is also a critical factor.

This paper presents the results of a comparison between two approaches to flight strip alignment for a dual-
channel Riegl VQ-1560 II-S LIiDAR system. The first approach is implemented in TerraMatch software. After
preprocessing— which includes noise filtering and point cloud classification into basic classes—connection
points and lines are extracted. Using these geometric elements, an iterative optimization of local
transformation parameters for point position correction is performed.

The second approach is implemented in BayesStripAlign software, which is based on calculating the
posterior probability function using Bayes' rule. This statistical method enables flight strip alignment by
searching for local transformation keys through a combination of parameters derived from point clouds while
guantifying uncertainty. In this process, point weighting plays a crucial role in minimizing noise and improving
the accuracy of flight strip alignment. This approach also eliminates arbitrary decisions when determining
threshold values for filtering points, which are used to compute local transformation functions.

Simply put, while the first approach gives the user greater control over the parameters used for calculating
local transformation keys, the second approach is fully automated and more time-efficient.

The aim of this paper is to compare these two-flight strip alignment approaches for a dual-channel LiDAR
system, tested on an area exceeding 1000 km2, with individual flight lines extending over 50 km. In both
cases, the root mean square error (RMSE) was approximately 0.05 m. However, the spatial distribution of
the error suggests that the accuracy of each approach varies depending on the characteristics of the area
and the type of land cover.
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