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Abstract

Accurate heights and horizontal positions of mountain peaks and passes are essential for tourism,
scientific studies, and public use, yet available map-based information often lacks documented accuracy
and sufficient vertical precision. This study provides precise Global Navigation Satellite Systems
(GNSS) measurements of 140 peaks and passes in the Tatra Mountains and uses them to validate heights,
and horizontal positions derived from Polish (PL) and Slovak (SK) LiDAR data, geographic registry
(PRNG), OpenStreetMap (OSM), OpenTopoMap (OTM), and Google Maps (GM). The feasibility of
determining peak and pass heights using only remotely derived data (LiDAR with mapping sources) is
also assessed for cases where other data might be unavailable. GNSS-based validation reveals systematic
differences between the LiDAR datasets. The PL LiDAR shows a small positive height bias with mean
differences of 0.10, 0.30, and 0.01 m for nearest, highest, and mean-point approaches, respectively, and
a high dispersion with RMS of 0.36-0.63 m. In contrast, the SK LiDAR exhibits a consistent negative
bias (—0.15, —0.06, and —0.27 m) with lower variability (RMS 0.20-0.40 m). Horizontal differences are
characterized with offsets of ~0.26, and ~2 m for PRNG, and OSM/OTM, respectively, while GM
performing poorest. When LiDAR data are combined with high-quality horizontal positions (PRNG or
OSM), reliable peak and pass heights can be derived without GNSS data. The nearest-point approach
yields mean height differences of —0.09 to —0.25 m (standard deviation 0.35-0.59 m), while the highest-
point approach yields positive biases (0.06-0.43 m) and high variability. Peak and pass heights can be
estimated with standard deviations below 0.5 and 0.3 m, respectively. The achieved decimeter-level
consistencies exceed typical map-based height precision, demonstrating the suitability of this approach
in LiDAR-covered mountainous regions.

Abstrakt

Presné vysky a horizontalni polohy horskych vrcholti a prismykd jsou nezbytné pro cestovni ruch,
védecké studie a vefejné pouziti, avSak dostupné informace zaloZené na mapach casto postradaji
dokumentovanou presnost a dostatecnou vertikalni pfesnost. Tato studie poskytuje pfesna mefeni
globalniho naviga¢niho satelitniho systému (GNSS) 140 vrcholl a prismykt v Tatrach a pouziva je k
ovéteni vysek a horizontalnich poloh odvozenych z polskych (PL) a slovenskych (SK) LiDAR dat,
geografického registru (PRNG), OpenStreetMap (OSM), OpenTopoMap (OTM) a Google Maps (GM).
Rovnéz je posouzena proveditelnost stanoveni vySek vrchold a prusmykt pouze na zaklad¢é dalkove
ziskanych dat (LIDAR s mapovacimi zdroji) pro ptipady, kdy mohou byt jina data nedostupna. Ovéfeni
na zékladé GNSS odhaluje systematické rozdily mezi datovymi sadami LiDAR. PL LiDAR vykazuje
malé kladné vyskové zkresleni s primérnymi rozdily 0,10, 0,30 a 0,01 m pro nejblizsi, nejvyssi a stfedni
bodové pristupy a vysokou disperzi s RMS 0,36-0,63 m. Naopak SK LiDAR vykazuje konzistentni
zaporné odchylky (—0,15,-0,06 a—0,27 m) s nizsi variabilitou (RMS 0,20—0,40 m). Horizontalni rozdily
jsou charakterizovany odchylkami ~0,26 a ~2 m pro PRNG a OSM/OTM, zatimco GM vykazuje
nejhorsi vysledky. Kdyz se data LIDAR kombinuji s vysoce kvalitnimi horizontalnimi polohami (PRNG
nebo OSM), lze odvodit spolehlivé vysky vrcholii a prichodt bez dat GNSS. Pristup nejblizsiho bodu
poskytuje primérné vyskové rozdily —0,09 az —0,25 m (smérodatna odchylka 0,35-0,59 m), zatimco
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pristup nejvyssiho bodu poskytuje kladné odchylky (0,06-0,43 m) a vysokou variabilitu. VySky vrchold
a prusmykt 1ze odhadnout se smérodatnou odchylkou nizsi nez 0,5, resp. 0,3 m. Dosazena konzistence
na urovni decimetrt pfesahuje typickou pfesnost vysek zalozenou na mapach, coz dokazuje vhodnost
tohoto pfistupu v horskych oblastech pokrytych LiDARem.
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