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Application of low-altitude airspace UAVs in beach terrain monitoring
CHEN Qi, ZHANG Yang, TANG Wenwen, ZHU Yonglan, HE Fangting, ZONG Yibing, JIA Jianjun
State Key Laboratory of Estuarine and Coastal Research, School of Marine Sciences, East China Normal University, Shanghai 200241, China

Abstract: With the development of consumer-grade unmanned aerial vehicles (UAVs), new possibilities for beach monitoring are now
available. However, different monitoring accuracies and suitability exist across different UAV platforms. We employed two UAV platforms,
namely the DJI Phantom 4 RTK and DJI M300 RTK, in combination with two terrain monitoring techniques: Structure from Motion (SFM)
photogrammetry and Light Detection and Ranging (LIDAR), to undertake beach terrain monitoring at Dasha Beach in Xiangshan County,
Zhejiang, East China. The planimetric and elevation errors of low-altitude UAV measurements were assessed. Differences among the
synchronously monitored results of diverse UAV platforms were analyzed, and their respective application scenarios were discussed.
Additionally, we analyzed beach terrain characteristics and investigated beach terrain variations before and after winter. The analysis results
show that the drone platform is capable of performing high-precision monitoring of beach topographic changes.

Key words: beach terrain monitoring; structure from motion (SFM) photogrammetry; light detection and ranging (LiDAR); accuracy
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Table 1 Hardware parameters of two drone platforms used in this study
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Fig.l1 Location of Dasha Beach and the monitoring areas

a: geographic location of Dashan Beach; b: beach monitoring range, red box for monitoring areas A and B, blue box for monitoring areas C, D, and E.
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Table 2 Two drone platforms and photogrammetric parameters for different surveys
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Fig.2 SFM photogrammetric flight lines and distribution of the mapping quality points at Dasha Beach

a: Flight A, b: Flight B, c: Flight C, d: Flight D, e: image control points and check points (with markers), f: validation points (without markers)
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Table 3 The quantity of image control points, check points, and

validation points

Wogs Wl GE R BESEEA BIEREEA
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Table 4 The positioning error of image control

points in SFM photogrammetry
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Fig.3 Accuracy and error at validation points

a: Flight A, b: Flight B, c: Flight C, d: Flight D, e: Flight E.
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Table 5 The data dispersion level of measurement in different
surveys in quasi-synchronous monitoring
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Fig.4 Quasi-synchronous monitoring results and their comparison of beach elevations

a: Flight C, b: Flight D, c: Flight E, d. Difference between Flight C and Flight D, e: difference between Flight E and Flight C, f: difference between Flight E and
Flight D.
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Fig.6 Two-phase beach topography monitoring results and comparison under the same platform and parameters

a: Digital surface model for Flight A; b: digital surface model for Flight B; c: terrain changes and profile locations.
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Table 6 The positioning errors specified in China’s national standard for low-altitude digital aerial photography and data processing
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The red line is the elevation tolerance limit as required by the national standard for 1:500 topographic maps in low-altitude digital aerial survey.
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Fig.9 Histogram of differences distribution from quasi-synchronous monitoring

a: difference between Flight C and Flight D; b: difference between Flight E and Flight C; c: difference between Flight E and Flight D; d: cumulative distribution

of quasi-synchronous monitoring differences.
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