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Landslide surface deformation detection by lwate-Miyagi Nairiku earthquake using 2.5D
analysis on SAR interferometry
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Evaluation of topographic measurements using UAV- and ground-based SfM and TLS: A
case study at a rocky coast bench
Evaluation of topographic measurements using UAV- and ground-based SfM and TLS: A
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Recent advances in measurement methodologies of high-resolution topographic data, including terrestrial laser scannir
(TLS), structure from motion photogrammetry (SfM) on unmanned aerial vehicle (UAV) and ground-based SfM, enabled detailed
investigations of land surface morphology in terms of morphometry and processes. Although such advanced methodologies a
becoming widely applied in geomorphological studies, the nature of such data including error estimates needs to be carefull
assessed when being applied in geomorphological researches. In this study we examine similarities and differences among tht
methods for the topographic data acquisition at a local scale (100 m): UAV-SfM, ground-based SfM and TLS. The study site
is a coastal bench at Aburatsubo in Miura Peninsula, central Japan, which suffers from intermittent uplift by large earthquake:
such as the 1923 Kanto earthquake (M 7.9). UAV-based SfM was performed from higher altitude (ca. 30 m) to lower (ca. 10
m) using a quadcopter on which a digital camera with single-focus lens is mounted. We also used a digital camera mounte
on a 4-m long pole for ground-based SfM. TLS measurement was carried out using a short-range scanner from 6 scan pos
tions. Also, coordinates of three benchmarks on ground that are commonly used in all the methods were measured using glob
navigation satellite system (GNSS) capable of receiving dual radiowaves and post-processing based on career-phase correct
with an accuracy of centimeters. The comparisons of the point clouds and digital elevation models (DEMSs) obtained by three
different methods indicate that 1) SfM-based data shows good accuracies in and around, but significant discrepancies outsi
of the benchmarks, 2) TLS sometimes give significant lack of data in shadow areas, and 3) data quality of SfM partly depend:
on the altitude of its platform (either UAV and pole). These characteristics we assessed will give insights into the selection of
appropriate methodology for different purposes of geomorphological surveys.
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Extraction of knickpoints (or knickzones) from a DEM has gained immense significance in studies of fluvial erosion and/or
slope failures because of their geomorphological significance. Previously, knickpoint extraction from a DEM included a vector-
based semi-automatic, but somewhat tedious and time-consuming data processing because GIS and spreadsheet software \
separately used. Raster-based Python scripting, developed in our study and deployed in the form of a toolset, can automate t
processes making the extraction of knickpoints automatically, fast and user friendly. Both the methods are based on the assum
tion that the slope gradient along a bedrock river changes with change in measurement length and any locally steep segment
the riverbed may then be considered a knickpoint. The relative steepnessRpaexhe rate of decrease of gradient along the
measurement length is calculated by solving a linear regression equatienad + b where,G; (m m—!) is the stream gradient
at a point andd (m) is the measure distance, whieand b are coefficients anéa is regarded a®; which means the rate of
gradient decrease with increasidg In the former methods,; is measured at the mid-point of a segment of variable length d
along longitudinal stream profiles whei®y; = (g, - ;) / d where,g; ande;are elevations at both ends of the segment, thereby
analyzing both the upstream and the downstream segments along a stream. The automated Python processing, however, follc
a slightly different approach from the one previously used and thus requires a comparative analysis of the two prior to its future
use. The methods differ in the calculation of the stream gradintthe former employs both the upstream and downstream
elevationsd/2 apart, whereas the latter uses the elevation at the point/ @ogvnstream. In this study, the Python toolset has
been applied to a 10-m DEM of a mountainous region near Mount Ontake in the Northern Japanese Alps. The results were the
compared and validated with the previous method. In order to study the fluvial characteristics of the knickpoints, analysis were
confined only to the stream locations, the results of which provide insights into morphological developments of the watersheds.
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SfM-MVS (Structure from Motion and multi-view stere®)fifi OHITEF DT H
Structure from motion and multiview stereo (SfM-MVS) in geomorphometry
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2 5 HIEIEHRZS SN2 TREMEN S %,

BBOFHITIE, BHEEORT Yy =7 T —2ZHh5 DEM 2185 C L ZHNE Uz, HAEWICIE 100 iR ZBZ %
EHEEDT —hA T WD 5, Uichi> T, ZBHEENSHEED RV DEM WME5 U, ZRHHEEESOZ LA AR
TE%, LR EEIZ M 23emD 7 F 0 EER AF Yy 207 LicT—2 &, TV XIUNZEN AT Tz LTz
T—RTHb; AFY VT BEMOEENRAF Y VT ZE M LTee AFv 22T 7 — 213 1,270 dpiD % E T,
H{RT— 2 —H4 72 O OFEZEEUIH 1.2{EWETH 5, TV ZIVZEA AT T—2I%, 9,920X 14,4308 7 2 )L Dfiit4
EFiD, 7Fu g EREIE 1978 EN. TV XIVEEIE 2012 IR E Nz, GG IHREIRIE R BRI
i, WINE AT —FETHB, TNHZ SIM-MVS TUBE L7z, T OFEE. Hi 5 OEMROEE & & 1 R4 0.3
m® DEM %Z2#7z, cNBEEIRLIZE T A, 20064F, 20074EICHER U =B RIS X BREM EOM TS MIC > Tz,

TNEDFERN S SIM-MVS Hiffilc & 0 &5 TR X MCHEEHIDEMRRETH D, BED T —HA T OREH & Af
BETH D, 5. BURICEKRT S EMHFENS,
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Weathering in a coastal environment often causes degradation of artificial constructions if they are composed of weathering
prone materials including natural rocks and cements. Conservations of the vulnerability of such construction materials to weatt
ering processes are thus important for their maintenance. Point to point, or cross-sectional measurements using scale bars h
often been effective in describing the degree of weathering of such materials. However, accurate measurements of the amou
of weathering in terms of areas and volumes have not often been performed due to the limitation in the measurement method f
detailed, three-dimensional surface morphology. Here we demonstrate terrestrial laser scanning to describe three-dimensior
surficial morphology of a weathered material: sandstone blocks used for masonry piers of bridge on a shore platform at Aoshimz
Miyazaki in western Japan. The blocks have suffered from salt weathering above the sea level since the construction of th
bridge in 1951. Weathering-induced depressions of sandstone blocks well develop in the spray zone. Our approach reveals
sub-centimeter scale morphology of the block surfaces, as well as weathering depths and volumes of each block. Spatial dist
bution of the amount of weathering was also examined with regard to the sea level and the rock surface hardness. Continuol
measurement of such detailed morphology will be necessary to clarify the contemporary rates of weathering therein.
Keywords: Weathering, Sandstone, TLS, Rock strength
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