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Abstract: The article reviews the experience of aerial surveys using a quadcopter D]I Inspire 1 PRO (unmanned aerial
vehicle, UAV) for solving problems of engineering geodynamics. It describes the application of photogrammetry to
estimate quantitative parameters of the studied objects, the experience of using UAVs to study flood processes in the
Tunka valley (Russia) and erosion structures in the Ulaanbaatar agglomeration (Mongolia). The first UAV-acquired
data on debris flow alluvial fans and elementary drainage basins of erosion structures are presented. The ranges of
UAV flight heights were 100-150 m and 1-30 m for local and detailed aerial photography surveys, respectively. Local
surveys covered relatively large objects - debris flow alluvial fans and drainage basins. Detailed aerial photography
aimed to investigate the granulometric compositions of debris flow deposits and to construct transverse profiles of
erosion structures. Processed aerial photos provided a basis for a schematic map showing the distribution of accumu-
lated debris flow deposits. The granulometric compositions of coarse fractions in the debris flow deposits were de-
termined. Based on the survey results, 3D models of the fragments of the erosion structures and their cross-sections
were constructed.
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PEIIEHUE TEMATUYECKHUX 3AZIAY INPU U3YYEHHH 3K30TEHHBIX
IF'EOJIOTMYECKHUX ITPOLIECCOB C IPUMEHEHHUEM
HECIIEHHUAJIM3UPOBAHHBIX BECITM/JIOTHBIX

KOMIIVIEKCOB JI1 ASPO®OTOCBEMKH

A. A. Priouenkol 2, A. B. KagetoBal, E. A. KossipeBal 2, A. A. IOpbeB!

L UHcmumym 3emHoll kopwt CO PAH, Hpkymck, Poccusi
2 Hpkymckuil HayyHbtll yenmp CO PAH, Hpkymck, Poccus

AHHOTanusA: B cTaTbe pacCMOTpPEH ONBIT IPUMEHEHHUA KOMILJIeKca A1 a3poPOTOChEMKHU Ha 6a3ze My/IbTHPOTOPHOTO
6ecnUI0THOrO JleTaTeabHOro annapara (BIIJIA) npu pelneHuH pa3MYHBIX 33Ja4 B 00J1aCTH MH)KEHEPHOH reo/juHa-
MHUKH, B YAaCTHOCTH, AJ MOJY4eHHUs KOJHUYECTBEHHBIX IIOKasaTeseld HCCeyeMbIX 06'bEKTOB C HCIOJIb30BaHUEM
doTorpamMMmeTpudeckoro Metosa. PaccMarpuBaeTcsa onbIT ucnosib3oBanus BIIJIA npu vccieoBaHUM cesleBbIX MPO-
11eccOB B Nperopbax TYHKHHCKUX roJibloB (Poccus) v apo3noHHbIX GopM B npejesax Yaan-batopckoit arsomepa-
uuu (Mourosnsa). IllpescTaBieHbl epBble pe3y IbTaThl UCCIEe0BAaHUN KOHYCOB BbIHOCA CeJIeBbIX 6ACCEHHOB U 3Jie-
MEeHTapHBIX BOJOCOOPHBIX 6accelfHOB 3pO3MOHHBIX GOpM. [l U3yyeHUs BbIIIENepPeYUCIeHHbIX MPOLeCCOB OblIa
BBINOJTHEHA pa3HOMacIITabHast a3podpoToCcheMKa — JIOKaJbHAs U AeTalbHasA, ¢ ucrnosb3oBaHueM BIIJIA. JlokanbHas
aspodoTocbeMka, BeicoTa noserta 100-150 M, npuMeHs/Iach NpU U3y4EeHUHU OTHOCHUTENBbHO KPYIHBIX OO'BEKTOB -
KOHYCOB BBIHOCA, JIOKAJIbHBIX BOJOCOOPHBIX GaccelHOB. JeTasbHas aspodpoTocheMKa, BbIcoTa nmosera 1-30 M, uc-
[10/1b30BaJsIach Kak JiJIsl OJIy4YeHUs] JaHHBIX TPAHYJI0MeTPUYECKOI'0 COCTaBa CeJIeBbIX OTJI0XKEHUH, TaK U JJIsI TOCTPO-
eHUs NolepeyHbIX npoduseil 3po3noHHbIX ¢popM. [lo pesysbTaTaM NpoBeZleHHON paboThl cOCTaB/eHa cxeMa pac-
npejieJieHUs1 aKKYMYJIITUBHBIX CeJIEBBIX OTJIOKEHHUH, ONpesiesieH IpaHy/IOMeTPUYECKUI COCTaB KPYyNHOH ¢pakuuu
CeJIeBbIX OTJIOKEHUH. Ha 0CHOBe CO3JjaHHBIX 10 pe3y/bTaTaM a3podOTOCHEMKH TPEXMEPHBIX MoJesell pparMeHTOB
3PO3UOHHBIX GOPM NTOCTPOEHHI NONEepeYHbIe TPOUIN ITUX GOpM.

KioyeBble c/10Ba: 6eciUIOTHBIN JieTaTebHbIH annapaT (BI1JIA); nHKeHepHasi reoJMHaMHUKa; OTOTpaMMeTpPHs;
ceJib; 3po3us; TYHKMHCKUe roJblbl; YiaaH-baTop

1. INTRODUCTION

The use of photography to prepare topographic
maps was extensively investigated by Aime Laussedat,
a French topographer. In 1852, he prepared several
maps using photographs taken from balloons. In 1858,
the first aerial photography session using balloons was
carried out Gaspard-Félix Tournachon, a French pho-
tographer known by the pseudonym Nadar [Krasno-
pevtsev, 2008]. Since the mid-19th century, the use of
photography to determine the shapes, sizes and spatial
positions of objects has been continuously improved,
and now contributes to various fields of human activi-
ty. Photogrammetry - a reliable method for remote ex-
ploration of the Earth surface on the basis of measure-
ments from photographs - has progressed and deve-
loped dramatically since 1960s when space imagery
was introduced in geological, geomorphological, topo-
graphic and other studies [Gonin, 1980]. Aerial photo
geodetic surveys are widely used for investigating new
territories, discovery and development of mineral de-
posits, reconnaissance studies prior to design and con-
struction of roads, highways and other industrial facili-

ties, as well as for monitoring hazardous natural and
technogenic processes. Modern methods of airborne
geodesy can provide extensive topographic informa-
tion and high resolution images for various fields of
science and industry [Deineko, 1968].

In East Siberia, aerial photo geodetic methods were
used in the studies of exogenous geological processes,
including monitoring of abrasion-accumulation pro-
cesses on the shores of Lake Baikal and artificial water
reservoirs [Rogozin, Trzhtsinsky, 1993] and surveys of
ice accumulation sites [Pisarsky, Rogozin, 1975] and
debris flows [Agafonov, Rogozin, 1987].

It should be noted that airborne geodesy has its
shortcoming: high cost of photo shooting, relatively low
efficiency, and time-consuming acquisition of data. Fur-
thermore, aero geodesic flights are technically limited
by shooting heights, and, as a consequence, the range of
scales and details in photos is reduced. Another short-
coming is relatively low efficiency and, corresponding-
ly, high labour costs of selection of aerial images and
their interpretation.

Recently, with the development of modern cameras
and computer technologies, unmanned aerial vehicles
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I Fig. 1. UAV surveyed sites for studying the exogenous geological processes. 1 — debris flows; 2 - erosion structures.

I Puc. 1. YyacTku npoBefieHUsi paboT c ucnosb3oBaHueM BIIJIA mpu M3y4eHUH 3K30TE€HHbIX Te0JIOTUYEeCKUX MPOLLECCOB.

1 - cesu; 2 - apo3us.

(UAVs) have successfully replaced manned vehicles in
surveys of the ground surface [Caron et al, 2014; Co-
lomina, Molina, 2014; Gomez, Purdie, 2016; Giordan et
al, 2017].

In comparison to manned aerial vehicles, UAV ad-
vantages are better availability, easy use, lower costs of
equipment and operations, high mobility and efficient
data acquisition, processing and updating. For example,
UAVs can rapidly provide information on consequences
of a large-scale hazardous natural or technogenic event,
and changes in time and space can be assessed through
the use of UAVs in a more effective way [Giordan et al.,
2017].

In addition to assistance in solving aero-geodetic
problems, UAVs present various advantages for geo-
physical studies [Caron et al, 2014; Firsov et al, 2015;
Parshin et al, 2018]. The UAV ability to fly at low alti-
tudes and capture high resolution images provides for
more detailed aerial surveys. High resolution images
are useful for detailed monitoring and mapping of local
sites and 3D simulation.

Although UAVs have been relatively recently in use
for scientific purposes, the range of problems investi-
gated with the use of UAVs is increasing and covers a
variety of natural processes: fires [Gerasimov et al,
2014; Gonzdlez-Jorge et al, 2017], floods [Feng et al,
2015; Popescu et al, 2017; Izumida et al, 2017], land-

slides and karsts [Luo et al, 2019; Fan et al, 2017;
Comert et al, 2019; Karantanellis et al, 2019; Pellicani
et al, 2019; Valkaniotis et al, 2018; Lazzari, Piccarreta,
2018], debris flows [Adams et al, 2016; Imaizumi et al.,
2019; Liu et al, 2015; Hdnsel et al.,, 2018], rock collapse
[Buill et al, 2016; Coe et al,, 2016], volcanoes [Nagatani
et al, 2018], glaciers monitoring [Buri et al, 2016, Be-
noit et al, 2019; Immerzeel et al., 2014], etc.

In this paper, we present the results of photogram-
metry surveys carried out using UAVs to study exoge-
nous geological processes in East Siberia (Russia) and
Mongolia, specifically on the Tunka Ridge sites (debris
flows) and in the vicinity of Ulaanbaatar (erosional
processes) (Fig. 1).

These sites have been in focus of research for seve-
ral years, and the major geological factors and the dy-
namics of processes were reported in [Kozyreva et al,
2014a, 2014b, 2016; Kadetova et al,, 2016a, 2016b; Ryb-
chenko et al, 2018]. Quantitative data on the processes
under study were obtained by various methods, inclu-
ding tachometry surveys, ground photogrammetry and
direct field measurements. A decision to use UAVs in
field surveys of the existing facilities was taken to col-
lect new data for comparison to the previously consoli-
dated databases.

This article aims to review the experience of using
UAVs in order to acquire quantitative and qualitative
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data on the origin and development of exogenous geo-
logical processes.

2.DATA ACQUISITION AND PROCESSING
2.1. DATA ACQUISITION

A quadcopter DJI Inspire 1 PRO was used to study
the exogenous geological processes on the above-
mentioned sites (Fig. 2 and specifications in Table 1).
This UAV is a professional aerial filmmaking and pho-
tography platform (https://www.dji.com/ru/inspire-1-
pro-and-raw?site=brandsite&from=landing_page). Fea-
turing an onboard camera Zenmuse 5X, it shoots aerial
photos with a maximum resolution of 4608x3456
pixels. Its retractable landing gear pulls up out of view,
giving the built-in camera an unobstructed 360-degree
view of the area below.

The UAV positioning is activated automatically
when the aircraft is launched. Maximum service flight
height is 500 m. Maximum service ceiling above sea
level is 4500 m. The flight distance is about 1000 m,
including the return to the start position before the
built-in battery is depleted to a point that may affect
the safe return of the aircraft. Remote control radius in
open space is 2000 m.

Piloting and operating the UAV is simple. Preparing
the aircraft for work takes several minutes. Flight con-
trol and configuration is performed via D]I Go software
that changes shooting settings and flight parameters,
controls the UAV status and reports problems, if any,
during take-off and/or flight. In addition to manual
mode, the D]I Go software allows shooting in automatic
mode along a selected path and at a given height, and
timing of automatic photography can be set as re-
quired.

Reliable control of the quadcopter flight heights re-
lative to the ground surface is ensured by the built-in
ultrasonic sensor, barometer, GPS and visual positio-
ning sensor. It should be noted that in case of shooting
in automatic mode, the UAV is moving, its body is in a
tilted position, and the camera is thus slightly away
from the nadir point. For this reason, we carried out
shooting in manual mode after the UAV was stopped
and leveled to the horizontal position.

Depending on the objectives for studying the exoge-
nous geological processes, aerial photos are needed
with different degrees of detail of the objects under
study. The use of UAV allows changing the degree of
detail by changing the flight height and, accordingly,
the image scale (Table 2). Local and detailed aerial pho-
tography surveys are schematically illustrated in Fig. 3.
For a local survey of quite large objects (in our study,
debris flow alluvial fans and elementary catchments),
the flight height is 100-150 m, and the area covered by

Fig. 2. Unmanned aerial vehicle D]I Inspire 1 PRO (debris
flow alluvial fan, Tunka Ridge).

Puc. 2. becniunoTHbi# sieTaTenbHblM annapat DJI Inspire 1
PRO (koHyc BbIHOCA CesJleBOTO NOTOKa, npejropbe TyH-
KHUHCKHX TOJIBLIOB).

aerial photography is about 1.0 km2. Due to the short
duration of flights, an aerial photography session to
photo a large object is carried out in several cycles. The
UAV zigzag flight path goes along the surveyed element
from its uppermost to the lowest point (or vice versa).
Shooting in manual mode yields images overlapping by

Table 1.DJIInspire 1 PRO specification
(http://www.dji.com)

Tao6naunga 1. TexHuyeckue xapakrepuctuku BILIA
DJI Inspire 1 PRO (http://www.dji.com)

Characteristics Values

Dimensions (W x H x D) 451 mm x 438 mm x 316 mm
Max speed 18 m/s

Max flight height 2500 m

Service flight height 500 m

Max flight time 18 minutes

Max takeoff weight 3500g

Operating temperature -10°C to +40 °C

Max wind speed resistance 10 m/s

Hovering accuracy (P Mode)

Vertical: £0.5 m
Horizontal: £2.5 m

Camera ZENMUSE X5

Effective pixels 16 M

Max resolution 4608x3456
Focal length f=15 mm
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T able 2.Specifications of local and detailed surveys

Ta6uauima 2. XapaKTepUCTHKA AeTaJIbHbIX U JIOKAJIbHBIX Pa6oT

Parameters Surveys

Local Detailed
Flight height, m 100-150 1-30
Accuracy 1-5% 0.7-1.0 %
Image scale From 1:650 1:10 - 1:200

From 2.99 cm/pixel
From 2.77 cm/pixel

Resolution of orthophotomap
Resolution of height map
Surveyed objects

Max area of objects 1 km?

Elementary catchments, avalanche
and debris flow alluvial fan

From 0.74 mm/pixel

From 1.49 mm/pixel

Erosion structures, debris flow transit zones,
debris flow deposits

500 m2

70 % along the route and 50 % between the routes, as
required for generating a mosaicked orthophotomap.
The camera is positioned at the nadir point.

Detailed shooting at 1-30 m heights yields larger
scale images with higher resolution (Table 2). In our
study, such images were taken to study the erosion
structures and analyse the granulometric compositions
of the debris flow deposits. The surveyed areas ranged
from 30 m2 to 500 mz2.

For investigating the granulometric compositions of
the debris flow deposits, the requirements were as fol-
lows: 1-30 m heights; the camera positioned at the na-
dir point; true vertical photos. The UAV flights were
arranged across the main directions of the debris flow
movements along several transverse profiles in diffe-
rent parts of the debris flow alluvial fan, from one edge
of the fan to the other. Such a flight path ensures ob-
taining an objective picture of the particle-size distri-
bution along the profile on different morphological

elements of the debris flow deposits, including the
edges, debris fans and erosion incisions.

To determine the accuracy of shooting, a geodetic
rod was laid at the profile section. When processing the
orthomosaic, the software compared the actual length
of the geodetic rod to its measured size, and possible
measurement errors were determined.

The images of erosion structures and construct
transverse profiles were taken during the UAV flights at
1-30 m heights. Aerial photography combined shooting
true vertical photos and oblique ones. The camera was
positioned parallel to the surface to be photographed,
i.e. at the nadir point to shoot the surfaces and bottoms
of erosional structures, rotated to shoot the sides, and to
the horizon to shoot the steeply dipping and vertical
sides of the erosion structures.

Shooting was carried out along the reference profiles
with markers placed at the edges of the reference net-
work, so that they could be recognized on the construc-

I Fig. 3. Examples of UAV flight paths: (a) - local shooting of an elementary catchment basin; (b) - detailed shooting of the
transverse profile of the erosion structure (arrows show positions of the camera during shooting).

Puc. 3. Tpaekropus nosiera BIIJIA npu cbemke: (a) - npu JIOKaJIbHOW CheMKe 3JIEMEHTAPHOI'0 BOJLOCOOPHOro HacceiiHa;
(b) - npu feTanbHOU CheMKe MONEPEeYHOro Npodu/s 3po3MOHHON GOpPMBI (CTPEJIKU YKA3bIBAIOT MOJIOKEHUE KaMephbl BO

BpeMsl Cb€MKH).
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ted models. To ensure the accuracy of shooting and
eliminate possible errors, the distances between the
markers and the main elements of the profiles (width
and depth of an erosional structure) were double-
checked by the laser range-finder measurements.

The aerial photography sessions detected some
shortcomings in using the DJI Inspire 1 PRO in the field,
mainly due to its short flight duration - after a flight of
about 15-17 minutes, the battery is fully depleted, and
charging takes about 2-3 hours. To ensure efficient bat-
tery replacement in the field, it is required to have either
several charged batteries or a field facility to charge the
batteries. The UAV sensitivity to weather conditions
must also be mentioned - using the UAV is not recom-
mended in case of low air temperature (below -10°C),
rain and strong wind. This requirement puts a signifi-
cant limit to the UAV use in the field conditions.

2.2. DATA PROCESSING

Images taken by the UAV are processed by specia-
lized software. We use AgiSoft Photoscan software
(demo version) that automatically aligns images, builds
point clouds, elevation maps and orthophotomaps, and
creates 3D models of photoed objects. Parameters of
each operation are adjustable, e.g. the accuracy of posi-
tioning and dense point clouds can be edited. Changes
in the parameters are reflected in the quality of a
model and an orthophotomap and change the speed of
the operation accordingly. It should be noted that some
operations last for more than 12 hours each.

Aerial images are visually checked to select good
quality images and delete poor quality ones (out of
focus, too dark, overexposed, etc.). Georeferencing and
alignment of the selected images is done automatically
by the AgiSoft PhotoScan software. The software auto-
matically determines the tie points, creates a point
cloud and edit it by deleting points that deviate from
the surface of the object (the presence of such points
adds noise to the point cloud and leads to a negative
impact on constructing a 3D model). Based on the point
cloud, the object heights are mapped. After this opera-
tion, it becomes possible to construct the orthophoto-
map and 3D models of the object under study. The
AgiSoft Photoscan software allows exporting of the re-
sults to other file types for further processing and ana-
lysis by third-party software packages.

Orthophotomaps are used to determine the granu-
lometric compositions of debris flow deposits - an or-
thophotomap is divided into squares, and particle-size
distribution patterns are analysed within each square.
Square dimensions are set with respect to the domina-
ting sediment fraction: the smaller is the fraction, the
smaller is the square. Positioning of the square along
the profile is determined by the sediment sizes typical
of the given profile. Typically, a square is located at the

edge and middle parts of the debris flow deposit pro-
file. The square should not cover areas with sediment
fragments which size is not typical of the profile. With-
in the squares, contouring of each element of the gra-
nulometric compositions of the specified size is done in
manual mode. After all the elements are identified, the
MaplInfo software is used in automatic mode to deter-
mine the precise dimensions of the particles and
square areas comprised of such particles. Based on
these detailed data, the sediments are sorted into
groups by size. This method is used to analyse large
fractions (0.09 m and larger). The granulometric com-
position of the aggregate is determined in laboratory
conditions by standard methods.

The 3D models based on the aerial photography re-
sults are processed by software packages that can yield
quantitative data from the analysed models. In our
study, the Global Mapper 13 and Surfer 8 were used to
construct transverse profiles of the erosional struc-
tures and yielded the quantitative data sets that are
useful for monitoring the dynamics of these structure.
Comparison of the heterochronous profiles allows ob-
taining information on the erosion activity due to more
active erosion of the bottoms or sides of the studied
structures. Models of elementary catchments can pro-
vide quantitative data required for calculations of sur-
face runoff from melted snow and rainwater, which are
needed for investigation and forecasting of the deve-
lopment of fluvial processes.

3. SURVEY RESULTS

The UAV was used in the field surveys of the debris
flows near the Arshan village (Tunka Ridge, Russia)
and erosion processes in the Ulaanbaatar agglomera-
tion (Mongolia). The survey results are presented be-
low.

3.1. UAV IN THE STUDY OF DEBRIS FLOW PROCESSES

Our field surveys were focused on the debris flow
that occurred near the Arshan village in the Tunka
Ridge area in June 2014 and aimed to obtain quantita-
tive data on this debris flow event. Its detailed descrip-
tions are available in [Makarov et al, 2014; Kadetova et
al, 2016a, 2016b; Rybchenko et al.,, 2018].

Debris flow composition, properties and dynamic
characteristics (speed, flow rate, distribution of debris
flow deposits, etc.) can be studied by a variety of
methods, including tachymeter and leveling surveys,
ground photogrammetry, etc.

Our research team carried out several field surveys
near the Arshan village to study the entire debris flow
area, take samples from the debris flow deposits, and
investigate debris flow transit zones, rock failure loca-
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tions and debris flow alluvial fans in detail. It should be
noted that field surveys in the debris flow transit zones
in the Tunka Ridge area are challenging - visual inspec-
tion of the transit zones is unsafe on the steep slopes
due to potential rock collapse and landsliding. How-
ever, this particular part of the debris flow area con-
tains traces of the debris flow path and its details are
indicative of debris flow velocity, peak discharge, sour-
ces and accumulation history. Considering the local ter-
rain conditions, the UAV was the most convenient tool
for remote surveys of the transit zones. Having pro-
cessed the aerial images taken by the UAV, we detected
the morphological features of fresh debris flow transit
zones, calculated their lengths, and selected the sites
for more detailed surveying and transverse profiling.
The survey database included quantitative parameters
(dimensions, slope angles) of the sides and bottom of
the transit zone, qualitative and quantitative composi-
tions of the deposits inside the profile, including those
at the sides of the transit zone. These data were used to
analyse the debris flow material and reveal the sources
of its solid components.

Using the orthophotomaps of the transit zones, it
became possible to identify the bedrock outcrops, sites
of intensive supply of the solid debris flow component,
bending of the debris flow paths, narrow segments and
other features of the debris flow channel that influ-
enced the dynamic characteristics (debris flow velocity
and peak discharge). Besides, debris flow wave splash
sites and other accumulation structures were outlined.
Thus, specific features of debris flow passage in the
transition zone were clarified.

In studies of the debris flow process, analysis of the
distribution of debris flow deposits in the accumulation
zone is important for understanding the debris flow
type and direction, estimating its velocity and peak dis-
charge, and identifying its cycles within the spatial and
temporal framework of one event. The above is re-
quired for properly justified identification of the most
hazardous zones in debris flow basins, selection of op-
timal types of protective engineering structures and
correct definition of their locations.

In large debris flow accumulation zones (in our case,
0.004 km? to 0.281 km?), field surveys aimed at obtai-
ning the data on the distribution of debris flow depos-
its are highly labour-intensive and time-consuming.
Furthermore, it is challenging to consolidate the infor-
mation covering an entire accumulation zone. Using
UAVs for this purpose is the most efficient way. Aerial
images and orthophotomaps can cover an entire accu-
mulation zone and provide the information on the dis-
tribution of accumulated debris flow deposits (terra-
ces, levees and debris flow alluvial fields). It thus be-
comes possible to identify the main and secondary de-
bris flow channels and different time debris flow waves

(Fig. 4).

Orthophotomaps of debris flow accumulation struc-
tures are used as a basis for constructing schematic
maps of debris flow basins, which show the debris flow
movement patterns in accumulation zones. Such maps
are useful for planning debris flow protection activities
and development of emergency plans against debris
flow risk.

Rheological properties of a debris flow, such as den-
sity, viscosity, transportation capacity of the flow, can
be estimated from the data on the granulometric com-
position (particle-size distribution) of the debris flow
deposits coarse fraction. The presence of large boul-
ders in debris flow deposits predetermines the debris
flow density and concentration, as well as its peak dis-
charge [Johnson et al,, 2012; Yong et al.,, 2013].

Changes in the particle-size distribution pattern are
indicative of the local features of debris flow move-
ments. Particle-size segregation is crucial for transpor-
tation of particles and formation of morphological ele-
ments of debris flow alluvial fans, such as levees [Gray,
Kokelaar, 2010; Johnson et al., 2012].

Based on the reconnaissance of the debris flow allu-
vial fans, we selected sites for UAV surveys to obtain
quantitative data for granulometric composition analy-
sis using orthophotomaps (Fig. 5).

3.2. UAVSIN THE STUDY OF EROSION PROCESSES

The territory of Ulaanbaatar and surrounding settle-
ments is located in the Tola (Tuul) river valley and the
foothill areas. Its engineering and geotechnical setting
is complicated due to the following: complex structural
and tectonic features of the intermontane troughs and
the neighbouring mountain frame; high seismicity of
the neotectonic zone (to magnitude 8); diversity of geo-
logical rocks; the lithological composition of dispersed
soils; significantly different air temperatures through
the year; and increasing technogenic impacts on the
geological environment. Furthermore, the geological
environment is complicated by widespread involve-
ment of this territory in fluvial processes, including
floods, erosion and debris flow [Kozyreva et al, 2014b;
Gladkochub, 2017].

The first study of the erosion processes in the Ulaan-
baatar agglomeration was carried out in 2011. The geo-
logical environment was described and investigated
[Rybchenko et al, 2011], and a monitoring network,
including 10 sites, was established. On every site, there
is a network of reference points for annual instrumen-
tal surveys and transverse profiling of erosional struc-
tures [Kozyreva et al, 2014b]. Every site has its certifi-
cate that includes the description of the lithological fea-
tures and the size of the monitored catchment area.
Monitoring of the dynamics of the erosional structures
is carried out along 24 transverse profiles at the top,
middle and bottom parts of the observed erosional
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Fig. 5. Granulometric composition of debris flow deposits. Orthophotomap processing stages: (a) - selection of sites; (b) -
definition of elements of the granulometric composition; (c¢) - sizing of rock elements; (d) - granulometric composition dia-

gram.

Puc. 5. Pe3ysbTaT JeTajlbHbIX paboT — onpefiesieHHe TPaHYJIOMETPHUYECKOTO COCTaBa CesIeBbIX OTJIOXKEHHUH. JTambl 06pa-
60Tk opTodoTomIaHa: (a) - BeI6OP y4yacTKa; (b) - 06pHUCOBKA 3JIEMEHTOB I'PaHYJIOMETPUYECKOTO COCTaBa; () — onpefe-
JIeHHe pa3MepoB 06JIOMKOB U UX rpajanus; (d) - rpaHyJIOMeTPUYECKUH COCTAB OT/IOKEHHUH.

structures. The growth of tops of ravines is recorded
separately.

In 2017, UAVs were introduced in the study of the
erosion process in the Ulaanbaatar agglomeration. Lo-
cal surveys covered elementary catchments, and de-
tailed aerial photography aimed at erosion structures.
Aerial images were used to construct orthophotomaps
and 3D models of the catchment areas.

Using the models, morphometric parameters of the
catchment area (square area, length, width, slope angle,
and surface runoff direction) can be calculated. These
parameters and the atmospheric precipitation values
are the basis for hydrological calculations of water run-
off volumes and velocities, which cause a more active
development of the erosion process [Gorshkov, 1979]).

The knowledge of the dynamics of an erosional
structure and the surface runoff volume allows corre-
lating the dynamics with the quantity and intensity of
precipitation, as well as considering various scenarios
of fluvial processes depending on the forecasted at-
mospheric precipitation.

In addition to the 2017 instrumental survey of the
transverse profiles of ravines, detailed aerial images
were taken by the UAV and used to construct 3D mo-
dels (Fig. 6).

The models provided the basis for transverse pro-
files of the surveyed erosional structures. Besides, 3D
tile models make it possible to visually assess the geo-
logical section and distinguish various lithological
layers, calculate their thicknesses, assess the degree of
sorting of the material, and estimate sizes of coarse in-
clusions. Comparison of heterochronous models of the
transverse profiles can give quantitative data on the
dynamics of erosional structures and reveal the domi-
nance of either bottom or side erosion in the periods
under study.

4. DISCUSSION

Our experience of using UAVs to study the exoge-
nous geological processes, debris flows and erosional
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Fig. 6. Aerial image processing results for the erosional structure: (a) - transverse profiles based on the 3D model and direct

measurements; (b) - fragment of the erosional structure’s side.

Puc. 6. Pe3ysibTaThl 06paboTKH a3p0dOTOCHEMKU 3PO3UOHHON PopMbI: (a) - monepedHbId npoduib GopMbl M0 HUGPOBOH
MO/IeJIU U 110 PSIMBIM U3MepeHUsM; (b) - dparmMmeHT 60pTa 3p0O3UOHHON POPMBI 110 TAJIOBOM MOJeH.

structures, shows that aerial images taken by UAVs fa-
cilitate obtaining high quality quantitative information
and considerably reduce time needed to perform simi-
lar tasks by traditional methods of field research, such
as ground photogrammetry [Rossi et al, 2018; Tziavou
et al, 2018; Yu et al, 2017]. New information of high
quality can be received by processing orthophotomaps
of the UAV surveyed objects.

In the studies of the erosion process, it is important
to determine the granulometric composition of debris
flow and sizes of the coarse fraction in the debris flow
accumulation zones. Using the palette method and
ground photogrammetry in field to calculate grain sizes
and specify the composition of the coarse fraction is a
rather labour-intensive and time-consuming process.
In the previous field surveys, ground photogrammetry
took us from 11 to 24 minutes to cover one 25 m? site,
and three persons were involved in the work on each
site.

Using UAVs for similar tasks, one person is enough
to conduct aerial photography of an object and obtain
images of adequate quality. An aerial photography ses-
sion generally lasts for 10-15 minutes, and its duration
depends on the lengths of profiles. The UAV survey is
carried out along a profile, including three segments of
25 m? each. Preparation of the quadcopter for work
takes 3-4 minutes. Its preparation for transportation is
also 3-4 minutes.

Construction and comparison of heterochronous
transverse profiles is widely applied in studies of the
dynamics of erosion structures. Profiles are based on
quantitative data collected by various measurement

techniques, such as direct field survey, tacheometry,
etc., each having its pros and cons. Aerial photography
can provide more detailed and accurate quantitative
data (compared to direct measurements) for construc-
ting transverse profiles based on 3D models of erosion
structures within the surveyed area. Direct field mea-
surements are less precise due to errors caused by ge-
ometric deviations of measured lines from of the refe-
rence straight line.

Orthophotomaps are efficient tools for visual as-
sessment of the scale of the surveyed process, e.g. de-
bris flow development, which is challenging in case of
using traditional labour-intensive field surveys. Ortho-
photomaps provide a variety of qualitative and quanti-
tative data for studying the debris flow process and
allow calculating morphometric parameters of debris
flow elements. Using tacheometry to obtain such data
would be a labour-intensive and time-consuming pro-
cess.

5. CONCLUSION

For the studies of exogenous geological processes,
UAVs can provide a variety of high quality images and
quantitative data on the objects, considerably reduce
the time of data collection and processing, compared to
traditional methods. Surveys with UAVs provide the
materials otherwise non-obtainable or requiring much
effort to collect.

The UAV mobility and simple and fast data pro-
cessing provide for higher efficiency of field surveys
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and deliver aerial photography results within a shorter
time.

The use of UAVs at different heights allows obtai-
ning images of different scales and ensure the degree of
detail necessary for the study and imagery processing.

UAVs can be used for aerial photography surveys of
difficult access environments, such as sites with com-
plicated terrain, steep or vertical hill slopes, gorges, etc.
Conventional field surveying is either impossible or
associated with high safety risks on such sites, and the
use of UAVs is an optimal solution for investigating
these sites and expanding the survey coverage.

A shortcoming in using the DJI Inspire 1 PRO is a
short duration of its flight before the built-in battery is
fully depleted, which significantly reduces the range of
the UAV use in both space and time. It should be noted
that the accuracy of aerial images taken by this UAV is
influenced by the lack of a real-time kinematics system.
Nonetheless, the accuracy was sufficient for the tasks of
our study. Another shortcoming is that the UAV flight
duration may have to be reduced or cancelled in case of

7. REFERENCES
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