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Section Photogrammetry and Remote Sensing

APPLYING UAV PHOTOGRAMMETRY DATA FOR HIGH-RESOLUTION
GEOMORPHOLOGICAL MAPPING OF A PART OF THE LOM RIVER
VALLEY NEAR THE VILLAGE OF VASILOVTSI (BULGARIA)

Assoc. Prof. Dr. Emilia Tcherkezova
Assoc. Prof. Dr. Tsvetan Kotsev
Assoc. Prof. Dr. Georgi Zhelezov
Assist. Prof. Dr. Velimira Stoyanova

National Institute of Geophysics, Geodesy and Geography — Bulgarian Academy of Sciences,
Bulgaria

ABSTRACT

Floodplains are complex systems which include a wide number of socio-economic
activities like agriculture, freshwater fisheries, electricity from power plants and others.
They have often highly dynamic property, due to the alternation of fluvial processes,
floods, and ongoing sediment transport, as well as of environmental specifics and
natural or anthropogenic processes. In the context of the investigation of soil pollution
with heavy metals in the riverine floodplains, the availability of geomorphological maps
at large scale is of great importance. The rapid development of new remote sensing and
computer technologies offers nowadays the possibility for acquisition of high-resolution
topographic and land surface data which can serve as basis for digital terrain analysis
and geomorphologic mapping. This paper outlines the preliminary results of applying
unmanned aerial vehicle (UAV) data for geomorphological mapping of the study area.
The methodological approach is based on the two key data products of UAV
photogrammetry — the digital terrain model (DTM) and the orthophoto mosaic. The
digital terrain model is used for calculation of terrain derivatives such as altitude above
the channel network and topographic ruggedness index (TRI), using Geographic
Information Systems (GIS). The orthophoto mosaic, on the other hand, is used to
calculate local statistical measures, enabling detection of textural and structural
properties, as well as for differentiation of features with similar spectral responses but
different surface structures.

The obtained results show that UAV photogrammetry is a powerful and inexpensive
tool for fluvial remote sensing analysis and has the potential for high-resolution
geomorphological mapping.

Keywords: unmanned aerial vehicle (UAV), geomorphological mapping, UAV
photogrammetry, digital terrain model (DTM), Geographic Information Systems (GIS)

INTRODUCTION

In the context of soil pollution with heavy metals in the riverine floodplains, the
availability of recent geomorphological maps is crucial. The fluvial geomorphic pattern
often has highly dynamic properties as a result of local- and regional-scale alterations to
fluvial processes, floods, and ongoing sediment transport, as well as of environmental
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specifics and natural or anthropogenic processes. The impact of geology, climate,
hydrological and hydrogeological settings, land cover and land use shape out the
floodplain morphology and the spatial occurrence of river channel and floodplain forms.
This supposes a detailed geomorphological mapping, as well as complex analysis of the
processes which influence the floodplain and the river channel properties. Existing
studies have expanded the role of fluvial geomorphology in the context of the
relationship between the fluvial processes and the spatial distribution of trace metal and
metalloids (TMM) in the soil of river floodplains [1], [2]. Traditional field
geomorphological mapping is time-consuming and expensive. The rapid development
of remote sensing and geoinformation technologies in the last decades has stimulated
the development of new technologies and methods for acquiring topographic data and
generation of precise digital terrain models (DTMs) with the use of unmanned aircraft
systems (UASs), also known as unmanned aircraft vehicles (UAVS) or drones [3], [4]
which provide high spatial resolution data, applicable in geomorphology and
geomorphological mapping [5], [6]. Therefore, the application of innovative techniques
that facilitate large-scale geomorphological mapping is essential for the detection and
investigation of fluvial and floodplain landforms.

This paper presents preliminary results of applying UAV photogrammetry data in
geomorphological mapping of the study area using a WingtraOne VTOL mapping
drone, equipped with a camera Sony RX1R Il with 35 mm full frame sensor, 42 Mpix
resolution, and with high-precision GNSS GPS for measurement of ground control
points (GCP). The aim is to develop an objective methodological approach for rapid
mapping, identification, and classification of large-scale channel and floodplain
landforms, applying UAV photogrammetry data. In particular, the research goals are (i)
- to define a framework that uses two data products of the UAV survey - the digital
terrain model (DTM) and the UAV-based orthophoto mosaic for geomorphological
mapping and (ii) - to test the proposed framework’s applicability through a case study.
The received results will be used for field mapping. They can be further coupled with
other environmental data, to support the hazard assessment of soil pollution with heavy
metals in the studied area and other similar sites.

Study area. The study area extends over parts of the Lom River valley (in the western
part of the Danubian Plain of Bulgaria) with the following geographic location: 23°65 -
23°92F and 43°41 - 43°44N (Figure 4). It covers an area of 5.82 km? with a mean
altitude of 111.6 m and an average inclination of slopes of about 5.4°. The study area
has a length up to 4.46 km West to East and a maximum width of 3.5 km North to
South. From a geological point of view, it is a part of the Moesian Platform and is
constructed at the top of quaternary alluvial sands, clays and gravels, and loess deposits.
The study area is characterized by Chernozems and alluvial soils - Eutric Fluvisols
(according to the Food and Agriculture Organisation, FAO) [7]. According to the
CORINE Land cover nomenclature [8], the land cover units in the investigated area are
the following: 1.1.2 - Discontinuous urban fabric (11.6 %), 2.1.1 - Non-irrigated arable
land (13.3%), 2.4.2 - Complex cultivation patterns (15.4%), 2.4.3 — Land principally
occupied by agriculture, with significant areas of natural vegetation (31.1%), 3.1.1-
Broad-leaved forest (7.8%), 3.2.1 - Natural grassland (20.6%), and 3.2.4 Transitional
woodland shrub (0.02%).

184



Section Photogrammetry and Remote Sensing

DATA AND METHODS

A WingtraOne VTOL mapping drone equipped with a camera Sony RX1R Il with 35
mm full frame sensor and 42 Mpix resolution, as well as with high-precision GNSS
GPS for measurement of ground control points (GCP) are used for the study. The UAV
survey was conducted on 23 March 2019 under appropriate weather conditions. The
flight altitude was 400 m, at an average ground sampling distance (GSD) of 5.57 cm.
The investigated area consists of 882 images of a 7952x5304 pixel size and a 350
point/inch (350 point/2.54 cm) horizontal and vertical spatial resolution [9]. Figure 1
outlines the methods used for the UAV survey and the general framework for
geomorphological mapping. The framework is divided into five stages, namely -
fieldwork, data processing, digital terrain and image analysis, object-based
segmentation, and supervised classification, as well as a reclassification of the newly
acquired data to obtain the main river channel and floodplain landforms. The fieldwork
and the data processing are essential for data gathering and preparation of the study,
while the next stages include specific procedures of an object-based and expert
classification approaches.

Field work Data processing
[ Ground point (GPS) establishment ] Feature detection, bundle adjustment, and 3D
scene reconstruction
= | |
Ra R Yl ‘ Compute matches |
Triangulation l
b, Georeferencin,
A l Create U_r%ze Sparse and dense point cloud
Dt ‘ DTM H DSM ‘ AE 1N
{ g
| 1 H f
L 2
Local statistical - o c
L e.g. Multiple data selt: 3 set-hased 2
Accuracy entropy Dnhnphumln'_ms:'c' ke segmentation g
verifi- Digital terrain Terrain variables ebntrnp:,a :tu el L g
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Fig. 1. Framework for geomorphological mapping of the investigated area

For the high-resolution geomorphological mapping of the investigated area, the
following data layers have been provided: a digital terrain model (DTM) and a digital
surface model (DSM) with a grid size of 30 cm, as well as an orthophoto mosaic with a
grid size of 6 cm. The data has a common georeferenced coordinate system - UTM zone
34N, Datum WGS84 [9]. The advantages of using high-resolution data are shown in
Figure 2, displaying how the UAV-based imagery delivers more detailed information
about the landscape, compared to the Sentinel 2-A image and allow more precise
mapping of the river channel and floodplain landforms in the investigated area.

The digital terrain analysis includes calculation of the altitude above the channel
network and the terrain ruggedness index (TRI) from the delivered DTM. The TRI,
proposed by Riley et al. (1999) [11] is used to delineate linear structures in the study
area. These topographic attributes are computed using the SAGA GIS software [12]
with the application of the “Vertical Distance to Channel Network” and the “Terrain
Ruggedness Index (TRI)” Grid Tools modules.
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The orthophoto mosaic is used to calculate local statistical measures, e. g. contrast,
energy, entropy, and variance, as described by Zhang (2001) [13]. This step of the work
process is carried out using the SAGA GIS “Local Statistical Measures” Imagery Tool
module. The local statistical measures are calculated by applying the following options:
kernel radius in cells — circle, radius in cells — 1, normalization — scale to range (min — 1
/ max — 255). According to Langhammer and Vaskova (2018) [14], the contrast is a
measure of the sharpness of images and the depth of textures. Energy reflects the texture
roughness and the grey-scale distribution homogeneity of images. Entropy is a measure
of a non-uniformity and complexity of image texture as it represents a statistical
measure of randomness of the input orthophoto image. The measure of variance reflects
the basic landscape and the fluvial features [14]. Nevertheless, the optical data cannot
provide a complete reconstruction of the channel and floodplain landforms. It can,
however, be used to reconstruct landscape features, including channels.

Fig. 2. UAV-based orthophoto mosaic (0.06 x 0.06 m) (1A, 1B) and Sentinel 2-A image
[10], bands 4-3-2 (10 x 10 m) (2A, 2B)

The orthophoto mosaic and the derived terrain variables are merged into a multiple data
set. It is used for object-based segmentation using the SAGA GIS “Object Based Image
Segmentation” Imagery Tool module and the “Seeded Region Growing Algorithm”
[12]. The training areas are selected using the orthophoto mosaic and the cross-section
profiles along the layer “Vertical Distance to Channel Network”. Based on them, the
resulting polygons are then grouped by supervised classification. The newly derived
information layer is reclassified to obtain the main channel and floodplain landforms.
For the visualization of the results, ArcGIS Desktop 10 software by ESRI is used.

RESULTS

Figure 3 shows the calculated local statistical measures of the orthophoto mosaic and
the terrain attributes mentioned above. Based on the visual interpretation, the measure
of entropy is selected for further classification, since it reflects key physical features
such as streams, floodplain landforms, built-up features, and vegetation. As mentioned
in the methodological part of the paper, the optical data can be used to reconstruct
landscape features, including channels and bathymetry. Additionally, the altitude above
the stream network serves as a basis for the creation of cross-section profiles, which
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helps the landform and channel detection. The landform reconstruction is further
aligned to the water level of the channels, the mean altitude above the channel network
of each recognized landform, as well as to the terrain ruggedness.
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Fig. 3. Textural features and terrain attributes derived from the UAV imagery and the
DTM. A — contrast, B — energy, C — entropy, D — variance, E — terrain ruggedness index
(TRI), F — altitude above the Lom River
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Fig. 4. Example of the distinguished categories based on supervised classification

The data set of the object-based image analysis (OBIA) derived through the SAGA GIS
[12] and the seeded region growing algorithm, resulted in 331 553 548 polygons
covering the study area. A smaller site (0.17 km?) with 90 063 segments has been
applied for the selection of training areas for supervised classification of the related
channel and floodplain landforms. The locations of the training areas are determined on
the basis of the cross-section profiles along the altitude above the channel network and
the orthophoto mosaic. Based on the training areas, a supervised classification is
performed, using a minimum distance classifier with a 0% threshold of the unclassified
area. The classification resulted in 41 categories (Fig. 4) which were reclassified in 18
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categories using the expert approach and the cross-section profiles to obtain objective
channel and floodplain landforms (Fig. 5).
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Fig. 5.

Legend: 1.1. Main channel, active channel feature; 1.1.5. River bank (1.1. Main channel), active channel
feature; 1.1.1.1. Side-channel (1.1.1. Secondary water features), active channel feature; 1.1.1.2. Split
channel (1.1.1. Secondary water features), active channel feature; 1.1.1.3. Alcove (1.1.1. Secondary water
features), active channel feature; 1.1.1.4.1. Inland wetland in low floodplain (1.1.1. Secondary water
features), active channel and floodplain feature; 1.1.1.5. Swamp (1.1.1. Secondary water features), active
channel and floodplain feature; 1.1.1.8.1. Swale (1.1.1. Secondary water features), active channel, and
floodplain feature in low floodplain; 1.1.1.8.2. Swale (1.1.1. Secondary water features), channel and
floodplain feature in high floodplain; 1.1.1.9. Ridge (1.1.1. Secondary water features), active channel, and
floodplain feature; 1.1.4. Bar (1.1. Main channel), active channel feature; 2.1.1. Low floodplain (2.
Terrestrial feature); 2.1.2. High floodplain (2. Terrestrial feature); 2.2.1. Sand/gravel bedrock island (2.2.
Island); 2.4.2. Levée (2.4. Other landforms), terrestrial, channel or anthropogenic feature; 2.4.4.1. Other
landforms in low floodplain (2.4. Other landforms), floodplain or anthropogenic feature, e. g. landmarks;
2.4.4.2. Other landforms in high floodplain (2.4. Other landforms), floodplain or anthropogenic feature, e.
g. limits of ownership of land parcels; 2.6.1. Irrigation channel (2.6. Anthropogenic features); 2.6.3. Road
(2.6. Anthropogenic features); Cross-section profile P-1, A-B: 1 — Main channel; 2 — Levée; 3 — Swamp;
4 — Low floodplain (active) up to 4 m; Cross-section profile P-2, C-D: 1 — Main channel; 2 — Sand/
gravel/ bedrock island, sparsely vegetated; 3 — Side channel; 4 — Levée; 5 — Alcove; 6/7 — Low floodplain
up to 1.5 m, undulated.

The major channel and floodplain landforms can be divided into main channel and
secondary water features, e. g. alcoves, side- and split-channels, inland wetlands, swales
in the low and high floodplain and ridges. The main terrestrial landforms, recognized in
this work are the following: islands, levées, low and high floodplain, other landforms in
low and high floodplain, such as depressions, as well as anthropogenic features like
roads, limits of ownership of land parcels, and irrigation channels.

The confusion matrix is calculated using the SAGA GIS Classification module [12]. It
shows that from the total number of 2640 training areas, 2096 are correctly classified.
The majority of the detected differences in the classification performance concern the
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inland wetland units, due to the shadow of the woody vegetation. Shadows in the image
represent a significant barrier against correct feature identification. Other discrepancies
are dependent on the colour response of the multiple data set, as well as on the grouping
of some features, e. g. shallow and deep water into one category — “Channel”. The
classification is adjusted by a series of cross-section profiles along the layer “Vertical
distance to channel network™ and will be further verified by a field survey.

CONCLUSION

The paper presents a GIS-based framework for the identification of the main river
channel and floodplain landform units. The methodology combines the application of
UAYV photogrammetry data which includes 2D orthophoto image, digital terrain model,
altitude above the channel network level, terrain ruggedness, and textural feature. These
are used for the detection and mapping of the main channel and floodplain landforms in
the area of the Lom River floodplain near the village of Vasilovtsi (Northwestern
Bulgaria). The RGB orthophoto image proved its limited ability to distinguish among
categories with similar spectral responses in the visible bands, but with different
physical properties and origins, due to the occurrence of shadows, shifting the spectral
response. Additional information on the texture, altitude above the channel network, and
terrain ruggedness made it possible to distinguish qualitative channel and landform
units. Based on this data set, image segmentation and supervised classification are
performed. The resulting layer is reclassified using cross-section profiles to extract the
main channel and floodplain landforms in the study area.

The study proves that the proposed method has the potential for using UAVs for
supervised classification and detection of fluvial forms and represents a cost-efficient
method for rapid geomorphological mapping. The received results in this study will be
combined with field mapping and will be used for investigation of the relationship
between the floodplain morphology and the soil pollution with heavy metals.

ACKNOWLEDGEMENTS

This work is supported by the National Science Fund of Bulgaria, Grant No. KII-06-
H24/2 (8.12.2018), project “Relationship of the spatial distribution of heavy metals in
the soil with the morphology of contaminated river floodplains (TOPOMET)”.

REFERENCES

[1] Bird, G., P. Brewer, Macklin M., The solid-state partitioning of contaminant metals
and As in river channel sediments of the mining-affected Tisa drainage basin,
northwestern Romania and eastern Hungary, Applied Geochemistry, 18, pp 1583-1595,
2003.

[2] Macklin, M.G. Brewer, P.A., Hudson-Edwards, K.A., Bird, G., Coulthard, T.J.,
Dennis, ILA., Lechler, P.J., Miller, J.R., Turner, J.N., A geomorphological approach to
the management of rivers contaminated by metal mining, Geomorphology, vol. 79 (3-
4), pp 423-447, 2006.

[3] Lejot, J., Delacourt, C., Plégay, H., Fournier, T., Trémélo, M-L., Allemand, P., Very
high spatial resolution imagery for channel bathymetry and topography from an

https://doi.org/10.5593/sgem2020/2.2/s10.022 189



20" International Multidisciplinary Scientific GeoConference SGEM 2020

unmanned mapping controlled platform, Earth Surfaces Process Landforms, vol. 32(11),
pp 1705-1725, 2007.

[4] Westoby M.J., Brasington J., Glasser N.F., Hambrey, M.J., Reynolds, J.M.,
‘Structure-from-Motion’ photogrammetry: A low-cost, effective tool for geoscience
applications, Geomorphology, vol. 179, pp 300-314, 2012.

[5] Hugenholtz C.H., Whitehead K., Brown O.W., Barchyn T.E., Moorman B.J.,
LeClair A., Riddell K., Hamilton T., Geomorphological mapping with a small
unmanned aircraft system (SUAS): Feature detection and accuracy assessment of a
photogrammetrically-derived digital terrain model, Geomorphology, vol. 194, pp 16-24,
2013.

[6] Prodanov B., Lambev T., Bekova R., Kotsev, I., Applying Unmanned Aerial
Vehicles for High-Resolution Geomorphological Mapping of the Ahtopol Coastal
Sector (Bulgarian Black Sea Coast), XIX International Multidisciplinary Scientific
GeoConference SGEM 2019, Bulgaria, pp 465-472, 2019;

[7] Municipal development plan of municipality Brusartsi (2014-2020) [Online].
Available  from  http://www.strategy.bg/StrategicDocuments/View.aspx?lang=bg-
BG&Id=1061 [Assessed: 20/04/2020]

[8] CORINE Land Cover (2018) [Online]. Available from:
https://land.copernicus.eu/pan-european/corine-land-cover/clc2018 [Assessed:
11/11/2019]

[9] Lyubenov, T. UAV survey of the areas of Lom and Ogosta Rivers (NW Bulgaria).
Unpublished report. WP 1. Project “Relationship of the spatial distribution of heavy
metals in the soil with the morphology of contaminated river floodplains (TOPOMET)”.
Grant No. KIT-06-H24/2 (8.12.2018), 2019

[10] Sentinel - 2A. Product type: S2MSI2A. S2A_MSIL2A 20191105T092151_N0213
_R093_T34TGP_20191105T105947.SAFE. [Online]. Available from: https://scihub.
copernicus.eu/dhus/#/home [Assessed: 13/12/2019]

[11] Riley, S.J., De Gloria, S.D., Elliot, R. A Terrain Ruggedness that Quantifies
Topographic Heterogeneity, Intermountain Journal of Science, vol. 5, No. 1-4, pp 23-
27,1999.

[12] Conrad, O., Bechtel, B., Bock, M., Dietrich, H., Fischer, E., Gerlitz, L., Wehberg,
J., Wichmann, V., Boehner, J. System for Automated Geoscientific Analyses (SAGA)
v. 2.1.4. Geoscientific Model Development, 8, pp 1991-2007, 2015.

[13] Zhang, Y. Texture-integrated classification of urban treed areas in high-resolution
color-infrared imagery. Photogrammetric Engineering and Remote Sensing 67(12), pp
1359-1365, 2001.

[14] Langhammer, J., Vaskova, T. Detection and Mapping of the Geomorphic Effects of
Flooding Using UAV Photogrammetry. Pure and Applied Geophysics, Switzerland,
doi.org/10.1007/s00024-018-1874-1, 2018.

[15] Casado, M. R., Gonzalez, R. B., Kriechbaumer, T., Veal, A. Automated
identification of river hydromorphological features using UAV high resolution aerial
imagery. Sensors, 15(11), pp 27969-27989, 2015.

190



	FIRST_PAGE_2020_BOOK_2_vol2___ALL
	FIRST_PAGE_2020_BOOK_2_vol2

	___Book_Content_Conf_2_Vol_2

