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Abstract— One of the principal causes of geo-environmental
degradation in the humid tropics is gully erosion, reducing the
productivity of land and increasing sediment discharge in rivers.
Although there is extensive literature on gully erosion, less
attention has been given to the study of gully morphology than to
the factors responsible for gully initiation. The present work aims
to analyze the effectiveness of modelling a single gully channel in
Garhbeta badlands of West Bengal, India, with high-resolution
topographic data derived from Structure from Motion-Multi View
Stereo  (SfM-MVS) using Canon EOS 60D camera and
simultaneously extract cross-sectional properties of gullies. This
close-range photogrammetric technique uses an image-matching
process, whereby multiple overlapping offset images of the same
surface is taken from different positions to generate a 3D object
system. Markers were distributed along the gully length and the
coordinates of these ground control points (GCPs) were established
using Total Station and GPS. The 3D dense, point cloud obtained
from SfM-MVS was used to create a high-quality DEM data and
cross-sectional profiles were extracted at regular intervals along the
gully length to measure morphometric parameters of the gully.
Such close-range photogrammetry provides a very cost-efficient
means of acquiring high-resolution topographic data, essential in
the analysis of gully morphology and its response to the underlying
lithological properties as this is crucial to the understanding of the
gully development processes.

l. INTRODUCTION

The recognition of spatial patterns and their temporal changes
forms a key element of any research in geosciences, the essential
requirement of which is a high-resolution topographic data to
quantify landform variability. In recent years substantial
advancement has been made in the acquisition of 3D terrain
models, with the focus having shifted from traditional
photogrammetric and topographic survey methods (using Total
Stations and dGPS) which are laborious and often challenging in
remote and inaccessible areas to superior quality, high-resolution
data using airborne (LiDAR) and terrestrial laser scanners (TLS).

However, these too pose their own challenges due to the high
capital investment cost and specialized expertise of users for data
acquisition and processing. In contrast, the Structure from
Motion-Multi-View Stereo (SfM-MVS) technique, which
amalgamates the advances made in computer vision and
photogrammetry, provides a cost-effective means of acquiring
high-quality, dense, 3D point cloud of landforms using digital
cameras and smartphones. This close-range photogrammetric
technique creates 3D structure using multiple overlapping offset
images similar to stereoscopic photogrammetry. The principal
advantage of SfM-MVS is that it can calculate the scene
geometry, camera positions and orientation automatically without
the prior knowledge of the 3D positions of ground targets.
Numerous studies provide a detailed workflow of the SfM-MVS
technique, including examples showing its applicability in the
study of glacier landforms, riverbank erosion, alluvial fan
deposition, coastal cliff erosion [1,8,12,13,16]. This close-range
digital photogrammetric technique has been used extensively in
badland terrain modelling to study gully erosion rates, headwall
retreat, soil loss estimation, quantifying landscape changes due to
episodic rainfall events and long-term surface changes of
badlands [5,9,15,16,17,18]. The accuracy of the SfM-MVS
derived 3D model has been compared to those of airborne
(LIiDAR) and terrestrial laser scanners (TLS), revealing that
ground based SfM-MVS is more capable in quantifying gully
characteristics [2,10].

In the present work the SfM-MVS technique has been applied
to generate a high-resolution topographic data from overlapping
offset images recorded from multiple viewpoints along the length
of a single gully channel. The processing was done in three
chunks which were later combined to produce a high-resolution
DEM of the gully channel. The main aim of this study is to assess
the effectiveness of the SfM-MVS derived DEM data in the study
of gully morphology in humid tropics where soil erosion is a
significant cause of geo-environmental degradation. For this
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purpose, multiple cross-sections were extracted from the DEM
data at regular intervals from the gully head to gully mouth and
morphometric parameters describing the shape of the gullies
were measured. The characterization of gully morphology is
crucial not only for the estimation of erosion rates but also for
understanding the underlying factors and mechanism of gully
erosion and development.

II. STUDY AREA

The study area, also known as the Ganganir Danga, is located
in Paschim Medinipur district of the Indian state of West Bengal
(Fig. 1). Here, the Shilabati River has eroded its concave bank
leaving a laterite capped escarpment incised by numerous gullies
to form a typical badland topography. The area receives an
average annual rainfall of 140 cm, with most of it occurring
during the southwest monsoons. The soil profile shows all the
horizons which are typical of a lateritic soil profile. There is a
superficial cover of red clayey soil underlain by duricrust formed
from the cementation of ferruginous concretions and quartz
grains with colloidal iron oxide. At places, the retreating gullies
have exposed the mottled clay horizon comprising a mixture of
sand, silt and clay in various proportions along with iron oxide
and hydroxide spots and concretions. Below this is the pallid
zone, which is characterized by yellowish white clay, containing

Paschim
Medinipur

very little sand and iron oxide.

Figure 1. Location map of the study area

1. METHODOLOGY

For this photographic modelling a single gully channel was
selected, and fieldwork was conducted during the winter months
to reduce the obstruction posed by vegetation. However, where
necessary, vegetation such as the short grasses along the gully
walls and bottom were removed manually and the field site was

prepared prior to collection of photographs. Markers were
distributed at regular intervals along the gully walls and bottom
and the coordinates of these Ground Control Points (GCPs) were
established using Total Station and GPS. Photographs were then
collected using the Canon EOS 60D camera (APS-C CMOS
Sensor) with EF-S 18-55 mm STM lens and a constant focal
length of 18 mm, from multiple viewpoints with a minimum of
50-60% overlap between consecutive images required to create
the parallaxes for the 3D rendering. Considering the length of the
gully, care was taken to conduct the survey under constant
illumination conditions, while also avoiding the user’s shadow
when collecting the photographs.

566,935 points

4,631,517 paints

Figure 2. .Perspective views of the gully head region (a) Sparse point cloud
with location of cameras and GCPs marked (b) Dense point cloud.

The initial step in image matching is the identification of
common features in individual photographs, called ‘keypoints’
which are invariant to changes in scale and orientation and are
required for wide baseline matching [1]. The Scale-Invariant
Feature Transform (SIFT) object recognition system detects
keypoints that are invariant to image scaling, changes in
illumination conditions and camera positions and assigns a
descriptor to each keypoint by computing the dominant direction
of local intensity gradients using Gaussian weighting function
[5,11,14,16]. Once the keypoints are identified, the geometrically
inconsistent keypoint matches are eliminated using Random
Sample Consensus (RANSAC), whereby all the keypoints are
divided into two groups — outliers and inliers [1,4,16]. The
RANSAC, through several iterations tends to generate a model
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which ignores all outliers and is composed singularly of inliers. A
bundle adjustment then uses these geometrically correct feature
correspondences to simultaneously reconstruct the 3D scene
geometry (or structure) and the camera positions (motion) and
generate a low-density ‘sparse’ point cloud. The 3D scene
geometry is incrementally reconstructed using triangulation to
estimate the 3D point positions, while the camera positions and
orientation is reconstructed by means of a similarity
transformation, using non-linear least squares method. The Multi-
View Stereo (MVS) produces a dense point reconstruction of 3D
scene geometry using the sparse point cloud produced by SfM as
an input [1,6,7]. The clustering views for MVS (CMVS)
decomposes the sparse point cloud into overlapping clusters to
reconstruct each 3D point by at least one cluster thereby
increasing the point density.

The 3D dense point cloud thus generated needs to be
converted from a relative ‘image space’ coordinate system to a
real world ‘object space’ coordinate system. This transformation
was done by manually identifying the GCPs in the dense point
cloud and incorporating the UTM-WGS 1984 coordinates into
the model. All the artefacts were removed from the dense point
cloud at this stage. The entire process was completed using
Visual SfM, Cloud Compare and Agisoft Metashape softwares.
The dense point cloud was then exported to a GIS platform to
generate the final very high-resolution DEM.

Several cross-sectional profiles were extracted from the DEM
along the gully length at regular intervals to measure the gully
morphometric parameters, such as, gully top width (Wt), left
width (WI), right width (Wr), maximum depth (Dmax), depth of
left side (DI), depth of right side (Dr), area of left side (SI), area
of right side (Sr), total area of cross-section (S). [3].
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Figure 3. DEM derived from the dense point cloud for the gully head region.

IV. RESULTS & DISCUSSION

Figure 2a shows the locations of the cameras and the GCPs
on the sparse dense cloud, where the black lines show the
directions from which the photographs were taken, while the
little blue flags show the location of the GCPs which were
marked on the ground during field survey. The reconstruction of
the dense point cloud (Fig. 2b) significantly increases the point
density, with the number of points increasing from 5,66,935 in
case of sparse point cloud to 46,31,517 in that of dense point
cloud. Figure 3 shows the interpolated high-resolution DEM
derived from the dense point cloud, with 10 cm cell size. The two
gully heads are distinctly visible in the DEM with the lateritic
outcrop jutting out between them. To reduce the computational
size and processing time, the SfM-MVS model was prepared
separately for three sections of the gully and later integrated to
construct the DEM for the entire gully channel (Fig. 4). The
elevation ranges from 35 m near the gully bed to 66 m near the
gully walls adjacent to the gully head. To assess the accuracy of
the DEM derived from SfM-MVS, several cross-sections were
measured using the Total Station, which were then compared to
those derived from the model (Fig. 5)..
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Figure 4. DEM of the total gully channel with some representative cross-
sections. Lines AB, CD, EF, GH shows the location of the profiles.

For any analysis of the processes of gully erosion and gully
development, it is imperative to make a comprehensive study of
the morphological character of the gully. Multiple cross-sections
were extracted from the DEM at regular intervals along the entire
length of the gully. The morphometric parameters measured from
these cross-sections are shown in Figure 6 with the help of a
sample cross-section. The three primary parameters measured
such as, gully top width (Wt), depth (Dmax) and cross-sectional
area (S) represents the overall shape of the gully. Other
parameters such as, left width (WI1), right width (Wr), depth of
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left side (DI) and right side (Dr), area of left side (SI) and right
side (Sr), describes the asymmetry in the erosional process
between the two gully walls. The ratio of width to depth is an
important parameter which describes the relationship between
lateral erosion and vertical incision along the gully. The overall
shape of the gully undergoes a change from very deep V-shaped
valleys near the gully head to shallow V-shaped valleys near the
gully mouth. In the middle section where undercutting is
predominant, collapse of the overlying sediments produces broad
U-shaped valleys (Fig. 4).
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Figure 5. Cross-section comparisons between Total Station (TS) data and
SFM-MVS derived DEM data for similar profiles along the gully channel.
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Figure 6. Morphometric parameters measured from a gully cross-section.

V. CONCLUSION

Badland topography is characterized by vertical walls and
steep rugged slopes where traditional survey methods using Total
station and GPS becomes arduous and challenging. Under these
circumstances, close-range photogrammetric technique or SfM-
MVS provides a low-cost, portable alternative to acquire a high-
resolution DEM where the workflow remains identical
irrespective of the temporal and spatial scales. Applying SfM-
MVS over large spatial scales creates large data sets and long
computational times, also the accuracy of the model depends on
external factors like the texture and colour contrast of the
landform and the illumination conditions raising issues of
repeatability. However, for smaller areas it is very efficient in
providing a very high-resolution topographic data which can be
used for mapping, analysis of geological structures and as an
input to numerical models to study landform development
processes.
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