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Abstract. Earth fissures are pervasive cracks that develop on valley floors as a consequence of land subsidence
associated with extensive groundwater withdrawal. To capture geometrical, geological and geotechnical informa-
tion of ground fissures is of paramount importance for their characterization. Recent advances in remote sensing
techniques and the accessibility to remotely piloted aircraft systems (RPAS) as well as the evolution of onboard
digital cameras enable the capture of digital photos and videos. Using digital photos along with the Structure
from Motion (SfM) technique and following certain strategies, we can reconstruct a 3-D model of the earth fis-
sures under study. This technique requires digital photos, but when a digital video is available, we can convert
it into a set of frames and equally apply the procedure. Besides, the extraction of frames from a video assures a
key condition for the SfM technique: the overlap between photos. The resulting 3-D model should be scaled and
oriented using a rigid transformation matrix or even better including ground control points (GCP) into the cap-
tured photos or frames. The latter enables the geo-referencing of the point cloud and the correction of linear and
non-linear deformations. In this work, the proposed methodology is illustrated through the application of SfM
technique to a high-resolution video downloaded from YouTube (i.e. https://youtu.be/9xdAnftBKvY, last access:
20 February 2020). The video shows a mile-long earth fissure that appeared sometime between March 2014 and
December 2014 near the Tator Hills (Arizona, USA) over Quaternary sediments. The Arizona Geological Survey
captured these videos using an RPAS. The frames of the video were downloaded and extracted using a simple
Matlab code. Then, we sub-sampled the frames and processed them using the software Agisoft Metashape Pro-
fessional. Finally, we got metric data from Google Earth and generated a 3-D model. The quality of the 3-D
model strongly depends on the quality of the photos and the GCP. However, this study shows the potential of
this technique, instrumentation and data available on Internet for the development of 3-D point clouds and 3-D
models for the detailed analysis of earth fissures.

1 Introduction

When Earth processes apply tensions to the soil surface,
earth fissures may appear as tension cracks that open the ter-
rain. On valley floors, this phenomenon usually occurs be-
cause of an extensive water withdrawal that leads to the land
subsidence. This phenomenon is common in Arizona (Slaff,
1993), and is highly interesting for the scientific community
and planners, since they play a key role in the development

of urban areas, industrial settlements, agricultural and other
economic activities.

The earth fissures characterisation partially comprises
field inventory. The operators usually map the fissure ge-
ometry (e.g. width, depth, morphology and vertical displace-
ments) and collect soil samples. However, the new available
techniques enable the remote acquisition of new data which
is of high interest to the scientists.

Light Detection and Ranging (LiDAR) instruments are
precise tools for the scanning of millions of points in a few
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Figure 1. Location of the fissure. Source: © Google Earth.

Figure 2. Evolution of the earth fissure since 2016 to 2018. Source: © Google Earth.

minutes. However, the ground-based sensors may not be ca-
pable of capturing the inner part of the earth fissure because it
may not be accessible. Nevertheless, the development of re-
motely piloted aircraft systems (RPAS), the weight reduction
of the instruments and the development of automatic regis-
tration processes (Engel et al., 2018) enable the scanning of
earth fissures. Nevertheless, the cost of this instruments may
still be a barrier to its access to part of the scientific commu-
nity.

However, the recent advances in remote sensing tech-
niques, the accessibility to RPAS and the evolution of on-
board digital cameras enable the capture of digital photos and
videos. Using digital photos along with the Structure from
Motion (SfM) technique and following certain strategies, it
is possible to reconstruct 3-D models of earth fissures.

In this contribution, we applied the SfM technique to re-
construct the geometry of a recent earth fissure near the Tator
Hills in Arizona (USA; Cook, 2017a) (Fig. 1). The study are
lies in the Picacho Basin which is almost 3000 m deep in

places (Richard et al., 2007). The fissures have formed in ar-
eas with more shallow bedrock (∼ 300 m or less) and there
are bedrock inselbergs (Tator Hills) about 3.5 km to the west
(Richard et al., 2007). The near-surface sediment is predomi-
nantly Quaternary fine-grained sands, silts, with some gravel
interbeds (Arizona Bureau of Mines and University of Ari-
zona, 1959). Overall the area is not well incised and sheet-
flow is common following heavy rains. Since the fissure has
formed many drainages have been captured and have con-
tributed to erosion and infilling along the fissure. The fissures
formed closely aligned to measured subsidence patterns mea-
sured by InSAR (Arizona Department of Water Resources,
2019). It is likely many fissures in AZ formed in response to
land subsidence linked with pumping from decades prior.

The fissure was divided into two equal lengths tracks. The
northern track firstly appeared on Google Earth in Decem-
ber 2014, and the southern track in 2016. The southern track
had sharp vertical walls and a v-shaped geometry of 9 m
depth. Since this fissure was discovered it has been grow-
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Figure 3. Snapshot of the Agisoft Photoscan software after processing the data.

Figure 4. Snapshot of the Agisoft Photoscan software illustrating the insertion of three GCP and their distances.

ing as it is shown in Fig. 2. In January 2019 it was inspected
again showing a rapid degradation of the sidewalls and in
filling in the fissure. The deposits reduced the depth to 3 m
forming a broad, flat-bottomed channel of sand and sedi-
ments captured from drainages (Fergason, 2019).

In addition to the aforementioned studies, the authors gen-
erated a 3-D model using the photos captured during the
flight (Gootee, 2016). Besides, the video recorded using a
RPAS that shows a mile-long earth fissure was uploaded to
YouTube (Arizona Geological Survey, 2017b). This video
was downloaded from YouTube and using several metric in-

formation obtained from Google Earth a 3-D model was gen-
erated enabling the study of the geometry of the fissure with-
out accessing inside it.

2 Materials and methods

The SfM technique uses digital photos to reconstruct the 3-
D geometry of a surface. However, when a digital video is
available their frames can be extracted, and the same pro-
cedure can be performed. Besides, the extraction of frames
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Figure 5. (a) view of the 3-D point cloud, coloured with the photos; (b) transects every 5 m overlayed on the 3-D point cloud; (c) transects
isolated. Source: CloudCompare.

Figure 6. Example of a transect and the extraction of distances using the software CloudCompare.

from a video assures a key condition for the SfM technique:
the overlap between photos.

Firstly, two videos recorded using a RPAS of the fissure
was downloaded from Youtube (Arizona Geological Sur-
vey, 2017b, a). From this file a Matlab code was used to
extract 204 and 173 frames respectively, which size was
3840× 2160 px. The first video captures the fissure from its
top, while the second video captures the inner part of the
fissure. Figure 3 shows a screenshot of the Photoscan soft-
ware. Blue rectangles are the location and orientation of the
extracted frames and describe the fly path of the RPAS. The
right panel of this figure shows the loaded frames.

3 Results and discussion

The alignment process estimated the location and orientation
of each camera. Figure 3 presents the RPAS flight, where
each blue rectangle is a photo. To scale the model, three
points were identified in the photos and in the Google Earth
software (Fig. 4). The distance between each pair of objects
was measured in Google Earth. After placing the points in
the photos, the distances were inserted. This process enabled
scaling the model. The errors of the distances after optimiz-
ing the cameras were 10 and 13 mm, respectively, and the
overall error was 12 mm.

A 3-D point cloud and a textured mesh were generated.
Figure 5a presents an orthographic view of the point cloud.

As the distance of the GCPs was introduced in the process,
the scale is 1 : 1 and measurements can be directly extracted.
Every 5 m a transect was extracted from the point cloud
(Fig. 5b) using the software CloudCompare (Girardeau-
Montaut, 2019). Extraction of distances is possible, as shown
in Fig. 6. These transects aid to understand the geometry of
the fissure even from its inside.

The result of this process presents the geometry of an earth
v-shaped 2 m wide and 4 m depth fissure with solely using
a video downloaded from YouTube and measurements ex-
tracted from Google Earth. This process is fair enough to
reconstruct the shape and size of the fissure. Distances, tran-
sects of the inside of the fissure, volumes and other features
can be obtained using open-source tools.

Further analysis may be of interest to the scientists, such
as the evolution of the fissure along time. The procedure pre-
sented in this contribution could be of interest if the position
of fixed elements (i.e. the coordinates of a point), that act as
a reference, is available when capturing the photos.

If the references are captured at every stage and their co-
ordinates are inserted into the SfM workflow, the resulting
3-D point clouds will be automatically registered. Compari-
son of the models is possible by applying available methods,
such as M3C2 distances computation (Cook, 2017b; Midg-
ley and Tonkin, 2017). Therefore, the evolution of the earth
fissure can be quantified not only from the outside but also
from the inside when the RPAS has accessed in it (e.g. walls
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earth falls, erosion processes, earth fissure opening, etc.) can
be quantified.

4 Conclusions

The use of SfM technique to the study of earth fissures of-
fers a cost-effective technique to other more expensive in-
struments, such as LiDAR. This technique allows the inspec-
tion of the inner part of earth fissures and to reconstruct their
geometry with high accuracy. Additionally, the derived 3-D
point clouds at different moments can be compared in order
to quantified geomorphological changes of the earth fissure.
Therefore, this methodology is a complementary tool for the
study of earth fissure that provides a valuable information for
its geomorphological characterization.

Data availability. The video used in this work is available in next
link: https://www.youtube.com/watch?v=9xdAnftBKvY&feature=
youtu.be (last access: 20 February 2020; Arizona Geological Sur-
vey, 2017b). The frames extracted from the video and the generated
3D point cloud are available upon request by contacting the corre-
spondence author.
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