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Abstract 
Structure­from­Motion (SfM) performance was studied in terms of point clouds repeatability 
from a fast, low cost survey of an inaccessible slope carried out by means of a prosumer camera 
in emergency conditions and without ground control points. A rock cliff was observed from a 
distance of ∼340 m and the resulting point clouds were scaled with each other with the 
method of homologous polylines. A terrestrial laser scanning survey was carried out in order 
to scale the SfM data and evaluate the results. Tests of repeatability showed standard 
deviations (SDs) of 11 mm and 18 mm for point clouds obtained from images taken with focal 
lengths of 98 mm and 55 mm respectively. In order to evaluate the performance in cases where 
no reference models are available, data scaling was repeated by using Google Earth data, 
obtaining SDs ∼8­9 % larger. Moreover, three times the SD turned out to be ∼2.5 times the 
ground sample distance, leading to a suggestion for a completely independent scaling if no 
other sources for metric correction are available. 
 
 

Introduction 

Structure from Motion (SfM) is a survey technique that takes advantage of the developments 
of digital photogrammetry and computer vision. As in traditional digital photogrammetry, SfM 
provides a point cloud starting from a set of overlapped images acquired from multiple 
viewpoints [see, e.g. Luhmann et al., 2014]. Before the photogrammetric modeling, very efficient 
image algorithms for image registration allow a fully automatic or at least a quasi­completely 
automatic alignment of the input images. Thanks to the easy implementation of the data 
acquisition and processing, SfM is largely used in geological/geomorphological surveys [see e.g. 
Brunier et al., 2016].  
As a SfM survey is carried out, a reasonable number of Ground Control Points (GCPs) evenly 
distributed in the scenario are measured by means of a GNSS network and/or a total 
topographical station. The GCP coordinates are then used to provide a metric point cloud 
defined in a suitable reference frame. Moreover, some SfM software packages allow the 
incorporation of these coordinates into the Bundle Adjustment (BA) procedure [Yan et al., 2017]. 
It is the case, e.g., of Photoscan [Agisoft, 2019]. The use of precise GCP coordinates in BA 
modeling leads to very good results in surveying of both natural surfaces [see e.g. Barrand et 
al., 2009] and building façades [Caroti et al., 2015]. In particular, SfM can profitably be used for 
unstable rock­slope assessment under the conditions that a sufficient number of images with 
adequate overlap are acquired and the reconstruction is tied to a good GCP network [O’Banion 
et al., 2018]. The dependence of the model reliability and precision from the distribution and 
precision of GCPs was investigated from several authors. In particular, Tonkin and Midgley 
[2016] and Al Halbouni et al., [2017] demonstrated the importance of a uniform GCP spatial 
distribution in those cases in which highly accurate products are required and also highlighted 
that the time­intensive nature of GCP collection requires a balance between GCP quantity and 
survey quality. The fact that a reliable GCP network based on differential GPS receivers, total 
topographical station or a combination of them requires devices whose cost is in the range 
10,000­20,000 $, or more, should be noted. 
In some cases reliable GCPs cannot be used. For example, a survey could be carried out in 
emergency conditions were no time for the GCP measurement is available. The access to a 
potentially dangerous rock cliff could be very difficult or impossible. Or, simply, a team may not 
have adequate financial resources for the use of GCPs. If no GCP data are available, the SfM 
modeling leads to a non­metric point cloud whose use for the detection of possible 
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morphological changes requires a scaling by an appropriate scale factor (SF). This is because 
metric multitemporal 3D models defined in the same reference frame are required in order to 
evaluate possible surface variations, deformation patterns, volume involved in mass movements 
and other physical quantities. If a survey is carried out by means of an Aerial Unmanned System 
(UAS), the consumer­level positioning equipment of the UAS can be used to provide reliable 
topography products even if they have no survey­grade quality because the error is ∼0.1% of 
the flying height [Carbonneau and Dietrich, 2017]. 
If no accurate camera positions are available, a suitable procedure is necessary to find the 
required SF, for example the polyline method [Pesci et al., 2016].  
Regardless to the specific platform (terrestrial, aerial or a combination of them), a SfM survey 
should provide a model whose precision and resolution are adequate for the specific application. 
The Ground Sampling Distance (GSD), i.e. the distance between the centers of two adjacent 
pixels measured on the observed surface, the amount of required images and the other main 
observation parameters, in particular camera position and orientation, acquisition distance, focal 
distance (if it can be selected), should be defined accordingly [Cali and Ambu, 2018].  
The issues related to a very fast SfM survey of a rock cliff, carried out from a mean distance of 
∼340 m and without GCPs, are studied and faced here, emphasizing on the reliability and
precision of the obtained results, time necessary for data acquisition and processing, low cost
and independence from other measurement techniques. In particular, the research aim was an
evaluation of the repeatability of photogrammetric modeling in case of quick surveys of natural
surfaces carried out in emergency conditions. For this reason, a vertical cliff having a relatively
regular, quasi­planar shape and that can be easily observed from points at a quasi­constant
distance was chosen. This cliff, which belongs to the Appennino Bolognese area (Italy), was
observed in a very short temporal window of about one hour by using a prosumer camera two
times for each considered focal length (55 mm and 98 mm), taking about 30 images for each
survey, leading to four point clouds. A Terrestrial Laser Scanning (TLS) measurement was also
carried out in order to provide a reference point cloud for data validation. Issues related to the
use of geographic information, in particular data taken from the Google Earth (GE) imagery, are
also evaluated.

1. Surveys and data processing

The chosen test area is a rock cliff within the “Riserva Naturale Contrafforte Pliocenico” (Bologna 
Province, Northern Italy). The area of Contrafforte Pliocenico (or Pliocene Mountain Spur) [Ricci 
Lucchi et al., 1981; Ente Parchi, 2019] consists of a 15 km long complex formed by rocky 
outcrops of Pliocene sandstone. It is transversal to the valleys of Setta, Savena, Zena, and Idice 
and is extended from Sasso Marconi to Monte delle Formiche. The rocks of this mountain spur 
come from the sedimentation of sands and gravels carried by Apennine torrents within a wide 
marine gulf in the Pliocene (5­2 Ma ago) which corresponds to large part of the current 
Appennino Bolognese. The fact that the Pliocene Mountain Spur was declared “Site of 
Community Importance and Special Protection Area” should be noted. The selected cliff is 
subvertical and ∼100 m high. The area of interest is the upper part of the wall, including the 
crown area (Figure 1). The SfM surveys were carried out by using a Nikon D3300 camera, which 
is a typical prosumer camera characterized by a good balance between performance and cost, 
having a 6000 x 4000 pixels sensor, 3.9 μm pixel side and equipped with lens whose focal length, 
f, is in the range of 55­300 mm. Each survey was carried out by walking parallel to the rock wall 
for ∼150 m, along a road whose mean distance from the cliff was ∼340 m and from which the 
view was not obstructed (Figure 1). For each survey, 30­35 images were acquired. According to 
the good practice in photogrammetry [Micheletti et al., 2015], the images were highly Q
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overlapped and each point of the rock cliff was taken several times from different viewpoints. 
In particular, the overlap varied from ∼100% (about the same area acquired from two different 
points) to no less than ∼80%. It is important to point out that all the images of a single survey 
were taken with a well­defined f (f = 55 mm and f = 98 mm in the described tests), subsequently 
used in the photogrammetric modeling carried out by means of PhotoScan. Since each survey 
at a defined f was repeated in order to carry out a repeatability test, four photogrammetric 
surveys were carried out.  

A baseline length was also defined on the basis of GE data by choosing two points (e.g. existing 
natural or artificial corners, blocks, topographical features) also visible in SfM images. In this 
way, the effect of use of available geographic information in emergency conditions can be 
evaluated, and, if necessary, adequately criticized.  
In order to have reference data, a TLS­based survey was also carried out by means of an Optech 
ILRIS­3D ER instrument placed in front to the rock cliff at 245 m distance from its base; the 
mean acquisition distance was 340 m instead. A dense point cloud with a mean sampling step 
of ∼3 cm and ∼106 points was obtained. 
Figure 2 shows the TLS­based point cloud of the area of interest, i.e. the upper part of the rock 
cliff, as well as the whole point cloud. The area of interest, which is ∼80 m width and 40 m high, 
is subvertical and has a cap shape. It should be noted that a feature can be recognized in a TLS­
based point cloud by means of the intensity in near infrared band (1535 nm for the ILRIS­3D) 
and/or the geometric information. Two pairs of points were selected in the point clouds in order 
to provide an approximate scale factor to make metric the SfM point clouds (red circle points) 
and to measure the difference between a baseline measured from the TLS point cloud and the 
same extracted from GE (blue square points). 

Figure 1 Test area. The white square highlights the 
upper part of the rock wall, i.e. the area of interest.  
The red arrow is the distance between TLS and the 
area. The walk line along the road for image acquisition 
(dotted line) and the TLS position are also shown. 
Finally, the blue squares in the area of interest are two 
reference points that can be also recognized in GE 
imagery (background aerial image: © 2019 Google). 

Figure 2 TLS point cloud with intensity data. Red 
circles and blue squares will be used for scaling 
purposes.
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The SfM data processing led to four point clouds, each of which having ∼107 elements. They 
were called SfM1_55, SfM2_55, SfM1_98, SfM2_98, where SfMi_f indicates the i­th point cloud obtained 
by processing the images with focal length f. Since neither GCP nor camera coordinates were 
available, an appropriate method aimed at obtaining the SF was required. In this case, the 
method based on the comparison of length of polylines was used [Pesci et al., 2016]. 
Subsequently the SF­corrected point clouds were registered into a common reference frame.  
 
In particular, the detailed procedure consisted of the following steps:  

(1) choice of a reference SfM point cloud. If point clouds characterized by different 
resolution are available, the reference should be chosen among those having the better 
resolution (in this case, SfM1_98 was chosen);  

(2) recognition in all the SfM point clouds of some homologous points which are well 
visible and widely distributed over the whole area. At least four points should be 
chosen. In order to allow a statistical analysis of the results and a subsequent reduction 
of the uncertainty, this recognition was carried out ten times for each point cloud;  

(3) creation, in each point cloud, of the closed polyline that connects the previously 
recognized points. According to the previous item, each polyline should be a trapezoid 
or, anyway, have at least four sides and be as large as possible in order to reduce the 
error propagation in the whole area. Moreover, the experiments suggest that the side 
lengths should have the same order of magnitude. Therefore, triangular polylines or 
oblong­shaped trapezoids should be avoided;  

(4) for each point cloud, computation of the ratios between the mean polyline length and 
the reference length (i.e. the mean of the polyline lengths belonging to the reference 
point cloud);  

(5) scaling of each point cloud on the basis of the previously defined ratio;  
(6) alignment of all the point clouds in a same reference frame by applying a rigid body 

transformation by means of a surface matching approach;  
(7) final scale correction aimed at obtaining metric point clouds.  

 
Figure 3 shows two SfM point clouds and the recognized homologous points. It should be noted 
that the SfM1_98 point cloud is quite more detailed than the SfM1_55 one, as expected because of 
the different lens setting.  

As outlined above, steps (2) and (3), the polylines were extracted 10 times for each point cloud 
in order to reduce the effect of the errors in recognition and selection of homologous points 
(Figure 4). Table 1 lists the obtained mean values (Pn_f) together with the corresponding standard 
deviations and SFs with respect to the reference point cloud, i.e. SfM1_98. The two last rows of 
Table 1 show values that are quite important here: T1_98 is the baseline length measured on Q
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Figure 3 (a) Two SfM point clouds obtained 
by processing of images taken with 55 mm 

and 98 mm focal length lens; (b) homologous 
points recognized in all the point clouds.
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SfM1_98 that corresponds to the baseline defined on the TLS point cloud, and G1_98 is the baseline 
length measured on SfM1_98 that corresponds to the GE baseline (Figs. 1 and 2). 

In order to obtain metric point clouds, SfM1_98 must be referred to a metric point cloud or at 
least a metric geographic dataset. Table 2 shows the baseline lengths and the corresponding 
partial scale factors. In particular, TTLS is the baseline recognized in the TLS point cloud, which 
corresponds to T1_98; GGE is the baseline recognized in the GE image, which corresponds to G1_98; 
and GTLS is the baseline in the TLS point cloud that corresponds to the baseline recognized in 
the GE image (GGE). It should be noted that the GGE length is 8% higher than the GTLS one. 
Moreover, the standard deviation of GGE is very high (1.7 m). These results are mainly due to two 
facts. First, the GE imagery is characterized by significant uncertainties, typically in the range 
2­10% for a 50 m baseline [see e.g. Paredes­Hernandez et al., 2013; Goudarzi and Landry, 
2017; Pulighe et al., 2017]. Second, a particular feature could not be easy to detect if seen from 
above. This means that, in the case of GE images, it would be more appropriate to talk about 
homologous areas instead of homologous points, i.e. a point in the same area could be selected 
instead of a same feature. This leads to another error source because both point detection and 
GE model errors contributes to make the reference lengths different. In addition, in an 
emergency survey there might be no time to check which points are visible in the GE images. 
More information about the precision of GE imagery is shown in Discussion. The fact that the 
standard deviation of GE baseline length recognized in the TLS point cloud (GTLS) is significantly 
higher than the polyline length recognized in the same point cloud (TTLS), i.e. 0.44 m vs. 0.06 m, 
should also be noted (Table 2). The ratio between the metric lengths from TLS and GE provides 
two further scale factors: the first one to scale SfM point clouds in the metric TLS reference 
frame, and the second one to scale SfM point clouds in the GE reference frame. Finally, the 
complete SFs for the conversion into metric point clouds are summarized in Table 3. 

Figure 4 Polylines from the four SfM point clouds. 

Table 1 Length of polylines, L, corresponding standard 
deviation, σL, and scale factors computed with respect 
to the reference point cloud SfM1_98 (row highlighted 
by means of bold font), where nmu means “non 
metric unit”.

Polyline L  
(nmu) 

σL  
(nmu) 

SF1_98 
(m/nmu) 

P1_55 8.970 0.002 1.701

P2_55 8.040 0.001 1.898

P1_98 15.259 0.001 1
P2_98 15.100 0.002 1.011

T1_98 4.570 0.001 −

G1_98 5.131 0.002 −
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2. Comparison between the models

In order to evaluate the repeatability of SfM modeling, the metric SfM point clouds were aligned 
and compared leading to the difference maps. This task was carried out by means of the PolyWorks 
software package [Innovmetric, 2018]. Figure 5 shows the differences maps between the pair of 
point clouds generated from f = 55 mm images (Figure 5a), between the pair of point clouds 
generated from f = 98 mm images (Figure 5b) and, finally, between a f = 55 mm and a f = 98 mm 
SfM point cloud. The results of the statistical analysis, in terms of means of differences d and the 
corresponding standard deviations σd, are summarized in Table 4. The distributions of differences 
are zero­centered with σd ranging from 18 to 11 mm, depending on f. The same approach was 
applied to point clouds scaled on the basis of GE data. Also in this case the distributions are zero­ 
centered, but the σd, values are ∼8­9 % larger, as expected. 
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Table 2 Lengths from TLS point cloud and GE data. The 
partial metric scale factors SFPM are to be multiplied 

to the ones in Table 1. 

Baseline L  
(m) 

σL  
(m) 

SFPM 
(m/nmu) 

TTLS (T1_98) 39.788 0.006 8.71

GGE (G1_98) 47.320 1.7 8.49

GTLS (GGE) 43.550 0.44 ­

Table 3 Final scale factor to obtain metric SfM point 
clouds by means of a reference length from TLS and GE.

SfM SFTLS 
(m/nmu) 

SFGE 
(m/nmu) 

P1_55 14.81 14.44

P2_55 16.52 16.11

P1_98 8.71 8.49
P2_98 8.80 8.58

Figure 5 Maps of differences, d, between 
SfM point clouds. (a) pair for f = 55 mm 
(SfM1_55, SfM2_55); (b) pair for f = 98 mm 

(SfM1_98, SfM2_98); (c) comparison between 
SfM1_55, and SfM1_98, SfM2_98.
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Other two comparisons were carried out between the TLS point cloud and the two metric point 
clouds obtained by scaling SfM1_98 with SFTLS and SFGE. As expected, in the first case the data were 
quite similar and the distribution of differences was characterized by a standard deviation of ∼2 
cm, which corresponds to the TLS sampling step at the reference distance of ∼340 m (Figure 6a). 
In the second case, higher differences were found, with standard deviation of ∼15 cm (Figure 
6b). Also this result was expected because of the worst precision of GE imagery. See below for a 
discussion of these aspects. 

3. Discussion

Two pairs of image sets were taken for each of the two focal lengths f = 55 mm and f = 98 mm 
in order to evaluate the repeatability of SfM photogrammetric modeling in the case of terrestrial, 
long range (on average 340 m), independent and low cost surveys without GCPs. The SfM­based 
point clouds were scaled and therefore made metric by using two very different approaches: in 
the first case a baseline on a reference TLS point cloud was measured, leading to SFTLS, and in 
the second one a baseline was taken and measured from GE imagery, leading to SFGE. In the first 
case, a dense point cloud of the area of interest, or of at least a portion of this area, is required. 
In the second case, SFGE  is easily obtained from the freely available GE data, but the price to 
pay is the worse level of precision.  
The GE images are not orthorectified and, on the basis of the area (major city or at least very 

Figure 6 Differences d between TLS and SfM point 
clouds (): (a) SfM1_98 scaled by means of TLS data;  
(b) SfM1_55 scaled by means of GE data.

Table 4 Differences between aligned point 
clouds scaled by means of TLS data.

Compared point clouds
TLS­scaled GE­scaled

%
d (m) σd (m) d (m) σd (m) 

SfM1_55, SfM2_55 0.000 0.018 0.000 0.020 8.2

SfM1_98, SfM2_98 0.000 0.011 0.000 0.012 8.3

SfM1_98, SfM1_55 0.000 0.014 0.000 0.015 8.5
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important area, small town, rural area), their source (satellite or aerial platform), resolution and 
positional precision are very different. The precision of GE imagery was investigated by several 
authors. For example, Pulighe et al., [2017] studied the horizontal accuracy of very high 
resolution GE images in the city of Rome (Italy), finding an overall positional accuracy, in terms 
of Root Means Square Error (RMSE), close to 0.7­1 m, sufficient for deriving ground truth 
samples, measurements, as well as large­scale planimetric maps. Goudarzi and Landry, [2017] 
found similar results in Montreal (Canada) and, moreover, highlighted that the misfit ranges from 
0.13 to 2.7 m depending on the specific place and with a trend in southwest­northeast direction. 
In rural areas the RMSE can reach 5 m [Paredes­Hernandez et al., 2013]. In case of satellite 
images, the specific satellite and imager could be identified and the corresponding precision and 
resolution could therefore be checked. Moreover, it should be noted that there are effects 
related to the different point of view. Terrestrial photogrammetric surveys are described here, 
whereas GE images come from satellite or airplane/helicopter/drone. A quasi­horizontal baseline 
should therefore be considered, but also in this case there are effects related to uncertainty in 
vertical positioning (an error of about 10° in angular positioning of a 50 m long baseline leads 
to a length error near to 1 m). All these facts imply that, for a 50 m baseline, the error on its 
length can be in the range 2­10%, and the value is not known in advance. In particular, the error 
could reach ~2% in an urban area only, whereas is 8­10% in a mountain area. Therefore, until 
proven otherwise, a prudential 10% uncertainty should be taken into account for GE data.  
As summarized in Table 4, the statistical distribution of differences in the two cases of TLS­ based 
and GE­based scaling are quite similar, but the errors from GE­scaled point clouds are ∼8% 
greater. As regards the magnitude of differences, what was achieved is similar to the literature 
results. The use of GE data for scaling does not affect the model shape because a same similarity 
transformation is applied to the whole point cloud. 
The results show that a simple GE­based data scaling can be used at least in emergency 
conditions or where no alternatives are yet available. Nevertheless, the quality of GE data is not 
always known in advance, and could be significantly different in neighboring areas. This fact 
should be adequately taken into account.  
GE images were used here. Nevertheless, data from other databases could be used. For example, 
digital orthoimages having 30 cm resolution obtained from data provided by WorldView­3 
satellite are available [Vajsová et al., 2015]. Similarly, Pléiades 1A/1B form a very high resolution 
satellite constellation that allow the generation of 50 cm orthoimages [Agrafiotis and 
Georgopoulos, 2015]. In these cases, orthorectified data having well defined accuracy and 
resolution are available, but the related products should be purchased. Anyway, use of 
orthorectified images can allow a better recognition of homologous points because accurate 
elevation data are embedded in a GeoTIFF file. In conclusion, better results can be obtained 
because not only the data quality is higher and well known, but also because the choice of 
extreme points of a reference line in an othoimage can be made in a better way. 
If a completely independent survey of an area is necessary, because fast measurements must 
be carried out under emergency conditions on an inaccessible rock cliff, or also because no 
adequate financial resources are available, the GE imagery can therefore be used to have a first, 
rough modeling. Each survey was carried out in about half an hour (excluding traveling time). 
The data were processed by using a typical currently available workstation (Intel® Core® i7 
CPU, 2.40 GHz clock, 16 Gb RAM). Once the method was defined, the photogrammetric 
modeling was carried out by means of PhotoScan out in about four hours and the data scaling, 
registration and analysis were carried out in about two hours. This means that the preliminary 
results based on GE­scaled (or, if available, TLS­based) data can be obtained in a working day 
and, therefore, are fully compatible with the needs of a survey in emergency conditions. A fast, 
rough evaluation of possible changes, e.g. mass loss because of rockfall or displacements due 
to an incipient toppling is therefore possible. If the discrepancy is ∼10%, the internal precision Q
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of SfM terrestrial point clouds is assured, even if a critical approach is required at the stage of 
interpretation of the results. Nevertheless, if very accurate metric point clouds are required, a 
correction of the results is necessary. Moreover, the use of GCPs is required whenever possible 
[Micheletti et al., 2015; Brunier et al., 2016].  
Since the point cloud scaling is initially carried out with respect to a SfM­based point cloud by 
means of the polyline method, and in particular several polylines are extracted in order to 
minimize the relative scaling error, all the point clouds can be easily and quickly registered into 
a same reference frame. Therefore, the final scaling aimed at obtaining metric point clouds, 
which may be based on GE data, does not act on morphology and relative positions, which are 
conditioned solely by the precision of photogrammetric modeling without GCPs. This means 
that, if multitemporal data are available, the methods aimed at computing the displacement field 
by means of piecewise surface matching [Teza et al., 2007] or correlation techniques [Travelletti 
et al., 2013] can be used. Clearly, the magnitude and precision of the final velocities depend on 
the final scaling. 

It is interesting to correlate the results with the Ground Sample Distance (GSD) at a given 
reference distance, i.e. the distance between the centers of two adjacent pixels of an image on 
the observed surface. This quantity is GSD = pd / f, where p is the sensor pixel size and d is the 
acquisition distance. Table 5 summarizes the ratios between the 3σ values of the difference 
distributions, which can be considered as the noise and therefore the minimum size of possible 
changes that could be detected, and the GSD. Values range from 2.3 to 2.9 (mean: 2.5) for TSL­
scaled point clouds and from 2.5 to 3.2 (mean: 2.9) for GE­scaled ones. Also in this case the 
difference between TLS­based and GE­based data is ∼8%. 
These results are like the ones obtained from Caroti et al. [2015], which found a RSME 2­4 
times the GSD if 6­12 GCPs evenly distributed on a building façade are used to constrain the 
photogrammetric modelling, and a RSME 3­5 times the GSD if no GCPs are used. The 
importance of the GCP distribution depending on topography was highlighted by Al­Halbouni 
et al. [2017], which also demonstrated that too many GCPs do not provide better results. 
The obtained results suggest a completely independent way to provide a first rough estimate 
of the SF without GE data. If the ratio 3σ / GSD is 2.5 for a metric or at least a quite metric SfM 
point cloud, this value can be used for correcting the scale of a less metrically accurate SfM 
point cloud. In order to test this idea, a trial was done by using the SfM1_55 point cloud in its 
original form. Table 3 shows that the SF to transform the initial, non­metric coordinates into 
metric ones is SFTLS = 14.81 m/nmu. The standard deviation of the difference map between 
SfM1_55 and SfM2_55 (the second point cloud is scaled to the first one) is 0.0014 nmu. Assuming 
that 3σ / GSD = 2.5 for a metric point cloud, it is 3σnmuSF* / GSD = 2.5, where SF* is a first 
estimate of the scale factor, and therefore, SF* = 14.5 m/nmu, which differs by ∼2% from SFTLS. 
Results are shown in Figure 7. Clearly, such an approach is valid for the specific camera in the 
specific observation conditions. Therefore, this result should be treated with care. Further 
researches are required to generalize it, i.e. to generalize the found value 2.5.  
Finally, the fact that the obtained results do not depend from the used platform should be noted. 
Even if the tests were carried out by means of terrestrial SfM, the results should apply also in 

Table 5 Ratio between 3σ of point 
cloud differences and GSD size at 
340 m reference distance.

f (mm) 3σTLS (m) 3σGE (m) GSD (m) 3σTLS/GSD 3σGE/GSD

55 0.054 0.059 0.025 2.3 2.5

98 0.033 0.036 0.011 2.9 3.2

mean: 2.5 2.9
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case of a UAS­based observation under these conditions: (1) at least a prosumer camera is used; 
(2) the flight height is at least roughly constant, to have a constant mean acquisition distance; 
(3) the shape of the surveyed surface is compatible with a photogrammetric modeling without 
GCPs. It should be noted that a consumer drone could be equipped with a low quality camera 
whose performance is inadequate (in this case, 3σ / GSD ≈ 2.5 could be invalid). Moreover, if a 
relatively long landslide is observed, the propagation of alignment and modeling errors could 
lead to unacceptably rough estimates. Anyway, further studies are required for UAS­based 
measurements. 

 
 
4. Conclusions and future works 
 
The results obtained by means of images of a rock cliff taken from ∼340 m distance and 
with the focal lengths f = 55 mm and f = 98 mm show that terrestrial, long range, independent 
and low cost surveys without GCPs can provide SfM point clouds whose precision is enough 
for a first characterization of the possible changes, under the condition that these changes 
are at least 2.5 times the ground sample distance. The SfM­based point clouds were made 
metric by means of either a reference TLS point cloud or GE imagery. Also the GE­based 
scaling can provide useful data, even if the precision is worsened by a factor of ∼8­9 %. Also 
taking into account the fact that the quality of GE data is not always known in advance, and 
could be significantly different in neighboring areas, the result highlight that a simple GE­
based data scaling can be used at least in emergency conditions or where no alternatives are 
yet available. 
It is worth emphasizing that the research is aimed at understanding what can be done with 
a prosumer camera in emergency conditions or in conditions where resources are very 
limited. Clearly, the use of GCPs is recommended to obtain accurate georeferenced 
photogrammetric models.  
Future works will focus on experiments with artificial targets and in situ surveys for an adequate 
characterization of SfM­based point clouds precision and resolution obtainable in emergency 
conditions with prosumer and professional cameras in both terrestrial and aerial surveys.  
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Figure 7 Map of differences: (a) initial comparison in a 
non­metric reference system between point clouds 

obtained from f = 55 mm images, where the standard 
deviation of differences is 0.0014 nmu; (b) comparison 

between the scaled SfM1_55 point cloud and the  
TLS point cloud.
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