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1. INTRODUCTION 

Seismic-damage prevention is one of the main goals of 
researchers in the management of historical buildings, and 
several authors have dealt with the appraisal and the inventory of 
the building’s heritage [1]-[7]. 

A particular application concerns the evaluations required 
during urgent technical rescue operations. 

Besides the primary target to search and rescue survivors, 
soon after an earthquake most resources are spent to evaluate the 
level of damages suffered by buildings and infrastructures, both 
in the immediate aftermaths of the event, to support the logistics 
of the rescue itself, to assess the level of safety of the rescue 
operations and the road network, and in the following phases, to 

implement provisional measures able to secure buildings and, in 
particular, the cultural heritage [8]-[12].  

Such assessment is quite challenging and critical, both from 
the technical and the logistic point of view, due to the high 
number of buildings (up to thousands), good part of which could 
be listed as cultural heritage. Moreover, recent earthquakes were 
followed by 1-3 months aftershocks with similar intensity, 
causing a waste of most of the spent effort, which imposed to 
repeat the assessments anew.  

Up to now, in Italy as well as worldwide, this task has been 
carried out thanks to the expertise of fire fighters or other 
technicians, who had to assess the residual safety of the buildings 
on the only basis of a visual inspection. Such assessment is 
obviously subjective, even if carried out by applying severe 
operational procedures, which foresee the analysis of the 
damages against well-defined schemas.  
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To improve the efficiency and reduce the subjectivity of such 
assessments, the authors propose to employ a dedicated survey 
system designed to support rescue operations and the 
implementation of provisional measures. Such system is now 
possible, thanks to the recent availability of dedicated, user-
friendly human-machine interfaces, able to hide the complexity 
of the employed tools, while maintaining the scientific value of 
the retrieved data. In fact, such user-friendly interfaces make 
them accessible by untrained first responders, which are 
employed on the field in the first phases of the rescue operations 
[8]-[12]. 

Systems and tools make less subjective the assessment of 
building residual safety, and, in particular, could decisively 
improve the following: 

• fast execution of accurate surveys of damaged 
buildings, so as to reduce the exposure risk of rescuers 
in the first phase of the emergency; 

• detailed design of provisional measures; 

• quantitative monitoring of building damage evolution 
over time; 

• quantitative monitoring of provisional measures 
evolution over time, to assess their residual efficacy, in 
particular following aftershocks. 

Available technologies offer several instruments able to reach 
the aim. e.g., most common methods to monitor and assess 
cultural heritage building damage are based on satellite systems, 
photogrammetry, laser scanning, infrared thermography [13]-
[17]. 3D reconstruction techniques of buildings, based on 
Unmanned Aerial Vehicle (UAV) tilt photography, have the 
advantages of multi-angle and three-dimensional, but they are 
very time-consuming and high levels of accuracy are not easy to 
achieve [18]-[21]. Approaches are proposed, for identifying intact 
and collapsed buildings via multi-scale morphological profiles 
with multi-structuring elements from post-earthquake satellite 
imagery, or using Synthetic Aperture Radar (SAR) techniques; 
however, these methodologies do not examine in detail the 
structural characteristics of individual buildings [22]-[24]. 

Total stations are remote sensing tools, which can be easily 
used both indoor and outdoor, thanks to the easy installation and 
real-time output, rain and wind-proof, wide range of operating 
temperatures and insensitivity to light conditions. As for total 
stations used without reflective targets, point distance is 
measured remotely, at safe distance from the target building, so 
that surveys are completely not-invasive and safe for the 
operators. As such, they consent to reach a good balance 
between precision and data quality, easy-to-use, cost, easy to real-
time processing. There are studies in the literature that refer to 
indoor calibration of Total Stations [25]. 

To obtain reliable outcomes, it is crucial to standardise 
procedures which take into proper account the constraints 
imposed by the deployment on the field in emergency situations. 
In fact, such environment implies numerous operational issues, 
due to fast-evolving scenarios, with unpredictable intrusions by 
rescuers and vehicles. In particular: 

• the impossibility to measure some target points, 
especially the lowest, due to the interposition of 
obstacles (rescuers and rescue vehicles) between 
instrument and target; 

• the need to deploy as fast as possible, and to survey the 
minimal number of target points, needed to obtain 
outcomes with sufficient accuracy; 

• the possibility of accidental or voluntary movements of 
the instruments (e.g., when caterpillars have to move in 
between), for which it is necessary to define stable 
reference points, in order to correctly acquire series of 
data carried out from different positions. 

In the process of simplifying and speeding up procedures for 
using instrumentation in specific applications, validation 
techniques are needed to ensure the reliability of the results [26]- 
[29].  

In this paper the authors, as a preliminary contribution, will 
report their considerations regarding the impact on the tilt 
determination of a building façade, of the number and 
positioning of reference and monitoring points. This work would 
like to contribute to the draft of standard procedures for the 
adoption of Total Stations by rescuers in emergency situations, 
so as to offer a reliable and effective support to their assessment 
activities.  

Section 2 will describe the instrumentation used for these tests 
and the lay-out of the site; the position of the measuring points 
is also discussed and the measuring set-up able to reduce step by 
step the monitoring points on which data processing is carried 
out. In Section 3, the results are presented and analysed with 
reference to procedure simplification purposes. Conclusions and 
future work will end the paper.   

2. MATERIALS AND METHODS 

The test area is located in Fossa, a small village next to 
L’Aquila, in central Italy (Figure 1), hits by 2009 earthquake [15]. 
The area is a square surrounded by three buildings and a tower. 
Reference targets have been materialised on two buildings, while 
monitoring points have been located on the other buildings, the 
“house” and the “tower” in Figure 2. 

These buildings have been chosen as test cases for the 
analyses, as they have different characteristics from the point of 
view of height, that implies different distance and inclination 
angle of the highest points with respect to the position of the 
measurement system, which is more or less halfway between the 
two buildings. 

The SafeR System has been used to perform the 
measurements. The SafeR System has been designed to estimate 
and monitoring any critical movements of structures and civil 
works. The operating modes and functions have been developed 
to make the system as suitable as possible for the emergency 
activities of the fire fighters. It is composed by (Figure 3): 

• A total station Leica Geosystems (TPS), model TS16 
Imaging, tool used extensively in monitoring activities 
by measuring azimuthal and zenithal angles and 
distances from the instrumental centre to the measured 
point with high precision. These measures (Polar 

 

Figure 1. Test area location [Image credit: Google Earth].  
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coordinates) are transformed by the system into 
Cartesian coordinates (X, Y, Z); 

• Software SafeR, in order to manage the total station; 

• a tablet PC, with the software installed on it, able to 
communicate with the Leica Total Station (TPS) both 
by wireless and with dedicated cabling. 

By measuring the 3D coordinates, it is possible to carry out 
monitoring and control activities of slow or relatively fast 
movements over time both in external and internal 
environments, during day and night. All measurements are 
carried out automatically in order to exclude any errors by the 
operators. The measurement results are immediately processed 
in the field and displayed in graphical and tabular form, helping 
the operator to fast interpretate the phenomenon in progress and 
make immediate decisions. 

The SafeR System is designed to provide spatial information 
(3D coordinates) of punctual points and the operational scene is 
schematised in Figure 4. 

The points on the building considered to be stable are called 
reference points while the ones on the building to be monitored 
are called monitoring points. The SafeR System is positioned at 
the centre in order to have maximum visibility. 

All the preliminary operations, required by the standard 
procedures for using this kind of equipment (fixing the tripod to 
the ground, levelling), have been correctly carried out. 

The measurement by the total station can be carried out in 
two different ways, by using: 

- infrared ray 
- laser beam. 

Surveying by infrared ray needs a reflective target, the prism. 
Using the prism allows more accurate measurements and 
guarantees the achievement of greater distances. 

The survey by laser beam is adopted to detect points that are 
difficult to access by the operator, who must physically place the 
prisms. In this case, in fact, it is not necessary to adopt any 
external reflecting system. 

Reference points have to be defined to have a stable 
reference, and they must be fixed according to an optimal 
geometry (not too close or aligned) and on fixed points, not 
susceptible to movement: these aspects will be taken into 
account in the procedure definition. 

Seven reference points have been placed in independent 
positions with respect to the monitored buildings. 

At the reference points, prisms are used; at the monitoring 
points, white/black targets (Figure 5) are positioned using epoxy 
resins, to have reference positions, easily identifiable, on which 
to impose, in perspective, known displacements for the 
evaluation of the metrological characteristics of the instrument 
and to obtain useful information for the optimization of the 
procedure. The latter targets have reflectivity characteristics 
similar to those of a common building wall. 

A coordinate system has been defined with reference to the 
first building, the house, in such a way that the x-axis direction is 
obtained by projecting on the horizontal plane the points taken 
on the façade, the z-axis is vertical and its origin is on the 
horizontal plane at the height of the instrument, the y-axis enters 
the wall of the house. Figure 6 shows the point clouds acquired 
on the façades of the two buildings and the defined reference 
systems. 

For each monitoring point, 20 repeated measurements have 
been carried out. The monitoring points have been named as 
indicated in Figure 7. 

On the basis of the acquired measurements, after elimination 
of outliers, the following analysis are carried out, using the 
Matlab software: 

a)  b) 

    

Figure 2. Monitored buildings: a) house; b) tower.  

 

Figure 3. SafeR System used for the analysis.  

 

Figure 4. SafeR System operational scene [30].  

a)  b) 

    

Figure 5. Targets used for monitoring and reference points, respectively: a) 
black/white target; b) prism.  
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1. Standard deviations of the measured values of the 
coordinates of the monitoring points are calculated, on the 
basis of 20 repeated measurements. 

2. The selected points (ML 1-12 for the house, ML 14-19, for 
the tower) are processed by means of a least squares 
regression (first degree polynomial model) and the 
inclination angles of the façades are determined with 
respect to the horizontal plane. These values are considered 
as a reference, with respect to which to evaluate other 
configurations of the monitoring points. 

3. The angle of inclination is calculated with reference to the 
configurations described in Figure 8 and Figure 9, that is: 

- excluding points along vertical lines from the analysis 
(configurations b, c, d and e for house; configurations 
b’ and c’ for tower) 

- excluding the points along the lowest line, only in the 
case of house (configuration f) 

- considering only extreme points (configuration g and h 
for house; configuration d’ for tower). 

3. RESULTS 

Figure 10 and Figure 11 show the calculated standard 
deviations for the monitoring points on the house and the tower: 
these values do not exceed 5 mm. 

The selected points (ML 1-12 for the house, ML 14-19, for 
the tower) are processed by means of a least squares regression, 
according to a first degree polynomial model, and the inclination 
angles of the façades are determined with respect to the 
horizontal plane. 

The obtained results, in terms of inclination angles and signs 
of the direction cosines (cos(ry) and cos(rz)) of the normal to the 
plane, are summarized in Table 1. The sign of the direction 
cosines indicates if the façade is inclined towards the outside or 
inside of the building: taking into account Figure 6, in the case of 
the house, if the signs of cos(rz) and cos(ry) are concordant, the 
façade is inclined toward the outside, if discordant toward the 
inside; in the case of tower, on the contrary, if the signs are 
concordant, the façade is inclined toward the inside. 

The least squares regression has been also performed for the 
configurations of Figure 8 and Figure 9, and the inclination 
differences with respect to the reference case have been 
calculated (Figure 12 and Figure 13). 

Furthermore, the displacement in the horizontal direction of 
the highest point in both the two buildings has been evaluated 
(Figure 14 and Figure 15). The following observations can be 
made: 

• For the house, variations in the angle of inclination up to 
0.18°, compared to the reference case, may result, by 
changing the number of points chosen for processing; the 
displacements evaluated in the horizontal direction, at the 
height of the highest point, can reach about 20 mm. 

• For the tower, variations in the angle of inclination up 
to 0.062°, compared to the reference case, may result, by 
changing the number of points chosen for processing; 
the displacements evaluated in the horizontal direction, 
at the height of the highest point, can reach about 25 
mm. 

• The results show, for both buildings, that the acquisition 
of only the extreme monitoring points allows to obtain 
results comparable to those of the reference case. These 
results appear promising from the point of view of the 
possibility of simplification, also considering that the 
standard deviation of the measurements is lower with 
respect to the calculated displacements. 

• It must be noticed that the standard deviation of the 
measurements is greater in some areas of the façade of 
the house, and this does not seem to be directly related to 
parameters such as distance and angle of positioning of 
the total station with respect to the building. This aspect 
will need to be explored in future work. 

 

Figure 6. Point clouds acquired on the façades of the buildings: in red the 
points on the house; in blue the points on the tower.  

a)  b) 

    

Figure 7. Identification codes of the monitoring points for: a) house; b) tower.  

Table 1. Results of the least squares regression.  

 House Tower 

Inclination angle 89.99 ° 89.93 ° 

Signs of cos(ry) and cos(rz) concordant concordant 
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a)  b) c) d) 

          
e)  f) g) h) 

          

Figure 8. Configurations of measuring point for the house: a) “Ref” (reference); b) “Config 2”; c) “Config 3”; d) “Config 4”; e) “Config 5”; f) “Config 6”;  
g) “Config 7”; h) “Config 8”.  

a)  b) c) d) 

          

Figure 9. Configurations of measuring point for the tower: a’) “Ref” (reference); b’) “Config 2’”; c’) “Config 3’”; d’) “Config 4’”. 

 

Figure 10. Standard deviation of the coordinates of the monitoring points for 
the house.  

 

Figure 11. Standard deviation of the coordinates of the monitoring points for 
the tower. 

 

Figure 12. Inclination difference with respect to the reference for the house.  

 

Figure 13. Inclination difference with respect to the reference for the tower. 
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4. CONCLUSIONS 

In this paper some considerations have been made regarding 
the effect on the tilt determination of a building façade of the 
number and positioning of the monitoring points. The study has 
been conducted considering two buildings with different 
characteristics as test cases.  

The results show, for both buildings, that the acquisition of 
only part of the monitoring points can allow to obtain results 
comparable to those of the reference case. These results appear 
promising from the point of view of the possibility of 
simplification, also considering that the standard deviation of the 
measurements do not exceed 5 mm, and it is lower than the 
calculated displacements (20 mm – 25 mm). 

In future work monitoring targets will be subject to known 
displacements to calibrate the method on the whole. 
Furthermore, the causes of increased standard deviation of the 
measurements carried out in specific areas will be investigated. 
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