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Abstract

The construction industry has shown, over recent years, an increased interest in technologies such
as Augmented Reality, as a mean to optimize its processes. This work explores the application of
Augmented Reality to the inspection and monitoring of large Civil Engineering structures, namely of
dams. It presents and discusses related work regarding the use of Augmented Reality in Engineering,
Architecture and Construction. Furthermore, it proposes an approach to dam safety control, using
Augmented Reality, focused on offering new visualization possibilities, that are not accessible through
traditional means. In that scope it depicts the specification and development of a proof-of-concept
prototype that allows the visualization, in-situ, of relevant structural health monitoring information, in
an Augmented Reality environment. In particular, it offers Civil Engineers and Observation Technicians
a mean to visualize, superimposed to the Cabril Dam (the case study covered by this project), the
network of sensors situated in the downstream face and the interior of the structure, as well as the
evolution of the values registered in each sensor. A preliminary evaluation, aimed at validating the
proposed approach, shows that Augmented Reality technologies can be efficiently used in dam safety
control.
Keywords: augmented reality, dam safety control, structural health monitoring, user interface

1. Introduction

An area that registers increased interest in Aug-
mented Reality (AR) is Architecture, Engineering,
and Construction (AEC). Here, AR applications
have been studied or developed with such varied
purposes as bridge maintenance, visualization of
underground infrastructure, classification of pathol-
ogy in architectural/historical heritage, structural
design, inspection works or to visualize and verify
Building Information Modeling (BIM) data in con-
struction sites, among others. AR is also giving its
first steps in the field of Structural Health Monitor-
ing (SHM), which is the domain of Civil/Structural
Engineering responsible for assessing the integrity
and performance of structures, by means of detect-
ing, characterizing and following the evolution of
structural degradation. Although the SHM area
has been at the front line in what concerns data
acquisition, namely through the widespread use of
advanced sensing technologies, it continues to lack
when it comes to in-situ visualization of structural
health information. In the observation and safety
control of dams, where this work focuses, that issue
is especially pertinent, due to the typically large di-
mensions of dams and the difficulty in physically
accessing certain areas.

The task of field visual inspection, which is an im-

portant part of the safety control of dams, requires
that the inspector knows, among other information,
where the different components of the dam are lo-
cated. This includes the several types of sensors, in
order to be able to both assess its condition and/or
register its measured values (in cases where data
logging and transmission are not automated).

Many of the technical challenges that, in the past,
restricted the practical use of AR technologies in
real-world environments have been lessened or even
surpassed. One important issue was the inherent
lack of accuracy, especially in situations where the
objects of the augmented environment were at a rel-
atively long distance from the observer. This prob-
lem was tackled, in part, by the emergence of more
capable AR software, Application Program Inter-
faces (API’s), tracking methods and also, more im-
portantly, by significant advances in the latest gen-
erations of hardware. Another relevant challenge
associated with the use of AR in professional appli-
cations is the transmission and processing of large
data sets, often required to produce precise and use-
ful computer-generated images and other visual in-
formation. This aspect, that is increasingly relevant
in an era where big data tends to be the standard,
not the exception, is being handled by the emer-
gence of faster mobile telecommunication technolo-
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gies. Nevertheless, to take advantage of these tech-
nological advances, the use of efficient applications,
that offer tangible benefits in the assistance offered
to the user in the work environment, is imperative.

2. Objectives
The present work explores the use of AR technolo-
gies in vast exterior environments, namely in large
Civil Engineering structures and analyses the role
of AR technologies in the safety control of dams. Its
main objective is to validate the applicability of AR
technologies to the safety control of dams. In that
sense, it is focused on the opportunity of creating
new observation paradigms, by offering visualiza-
tion possibilities that would not be accessible using
traditional tools.

As a proof of concept, the work includes the
design and development of a prototype that can
aid dam inspectors in the structural inspection of
dams. This prototype runs on a tablet but was
developed to be easily adaptable to dedicated AR
Head Mounted Displays (HMD’s). The prototype
allows the superimposition to the user’s view of the
real world, of relevant 3D information concerning
the positioning and geometry of the network of sen-
sors located inside the structure of dams and along
its downstream face, as well as the visualization of
structural monitoring data.

The work was developed in cooperation with Lab-
oratório Nacional de Engenharia Civil (LNEC),
and uses the Cabril Dam as a case study. This
structure was suggested by LNEC as an ideal can-
didate to be used for this work and in particular for
the validation of the application.

3. Related Work
The construction sector has been in the front-line in
what concerns the early adoption of emerging and
innovative technologies. With regard to AR, a lot
of work has been done, in the many different areas
of AEC, in recent years.

Schall et al. [1] studied the use of AR in the in-
spection of underground infrastructure. Their work
focused on an X-ray vision-like solution to deter-
mine where underground infrastructure lies. This
functionality works by superimposing the 3D model
of the existing infrastructure, adjusted in depth, to
the image of the surface of the pavement.

In the field of buildings physics, Liu and Seipel
[2], developed a solution for the augmented visu-
alization of thermographic data, used in building
diagnostics. Their AR tool allows the superim-
position of information regarding thermal infrared
(TIR) surveys, to real images from building facades,
making it easier for inspectors to identify insulation
deficiencies or to circumscribe structural and func-
tional building pathology.

Regarding SHM and more specifically, the activ-

ity of structural inspection, Peres et al. [3] devel-
oped an AR solution that allows inspectors to access
information related to the location and geometry of
cracks in concrete dams. The solution works by
superimposing markers, symbolizing the existence
of cracks, to real time video captured with a mo-
bile device. When the user selects a marker, the
application presents detailed information about the
crack.

Marto et al. [4], studied the application of AR
to architectural and cultural heritage conservation.
Their work compared different techniques and tools
directed at the use of AR in exterior environments.
It had the main objective of finding out the most
suitable solutions, presently available, to be used in
AR applications for viewing virtual reconstructions
of historical buildings.

4. Requirements
The gathering of requirements for the prototype was
done through a series of interviews with LNEC tech-
nical staff, where the way dam observation activities
are carried out, was addressed. A technical visit to
the Cabril Dam was also made, with a multidisci-
plinary team, responsible for the safety control of
the dam. During this visit, the process of obser-
vation and structural evaluation was explained in
detail and demonstrated in-situ.

LNEC proposed the development of an AR sys-
tem which would facilitate the identification of the
location of the different sensors and measuring de-
vices aimed at the determination of horizontal dis-
placements in the structure of the dam. The system
would offer LNEC technical staff, the dam owner
and the other entities involved in periodical inspec-
tion visits, a more intuitive perception of the dis-
tribution of the monitoring devices network. Addi-
tionally, LNEC suggested the inclusion in the sys-
tem, of other functionalities, namely the possibility
of graphical visualization of the evolution of dis-
placements values registered by the sensors.

The main requirements of LNEC for the AR sys-
tem can, therefore, be summarized as follows:

• The ability to view in-situ, superimposed to
the dam, the position and geometrical config-
uration of the different sensors and geodetic
marks;

• The possibility of selecting a specific sensor and
view the evolution of the displacements and
other relevant values, pertaining than sensor;

LNEC pointed out the horizontal displacements’
values, and its evolution with the air temperature
and upstream water level as the most relevant data
for the scope of this work. In that context, the sys-
tem should be focused on the visualization of hori-
zontal displacements data obtained through 3 types
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Figure 1: System Architecture.

of sensors/devices: geodetic marks, plumblines and
Global Navigation Satellite Systems (GNSS).

5. Approach

Based on the requirements, a prototype of the AR
system was built. This prototype was developed
with the objective of understanding if AR technolo-
gies could effectively be used in relevant tasks re-
lated to the safety control of dams. The prototype
was named ”DamAR” and its design and develop-
ment were heavily based on user feedback and field
testing.

5.1. Architecture

The AR application consists of four main compo-
nents that work together to transform the struc-
tural monitoring data into useful augmented visu-
alizations, as depicted in Figure 1.

The first component is the Data API, which al-
lows the AR App to load and parse information
from the data files provided by LNEC (and in future
work connect and interact remotely with LNEC
databases). The information flows via the Data
API, to a second component, the Interaction Mod-
ule. This component serves as a bridge between the
structural monitoring information, and the other
two remaining components: the AR Software De-
velopment Kit (SDK) and the 3D graphical engine
(Vis Module). The AR SDK is responsible for pro-
viding object recognition and tracking to the sys-
tem. The Vis Module, on the other hand, is used
to render 3D models in the AR scene and produce
the final visualizations.

Due to the popularity, practicability and low-cost
of tablets, the new AR App was developed primarily
for this type of equipment, but with the option of
being used with dedicated AR hardware, namely
HMD’s.

5.2. Challenges

One of the most important challenges in the design
and development of the prototype was, undoubt-
edly, the uncertainty, which lasted until the first
field tests, regarding its operation and viability in
real situations. The reason for this was related to

(a) Castelo de Bode Dam (b) Salamonde Dam

Figure 2: Distinctive features in the downstream
faces of Portuguese dams (Images: DroneX-
treme.HD, Mapio.net)

the technical challenge, both at the hardware and
software level, that AR in vast spaces, namely with
long-distance tracking, poses.

Another relevant challenge was related to the ge-
ometrical characteristics of the Cabril Dam itself.
Although some dams possess distinctive features
(Fig. 2), namely dam spillway outputs or accessory
structures on the top, that is not the case of the
Cabril Dam. Indeed, its downstream face does not
have any distinctive features that can be used for
markerless tracking. To that extent, one can there-
fore consider the Cabril dam type, as the most un-
favorable case in what concerns distinctive features
susceptible of being used for tracking. For that rea-
son, alternatives had to be found for the purpose
of AR tracking, namely the use of features of the
facade of the power plant at the base of the dam.

5.3. Implementation
The prototype was implemented with the widely
used Unity graphical engine, due to its overall per-
formance and compatibility. In what concerns the
AR SDK, Vuforia was chosen. This was, on the one
hand, due to its native integration with Unity and,
on the other, because of its good performance in ex-
terior environments, as concluded by Marto et al.
[4].

The 3D digital models that represent the network
of sensors in the AR environment (Fig. 3) were built
with a set of symbols that was familiar to the users,
allowing the easy perception of the meaning and ob-
jective of each of the elements. This symbology was
inspired in the one typically used by LNEC in visual
inspection reports and other technical documents.

5.3.1. User interface
The user interface (UI) allows for the structural
inspectors to visualize, superimposed to the real
structure, different types of information relevant to
its tasks. Because the system will be used on a non-
daily basis and by users that may not be tech-savvy,
the UI was designed to be easy to learn, simple and
straightforward (Fig. 4).
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Figure 3: 3D model of the network of sensors su-
perimposed to the Cabril Dam.

The hardware platform for the testing of the pro-
totype was an Android tablet and therefore the in-
teraction of the user with the system is done using
touch.

The UI includes a of a set of toolbars and menus
that allow for the user to easily navigate through
the different AR visualization options and horizon-
tal displacements information. In the start screen
the user is presented with a small toolbar situated
in the bottom-left corner. If the user taps the menu
symbol situated in the leftmost area of the toolbar,
the AR Layers Menu is shown (Fig. 5). This menu
allows for the user to control which visual elements
will be shown in the AR environment. By select-
ing these buttons, the user can show or hide the
different layers.

The first 3 buttons (from bottom to top) corre-
spond to the main sensors for measuring horizon-
tal displacements: geodetic marks, plumblines and
the GNSS antenna. The top button allows for an
auxiliary mesh to be shown, that represents the lo-
cation and designation of the constructive joints of
the Cabril Dam and a vertical altitude scale. LNEC
staff typically uses the nomenclature of these joints
when referring to a specific area of the downstream

Figure 4: General view of the UI.

Figure 5: Menu that allows the user to select which
visual elements should be shown in the AR environ-
ment.

face.
Additionally, the AR Layers Menu includes a dis-

placement vectors button directed at the visualiza-
tion of displacement vectors superimposed to the
dam. This option is for demonstration purposes
only and uses fictitious values. It has the sole objec-
tive of showing the appearance of a possible future
feature where the magnitudes of displacements are
visualized directly in the AR environment.

Depending on the layers selected, the AR envi-
ronment is populated with a set of sensors and de-
vices that can be selected in order to obtain further
information regarding a specific sensor.

The process of selecting sensors has some impli-
cations in what concerns the comfort of using the
system. When selecting a sensor that is not within
”thumb-distance” the user should typically have to
hold the tablet with only one hand and tap the
screen with the index finger of the other. Stabi-
lizing the tablet with a single hand, especially in
the case of tablets with thin bezels, can be uncom-
fortable. Also, because the system is to be used
in the field and ”on the move” it’s not practical
to support the tablet on a surface. In that sense,
the AR environment has an important interaction
advantage that can be used for the purpose of im-
proving the comfort of use. It allows, instead of the
previous selection procedure, for the user to move
the tablet field of view in the direction of the sen-
sors location in the AR environment, bringing the
sensor in reach of the thumb (Fig. 6). This allows
for the tablet to be stabilized with both hands at
all times when using the AR environment.

When the sensors are situated too close to each
other in the sensor network or the observer is posi-
tioned too far away from the dam, the selection of
a specific sensor is difficult. In fact, in certain con-
ditions, the sensors appear almost superimposed,
making the individual selection virtually impossi-
ble. For the precise selection of individual sensors,

4



Figure 6: Comparison between approaches when se-
lecting a sensor not accessible at ”thumb-distance”.
Top (00-11): Using the common approach. Bottom
(00-22): Taking advantage of the AR environment.

even in very ”crowded” areas a detail window that
shows a zoomed view of a specific region of the net-
work of sensors (Fig. 7) was implemented. So, in-
stead of worrying in selecting a particular sensor in
the network, the user just needs to tap in the re-
gion surrounding the location of the desired sensor.
The detail window then appears, by default in the
bottom-right corner of the screen, where the sensor
can be selected with precision.

Furthermore, the selected area is highlighted, in
the network itself, by a rectangular contour. The
contour is attached to the detail window by two
guide lines. These guide lines follow the movement
of the tablet and allow, at all times, to establish a
visual connection between the selected area and the
detail window.

After the user selects the sensor on which he
wants information about, a fullscreen window is dis-
played. This shows the type and designation of the
sensor and two line charts (Fig. 8). The top chart
contains the evolution of horizontal displacement
values recorded over time in that sensor. The bot-
tom chart shows the values of atmospheric tempera-
tures and upstream water levels measured over time
in the dam. The charts are also interactive and al-
low the user to pan and zoom using, respectively,

Figure 7: Detail window.

Figure 8: Fullscreen charts representing horizontal
displacements, air temperatures and upstream wa-
ter levels are shown when a specific sensor is se-
lected.

”pinch” and ”tap and drag” movements, in order to
display a specific region.

To ensure that the 3D model of the network can
be aligned in-situ, a special Calibration Menu was
also developed. This feature allows for fine adjust-
ments to the digital model’s position in space.

5.3.2. Detection and tracking
As previously mentioned, Vuforia was the AR SDK
chosen for the development of the prototype. Al-
though Vuforia provides many different tracking
techniques, given the geometric characteristics of
dams, the use of Image Targets was considered the
most appropriate. This technique uses pre-captured
photos of the environment to recognize it. By au-
tomatically identifying key features of those photos
in the image that is being visualized in the cam-
era of the device being used (e.g. tablet), the Vu-
foria engine can estimate the approximate position
and orientation of the camera relative to the target.
With this information, Vuforia can then represent
the digital model, superimposed to reality, in the
correct position.

Although, according to Marto et al. [4], the use of
Image Targets does not offer the best performance,
in what concerns the stability of the digital model’s
position, when compared to other techniques, it is
less sensible to changes in luminosity, making it
more appropriate for outside environment.

As explained previously, the surface of the down-
stream face of the Cabril Dam lacks distinctive fea-
tures that can be used for tracking. The choice for
building Image Targets therefore fell in the facade
of the power plant located at the base of the dam.

To increase the probability of detection and the
stability of tracking, multiple Image Targets were
used. Two distinct architectural features of the fa-
cade of the power plant, were selected. For each
of the architectural features several Image Targets
were created, each based on photos taken through-
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Figure 9: The two architectural features chosen and
examples of multiple Image Targets with different
levels of luminosity and shadow coverage

out the day, during field visits. These source pic-
tures were selected based on its distinct character-
istics in what concerns the levels of luminosity and
the shadow coverage (Fig. 9).

6. Evaluation

For the evaluation of DamAR, different aspects of
the prototype were taken into account. Field testing
was carried out with the objective of evaluating the
general performance, in-situ, of the prototype, in-
cluding its detection and tracking capabilities. Fur-
thermore, real-user evaluation was performed, for
assessing the usability of the UI and its suitability
for tasks related to the safety control of dams.

6.1. Field Testing

The prototype target detection capability was
tested, in different points sequentially closer to the
dam, along the access route that connects the Na-
tional Road 2 (EN2) to the base of the dam. The
successful detection of an Image Target occurred at
a distance between 200 and 110 meters from the fa-
cade of the power plant. Furthermore, fairly stable
tracking is achievable at around 110 meters from the
facade of the power plant, (about 150 meters from
the downstream face of the dam), with a distance
between the observer and the tracked Image Target,
of approximately 130 meters (Fig. 10). Also, at 110
meters or less, with the tablet stationary, pointed
directly at the target on the left of the facade, the
initial detection had a success rate of 100% (20-30
tries during the visits), even when the lighting con-
ditions were not optimal. The detection was also
achieved almost immediately (in a 1 second or less)
after the application had started, was operational
and the tablet was pointed at the target.

Nevertheless, it was also observed that, although
detection can be achieved, the stability of the track-
ing is very sensitive to luminosity variations and
especially to the appearance of shadows. When
the existing conditions in the areas of the facade of
the power plant corresponding to the Image Targets
were similar to the ones on the source images, the
digital model had residual oscillation. But when

those conditions changed, namely, when the sun
shined, and shadows covered the facade, the oscil-
lation increased significantly, and the model moved
and jumped from the initial position. In the absence
of targets inside the field of view, namely when the
tablet was pointed at the upper limits of the dam
structure, Vuforias’ Extended Tracking (a function-
ality that uses the characteristics of the surround-
ing environment to maintain a stable tracking) took
charge and allowed for the tracking to be main-
tained. However, a slight increase in the oscillation
of the model, was noticed.

In what respects the use of multiple targets for a
single digital model, the prototype would success-
fully adopt, for a specific area, the Image Target
whose features were closer to the existing ones (e.g.
an Image Target based on a darker source image
when the sun was covered or a brighter one, when
the sun was shining). The transition between the
use of Image Targets located on different areas of
the power plant facade (when e.g. the field of view
included solely the left or right portions of the fa-
cade) was also almost unnoticeable, in regard to the
change of the relative position of the digital model
in relation with the detected target.

6.2. User Evaluation

The usability of the UI and its suitability for tasks
related to the safety control of dams was assessed
through real-user evaluation.

6.2.1. Evaluation methodology

The evaluation process had, as main objective, de-
termining the usability of the AR prototype’s UI,
namely its suitability for field dam safety control
tasks. It was also aimed at assessing if current AR
technologies could, in fact, be efficiently used in rel-
evant tasks related to SHM.

The evaluation consisted of real-user tests, using
LNEC staff directly involved in the several tasks
of dam observation and structural health monitor-
ing, namely Observation Technicians and Struc-
tural/Civil Engineers, that provided first-person
feedback to the system operation. This highly
specialized personnel offered knowledgeable and
grounded advice that was used not only to evalu-

Figure 10: Distances where fairly stable tracking is
achievable.
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Figure 11: User testing the prototype.

ate the performance of the system, but also served
as a gauge for the need of improvement of existing
features or introduction of new ones.

Because it was not practical to transport a large
number of users to the Cabril Dam site, the tests
were carried out in a meeting room of the Concrete
Dams Department (DBB) of LNEC, using, as a sub-
stitute for the real structure, a large format photo
of the dam.

The tests (Fig. 11) were conducted individually
by each user and the tasks were performed sequen-
tially, in a random order. The author of this work
served simultaneously as test coordinator and ob-
server.

For the assessment of the prototypes’ effective-
ness, two tasks were chosen, together with LNEC,
to be integrated in the tests. These tasks encompass
the use of relevant functionalities of the prototype
and correspond to realistic scenarios of activities
that a typical user can find during its every-day
work.

The first task (Task A) was described to the users
as follows:Determine if the maximum value of the
Absolute Radial Displacement measured in Position
1 of the Plumbline FPD3 is bigger or smaller than
30 mm.

The second task (Task B) was defined as follows:
Determine the designation of the geodetic mark that
is situated closer to the GNSS receiver located at the
central point of the top of the dam.

The first task was designed to evaluate the con-
nection between the different functionalities of the
application, namely the link between the aug-
mented reality environment and the 2D chart en-
vironment. It required that the user turned on the
visibility of the correct sensor type (plumblines),
located and selected, in the augmented reality envi-
ronment, the area where the sensor was located, se-
lected the appropriate sensor in the detail window,
and used the fullscreen charts in order to check the
values of the chart line corresponding to the correct
plumbline position.

The second task was designed to evaluate the us-
ability and visibility of the interface in a simple and
quick verification of a sensors’ position. This type
of task should be the most common during the in-
spection process and therefore the speed at which
it could be carried out was very relevant.

The set of metrics registered during the tests
comprised both objective and subjective measure-
ments. The objective measurements included the
time to complete tasks A and B (in seconds) and
the number of wrong/failed operations in each of
the tasks. The subjective measurements included
the global ease of use, comfort of use, visibility and
ease of sensor selection, ease of use of the detail win-
dow, ease of use of the sensor selection menus, read-
ability of the charts and suitability of the transition
process between the augmented reality environment
and the full-screen charts.

6.2.2. User characterization

The tests were carried out with 20 users, the vast
majority (95%) of which were part of LNEC staff.
The users were 70% men and 30% women, with age
distribution according to Fig. 12. The users had
a very high level of education, with 90% holding
a university degree (”Licenciatura” (Lic.), Master
Degree (MSc) or Doctoral Degree (PhD)) and the
remaining holding a High School Diploma Gradua-
tion (HSDG).

Although most of them (95%) used multi-touch
surfaces (tablets and smartphones) daily, only a
very small minority (15%) had tried AR technolo-
gies previously. And from these, none had used
AR in a professional scope. Instead, they had tried
it mostly for entertainment (56%), in cultural vis-
its (33%) and in training / educational activities
(11%).

Most of the users were also Civil Engineers (65%)
or working in the Civil Engineering area (30%) and
all of these developed its professional activity in the
domain of dams. Furthermore, a significant per-
centage of the users performed, daily (68%) or oc-
casionally (26%), tasks related to the inspection and
observation of dams.

6.2.3. Evaluation results

Regarding the objective metrics recorded during the
test, all of the users completed the tasks success-
fully, with completion times of less than 30 sec-
onds (Fig. 13). On the other hand, the number of
wrong/failed operations was very low in both tasks,
with 70% of users performing task A with no errors,
80% performing task B with no errors and 65% of
the users completing both tasks with no errors. Fur-
thermore, the maximum number of errors registered
by a single user was 3 errors in task A and 1 error
in task B.

In what respects the subjective metrics, these
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Figure 12: Age distribution of participants.

were collected through a questionnaire, where users
rated the different aspects of their experience. The
questions used a Likert scale between 1 (the less
favorable) and 5 (the most favorable) (Table. 1).

Regarding the general operation of the prototype,
the vast majority of the users considered the pro-
totype to have a friendly UI (70% rated 5 and 30%
rated 4), but had a less favorable opinion regarding
the comfort of use (60% rated 4 or 5 and 40% rated
3 or less).

In what concerns the execution of the two tasks
during the test session, in general, the users con-
sidered that both tasks were easy to complete (95%
rated 5 and 5% rated 4 for task A and 85% rated
5 and 10% rated 4 for task B). This means that a
small minority of users found the task A (compar-
ing values in the chart) a little easier than task B
(geodetic mark identification), although the former
entails more steps than the latter. Regarding the
digital model of the network of sensors, the users
considered, in its vast majority, that the sensors
are easy to select (60% rated 5 and 40% rated 4),
have a suitable size (65% rated 5 and 30% rated 4)
and use appropriate icons and colors (80% rated 5
and 20% rated 4). Similarly, users found that the
Detail Window allow an easy selection of a specific

Figure 13: Time to complete tasks.

Median IQR

Prototype
UI friendliness 5 1
Comfort of use 4 2

Tasks
Easiness of Task A 5 0
Easiness of Task B 5 0

Sensors
Ease of selection 5 1
Size suitability 5 1
Icons and colors suitability 5 0

Detail window
Sensor selection ease 5 0
Selected area identification ease 5 0
Icons and colors suitability 5 0

Sensors menu
Ease of use 5 0
Icons and colors suitability 5 0
Size suitability 5 0

Charts
Ease in finding the desired values 5 1
Colors and dimensions suitability 5 0

Transition between AR and
fullscreen environments

Ease in identifying, at all
times, the selected sensor

5 1

Transition speed suitability 5 0

Table 1: Answers to questionnaires (Median and
Inter-quartile Range), regarding each criteria.

sensor (90% rated 5 and 5% rated 4), an easy iden-
tification of the selected area, even when the tablet
is moved (80% rated 5 and 20% rated 4) and uses
adequate icons and colors (85% rated 5 and 15%
rated 4)).

The users also reviewed favorably the AR Layers
Menu, considering that it’s easy to use (95% rated 5
and 5% rated 4), uses appropriate icons and colors
(90% rated 5 and 10% rated 4) and has an adequate
size (90% rated 5 and 10% rated 4).

Concerning the Fullscreen Charts, that detail the
evolution of the recorded values, the users consid-
ered that it was easy to find the desired values (65%
rated 5 and 35% rated 4) and that the colors and
dimensions of the different elements are adequate
(90% rated 5 and 10% rated 4).

Furthermore, the users thought that the tran-
sition between the AR environment and the
Fullscreen Charts is appropriately fast (80% rated 5
and 20% rated 4) and allows, at all times, to know
which sensor is selected (65% rated 5 and 30% rated
4).

6.3. Discussion

The field testing, although scarce, allowed a gen-
eral assessment of the operation of the prototype
in what concerns its suitability for outdoor use. In
particular, it enabled the evaluation of the capa-
bilities of detection and tracking of the chosen AR
SDK, Vuforia.

Because at a distance of 150 meters or less from
the structure of the Cabril Dam the tracking is fairly
stable, the efficient and precise operation of the pro-
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totype can take place. Also, at that distance it is
possible for the user to observe the full extent of the
downstream face of the dam and, with it, the dis-
tribution of the sensors network located along the
surface and inside the structure.

The strategy of using multiple Image Targets for
each of the distinct features in the facade of the
power plant also paid off. It allowed to reduce the
problem of target detection at such long distances
and handle, to a certain extent, the variability of
luminosity conditions that can be found in the field.

Furthermore, it was observed that due to the long
distance between the tracking target, situated in the
facade of the power plant, and the dam structure it-
self, the virtual sensor network can appear slightly
misaligned with the dam structure. This non-ideal
situation, where the target is not in the structure
itself, might be the reason for Vuforia miscalculat-
ing the location of the observer in relation with the
structure, and its point of view. The use of the Cal-
ibration functionality (Section 5.3.1) of the proto-
type allowed the correction of the superimposition
of the sensor network with reality.

Unlike field tests, user evaluation was carried out
mainly with the purpose of understanding the suit-
ability of the interface to tasks related to the safety
control of dams. In general, the participants were
very pleased with the functionality of the prototype
and its UI. They found the system to be very useful
and were excited about the opportunities that such
a tool can present to the improvement of their work
processes.

Both of the evaluation tasks were performed very
quickly and with few or no errors. These results
were unexpected, especially given the limited expe-
rience of the group of participants in respect to the
use of AR technologies. Also, although the comple-
tion of task B involved just a couple of steps, task
A forced the user to take advantage of almost the
full range of features of the interface. It also re-
quired that the user navigated the interface in all
its depth. Furthermore, both of the tasks included
interaction with the AR environment.

The participants found the UI to be simple and
friendly. After a brief initial explanation preced-
ing the tests, they also successfully understood and
took advantage of the possibilities offered by AR in
the selection, at ”thumb-distance”, of objects in the
AR environment (Fig. 6).

The main complaint of the participants was re-
lated to the ergonomics of the equipment used for
the tests. In that context, some of the users ex-
pressed their discomfort when holding the tablet,
due to the limited space available in the bezel.

7. Conclusions

This work explored the application of AR technolo-
gies to the structural inspection and monitoring of
large Civil Engineering structures. In particular, it
was carried-out with the goal of investigating if AR
technologies could be efficiently used in the scope of
dam safety control, namely by offering visualization
possibilities that are not accessible with traditional
means.

The research was supported by the development
and evaluation of DamAR, an augmented reality
prototype application that can be used by inspec-
tors in their regular activities of observation and
inspection of dams. DamAR is directed at field use
and can assist both Civil Engineers and Observation
Technicians in visualizing the geometry of the net-
work of sensors and easily locating a specific sensor
or device in the structure of the dam. Although the
prototype runs on a tablet, DamAR was developed
to be easily adaptable to AR HMD’s. It works by
superimposing, in an AR environment, the digital
model of the network of sensors to the actual struc-
ture. By selecting a sensor, the inspector can then
obtain detailed information regarding the evolution
of the values of horizontal displacements measured
in that sensor over time. This information is shown
in conjunction with the evolution of other relevant
quantities related to the main structural solicita-
tions of the dam.

By allowing the display of information in-situ, di-
rectly superimposed to the real structure, DamAR
offers a more intuitive approach to the visualization
of structural health data, in a way that is unattain-
able by using conventional tools.

7.1. Achievements

The greatest achievement of this work was to
demonstrate that AR technologies can be efficiently
used in dam safety control. This constituted the
main goal of the research and was accomplished
with less than ideal conditions, namely in what re-
gards the hardware used (a low-end tablet) and the
type of dam that was chosen as case study, which
can be considered a very unfavorable case with re-
gard to AR tracking, as explained in Section 5.2.

Another achievement was the successful develop-
ment of a functional prototype based on real data
that can effectively be used in the field. The proto-
type was built with a very simple and straightfor-
ward UI, suitable even for non-tech-savvy users. It
allows for the quick navigation through the different
features to obtain the desired information.

DamAR also met the general requirements and
expectations of the ”client” (LNEC), namely in
what concerns the ability to view in-situ the po-
sition and geometrical configuration of the different
sensors and geodetic marks and the possibility of
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selecting a specific sensor to detail the evolution of
the displacements and other relevant values.

The strategies adopted to overcome the obstacles
found in the field can be considered, by themselves,
an achievement, as they were devised as a creative
use of existing technological resources in order to
improve its performance. These included the use
of multiple Image Targets for each of the distinct
features in the facade of the power plant.

7.2. Future Work

Although the present work demonstrated the fea-
sibility of efficiently using AR technologies in dam
safety control, it didn’t address how the use of these
technologies compares with the use of traditional
methods. This comparison is crucial in assessing
the superiority of AR-assisted methods when con-
trasted with conventional ones. This is an unavoid-
able aspect that must be considered in future work,
as the medium-term development of a full-fledged
AR application depends on it.

Another aspect that is worthy of improvement is
the type of information that can be accessed by us-
ing the AR system and also the way that such infor-
mation is presented. Indeed, although the DamAR
prototype focused on showing the location of sen-
sors for measuring horizontal displacements, and its
registered values, it can be easily extended to other
types of devices and data. These include sensors
directed at measuring vertical displacements in the
structure, extensions in the concrete or dynamic ac-
celerations, among many others. Likewise, DamAR
can be extended to show the measured values di-
rectly in the AR environment, as exemplified by
the Displacement Vectors option.

Also the way that DamAR handles the digital
models geometry should be a prime target of future
work. In fact, unlike the structural measurements,
that are loaded from outside the application, the
geometry of the model was ”hardcoded” in the ap-
plication itself. This is an important aspect that
has to be modified in future work for DamAR to
be versatile enough to be applied to other dams
without the need to recompile the code. Ideally,
the model should be obtained and generated auto-
matically from data directly obtained from LNEC
databases.

Although the structural measurements and other
data sets are loaded from outside the application,
for the development of this prototype local files were
used. Future work should also focus on the impor-
tant aspect of integration between the application
and LNEC systems. This opens new interesting
possibilities, namely the representation of graphi-
cal features that result from real-time data.

Finally, although DamAR was developed with
both handheld and HMD devices in mind, it is yet

to be tested with HMD’s. This is a task that future
work may also include.

7.3. Final remarks
This work is certainly just a first step in the process
of developing a full-fledged AR application that can
assist Civil Engineers and Observation Technicians
in dam safety control related tasks. The attainment
of such application requires both a deeper analysis
of the specific needs of the users, when in the field,
and a greater understanding of how the users inter-
act in-situ, with the AR devices. In that scope, and
as previously mentioned, a comparative evaluation
between AR assisted methods and traditional ones
is of the utmost importance. These aspects should
then be used as a basis for the development of more
refined features in the AR application.

Nevertheless, this work showed that AR technolo-
gies can indeed be used in dam safety control and,
furthermore, that these technologies have the po-
tential to play a central role in the future of that
activity.

The rapid progress in AR SDK’s, tracking meth-
ods, the definition and overall quality of cam-
eras and sensors, as well as the speed and effi-
ciency of graphical processors, will undoubtedly of-
fer the next versions of DamAR, better conditions
for achieving tangible benefits in the assistance of-
fered to the user.
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