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NEW TOOLS FOR VISUAL ASSESSMENT
OF BUILDING DEFORMATIONS

Lasis Mateus', Nelson Brito®, Victor Ferreira’, Margarida Barbosa®, José Aguiar’

ABSTRACT

Th=s paper demonstrates the use of terrestrial laser scanning (TLS) and automatic digital photo-
zzmmetric (ADP) tools to depict shapes and deformations, to dynamically perceive the spatial
patterns of building deformations and to quantify those deformations in the built structure.

Three case studies will be presented: i) The Arch of Rua Augusta, a XIX" century building-sculpture
= Trade Square, the river doorway of Lisbon, ii) Valflores Palace, a XVI" century Renaissance
buslding almost in ruins in Loures, and iii) a small house in Coimbra’s downtown, located within the
srotected area of “Jardim da Manga” national monument.

The first case study assessed the deviation of the built structure from its theoretical and conceptual
model, the second illustrates a three dimensional model enhanced with depth maps to visualize the
=mount of deformation of the masonry walls. The third case study used the TLS data to visualize the
Suilding geometry and deformations through dynamic and interactive sectioning, and to evaluate the
potential of less expensive solutions that recur to photogrammetric models generated by traditional
cameras and flying drones.

Having in mind that historical constructions populate our city centres, this paper clarifies the
advantages and limitations of TLS and ADP (lower cost) models.

Keywords: Laser scanning, Automatic photogrammetry, Visual assessment,
Deformation analysis, Building upgrade, Building retrofit

1. INTRODUCTION

Architectural conservation requires a comprehensive analysis of the built structure, and to this goal
several analysis models can be considered: i) iconic, ii) distributive, iii) constructive, iv) state of
conservation, v) stratigraphic, and vi) structural [1, 2], intertwined information that contributes to
make better and more consistent decisions.

The visual inspection that anticipates the initial stages of the structural analysis can be assisted and
enhanced by the visualization of three dimensional models obtained either by terrestrial laser scanning
(TLS) or automatic digital photogrammetry (ADP). With this approach, deformation patterns can be
recognized and documented for continuous assessment, and latter that can help in the calibration of the
computational modeling of the structural behavior. This study exemplifies the use of TLS or ADP
surveys as geometric models for the architectural and structural analysis.

2. TERRESTRIAL LASER SCANNING AND DIGITAL PHOTOGRAMMETRY
Recording methods can be classified into direct and indirect. With direct methods, the object is

discretized in the field while recording is taking place. On the other hand, with indirect methods the
objectisthu'oughlyrecordedanddiscretizaﬁon,ifithappms,hkesplaceinal&tastageaxmeoﬂice
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[3]. TLS and ADP are such methods, where the first is active and range based and the second =
passive and image based [4]. This means that TLS primary data, point clouds, is already thres
dimensional whilst in ADP the primary data, two dimensional images, later relies on a mathematical
model to recover the three dimensional information corresponding to the features depicted in the
images. It also means that TLS systems have their own radiation source (laser) that is used to measure.
making them independent of the site illumination conditions and allowing night use. As ADP systems
usually record the environment radiation, their use is more dependent on the illumination conditions of
the site.

2.1.1. TLS workflow

TLS workflow consists on three stages: i) planning the survey, ii) field survey, iii) data processing.
Planning consists in: a) choice of most suitable system, b) definition of the equipment positions during
the survey, according to the processing methodology, ¢) setting the point cloud density according @
the desired level of detail for documentation, d) estimating the execution time of the fieldwork.

Survey execution corresponds to: a) target placement (if needed), b) topographic survey (if needed).
¢) point cloud acquisition. Data processing consists of: a) point cloud cleaning, b) point cloud
orientation, c) target identification, d) model orientation, €) information extraction and analysis.

After the capture and the removal of spurious data, point clouds are oriented relative to a common
reference system. Lastly the model is oriented with the control points, resulting in a true scale coherent
point cloud model, frequently with colour assigned. The point cloud model is a first product of TLS,
from which other products may be generated, in particular the traditional 2D drawings, that are still the
support of choice among architects and engineers for the development of their planning actions.
Briefly, to produce a drawing it is necessary to: i) orientate section/projection planes, ii) export
sections produced by these planes, iii) exports images resulting from the projection of the point clouds
on those planes, iv) edit the images to generate a final ortho image, and v) import sections and ortho
images in CAD software and proceed to the graphic restitution.

TLS isnotdapendentoftcxnu'e,butitlnsbadpaformneeifusedtodocumalspecnlarsurfaos
(glass, mirrors, polished metals) or very dark (low reflectance) surfaces. The range of the systems also
has effect on what can be recorded and the precision and quality of the recording.

2.1.2. ADP workflow

ADP workflow can be divided in two stages: i) image acquisition, and ii) image processing.

Image acquisition has to follow some specific rules if it is intended to process them with the SFM
approach. Images have to be redundant, and features to be reconstructed should appear in three or
more images. Consecutive images should be taken with small base distances, and the total number of
imagscanbemorethanonethousand,resultingdntitisbeuertouselessresolutionimagesandin
bigger quantity than high resolution images in small quantities, and spatial resolution can be achieved
with smaller distances between camera and object.

ADP processing consists of: i) feature detection in images, ii) image matching, iii) camera calibration,
iv) camera orientation (relative orientation), and v) geometry reconstruction.
Theuseronlyhastosclectwlmixmgesaregoingtobeusedandtodeﬁneasetofpammcterstlm
have effect on the quality and density of the reconstruction. After the reconstruction is complete, it is
possible to scale and orient the model.

We refer to this form of photogrammetry as ADP as until recent times these steps were done manually
with tools like Photomodeler or semi-automatically with tools like Image Master, a cumbersome and
time consuming task where an operator had to pick multiple points on multiple images. Today it is
possible to perform all those steps in a fully automatic way, almost unattended, for instance with the
Structure from Motion (SFM) and Multi-view Stereo (MVS) methodologies using tools like
VisualSFM [5] and PMVS/CMVS ([6]) that are able to deal easily with several hundred images
simultaneously.

ADP is highly dependent on the texture of objects since the algorithms used to perform the three
dimensional reconstruction rely on matching features identified in multiple images. So, features must
exist, otherwise automatic reconstruction is not possible. Historic buildings usually are rich in textures,
resulting of ADP processing dense textured point clouds that in some cases can equal or supersede, in
density, the TLS point clouds.

One the advantages of ADP over TLS, is that it is more versatile. For instance, a camera can be easily
plaeedinaﬂyingdrone,aballomorakitetoreoordhigberpartsofabuilding. One of the disadvantages
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= that it is always needed extra information to scale and orient the models produced that can be collected
with other measuring systems.

In our opinion, the possibility of recovering the geometry of a building with a method that is less
expensive and more versatile than TLS, represents a new field of opportunities for the architectural
recording and analysis.

If a geo-referenced model is needed, both situations (TLS and ADP) require a topographic survey of
some control points.

3. THE CASE STUDIES

3.1. The “Arco da Rua Augusta”

The “Arco da Rua Augusta” (Fig. 1), built in the XIXth century, is a Portuguese national monument,
located in Lisbon.

In order to plan a conservation intervention, a very detailed survey was required. TLS was the main
survey method and it was used together with a topographic survey to orient the final point cloud
model. The planning of this survey was partially made in the field in order to include and predict
constraints and obstacles, or perceive possibilities that could enhance the system.

In this survey about 176 point clouds were captured, 42 of them using a telescopic platform lift.
Additionally, 23 control points were surveyed with a total station.

ARCO DA RUA AUGUSTA
- Corte Longitudinal CL 2 -

Fig. 1 Section of the “Arco da Rua Augusta” with reflectance information associated
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Inthiscasesmdy,twodimaniomldaugeumtedﬁ'omthe3DmodeLmdm3Dmodel itself, have
proven to be two complementary sources of information for the understanding of the built structure.
Two dimensional data allowed recognizing the theoretical model of the geometry underlying the
eonsu-ucﬁon,inparﬁmlu,thesteemomyofthemindomeoftheuchmmmwhymiswas
easily done with the analysis of two dimensional data was because that replicated the conceptual and
operative framework of the architect, the multiple views system derived from descriptive geometry.
From that layout it was possible to place a hypothesis on the geometric rules (Fig. 2)

East elevation
mzcmnmcmmhglmmwwdhmmy(cmﬁdmturﬁw)

From the three dimensional data it was possible to prove that the hypothesis was correct (Fig. 3).

msmmemmmm,mmm)mmmwmuw)um
homologous sections
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Fig. 4 View of the three dimensional model with deformation data mapped on the surfaces of main walls

This kind of information can then be used, latter to better model the structural behaviour of the
siructure and to plan structural intervention. Notice that some of the information of the depth maps is
related with the absence of filling mortars on the walls and that also gives important information for
astance if consolidation measures are being considered.

33. Small house in Coimbra’s downtown

The above referred case studies demonstrate that the TLS is the most complete and reliable solution
for data acquisition and information storage, but its cost and physical restrictions as points of sight,
matural obstacles, weight, time for scanning, can imply incomplete models.

3.3.1.  Comparing TLS survey with ADP survey

As it was previously stated, photogrammetry is more versatile because a single camera is all that is
aceded for data acquisition in the field. Although mobile phone or video cameras mounted on a drone
<an be used for this purpose, the quality of images will have effect on the processed three dimensional
models. This study used the VSFM and PMVS/CMVS software to process the images [5, 6].
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