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1. INTRODUCTION 



(archc3d.fa.utl.pt/archc3d.html) 



(archc3d.fa.utl.pt/archc3d.html) ReabOP 





(2011) 

TLS and photogrammetric survey of the “Palácio de Belém”  







(2011) 

TLS and photogrammetric survey of the “Palácio de Belém”  







 Master thesis of João Covas - FAULisboa 



 Master thesis of João Covas - FAULisboa 



 Master thesis of João Covas - FAULisboa 



http://javagraticule3d.sourceforge.net/ 

http://www.danielgm.net/cc/ 

http://homes.cs.washington.edu/~ccwu/vsfm/ 

http://meshlab.sourceforge.net/ 

http://www.123dapp.com/ 

http://www.netfabb.com/basic.php 

http://www.cs.jhu.edu/~misha/Code/PoissonRecon/Version7.0/ 



http://www.gexcel.it/en/lidar-software-solutions/reconstructor-full 

http://www.3dreshaper.com/ 

http://www.innovmetric.com/ 

https://pix4d.com/ 

http://photomodeler.com/products/scanner/default.html 

http://www.agisoft.com/ 



FRAMING OF RECORDING 
 

- Principles 
General level of framing; general principles (ex. ICOMOS charters , Guide to 

Recording Historic Buildings (ICOMOS) 

 

- Guidance 
Orientation on how to do; best practice examples; publications with 

instructions (ex. Recording, Documentation,and Information Management for 

the Conservation of Heritage Places (RecorDIM), Laser Scanning for Heritage 

(English Heritage) , Measured and Drawn (English Heritage) 

 

- Specifications 
Mandatory level; criteria that recording and documentation must comply (ex. 

MSSCH – Metric Survey Specifications for Cultural Heritage (English Heritage) 

 

 

Important sources: CIPA/ICOMOS, ISPRS, ENGLISH HERITAGE   

../../BIBLIOGRAFIAS/_database/instituicoes/cartas_icomos/cartas_icomos.pdf
../../BIBLIOGRAFIAS/_database/ICOMOS_Guide_Recording_Hist_Blgs.pdf
../../BIBLIOGRAFIAS/_database/ICOMOS_Guide_Recording_Hist_Blgs.pdf
../../BIBLIOGRAFIAS/_database/1_guiding_principles.pdf
../../BIBLIOGRAFIAS/_database/1_guiding_principles.pdf
../../BIBLIOGRAFIAS/_database/publishing-3d-laser-scanning-reprint.pdf
../../BIBLIOGRAFIAS/_database/publishing-3d-laser-scanning-reprint.pdf
../../BIBLIOGRAFIAS/_database/especificacoes/standards_ingleses/measured-and-drawn.pdf
../../BIBLIOGRAFIAS/_database/especificacoes/standards_ingleses/metric_survey_specifications_web.pdf
../../BIBLIOGRAFIAS/_database/especificacoes/standards_ingleses/metric_survey_specifications_web.pdf
../../BIBLIOGRAFIAS/_database/especificacoes/standards_ingleses/metric_survey_specifications_web.pdf
../../BIBLIOGRAFIAS/_database/especificacoes/standards_ingleses/metric_survey_specifications_web.pdf




WHY? 

WHO? 

HOW? 

WHAT? 

WHAT FOR? 







TO UNDERSTAND 

TO KNOW WHAT WAS DONE HERE AND NOW 

AS MANAGEMENT TOOL 

TO RECORD INTERVENTIONS IN TIME 



TO SUPPORT DECISION 

TO INFORM A BROADER DATABASE 

TO SUPPORT DATA GATHERING 

TO SUPPORT HISTORIC ANALYSIS 



TO INFORM ABOUT VALUES 



IF THERE WILL BE SOME KIND OF INTERVENTION 

IF THE BUILDING IS REPRESENTATIVE OF A STYLE 

IF THE BUILDING POSES OR ANSWERS QUESTIONS 

IF THE BUILDING REPRESENTS SOME FORM OF INOVATION 



IF SOME RELEVANT HISTORICAL FACT HAPPENED IN THE BUILDING 

IF WORKS ARE TO BE DONE 

IF WORKS ARE TO BE DOCUMENTED 

IF A PART IS GOING TO BE DEMOLISHED 

IF A PART IS GOING TO BE HIDDEN 

IF A PART IS GOING TO BE DESTROYED 



IF A PART IS GOING TO BE HIDDENv 

IF A PART IS GOING TO BE REPARED 

IF A PART IS GOING TO BE TEMPORARILY EXPOSED 

PROPHYLAXY AGAINST DESTRUCTION 



DURING INTERVENTION WORKS 

DURING INTERVENTION WORKS TO ADD DATA TO PREVIOUSLY 

RECORDED DATA 



FIRST CHECK IF THERE ARE RECORDS THAT ARE SUITED FOR THE 

NEEDS 

THEN REASON ABOUT WHAT MAKES SENSE TO RECORD 



RECORD THE OVERALL FORM AND DIMENSIONS 

SEGMENT THE BUILDING INTO SIGNIFICAN PIECES TO BE RECORDED 



RECORD THE INITIAL CONDITION AND THE PROGRESS OF THE WORK 

THAT MAY CHANGE THE INITIAL PLANS 

IF SOMETHING MEANINGFUL IS SUSPECTED TO BECOME LOST, 

RECORD IT COMPREHENSIVELY 

FURTHER ANALISES MAY BE REQUIRED. THOSE CAN BE TAGED IN 

THE GRAPHICAL RECORDS 



LOOK FOR EXISTING MATERIAL (SURVEYS, DRAWINGS, WRITTEN 

SOURCES, ARCHIVE IMAGERY,…) 



CHOOSE THE APPROPRIATE SOURCES OF INFORMATION (NATIONAL 

OR LOCAL: LIBRARIES, INVENTORIES, NATIONAL ARCHIVES,…) 



CHOOSE THE APPROPRIATE SOURCES OF INFORMATION (NATIONAL 

OR LOCAL: LIBRARIES, INVENTORIES, NATIONAL ARCHIVES,…) 





EVEN IF A BUILDING IS RELEVANT THAT DOESN’T MEAN THAT THERE 

ARE PREVIOUS RECORDS. SOMETIMES THEY WERE LOST OR NEVER 

EXISTED. 

THE RECORD AS AN ILUSTRATION OF THE UNDERSTANDING. 



MAYBE AN EXPERT IS REQUIRED. HE  SHOULD BE BRIEFED ABOUT 

WHAT ARE THE IMPORTANT ASPECTS TO BE ADRESSED. 

ARCHAEOLOGY 

STRUCTURE 

RECORD VS ANALYSIS 

CONSTRUCTIVE PRINCIPLES AND MATERIALS 



SOMETIMES MATERIAS AND ELEMENTS WERE REUSED 

IIMPORTANCE OF FUNCTIONAL UNDERSTANDING  

RECORDING AS SYNTHESIS OF ALL KNOWLEDGE ACQUIRED 

RECORD AS OBJECTIVELY AS POSSIBLE AND KEEP OPEN MINDED TO 

FUTURE EXPLANATIONS  

















SEVERAL AGENTS MAY BE INVOLVED IN RECORDING 

THE ARCHITECT AND THE INITIAL RECORDING 

THE IMPORTANCE OF THE INITIAL RECORDING; TIME WELL SPENT 

THE NEED TO INVOLVE AN EXTERNAL AGENT 





THE ARCHITECT AS THE PERSON 

THAT SHOULD RECORD THE WORK 

DONE 

ALL KINDS OF WORK SHOULD BE 

RECORDED 

RECORD TO WHAT LEVEL? 

RECORDS SHOULD BE DONE UNDER THE ASSUMPTION THAT THEY 

WILL BE PRESERVED 



TWO KINDS OF RECORDS 

PRESERVE THE ESSENTIAL INFORMATION 





THE NEED TO ORGANIZE THE RECORDS SO THAT THAT BECOME 

USEFUL IN THE FUTURE; THE NEED TO KEEP THE RECORDS; THE 

ROLE OF THE OWNER AS KEEPER OF THE RECORDS 







Table retrieved from Recordim. 



DOCUMENTATION AND CONSERVATION 
 

- Iconic analysis 
Image, perception, plastic qualities, shape, geometry, volumetric relations. 

 - Distributive analysis 
How spaces relate to each other, how spaces relate to the building functions, what is the 

hierarchical structure of spaces, how are spaces. 

- Constructive analysis 
What materials, what construction techniques, how do materials relate construction 

techniques.  

- State of conservation analysis 
Anomalies description, assessment of the causes of the anomalies. 

- Structural analysis 
Understanding the building structural principles, how the materials relate to the statics 

of the structure, to model the structural behavior, to calibrate the model with site 

observations of the deformations. 

- Stratigraphic analysis 
Historic layering of the building. 



 

 

 

 

2. SURVEYING METHODS 



Source: Mitchell & McCullough (1994) 



SURVEYING METHODS 

 
- Direct Methods 

Each point of the object under recording is carefully chosen and recorded in 

the field. 

In practice we select and record a small amount of points that we find as 

necessary to correctly depict the object. 

Examples: Manual surveying, Classic topographic surveying, GPS positioning 

 

- Indirect Methods 
In the field we don’t select specific points for recording. Points are recorded 

indistinguishably. 

In practice we record a large amount of points and point selection, if done, is 

accomplished later at office. 

Examples: Terrestrial Laser Scanning (TLS), Digital Photogrammetry. 



Table retrieved from Recordim. 





TERRESTRIAL LASER SCANNING (TLS) SYSTEMS 
 

(range based and active) 

 

Terrestrial Laser Scanning is an active technology that uses laser light to 

determine the spatial coordinates of a large amount of points in an almost 

continuous way and almost in real time. 

 

PHOTOGRAMMETRIC SYSTEMS 
 

(image based and passive) 

 

Photogrammetry is defined as the science that studies the mathematical 

models, and its applications, that enable object measuring based on 

measurements made on images of that object, by correctly determining the 

spatial relation between both images and object. 

 



Laser Scanning classification criteria 
  

 Satellite (profilers) 

 Aerial (LIDAR) 

 Terrestrial 

 

 Time of flight - TOF (emission of discrete pulses of laser light) 

 Phase shift - PS (continuous emission of modulated laser beam) 

 Triangulation (usually emit a plan laser beam) 

 

 Static 

 Dynamic 

 

 Very short range   <5m 

 Short range   <100m 

 Medium range   <300m 

 Long range   >300m 



Terrestrial Laser Scanning 

http://www.riegl.com 

(TOF) – typical range > 100m 



(TOF) – medium and large scale objects 

Terrestrial Laser Scanning 

Tower of the castle of “Mota del Marqués” in Valladolid, Spain (left). “Nave Manuelina” of “Convento de Cristo” in Tomar (right). 



http://www.faro.com/ 

(PS) – typical range < 100m 

Terrestrial Laser Scanning 

“Pátio da Universidade de Coimbra” in the University of Coimbra, uptown of Coimbra. 



(PS) – medium scale objects 

Terrestrial Laser Scanning 

“Praça da Républica” in Tomar. 



http://www.konicaminolta.com/ 

Terrestrial Laser Scanning 

(Triangulation) – typical range < 5m 





Terrestrial Laser Scanning 

(Triangulation) – small scale objects 



Terrestrial Laser Scanning 

Point Clouds – the result of scanning 



Photogrammetry classification criteria 
  

 Aerial   

 Terrestrial 

 

 Analogical 

 Analytic 

 Digital 

 

  Architectural    

 Industrial    

 Engineering 

 

 Images 

 Video sequences 

 

 “Manual” processing 

 Semi-automatic processing 

 Automatic processing     



Digital Photogrammetry 



Photogrammetry 

Images – the result of photographing 



Digital Photogrammetry 

2D Methods – image rectification 



Digital Photogrammetry 

2D Methods – image rectification / photo mosaics 



Digital Photogrammetry 

3D “Manual” Processing – manual point selection on all images 



Digital Photogrammetry 

3D Semi-automatic Processing – some automatic features implemented 



Digital Photogrammetry 

3D Automatic Processing – completely automatic 3D reconstruction 



Digital Photogrammetry 

The ability of using digital cameras on UAVs makes digital 

photogrammetry more versatile than laser scanning… 



 

 

 

 

 

 

 

 

 

 

 

 

ADP 
D. Data acquisition (images) with balloon and plane (roof), and mast (details) 







Digital Photogrammetry 

… and enables us to acquire useful and beautiful imagery! 

Aerial view of “Convento de Cristo” in Tomar. 



Aerial view of “Convento de Cristo” in Tomar. 



Aerial view of “Convento de Cristo” in Tomar. 





LEVANTAMENTO  

DO  

ARCO DA RUA AUGUSTA  

POR  

VARRIMENTO LASER 3D 



1. Planning (surveying plan – topography) 



1. Planning (surveying plan – scanning stations selection) 



2. Execution (target fixation) 



2. Execution (topographic survey – control survey) 



2. Execution (manual recording – hand drawings) 



2. Execution (Four TLS sessions – 175 point clouds 



3. The main data (point clouds) 



4. Processing (spurious data elimination) 



4. Processing (point cloud orientation) 



4. Processing (visual inspection of the results) 



4. Processing (external orientation of the 3D model)c 



4. Processing (3D model sectioning) 



4. Processing (image extraction) 



5. Processing (ortho-image composition) 



5. Processing (Final ortho-image – Principal Elevation) 



6. Processing (2D drawing – Principal elevation) 



6. Processing (2D drawing – Principal elevation) 



6. Processing (2D drawing – Principal elevation) 



7. Deliverables (Plans) 



7. Deliverables (Plans) 



7. Deliverables (Plans) 



PHOTOGRAMMETRIC SURVEYING OF 

OF “JANELA MANUELINA”  

IN  

“CONVENTO DE CRISTO”, TOMAR 



1. DATA ACQUISITION –digital images 



2. DATA PROCESSING – automatic relative orientation of images 



2. DATA PROCESSING – sparse reconstruction of point cloud model 

This reconstruction was done with the software VSFM (Visual SFM) developed by Changchang Wu. 
(http://www.cs.washington.edu/homes/ccwu/vsfm/) 



3. DATA PROCESSING – automatic reconstruction of dense point cloud 

model 

This reconstruction was done with the software CMVS+PMVS developed by Yasutaka Furukawa. 
(http://grail.cs.washington.edu/software/cmvs/) 







SURVEYING OF THE EXTERIOR OF 

“NAVE MANUELINA”  

IN  

“CONVENTO DE CRISTO”, TOMAR 







1. DATA ACQUISITION – point clouds and digital images 



1. DATA ACQUISITION – point clouds and digital images 





2. DATA PROCESSING – point clouds relative orientation 

Before After 





3. POINT CLOUD 3D MODEL 

Oriented point clouds Reflectance mapped 



4. DATA PROCESSING – texture mapping 

Projecting image Adding color point cloud 



5. POINT CLOUD TEXTURED MODEL 





6. EXAMPLES OF DELIVERABLES 

2D drawings Ortho images 



 

 

 

3. APPLICATIONS 



ICONIC ANALYSIS (examples) 

Image Sequence of a texturized 3D model of the Chapel of “São Frutuoso de Montélios” in Braga. 



ICONIC ANALYSIS (examples) 
 

 

Metric analysis of the façade of the “Palácio de Valflores” in Loures, near Lisbon. 



ICONIC ANALYSIS (examples) 
 

 

Geometric analysis of the dome of the “Arco da Rua Augusta” in Lisbon. 



ICONIC ANALYSIS (examples) 

Geometric analysis of the dome of the “Arco da Rua Augusta” in Lisbon. 





DISTRIBUTIVE ANALYSIS (examples) 
 

 

Distributive analysis of  “Oratorio dei Crociferi” (left) and “Palazzo Pisani”, both in Venice. In  FEIFFER, Cesare: Il progetto di 

conservazione. Milan: Franco Angeli Libri s.r.l., 1989. 595p. ISBN 88-204-3055-X  



Relative positioning of building elements. “Palácio de Valflores” – Loures. 



General view of “Convento de Cristo” – Tomar. 



General view of  the urban structure of “Tomar” historic center. 







CONSTRUCTIVE ANALYSIS (examples) 

Materials description (by Nova Conservação) of the “Chafariz dos Canos” in Torres Vedras. 



CONSTRUCTIVE ANALYSIS (examples) 

Geometric analysis of the dome of the “Arco da Rua Augusta” in Lisbon. 



STATE OF CONSERVATION ANALYSIS 

(examples) 

Conservation assessment (by Atelier 15 and FAUTL) of the façades of “Terreiro do Paço” in Lisbon. 



STATE OF CONSERVATION ANALYSIS 

(examples) 

Conservation assessment (by INSITU) of the “Nave Manuelina” of “Convento de Cristo” in Tomar. 



STATE OF CONSERVATION ANALYSIS 

(examples) 

Conservation assessment with photography and Laser Scanning reflectance image interpretation. Red image - 683nm (left) and Near 

Infra Red image – 1500nm (right). In “Convento de Cristo” located in Tomar. 



STATE OF CONSERVATION ANALYSIS 

(examples) 

Conservation assessment with Laser Scanning reflectance image processing. Normalized Difference Vegetation Index (NDVI) 

calculation (left) Principal Component Analysis (PCA) (right). In “Convento de Cristo” located in Tomar. 

 



STRUCTURAL ANALYSIS (examples) 

Deformation visualization. The dome of the Church of “Convento do Sacramento” in Lisbon. 



STRUCTURAL ANALYSIS (examples) 

Deformation visualization and quantification with depth maps. The façade of “Palácio de Valflores” in Loures. 





A) TLS              B) ADP 



A) TLS              B) ADP C) Overlapping TLS and ADP 

Deformation visualization and quantification by slicing the model. Comparing TLS and ADP. Small house in Coimbra. 



Deformation assessment through dynamic sectioning of three 

dimensional point cloud model 



STRATIGRAPHIC ANALYSIS (examples) 

 Basic documentation for archaeology; stone by stone drawing of part of “Cerca Moura” in Lisbon (left). Stratigraphic analysis 

recording of “Calçada dos Carrascos” in “Convento de Cristo” in Tomar. 





STRATIGRAPHIC ANALYSIS (examples) 

Carrascos_3D.wmv




THROUGHOUT ARCHITECTURAL DESIGN 



THROUGHOUT ARCHITECTURAL DESIGN 



THROUGHOUT ARCHITECTURAL DESIGN 



THROUGHOUT ARCHITECTURAL DESIGN 

 Master thesis of Pedro Mateus - FAUTL 



 

 

 

4. PRACTICAL APPLICATION 



Download the files in the link bellow: 

 

(http://home.fa.ulisboa.pt/~lmmateus/TRANSF/CEAPA2015.zip) 

http://home.fa.ulisboa.pt/~lmmateus/TRANSF/CEAPA2015.zip

