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Objectivos (tépicos)

1) Contextualizar a digitalizagdo 3D no ambito das técnicas de levantamento e do universo da Arquitectura.

2) Capacitar os alunos para a utilizacdo de técnicas de reconstrucdo 3D a partir de imagens 2D.

3) Capacitar os alunos para a manipulacdo de nuvens de pontos de varrimento laser 3D e/ou fotogramétricas (operacdes de

escala e orientagdo) através de ferramentas de software apropriadas.

4) Sistematizar o fluxo de trabalho: aquisicio de dados > processamento de dados > reconstrugdo 3D > modelagdo 3D.

Conteudos Programaéticos / Programa

1) O objecto da Digitalizacdo 3D:

- A fotogrametria e o varrimento laser 3D no contexto dos métodos de levantamento.

- A dinitalizarAn 2D nn rantextn da Araniitaectiira
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2. Transformagdes geométricas (escala, rotacdo, translagao)

- Representagao matricial das transformacdes geométricas

- Concatenacdo de transformacdes

- Estimagao dos parametros das transformagdes com base em conjuntos de pontos homélogos.

3) Sistemas de aquisicdo de dados;

- A camara fotogréfica digital (Elementos constituintes, Caracteristicas da imagem digital);

- O Scanner laser 3D (as tecnologias de varrimento laser: triangulagdo, comparacdo de fase, tempo de voo;
- O produto do varrimento laser 3D: as nuvens de pontos);

4) Reconstrucdo tridimensional a partir de mdltiplas imagens (fotogrametria):

- As operagdes da fotogrametria (orientagao interna, orientacdo relativa, orientacdo externa, orientacdo absoluta);
- Métodos fotogramétricos digitais (manuais, semiautomaticos, automaticos);

- As regras 3x3 fotogramétricas e o planeamento do levantamento através de imagens;

- Exemplos de aplicacSes préticas;

5) Varrimento Laser 3D:

- As operagdes do varrimento laser 3D (orientagao relativa, orientacdo externa, orientagdo absoluta);

- Orientagdo de imagens fotogréaficas relativamente a nuvens de pontos;

- O planeamento do levantamento por varrimento laser 3D;

- Exemplos de aplicacSes préticas;

6) Técnicas de reconstrugdo de geometria:

- Modelos mesh, nurbs, e sélidos.

Competéncias a adquirir pelo discente (tépicos)

1) Contextualizar a digitalizagdo 3D no ambito das técnicas de levantamento e do universo da arquitectura.
1.1) Saber escolher as técnicas de digitalizacdo 3D que melhor se adequam a uma necessidade de registo e modelagao.

1.2) Saber combinar técnicas de digitalizacdo 3D com outro tipo de técnicas de representacdo em funcdo de uma necessidade

de projecto.

1.3) Adquirir um léxico que permita o didlogo com os produtores de informacdo (surveyors, topdgrafos, engenheiros

gedgrafos) naqueles casos em que se manifestar a necessidade de contratar servigos especializados.

1.4) Compreender o universo de possibilidades que emergem da utilizacdo das técnicas de digitalizacdo 3D e saber colocar

essas possibilidades em relacdo com as possibilidades das técnicas tradicionais.
1.5) Saber estabelecer uma conexdo entre as técnicas de digitalizacdo 3D e o universo da Arquitectura.
2) Capacitar os alunos para a utilizacdo de técnicas de reconstrucdo 3D a partir de imagens 2D.
2.1) Saber utilizar uma camara fotografica para aquisicdo de imagens com o objectivo de reconstrucdo 3D.
2.2) Saber antecipar o tipo de resultados a obter em funcdo das circunstancias de um cena a registar.
2.3) Saber distinguir varios tipos de procedimentos de reconstrucdo 3D a partir de imagens.

2.4) Saber antecipar o nivel de resolugdo expectavel para um modelo de nuvens de pontos em funcdo da resolugdo das

imagens a utilizar no processo.

2.5) Compreender as varias etapas e operacdes do processamento fotogramétrico (varios tipos de orientagdo, triangulacdo,

condicdo de colinearidade, condicdo de complanaridade).
2.6) Saber planear as varias fases do levantamento fotogramétrico.

3) Capacitar os alunos para a manipulacdo de nuvens de pontos de varrimento laser 3D e/ou fotogramétricas (operacdes de

escala e orientagdo) através de ferramentas de software apropriadas.

3.1) Conseguir aplicar as operacdes de escala, rotagdo, translacdo, orientagdo relativa, orientagdo externa e orientagdo
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absoluta a modelos de nuvens de pontos.

3.2) Saber estimar parametros das transformagdes geométricas com base em dados homdlogos obtidos por processos

independentes.

3.3) Consequir extrair informacdo base das nuvens de pontos (sec¢des, modelos TIN, orto-imagens)

4) Sistematizar o fluxo de trabalho: aquisicio de dados > processamento de dados > reconstrugdo 3D > modelagdo 3D.
4.1) Compreender que diferentes objectivos exigem diferentes niveis e tipos de modelacdo.

4.2) Saber planear de forma integrada toda a sequéncia desde a aquisicio de dados até a obtencdo do modelo final.
4.3) Saber escolher as ferramentas de software adequadas as varias etapas do workflow.

4.4) Conseguir extrair informacdo Util de nuvens de pontos em fungdo de objectivos declarados.

4.5) Saber operar em campo e em gabinete de forma sistematica.

4.6) Adquirir uma capacidade discursiva acerca das operacdes praticas realizadas.

Bibliografia Principal
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ISBN 978 1 84802 047 4
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(http://mww.english-heritage.org.uk/publications/metric-survey-specification/metric-survey-specific-for-cultural-heritage.pdf)
FERREIRA Victor: "Planeamento Participativo e as Tecnologias de Informagio e Comunicagao: Promover o Entendimento do
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HERITAGE, George L,; LARGE, Andrew R. G. (editores): Laser Scanning for the environmental sciences. West Sussex: Wiley-
Blackwell, 2009. 278p. ISBN 978-1-4051-5717-9
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A Metodologia De Ensino E Baseada Em Sessdes Tedricas Seguidas De Trabalho Prético. Serdo Realizados De Trés Exercicios
Em Que Se Explorardo As Técnicas Orientacdo De Modelos, Da Fotogrametria Automatica E Do Varrimento Laser 3d Para A
Reconstrugdo Tridimensional E Modelagdo De Objectos De Escalas Variadas. Nestes Exercicios, Os Estudantes Procurardo
Sistematizar A Aplicagio De Workflows Deste As Etapas De Planeamento Até A Producio De Modelos Finais Incorporando Os
Conceitos Tedricos Através Da Sua Demostracdo Na Pratica. A Avaliagdo Serd Feita Com Base Na Apresentagdo E Discussdo De
Um Relatério Relativo Aos Trabalhos Praticos Desenvolvidos Durante O Semestre. Sdo Factores De Avaliagdo A Complexidade
Dos Exercicios, A Correcta Aplicacdo Das Técnicas E Métodos, A Clareza Do Entendimento E Conceptualizacio Dos Workflows

Seguidos, E O Nivel De Completamento Dos Exercicios.

Data de actualizacao

Ultima actualizacio em: quinta-feira, 1 de Agosto de 2013
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Estimated Workload

Goals (topics)

Total Workload: 140,0 Hours

1) Contextualize 3D scanning within survey techniques and in the universe of Architecture;

2) Enable students to use techniques of 3D reconstruction from 2D images;

3) Enable students to manipulate point clouds from 3D laser scanning and / or photogrammetry (scale and orientation) using

appropriate software tools;

4) Systematize the workflow: Data Acquisition> Data Processing> 3D reconstruction > 3D modeling.

Programmatic contents / Programme

1. The goal of 3D Digitization:

- Photogrammetry and Laser Scanning within the surveying methods.
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- 3D digitization in the context of Architecture.

2. Geometric transformations (scale, rotation, translation).

- Matrix representation of the geometrical transformations.

- Concatenation of transformations.

- Transformation parameters estimation based in sets of homologous data.

3. Data acquisition systems

- The digital camera

- The 3D Scanner (triangulation, phase comparison, time of flight)

4. 3D reconstruction from multiple images

- Photogrammetric operations (internal orientation, relative orientation, external orientation, absolute orientation)
- Digital photogrammetric methods (manual, semi-automatic, automatic)

- 3x3 photogrammetric rules and the planning of the photogrammetric survey

- Practical applications

5. 3D laser scanning

- The operations of laser scanning (relative orientation, external orientation, absolute orientation)
- Point cloud texture mapping

- Planning 3D laser scanning surveys

- Practical applications

6. Techniques of geometry reconstruction (mesh, nurbs, and solid models).

Competencies to be acquired by students (topics)

1) Contextualize 3D scanning within survey techniques and in the universe of Architecture.
1.1) To be able to choose the appropriate digitization techniques in response to a particular need of recording and modeling.

12) To be able to combine 3D digitization techniques with other representation techniques in function of project

requirements.

1.3) To acquire a "know-how" that can be able to support the dialog between the information providers (surveyors,

topography engineers) in those situations where specialized services are required.

1.4) To become aware of the universe of possibilities that arise from the use of 3D digitization techniques e and to be able to

put them in relation with the possibilities of traditional recording techniques.
1.5) To be able to establish a connection between 3D digitization techniques and the universe of Architecture.
2) Enable students to use techniques of 3D reconstruction from 2D images;
2.1) To be able to use a camera for image acquisition with the purpose of 3D reconstruction.

2.2) To be able to anticipate the kind of results that is possible to obtain in function of the particular circumstances of a scene

to record.
2.3) To be able to distinguish the several kinds of image based reconstruction procedures.

24) To be able to anticipate the expectable level of resolution of a point cloud model in function of the resolution of the

images to use in the process.

2.5) To understand the steps and the operations of the photogrammetric processing (different kinds of orientation,

triangulation, colinearity condition, complanarity condition.
2.6) To know how to plan the several phases of the photogrammetric survey.

3) Enable students to manipulate point clouds from 3D laser scanning and / or photogrammetry (scale and orientation) using

appropriate software tools;

3.1) To be able to aplly the transformations of scale, rotation, translation, relative orientation, external orientation and

Alhealidta AdAntatian +a malnt AlaniAd A ARl
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32) To be able to estimate the parameters of geometric transformations based on homologous data obtained by

independent processes.

3.3) To be able to extract basic information from point cloud models (sections, TIN models, ortho images).

4) Systematize the workflow: Data Acquisition> Data Processing> 3D reconstruction > 3D modeling.

4.1) To understand that different goals demand different levels and kinds of 3D modelling.

4.2) To be able to plan, in an integrated way, all the sequence from data acquisition to the final model production.

4.3) To be able to choose the appropriate software tools to the different steps of the workflow.

4.4) To be able to extract useful information from the point clouds in function of particular objectives previously declared.
4.5) To be able to operate in the field and in the office in a systematic way.

4.6) To acquire a discursive ability about the performed operations.

Main Bibliography

3D Laser Scanning for Heritage — Advice and guidance to users on laser scanning in archaeology and architecture. Edited by
English Heritage (David M Jones — Editor). 2007. 44p.
(http://www.helm.org.uk/upload/pdf/publishing-3d-laser-scanning-reprint.pdf)
ANDREWS, David; BEDFORD, Jon; BLAKE, Bill; BRYAN, Paul: Measured and Drawn: Techniques and practice for the metric
survey of historic buildings (second edition). Edition English Heritage (edited by Jon Bedford, Heather Papworth) 2009. 46p.
ISBN 978 1 84802 047 4
(http://www.english-heritage.org.uk/content/publications/docs/measured-and-drawn.pdf)
BRYAN, Paul; BLAKE, Bill; BEDFORD, Jon: Metric survey specifications for Cultural Heritage. Edition English Heritage , 2009.
ISBN 978-1-84802-038-2
(http://mww.english-heritage.org.uk/publications/metric-survey-specification/metric-survey-specific-for-cultural-heritage.pdf)
FERREIRA Victor: "Planeamento Participativo e as Tecnologias de Informagdo e Comunicagdo: Promover o Entendimento do
Planeamento Local pelos Cidadaos". Phd Thesis. IST. 2011.
(http://archc3d.fa.utl.pt/outputs/FERREIRA_tese_phd.pdf)
Principles for the Recording of Monuments, Groups of Buildings and Sites (1996) in ICOMOS charters.
(http://www.internationalicomos.org/charters/charters.pdf)
MATEUS, Luis; Contributos para o projecto de conservagio, restauro e reabilitagio. Uma metodologia documental baseada na
fotogrametria digital e no varrimento laser 3d terrestres.
(http://home.fa.utl.pt/~Immateus/inv_cons/VOLUME_1_web.pdf)
(http://home.fa.utl.pt/~Immateus/inv_cons/VOLUME_2_web.pdf)
WU, Changchang: Visual SFM (software). 2011. (http://www.cs.washington.edu/homes/ccwu/vsfm/)
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Automatic Photogrammetry And 3d Laser Scanning To The Three Dimensional Reconstruction Of Objects With Different Scales. In

These Exercises Students Will Search To Systematize The Application Of Workflows From The Stage Of Planning To The
Production Of Final Models Integrating The Theoretical Concepts Through Its Practical Demonstration. The Evaluation Will Be
Based On A Presentation And Discussion Of A Report About The Exercises Developed During The Semester. The Evaluation
Factors Are: The Accurate Application Of Techniques And Methods, The Clarity Of The Understanding And Conceptualization Of
The Followed Workflows, The Level Of Accomplishment Of The Work Developed, And The Final Results Obtained.

Last updated
Last updated on: Thursday, 1 August 2013




