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ABSTRACT:

The privacy of source code makes, in many situati@mommercial application software unable to acaclgmurposes. Such
applicative programs are like “black-boxes”, allagrionly data input and results output, as a funatibthe graphical user interface
manipulation. It strongly hinders their applicatit;m education, since users remains alienated of wkactly is performed in the
applicative background. A common proposal for owerng such limitations is the development and usafgieee software. The
academic community of distinct knowledge areasindeed, being benefited by free software developgnfieneducational and
research purposes. However, Digital Photogramnistey field that remains practically unexplored. Qmxeeption is the E-FOTO
project, which develops the only GNU/GPL environtéor research, teaching and learning of Digitaloflgrammetry that
encompasses an Educational Digital Photogrammatoikstation (EDPW). E-FOTO project aims at prodgcamd sharing without
limitations with the academic community softwared adocuments. This paper is devoted to the pedagodisign of E-FOTO
Educational Digital Photogrammetric Workstationsides the project main achievements and reperawssidong this paper, it is
shown what tasks of the photogrammetric processldhue covered by the EDPW, the free electronisiver of the only digital
photogrammetry book edited in Brazil, the softwanéotials and the self-learning conception of E-FOTMally, the future

expectations for this project are enumerated.

1. INTRODUCTION

Recent corporative scenarios have been imposinggelsato
the professional profile, demanding people abld botlearn in
non-conventional ways and to work collaborativelyehgender
innovative solutions. As a consequence, the teehhiased
education must rethink about the established facuzder to
improve skills and competencies in students, ssdearning to
learn and to learn with autonomy in a scientificdan
technological environment (Longo, 1996).

In engineering education, these challenges candoeessed
with an integrated approach putting together tesghiearning
and research, where the computer plays a significale. It
allows students, for example, to develop and té#stretive
assumptions, implementing their designs and mottelsyild a
variety of representations for the studied phen@néy using
different kinds of language and levels of abstmactBesides, in
a digital environment, it is possible to simulateemts in
different scales and values, slower or faster thramature,
overcoming costs, complexity and danger.

Another interesting possibility due to computersd athe
Internet is collaboration; by such means studems work
together and share their assumptions, ways ofreplpioblems
and results.

In the specific case of the cartographic engingeeducation,
Digital Photogrammetry’s teaching and learning pss
(Coelho Filho and Brito, 2007) is a critical componemhere
computers play a key role. That has motivated E-B@Toject,
whose major objectives address researching, dewglognd

implementing a framework for teaching, self-leagiimnd
research of Digital Photogrammetry.

The current paper is devoted to the presentatidnd@stussion
of the technical and pedagogical aspects of th©E project.
To achieve that purpose, section 2, briefly, prestre basis of
Digital Photogrammetry teaching and learning prec&gction

3 offers a comprehensive overview of the projemtubing on
its educational aspects. Section 4 exposes ouduons and
the future works related to E-FOTO educational gool
development.

2. DIGITAL PHOTOGRAMMETRY  EDUCATION
FUNDAMENTALS IN ACADEMIC ENVIRONMENT

Photogrammetry is a set of technical procedureprfocessing
photographic imagery (2D image-space) aiming
mathematical modeling and reconstruction of a 3&hado (the
terrain or the object-space). The state of the aft
photogrammetry is what is so-called “Digital Photogmetry”,
which uses either digital or digitalized-frame ireag and
computational processes besides algorithms for escen
reconstruction.

the

The utility of digital photogrammetry goes from tiwirtual
reality to Medical applications. One could mentiofor
instance, the volumetric quantification of lung cannodules,
from a set of images taken by a helicoidal tomolgr@ota and
Brito, 2005). The non-invasive surveying of archagalal sites
and the record of historical monuments and builsliage also
possibilities of application of photogrammetric hamues
(Kraus, 2000). Topographic mapping generally empldigital



photogrammetry for imaging earth surface and far 3D
mapping.

The set of hardware and software components abfetiorm
the photogrammetric tasks is what is meant by agitBli

Photogrammetric Workstation (DPW)” (Brito and Coelho

Filho, 2005). Indeed, DPW's are solutions of phoémgmetric
software that came out in the early 1990's to swibstthe
opto-mechanical stereo plotters (Phem and Grabm2g4).
Besides, the development of electronics and commgdience
has been opened new opportunities in the areamradfrare,
methodology and integration.

Many factors have contributed to the fast develagroédigital
photogrammetry. (Dowmaet al. 1991) pointed out: (1) the
increasing availability of digital imagery, espdlgidrom (high-
resolution) satellite born sensors; (2) the avilitgb of
computers and workstations with high-capacity CPd waith
many innovative and reliable photogrammetric aamgss; (3)
the data integration in one single computationatesy such as
the Geographic Information Systems (GIS); (4) tkal-time
applications, and; (5) the CAD software and the #tdal
applications.

One obstacle to the
photogrammetric hardware and software
environments is the unaffordable prices of photognatric
software licenses. This reality imposes many retgtris to the
integration of theory and practice in educationalgoams, thus,
leading to weakness in the curricula of cartograpand
surveying engineering courses.

insertion of the state of the a exterior
in educdtionaphototriangulation; (7) image rectification and matization;

Due to the intensive use of digital computers ia tontext of
cartographic mapping production, two skills need le
developed: on one hand, the algorithms and the enstics
embedded on the photogrammetric procedures neexddxb t
clearly understood. The same reasoning appliebdoqtiality
control of results and products derived from the
photogrammetric mapping. On the other hand,neisessary to
understand the concepts behind
photogrammetric mapping process implemented in WDP

Professionals with no practical experience areagdyt one of
the consequences of the development only of the §kill
above mentioned. In addition, the lack of knowledgeut the
algorithms applied in each step of the photogrammet
workflow forms professionals without critical senaed with
difficulties of adaptation to the technological é®pment. The
black-box architecture of commercial DPW solutiofs
responsible for this limitation (Britet al, 2006).

According to (Coelho Filho and Brito, 2007), the cofdopics
related to digital photogrammetry comprises théofaing: (1)
introduction to photogrammetry; (2) basic principleof
photogrammetry; (3) digital image processing amplito
photogrammetry; (4) inner orientation of digitalagery; (5)
orientation of digital imagery; (6) anabgl

(8) digital surface model extraction; (9) orthoification, and;

(10) photogrammetric mapping stereo-plotting. Tabkhows a
comparison between the syllabi of a reviewing cewnsd three
Master Courses in digital photogrammetry with thedMles of
the Educational Digital Photogrammetric Workstat{&DPW)

developed by the E-FOTO project.

Digital Photogrammetry Courses

- EDPW
Topics ) @ ©) “4)
Introduction X X X
Image Acquisition X X
Image Rectification X X
Inner Orientation X X X X
Exterior Orientation X X X
Phototriangulation X X X
Digital Image Processing and Template Matching X X
Image Normalization (Epipolar Resampling) X X X
Digital Surface Model Extraction X X X
Ortho-rectification X X X
Photogrammetric Mapping Stereo-plotting X X
Close-Range Photogrammetry X
(1) Master Degree in Geographic Engineering - TherBod University, Portugal
(2) Reviewing in Digital Photogrammetry. ITC, The Nethads
(3) Master Degree in Geomatics — Uerj, Brazil
(4) Post-Graduation Program in Cartographic Sciendgsesp, Brazil

Table 1. Comparison of the syllabi of four coursedligital photogrammetry with the modules of theP® Implemented in the

E-FOTO Project

the workflow of the



One could observe in Table 1 that most of the pafrtbe core
subjects in digital photogrammetry syllabi are gedeby the
EDPW implementation.
environment permits students to analyze the didacttents of
the photogrammetric topics, to manipulate and ttabdish
relationships between variables and the performasfc¢he
algorithms, and to become familiar to the matheradti
principles behind the implemented solutions (theitevhox
approach). The study of the orthorectification, fostance,
aims at transforming central-perspective
orthoimages. According to E-FOTQO'’s pedagogical ggobhy,
there is no sense in introducing both the ceneedpective and
the orthogonal one without explaining the mathecadti
principles and algorithms underlying the orthorfegtion
process.

3. THE E-FOTO PROJECT

Digital photogrammetry has being employed in |lssgale since
1995. In under development countries, its popldsios came
later. For instance, in Brazil, according to (BritadaCoelho
Filho, 2005) its utilization started in 1998. Thate of the art

The EDPW comes alongside with several E-FOTO's petsd
(1) an e-book of digital photogrammetry; (2) theyodigital

Therefore, E-FOTO’s educationa photogrammetry book edited in Brazil; (3) the EDP\8Age

tutorials; and (4) an Internet site that allows th&tribution of
the binaries, the sources, and didactic material wesdl.
Considering the variety of its products, it can keeated that
the project is devoted to researching, developingd a
implementing an educational commons dedicated titadli
photogrammetry.

images o ont

The project began in 2002 as an undergraduate firgéct in

the Cartographic Engineering Course at The Militarstitute

of Engineering of Brazil — IME (Coelho Filho, 2002).
Presently, it is being developed under the Computer
Engineering Masters Program, with emphasis in Géiomaat
The Rio de Janeiro State University (Uerj). E-FOT@am
joins researchers and students from undergradudtgraduate
levels with different backgrounds.

This project has three basic principles: (1) ehtifeee access
to component programs and sources, under the GNU/GP
license; (2) free usage of the related documemiatial; (3) the

of digital photogrammetry involves the usage of DPW availability of sample material. Another E-FOTO'spact that
Although a DPW encompasses a dedicated hardware anflust be emphasized is its self-learning philosopttyich

software, this term will hereafter refer to softear

As previously mentioned, the commercial value pf@prietary
DPW licence — in the order of thousands of doHatsnders its
use for educational purposes. Nonetheless, evéitutiens in
economic conditions to effort the licence cost canclude that
their exploitation for educational purposes is tedi First, it is
due to the fact that the employed algorithms arpt kas
business secret. Moreover, in most cases, it ispossible to
include user-developed solutions and algorithmdedd, like
any proprietary system, commercial DPWs are blamkeb.
Thus, their usage for didactic and research pugpissen fact,
very limited.

The E-FOTO project tries to overcome these diffiesl by the

considers 3 levels of interaction between usersthadgroject:
level 1 is dedicated to beginners, level 2 to ragylsubscribed
students, while level 3 to the ones able to devedop to
research new functionalities and algorithms.

The direct involvement of undergraduate studentsoofiputer
engineering brings to the project another intengstéature: the
human resources formation in free software devetoygrmander
collaborative environments. At anytime during theftware

development process, the improvement of the skifisits

developers is a major concern. The following seciare
dedicated to the presentation of E-FOTO’s products.

3.1 The educational modules of the EDPW

development of an EDPW based on the free softward-igure 1 presents an overview of a DPW's workfldWwrough

community principles. Since it is an open sourcejgut, the
“black-box” can be opened, examined and modifiedtfmse
with the will and the skill to investigate (Nichadsid Twidale,
2003). Such aspects bring considerable advantaggone can
freely use it, study its source code, develop &uluid

algorithms and redistribute it.

the decomposition in horizontal direction of thigufe, the
workflow can be divided into 3 groups: (1) inputtaja(2)
photogrammetric processing; and (3) geospatial wutiata.
The EDPW comprises 7 modules, each one designésaih
one step of photogrammetric process needed to tepéna
previously mentioned groups (2) and (3).

Photogrammetric S
Project Creation | o gntso( :
and Setup egistering | | : :
* : Exterior :
: Orientation :
F(ight. : PR - : » ) Cartographic
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Figure 1. Overview of a DPW workflow



Figure 2 shows the project modules: (a) imagefreation; (b)
inner orientation; (c) exterior orientation; (d)
phototriangulation; (e) stereogram normalizatiof); digital
stereoplotter; (g) digital elevation model extranti and
orthorectification.

Aided by this EDPW, users can intuitively accomiplithe
process and observe both the results and the tespgaality
parameters. Thus, it makes users able to the galcti
application of the theory shown in classroom aresent in the
literature.

3.2 Digital Photogrammetry Book

This book is an improved version of a former e-babkut this
subject that was produced in the early beginninthefproject.
The book Digital Photogrammetry written by (Coeltith& and
Brito, 2007) brings the basic theoretic foundati@am®ut this
theme with no need of previous background. Mostitsf
chapters are dedicated to the mathematical modelthe
photogrammetric process and to their geometriafpnétation.
Besides the previous mentioned authors, some ofbtuk
chapters count with the coauthoring of other projeembers.
It should be stressed that it is the only photognatry book
edited in Brazil with a full digital approach. In dition,
although the book can be purchased in cost pritkeaRio de
Janeiro State University Publisher, it can be aeswnloaded
free of charge.

3.3 Usage Tutorials

Several software usage tutorials are also availablerder to
complement the theoretical documentation. Suchritlsoguide
the step-by-step utilization of the modules. If déogpd
alongside to the book, they permit the comprehensiad

approximation between theoretic and practical aspet this
theme.

3.4 E-FOTO’'s Web Page

E-FOTO’s web page, http://www.efoto.eng.uerj.brthgas and
gives access to all project products, includingerstific
publications. That is a mean to achieve the prgjécciples of
liberty and self-learning. It also paves the way ifoproving
both communication and cooperation among developacs
users community. Such collaborative philosophy riglarlain
on the Internet, whose existence has facilitatedctiordination
of volunteer developers around the world, to predepen
source solutions (Nichols and Twidale, 2003).

Besides the following mentioned products, the profgought
about: four master thesis; seven undergraduategispjand a
number of papers published in scientific congresses

3.5 Considerations about the E-FOTO educational focus

One important issue for E-FOTO project is self#iag. To

give support to that, students have free accesset@revious
mentioned products, can interact one to each athérdevelop
software solutions for digital photogrammetric desbs. The
main goal of this self-learning focus is to stimalatudents in
the exploitation of available E-FOTO resources amdouild

mental connexions throughout practical activities.

In addition, the on going development of an e-leamool
brings about the discussion of the pedagogicalcisyé the E-
FOTO project. We notice that, in a broader sertse t¢aching
of engineering is not based in a pedagogical pt@euing at
the holistic and critical formation of the studenibsit mainly
focused on technical knowledge. Indeed, at unitiessiit is not

T T - e S

Figure 2.

EDPW Modules (a) rectification; (b) iriterorientation; (c) exterior

orientation; (d) pbtriangulation; (e) stereogram

normalization; (f) digital stereoplotter; (g) digitelevation model and orthorectification.



unusual the application of an antiquated pedagbgigproach
based on a poor technical view of learning: stuslesmte
considered as “tabula rasa” and regarding theiduatian
professors rely primarily on memory training.

On the other hand, E-FOTO’s principles require satinict

pedagogy, where students are active actors of ¢henihg
process. A theoretical basis of this point of viésv the

constructionist theory (Papert, 1990). This themmgsiders that
our knowledge is not “about the world”, but “pafttbe world.”

Knowledge is not viewed as a fixed object, but asommon
good that is constructed collectively. In such pas; each
individual is supposed to bring his/her own expsree about
the subject. Besides, this approach emphasizes débd bf
stimulating projects in which students, professoasd

specialists have different responsibilities to heaat a common
aim. The objective is to create learning commusitiencerned
with collaborative practices in the real world. dach kind of
environment, students assume part of the respditisibifor

their own learning and the development of theiracegnitive
competences.

Collaboration is the key-point to constructionistdhies. When
people work in a collaborative way, they bring theiwn
structures and perspectives to this activity. Tbay analyse a
problem from different points of view and negotiaaad

produce meanings and solutions based on this sharqgowman 1.3 Ebner

comprehension.

The main goal of E-FOTO e-learning tool, curreriiyits early
stage of development,
constructionist learning approach. This requirdsaader offer
of spaces for the participation and cooperatiorstitmulate the
formation of communities directed to practice iralrevorld

is to deep the adoption & th

an e-learning environment for the E-FOTO project tis
integrate the already developed educational comntantl tools
to promote educational activities. This trend hast jstarted.
The aim is to produce a dynamic, interactive andf- se
explanatory remote educational web site using $afeware. It
is intended to be an opportunity to offer the siycaecess to an
on-line environment, including virtual classroonesaluation,
self-evaluation, communication channels for cooezawork
and virtual communities.

REFERENCES

Brito, J. L. N. S., Coelho Filho L. C. T., 2005. TheFBTO
Project A Digital Photogrammetric Softcopy Kit rfo
Educational Purposes.," InProc. 6th Geomatic Week
ProceedingsBarcelona, Spain.

Brito, J. L. N. e S., Coelho Filho, L. C. T., Silveia J. C;
Mota, G. L. A., Bernardo Filho, O., Ribeiro, J. AilvBira, M.
T., Fonseca, R. J. M., 2006. Projeto E-FOTO:
Desenvolvimento de um Ambiente Integrado para ariende
Fotogrametria Digital em Software Livre. InAnais da
Workshop de Software LivrBorto Alegre, Brazil.

Coelho Filho, L. C. T., Brito, J. L. N. e S., 20@-atogrametria
Digital. EdUerj, Rio de Janeiro, 196 p.

H., Heipke, C., 1991. Overvielv
European Developments in Digital Photogrammetric
Workstations. Photogrammetric Engineering & Remote
Sensing58(1), pp. 51-56.

Kraus, K., 2000.Photogrammetry v. 1: Fundamentals and
Standard ProcesseBiummlerbuch, Vienna, 398p.

problems — respecting previous academic and pdrsonaongo, W. P., 1996. "Reengenharia” do Ensino de Enaea:

experiences of students — and the representatitire gfroposed

uma necessidad®evista Seguranca & Desenvolvimer2@0,

problems in different formats by means of graphical pp. 13-16.

mathematical or computational solutions.

4. CONCLUSIONS AND FUTURE TRENDS
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