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Abstract: The design and evaluation of virtual learning environments for camistnuand surveying students is
presented in this paper; by combining virtual learning environmenbassite student surveys to model and replicate
practice in the architectural heritage sector. The Virtual Learning Enviransyemhanced with real live survey
projects whereby students collect the data to build virtual historic buildiagsdnsite surveys using advanced survey
equipment. The survey data is modelled in HBIM; Historic Building Inftiom Modelling (HBIM) is currently being
developed as a virtual learning tool for construction and survestindents in the Dublin Institute of Technology.
HBIM, is a novel solution whereby interactive parametric objects representihgemtural elements are constructed
from historic data, these elements, including detail behind the scan sarfa@ccurately mapped onto a laser or
image based survey. The architectural elements are scripted using a @eDewtriptive Language GDL. In the
case of this project a Virtual Learning Environment is being developed wbictbines advanced recording and
surveying with Building Information Modelling (BIM) to simulate aadalyse existing buildings.

1. INTRODUCTION

The aim of this paper is to present the outcome of four study visiBublin Institute of Technology and Purdue
students to four conservation sites in Europe: Leaning tower of Ra&&gnal Monument Edinburgh, Karolinum
university building of Prague, Henrietta Street Dublin and the subseqgesetogment of a Virtual Learning
Environment using both the survey data and Building Informaflodels (BIM). Every year students from the Dublin
Institute of Technology in Ireland carry out a survey of a histouiiding in Europe. The aim of the survey is to
introduce students to the principles of building conservation in othest&tds. The onsite surveys and reference to
existing survey data, also give the students an insight into restotetioniques and the methods of construction used
in these buildings over their lifespan. The modelling system described tasidHBuilding Information Modelling
(HBIM) [1,2,3] is a novel prototype library of parametric objects basedistoric data and a system of cross platform
programmes for mapping parametric objects onto a point cloud agkisurvey data. The HBIM process begins with
remote collection of survey data using a terrestrial laser scanner combiheatigitdl photo modelling. The next stage
involves the design and construction of a parametric library of opjebtish are based on the manuscripts ranging
from Vitruvius to 18th century architectural pattern books [4]. lilding parametric objects, the problem of file format
and exchange of data has been overcome within the BIM ArchiCAD sofplaferm by using geometric descriptive
language (GDL). The plotting of parametric objects onto the lasercather surveys as building components to
create or form the entire building is the final stage in the reverseeanigig process. The final HBIM product is the
creation of full 3D models including detail behind the object’s surface concerning its methods of construction and
material make-up. The resultant HBIM can automatically create cut sections, dathiéshedules in addition to the
orthographic projections and 3D models (wire frame or textured). lcageof this project, a novel aspect is introduced
through applying both traditional and advanced recording and buitdauglling techniques developed in the Dublin
Institute of Technology to develop a Virtual Learning Environmentrtwlite and analyse historic buildings. The four
surveys are described in this paper detailing the methods of on-diteffesite data collection and the process of
building partial models of the buildings. In conclusion a theorethical desigmevrark is described for combining the
onsite surveys and the Historic Building Information Modelling to createtaalitearning Environment which has the
potential to expand and be shared by other educational institutes.
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Figure 10: Students on-site surveying and HBIM model

2. SURVEY: LEANING TOWER OF PISA

The HBIM process in this case was divided into three steps: The fissbased on existing laser-scan survey data and
2D digital photo-modelling; the second based on ground truth suataycdllection using theodolites and hand-held
laser measurement units (distometers) and finally stage three, the codatimoric Building Information Model of

the tower [5].

2.1 Step 1- existing survey data photographic and laser survey of the building

The identification of building typology, architectural detail, geometry, principleéheoexternal and internal structure
and fabric, positioning of openings, proportional relationship of thkelibg's elements and classical detailing were
initially based on existing laser scans, photographies and CAD surviys listoric structures downloadable from the
website of CyArk, a non-profit entityhttp://archive.cyark.ory/ CyArk's mission is to digitally preserve cultural
heritage sites through collecting, archiving and providing open accesatdoctkated by laser scanning, digital
modeling, and other stated-the-art technologies. The CyArk's database allowed the students te foanation such

as the data detailed in Figure 2. The product of the laser scan suresgribed as a point cloud, which represents the
X, Y, z coordinates of a scanned object (Figure 2). The point clouthearbe textured from image data to create a
virtual 3D model of a structure or object; accurate measurements casttactlol from the point cloud. Existing 2D
CAD drawings and historic surveys as detailed in Figure 3 were also uskthito measurements of the structure.
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Figure 11: Laser Scan Survey of the Leaning tower of Pisa
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Figure 12: Historic Survey Data
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Digital photography was used for 2D/3D modelling and independent data coll&dtier2D modelling was achieved
through taking accurate ground truth survey measurementseoobject and geo-referencing the images using target
measurements on the image representing x and y coordinates at ammiofifiour points as detailed in Figure 4.

™

Figure 13: Geo-referenced Image of Tower Secti

2.2 Stage 2- collection ground truth survey data using theodolite and hand held laser

A traditional surveying approach was taken involving the use of 10” theodolites to record angles in both the horizontal
and vertical planes and laser distometers to obtain distances. A fremefmoontrol stations was first established
around the tower of Pisa. When deciding upon the station locations cosuneeying rules were respected including
intervisibility between stations, the formation of a well-conditioned contaphéwork and checking that each point of
interest could be visible from at least two stations [6].

Figure 5: Control framework

Horizontal and vertical angles as well as distances were recorded between sati@ys and coordinates were
calculated in an arbitrary coordinate system based on the traverse calcufafractional linear misclosure better than
1:10°000 was computed which would be within the allowable range for large construction projects [7]. The intersection
method was then applied to determine the relative position of detail pairtsectower once both horizontal and
vertical angles were observed with the theodolite. Each detail point P weasatbfom two separate stations and both
horizontal and vertical angles were recorded (Figures 6 and 7). As a check both faces were considered allowing for a 1’
error. Once all the data was recorded students created their own function€Ewtl to compute the relative position
of all points observed (Figures 6 and 7). Since the vertical anglachf detail point was observed from two different
control stations the height can be computed for each of the two instrpogtions A and B. A consistent difference of
a few centimetres was present between two measurements of the sameobedtiihhie.
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Figure 14: Intersection method in the horizontal plane and equations used to compute X, Y coordinates

AH=Dxtan @

Figure 15: Equation used to compute Z coordinate

The geometry outline of some decayed features proved to be challengingdetiding upon detail points to be
recorded with the instruments. In this regard, laser distometers wksedufor recording distances for important
architectural features where accessibility was a problem.

2.3 Pisa Building a Partial Model of the

Data from the on-site survey, ortho-images, and laser scan data wdreousbtain the measurements for this model
and were plotted in a 3D CAD environment. A circle was constructed based on the d@fnietetower (15.484M),
from this a pendedecgon (a 15-sided, 15-angled, polygon) egtioped to represent the positions of the 15 columns
on the base level (see detail a Figure 8). Once the pendedecgon was complbsse, tiieche column was constructed
first in 2D and then in 3D (see detail b). A similar process was fasdatie capitol of the column, initially in 2D, and
then primitive shapes were positioned to construct the 3D model of ppitel (detail c). Next, the capitol and base
were positioned and the shaft of the column was drawn witlileder to create the full the 3D Model of the column
(detail d). For the construction of the arch a Boolean operation combiratigylmder which was subtracted from a
solid cuboid to replicate the arch (detail ). When the objects were constructedsitiomipg of each element was
located using the pendedecgon to position the object, the function ARRAYIsSed to position the 14 other columns
on their correct locations. Similarly, the arch block was positionedpafttwo columns and was once again arrayed to
fill the entire area symmetrically, resulting in the final model illustratedeiail f. and g. It must be noted that the
objects used to plot the 3D model (see detail g) are not parametric, the coheegatg parametric objects are
introduced in the building of the next three models.
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Figure 16: HBIM of base of Pisa Tower

3. SURVEY: NATIONAL MONUMENT EDINBURGH

The second study is a survey of the National Monument constrirct2826. It is located in Edinburgh and is a
Napoleonic war memorial, which is partially modelled on the Parthenon in g\tfiée students were required to carry
out a survey of the elevation of the building using total station, laseimagk techniques, producing a full set of 3d
drawings. Initially historic research and background which included idehtifielding typology and architectural
documents which detail: geometry and principles of the external and internal straciirfabric construction;
positioning of openings; proportional relationship of the building's elemantt classical detailing. A Leica TS1205
reflectorless total station and digital photography was used for 2D/3D modellingdemendent data was collected
using laser hand held measurements on the object and rectifyimgabes to scale using target measurements on the
building. When recording data with the total station an arbitrary caatedsystem was created from a baseline running
between two control stations. The coordinates of all visible detail points werdeddoom the first control and stored
in the instrument’s internal data logger. The use of a second control station allowed for recording poinish were
either obstructed or poorly visible from the first station. When detail poets vecorded from both stations their initial
coordinates from the first station were compared with the coordinatestlfit@reecond station. Differences in the
horizontal plane were in the order of 10mm and 20mm in the vertiaabp The 3D modelling of objects and
extraction of measurement data was based on the use of Google Sketoti-dépchiCAD Building Information
Modelling software platforms. In Figure 9, the terrain model was construsiad Google Sketch-up, a. and b. detail
the solid construction and meshing process using triangles, the temadalelled in c. and the model is put in place in
e.
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Figure 17 HBIM of National Monument

The process for constructing the 3D BIM model is detailed in Figur&H®x, y and z co-ordinates are transferred to
data sheets which represent the geometry of the objects which make argithenodel. Mapping objects based on
survey data can overcome the slow task of plotting and locating esetgr o represent the 3D object. As parametric
objects there is an opportunity to inteed details behind the object’s surface concerning its methods of construction

and material make-up. Within Historic Building Information Modelling, thealiprof parametric objects exists in
libraries or has to be constructed by editing existing objects or scripging tising geometric descriptive language.
When a library part or parametric object is placed into the HBIM, it is glasean icon in 2D in the floor plan position
(separated by height or formation levels) as detailed in a. and determinedtt@oxgy-axis and in section and in
elevation, on the z-axis. The library objects are not plotted direcBpienvironments, with the result that the objects
are not lifted and placed within the 3D point cloud. The survey data caly Slgor plans, whereas rectified images
can detail elevations and sectional cuts as a map for location of libragtobfurther interrogation of survey data
supplies numeric values for formation values (for z-axis location) parametric values for the library objects
themselves, these are recorded in data sheets. Objects are also positionesl atitoghaphic image in elevation and
adjusted in side elevation and section for angular displacement. In Figypari@df the process for mapping objects
total station and image-based surveys is illustrated. The position olathe are detailed in a. and shown in 3
dimensions in b. The Doric columns are chosen from library padsand placed in floor plan in d. Finally e. and f.
illustrate the completed 3D HBIM model.
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Figure 18: HBIM process

4. SURVEY: KAROLINUM PRAGUE

Charles University was founded in 1348 by King Charles IV and is leeliés be the oldest university in Central
Europe. Wenceslas IV bought a site containing a few houses whiehrebuilt for the university and renamed the site
Karolinum. Pre-university Gothic structures include the Chapel of Saiem@s & Damian and an oriel window
protruding from the southern wall (also visible in Figure 11). ddmplex went through different architectural epochs
during its existence; in the early 18th century it was rebuilt indueratyle then in the late 19th century some parts
were rebuilt in Neo-Gothic style. The adjacent red brick building was consifterttte HBIM model. As with the the
National Monument in Edinburgh the coordinates were directly obtained anddedcasing a Leica TSR1205
reflectorless total station. A baseline was setup along two control stations fromamharbitrary coordinate system
was chosen. All detail points were recorded from at least one controhgfaiure 11). When no obstruction occured
detail points were observed from both stations and compared. A typicaloéress than 10mm and 20mm in the
horizontal and vertical plan respectively occurred. However the restrictednggaskice for positioning in potential
control station locations around the Karolinum building resulted in a geametry when recording building detail at
higher elevation and this greatly affected the accuracy.
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Figure 19: Building being surveyed from the first control station [8]

Below is the HBIM model based on the survey data and built witmitas methodology to the National monument

Edinburgh, a. represents the front view of the building, b. issametric view, c. d. and e. represent 3D cuts for
analysis of the building. Sections of the building are represented in detail$ [y and finally details f and i represent
3D elements from the building.

Figure 11: HBIM of Karolinum building
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5. SURVEY: HENRIETTA STREET DUBLIN

As the first step in extending the project of recording European histotictures, in May 2010, a group of North
American Purdue University students were introduced to the currengrgatien project, laser scan surveying and
HBIM of Henrietta Street. This is one of Dublin’s earliest Georgian streets and is still intact, the street was constructed
between 1730 and 1820. A survey was conducted to gauge stedssyitipn of Henrietta Street in regard to its history
and of the recent renovation project. The students responded that tieeyemeimpressed with the detailed planning,
care, and patience taken to correct the structural problems with minimaptdia to the interior finishes of the
building. Students also stated that there was a lot of value in renovatingttéeBtreet, which represents some of the
oldest existing Georgian architecture in Dublin. For the Purdue studentettéeBtreet offers a learning environment
for understanding historic preservation, the next stage of this calamproject with Purdue is the use of the HBIM
models for remote student learning in their university environnteriigure 13 the HBIM process of the facades of
one of the buildings is illustrated starting with the laser scan of the buildings fagade and the 3D model and automated
drawings.
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From scan to HBIM

Figure 12: HBIM Process Henrietta Street

6. CONCLUSION - THEORETICAL DESIGN FRAMEWORK FOR A VIRTUAL
LEARNING ENVIRONMENT

Teaching and training architectural, engineering, construction and sugvstyidents using computer simulations of
buildings although recently developed is not new. In the case obriijisct a Virtual Learning environment is being
developed which combines advanced recording and surveyingBuiitting Information Modelling (BIM) to simulate
and analyse existing buildings. In summary this learning softwsee & purpose built plug-in library of parametric
objects representing intelligent building components which are plotted véitkirtual learning environment by the
student onto a geometric framework based on laser or imagesufve library of parametric objects contain the real
world geometry, texture and specifications of building parts allowingttidest to virtually analyse and experience
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different forms of architecture and structures. The parametric library grartscripted using Geometric Descriptive
Language (GDL), which is an open scriptable language. GDL is an embpdugdmming language in ArchiCAD (a
Building Information Modelling Software Platform), which provides accessdate and model parametric objects [9].
If Building Information Modelling (BIM) is incorporated into the design\ftual learning, it offers a very different
experience from classroom-based learning. When interacting onliivedirad students have their own perspective and
experiences whereby they construct their own interpretations of the kiyaWlEal. This was exploited in the design of
learning software; students will be encouraged to construct their own attgipn from the simulation of realistic
scenarios of historic construction process thus improving theifgaoutcomes. In the case of this project the objective
is to create a Web based learning software platform accessible from desktmpapeomputers, laptops and hand held
devices, to enable individual and group based student learning. The learniveyesatill simulate realistic case study
scenarios based on site surveys of the historic construction procegshi$toric buildings are designed and
constructed), thus bringing the real world into a virtual classroora.|@&rning software will be developed on the
principals of instructional design, which focuses on the conditionshiohwiearning will occur, and the principles of
how people learn. A study in the Civil and Environmental Departmeffoatester Polytechnic Institute confirmed that
the use of BIM facilitated effective learning mainly because it involvesirgly communicating, and group problem
solving. It also helps students to actively engage in the pr@fgdanning, designing, and interpreting construction
related data. Moreover, the concept represents an invaluable tool to teactsghaleotion of cooperative work [11].
Developing a Web based learning platform using virtual models integrates techimitodearning, promotes active
learning, and develops an affective module [12]. The learning softwarbendéveloped to ensure the VLE is created
as a means of educating the students and regular evaluation of thke melivery will ensure the learning software
does not become just another mode of lecturer delivery. The numigethablogy tools (HBIM, Laser Scanning) being
applied in various contexts will help to ensure the VLE is an active sydteduocation [13]. The integration of both
learning Web based technology and HBIM is a new and innovative aspectfialdhef virtual and computer based
learning.

There are three levels in the design of the Virtual Learning environment:

Level 1- this is an introduction to the HBIM platforms using Google Skeftand ArchiCAD software platforms.
Initial self-assessment identifies at what level a student should atteedsarning environment; this is built into
tutorials to encourage the student to assess their entry level and endberagigdent to revise and self-assess their
work prior to moving to higher levels in the software. Figure 14,vbédoa sample of students work using Google
Sketch-up.

éketohup model / final no.2
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150 - wire frame iso - hidden line iso - monodhirome

Figure 13: A sample of students work

Level 2— Students are introduced to the library of architectural elements and hoildtarimliscript these objects using
Geometric Descriptive Language (GDL), which is an open scriptable langugtgean be used to create parametric
objects. GDL is an embedded programming language in ArchiCAD, wtrichides access to create and model
parametric objects. The parametric objects are the components that the btudgnttogether to form the entire
building within a virtual environment. Figure 15 describes an example ofLasGiipt to form a Doric column.
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Figure 14: GDL Scripting

Level 3— The students are introduces to the principles of building histoilidifmy information models based on the
live site survey data and information sharing is introduced usirdgstiteacher WEB-based interaction inside the
Virtual Learning Environment [14]. Student teacher WEB-based interaction ithed¢€irtual Learning Environment
using ArchiCAD BIM Server™ allows student and teacher to collaborate in real-time on BIM models through standard
Internet connections from virtually any location. The BIM models atatéul on a single server and accessed by the
student and can be observed and assessed by the teacher as ttewtrédeghrough the virtual building. The learning
software and virtual building models can be accessed by the stud#m Internet through PC, laptop and hand held
devices allowing participation and support for traditional and non-traditional learners.

Use existing scans
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=
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Figure 15: WEB Interaction
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In conclusion, the initial testing of the new concept of HBIM basedalifearning was evaluated through examining
the students experience in using both the process and thearsofh creating the Historic Building Information Model
(HBIM). The evaluation process was conducted through interviewpessbntation carried out by each student. The
students did experience the full HBIM process, their reaction to eagh sfahe process differed; in stage one the
students worked off virtual documents and had not as yet visitedt¢hansl this affected their enthusiasm and the
accuracy of their work. The second stage where the students \fsitesite resulted in raised student motivation in
carrying out the on-site survey, as this was a real experiendbem to visit the site. Finally, in the creation of the
HBIM models, the students found the software platforms were not totaihpatible (from point cloud and survey data
to 3D HBIM). In addition, the building of the library objects in GDL tenttethe beyond the scope of the students. All
of these learning constraints identified by the students are novminipa redesign of the HBIM virtual learning tool
as part of the ongoing development. These modifications are been paralleledebych into the possibilities of
including automated assessment in the HBIM virtual learning tool. It is proposedetat this project to other third
level institutes and to explore a joint European and North America fundigdpro
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