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Abstract: the purpose of this paper is to provide guidelines for the conservation specialist using
affordable technology for three-dimensional documentation of built heritage beyond the aspect of
visualisation, taking into consideration the reliability of the sources to prepare a model and precision
required for the construction of adequate representations.

The proliferation of this reasonable visualisation technology has fascinated many that should not be
limited to entertainment and commercial industries.

This study is based on first-hand experiences in the documentation of the Castle of Arenberg in
Belgium, the archaeological remains of al-Balid in the Sultanate of Oman, reading and the conference
VSMM98 held on Japan in 1998.

1. Introduction

The use of computer graphics is without any doubt the
most powerful visualisation tool for understanding the
physical appearance of a historic building.

However, the experts dealing with the study and
conservation of built heritage has been neglecting the
use of this technology due to the lack of credibility in
the accuracy and precision required for simulating the
‘geometric correctness and realism’ (Boulanger et al)
[2] of the objects.

The purpose of this paper is to present guidelines that
will aim to correctly manipulate the automated three-
dimensional technology of documentation and
presentation of historic buildings, going beyond the
pure use of photo-realistic models of visualisation.

On the other hand, using models capable of evaluating the building by simulating both
the visual and physical characteristics and attributes (Woodward & Howes )[15].

Figure 1: Three-dimensional
model of the East Tower of the
Castle of Arenberg, Belgium



This paper explores alternative technology by analysing in first hand examples the
uses of reliable and middle range technology.

2. Affordable technology

Although the development of new technology in the acquisition of three-dimensional
data and tools to process it using computer graphics has increased immensely in
recent times, the main problem is the accessibility to these instruments due to the
limited budgets assigned to study of built heritage.

The fastest, most reliable and accurate high-end instrument using laser technology
costs approximately 150,000 US dollars, which is equivalent to the amount needed to
finance at least three campaigns of archaeology and conservation of a site, where the
documentation is just a part of the whole project.

Secondly, the use of automated techniques of recording, where no direct contact or
previous knowledge of the subject of study is required, could be of no interest to
conservation specialists, because there is no learning process involved in
understanding the quality and values of the building.

Subsequently, conservation professionals are forced to use affordable technology with
limited reliability, that requires more knowledge and precision from the operator, as
well as more time to perform the survey.

Furthermore, specialist dealing with the study of monuments, in this case architects,
prefer the use of intuitive surveying instruments that allow experiencing the geometry,
proportions, relations between architectural elements and materials by careful
observation. This helps to avoid overlooking the essence of the architectural design by
the universal adoption of automated recording and representation techniques (Tidafi
& Booth )[14].

This approach permits the apprehension of the values of the design and the future
transmission of it to future generations of specialists.

3. Accuracy and precision for conservators

Accuracy will determine whether the documentation process has been successful or
otherwise. This term is a controversial expression in the documentation of built
heritage, particularly when it deals with visualisation. This discussion is based on the
different points of view of specialist dealing with built heritage, as well as the targeted
public.

Architects, archaeologists and civil engineers assume that accuracy deals with the
correct simulation of the geometric characteristics of the monument.

On the other hand, computer graphics specialists will talk about the accuracy in terms
of the download time related to the amount of polygons and other parameters, that
reduce the engineering time of the computer.



Subsequently, computer graphics artists are more concerned with the accuracy in
terms of beauty, and more likely the computer salesmen will add 'what the public
wants'.

This is getting more complicated every day.  Perhaps, each person has a different
opinion on what is the 'impression of reality'[4](DeLeon), referred to as 'immersion'
or 'total suspension of disbelief'[5](Holtzman).

Therefore, the final desired accuracy could be established following a discussion
within a multidisciplinary team that will deal with the three-dimensional
visualisations of historic buildings.

In this approach accuracy is interpreted in terms of the results being  'geometrically
correct' [2](Boulanger). This appeals to the architect, who also appreciates other
aspects that help to make visualisations, that are closer to reality, yet at the same time
do not replace it.

An adequate scientific three-dimensional representation is produced according to a
series of interpretations of accuracy. According to Radford [9] the composition of
such is the following:

• Accuracy of location, geometry and form
• Accuracy of colour and texture
• Accuracy of lighting
• Accuracy of urban and natural context, how transparent is the object in its context.

These components permit the comprehension of the values of the building by studying
the sources of information concerning aspects of form and design, materials, function,
construction techniques, location, as well as the 'spirit' and 'feeling' of the building.

4. Predicting the sources of error influencing the level of accuracy in three-
dimensional documentation

The first issue to be discussed prior to executing the documentation is to define the
level of accuracy required. This level is influenced by different sources of error. The
adequate prediction of these factors will ensure better results.

The accuracy requirements for the documentation are established by the purpose of
the survey and targeted public

In order to be able to predict the requirements needed in the documentation and
representation process, one should look very closely at its components: precision,
fidelity and reliability1, as well as external factors, such as the environmental
conditions and accessibility to the information.

Precision deals with the level of error produced by using a specific instrument, the
ability of the operator to adjust the latter and performing the survey.



Moreover, the process of performing the digitalisation involves making decisions
dealing with graphic components that allow one to recreate the object of the
visualisation.

Fidelity aims at studying the errors based on the imperfect, heterogeneous and often
incomplete material information of the monument and methods required to perform a
complete survey.

Reliability are basically errors made by the operator ‘in misunderstanding the
problem, poor judgement, confusion or simply from a oversight’ (S.R.E.A.)[12].

Environmental conditions: temperature, humidity, illumination, and other weather
parameters can affect the instrument and the performance of the survey.

Accessibility: deals with the acquisition of data hampered within specific areas due to
the obstruction of a tree, lack of sufficient direct light, topography, and other obstacle.

The adequate manipulation of these factors and the interpretation of their values can
ensure that results are more credible or truthful.

5. Applying concepts dealing with accuracy to make adequate three-dimensional
Representations

The adequate manipulation and implementation of the sources of information
obtained in the documentation process is very important to create a satisfactory
representation, which is both realistic and scientific. In this case the relation between
accuracy and level of abstraction is essential.

The level of abstraction enables to manipulate the different computer tools capable of
simulating the location, geometry, form, colour and texture in complex or simplistic
way. One should take into consideration a minimum level of interpretation to avoid
creating ideal misleading representation of the object.

The correct simulation of the geometry, geometrical relationship and form deals with
the construction of each of the architectural features of the building separately
avoiding making ‘copy and paste’, all the element are different, small details should
not left out. E.g. doors windows, vaults, etc.

The colour and texture can be partially simulated by using photographic paths, it is
important to avoid just clipping images, each element has a different properties.

Subsequently, the ability to implement the tools like perspective and lighting for the
visualisation should be adequate to the urban and natural characteristics of the
building, the element is not just a isolated element.

These tools also could be useful to simulate the level of transparency of the object in
its context.



The target of the representation should be the use of information sources that aim to
create a representation that will simulate, stimulate and communicate the authentic
values of the building, without falsifying or replacing the real building.

6. First-hand experiences of the documentation of the Great Mosque at the al-
Balid Archaeological Park

The use of automated three-dimensional surveying techniques for the building of an
archaeological park of al- Balid has proven itself an efficient means to quickly
measure and generate plans. The combination of efficiently and flexibility in
affordable techniques of documentation and representation saves time, which can be
devoted to actual archaeological excavation and study. Thus the final survey-plans
can be finished by the end of a campaign while still in the field simultaneous to the
excavation process.

A small team of two members as the responsibility to provide working plans, to train
students to use the machinery, and perform routine maintenance of the equipment.

6.1. Three-dimensional documentation: Great Mosque

6.1.1. Local reference co-ordinates system and documentation

A local system is constructed using a network of fixed points, which cover the entire
site, and are locally visible from each other. These points can relate to the “Universal
Transverse Mercatur” co-ordinate system (see Figure 2).

The total station is set up in the different network points to calculate their coordinates
and horizontal angle from one other, and to create a reference system for future work.

Subsequently, this instrument (A) records points by projecting an infrared beam to a
reflector (B) (standing at the same height as the TS), allowing the instrument to
calculate the three-dimensional co-ordinates, and if required, the horizontal or vertical
angle of the point from the original reference point (see Figure 3).

Figure 2: local reference points, from the survey plan of al-Balid



The measurements are stored in a memory card located in the total station. After
surveying, the data collected in this card is
transferred to a notebook computer that transforms
them into a format readable by a graphic application.

6.1.2. Representing the surveyed points

The survey and storage of the surveyed points are
separated. One part is devoted to topography features
and the other to architectural features or remains.

Therefore, the architectural features are surveyed by
placing the reflector at the top and at bottom of the
object thus providing two known points for it. The
measured points are used to create the elements
using a solid or a surface modelling extension of the
graphic application (see Figure 4).

The topography is based on determing measured
distances and slopes. The distances are measured in
polygons with known angles and in situ sketches.

The surveyed points are transferred into the graphic
environment using an application called
‘Autoterrain’ that enables the calculation of the
topography of the site using three-dimensional
contour lines and surfaces (see Figure 5).

Subsequently, the architecture features are
constructed using the 3D commands included in
‘AutoCAD’ (see Figure 6 & 8).

Different general and detailed drawings of the site can be plotted in different formats
ready for study or publication. On the other hand, the output information can be used
for other purposes.

Figure 3: total station and
reflector

Figure 4: detail, memory card

Figure 5: topography of the Great Mosque
Figure 6: architectural features of the
Great Mosque



Although generally the equipment used is very reliable in terms of surveying and
representing the site, the limitations of the system depends on inaccuracies in the
calibration of the instrument, external factors like the climate and humidity and the
kind of software generating the three-dimensional model.

Inaccuracies in calibration are due to the complexity of the site and human error in
inputting data or performing the recording. External factors such as overheating of the
equipment, humidity and obstacles can also affect the performance. The software
limitations depend on the three-dimensional capacity of the CAD application and the
contour interval calculation parameter fixed in Autoterrain.

7. Advantages and limitations of using affordable technology in documentation
of historic buildings

The main advantage of these applications is the low operational costs and hardware,
as well as the high level of accuracy possible if used with care and the combination of
control points measured with traditional surveying techniques.

On the other hand, the acquisition of data is hampered within specific areas: e.g.,
obstruction by a tree, lack of sufficient direct light, and other obstacles.

Instruments and software applications are often obsolete and/or incompatible with
each other. These problems have increased in the past few years due to the speedy
development of technology.

F igure 7: topography and
architectural features of the Great
Mosque, plan ready for publication

Figure 8: three-dimensional
representation of the Great Mosque

Figure 9: the Great Mosque after
excavations 1997

Figure 10: render view of the Great
Mosque



Learning specific commands and parameters of applications and instruments to be
able to operate them correctly can be rather time-consuming. Due to the lack of
knowledge of the user, the latter is forced to use applications with pre-established
parameters while perhaps effective programming is more important than powerful
(Sutherland )[13] and expensive hardware.

8. Recommendations: improving the techniques of documentation and
representation

The use of a systematic procedure of documentation helps avoiding any confusion or
misunderstandings, such as making control measurements.

Avoid complex calibration procedures, use more intuitive instruments adapted to the
needs

Select instruments that provide appropriated acquisition of source of information, e.g.
low quality and resolution of photographs in a photogrammetric study.

The only solution to avoid incompatible or obsolete equipment is the careful study of
the different technology available and the consultation of experts.

9. Conclusion

The definition of accuracy is the most
important issue to be discussed amongst the
multidisciplinary team creating three-
dimensional representations of a historic
building.

The success of a three-dimensional
representation is evaluated by its effectiveness
in communicating the values of the built
heritage.

The process of representation that involves handling uncertainties and use ideal
approximations of specific architectural elements due to missing information should
be included in the documentation of the model prepared, this helps to state the type of
level of abstraction used, quality of the sources of information used and the credibility
of the model.

10. References

[1] Addison, A.-Gaiani, M.; 'Virtualized' Architectural Heriatge- New Tools and
Techniques for Capturing Built History; Proceedings VSMM98 Conference,
IOS Press 1998. Vol. I. Pp. 17-22.

Figure 11: render view inside the Great
Mosque



[2] Boulanger, P. et al; How to Virtualize Reality: An Application to the Re-
creation of World Heritage Sites; Proceedings VSMM98 Conference, IOS
Press 1998, Vol. I, pp. 42.

[3] Croci, G.; Credibility and reliability in the safety evaluation of monuments: the
Palazzo Senatorio in Campidoglio; included in the book Stable – Unstable?,
Centre for the the Conservation of Historic Towns and Buildings, Leuven
University Press 1988.

[4] De Leon, V. - Berry, R.; Virtual Florida Everglades; Proceedings VSMM98
Conference, IOS Press 1998, Vol. II, pp. 462.

[5] Holtzman, S; Digital Mosaics, The aesthetics of Cyberspace. Simon &
Schuster, NY 98. Quoted in De Leon, V. - Berry, R.; Virtual Florida
Everglades; Proceedings VSMM98 Conference, IOS Press 1998, Vol. II, pp.
462.

[6] ICOMOS; Guide to Record Historic Buildings; Butterworth Architecture,
London 1990. Pp. 1-54.

[7] Introduction, Preparatory architectural investigation in the restoration of
historical buildings. R. Lemaire Centre for Conservation, K.U. Leuven,
Leuven 1996.

[8] Lagerqvist, B.; The Conservation Information System, Photogrammetry as a
base for Designing Documentation in Conservation and Cultural Resources
Management; Göteborg Studies in Conservation; Acta Universitatis
Gothoburgensis, 1997, pp. 36.

[9] Radford, A et al; Issues of Abstraction, Accuracy and Realism in Large Scale
Computer Urban Models; Proceedings CAAD Futures 1997, Munich 1997. Pp.
683.

[10] Santana Quintero, M.; Digital Three-dimensional Recording and
Representation of the al balid archaeological park; Unpublished article in the
Interim Report of excavations at the al balid archaeological park, Sultanate of
Oman, Aachen 1999.

[11] Santana Quintero, M., Three-dimensional representation of the different
phases of construction and actual state of conservation of Castle of Arenberg
using CAAD and Virtual reality applications towards its adequate
conservation; Proceedings VSMM98 Conference, IOS Press 1998, Vol. II,
pp.618-622.

[12] Staff of Research and Education Association; Handbook of Field Surveying;
Research and Education Association, New York. Pp. 258. Sutherland:
effective programming is more important than powerful hardware;



 [13] Sutherland, J.N. et al; Towards Mass-market Virtual Reality: the Opportunities
and the Problems; Proceedings VSMM98 Conference, IOS Press 1998, Vol. II,
pp. 434.

[14] Tidafi, T. & Booth, D.W.; Architectural Simulation by Modeling Procedures:
The Creation of the Church of Saint-Eustache in Paris. Proceedings on
Structural Studies, Repairs and Maintenance of Historic Buildings. 1997. Pp.
149.

[15] Woodward, C. & Howes, J.; Computing in Architectural Practice; E & FN
Spon, New York 1997. Pp. 29.

[16] This paper will be included in the framework of a PhD research under the
guidance of Prof. Dr. Herman Neuckermans and Prof. Dr. Koenraad Van
Balen.

                                                                


