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Abstract:

The use of 3D digitization and modelling in documenting heritage sites has increased significantly over the past few
years. This paper presents the process of a monument's virtual 3D reconstruction using Structure from Motion
techniques with common, user friendly, low cost equipment. The byzantine church of the Transformation of the Saviour in
Meskla, Crete, aged back to the 13" c., has been photographed by two student groups and the two models were merged
into one unified 3D scene.The detailed and high quality products of the 3D modelling can be used for educational and
research purposes but also for the touristic promotion of the area through light, easy to use, 3D visualizations on the

web.
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1. Introduction

1.1. Team and objective of research

The following research was realised during the
postgraduate programme "Space, Design and Built
Environment: Integrated conservation of historical built
environment with advanced technology and materials”,
in the School of Architecture in Technical University of
Crete for the documentation and the production of digital
3D models of a byzantine church through automatic
photogrammetric software. The aim is the use of the 3D
models for educational, touristic and research
development in Cultural Heritage.

1.2. Historical information

The church is dedicated to the feast of the
Transformation of the Saviour, lies at the northern part of
the Meskla settlement, ca. 20 Km SW of Chania, in
Crete Island. The ground-plan of the monument displays
a typical example of a small single-aisled church, thus
an architectural form that was very popular on the island
of Crete during the era of the Venetian occupation. The
iconographical programme of the church follows the
typical concept of the single-aisled fresco painted
churches of Crete. The church was initially erected in the
middle of the 13" c. as it is implied by the first layer of
frescoes that was discovered at the apsis. As it is
concluded by the dedicatory inscription, the church was
renewed and re-painted on the 15™ of May 1303 by the
painters Theodoros-Daniel and Michael Veneris.
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1.3. Existing similar work

The use of 3D digitization and modelling in documenting
heritage sites and monuments has increased
significantly over the past few years. This is mainly due
to advances in Laser scanning technigues, 3D modelling
software, image-based-modelling techniques, computer
power and virtual reality. There are many approaches
currently available. Some examples of scanned cultural
heritage models are developed at the following projects:
The Digital Michelangelo Project: 3D Scanning of Large
Statues, Three modes of a monument’s 3D Virtual
Reconstruction and The Cultural Electronic Network
Online( http://cenobium.isti.cnr.it/).

2. Process, tools and methodology

2.1. Existing software research

The starting point of the research was the investigation
of the available software, that offers the possibility to
process image data and generate 3D model data via
common, user friendly, low cost equipment. Photosynth,
Autodesk 123D Catch, Agisoft Photoscan software were
used.

2.2. Work on site

Two teams were formed, to photoscan the interior and
exterior of the monument, following the CIPA 3x3
rules.The photo sets required sufficient overlap areas, in
order to combine later the 2 outcomes in one file. Team A
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photographed the interior with a digital camera, model
Canon EOS 450D (Fig.1) and team B the exterior with
an Olympus E 330. Low ISO setting is needed to avoid
the production of image noise. No flash was used
because it introduces abrupt local exposure variation,
leading to errors during point cloud processing.

Team A: The lighting conditions in the interior were poor.
In order to take the proper photos, the interior space was
photographed using a tripod and three headlamp lights.
The lights were placed on the floor to achieve the
sufficient level of light for the roof and the dark corners.
The goal was the detailed and high quality images of the
wall and roof paintings. Team B: The photo shooting
included shots around the church and the roof.

Table 1: Camera’s settings

Team A Team B

Table 2: Agisoft Photoscan settings and results

ISO 100 ISO 100

Focal length: 18-55 mm Focal length: 14 mm

Aperture: F/3.5 - F/5.6 Aperture: F/ 5.6 - F/ 8.00

Exposure time :1/25 - 1.6 Exposure time: 1/80 - 1/160

Furthermore, the overall length of the church’s facade
and the door opening were measured, in order to bring
the resulted models into the right scale.

2.3. Agisoft Photoscan

The data processing was executed in the PC's of the
Digital Media Lab at the School of Architecture, using
Agisoft Photoscan software. The procedure would
outpout two different point clouds and models that would
be combined into one file. The workflow followed four
steps: Align photos, Build Dense Cloud, Build Mesh,
Build Texture. The products of the process were two 3D
models, interior and exterior (Fig 2,3). The files sizes are
512 Mb of the interior and 77 Mb of the exterior.
According to the settings of the workflow different sized
files can be produced, depending on the preferable
use and desired quality. A lower quality, smaller file size
would be more appropriate for internet applications,
while a higher quality, larger file size with higher level of
detail could be used for further research, such as
studying the frescos, or inspecting the monument's
pathology (eg. through its inelastic dynamic response).

Figure 1: Process of photoshooting in the church.

Workflow INTERIOR EXTERIOR
Align photos 269 images 55 images
Accuracy: High
Pair selection: Disabled Est. Time Est. Time
_ 180 min 6 min
Advanced Settings: Default
Values
Point Cloud Output: 136.’282 44’.351
points points
Build Dense Cloud
Quality: Medium Est. Time Est. Time
Depth Filtering :Aggressive 90 min 10 min
. . 48,789,557 2,920,700
Dense Point Cloud Output: points points
Build Mesh
Surface Type: Arbritary
Source Data: Dense Cloud Est. Time Est Time
Face Count : Medium 130 min 3min
Interpolation:Disabled
Mesh Output: 2,288,685 136,870
faces faces
Build Texture
Mapping Mode: Generic
Blending mode: Mosaic Est. Time Est. Time
5 min 25 sec
Texture size/count: 6.000x1

Figure 3: High precision view of a wall painting of the 3D
model’s interior.

3. Import and assembly in 3ds Max

The 3D files exported from Agisoft were a file with obj
format and a jpeg image of the texture. The obj file was
imported in 3ds Max. Each file was rescaled. The
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adjustment of the scale was realised manually according
to the measurements of the facade. The coordinate
system of the 3D models was also manually
repositioned. The rescaled models were merged. Using
the large size files from Agisoft the merged obj model in
3ds max was 256 Mb. Even though the professional
version of Agisoft would have been able to provide
accurate scaling and georeferenced positioning, the
scope of this study was to use only free tools, thus due
to using the Standard edition we had to perform these
manually, based on physical measurings. This method
proved adequate for the purpose of our study.The total
model was rendered as it was, with no additional lights,
using default settings producing high accuracy images of
both the interior and exterior.

4. Issues

During the whole process a number of issues arose.
Team A, responsible for the interior, faced several
lighting problems. In addition to the headlights placed on
the floor, the two doors of the church had to be open
during the photoshooting in order to light also with the
natural daylight. This caused problems to the merge of
the interior and exterior model at the openings creating
noise around them. Team B, responsible for the exterior
faced several problems during the photographing
process. The surrounding area didn’t offer the proper
perspective to photograph the roof. As a result the
exterior 3D model produced in Agisoft was produced
with several gaps on the roof as the photos weren't
correctly overlapped. Team B tried to shoot from a
higher level using a ladder but the gradient of the
surroundings wouldn’'t help. To solve this problem the
team is in the process of using a drone. During the
process of the union in 3ds Max, noise from the exterior
model was placed in the interior and vise versa, so it had
to be removed.

5. Internet applications

The resulted 3D model of the church’s interior and
exterior space was exported successfully to WebGL

(Fig.4) and is available to be viewed on the web without
the need of any special software or plugin under the
following address: https://skfb.ly/NNNR

Figure 4: Use of the Oculus in the lab.

6. Results — Evaluation

This method proved to be a fast, low cost and flexible
technique of 3D modelling which can potentially be used
for digital documentation by people with no technical
background.

This practice allows a full and detailed compilation of
data referring to the monument and a complete 3D
model which can be edited from distance. The accuracy
and precision of the results are remarkable and allow
further use of the 3D models for recording and
visualization of detailed wall paintings and in order to
study the pathology and the structural behavior of
monuments. The products of the 3D modelling can be
used for educational and research purposes but also for
the touristic promotion of the area.
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