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ABSTRACT: 
 
Perched on a granite rock, the Castle of Haut-Andlau is surrounded by forests and ditches which make its access difficult. Only after 
the first crumbling, the Lord of Andlau worried about its durability and conservation. Since only poor documentation about the castle 
exists, a complete surveying of the castle was demanded. The problematic became a true challenge, regarding the constraints implied 
on the one hand by the steep and abrupt terrain surrounding the castle and on the other hand by the dense and broadening vegetation 
in the immediate vicinity of the castle. In this context, two universities shared their experiences and instruments: the Institute of 
Photogrammetry and Remote Sensing (Universität Karlsruhe (TH), Germany) and the MAP-PAGE team (INSA de Strasbourg, 
France). It became rapidly obvious that a unique technique would not overcome the vegetation and relief obstacles. That’s why 
several recording techniques have been investigated. A quality assessment lead to the analysis of the models derived from each 
technique and to a crucial experience for further campaigns. Therefore, recommendations for an efficient acquisition planning and 
data processing are gathered. These solutions will help the castle owner to establish the framework of restoration tasks, by showing 
the destroyed historical structures. Moreover, they will help us to convince the department council to extend these first conclusions 
to the documentation of numerous other castles of the same type and therefore to insure the future of the Alsatian medieval 
patrimony.  
 
 

1. INTRODUCTION 

As the main centre for the Grands Crus of Alsace, the town 
Andlau is - among others - famous for its remarkable 
architectural heritage. Especially, the castle of Haut-Andlau 
from the XIIIth century is of particular interest since its 
architecture, at first sight simple, proves to be the result of 
different construction styles completed over the centuries. 
 
The Castle of Haut-Andlau, characterized by its two towers, 
dominates the valley of the Kirneck River and Barr to the north, 
and the valley of the Andlau River to the south. The early 
Castle, which had no courtyard, was built by the lords of 
Andlau between 1337 and 1344. The main facade of the long 
seigniorial dwelling shows large pointed arch windows. 
Although it has been classified as a historic monument in 1926, 
the castle is relatively unknown. Indeed, only hikers cross the 
castle by chance, on their way, although it is widely visible 
from the Rhine valley. Therefore, events of artistic nature like 
illuminations or expositions are regularly organized in order to 
make the castle more popular. Like other castles of that century, 
the Haut-Andlau castle was built on the top of a rocky hill for 
defensive purposes and had to make the most of readily 
available natural protective settings like hilltops and ridges. It is 
stretched at least 30 meters along this granite rock surrounded 
by dense forest (Fig. 1). 
 
As the crumbling of a part of enclosing walls occurred, the Lord 
of the castle decided to start a restoration of the courtyard and 
the towers of the castle with support of the department council. 
In that context, it has been noticed that no maps or plans of the 
castle and its surrounding exist; only documents like drawings 

or engravings between the XIIIth and the XVIIth century give 
an insight into the former building structures.  
 
 
 
 
 
 
 
 
 
Figure 1. Castle of Haut-Andlau; a) during donjon restoration;  

a) b) 

b) topographic and vegetation constraints 
 
The aim of the presented work is multiple. Firstly, the produced 
data must enable the record and documentation of the site for 
different applications, like documentation of cultural heritage, 
support of conservation and restoration activities of the 
medieval fortress. Additionally, the task is to produce 2D and 
3D data sets as a base for forthcoming landscape planning. 
Indeed, the clearing of some trees at strategic points of view in 
the surrounded forest will consequently optimize the visibility 
of the castle for hikers. Moreover, such data sets are welcome 
for the planning of future exhibitions. As a consequence, these 
elements also contribute to the popularity of the site and thus 
will automatically increase the tourist attraction. 
 
Nowadays, the greatest difficulty consists in setting up an 
appropriate methodology for the whole recording and 3D 
modelling of such a medieval castle. One main problem is to 
find a sufficient number of suitable positions in the 
mountainous topography to capture photogrammetric images or 
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laser scans. On the other hand the possible field of view is 
restricted by obstacles like vegetation and trees. Additionally 
data acquisition is restricted by limited space and a considerable 
complexity and elevation of the architectural elements. 
Therefore, in this context not only one method for data 
acquisition is required for 3D reconstruction but a combination 
of multiple recording techniques.  
 
 

2. RELATED WORK 

3D data acquisition as well as 3D modelling of architectural 
objects can be performed by different approaches, like analyses 
of existing plans or maps, surveying, laser scanning, 
photogrammetry or computer vision methods (Gonzo et al., 
2004). Especially at a medieval fortress it is a particularly 
challenging task, since commonly used assumptions made on 
standard architecture are not applicable, like parallelism, 
perpendicularity or symmetry. In this context a lot of authors  
use image based methods (e.g. Hanke and Oberschneider, 2002; 
Mayer et al. 2003; Daskalopoulos et al., 2003; Mayer et al. 
2004; Kersten et al. 2004), partly added by other methods like 
surveying or use of existing plans (e.g. Georgopoulos and 
Modatsos, 2002; Gonzo et al. 2004; El-Hakim et al., 2005). The 
reasons for using mainly image data are the high degree of 
details, economic aspects, portability, handling in spatial 
limited environment and a short data collection time. The 
disadvantage of image analyses is that the captured objects 
must have a significant texture which may be a problem 
especially at indoor scenes. This can be avoided by applying an 
active sensor system like terrestrial laser scanners.  
 
Several authors presented projects where laser scanners are 
used for recording of cultural heritage sites (e.g. Allen et al., 
2003). Laser scanners are advantageous regarding areal data 
acquisition but not optimal for capturing edges and corner 
points. Furthermore laser scanning produces a large amount of 
data which cannot be handled without simplifications. 
Therefore, laser scanning will be often combined with 
photogrammetry which delivers contour lines completed by the 
details from scan data (e.g. Fuchs et al., 2004, Georgopoulos 
and Modatsos, 2002; Borg and Cannataci, 2002). Due to the 
exposed location on hilltops or ridges it is often necessary to 
record medieval castles (partially) from airborne platforms (e.g. 
Mayer et al., 2003; Gonzo et al., 2004). Therefore, in most 
cases a combination of the above mentioned methods regarding 
the particular advantages may be the best solution (e.g. El-
Hakim et al., 2005).  
 
Due to the complex structures of medieval castles the recording 
of such sites results in a huge amount of data. Therefore, 
automation is an important aspect not only from the economic 
point of view. Classical photogrammetry with a huge amount of 
manual interaction has proved to be very time consuming (e.g. 
Hanke and Oberschneider, 2002; Kersten et al. 2004, 
Grussenmeyer and Yasmine, 2003). A similar situation can be 
observed concerning laser scanning, where the degree of 
automation seems to be not too high at the moment. Due to the 
complexity of such historical sites some authors have developed 
semi-automatic approaches where limited interaction is needed 
to define basic relations and the main data processing works 
automatically (e.g. El-Hakim et al., 2005). Mayer et al. (2004) 
proposed a fully automatic approach for model generation 
based on computer vision techniques, but intended for 
completion of some smaller details and not applicable for the 
whole castle.  

 
3. RECORDING TECHNIQUES 

Due to the necessity to combine different data acquisition 
methods for medieval buildings (cf. section 2), three techniques 
have been used for the recording of the castle: geodetic 
surveying, photogrammetric and laser scanning techniques.  
 
3.1. Conventional surveying technique 
 
A network of almost 40 geodetic 3D-points has already been 
measured through conventional surveying methods in the close 
surroundings of the castle. This network constitutes a support of 
major importance for the geo-referencing of the surveys 
presented below. The instrument used for creating the network 
was a servo-driven total station 5500 (Trimble). It is able to 
work reflectorless thanks to the long-range direct reflex system 
option (DR 200+ EDM). Performance specifications are 
summarized in Table 1. 
 

Technical specifications (total station 5500 Trimble) 
Angle measurement 3” (1.0 mgon) 
Distance measurement +/- 2mm+2ppm (prism)  

+/- 3mm + 3 ppm (reflectorless) 
 

Table 1: Technical specifications of the total station 5500 used 
 
Furthermore, measurement of control points, main ridges and 
windows of the castle facades have been carried out. The 
control points are useful for further photogrammetric processing 
and the ridges and window contours for undertake modelling 
and accuracy assessment. Measurements with telemeter were 
only performed between scan stations and laser targets. 
 
3.2. Laser scanning technique 
 
Laser scanning is increasingly being used for large site 
recording and allows providing directly a realistic 
representation of any shape. 
 
The terrestrial laser scanner used in this study is the Trimble 
GX, which technical specifications are reported in Table 2. The 
scanner uses an auto-focus method for the laser, guarantying a 
constant small laser spot even at different distances within a 
scan. In addition, the built-in video camera is useful for framing 
the area of interest as well as for colouring the point cloud. The 
workflow proposed with the GX scanner is close to the 
traditional total station survey workflow (Lemmon and 
Biddiscombe, 2006; Hanke et al., 2006). 
 

Technical specifications (Trimble GX scanner) 
Wavelength 532 nm (class II) 
Field of view 360° around the vertical; +38° to -22° 

around the horizon 
Distance accuracy 7 mm at 100 m (overscan mode : up to 

350m) 
Position accuracy 12 mm at 100 m 
Angular accuracy 
 

60 µrad (horizontal plane) 
70 µrad (vertical plane) 

Grid Resolution over 
360° 

3 mm at 100 m with no restriction on 
number of points in a scan 

Spot size 
(with auto-focus) 

3 mm at 50 m (0.3 mm at 5 m up to 1.5 
mm at 25 m) 

Speed up to 5000 points per second 
 

Table 2. Technical specifications of Trimble GX laser scanner. 
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Major limitation of that scanner is its field of view. Indeed, 
when the scanner is levelled and used in the surveying mode, 
objects with high elevation are difficult to record (asymmetrical 
vertical part of 38° above and 22° below the horizon). 
 
3.3. Photogrammetric technique 
 
Several image acquisition devices were used. Their technical 
specifications are reported in Table 3. The Zeiss SMK is an 
analogous stereo camera where both images can be captured 
simultaneously. With its large aperture angle the SMK is 
predestined for recording of architectural objects. The digital 
Canon EOS 5D camera has previously been calibrated.  
 

 Zeiss SMK 120 Canon EOS 5D  
Number of pixels analogue 4368 x 2912 pixels 
Sensor format 90 mm x 120 mm 24 mm x 36 mm 
Focal length 60 mm 28mm - 85mm 
Image data analogue About 8 MB 

compressed data (jpg) 
 

Table 3: Specifications of the camera used for the project 
 
The authors tried to apply the recommendations of the CIPA 
3x3 rules for the planning of the photogrammetric survey. 
 
 
4. DATA ACQUISITION AND 3D RECONSTRUCTION 

4.1. Surveying data and model 
 
Data acquired by tacheometry are a sample of single points. 
Points have been measured on the facade, especially around the 
windows. Only one station was used for the surveying of the 
eastern side, since the already growing vegetation around the 
castle did not allow acquiring from another point of view.  
 
In this context, only a light and skeleton plan representing the 
outlines of characteristic objects or contours (windows, doors, 
ridges, etc.) has been delivered at this stage. 
 
4.2. Laser scanner data and model 
 
Regarding the castle size, the surrounding relief, and vegetal 
occlusions, it was necessary to combine multiple scans. They 
have been taken from different points of view in order to cover 
the whole object surface.  
 
In our experiment, the scanner has been set up over known 
points belonging to the 3D network. Simultaneously, the point 
clouds are automatically geo-referenced. Hence, the result can 
already be visualized in the field without additional post-
processing. Also the quality and coverage of the survey data 
could be verified in the field, reducing survey time or further re-
measurements. It was necessary to activate the auto-focus 
mode, because it guarantees a constant small laser spot even at 
different distances within a scan. 
 
10 stations were occupied for acquiring the interior (main 
dwelling) and exterior of the castle. Among them, 6 were used 
for scanning the exterior facades of the castle (see Fig. 2-a). 
However, only 5 were exploitable. Firstly, the terrain slopes 
steeply away in particular in the south side of the castle. In this 
case, considering the limited field of view, the station chosen 
for scanning the southern donjon did not provide enough range 
to catch the upper part of the donjon. A solution for 

circumventing this defect consists in deactivating the electronic 
level and to tilt the instrument. The point cloud must then be 
integrated to the rest of the acquisition by a consolidation 
technique, since it is not possible to calculate the exact location 
of the station in non levelling mode. Despite this idea, the dense 
vegetation surrounding the south sector prevents correct 
passage of the laser wave. Added to the homogeneous aspect of 
the donjon surface, the automatic consolidation of the clouds 
was not successful and no significant cloud could be reached on 
the southern part of the castle.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
b) a) 

Figure 2. a) Field of view from the stations used for scanning 
the castle (in red); b) Result of multiple scan fusion 

 
At last, the complete interior courtyard was successfully 
recorded from 4 stations on the ground. Again, the minimal 
range for acquiring the upper part of the donjon was not 
available. So an inclination of the laser was necessary and since 
no occluding object was present, the consolidation of that cloud 
with the geo-referenced ones was successful.   
 
Concerning the spatial resolution, generally a grid of 1 point 
every 2 cm has been chosen along each scanned surface. This 
choice fulfils the requirements to keep the details of the facade 
without overcharging the data volume and computing time.  
 
At this stage, the major part (about 80%) of the castle is 
covered by laser scanner data. After merging the 9 point clouds, 
an already realistic-looking representation is available. Fig 2-b 
presents the result of this fusion, where each point is coloured 
with the RGB value provided by the built-in video camera. A 
total amount of 12 million points has been registered.  
 
For modelling the castle, a first segmentation erasing the 
surrounding elements (ground, vegetation, noise) is carried out. 
Since the aim of the study was to compare several techniques, 
the rate of automation was not a priority in the exploitation of 
the data. Thus, a manual digitizing has been performed on the 
segmented point cloud using Realworks software (Trimble) and 
provided a 3D wireframe model (see Fig. 4 and 5). 
 
Another way to produce a more realistic 3D model is to 
interpolate the grid structure into a mesh structure. This can be 
done semi-automatically using commercial software like for 
instance 3D Reshaper (Technodigit). This computing tool 
analyses the point’s layout and the shape they represent to keep 
only those that are strictly relevant according to an imposed 
tolerance. Then, the points kept are meshed to obtain a 
polyhedron with triangular facets. The accuracy of the result 
can be improved by eliminating incoherent points through 
filtering and smoothing. The mesh of the castle was built with a 
regular meshing, by introducing a space between points of 2 cm 
for coherency with the spatial resolution used. The best result 
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was reached by building a mesh in two steps. The first mesh is 
created based on a set of points and on a deviation error value. 
Then, the original point cloud is compared to the polyhedron. If 
necessary, in a second step, the meshing precision is improved 
by re-meshing with other points. At last, the holes appearing in 
some areas like the west facade can be filled more efficiently by 
selecting manually two borders which need to be connected. 
Then, a meshed bridge is built between them.  
 
Fig. 3 shows the effect of vegetation masks on the final result. 
However this gives a useful indication about the trees which 
should be pruned or cut if the visibility of the castle has to be 
improved. Moreover, the critical lack of points on the upper 
part of the donjons as well as on the lower part on some facades 
(due to a surrounding wall and topographic constraints) affects 
the final model accuracy. This problem can easily be 
circumvented by integrating points provided by further 
photogrammetric restitution.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Meshed model affected by occlusions (lack of points) 
 
Nevertheless, the rendering quality is not sufficient and must be 
improved by photogrammetric texturing.  
 
4.3. Photogrammetric data and model 
 
For completion of the laser scanner data at occluded building 
parts and for accuracy assessment, approx. 50 stereoscopic 
models have been captured. Out of these about 35 models were 
necessary for completion. With the remaining images the whole 
courtyard and the adjacent parts of the towers were recorded. 
Approx. 200 control points have been measured with an 
accuracy of about ± 5 mm by tacheometry for orientation of 
these photogrammetric models. As mentioned above, especially 
the lower parts of the facades which are occluded in the laser 
scanning data had been acquired by photogrammetric 
technique.   
 
Additionally about 100 photographs have been taken with the 
digital camera Canon EOS. They were taken all around the 
castle, in order to cover the complete exterior facades and more 
particularly the donjons (stereo-pairs and multi-image mode as 
recommended by the 3x3 rules). These photographs will also be 
used for the final texture mapping of the castle.  
 
For the 3D restitution, two techniques were used:  traditional 
stereo-photogrammetry based on an analytical plotter, and 
multi-image photogrammetry with the PhotoModeler software. 
The best accuracy of approx. ± 5 to 6 mm was achieved by 
traditional technique, after relative and absolute orientation of 
the models by means of the control points. In a first step only 
significant contour lines were measured for comparison with 
the other techniques, as explained in the next section.  
 

 
5. QUALITY ASSESSMENT 

5.1. Geometric accuracy 
 
The comparison of each model is based on the contour lines of 
21 windows, digitized on each data set. Thus, an extensive 
calculation of 3D distances between each wireframe has been 
performed. The mean and standard deviation based on theses 
approx. 90 comparison points have been calculated and showed 
that the investigations must be related to the type of window. 
The results of these calculations are presented in Table 4. 
 
5.1.1. Laser scanning model compared to surveying data: 
Globally, the results are satisfactory whatever the window type 
and both wireframe models coincide adequately in the facade 
plane (see Fig. 4). Nevertheless it can be observed, that the 3D 
distances separating the models are larger for windows with 
semi-circular or ogival arch (especially for the few geminate 
windows) than for rectangular reveal windows. The main 
reason is the difficulty to measure the circular and chamfered 
parts of that kind of windows by tacheometry. Moreover, the 
laser scanning enables to acquire each little detail, like for 
instance the sandstone linings of the windows. 

 

lack of points 

 
 
 
 
 
 
 
 
 
 

b) a)  

Figure 4. Surveying measurements (connected in blue) and 
point cloud digitizing (red); a) Eastern facade; b) Zoom on a 

rectangular reveal window. 
 
5.1.2. Photogrammetric model compared to laser scanning 
model: Again, both wireframe models coincide adequately in 
the facade plane (see Fig. 5). Here the semi-circular and ogival 
arch windows show a slightly better correspondence than 
rectangular windows. Nevertheless, the obtained accuracy is in 
agreement with the inherent accuracy of the geodetic network.  
 
 
 
 
 
 
 
 
 
 

 
  

 
 a) b)       

Figure 5. Photogrammetric restitution (dark) and point cloud 
digitizing (red); a) Interior courtyard; b) Zoom on a semi-

circular arch window 
 
5.1.3. Photogrammetric model compared to surveying data: 
As already mentioned, the interior courtyard has completely 
been restituted by photogrammetric stereovision. As shown in 
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Table 4, good matching occurs for these models. This can be 
explained by the fact that for orienting a couple of photographs, 
a few control points among those provided by tacheometry have 
been used.  
 

 
Windows type 
 

rectangular 
reveal 

ogival 
arch  

semi-
circular arch 

Mean (cm) 4.5 5.6 6.2 Laser / 
survey  Std Dev.(cm) 1.8 1.9 2.1 

Mean (cm) 4.9  3.9 4.5 Photog 
Laser /  Std Dev.(cm) 2.0 2.8 2.5 

Mean (cm) 2.1 4.7 3.1 Photog / 
survey Std Dev.(cm) 2.5 2.4 1.4 

 
Table 4: Accuracy assessment related to window type 

 
It can be concluded that typically the 3D distances calculated 
between the three models are similar and confirm that the 3 
techniques are in adequacy with the accuracy required for the 
documentation of the castle.  
 
5.2. Radiometric accuracy 
 
Acquisition of radiometric information is mainly perturbed by 
two factors. Firstly, the vegetation masks, even in winter time, 
prevent a complete point cloud acquisition, as in the case of the 
western facade or the south donjon (Fig. 3). Secondly, the 
brutal descending slope around the castle prevents the normal 
acquisition of photographs and generates strong distortions near 
the upper part of the castle. On the other hand, after inclination 
of the available laser scanner system, collecting a point cloud in 
the superior parts of the south donjon was difficult as explained 
in section 4.2.  
 
Therefore, the completeness of the castle is covered by none of 
the techniques suggested.   
 
The level of details recorded is directly correlated with the 
spatial resolution of the cameras and of the point cloud. Since 
no small and architectural details decorate the facades, the 
chosen cameras and scan resolutions (2cm on the object) were 
largely sufficient.  
 
Concerning RGB data capturing, images recorded by 
photographs remain more realistic and homogeneous than the 
RGB coloured points provided by the laser built-in video 
camera. 
 
 

6. DISCUSSION ABOUT THE THREE ACQUISITION 
TECHNIQUES 

In summary, the experiences gained through this project allow 
to draw up the limitations implied by the use of each technique. 
Consequently, recommendations regarding each recording 
technique and their combination are derived from it. 
 
6.1. Limitations of models derived from surveying methods: 
the major advantage is the possibility for the operator to choose 
a particular point. However, only a few discrete points are 
measurable, so detailed architectural elements are not well 
reproduced. If possible, reflectorless measurements must be 
avoided. Therefore, tacheometry is only advised for 
establishing the ground control points network. 
 

6.2. Limitations of models derived from photogrammetric 
techniques: Considering the considerable constraints generated 
by the topography and the surrounding forest, only a limited 
distance to the facade is available for capturing images of the 
exterior parts. Thus, an inappropriate base/depth ratio produces 
low angle shots and not adequate ray intersection geometry for 
the photogrammetric point determination. Additional oblique 
images have been taken to achieve a reliable geometry in a tool 
like PhotoModeler. 

 
(El-Hakim et al., 2005) emphasized that the methods based on 
photogrammetry and surveying are still time consuming. 
Indeed, the manual interaction for 3D restitution remains major 
limitation of the method.  
 
6.3. Limitations of models derived from laser scanning 
techniques: In contrast to the latter techniques, the choice of 
characteristic points is not possible. Thus, some details masked 
by other facade elements require commonly to be scanned from 
different points of view. 
 
However, laser scanning is recognized as a high efficient 
acquisition method. And the final representation in a true colour 
3D point cloud is automatic and looks realistic. 
 
Unfortunately, due to voluminous data, it is preferable and 
recommended to simplify the point cloud, by keeping only the 
profiles or sections needed by the client. For this purpose, a 
CAD plan can be drawn, but implies the subjective 
interpretation of the operator. Indeed, the choice of the points 
describing a plane as well as the contour lines is of crucial 
importance for the derived results. To reduce this subjectivity, 
the RANSAC algorithm has been used for detecting and 
extracting automatically the window planes. Thus, an 
improvement of 1 cm in mean and standard deviation could be 
obtained.  
 
It can be noticed also that combination and fusion of different 
scans affect the final accuracy of the 3D model. At last, the 
limited field of view available for scanning the upper parts of 
the castle leads to the idea of installing scaffoldings during the 
next mission.  
 
6.4. Combination of models: If none of the previous 
techniques is able to provide a complete and independent 
model, the combination of multiple data is the unique effective 
and reliable solution. Indeed, if the main parts of the castle can 
be acquired by laser technique, acquisition and modelling of the 
bottom and the top of the castle is easier with photogrammetry 
than with terrestrial laser scanning. This has to be related to the 
topographic constraints and vegetation masks surrounding the 
castle. 
 
Considering the final product, image information acquired by 
cameras is relevant for improving the level of documentation 
quality. Therefore a texture can be mapped on the composite 
model in order to simulate a realistic rendering using multiple 
photographs (photo model).  
 
Therefore the recommended solution benefits from the rapid, 
accurate and detailed first results provided by laser scanning 
technique, and simultaneously allows model refinement 
provided by photogrammetric processing.  
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7. CONCLUSION 

The combination of several data sources raises the geometric as 
well as the radiometric coherence and accuracy of the model. 
Before combining techniques and obtaining a final 3D photo-
model, a laborious workflow must be considered. It begins with 
the planning of the acquisition mission, the establishment of a 
geo-referenced network, the processing of each type of data and 
at last but not at least the processing of the data, up to 
derivation of the final product. Except for the fusion of all 
models, the whole production chain has been considered in this 
paper.  
 
A quality assessment regarding geometric accuracy aspects as 
well as parameters like completeness or level of details was 
carried out. The possibilities, advantages and limitations of 
every recording technique for short range acquisition of objects 
with high elevation were investigated. Definitely, the 
combination of the three promises to provide a complete and 
reliable model. 
 
Once the 3D photo-model is achieved, illumination studies as 
well as simulations recalling the aspect of the castle in the 
XIIIth century are envisaged. At last, its integration in an 
information system is also of crucial importance for handling 
all the available data (Grussenmeyer et al., 2006). Indeed, by 
browsing in the 3D model, the link with a database describing 
the patrimony’s referential allow finding existing maps and 
updating the archives by new measurements.  
 
The results presented in this paper are preliminary. The 
reconstruction and modelling of Haut-Andlau castle is still in 
progress. Therefore, the objectives scheduled in the 
introduction are not yet fulfilled. Nevertheless, the way to 
handle complex and difficult-to-access sites has been analysed 
and has led to useful recommendations.  
 

8. REFERENCES  

Allen, P.K., et al., 2003. New methods for digital modeling of 
historic sites. IEEE Computer Graphics and Applications, 
26(6), Nov./Dec., pp. 32-41. 
 
Borg, C.E., Cannataci, J.A., 2002. Thealasermetry: a hybrid 
approach to documentation of sites and artefacts. Proc. CIPA - 
ISPRS Comm. V Symposium, Corfu, Sept., pp. 93-104. 
 
Daskalopoulos, A., Georgopoulos, A., Ioannidis, Ch., Makris, 
G.N., 2003. A Trip from Object to Image and Back. The 
International Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences, Ancona / Italy, Vol. XXXIV 
(5/W12), pp. 141-144.  
 
El-Hakim, S., Whiting, E., Gonzo, L., Girardi, S., 2005 : 3D 
Reconstruction of Complex Architectures from Multiple Data 
ISPRS Int. Workshop on 3D virtual reconstruction and 
visualization of Complex Architectures (3D-Arch’2005). 
Venise-Mestre, Italy, August 22-24,  2005.  
 
Fuchs, A. , Alby, E., Begriche, R., Grussenmeyer, P., Perrin, J.-
P., 2004. Confrontation du relevé laser 3D aux techniques de 
relevé conventionnelles et développement d’outils numériques 
pour la restitution architecturale. Revue de la Société Française 
de Photogrammétrie et de Télédétection n°173/174 (2004-1/2, 
pp. 36-47. 
 

Georgopoulos, A., Modatsos, M., 2002. Non-metric bird's eye 
view. Proc. CIPA - ISPRS Comm. V Symposium, Corfu, Sept., 
pp. 359-362. 
 
Gonzo, L., El-Hakim, S., Picard, M., Girardi, S., Whiting, E., 
2004. Photo-Realistic 3-D Reconstruction of Castles with 
Multiple-Sources Image-Based Techniques. In: The 
International Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences, Vol. (35) B5, pp.120-125.  
 
Grussenmeyer, P., Alby, E., Meyer, R., Rampazzo, M., 2006. 
3D building model as an interface for a Web Information 
System. Case study of the Pontonniers high school in 
Strasbourg. ISPRS Comm. V Symposium, Dresden, Sept. 25-
27, Germany. Int. Arch. of Photogrammetry and Remote 
Sensing and Spatial Information Sciences, Vol. XXXVI, Part 5, 
ISSN 1682-1750, 6p. 

Grussenmeyer, P., Yasmine, J., 2003. The Restoration of 
Beaufort Castle (South-Lebanon): A 3D Restitution According 
to Historical Documentation. XIXth CIPA International 
Symposium, Antalya, Turquey. Sept. 30-Oct. 4, 2003. Int. 
Archives of Photogrammetry, Remote Sensing and Spatial 
Information Sciences. ISSN 1682-1750, Vol. XXXIV, Part 
5/C15, pp. 322-327.  

Hanke, K., Oberschneider, M., 2002. The Medieval Fortress 
Kufstein, Austria - An Example for the Restitution and 
Visualization of Cultural Heritage. In: The International 
Archives of the Photogrammetry, Remote Sensing and Spatial 
Information Sciences, Vol. (34) 5, pp. 530-533.  
 
Hanke, K., Grussenmeyer, P., Grimm-Pitzinger, A., Weinold, 
Th., 2006. First experiences with Trimble GX scanner. ISPRS 
Comm. V Symposium, Dresden, Sept. 25-27, Germany. Int. 
Arch. of Photogrammetry and Remote Sensing and Spatial 
Information Sciences, Vol. XXXVIPart 5, ISSN 1682-1750, 6p. 
 
Kersten, T., Pardo, C.A., Lindstaedt, M., 2004. “3D acquisition 
modelling and visualization of north German castles by digital 
architectural Photogrammetry”, Proc. ISPRS XXth Congress, 
Istanbul.  
 
Lemmon, T., Biddiscombe, P., 2006. Laser Scanners Improve 
Survey Workflow. Professional Surveyor Magazine, March 
2006, pp. 14-18. 
 
Mayer, H., Mosch, M. and Peipe, J., 2003. Comparison of 
Photogrammetric and Computer Vision Techniques - 3D 
Reconstruction and Visualization of Wartburg Castle. In: The 
International Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences, Vol. (34) 5/C15,pp. 103-108.  
 
Mayer, H., Mosch, M., Peipe, J., 2004. “3D model generation 
and visualization of Wartburg Castle”, ISPRS Int. Workshop on 
Processing and Visualization Using High-Resolution Imagery”, 
Vol. (36), PART 5/W1, 18-20 November, Pitsanulok, Thailand.  

XXI International CIPA Symposium, 01-06 October, Athens, Greece


	1. INTRODUCTION 
	2. RELATED WORK 
	3. RECORDING TECHNIQUES 
	4. DATA ACQUISITION AND 3D RECONSTRUCTION 
	5. QUALITY ASSESSMENT 
	6. DISCUSSION ABOUT THE THREE ACQUISITION TECHNIQUES 
	7. CONCLUSION 
	8. REFERENCES  


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


