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Abstract: Digital applications become more and more relevant in cultural heritage related management. 

Digital models of individual assets or of complete sites or excavations are commonly used to support 

documentation and visualization tasks. However, the requirements for those two applications differ 

significantly. While for documentation purposes special focus is drawn on proper and accurate geometric 

modeling, especially in visualization applications, the geometrical model is commonly generalized as far as 

possible in order to enable high performance rendering. This divergence in the requirements causes high 

costs if both applications are to be fulfilled as data and models captured for one are generally not applicable 

for the other purpose. To overcome this, we propose an automated processing chain for the generation of 

highly accurate, photorealistic models of cultural heritage assets. This method is based on processing point 

clouds acquired by laser scanning. It is not restricted to a certain instrument type or a certain scale. It has 

been approved for various documentation applications at different scales ranging from small pieces like a 

chalice or vases over man high sculptures up to objects of some dozens of meters in size like fountains or a 

staircase. It could be demonstrated, that the achieved geometric models are applicable for documentation 

purposes at millimeter scale. Within this contribution, we demonstrate its applicability for the generation of 

high resolution, photorealistic models. In comparison to models determined from images only, the results of 

the proposed processing approach are more accurate (from a geometrical point of view) and the interactive 

processing effort is reduced by approximately forty percent. 
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Introduction 

Photorealistic, three-dimensional models have the ability to support various management tasks in cultural 

heritage preservation, documentation, and marketing. However, the requirements to fulfill these tasks are 

manifold. On the one hand, highly accurate models are necessary for reliable documentation purposes while 

on the other hand, for marketing and public relations – but for visual inspection as well – the visual 

representation is of major importance while, in those cases, the requirements on the geometrical correctness 

is less important. Hence, fulfilling the requirements for both tasks becomes a challenging task especially if 

economic aspects have to be considered. Additionally, the variety of devices for representing virtual models 

increased significantly in the recent past, now ranging from high resolution and large scale projection 

installations to small devices like iPhone or Android based phones. This multi-scale applicability of such 

models results in additional quality requirements. 

For the acquisition of accurate three-dimensional geometric models, Terrestrial Laser Scanning (TLS) has 

proven to be an adequate tool. The variety of instruments ranges from low budget close range scanners 
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available from 1.000 € upwards to high-end instruments costing several 100.000 €. The achievable quality is 

dependent on the field of application and the measurement technique used. Close range scanners (i.e. up to 

several meter measurement distance) achieve 0.01 mm accuracy or even better. However, due to their 

restricted field of view, the acquisition of huge objects becomes uneconomical. For distances of up to 100 

meters, phase-shift scanners achieve an accuracy of some millimeters an due to their panoramic field of 

view, they are well suited for numerous applications in cultural heritage documentation. For longer distances 

(up to several kilometers), pulse-round scanners are commonly used allowing for a ranging accuracy better 

than a centimeter. 

TLS typically provides enormous point clouds (up to 1.000.000 points per second) which are – in general – 

not well suited for the above mentioned tasks. Hence, further processing is required in order to derive 

products fulfilling the specific requirements. The major post-processing steps are registration (i.e. 

transforming the individually captured scans into one coordinate system (e.g. RUSINKIEWICZ and LEVOY 

2001; ULLRICH et al. 2003) and model generation. Most software solutions distributed together with the 

instruments and numerous commercially available post-processing software tools provide such functionality. 

In this contribution, we propose an automated processing chain for the generation of three-dimensional 

triangulation models from TLS-point clouds (DORNINGER and NOTHEGGER 2009). 

The generation of visualization models from geometric models requires the mapping of adequate texture 

images. The requirements on the geometric foundation differ from documentation requirements. Therefore, if 

aiming at visualization applications only, image data is commonly used to derive the geometric model directly 

without an additional (geometric) data source. In this case, highly generalized geometric models, 

representing the coarse shape of the object are derived manually by, e.g., stereo analysis of images. In this 

case, small surface structures are generally not represented by the base geometry model directly but by so-

called geometry texture maps which may be derived from image data as well (e.g. shape from shading 

(HORN and BROOKS 1989). Anyhow, such models are not well suited for documentation as they aim at 

proper visual appearance while considering geometric correctness as less important. 

To fulfill the requirements for both types of application, we propose a workflow allowing for automated 

determination of triangulation models based on point cloud data. Based on this geometrically accurate 

foundation, visualization models are derived interactively using commercial software tools originally 

developed for the gaming industry. In the following we will introduce the major characteristics of our workflow 

and analyze the achievable results based on modeling a sarcophagus of the Pharaoh Tutankhamun. As 

demonstrated, the resulting virtual model can be used for documentation purposes at millimeter scale and for 

multi-scale visualization applications such as high-resolution renderings or within a Smartphone application. 

Methodology and Related Work 

So far, economical factors prevented an overall application of TLS based technologies in the field of cultural 

heritage documentation. Instead, traditional techniques such as image based documentation or map drawing 

were often used for data acquisition especially in the archeological context. Nevertheless, due to the 

achievable performance and accuracy, the market share of TLS based data acquisition grew significantly. 
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In the following, we distinguish two applications of geometric models: documentation and visualization. 

Documentation of cultural heritage sites is of major importance and accurate three-dimensional models are 

well suited to fulfill numerous tasks in this field. For visualization tasks such as web based representation, 

customer DVDs or on-site computer installations, the documentation aspect is commonly neglected while 

focusing on creating visually appealing models. Figure 1 compares the major characteristics of 

documentation and visualization models and their major fields of application. Due to the contrariness of 

these requirements, in general geometric models are either generated to fulfill only one task – i.e. either 

documentation or visualization – due to economical restrictions. 

Documentation Visualization 

Geometrically accurate representation Geometrically generalized to support rendering 
requirements 

Geometrically rich in detail Richness in detail through texture 

Foundation for … 

• Planning 

• Restoration 

• Monitoring 

• etc. 

Foundation for … 

• Visual inspection 

• Marketing 

• Public Relations 

• etc. 

Fig. 1 – Characteristics of documentation (left) and visualization (right) models. 

To overcome this, several aspects need to be fulfilled in order to generate multi-purpose geometric models in 

an economically feasible manner. Figure 2 shows a processing chain for generating such models based on 

TLS (geometry) and image (texture) data. 

Terrestrial Laser Scanning (TLS) Image Data (Texture) 

Data acquisition 

• point cloud measurement • image acquisition 

Calibration – minimizing systematic errors 

• e.g. distance, intensity, angle • e.g.: radiometry, distortion 

3D-filtering 

• minimizing measurement noise 

• data reduction (thinning) 

• resampling 

Registration 

• transformation of scans into project 
coordinate system 

• manual image assignment 

• bundle block 

Merging 

• minimizing remaining discrepancies • mosaicing 

Modeling 

• e.g. triangulation, NURBS, primitive fitting • manual texture mapping 

• rendering 

Fig. 2 – Processing chain from data acquisition to the virtual model. The TLS processing (left) is applied automatically. The image 
processing steps (right) are applied interactively using commercial software tools. 

The proposed processing chain is based on highly automated processing of TLS point cloud data 

(DORNINGER and NOTHEGGER 2009). For data acquisition, we propose the application of phase-shift 
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TLS. However, close range or time-of-flight instruments are also applicable, depending on the purpose, and, 

especially the extension of the object to be captured. For the steps "3D-filtering" and "Merging", the same 

algorithm is applied. It is based on the highly robust estimation of local normal vectors which are used to 

determine the most probable local surface behavior. Based on this information, the most probable surface 

position within the noisy data is determined by density estimation (NOTHEGGER and DORNINGER 2009). 

The registration, i.e. the transformation of the individual scans into one project coordinate system is 

performed using a hybrid approach based on the iterative closest point (ICP) method while considering tie 

features as well. A similar approach is described by AKCA and GRUEN (2007). The triangulation model is 

determined using commercial software. 

Based on the triangulation model, the visualization model is generated using commercial software tools 

(Maya and 3Dcoat for modeling and texture mapping and Zbrush additionally for texture mapping). Within 

this process, the coarse geometric model representing the major defining objects parts is reconstructed. 

Further on, UV maps are generated representing smaller details and controlling the surface rendering 

behavior. Finally, the UV maps and the radiometrically corrected images are projected onto the coarse 

geometry. The resulting visualization models can be used in their original resolution or a supervised 

resampling process may be applied to reduce them with respect to the expected output device. 

Results and Discussion 

In the following, we demonstrate the whole processing chain from TLS and image acquisition by means of a 

sarcophagus shown at the exhibition "Tutankhamun – His Tomb and his Treasure". This exhibition consists 

of reproductions of the objects originally found within the tomb of the Egyptian Pharaoh Tutankhamun. The 

objects were manufactured under supervision of the Museum of Egyptian Antiquites in Cairo and are 

produced using true to original materials. The data acquisition took place in Hamburg, Germany, using a 

Faro Photon 80 Scanner. This instrument applies the phase-shift measurement principle. During one night 

(approx. 10 hours), all bigger objects were entirely captured by 77 scans. Additionally, we tried to capture all 

smaller objects at least by one scan. Fortunately, glass cases did not influence the measurements 

significantly. Figure 3 shows a panoramic view of a single scan acquired close to the four inner sarcophagi of 

the Pharaoh. The modeling process of the sarcophagus seen left of the image center is discussed in detail in 

the following. The colors represent the intensity values captured by the scanner. Those represent the local 

reflectivity behavior of the scanned objects. Although we expected major problems on the surface of the 

sarcophagus due to the highly reflective gold leaf material, it turned out, that those remained controllable. 

The instrument accuracy is about 3 millimeter at 5 meter distance for single point measurement. Compared 

to the current Faro scanners (Photon 120 and Focus 3D), the scanner used had a lower repetition rate of 

120.000 points per second. Aiming at high point densities, the average scanning time was approximately 6 

minutes per scan. 

Texture acquisition was performed using a Canon 20D with a variable focal length of 14 to18 millimeter and 

took approximately 5 hours. Due to the time pressure, we were not able to use additional lightning. Hence, 

we had to cope with the original lightning conditions of the exhibition's rooms. This caused several problems 

such as specular reflections, which had to be retouched manually using image processing software. 



15th International Conference on “Cultural Heritage and New Technologies“ Vienna, 2010

499 

Fig. 3 – Polar view of 360° panoramic TLS data acqu isition showing a typical scenario of acquiring objects at a museums site. A part of 
this scan was used for generating the model shown in Fig. 4. 

Fig. 4 – Processing steps from a TLS point cloud to textured models. Upper left: Shading of filtered point cloud; Lower: Automatically 
generated triangulation model (left) and interactively derived visualization model (right); Upper right: differences of automatically and 
manually derived geometry model. 

The upper left image of Figure 4 shows the resulting point cloud after applying the following processing steps 

on the original scanning data: 

�� 3d-filtering of individual scans: data reduction by factor 5  � ~300,000 points 

�� registration 

�� 3d-filtering for merging individual scans  � ~200,000 points 

Afterwards, a triangulation was applied resulting in the triangulation shown superimposed on a rendered 

model in the lower left image of Figure 4 (~78.000 triangles). The manually reconstructed model consists of 

~6.000 triangles and is shown in the lower right image of Figure 4. The differences of the manually 
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generated model (i.e. the visualization model) and the automatically derived triangulation (i.e. the 

documentation model) are shown in the upper right image of Figure 4. The major parts of the two models 

differ less than 3 mm. Bigger discrepancies (up to 10 mm) can be found in the regions of the insignia which 

were obviously not captured properly by the laser scan and had to be remodeled manually based on the 

image information. Further on, discrepancies occur along inner edges. This effect seems to be the caused by 

reflectivity problems of the scanner on the golden surface. In this case, the accuracy of the documentation 

model is even worse than those of the visualization model as for this, the image data was used in order to fix 

the deficiencies of the documentation model based on laser scanning data only. 

From all together eight selected highlight objects of the exhibition, three-dimensional visualization models 

have been generated. Those models were finally prepared for integration into an iPhone application. The 

memory restrictions of such devices define a tight requirement framework concerning the maximum 

complexity of virtual models to be displayed properly. Further challenging tasks are the implementation of a 

proper camera coordinate system and of a finger touch based navigation enabling zooming, panning and 

rotating functionality, based on finger tip gestures only. Figure 5 shows screens of the iPhone application 

"Tutankhamun – His Tomb and His Treasures". 

Fig. 5 – iPhone application with 3D-content derived from TLS data. The high resolution documentation models were prepared for 
displaying on the smartphone device (lower, right).

Conclusions and Outlook 

Within this contribution, we discussed an automated processing chain for the simultaneous generation of 

highly accurate documentation and visualization models based on laser scanning point clouds and 

additionally captured image data. The advantages of the proposed method are it's capabilities in reducing 

the amount of input data (billions of points) significantly while preserving as much details as possible 

(adaptive, robust thinning). The capabilities of the 3d-filtering approach used have been already discussed in 

former publications. Hence, the major focus of this paper was drawn on the applicability of the resulting 

documentation models as basis for subsequent generation of visualization models. 
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For the investigated object, it could be demonstrated, that the visualization model fits to the documentation 

model with maximum differences of ± 3 mm for the majority of its surface. At some regions, maximum 

differences of ± 10 mm did occur. Most of those were caused by reflectivity problems due to the highly 

reflective golden surface of the sarcophagus. However, the model's accuracy could be improved by means 

of the image data in these regions. 

Based on the given example, we demonstrated that the manual effort to generate high resolution 

visualization models can be reduced by approximately forty percent if using automatically generated laser 

scanning models for the subsequent interactive modeling process. This makes the simultaneous generation 

of documentation and visualization models economically more feasible. Hence, the overall production costs 

can be reduced significantly (i.e. the costs for the scanning campaign are significantly lower than the costs of 

a photo based production) and, by the way, the geometrically accurate documentation is ensured increasing 

the benefit of the results. Therefore, this offers new fields of application such as archeology, cultural 

heritage, virtual museum, and many more. 
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