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Abstract 

 

Conserving historic buildings the precise reconstruction of lost details and parts will be 

of interest. Using single historic images 2D information can be reconstructed and 

dimensionally evaluated. However, once several images captured from different 

viewpoints are available, these can be three dimensionally and photogrammetrically 

evaluated. 

The Eremitage was a half-timbered building, built in 1796 as part of Potsdam's 

landscape garden. The room was decorated with wooden marquetry showing motives of 

mathematical and astronomical instruments. In 1964 the building was demolished, as it 

was located exactly on the border of  the GDR and West Berlin. The panels itself had 

been saved and were stored in different buildings at Sanssouci Garden. Today, the 

remaining wall-paneling fragments are rebuilt. We were asked to record the present 

condition and to evaluate historic images for the true to scale reconstruction. Therefore, 

we started recording the present condition to provide a base for all restoration measures.  

Two additional historic images of the interior taken from two viewpoints, were three 

dimensionally and photogrammetrically evaluated. One of these images is kept in the 

archive of the Stiftung Preußische Schlösser und Gärten. The other is a photogram 

captured by Albrecht Meydenbauer and is kept in the Messbildarchiv des 

Brandenburgischen Landesamt für Denkmalpflege und Archäologisches 

Landesmuseum. 

Using metigo 3D the images were first individually orientated by tachymetrically 

measured or constructed 3D-coordinates using photogrammetric resection. Next, the 

two images in an image set are jointly photogrammetrically orientated (bundle 

adjustment).  

Finally, the historic and present photographs were used to produce unwrappings of both 

conditions. As the same cylinder parameters are applied these photomaps can be 

superimposed. 

Knowing the floor height, a photomap of the floor can be projectively rectified onto a 

horizontal plane true to scale.  
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1. MODERN METHODS OF DOCUMENTATION 

 

Following, we are describing the documentation works of the Eremitage at the 

landscape gardens of Potsdam, which we have been carried out in spring 2015. 

 

The paper "The Eremitage of the Neuer Garten in Potsdam. Investigation of the interior 

panelling and the original appearance" by Gerald Grajcarek in this publication contains 
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more information on the object, its current condition and the upcoming works. 

 

1.1. IMAGE CAPTURE AND CONTROL POINT SURVEY ON SITE 

 

By the end of April 2015, we recorded the remaining panels.  

 

For that purpose, we used the following equipment: 

- A digital medium format camera (Phase One 645 AFD) and lenses with a focal 

length of 55 mm. The 53,9 mm x 40,4 mm large CCD-sensor of the digital back 

"P65+" has a resolution of 8984 x 6732 image pixel (apr. 61 MPix.). The images 

were saved in the native RAW-format. These RAW-files were converted with 

"Phase One-Capture One Pro" into TIFF-files. 

- To generate a textured 3d-surface model of a niche by Structure from Motion 

(SfM) software we used a photogrammetrically calibrated full-frame SLR with a 

24 mm lens. 

- To lighten the object surface a professional studio flash unit (Hensel). This 

enables us to work mainly with natural light and therefore to keep the thermic 

pollution of the objects low. Using a polarisation filter reflexions were elimated 

to a large extend. 

 

All lenses used with the Phase-One camera were calibrated. Therefore, we are able to 

correct any distortions caused by them before starting image rectification and mounting 

in metigo MAP. To balance the colours, adjust the contrast and sharpen the images 

Adobe Photoshop CS6 was used. 

 

The control points needed for digital image rectification and image orientation were 

measured with a Leica total station in reflectorless mode. Therefore a consistent 

cartesian coordinate system was established. Plan and sections were measured for all 

curved surfaces for which the creation of unwrappings were needed. 

 

–   
 
Figure 1: one image of 32 captured to record the panelling of the room (left), detail of one image (right) 
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1.2. ORIENTATION AND UNWRAPPING  
 

Using control points on the object's surface every image was orientated. I.e. the camera 

position and the bearing of photography were calculated. For this purpose, 10-12 

control points were measured by total station on the object. In metigo 3D the 

corresponding image coordinates were measured manually. On the basis of image and 

object coordinates, the photogrammetric orientation was calculated (see Figure 2). 

 

 
 
Figure 2: the photogrammetric orientation of the image  
 

 

By means of the measured sections location and dimension of the unwrapable surface 

were determined. That way the unwrapable cylindrical surfaces can be projected onto a 

plane true-to-scale (see Figure 3). 

Scale and resolution were selected depending on the project. Recording timber objects, 

we commonly use an image scale of 1:5 to 1:10 with 400 dpi resolution. This 

corresponds an image pixel size on the object of 0.3-0.6mm. 
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Figure 3: projection of cylindrical geometry in photogrammetric orientated images (left);  
Mounting unwrappings of the cylinder surfaces of the niche at scale of 1:5 and a resolution of 400 dpi (right) 
 
 

1.3. DIGITAL ORTHO PROJECTION 
 

The calculation of ortho-projections is the only possible approach to proceed for heavily 

structured or multiple curved surfaces. To compute the ortho-projection a digital surface 

model is required aside from the photogrammetric orientation of the images. This 

surface model is needed to correct perspective image error. 

 

These surface models can be created by scanning systems, photogrammetric systems 

like structured light scanning system, or with automated image matching based on 

stereo models - like in metigo 3D - or automatically created by structure from motion 

tools like PhotoScan from Agisoft.  

Structured light scanning systems are more suitable for small objects due to their 

restricted measuring range. To scan complete rooms, the use of 3D laser scanners or of 

techniques based on image-matching are more suitable due to economic reasons.  

Matching-based techniques search automatically tie-points in the image sequence or the 

stereo-model. These tie points found by the evaluation software correspond to identical 

points on the object. The orientation in the image sequence or of the stereo-models is 

calculated by introducing measured distances or ground control points based on the 

detected points. 

3D laser scanners as well as matching-based techniques bear the problem that both do 

not produce the required accuracy and detail resolution in the sub-millimeter range 

needed for ortho-projections at scales of 1:5 to 1:10. Therefore, image error is not 

avoidable especially at edges. 

As an example, the image sequence of a niche was processed with structure-from-

motion tool Agisoft PhotoScan (see Figure 4). 
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Figure 4: perspective view of the coloured pointcloud imported to metigo 3D (left) and the 3D surface model (right)  
 

 

1.4. 3D MAPPING 

 

3D surface models (STL, VRML, shp) can be imported as mapping base to the mapping 

software metigo MAP 4.0. The user can define different views with orthogonal 

projection on the object's surface, that enables a true to scale 2D output (print or image 

file-export) of the mapping from different views. 

 

The user can map either on the 3D surface as well as on special 2D ortho projections. In 

both cases the mapped polygons are fit to the 3D surface. Marked areas are displayed 

only by transparent colours in the 3D window (see Figure 5). All area hatchings and line 

types available for 2D mappings can be used on the 2D ortho-projection. 

 

 
Figure 5: mapping project with perspective view of the 3D model with 3D mapping (3D mapping made by Gerald 
Grajcarek) 
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Like with many other technologies that are developed and integrated into metigo MAP 

during the last years, we first establish the base for new approaches. Later, we develop 

them in close cooperation with our customers on special projects. Liaising with our 

costumers, we observe that 2D mapping bases are used for the most documentations 

produced by conservators. During the last 3 years, we only have supervised a few pilot 

schemes which are aimed to test and explore new technologies. 

 

The reasons are on the one hand the higher costs for creating 3D records and on the 

other hand the high costs for computer hardware with suitable graphic cards for an 

efficient work. The control in the 3D view is carried out via Open-GL at the memory of 

the graphics board. 

 

 

2. PHOTOGRAMMETRIC EVALUATION OF HISTORIC IMAGES 
 

Conservating an historic object, the true to scale reconstruction of lost details or 

destroyed building parts from historical images might be of interest. If there are only a 

few images available, 2D planes can be reconstructed and evaluated. However, once 

several images captured from different positions are available, these can be evaluated by 

photogrammetry in three dimensions. 
 

 

2.1. IMAGE SEARCH  
 
Two historic photographs were available to reconstruct the interior of the Eremitage to-

scale. 

One of these images is kept in the archive of the Stiftung Preußische Schlösser und 

Gärten. The 24x30cm large glass plate was scanned with a resolution of 1800 dpi and 

provided as a tif-file (21502x17349 px). 

The other is a photogram captured by Albrecht Meydenbauer and is kept in the 

Messbildarchiv des Brandenburgischen Landesamt für Denkmalpflege und 

Archäologisches Landesmuseum. Albrecht Meydenbauer was the pioneer of 

architecural photogrammetry in Germany. He worked with a modified camera and glass 

negatives of 40x40cm in size. 

Today Meydenbauer's images are stored at Brandenburgisches Landesamt für 

Denkmalpflege und Archäologisches Landesmuseum in Wünsdorf. The archive 

comprisses approximately 20,000 glass plates in the format 40x40 cm from 1885 to the 

beginning of the World War I (KOPPE, 1997). 

The images captured by Meydenbauer feature a very high radiometric resolution and an 

excellent geometrical accuracy. 

For photogrammetric evaluations, it is possible to order copies on contact negative. Due 

to the large format the contact prints are produced with a drum scanner with 1200 dpi 

resolution thus resulting in a digital image size of 19294x18931 px. 

 

Subsequent the digital images were post-processed with Adobe Photoshop for balancing 

the tonal values, adjusting the contrast and sharpening the historic image.  
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Figure 6: Eremitage, Potsdam, Photogram Albrecht Meydenbauer, Messbildarchiv of Brandenburgisches Landesamt für 
Denkmalpflege und Archäologisches Landesmuseum, image number 1632_8  (left) Detail from photogram (right) 

 
 

2.2. IMAGE ORIENTATION 

 

First, each historic image is orientated individually using 3D-coordinates. During 

orientation of the individual images, approximations of the used camera and the 

corresponding camera positions were calculated by photogrammetric resectioning. The 

results are later used for bundle adjustment. 

After assessing the orientation of the individual images, identical tie points are 

measured in all used images and further geometrical information, such as vertical lines 

and horizontal planes (such as room edges, depth and height of the cornices, height of 

the floor) are inserted to stabilise the bundle adjustment (see Figure 7).  

The result of bundle adjustment (image orientation, coordinates and calculation of 

errors) allow to draw conclusions about object geometry and accuracy of the evaluation. 

The accuracy of the evaluation of x- and z-value of the redetermined aligned 

coordinates to the bearing of both cameras is in the range of 0.3-0.8cm. The evaluation 

accuracy along the depth (y-value) of the bearing of both cameras is in the range of 0.5-

2.0 cm caused by the narrow distance between both camera positions. 
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Figure 7: photogrammetric orientation of Meydenbauer image in bundle adjustment 
 

 

2.3. UNWRAPPING AND PARAMETRIC IMAGE RECTIFICATION 

 

To unwrap curved wall surfaces and niches the same cylinder parameters are used as for 

the documentation of the present condition (see 1.2). The produced image plans were 

superimposed and can be evaluated simultaneously (see Figure 8). 

 

 
 
Figure 8: true-to-scale unwrapping of the cylinder surface of the existing fragments, 2015 (left) and the historic condition 
(right) 
 

 

To rectify the floor two dimensionally approx. 20 new points were photogrammetrically 

evaluated to determine the historic height of the floor. The deviation of the floor points 

to an average plane was below 1 cm. Therefore, an horizontal plane was defined for 

parametric image rectification (see Figure 9). 
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Figure 9: parametric rectification knowing the historic height of the floor  
 

 

 
 
Figure 10: image plan of the reconstructed floor, scale of 1:5 (left); detail of the image plan (right), fokus GmbH Leipzig 
 

 

The left half of the floor (transparent area in Fig. 10) was added by mirrorring the right 

half and checked against the existing plan of the today's reconstruction. 

 

 

3. SUMMARY 

 

The described work was performed with metigo 3D, a software by fokus GmbH Leipzig 

for photogrammetric image orientation and bundle adjustment as well as for 

unwrapping of surfaces and ortho-projection. For bundle adjustment the algorithm 
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(CLIC) developed by the Photogrammetric Institute of Technical University Munich 

was implemented. The creation of the DSM which is used for ortho-projection was 

carried out using PhotoScan by Agisoft. 

 

The 2D image rectification and mounting was executed with metigo MAP, images were 

processed with Adobe Photoshop CS6.  

 

Depending on the object size, the object detail and the used materials, the number of 

captured images is defined by a reasonable selection of resolution and scale. The 

described procedure can therefore also be used for other objects.  
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5. FIGURES 

 

Figure 1: one image of 32 captured to record the panelling of the room (left), detail 

of one image (right) 

 

Figure 2:  the photogrammetric orientation of the image  

 

Figure 3:  projection of cylindrical geometry in photogrammetric orientated images 

(left); Mounting unwrappings of the cylinder surfaces of the niche at 

scale of 1:5 and a resolution of 400 dpi (right) 

 

Figure 4:  perspective view of the coloured pointcloud imported to metigo 3D (left) 

and the 3D surface model (right) 

 

Figure 5:  mapping project with perspective view of the 3D model with 3D 

mapping (3D mapping made by Gerald Grajcarek) 

 

Figure 6:  Eremitage, Potsdam, Photogram Albrecht Meydenbauer, Messbildarchiv 

of Brandenburgisches Landesamt für Denkmalpflege und 

Archäologisches Landesmuseum, image number 1632_8 (left) Detail 

from photogram (right) 

 

Figure 7:  photogrammetric orientation of Meydenbauer image in bundle 

adjustment 

 

Figure 8:  true-to-scale unwrapping of the cylinder surface of the existing 

fragments, 2015 (left) and the historic condition (right) 

 

Figure 9:  parametric rectification knowing the historic height of the floor 

 

Figure 10:  image plan of the reconstructed floor, scale of 1:5 (left); detail of the 

image plan (right), fokus GmbH Leipzig 

 

 

 

 


