
    

 
 

 

The FINE Benchmark (Fisheye Indoor Narrow spaces Evaluation) 

Many researchers are working with fisheye photogrammetry, low-cost image-based sensors and SLAM 
technologies to define reliable approaches to survey indoor and complex spaces. The different approaches 
become challenging in narrow environments, such as underground tunnels, mining areas, stairways, etc. 
The FINE Benchmark wants to provide a set of data to evaluate the performances of different image-based 
processing methods when surveying complex spaces (Fig. 1). It offers the opportunity to (i) tackle one or 
more topics that influence the final accuracy of the results and (ii) share and challenge your approach with 
the community. 
Participants from academia, research institutes and companies are invited to participate to use the 
benchmark data and demonstrate their tools, programmes, processing methods and developments in 
elaborating image sets of different types and range-based clouds for the 3D reconstruction of narrow spaces. 
Presentations dealing with the benchmark data will be included in a special session of the 3D-ARCH 2019 
event - no paper required. All participants will jointly prepare a journal paper after the event. 
If you are willing to participate to the FINE Benchmark, please contact Fabio Remondino (remondino@fbk.eu) 
or Francesco Fassi (francesco.fassi@polimi.it) to receive the data. 

 

1. The case study 
 
The benchmark data are acquired in the historical rooms and tunnels of the San Vigilio Castle, located at the 
very top of Città Alta (Bergamo, Italy) ς Figure 1.  
 

a)  b)  
Figure 1: a) Position of the San Vigilio Castle ƛƴ ǘƘŜ ǳǇǇŜǊ ǇŀǊǘ όά/ƛǘǘà !ƭǘŀέύ ƻŦ .ŜǊƎŀƳƻ όLǘŀƭȅύ and b) the entry of the 
tower leading to the interior passage and underground tunnels. 
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The benchmark is composed of data acquired in:  

¶ an underground dark tunnel (circa 80 meters long) excavated in the rock, with a muddy floor, humid 
walls with some areas with a ceiling lower than 1.5 metres (Fig. 2). 

   
Figure 2: Some view of the underground rock tunnels starting from the tower room. 

 

¶ a tower room with a circular / semi-spherical shape. 

   
Figure 3: Some views of the tower room which connect the underground rock tunnel and the upper passage. 

 

¶ an interior passage (Fig. 4), starting from the towerΩǎ ground floor and leading to the castleΩǎ upper 
part, constituted of staircases, planar surfaces, sharp edges, walls with squared rock blocks and quite 
uniform texture.  

    
Figure 4: Some views of the passage which goes from the tower room to the upper part of the castle. 

 

2. The acquired data 
 

a)  b)  c)  d)  
Figure 5: Some views of the data acquisition campaigns: fish-eye photogrammetry (a), hand-held (b) and static (c) 
laser scanning, topography (d).  

 



5 survey acquisitions were performed on site: 
1. a photogrammetric survey using a DSLR camera with Fisheye-lens:  
2. a photogrammetric survey using a multi-camera Rig with 6 Gopro; 
3. a hand-held mobile laser scanning survey using a ZEB-Revo Geoslam; 
4. a static laser scanning survey using a Leica RTC360;  
5. a topographic survey with a Leica TCRA1203 total stations and 9 stations. 

 
2.1 Photogrammetry:  Full frame DSLR ς 8mm equisolid fisheye 

The benchmark releases three datasets acquired with the full frame camera Canon 5D MKIII coupled with 
the fisheye lens Sigma 8mm f/3.5 EX DG: 

1. One datasets for the underground tunnel όά¢ǳƴƴŜƭέύ 
2. One dataset for tower interiors όά¢ƻǿŜǊέύ 
3. One dataset for camera calibration όά/ŀƭƛōǊŀǘƛƻƴέύ.  

All the images were captured hand-holding the camera and using a speedlight to illuminate the scene. 
The capturing geometry used for the tunnel acquisition consists of 5 pictures taken trying to respect a 1:1 
base/distance ratio (Fig. 6):  

a) 2 photos taken from the very closest position to the two sides of the tunnel by pointing toward the 
opposite side,  

b) 1 photo taken roughly 20cm from the ground upwards,  
c) 2 photos from a lower position by pointing up with the camera tilted roughly 45° degrees both ahead 

and backwards.  
For practical reasons the capturing geometry was not repeated sequentially but instead the pictures were 
acquired type-wise. Occasionally, extra pictures were added for more articulated areas like sharp turns, 
corners and narrow connections. 
 

 
Figure 6: Fisheye acquisitions in the underground tunnel, with the used 5 camera position geometry. 

 
For the tower acquisitions, the capturing geometry was kept rather similar, extra pictures were taken for the 
staircases to take into consideration the steps. In the two larger rooms we followed a classical indoor 
acquisition. 
The third dataset provides pictures of a 3D calibration testfield created onsite and acquired immediately after 
the survey (Fig. 7). The dataset was acquired in a classical way by moving and rotating the camera around 
the testfield. 
 

  
Figure 7: A fisheye image of the onsite calibration testfield (left) and the multi-camera rig acquisition of the testfield. 



 
2.2 Multi -camera rig ς six Gopros 

An array of action cameras was used to perform a fast video acquisition of both tunnel and tower areas. The 
rig consists of six GoPro cameras, five Hero3 and one Hero4 (G5) mounted rigidly on a rectangular aluminium 
structure (Fig. 8). Continuous light is provided by two LED illuminators mounted on the back. 
The rig was designed in order to have a sufficient base-distance between the six cameras in relation with the 
width of the narrow passages to be able to reconstruct the object geometry at every single position of the 
rig. Two cameras are mounted on the top (G6) and on the bottom (G5) of the structure, tilted roughly 45° 
degrees downwards and upwards, respectively. Four cameras were mounted on the sides of the rig, two of 
them (G1, G2) in a convergent manner oriented horizontally, and two in a divergent manner (G3, G4) oriented 
vertically. 
 

  
 

 
Figure 8: The Gopro array schema (top) and an example of the 6 views inside the underground tunnel (bottom). 

 
The benchmark provides three videos per camera:  

1. one video for the tunnel acquisition: the videos start inside the tunnel, they proceed to the end of 
the passage and back to the starting point. Then the acquisition continues outside the tunnel 
providing a connection with the entrance of the tower through a very narrow manhole. The camera 
goes out of the manhole, acquire the entrance room and goes down into the manhole again. The 
videos end with the acquisition of the calibration testfield used also for Fisheye photogrammetry 
(Section 2.1). 



2. one video for the tower acquisition: the tower acquisition starts at the entrance room of the tower, 
it goes one way up till the upper exit and then down again, it continues outside of the tower and 
finishes with the acquisition of the calibration test-field used for Fisheye photogrammetry (Section 
2.1). 

3. one video for single camera calibration purposes: it was performed in the lab a few days after the 
survey and using a dedicated testfield (Fig 9). 

 

  
Figure 9: The testfield in the lab to calibrate the Gopro cameras. 

 
The acquisition of the onsite testfield may be used to calibrate the relative distances and orientations 
between the cameras. The videos are not synchronized.  

 

a)  b)  

Figure 10: The sensor information for the Hero3 Gopro cameras in G1, G2, G3, G4 and G6 positions which acquired 
full HD resolution video sequences (a). The sensor information for the Hero 4 GoPro in position G5 which acquired 4K 
resolution video sequences (b). 

 

2.3 ZEB Revo Geoslam 

The ZEB Revo Geoslam range instrument was chosen as good and low-cost mobile solution to survey the 
very narrow spaces of the FINE benchmark. The offered range-based data might be used for alignment 
purposes or as ground truth comparison or for integration with the image-based data. 
Two scans όά¢ƻǿŜǊέ ŀƴŘ ά¢ǳƴƴŜƭέύ have been acquired performing roundtrips and closed loops in order to 
reduce possible ŘǊƛŦǘ ŜǊǊƻǊ ǇǊƻǇŀƎŀǘƛƻƴ ƛƴ άǎǿƛƴƎέ ŜŦŦects or linear deviation. The first scan involved the 
outside and the inside of the tower, while the second scan surveyed the underground tunnel and part of the 
tower. The room in the ground level of the tower was the common area between the two scans in order to 
mutually register them.  
In the Preview folder, the reduced point clouds are given, for a quick visualization of the two scans.  
In the Raw Data folder, the initial Geoslam data of both scans are available. These are the files stored by the 
instrument after each scanning session and include the point clouds, the trajectories and time information. 


