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The FINE Benchmarkigheyelndoor Narrow spacedvaluation)

Many researchers are working with fisheye photogrammetry,-tmst imagebased sensors an8LAM
technologies to define reliable approaches to survey indoor and complex sfdwdifferent approaches
become challenging in narrow environmepguch as underground tunnels, mining areas, stairways, etc
TheFINE Bnchmarkwants toprovidea set ofdatato evaluae the performance of differentimagebased
processing methods/hen surveging complex spacg$ig. 1) It offers the opportunity to(i) tackle one or
more topics that influence the final accuragsf/the resultsand (ii) share and challenge your approasfth
the community.

Participants from academia, research institutes acmmpanies are invited to participate to use the
benchmark data and demonstrate their tools, programmes, processing methods and developments in
elaborating imageetsof different types and rangbased clouds for thBDreconstruction of narrovepaces
Preentations dealing with the benchmark data will be included in a special session 8DIARCH 2019
event- no paper required. All participants will jointly prepare a journal paper after the event.

If you arewilling to participate to the FINEEBchmark, please contact Fabio Remondimonondino@fbk.el

or Francesco Fags$iancesco.fassi@polimi)ito receive the data

1. The case study

The benchmark datare acquired in the historicabomsand tunnelsof the San Vigilio Castllcatedat the
very top of Citta Alta (Bergamdtaly) ¢ Figurel.
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Figurel: a) Position of the San Vigilio Castle/  KS dzLJAS NI L% 6110 2 & & /arki BEe evitdy of the
tower leading to thenterior passagend underground tunnels.
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The benchmark isomposedof data acquired in:
1 anundergroundiarktunnel(circa 80 meters longxcavated in the rogkvith a muddy floorhumid
wallswith some areasvith a ceilingower than 1.5 metes(Fig. 3.

Figure3: Some views of the tower room which connect the underground rock tunnel and the upper passa

1 an interior passagéFig. 4, starting from the towe® ground floorand leading tdhe castl€ @pper
part, constituted ofstaircases, planar surfaces, sharp edges, walls with squared rock blocks and quite
uniform texture

Figure4: Some views of the passage which goes from the tower room to the upper part of the castle.

2. The acquireddata

by “c d)
Figure5: Some views of the data acquisiticampaigns fisheye photogrammetry (a), hardeld (b) and static (c
laser scanning, topography (d).



5 survey acquisitions were performed on site:
1. a photogrammetric survey using a DSLR camera with Fidbeye
2. aphotogrammetric survey using a muttimera Rig with 6 Gopro;
3. ahandheld mobile laser scanning survey using a-RE® Geoslam;
4. a static laser scanning survey using a Leica RTC360;
5. atopographic survey with a Leica TCRA1203 total statéond 9 stations

2.1 Photogrammetry: Full frame DSLR8mm equisolid fisheye

The benchmark releases three datasets acquired with the full frame camera Canon SzddKléd with
the fisheye lens Siga 8mm /3.5 EX DG:
1. Onedatasets fo the undergroundtunneld & ¢ dzy' y St € 0
2. One dataset fotower interiorso & ¢ 2 § S NE 0
3. One dataset focameracalibrationd & / | €t AO NI GA2Y €0
All the images were captured hatblding the camera and using a speedlighilitaminatethe scene.
Thecapturing geometryused for thetunnel acquisitionconsiss of 5 picturestaken trying to respect a 1:1
base/distance ratiqFig. 6)
a) 2 photostaken from the very closest position to the two sides of the tunnel by pointing toward the
opposte side,
b) 1 phototaken roughly 20cm from thground upwards,
c) 2 photosfrom a lower position by pointing up with the camera tilted roughly 45° degreeth ahead
and backvards
For practical reasons the capturing geometry was not repeated sequentidlingiead the pictures were
acquired typewise. Occasionally, extra pictures were added for more articulated areas like sharp turns,
corners and narrow connections
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Figure6: Fisheye acquisitions
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For thetower acquisitiors,the capturing geometry was kept rather similar, extra picawere taken for the
staircases to take into consideration the stejis.the two larger rooms we followed a classical indoor
acquisition.

The third dataset providepicturesof a 3D calibrationtestfield createdonsiteand acquiredmmediately after
the survey(Fig. 7) Thedatasetwas acquired in a classical Wiy moving and rotating the camera around
the testfield.
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Figure7: A fisheye image of the onsite calibration testfield (left) treimulti-camera rig acquisitio

n of the testfielc



2.2 Multi -camera rigc six Gopros

An array ofaction camerasvas used to perform a fast video acquisition of both tunnel and tower arBaes

rig conssts of six Glro cameras, five Hero3 and oneitd4 (G5)mounted rigidly on a rectangular aluminium
structure(Fig.8). Continuous light iprovided by two LED illuminators mounted on the back.

The rig was designed orderto have asufficientbasedistance between the six cameras in relation with the
width of the narrow passages to be able to reconstruct tfsgect geometry ateverysingle wsition of the
rig. Two cameraare mountedon the top (G6)and on the bottom (G5)of the structure tilted roughly 45°
degreesdownwards andipwards respectively. ur cameras were mounted on the sides of the rig, two of
them (G1, G2)n a convergent mamer oriented horizontally, and two in a divergent man(@B, G4driented
vertically.

Figure8: The Gopro array schema (top) and an example of the 6 views inside the underground tunnel (boti

Thebenchmark providethree vides 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 ergnce 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
(Setion 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 calibrati testfield used for Fisheye photogrammetry (Section
2.1).

3. one video for single camera calibration purposes: it was performed in tha fely days after the
surveyand using a dedicated testfield (Fig 9)
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Figure9: The testfield in the lab to calibrate tii&procameras.

The acquisition of the onsite testfield may be used to calibrate the relative distances and orientations
between the camerasihe vides are not synchronized

Full HD

pixel pitch: 1.55 um
video pixel pitch: 3.20 um

4.62 mm
f=298 mm 3036 pixels
1/2.3 inch 3.46 mm
1080 pixels
6.16 mm
4024 pixels
a) 1920 pixels b)

FigurelO: The sensor information for the Her@G®pro camera G1, G2, G3, G4 and @@sitions which acquirec
full HD resolution video sequences (a). The sensor information fbiettodl GoPro in positioG5which acquirediK

resolutian video sequences (b).

2.3ZEB Revo Geoslam

TheZEB Revo Geoslamnge instrumentwas chosen as good and Ieeost mobile solution to surveythe
very narrow spacesf the FINE benchmarhe offered rangdaseddata might be usedor alignment
purposes olsground truthcomparison offor integration with the imagebaseddata.

Twoscan® a ¢ 2 6 SNE | KaRebaert anlied fegfooming roundtrips and closed loops in order to
reduce possiblR NA F i S NNE NJ LINE lelttsTor lindag déviatioy. Thie dirét SoardigvolvBdrthie
outside and the inside of the tower, while the secawéin surveyethe undergroundiunneland part of the
tower. Theroom inthe ground level of the tower was the common area between tilve scansn 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 Rww Datafolder, theinitial Geoslamdataof both scas are available These are the files stored by the
instrument after each scanning session and include the point cloudgrdfextoriesand time information



