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Introduction
The Jantsky Béla Cave mapping and Cave protection Study Group is a self-organizing group, led by
Tarsoly Péter, one of the lecturers of the West Hungarian University. We would like to map the
unexplored caves at Velencei Mountain, and at Bakony, where the knowledge from the caves is so
sparse, and we try to protect the explored ones.
Our study group counts approximately 10 members, which acts for their own budget, to hike the
mentioned mountains, search for caves, draw maps, and make them clean, and dig out the mess
from them.
Now, we decided that, we want to publish one of our achievements, where we surveyed the cave of
Csesznek, which is located under the Castle of Csesznek, at Bakony Mountain. The Bakony is mainly
made up from limestone, dolomite, and marl, some place; there is some basalt, from age of Triad and
Jura. These minerals houses lot of karst type caves, whereof we know a lot. Some of them are small,
but there are some bigger, for example the one in Csesznek.
We used a very modern - but for this purpose, rarely used (at our country) - technics, what is the
laser scanning. In Hungary, there was some laser scanned cave, for example the Cave of Pálvölgy, but
the technics is still in initial phase. One of our goal is, to find out that, the technology is suitable for
mapping of undeveloped caves, or not.
Our study group is in possession of the older map of the cave, which has made in 1978. We surveyed
the cave to understand the differences between the state of 1978 and 2013. In this paper, we would
like to introduce the procedure, and draw the conclusion.

3
Address Offices in Brussels : Rue du Nord 76, BE – 1000 Bruxelles. Tel +32/2/217.39.72 Fax +32/2/219.31.47
E-mail: jean-yves.pirlot@clge.eu - www.clge.eu EC-Register of interest representatives 29077535421-69

JBCCSG: Using laser scanners for cave mapping

1. Planning
The first part of the planning was very easy, because we have to choose the instrument. We didn’t
have much choice, because a laser scanner instrument is hardly accessible. Fortunately our school
own a Leica C10 Laser Scanner, which was match for our goal.
The second part of the planning was to find out, what we want to survey. It is a very complicated
question, because we have to find a cave with good conditions. It must big enough to ingest the
instrument into it, and to operate it safety. Our team negotiates many times, before we choose the
Cave of Csesznek. It was a good choice from a lot of point of view: It is a karst type cave, which is not
covered with sand or dust (which can perish the instrument), it’s big enough to take the scanner
inside, and we have enough space to establish base points. By the way, the instrument is heavy, and
the caves are mostly takes place at forest, or hardly accessible with car, so we had to carry the
instrument to the target zone, so it was a very important question too.
Finally, we have to find out, how we want to process the collected data, and what kind of end
product will be made from them. We shared the work phases, and looked for a suitable date for the
surveying. We would have liked to make a new map from the cave, and some kind of 3D appearance.

2. Survey of Csesznek
The selected date was 21st of April, at 2013. It was a
sunny day, which was perfect for our tour. We depart at
the morning from Székesfehérvár, to reach our
destination: Csesznek. We can park about 500 m from
the cave, so, we didn’t have to carry the instrument too
far. The cave is located in a valley, under the castle,
where is a waterfall, called Turkey Bath is located. We

Fig. 2.1: The Turkey Bath

Fig. 2.2: Travel the instrument
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carried the instrument to the cave through the valley, and the brooklet, to reach the cave. When we
arrived at the cave, we first explored it’s condition, and a short discussion was held about the process
of the surveying.

Fig. 2.3: Arriving at the Cave of Csesznek

By the result of our discussion, we decided to measure the using six base points, one of them was
outside, and five were inside the cave. We used targets, to connect the point clouds to each other,
during the survey, but unfortunately, we accidentally moved the targets at the entrance, so we had
some problem with the post-process. Inside the cave, there is a bigger chamber, and a way to the
upper small chamber. We were able to survey the larger one only, and a small part of the gap,
because there wasn’t enough space to set the instrument in the smaller one. We finished the
scanning of the cave about 4 hour, and collected approximately half gigabyte of raw data.
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Fig.2.4: Measuring outside of the cave

Fig.2.5: Carrying the instrument inside the cave
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Fig.2.6: Setting up targets inside the cave

Fig.2.7: The cave’s wall is shine from gold like alga
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Fig.2.8: Preparing the bigger chamber’s measure
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Fig.2.9: Preparing the second measurement for the bigger chamber
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Fig.2.10: At the gap – During the measurement our lecturer can locate under the instrument only
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Fig.2.11: At the gap - The last standpoint is located in the middle of the gap, where we had to unmount the wifi antenna,
and switch off the compensator, to manage the measurement, because there wasn’t enough space
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The measurement has to take so much attention and patience, because we worked with a very
precious instrument, and the environment in the cave was so extreme. We successfully completed
the surveying with caution, and no personal or material injury was happened. We extracted the raw
data to our data traveller device before we travelled home.

3. Processing of the measurement
We processed the acquired data at the collage, when we had some spare time. We used Leica
Cyclone 8.0 software for pre-process, and Microsurvey Point Cloud CAD software for the evaluation.
First, we imported the project to Cyclone, where we can watch the scanned clouds separately, and
we have to attach them to each other. We used the measured targets, where they were available,
but unfortunately, it wasn’t enough in some places, so we have to attach the clouds using
homogeneous points, but in a cave environment, it’s hard to find points like that. When we finally
attached the clouds, it was found that there was approximately 10 cm of error in the connections of
the outer, and inner cloud, and unfortunately, we cannot connect the bigger chamber and the gap’s
last cloud, because, there was warping, what we cannot eliminate. It can be say that 10 cm is a minor
error in cave mapping, where usually the cave mappers use accuracy about a few meter. At the end
of the pre-processing session, we had the “whole” cave in one cloud, what we exported at .pci
format, for the evaluation.

Fig.3.1: The cave’s point cloud
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Fig.3.2: Curiosity - Our lecturers stayed in the range of the scanner, during one scanning

After we had the whole point cloud, we start the evaluation. The Point Cloud CAD software gives us
the possibility, to draw the cave in the point cloud, while the software is drawing the vector drawing
parallel. We have the old map of the cave, so we decided to make a new map and a 3D wireframe
from the cave.
First, we draw the wireframe. We used the „clip box” function of the software, which clips a 2 cm
wide segment from the whole cloud, so we can make cross sections from the cave. We drew these 2
cm cross sections, with 10 cm difference, in both vertical and horizontal sense. After we drew these
cross sections, we had got the wireframe of the cave.
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Fig.3.3: Vertical wireframe of the cave

Fig.3.4: Vertical wireframe, with point cloud
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Fig.3.5: Vertical and horizontal wireframe

Fig.3.6: Vertical and horizontal wireframe with point cloud
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Fig.3.7: Inside the wireframe

After we finished the work with the wireframe, we start to draw a layout, from the map. As we
mentioned before, we have the old map, from 1978:

Fig.3.8: The old map, from 1978
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The survey, at 1978, was made with ordinary instruments, such as tape measure, compass, and slope
measurement. We immediately experienced that, the north arrow (left top of the map) is pointing to
wrong direction, and after a more detailed analysis, we find out that, the base point No. 5 and No. 6
in the old maps are wrong, because the gap, where these points are taken place, is heading to
another way. We derived a cross section from the point cloud, where the whole layout can
accessible, and we re-drew the map:

Fig.3.9: The re-drawn map of Csesznek

If we compare the two maps, we can experience some differences. First of them is about, the gap,
between the chambers. It is orientated different ways in the two layouts. The main chamber’s
arrangement is different in the two layouts. By the way, it’s obvious that, our cave map is much more
detailed, than the earlier one. The cross sections are more detailed too, so the technology can show
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its real advantage: much more detailed drawings, much more accurate register. After these
recognitions, we negotiate our lecturer, who is the member of the Hungarian Caveing Society (called
Vulkánszpeleológiai Kollektíva), and took steps to refresh the registered map of the cave to our map.
It’s a very long procedure, and at the time of the writing of this paper, it’s still not finished.
After we draw the layout, we made an arbitrarily assigned polyline in the cave, as if we measured it
with ordinary instruments. From this polyline, we can establish the following statements:
The cave’s measured length: 16.07 m (length of the additional, but not scanned part is approximately
~ 10 m)
The cave’s measured height difference: +2.49 m (total, but not completely measured height
difference is approximately ~ +5 m)
(The reference for these sizes is the 0 point at the entrance of the cave. Our statements based on
scene investigations, and measured points.)

4. Conclusion
The project’s goal was: to explore the opportunities of laser scanning at the field of cave mapping.
We can say that, the technic is useable for cave mapping, at undeveloped caves, such as Csesznek. A
project like this is require so much caution, and planning, but it can provide much more detailed
information about caves, than ordinary surveying with measure tape and compass can do. For
example, to make a wireframe model, from a cave, it would take so much time with ordinary
instruments, but with this technology, it’s so easy, and cost-effective.
The measurement’s by-product is the layout, which revealed the contradiction between the register
and the real state. We hope that the registering authority will accept our suggestions about the
modified layout.
The cave mapping is probably the territory which demands less accurate measurements at geodesy,
but using the surveying technics described in this document, it can help to make maps and layouts
more accurate (as seen above). The laser scanners are spreading nowadays, and caves in the world
are the part of our heritage, just like monuments, but the register is much more accurate in the last
case. The experience, which was gained during this project will be useful on the upcoming 3D cellar
system cadaster’s mapping tasks in Hungary.
In Hungary, so many caves are still not explored, and we hope that, if somewhere in the country, a
caver find a bigger cave system, we can help to explore and document it, with the state of art
technology.
The Jantsky Béla Cavemapping and Caveprotection Study Group will continue to map and protect
caves, and we hope that this was not the last time, when we use laser scanning for mapping. In our
country, laser scanning is just a new technology, but we hope that, it will spread wide range,
including cave mapping, within a short time.
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Epilogue
In the epilogue, we would like to declare special thanks to:
Tarsoly Péter and Tóth Zoltán, lecturers of West Hungarian University, to support our work, with
material and immaterial values.
The surveyor team (with the roles in the project):
Taroly Péter, lecturer - Support of the field measurement
Tóth Zoltán, lecturer - Support of the field measurement, processing
Kraft Bertalan, student - Field measurement
Haász Soma, student - Field measurement
Halász Miklós, student - Field measurement, processing
Molnár Bálint, student - Field measurement, processing

The study group members are common state the following: The study group is self-supported, no
one support our travels, our equipment, or other outlays. In case of winning, the member of the
group are offer the whole prize to the Study Group, to support the up growing generation of the
caving society with equipment, and the opportunity to hold study trips. All member of the surveyor
team of this project is before graduation. We want to keep up this group, because we believe that,
we have to know our caves, to protect them, for our grandchildren.

Jantsky Béla Cave mapping and Cave protection Study Group
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