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Laser Scanning the Xe Bang Fai Cave – Executive Summary
A team consisting of: Dr Terry Bolger, local cave expert and liaison, Judith Calford, Photographer and
Field Manager, Dr Caron Gaisford, Technical Assistant for Scanning, Chris Howes, Photographer and
Richard (Roo) Walters, Project Technical Leader was commissioned to scan Xe Bang Fai cave in the time
between 20th March 08th of April 2018. The goals were to produce:
• 5 original cave photos of the cave of the highest quality
• a 3D point-cloud of the main river cave
• an animated fly-through film of the cave
For 3D scanning, a Riegl VZ-400 scanner was employed. In order to determine exact locations within the
cave, scans were made along the entrance passages to a specific location outside the cave. Outside the
cave, the scanner’s Global Positioning System (GPS) was activated to accurately locate the position.
The chamber and the approaching passages were scanned station by station, gradually moving through
the chamber. Over 400 stations were required to scan the river cave. The LIDAR RiScan Pro scan
processing software was employed for initial data processing. Following this, the Hexagon 3-D Reshaper
software package was used to build models which could be measured, dissected and analysed. Final
mesh models were prepared in the standard Stereolithography file format (STL). Data was then exported
in a standard point-cloud format (.las) into the Hexagon 3D Reshaper software (Landrivon, 2018) to
create a spatial model via which volume and other linear measurements can be accurately determined.
In order to create the film - this STL model was exported in to Maya 3D software which allows for
animated water, boats and people to be added.
Whilst not one of the main objectives, the team simply were not prepared for the amount of mud and
so did not scan this section as risk to the valuable equipment was too great.
There is evidence of high level passage that remains unexplored. It will have to be reached by climbing.
If the passage is there it is likely to be dry and well decorated as it will predate the river cave. It aligns
along the same axis as the Tham Bing passage. It may be that this passage 'goes' all the way through to
the upper cave joining in somewhere in the upper cave region - this could add four to five kilometres of
cave to the known system.
Key figures are:
• The river cave is 6.2km long
• The volume of the river cave is 24.5 million cubic metres above the water level. This figure is
accurate to +/- 0.1million cubic metres.
• The maximum height of the cave above water level is 175m.
• Estimations of the volumes of the rest of the cave are:
o Sub water level in the river ~ 6 million cubic metres,
o Upper dry cave: ~ 9 million cubic metres.
So Xe Bang Fai could well be close to 40 million cubic metres, which would make it larger than Han Song
Dong (38.5m) in Vietnam. However, XBF needs to be completed and HSD actually scanned before a
definitive statement can be made. This information would obviously have huge marketing potential for
the cave and thus should be handled with care.
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INTRODUCTION

A project to map and scan the world’s largest
cave chambers and passages has been ongoing
for five years (Walters, 2016) and fifteen large
caves are already completed. This project
offered an opportunity to scan and place Xe
Bang Fai Cave firmly within the category of the
world’s largest caves. It remains an opportunity
for the Hin Nam No National Protected Area
(NPA) to receive worldwide publicity and to be
shown in a context with the better known large,
giant caves of the world. There is no doubt that
this will help towards conservation of the cave
and the Hin Nam No NPA, which was
paramount in the minds of the survey team. The
tourist development of the cave has been well
documented (Bolger, 2017) and it is expected
that the output from this project will serve to
contribute to the continued environmentally
sensitive exploitation of the cave.

Figure 2: Giant Stalagmites in Xe Bang Fai:
Chris Howes

Figure 3: River Passage Xe Bang Fai: Chris Howes
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THIS PROJECT
AIMS

The aims of this project were to produce:
•
•
•

5 original cave photos of the cave of the
highest quality
a 3D point-cloud of the main river cave
an animated fly-through film of the cave.

THE TEAM
Dr Terry Bolger – local cave expert and liaison
Judith Calford – Photographer and Field Manager
Dr Caron Gaisford – Technical Assistant – Scanning
Chris Howes – Photographer
Roo Walters – Project Technical Leader – Scanning.

Figure 4: Flow Stone Cascades in Xe Bang Fai:
Chris Howes

METHOD
2.3.1

EQUIPMENT

For 3D scanning, a Riegl VZ-400 (Ullrich, 2017) scanner was employed. Designed
originally for use in the mining industry, it has a quoted range of 400m and an Ingression
Protection rating of 65 (IP65 (IEC, 2013)), indicating it has zero ingress of dust and can
withstand substantial water-jets. A Gitzo systematic series 5 tripod was employed to
ensure a solid, stable platform for scanning. In order to secure the scanner securely, it
was necessary to remove the central pillar on the plate and enlarge the space for the
scanner mounting screw attachment.
For scanner setup a Suunto compass was required to align the orientation of the
scanner and a spirit level was employed to ensure reasonable horizontal positioning.
These two additional pieces of equipment proved helpful to facilitate scan alignment
during initial processing of data. For scanning this chamber additional equipment
included haul bags, safety ropes and dry bags for storage and transportation of scanner
and tripod.
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2.3.2

SCANNER SETUP AND SCANNING PROCESS

In order to ensure a stable
effective scan, it was necessary to
identify stable ground for scanner
set-up. Once ensuring that the
tripod set up was secure and
stable, the scanner was mounted
on the tripod and the battery
connected. At each station,
following scanner power-up and
completion of an automated
internal checking process, a new
scan position number was
selected and scanning started.
For each scan, the scanner
defaults to the setup determined
at base, so no new configuration
is required unless any scanning
requirement has changed. If any Figure 5: The Riegl VZ-400 Scanner: Chris Howes
issues arose, an additional/repeat
scan was performed.
In order to determine exact locations within the cave, scans were made along the
entrance passages to a specific location outside the cave. Outside the cave, the
scanner’s Global Positioning System (GPS) was activated to locate 5 Global Navigation
Satellite System (GNSS) satellites.
For each scan, it was
necessary to ensure
personal equipment and
personnel were out of sight
during the scanning
process to reduce the risk
of unnecessary shadows in
the scan, preventing full
data acquisition. The
chamber and the
approaching passages
were scanned station by
station, gradually moving
through the chamber. In
order to ensure that scans
could be aligned later, it
was necessary to ensure
that scans overlapped. In
addition, with the
knowledge that excessive
data can be removed,
whereas uncaptured data

Figure 6: Scan of the Cathedral Passage in Xe Bang Fai
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cannot be easily remedied, additional scans were carried out in order to ensure that all
features of the cave had been scanned and to minimise the presence of scan shadows.
Due to the often steep, uneven and loose nature of the cave floor, the scanner was
packed up during transport between stations to ensure scanner safety.
Over 400 stations were required to scan the river cave. These were generally less than
50m apart and closer where cave features would have obscured significant details.

Figure 7: Typical spread of Scan Stations in Xe Bang Fai

2.3.3 SOFTWARE
The LIDAR RiScan Pro scan processing software was employed for initial data
processing. Following this, the Hexagon 3-D Reshaper software package was employed
to build models which could be measured, dissected and analysed. Final mesh models
were prepared in the standard Stereolithography file format (STL).
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2.3.4

DATA CAPTURE AND PROCESSING

Following initial data back-up (twice), data was uploaded into the RiScan Pro software.
The key feature of this software is its ability to perform multi-station-adjustment (MSA) to
align all the scans with each other. Early 3D scanning methods, require reference points
to be placed in the cave in order to align scans and build models, whereas MSA
recognises common patterns between scans, automatically matching the patterns. MSA
adjusts alignment to minimise error thereby eliminating the need for reference markers,
thereby reducing the time required for both data collection and processing. Once
aligned, the combined scans are filtered and combined into a single block of data called
‘polydata’.
Data was then exported in a standard point-cloud format (.las) into the Hexagon 3D
Reshaper software (Landrivon, 2018) to create a spatial model via which volume and
other linear measurements can be accurately determined.

Figure 8: Mesh of the downstream section of Xe Bang Fai created in 3D Reshaper

In order to create the film - this STL model was exported in to Maya 3D software which
allows for animated water, boats and people to be added. A path is generated from
which a virtual fly-through is created and a film produced.
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RESULTS
2.4.1 ISSUES
The cave was a lot more difficult to survey than expected. There were three unexpected
challenges:
In places there really was no place to put the scanner, even in low water conditions
there was nothing so some scan stations are further apart than preferred.
Isolated rocks in the water were often used and sometimes stations were in 11.5m of water.
Flies - billions of them, are detected by the scan and give rise to undesirable points
the cloud. These have had to be cleaned by hand which has taken a long time.
We did not expect the upper cave to be so muddy. Whilst not one of the main
objectives, we simply were not prepared for the amount of mud so did not scan
this section as risk to the valuable equipment was too great. We aim to return
with equipment prepared for the mud.
2.4.2

OUTPUTS

All outputs have or will be supplied as separate files, they include:
• Five photos
• Full data set of point cloud models
• Key metrics
• A full high-quality mesh model of the cave
• A realistic animated fly-through of the cave to illustrate it for people who have not
been.
• This initial report.
2.4.3

COMPARISONS WITH ORIGINAL SURVEY

The original 2D survey (Pollack, 2009) is of the highest standard, but the 3d laser scan
does show a number of minor differences. This is because of the accuracy and
completeness of a LiDAR scan and in no-way reflects poorly on the original work. The
laser simply reaches places the
original surveyors either could not or
to do so would have been too timeconsuming.

Figure 9: Comparison of 2D and 3D Surveys. Walls from the
3D survey are green, walls and detail of the 2D survey are in
black.

There are places such as need the
end of the great-oxbow where the
walls and passages do not match.
This is due to the errors in
estimating passage shapes that
stems from manual traditional
surveying methods.
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CONCLUSIONS
HIGH LEVEL PASSAGE

There is evidence of high level passage that remains unexplored. It will have to be
reached by climbing. If the passage is there it is likely to be dry and well decorated as it
will predate the river cave. It aligns along the same axis as the Tham Bing passage.

Figure 10: Location of new unexplored passage in Xe Bang Fai

It may be that this passage 'goes' all
the way through to the upper cave
joining in somewhere in the upper
cave region - this could add four to
five kilometres of cave to the known
system. The climb does not look that
difficult though climbing equipment
will be necessary.

Figure 11: The New Unexplored Passage, viewed from the
Tham Bing passage.
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THE RIVER
It is clear that the river depth varies a great deal and probably changes with floods
moving sediments about. In certain areas we plumbed the depths and it suggests it
could be very deep. As far as research has revealed no bathymetric surveys of an
underground river have ever been done. It will be an interesting study for the future.

Figure 12: Tham Bing entrance to the Xe Bang Fai Cave : Chris Howes

KEY METRICS
•

•
•
•

The river cave is 6.2km long. There is little point in trying to be more accurate
because it depends exactly between which points you measure from and the
exact path of the line through the cave one takes.
The volume of the river cave is 24.5 million cubic metres above the water level.
This figure is accurate to +/- 0.1million cubic metres.
The maximum height of the cave above water level is 175m.
Estimations of the volumes of the rest of the cave are:
o Sub water level in the river ~ 6 million cubic metres,
o Upper dry cave: ~ 9 million cubic metres.

So Xe Bang Fai could well be close to 40 million cubic metres, which would make it
larger than Han Song Dong (38.5m) in Vietnam. However, XBF needs to be completed
and HSD actually scanned before a definitive statement can be made. This information
would obviously have huge marketing potential for the cave and thus should be handled
with care.
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OTHER OBSERVATIONS
Much of the associated observations will be self-evident and they are faithfully stated
here not as a means to be critical but to add strength to proposals to address issues.
•

•

•

•
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The village of Nongping is beautiful. Its rustic nature, that animals run freely and
children play, is part of its charm. Tourists will want to see this as it is now. It
feels, 'off-the track' and long may it remain so.
That said, the accommodation at the Nongping guesthouse lacks a clean
hygienic toilet and good washing facilities. They do not have to be ensuite, posh
or perfect, but to attract tourists they do have to be significantly better. For Laos
the cost was high and at this price - it has to match facilities in reasonable guest
houses in Thakhek, Pakse, etc.
The tour guides we met were all from out of the area. That’s fine, but in order to
compete, the locals will have to gain a better grasp of a foreign language. They
don’t have to be fluent, but the basics in a range of languages would help their
cause and increase their rates.
Conservation in the cave must be rejuvenated now. Paths through the
stalagmites need to be cordoned off, and stricter controls on cooking and eating
in the cave - especially as regards waste. Locals must be enticed to look after all
aspects of this cave. It is noted that the ban on fishing is respected.

NEXT STEPS

Further work recommended would include.
Full 3d scan of upstream cave.

Complete the survey of the dry upper reaches of
the cave. This will require a 5-6 day camp near
the upstream entrance of the cave.

Bathymetric survey of the river

The river will hold many secrets and who knows
what secrets lie within. However, a survey will
show the full nature of the cave passage and
help understand speleo-genesis and might
show:
Other river passages below water level
Where the fish reside; help to understand
the extent and value of deep pools in the
cave as a refuge during the dry season.
A slightly far-fetched idea is that it might
identify sites for a new tourist activity.

Dive locations within the river.

Resulting from the survey we would propose
that diving certain locations will yield more
information and gain a photographic record.
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Climb and explore high level leads.
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It is not known whether or not the leads
identified will yield new passage, but they do, to
the avid cave explorer, look very exciting.
Exploring and surveying these passages could
lead to a significant increase in the cave
dimensions.
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