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Colouring point clouds using HDR photography
By Ian Anderson, Director, 3D SiteScene Ltd and Neil Pollock, Metropolitan Police Service

The authors argue
that high dynamic
range photography
is the next step
forward in
translating point
clouds into realistic
imagery for heritage,
accident and crime
scenes and other
applications.
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or many years we have all been wowed by
point cloud data from terrestrial laser
scanners and rightly so, as we have seen the
on-going development of scanning hardware
and the benefits this has brought to a wide
range of application areas. First generation
terrestrial laser scanning hardware generally
provided a good resolution point cloud, which
could be displayed with intensity (amplitude)
information, either as a grey scale or coloured
variant. The intensity is a representation of the
reflectance of the scanned surface and this form
of output was and continues to be a very
powerful means of displaying scan data,
providing sufficient information for further
interpretation and processing.
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‘‘

. . . what we
thought on site
would have good
visual colour
impact does not
quite match our
expectations
when we view
the coloured
point cloud. . .

’’

As scanning hardware has developed and scan
speed and resolution has improved, colour
options have been introduced by many
manufacturers, generally in the form of a
camera embedded into the instrument, or by
the use of a conventional digital SLR camera
mounted on the scanner body. Both set-ups
were aimed at providing the same end result:
the ability to extract the Red Green Blue (RGB)
values from the photographic pixels and
applying them to the scan data to generate
coloured point clouds and for texturing of
meshes. The ability to generate these coloured
point clouds has provided new opportunities to
deliver data to our clients with greater visual
impact and has provided us with a further
selling point for the benefits of laser scanning.

Complications with cameras
However, with the use of photographic imagery

Above and centre: Figure 1a & 1b. Light
contrast between adjoining images.
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comes a range of potential pitfalls, which can
affect the quality of the image and ultimately
the visual effect of colouring the point cloud or
texturing the mesh. These constraints are simply
those associated with photography. They are
encountered every time a camera is used and
relate to contrast and light balance and the ability
to record a photographic image that represents
the scene as we see it with our eyes. Our eyes
have the ability to adapt to the vast ranges of
light within a scene, but camera sensors do not.
When taking photography from a scanner
set-up we are further constrained by the
location of the scanner. The requirement is
usually to collect complete 360° and
hemispherical photographic coverage in
environments which are often dark, have
significant light contrast and contain transient
objects. Also we typically set our cameras to
‘automatic’ mode and hit ‘go’, resulting in a
range of outputs: images that show loss of
detail in dark and bright areas, under and over
exposure, blurring due to transient objects
moving through the image (pedestrians,
vehicles) and significantly – different exposures
in overlapping and adjoining images
All of these photographic constraints we
then apply to our scan data to give us our
coloured point cloud or textured meshes. But
often, what we thought on site would have
good visual colour impact does not quite
match our expectations when we view the
coloured point cloud, with overly dark or light
areas, obvious exposure differences at the
joins between images and colouring of blurred
transient objects onto the point cloud. All of
which were not there when we scanned but
are now in the photography. The screenshots

Above: Figure 2. Overlapping images
contrast around scanner position.

colouring point clouds
in figures 1 and 2 below show some of the
effects of colouring point cloud data.
The range of light within a scene is called
the dynamic range and includes the brightest
and darkest light readings, so if we can
capture this dynamic range photographically
we can resolve a number of the identified
issues with conventional photography.

What is HDR photography?
High Dynamic Range (HDR) photography is a
photographic method of capturing the
dynamic range of the scene being viewed.
Essentially this process requires photographs
to be taken of the scene at varying exposure
settings. Then, using tone mapping processes
a single image is created from the multiple
exposures that best represents the dynamic
range of the scene as viewed by the eye.
The resultant image can show detail within
the light and dark areas, improve the overall
exposure, remove or reduce glare, flaring
around edges and remove transient objects
(ghosting), so resolving a number of the issues
associated with using conventional
photography for colouring point cloud data.

Capturing HDR photography
Either digital SLR cameras or dedicated ‘Full
HDR’ cameras can be used to produce HDR
imagery for use with point clouds.
If using a digital SLR, the process is to
capture multiple images of the same scene by
changing the exposure setting for each image,
so perhaps taking five images of the same scene
with exposures at -4, -2, 0, +2 and +4. This
methodology works well for scenes that have a
range of light settings, but not an extreme
range, under which circumstances many more
exposures would be required. However, because
multiple images are taken of the same scene,
this does provide a good methodology for
removing ghosting from transient objects. Some
scanner manufacturers, who use scannermounted digital SLR cameras to provide the
photo capture, offer this method of HDR data
capture within the scanner operating software.
Otherwise the photography can be captured as
a separate exercise to the scanning.
The second option is a dedicated ‘Full HDR’
camera system, which captures by default the
full aperture step settings, and so will capture
imagery in scenes of extremes of lighting
across the full dynamic range and in scenes of
overall brightness or darkness.
The next step is to take our range of
images at different exposures and, using thirdparty software, tone map the images to create
a single image that better represents the scene
as we would have seen with our eyes.
As an example, figures 3, 4 and 5 represent
spherical photography taken within a covered
porch area, at a heritage site. In figure 3, a
single exposure which best shows the inside of
the porch area results in the outside areas
being significantly overexposed with flaring of

Top: Figure 3. - Overexposed image to show internal detail.
Above: Figure 4 - Underexposed image to show external detail
Below: Figure 5. Tone mapped image

light and colour and loss of detail around the
porch entrance. To provide outside detail the
interior now appears underexposed, as shown
in figure 4. By collecting imagery at a range of
exposures, these can be combined by tone
mapping to provide a single image (figure 5)
that shows both the internal and external
colour detail and better represents the scene
as seen by the eye during the survey.

How can HDR photography benefit
terrestrial scan data?
Our view is that the implementation of HDR
capability within the data capture process and
subsequent processing workflow should
represent the next significant development
within terrestrial laser scanning and could give
significant improvements to the photographic
data collected and presented for a broad range
of application areas. It would offer the
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‘‘

. . . an estimated
£1 billion a year
is lost to the
economy through
road closures and
traffic disruption.

’’
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opportunity to provide good quality colour
integration for tunnels and caves and for other
dark environments, which would currently use
intensity for viewing of the point cloud.
Heritage applications that require the point
cloud to represent a recording of the site and
its condition would benefit significantly from
improved point cloud colouring giving a much
truer representation of the site.
Architectural and building applications
would benefit, because the imagery would no
longer suffer from the effect of light on
facades, as shown in Figure 1. No longer
would we be asked questions such as: “Why is
one half of the building light and the other
dark? Is that what it’s really like on site?”

HDR photography, laser scanning and
forensic geomatics
An application area in which HDR
photography is already being used extensively
with significant benefit, is that of forensic
geomatics. Indeed, Roads Minister Mike
Penning has recently announced an
investment of £3 million into laser scanning
technology in order to help collision
investigators record accident scenes more
rapidly and therefore open roads more quickly.
It is said that an estimated £1 billion a year is
lost to the economy through road closures and
traffic disruption. In these times of austerity,
especially in the public sector, any technology
that can help save time and money whilst
maintaining the integrity and accuracy
displayed by laser scanning is a must.
It is within this area of geomatics that an HDR
coloured point cloud can play a unique and vital
role in police investigations – especially in court.
The high level of clarity produced by today’s laser
scanners is one of the reasons why presentation
of scan data to jurors in major trials is becoming
increasingly common. A well coloured and
presented point cloud or animation can eliminate
the need for a jury to visit a crime scene and
saves disruption to a trial, distress to jurors and
money for the taxpayer. However, it is the
accessibility of the data when presented in court
that is of paramount importance. Whilst the
readers of this magazine take point cloud data
and laser scanning for granted, the jury member
on the day may never have seen it before and as
such, the data put before them must be clear,
understandable and most importantly, look
realistic, and for this reason HDR imagery is vital.
Never has the saying “first impressions last”
been more pertinent. Paradoxically, one can
encounter the juror who has the taste for CSI
and does in fact expect to have quality digital
data presented to him. As such, the team
producing this data for court cannot afford to
have to explain why pavements are striped grey
and two halves of a building are in different
colours. Essentially, scan data in court needs to
reach a point where it needs no explanation.
Images such as those shown in Figures 1 and 2
will become unacceptable and the use of HDR
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will become a necessity.
Whilst a well presented court package is of
huge value, the clarity of data is obviously also
of great importance to the investigator. Crime
scenes are by their nature transient events and
with demand to open roads and return
properties to owners as quickly as possible, it
can often be the case that the surveyor on the
ground will have only one chance to collect
data. It is here once again that quality imagery
can be of enormous benefit. By capturing the
multiple exposures required for an HDR image,
the surveyor on the scene can be confident
that despite what can often be less than ideal
conditions, he will be able to effectively colour
his scan data. This can be important not only
for court presentations but also for further
investigation, such as blood spatter analysis or
bullet trajectory mapping where a coloured
point cloud can reveal so much more than a
cloud presented in grey scale or multi hue.
Although the benefits of being able to stitch
an HDR image to laser scan data are clear, the
reality is that the workflows required to create
the finished article are far from straightforward
and can at present be very disjointed. Whilst a
small, cheap panoramic camera bracket and
SLR camera can enable the creation of a
panoramic HDR image, one would still require
several pieces of software and some level of
expertise to create a quality coloured point
cloud. As well as scanner manufacturer’s
processing software, a good quality photo
manipulation package is also required.

Costs and benefits
In a marketplace driven more and more by
client expectations, and by us as surveyors
wishing to improve our deliverables and
further broaden the appetite and requirement
for laser scan data, the improvements to the
visual impact and clarity of the coloured point
cloud provided by HDR photography offers
significant benefits. The advantages already
seen within forensics can be applied to many
other application areas.
This process demands financial investment
in third-party photographic manipulation
software and in the development and
understanding of new skills related to HDR
photography. In addition, the capture of HDR
photography adds an extra step to the site
workflow as does the manipulation of the
images to create final tone mapped
photographs. All of which adds time and cost.
Will our clients be happy to carry these extra
costs on their projects? For some clients and
application areas we would say, yes; as the
benefits afforded by the use of HDR photography
will show significant benefits to the data and the
project. However, as with all technologies it does
not always fit all applications and the benefits
afforded by it are not appreciated by all. As with
all technical improvements, there will also be a
period of education both within the geomatics
industry and to our clients.

