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Abstract

This paper presents three different propositions for cultural heritage organisations on how to digitise objects in

3D. It is based on the practical evaluation of three different deployment experiments that use different methods

and business models for mass 3D-acquisition. These models are: developing the skills of in-house staff within

an organisation, the use of external professionals and using crowdsourcing as a mechanism for developing

the 3D collection. Furthermore, the paper provides an analysis of these models, lessons learned and practical

recommendations for cultural heritage organisations. The analysis includes considerations of issues such as

strategy, size of the organisation, skills, equipment, object accessibility and complexity as well as the cost, time

and quality of the 3D technology. The paper concludes that most organisations are able to develop 3D collections

but variations in the result will be reflected by the strategic approach they place on innovative 3D technologies.

Categories and Subject Descriptors (according to ACM CCS): K.1 [Computing Milieux]: The Computer Industry—
Markets G.1.10 [Mathematics of Computing]: Applications—

Keywords: deployment and business models, insourcing, outsourcing, crowdsourcing

1. Introduction

Cultural heritage (CH) organisations are increasingly seek-
ing to deploy 3D technologies for the documentation, preser-
vation and communication of their tangible heritage assets.
These organisations exhibit certain characteristics. Many
have a large quantity of compelling content - much of which
simply cannot be displayed to the public because of space
constraints. This makes digitisation an attractive prospect.
However, a disproportionate number have limited access to
technical skills and many are in a relatively weak financial
position. These factors will clearly influence how, and in-
deed even if, mass 3D digitalisation can be conducted.

This paper is based on a series of project trials designed
to develop an understanding of how cultural heritage organ-
isations specifically can engage with the mass digitisation of

heritage objects in 3D. Specifically the focus is on the busi-
ness and technical processes that underlie mass digitisation.
When faced with the need to digitise objects in 3D, CH or-
ganisations have three principal models to choose from:

• In-sourcing: when a CH organisation invests in acquiring
in-house expertise and equipment; 3D is strategic to the
organisation.

• Out-sourcing: when a CH organisation prefers to delegate
the implementation of 3D technology to an external expert
or company; being interested only on the result of such
implementation.

• Crowdsourcing: when a CH organisation delegates tasks
involved in the use of 3D technology to a larger group of
people either loosely or not associated with the organisa-
tion (e.g. a museum’s visitors, general public).

Developing in-house expertise is a proposition some her-
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itage organisations may attempt when deploying technolo-
gies. One of the advantages is that most knowledge is em-
bedded within the organisation. However, this model also
requires continual investment in the staff to improve their
skills in what is a fast-paced moving field. Success measures
of insourcing solutions involve indications of cost savings
and service excellence [HL00]. Moreover, the risk is always
latent that once staff have developed their skills they could
leave the organisation taking their knowledge with them. In
addition, the innovative nature of 3D technologies imposes
further challenges on heritage organisations as equipment is
also expensive and might require an extra set of skills to op-
erate.

Outsourcing was popularised as an alternative business
model when Eastman Kodak started outsourcing its infor-
mation systems functions in 1989 to IBM, DEC and Busi-
nessland. Thereafter, both large and small organisations have
found it acceptable to delegate technology functions to in-
dependent organisations. This business model is commonly
chosen by those organisations who do not consider the use
of 3D technologies as part of their competitive advantage.
Hence, outsourcing offers an opportunity to remain compet-
itive by accessing the latest technologies along with external
expertise [AJ94]. In return, this frees up personnel to work
on specific value-added functions [DGHJ04], [SvdMKL10].

Moreover, one of the earliest applications of crowdsourc-
ing was for the open source software movement, where vol-
unteers participate in the development of software for the
benefit of the community. In cultural heritage, early adopters
of crowdsourcing included the museums behind Flickr Com-
mons, but it was not until 2010 that crowdsourcing began
to see wider use in the sector. Existing crowdsourcing ini-
tiatives applicable to cultural heritage have been classified
according to different criteria, including the model of partic-
ipation used [BBJ∗09] and their tangible outcomes [OA11].
The latter presents projects classified under six different
categories: correction and transcription (e.g. Digitalkoot
[Nat12]), contextualisation (e.g. Civil War Faces [Lib12]),
complementing collections (e.g. The Great War Archive
[Uni08]), classification (e.g. Flickr Commons [Yah12]), and
crowdfunding (e.g. We Did This [WeD12]). Crowds partici-
pating in these projects contribute to generate different types
of output data. The simplest being text and images followed
by multimedia and finally 3D outputs.

While technology transfer is widely studied in industry,
it is apparent that there is far less information available for
3D digitisation in the heritage environment. A number of
important aspects of the three business models have been
explored in the following descriptive case studies.

2. Case study 1: In-house mass acquisition at the

Victoria and Albert museum

The Victoria and Albert (V&A) museum photographic stu-
dio undertook a trial project with the objective to understand

what effort is required to develop a 3D collection of a va-
riety of cultural heritage objects in a working studio envi-
ronment. As the national museum of art and design for the
UK, the collection is varied and the opportunities to test 3D
technologies are extensive. Hence, in order to make some
reasonable judgements, the objects acquired in this trial rep-
resent this variety and contain a large range of material types
and surfaces.

The V&A photographic studio is well equipped and ap-
pointed for imaging in a CH institution. It is wholly funded
by the museum and it operates with full-time employed staff
in purpose-built studios within the museum buildings. Its
staff are experienced in all forms of object photography
and well practised work-flows have been developed for the
successful completion of digitisation projects. It has good
equipment with lighting and general photographic acces-
sories so background equipment is substantial.

During this trial, the 3D acquisition was conducted us-
ing the Breuckmann smartscan device [Bre12] as shown in
figure 1. In order to become proficient in the process, staff
had to undertake several training sessions to acquire knowl-
edge in the scanning process as well as the complexities of
acquiring different types of objects (e.g. artefacts, painting,
textiles) as well as their details, including fine and rough
surfaces, shiny edges and large objects with areas of fine de-
tail. Other knowledge related to the device was also relevant,
such as working with multiple lenses in the most efficient
and accurate way, using align and pre-align functions and
handling very large files. It was recognised that the order of
training undertaken was sound; basic training followed by a
period of familiarisation followed by further training.

Figure 1: 3D scanning setup in the photographic studio of

the V&A museum

Artefacts in the collection were classified according to
the different features they exhibit which affect the efficiency
of the scan. These included texture (roughness), reflectance
/diffusion, occlusion, rigidity, transparency/translucency,
noisiness (a function of texture but a characteristic in its own
way), size (physical dimension of the object) and colour.

The trial, including training, was conducted from March
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to September 2011 and involved two members of staff gen-
erating 28 scanned artefacts (see example in figure 2). Dur-
ing the trial, the V&A realised that there are similarities be-
tween 2D and 3D workflow. For instance, initial response
to an imaging request, assessment of the object, access and
movement and imaging setup are elements of the workflow
which are comparable in both instances. With this in mind
the V&A Photographic Studio has taken advantage of its ex-
perience of photographing cultural objects in a public ser-
vice museum environment and applied it to 3D.

Nevertheless, scanning in 3D is a lengthier process than
2D imaging. To fully complete a task requires space to be
available for between 24 and 48 hours. In contrast, for 2D
acquisition the turn-round time for a studio can be 1 or 2
hours. This has implications for the use of work-space. With
this is mind to undertake a substantial 3D digitisation cam-
paign would require its own dedicated work-space.

Figure 2: Example of 3D model of the Meissen Fountain

produced during acquisition trial in the V&A.

At the V&A it took at least six months to become profi-
cient with the digitisation process. Besides training, it took
experience and observation of the effects of actually doing
the work to develop full in-house expertise. During the trial,
the workflow timeframe for scanning improved from 11 to 6
hours after a few months. Projecting this result for a year, it
would be reasonable to expect the digitisation of 150 mod-
els per year. In addition, it is necessary to consider start-up
costs for acquisition of equipment. Scanners vary greatly in
price but an approximate cost for a scanner is e80,000. This
is assumed to depreciate to zero over four years. Other in-
stitutions may, or may not, already have support equipment
such as lights and backgrounds in place. If not these would
cost in the range of e20,000.

Finally, the resulting 3D models were presented to staff in
the museum, which created considerable interest. This has
allowed them to consider how 3D can assist them in their
work or be able to present the collections in novel ways.
Therefore the trial project fed back into the wider strategy
of the museum.

3. Case study 2: Expert mass acquisition and

presentation of the coin collection of the National

Museum of San Matteo

When the curators of the National Museum of San Matteo
in Pisa wanted to present their collection of ancient coins in
an innovative way they turned to outside experts in order to
achieve their goal [PSP∗12]. A coin is a very small artwork,
which, in a standard museum, is presented to the public at
a distance displayed behind a glass case. This does not al-
low visitors to appreciate small and interesting details on the
legend or on the coin bas-relief. Moreover, the coin is usu-
ally visible only from one side. Therefore, CNR proposed to
digitise the collection as well as design and implement an in-
teractive kiosk that would allow the virtual manipulation of
the coins. This would allow visitors to inspect them in detail,
and to reveal some of the hidden meaning of the coins.

The management of the virtual inspection of the coins
was one of the most important aspects in the design of the
kiosk. RTI (Reflectance Transformation Imaging) images
were chosen because they have several advantages with re-
spect to the acquisition of a complete 3D model (3D geome-
try and appearance). Starting from a set of images taken from
a single viewpoint under varying lighting conditions, RTI
techniques [MGW01, GWS∗09] encode the surface normal
and the appearance of the coin in a single image to enable the
interactive re-lighting from any direction. The interactive re-
lighting allows to reproduce the illumination-dependent ef-
fects of the surface with a higher quality and a higher res-
olution than with 3D scanned models. The acquisition and
processing steps are cheaper than 3D scanning and the final
representation can simplify the interaction because the user
is more used to interacting with images rather than 3D mod-
els.

Figure 3: The nine layers with the coefficients of a HSH im-

age.

The first step of the trial project was the acquisition and
the generation of the RTI images; 41 coins were selected
by the museum curator for the first acquisition session, fol-
lowing numismatic value and storytelling criteria. The coins
cover different epochs, from the Roman Empire to the Grand
Duchy of Tuscany (XVI - XIX centuries). For the digital-
ization a minidome designed by the University of Leuven
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Figure 4: Acqusition setup in the National Museum of San

Matteo in Pisa.

was used [WVM∗05]. The acquisition of the photos was car-
ried out in October 2011 in a single working day on site in
the museum (see figure 4). This was possible because the
minidome can be dismantled and transported easily. The ac-
quisition phase was undertaken by staff from the University
of Leuven, but it is quite easy to do even for people without
specific expertise in this field. The hardware setup requires
only the shell and the camera to be mounted and for the coins
to be placed in the middle of the dome. For each coin the
acquisition only required about 10 minutes which was nec-
essary to shoot and store 520 photos (260 photos for each
side).

The generation of the final image involved the computa-
tion of the RTI encoding for each coin side and the con-
struction of a multi-resolution format. For the generation of
the RTI images the HSH (Hemispherical Harmonics Map)
format [GWS∗09] was chosen because it guarantees better
reproduction of the specular reflection with results that are
more photorealistic compared to the more common PTM
(Polynomial Texture Map) format [MGW01], as shown in
[MMC∗08]. For the construction of the multi-resolution for-
mat, the RTI image was subdivided into nine layers, one
layer for each HSH coefficient (figure 3). The i-th layer con-
tains the i-th coefficient of the three RGB colour channels.
For each layer a multi-resolution tree was created and each
level of the tree was cut in tiles using a quad-tree structure.
Finally each tile was saved in a different PNG image. The
advantage of this format is that it allows an out-of-core load-
ing of the data, which makes at least some low resolution
data immediately available, progressively refining the coin
as soon as the higher resolution data are loaded. The load-
ing of the tiles at the different resolutions is guided by the
zoom and pan operation of the user. The generation of the
RTI images took about 24 hours of completely automatic
processing, without user intervention.

Part of the project involved investigating the possibility of
using photometric stereo with respect to non-lambertian sur-

faces [WVM∗05] to extract BRDF information. Although
real BRDF data cannot be extracted from a one-camera
setup, actual 3D surface descriptions and reflectance infor-
mation can be deduced from RTI recording. The trial shows
that this way of recording allows much more basic informa-
tion to be extracted on the shape and material characteristics
of the observed surfaces, although it was not included in the
final kiosk application, because for realistic viewing for the
public the HSH approach is much more suitable.

The interactive kiosk was implemented by using the Com-
munity Presenter, a tool designed for managing 3D data and
2D media such as the RTI images. It is composed of two inte-
grated sections. The first section introduces and presents the
different categories of coins to the user. The second section
leads to the interactive RTI visualization. The kiosk starts
with a presentation of the project (figure 5). On the left there
is a menu that allows the user to navigate among the differ-
ent categories of coins and to directly access the RTI viewer.
In the RTI viewer the user can change the light direction,
pan the image, zoom in and zoom out, flip the coin to see
the other side, enable the visualization of the hot-spots. By
clicking on a hot-spot the user can display the relevant mul-
timedia content on the left side of the page.

The installation setup is composed of a 24-inch multi-
touch screen, for user input and visualization, paired by a
bigger screen which will be set above showing the same con-
tent as the touch screen to a larger audience. This will allow
visitors not interacting directly with the kiosk to see what is
happening.

Figure 5: Presentation page of the kiosk.

The trial project was successful, as it solved the problem
of how to digitise a subset of a collection of coins with an
enhanced 2D approach whilst also producing an interactive
tool for visualisation. Estimating the overall cost of digiti-
zation and development of the interactive kiosk is not easy:
time is negligible (two working days), but the cost of the
acquisition equipment is unclear since it is a research pro-
totype. A rough estimation for the cost of the commercial
device would be in the range of e10,000-15,000.
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4. Case study 3: Crowd sourced mass acquisition of

public monuments and sculptures in Brighton and

Hove

The aim of this trial project was to test a crowdsourcing ap-
proach in order to produce a 3D collection of public mon-
uments and sculptures in the city of Brighton and Hove in
the United Kingdom (UK). This approach aims to guaran-
tee the quality of the output while being completely open
to anybody for participation. Quality is ensured by combin-
ing contributions, embedding provenance information and
directing the contributions of the crowd over an entire selec-
tion of heritage artefacts in order to create a 3D collection
of those artefacts. The trial aimed to understand how small
organisations (e.g. trusts, charities), such as the Public Mon-
ument and Sculpture Association (PMSA), who oversee and
promote these entities in the UK, could develop their 3D col-
lection.

During the trial, a selection was made of specific objects
dispersed in several areas of the city to best direct the efforts
of the crowd. Eight areas were chosen in total (see figure 6),
with a selection of between two to nine objects for a per-
son to photograph. Each area was no larger than 1 km2. The
selection included a variety of objects ranging from sculp-
tures, monuments, memorials, fountains, facades and clocks
with a great variety of shapes and sizes, from a one meter
high sculpture in a park to a six meter high memorial on
an avenue. Different motivational mechanisms were used in
order to involve the crowd, such as promotional material dis-
tributed by press and web based social media sites, presence
at local events across the city and prizes from local organi-
sations.

Figure 6: Map with distribution of objects for acquisition in

the city of Brighton and Hove, UK.

The main tasks people were requested to do was to select
an object to digitise from a website or promotional mate-
rial, take photographs at their location and upload the pho-
tographs to a website. The photographic technique involved
walking in a circle around the object, framing it and taking
a photograph of the object for each step made (see figure
7). The photographs contributed were protected by the Attri-
bution Share Alike 3.0 Creative Commons license [Cre12].
Through several cycles of different people performing this

process, data was gathered of the same object photographed
from different angles. The resulting 3D collection included
the 3D models and their provenance metadata, which was
then uploaded to a repository infrastructure and made avail-
able via a website and the European digital library Euro-
peana.

Figure 7: Member of the public photographing the Spring

and Summer sculpture for digitisation and resulting 3D

model.

The crowdsourcing trial, which was run from July to Oc-
tober 2011, generated a series of photographs with 70% cov-
erage of the sculptures and monuments selected for the trial.
These photographs were used to produce photogrammetric
3D models of 18 objects (50% coverage). In addition a few
more committed volunteers, spent more time learning and
supporting the process to build the 3D models.

The trial showed that this type of project needs to be con-
sidered as a long-term initiative, with a time span of years
rather than months. This is because a preparation period is
required to design and deploy the required mechanisms to
support public involvement. This leads to a high initial over-
head.

In addition, motivating users is also time consuming. For
instance, it is important to select the type of volunteers most
suitable to the objectives of the initiative. Loosely associ-
ated individuals might be harder to motivate than people al-
ready associated with the organisation. In contrast, associ-
ated groups might be easier to contact and motivate. How-
ever, there are potentially fewer of them. Looking at the pro-
file of contributors to the trial, it is possible to see a trend
of people with strong motivations to contribute to a cause,
with time available and the necessary equipment. The most
committed contributors contributed on average 3 hours tak-
ing photographs and up to 3 hours in processing them to up-
load them to the site.

Looking into the economic considerations, this type of
project might only be viable for a large number of objects
over a long period of time as this will minimize and dis-
tribute the commitment both from volunteers and the organi-
sations which undertake the projects. Nevertheless, an initial
budget will be required to set up the project.

Finally, organisations will require support with setting up
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an infrastructure for the 3D collection. For this it could be
possible to use existing partnerships from charities with uni-
versities or pay yearly fees to access a common infrastruc-
ture and expertise.

5. Analysis and discussion of case studies

In the three case studies a total of 87 CH objects were cap-
tured in 3D using the three different business models for ac-
quisition and visualisation of the data (in-house, outsourc-
ing, crowdsourcing). The evaluation of these studies has elu-
cidated a number of broad insights that are applicable to CH
organisations wishing to undertake a 3D mass-digitisation
campaign.

5.1. Strategy

An organisation’s strategy is a key driver for why a mass
digitisation campaign might be conducted. The reason and
motivation for 3D acquisition is a key determinant of the
resources that the organisation will devote to the acquisi-
tion ( [MKS06] and [KMS10]). As highlighted by previous
research [HL00], investing in an in-house solution with all
its associated costs it is more likely to be done by those or-
ganisations which see a competitive advantage in regularly
using 3D technology for digitising their collections. This
was demonstrated in the V&A interest in investing effort on
learning about the technology as opposed to smaller organi-
sations, such as the National Museum of San Matteo and the
PMSA who were more interested in the final resulting 3D
collection.

5.2. Size of organisation

The organisation’s size (staff numbers) is an important vari-
able. Larger organisations usually have better capacity and
funding to support initiatives which are deemed of impor-
tance to the overall strategy of the organisation. In addition,
the greater the number of departments with different exper-
tise, the more likely it will be that there are staff with the
appropriate skills to learn additional related skills. This was
observed in the case of the V&A, which has the capacity
in terms of staff to experiment with new technologies. In
smaller organisations it is more likely that there is not fund-
ing available and that staff will be devoted to core activities
and simply could not be spared. For instance, the PMSA staff
is very small and so can only focus on core activities.

5.3. Skills

The skills available in the organisation have a profound in-
fluence on the capacity of the organisation to undertake a
mass scanning campaign in 3D. Few museum and heritage
sites are likely to have the skill sets available to undertake
a mass digitisation campaign. At the beginning of the ac-
quisition trial the V&A had no experience with a high end

scanner, such as the Breuckmann scanner. However, the pho-
tographic department had a body of transferable skills in 3D
acquisition. Similarly larger organisations have the potential
for the internal transfer of skills to a greater extent than small
and medium size organisations.

Moreover, analysis of the volume trial conducted at the
V&A highlights that there is a learning curve associated
with training staff to undertake 3D acquisitions. In this case
it took around 6 months for the trainees to become max-
imally efficient at 3D scanning. This needs to be factored
into any assessment of potential number of models acquired.
With outsourcing, the number of 3D models generated is
relatively constant and the learning curve is much less pro-
nounced. Furthermore, if more objects need to be digitised
in a short period (e.g. for an exhibition) then it is possible
to devote more personnel to the job (which will incur a cost
to the CH organisation) and so acquire more objects in less
time. However, with an insourced model it is far more dif-
ficult to increase production levels. Training additional staff
members is slow and, in the short term, will potentially re-
duce the efficiency of the scanning operations as the trainee
undertakes ’on the job’ training.

Efficiencies of scale and volume can be achieved by mass
digitisation of objects of the same size and type. For exam-
ple, 41 coins from the San Matteo Museum were digitised
in a single day. This was in part because of the minidome
device which did not require significant modifications to
settings between captures, and also because this device is
highly efficient at mass acquisitions.

5.4. Equipment

Few heritage sites have their own scanning equipment, and
that equipment can incur a high cost (either through outright
purchase or rental). There is continuing downward pressure
on the price of acquisition hardware with the cheapest de-
vices (e.g. NextEngine scanner) now in the e4,000 range,
higher-end products are in the e20,000-150,000 range.
However, at the low end of the market, digital cameras for
photogrammetric capture are now in the sub-e1000 price
bracket for semi-professional devices. Nevertheless, equip-
ment affects the quality of the end result. Hence, it is im-
portant to carefully consider the best solution if the organ-
isation’s overall strategy is to insource the development of
the 3D collection. This is because the equipment implies a
large investment which will depreciate and become obsolete
within a period of time. On the contrary, the case study of the
National Museum of San Matteo exemplifies how an organ-
isation which outsources the development is more agile in
accessing state of the art equipment which might be suitable
for specific objects in the collection.
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5.5. Accessibility

The 3D digitisation of CH objects has a number of charac-
teristics. The objects are for all intents and purposes fixed
to a location (e.g. the museum, city or archaeological site).
Moreover, access to objects in a museum environment is es-
sentially controlled. This limits the potential for techniques
such as crowdsourcing, because the public cannot access the
objects for photography. Moreover, the fundamental reliance
on access to the object for digitisation means that the inter-
net cannot be used to outsource the operations ’offshore’.
Digitisation is essentially limited to insourcing and domes-
tic outsourcing.

Accessibility has implications for cost. In two cases (the
V&A and the National Museum of San Matteo) the ob-
jects were available within the museum environment. While
clearly there are some costs in curatorial time associated
with choosing and locating the objects in store, and trans-
porting them to the site of scanning, these are relatively low.
However, these costs cannot be mitigated; they remain fairly
constant for all objects. In contrast the crowdsourcing trial
considered the acquisition of widely dispersed, publically
accessible objects. Here, the time required for in-house staff
to travel to the statues and monuments to digitally acquire
them represents an important cost centre, which is reduced
by volunteer labour undertaking the task. The greater the
number of objects to be acquired the greater the cost saving
would be, compared to the use of in-house staff.

5.6. Complexity

Object complexity covers a number of issues, ranging from
the optical surface characteristics (e.g. reflectance, trans-
parency), to the rigidity, number and type of occlusions and
size. The greater the complexity of the objects the longer the
acquisition time is likely to be as demonstrated both by ob-
jects acquired in the V&A and the PMSA case study.

5.7. Quality/Cost/time

The three case studies used different types of equipment
(structured light scanner, minidome and cameras for pho-
togrammetry) and so generated models of three different
forms. The V&A scanning generated digital models with
sub-millimetre accuracy, the National Museum of San Mat-
teo acquisition generated high quality 2D digital represen-
tations of the coins although not all of these were full digi-
tal 3D models per se, and the crowdsourcing trial generated
low quality 3D models of variable appearance depending
on the skills of the photographers and the attributes of the
monuments. Clearly there is a correlation in these trials be-
tween the cost of acquisition and the quality of the resulting
model. However, if the variable of time is also included then
the proposition becomes more complex. Crowdsourcing 3D
potentially requires the longest time to acquire objects, fol-
lowed by in-house capture (taking into account the training

required and the learning curve for acquisition), finally out-
sourcing is the quickest method of acquisition because it in-
curs none of these overheads. However, the in-house capture
becomes comparable if not faster than outsourcing once the
learning curve has been achieved. Obviously, the museum
professional seeking mass acquisition of artefacts through
outsourcing can choose the level of quality of the model (the
higher the quality, usually a higher cost). The crowdsourc-
ing acquisition is currently at the lower end of the quality
scale because of current limitations of photogrammetry and
the quality of the photographs taken by the, in many cases,
amateur photographers. There is a clear correlation between
the investment and the potential quality output achievable.

6. Conclusions

The different case studies described in the paper have
demonstrated that the proposed business models can work
under certain conditions to produce a 3D collection. The re-
sults clearly show that each business model is appropriate to
different situations; and as illustrated in figure 8, issues such
as cost, risk, control, quality and output will vary.

Figure 8: A comparison between business models for 3D

collection formation

Outsourcing and in-house training is most appropriate for
organisations such as museums where the collections are
easily accessible to staff but generally inaccessible to the
public. Museum collections are of course accessible for the
public to view but not usually for 360 degree photography,
moreover most museum objects are in fact not on view to
the public but held in store. Crowd sourcing is reliant on the
accessibility of objects and monuments to the general pub-
lic. As such this is more appropriate to the acquisition of
sculptures, monuments and buildings rather than collections
of objects.

In terms of costs, in-house training of staff has the highest
start-up costs and incurs the biggest risks if staff move on,
however, it has a huge strategic value in terms of flexibility
and long-term cost reduction for large numbers of objects.
In all probability this is an approach that is more likely to be
undertaken by larger organisations.

Outsourcing a mass digitisation is probably the approach
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most widely used by the professional CH community. This
generally incurs a low risk to the organisation, guaranteed
results (assuming a properly negotiated contract and service
levels), but at a higher cost.

Crowdsourcing incurs moderate to high start-up costs but
the long-term acquisition costs are low. However, there are
risks. Crowdsourcing is at the mercy of the whims of the
public so it is possible that not all the objects will be ac-
quired, and their quality may be variable. Crowdsourcing is
therefore, more appropriate for mass digitisations of large
numbers of objects which are accessible to the public.

This emphasises that control of the process is a key vari-
able that differs between the acquisition business models. It
is highest with insourcing, and lowest with crowdsourcing.
Related to control is the issue of risk. This is highest with
crowdsourcing and lowest with outsourcing. Risk manifests
itself in different ways in the various acquisition models. In
insourcing, the biggest risk is that staff are trained and then
move on, in crowdsourcing the biggest risk is that the project
is not completed because of the lack of interest from the gen-
eral public.

These trials have shown that any size of CH organisation
can undertake a mass 3D digitisation campaign and acquire
objects. However, understanding the business processes that
underpin mass-digitisation is crucial for making 3D com-
monplace in the cultural heritage realm.
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