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Introduction

As interest in textile studies grows, we should re-
examine current methods of documenting textile
information. Documentation of the physical attributes
of archaeological textiles is time-consuming. The
detailed recording of such features as dimensions,
raw materials, construction technique, condition,
textile and yarn structures is often limited by the time
and budgetary constraints of a project. Additionally,
these analyses require significant object handling,
which is undesirable from a conservation perspective.
Bruselius Scharff and others propose detailed photo
documentation as a way to quickly save information
for later analysis and to decrease handling (Scharff
2007). Reeder Knudsen (2007) also suggests digital
photography and enhancement in Adobe Photoshop
as a desirable method of textile documentation (Reeder
Knudsen 2007, 105). As technological capabilities
increase, new ways of gathering and saving
information and decreasing handling have become
more readily available.

I examine the feasibility and effectiveness of
Reflectance Transformation Imaging (RTI) as a way
of documenting archaeological textiles preserved
by imprint, mineralisation or carbonisation. RTI
is a computational imaging technique that allows
a researcher to relight an object from any direction
and to mathematically enhance an object’s surface and
colour to reveal texture imperceptible during empirical
examination (Earl et al. 2010, 1; Cultural Heritage
Imaging 2014b). As such, it is an excellent way to
document textured surfaces. The ability to manipulate

the light source and enhance surface attributes in
RTI expedites identification of important features
of archaeological textiles from documentation. This
is especially important for unstable material, such
as carbonised textile remains, because access to the
original material is often limited. I propose that RTI
is a better way to document features of archaeological
textiles and well worth the time, data, cost, and
potential risk.

What is Reflectance Transformation Imaging?

Reflectance Transformation Imaging is a computa-
tional photographic imaging technique invented
in 2000 by Tom Malzbender and Dan Gelb at
Hewlett Packard (HP) Labs (Malzbender et al. 2000;
Malzbender et al. 2001). It was originally called
Polynomial Texture Mapping (PTM), and this original
fitting algorithm creates .ptm files. In 2008, a second
fitter that uses a slightly different algorithm and
creates .rti files was developed under James Davis at
the University of California, Santa Cruz (Schroer 2012;
Wang et al. 2009). The technology uses multiple digital
images, each with a different illumination direction
(Fig. 1), that are compiled into an interactive file,
buildable and viewable via free open-source software
available online. The interactive file viewed with the
software can provide a complex view of an object far
more comprehensive and detailed than any of the
individual digital screenshots shown as examples in
this paper. Much of the benefit of RTI described in this
publication cannot be shown in print. Please contact
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Fig. 1: Screenshots illustrating the range of individual images produced by RTI of a tex-
tile impression on ceramic (© University College London (UCL) Institute of Archaeol-
ogy Collections). These and other digital images are compiled in an interactive file and
viewed with RTI software. A) flat light; B) specular enhancement; C) normals visualisa-
tion; and D), E) and F) three images with different directional raking light.
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the author if you wish to view the interactive .rti files
discussed below.

To build an RTI, the program must know or determine
the direction of illumination in the source images
(Payne 2012, 18; Malesevic et al. 2014, 3). Thus, RTI
source images can be collected in two ways. They
can be taken in an arc or dome, where the lights are
mounted mechanically and the locations of the lights
are programmed into the compilation software (Fig.
2a), or source images can be collected with a moveable
light, if a specular sphere is captured in each image
(Fig. 2b) (Payne 2012, 18). A highlight from the light
source is created on the sphere in each image, and the
compilation software can determine the light position
from this highlight on the sphere (Mudge ef al. 2007,
4-5; Earl et al. 2010, 150).

Inherent in the RTI, saved per pixel, is red-green-
blue (RGB) colour information and the mathematical
description of ‘normal’ values. Normals are vectors
that are perpendicular to the object’'s surface at any
given point (Payne 2012, 18; Cultural Heritage Imaging
2014c); they enable the computation of reflection in
the RTI and allow the image to be artificially relit from
different directions (Payne 2012, 18).

Once the RTI has been created, the viewer can alter
light qualities using specular enhancement to better
examine the feature of interest. Specular enhancement
yields an artificially shiny surface that provides
increased tonal contrast (Earl et al. 2010, 3) and gives
surface information where it might otherwise be lost
due to specular reflection (Mudge et al. 2005, 7).

Considerations before using Reflection Transforma-
tion Imaging for documentation

Before starting documentation, users should consider
several important technical aspects: image quality
and size, image processing protocols, digital archival
processes, image back-up, and longevity of the .rti file
format.

For RTI to be effective, source images must be shot at
the highest image quality and saved as RAW or non-
compressed files. These files are extensive, and a large
memory card is needed for a full set of images (usually
between 40 and 70 images), which can be combined to
form an RTI file. After image processing, the source
images are saved as digital negatives (.dng) with
embedded raw files to provide transparency. These
file types hold metadata detailing the capture of the
images, essentially embedding image provenance
in the file so future researchers can have confidence
in the representation. The files are then re-saved in a
separate folder as .jpeg images. The .jpeg images are
used by the compilation program to create the .rti file,
which is usually about 100 MB worth of data. Often

the collective data from the RTI of an object (the .dng
files, jpeg files, and the finished .rti file) can be as big
as one GB of data.

There are many ethical implications in image
processing, especially considering the vast capabilities
of Adobe Photoshop. When images are used as
documentation, an object’s appearance should not be
altered in any way that might confuse the viewer’s
understanding of the object or misrepresent the
object’s appearance.

Institutions usually establish a specific image
workflow and standard for digital documentation.
Before beginning documentation, the researcher
should consider how RTI files will fit into an
institution’s organisational system. Often digital
photographs are saved as compressed files (.jpeg) or
as both compressed and non-compressed versions in
different locations.

A backup plan for the data should be established.
With the rapid development of digital technology,
digital documents are at risk of becoming obsolete if
attention is not paid to periodically saving files in new
formats to new storage media (Mudge et al. 2010, 21).
As RTI is not as widespread as digital photography
is at present, the researcher should consider saving
some, or all, of the digital source photographs of
the image in addition to the RTI. Should .rti become
obsolete, or should the RTI viewing software cease
to work with new computer operating systems, it is
important to have backup in other formats that are, at
present, more mainstream.

Additionally, the goals of the documentation should
be considered prior to beginning imaging, as the
setup and applicability of RTI may vary depending on
the goals of the researcher. One advantage of RTI as
documentation is the ability to revisit and analyse the
specifics of textile features later. If the specific goals
are undetermined when original documentation takes
place, the knowledge that the object is of importance
and will be studied or displayed in the future might be
enough to justify the use of RTIL.

Reflectance Transformation Imaging specifics:
camera, setup and software used

I used the following RTI setup to document several
examples of archaeological textiles. I based my setup
on information from the two primary published RTI
guides: RTI: Guide to Highlight Image Capture, published
by Cultural Heritage Imaging (CHI), and Multi-light
Imaging for Heritage Applications, published by English
Heritage. These works are both user-friendly and they
complement each other well, especially when used
with CHI's Reflectance Transformation Imaging: Glossary
of Photographic and Technical Terms for RTI.
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Fig. 2: A) RTI dome; B) RTI highlight capture set-up; C) virtual lighting dome centred around virtual clock: 12

30

images (approximately one at each hour) are taken around each white line (drawing: Charlotte Gudmunds-
son); D) blended image created by RTI Builder to determine light positions during highlight RTI.

Reflectance Transformation Imaging kit for docu-
mentation of archaeological textiles

Digital camera

Most digital single-lens reflex (SLR) cameras are
acceptable for RTL' For RTI, capturing accurate
surface information is the priority, so the lens choice
is also important. I used a Canon EOS 60D with a 50
mm macro lens and was pleased with the results. I
found electrical tape useful to secure the lens focus;
I noticed that after about 30 images the lens tended

to drop focus as a result of the mechanical action of
the shutter during photography. The mirror lock-up
feature of the camera (where applicable) can also help
to prevent the lens from dropping focus.

Computer

Any computer that can support the appropriate
camera capture software will do. I used a Macbook
Air.
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Camera capture software
Camera capture software should be chosen based on
the make of the camera. I used Canon Camera Capture.

Universal Serial Bus (USB) cable

A USB cable is used to connect the camera to the
computer. In some cases, depending on the setup
and size of the object, a USB extension cable is useful.
Rubber bands and twist ties are useful as cable
holders and are easy to procure. I used rubber bands
secured with twist ties to attach the extra cable to the
copy stand to avoid any shadow on the object during
photography.

Two flat surfaces

The object should be placed on one surface and the
computer on another. The two surfaces should be
separated to avoid any vibration surrounding use of
the computer. I used two tables.

Copy stand® or tripod

The camera should be securely suspended above the
object. I used a copy stand. CHI suggests weighing
down the feet of a tripod for extra stability.

Flash
The flash is the moveable light source. I used a Nikon
Speedlight SB-24 and was satisfied with the results.

Two triggers

One trigger should be attached to the camera, and
one to the flash. I used two Yongnuo Digital YN-622C
E-TTL Wireless Flash Trigger Transceivers.

Level
This is used to ensure the camera is level before
photography.

Specular Balls®
CHI suggests red or black specular balls. I used two
ball bearings procured at a nearby bike shop.

String

The string is used to measure the distance of the light
source from the object. It should be about four times
the length of the object.

Chargers and batteries
Make sure all necessary chargers and batteries are
easily accessible.

Scale
A scale should be included in at least one image for
size, white balance and colour correction.

Wireless Bluetooth keyboard

I'used a wireless Bluetooth keyboard as a substitute for
a second person. Usually one person moves the light
while another captures the image from the computer.
With the Bluetooth-capable keyboard, I was able to
capture the image while holding the light.

RTI Builder

Freesoftwareisavailable from HP and CHI.ITused CHI's
RTI Builder Version 2.0.2 for Mac, which is available
on the CHI website: http://culturalheritageimaging.
org/What_We_Offer/Downloads/Process/index.html

RTI Viewer

Free software is available from HP and CHI: I used
CHI’sRTIViewer Version 1.1 forMac, whichisavailable
on the CHI website: http://culturalheritageimaging.
org/What_We_Offer/Downloads/View/index.html

Results and discussion

To illustrate the value of RTI for documentation of
archaeological textiles, I have documented three
examples: one imprint (Fig. 3), one mineralised (Fig.
4) and one carbonised (Fig. 5).

RTI is the most revealing and exciting when used
on archaeological textile impressions. Specular
enhancement clearly increases the legibility of
dimensions (Figs. 3f, 3g, 3h), weave type (Figs. 3c and
3d), edge structure (Figs. 3c and 3d), irregularities (Fig.
3h) and condition (Figs. 3¢, 3d, 3g, 3h). Perhaps most
notably, specular enhancement allows the viewer
to notice depth (Figs. 3c, 3d, 3g, and 3h) that is not
obvious in raking light images. In Fig. 3, the weave
is far more three-dimensional in the enhanced views,
a feature that facilitates understanding of the original
mat, not just the impression of it.

RTI is effective for documenting mineralised textiles,
though the information that can be gained from the
example in Fig. 4 by any technique is limited. The most
information was gained by viewing the object with
different sources of raking light. The ‘z’ spin direction
of a few threads is visible under certain raking light
conditions (Fig. 4f). Perhaps the weave type was more
legible under specular enhancement, though that is
debatable (Figs. 4c, 4d, 4g, and 4h). Information about
dimensions and condition can also be obtained from
the RTI image in Fig. 4.

RTI is effective in documenting features of carbonised
textiles, but it may not provide more information than
any singleraking light photograph. However, the use of
RTI can be justified because the ability to interact with
the light source and move the direction of illumination
offers a more coherent analysis experience than
examining a few raking light images. The viewer can
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Fig. 3: Screenshots of RTI images of a textile imprint on a ceramic from Pakistan (© UCL Institute of Archae-
ology Collections). A) and E) flat light; B) and F) raking light; C), D), G) and H) two variations of specular

enhancement.

obtain information from Fig. 5 regarding dimensions,
weave type, thread count and condition.

Though digital photographs gather and save much
information about an object, RTI is superior because
it allows contrast manipulation. By showing the
surface behaviour under different illumination, RTI
preserves previously inaccessible details (Malesevic et
al. 2014, 3). RTI saves everything a digital photograph
preserves, and in the context of archaeological textile
remains, RTI provides more information than any
one photograph can. It should be noted that high-
resolution documentation photography is inherent in
the RTI workflow.

The facility of use of the RTI viewer allows both
informed and uninformed viewers to interact with
final RTI files and to benefit from the information
saved. Thus, RT1 files are as accessible as photographs
(with the minor stipulation that the viewer must
download the free RTI viewer first). Furthermore,
RTI source images can be captured without handling.

The object suffers minimal contact during RTI; it is
typically moved once to place the object on the surface,
and once to return it to its packaging.

The cost of RTI is quite low, especially in institutions
equipped for digital photography. CHI sells an RTI
starter kit for 350 USD, which includes a range of
sizes of specular balls and various hardware useful for
constructing an RTI setup. Alternatively, the necessary
tools can easily be compiled for little or no cost, with
the exception of the computer, camera, lens, flash
and camera capture software (all of which should be
accessible in any lab equipped for digital photography
and none of which are included in CHI's kit).

Onthe other hand, there are afew disadvantages to RTI.
Processing images into RTI files may require minimal
training. However, with the current knowledge of
digital photography standard in archaeology and
conservation, and improved software, this roadblock
is easily overcome (Payne 2012, 18).
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RTI retains some of the limitations of digital
photography. For example, documenting curved
surfaces is difficult, as seen in Fig. 4. Also, RTI provides
only one fixed view of the object, though PTM object
movies (POM) have been created (Mudge et al. 2006,
5) and will likely be relatively easy to create in the
foreseeable future.

RTIis more time-consuming than digital photography,
at least initially. By the third session though, I was able
to take and process an image set in 40 min.
Long-term storage of RTI files is still problematic,
and something that should be carefully considered
before adapting institutional policies to include RTI as
commonplace documentation.

Finally, researchers should consider the potential risks
of any new documentation technique.

Risk assessment for Reflectance Transformation
Imaging

A new application of any technique requires risk
assessment. The main risks posed by RTI are those of
electromagnetic radiation (light) and object handling
(Payne 2012, 23-25). The heat output from flash bulbs
is negligible, thus addressing any concern about
temperature and relative humidity (RH) changes
as a result of RTI with the setup described above.
Additionally, there is no ultraviolet (UV) radiation
emission in the setup.

I calculated the lux values associated with RTI and
determined that they can reach 60,000,000 lux for
periods of about one millisecond during RTL Each
shot is about 600 Ix/sec. When multiplied by 50
shots (an average RTI session) and converted to 1x/
hr, the light levels are equivalent to 8.3 lux for one
hour or 50 lux for about 12 minutes. Based on the
Canadian Conservation Institute’s (CCI) assessment
of damage to highly sensitive and sensitive textiles,
I calculate that at about 50 Ix with no UV, an object
must be exposed for 700 years or more for any
damage to be observed (Michalski 2014). Thus, the
light levels associated with RTI are well within the
published appropriate exposure levels for unstable
organic material.

As with any form of examination and documentation,
object handling is a big threat. In cases where access to
the material in conditions conducive to investigation
is limited, documentation images of the object, or a
digital artefact, can be studied instead (Galliker 2010,
48-49). With RTI files, the viewer can almost reproduce
the experience of handling the object under ideal light
conditions to discern texture.

Conclusion

Previously published work on RTI has examined
applicationsofthetechniquetoarangeofarchaeological
and museum materials. The work presented above
successfully applies the analytical capabilities of RTI
to archaeological textile remains preserved through
imprint, mineralisation and carbonisation. These
capabilities, particularly when combined with the
decrease in handling made possible by interactive
RTI files, suggest that RTI can be very useful for
investigation of textiles. RTI may be specifically
illuminating for textile imprints, a material class that
until now has been documented with photography.
The detailed images produced could be beneficial
for analysis and conservation, and could be used in
a representative capacity in exhibitions and online.
Considering the time, data, cost and potential risk,
RTI is a promising and reasonable way to document
archaeological textiles.
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Fig. 4: Screenshots of RTI images of a mineralised textile on a bronze bracelet from Thailand (© UCL Institute
of Archaeology Collections). A) and E) flat light; B) and F) raking light; C), D), G) and H) two variations of
specular enhancement.
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Notes

1. To learn more, I suggest consulting Kathryn
Piquette’s blog entry “Choosing a Camera for
Highlight RTI” at http://kathrynpiquette.blogspot.
com/.

2. A copy stand is a device used in photography to
stabilise the camera to “copy” information. The object
is placed on a flat surface and the camera is mounted
parallel to the surface above the object. The height of
the camera can be adjusted.

3. Specularity refers to the reflective quality of a
mirror. The two balls used in RTI capture should
allow mirror-like reflection from their surface.
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Fig.5: Screenshots of RTI images of a carbonised textile on a bronze sheet from Ur (© UCL Institute of Archae-
ology Collections). A) flat light; B) raking light; C) and D) two variations of specular enhancement.

Archaeological Textiles Review No. 56 11




Articles

Bibliography

Andersson, E., Frei, K., Gleba, M., Mannering, U.,
Nosch, M. and Skals, I. (2010) Old Textiles — New
Approaches. European Journal of Archaeology 13 (2),
149-173.

Barber, E. (1991) Prehistoric Textiles: The Development
of Cloth in the Neolithic and Bronze Ages. Princeton:
Princeton University Press.

Chen, H. Jakes, K. and Foreman, D. (1998)
Preservation of Archaeological Textiles through Fibre
Mineralization. Journal of Archaeological Science 25
(10), 1015-1021.

Cultural Heritage Imaging (2014a) Reflectance
Transformation Imaging: Glossary of Photographic
and Technical Terms for RTIL. San Francisco: Cultural
Heritage Imaging. Retrieved on 20 March 2014 from
www.culturalheritageimaging.org/What_We_Offer/
Downloads/Capture/index.html

Cultural Heritage Imaging (2014b) Reflectance
Transformation Imaging: Guide to Highlight
Image Capture. San Francisco: Cultural Heritage
Imaging. Retrieved on 20 March 2014 from www.
culturalheritageimaging.org/What_We_Offer/
Downloads/Capture/index.html

Cultural Heritage Imaging (2014c) Reflectance
Transformation Imaging: Guide to Highlight
Image Processing. San Francisco: Cultural Heritage
Imaging. Retrieved on 20 March 2014 from www.
culturalheritageimaging.org/What_We_Offer/
Downloads/rtibuilder/RTI_hlt_Processing_Guide_
v14_beta.pdf

Earl, G., Martinez, K. and Malzbender, T. (2010)
Archaeological Applications of Polynomial Texture
Mapping: Analysis, Conservation and Representation.
Journal of Archaeological Science 37, 2040-2050.

Emery, L. (1966) The Primary Structures of Fabrics: An
Ilustrated Classification. Washington D.C.: The Textile
Museum.

Gillard, R., Hardman, S., Thomas, R. and Watkinson,
D. (1994) The Mineralization of Fibres in Burial
Environments. Studies in Conservation 39 (2), 132-140.

Gleba, M. (2011) Textiles Studies: Sources and
Methods. Retrieved on 16 Feb 2014 from www.
fesh.unl.pt/~kubaba/KUBABA/k_2_2011_texts/
GLEBA%202011%20-%20Textiles%20Studies.pdf

Jakes, K. and Sibley, L. (1984) An Examination of the
Phenomenon of Textile Fabric Pseudomorphism. In J.
Lambert (ed.), Archaeological Chemistry I1l. Washington
D. C.: American Chemical Society, 403-424.

Janaway, R. (1987) The Preservation of Organic
Materials in Association with Metal Artifacts
Deposited in Inhumation Graves. In A. Boddington,
A. Garland, and R. Janaway (eds), Death, Decay, and
Reconstruction: Approaches to Archaeology and Forensic
Science. Manchester: Manchester University Press,
127-148.

Janaway, R.and Wyeth, P. (eds) (2005) Scientific Analysis
of Ancient & Historic Textiles. Informing Preservation,
Display and Interpretation. AHRB Research Centre for
Textile Conservation & Textile, Textile Conservation
Centre, 13-15 July 2004. London: Archetype Press.

Lister, A. (1996) Guidelines for the Conservation of
Textiles. London: English Heritage. Retrieved on 20
March 2014 from www.products.ihs.com/cis/Doc.
aspx? AuthCode=&DocNum=252268

Malesevic, B., Obradovic, R., Banjac, B., Jovovic, I. and
Makragic, M. (2014) Application of Polynomial Texture
Mapping in Process of Digitalization of Cultural
Heritage. Retrieved on 20 March 2014 from www.
researchgate.net/publication/259478072_Application_
of_polynomial_texture_mapping_in_process_of_
digitalization_of_cultural_heritage

Malzbender, T., Gelb, D. and Wolters, H. (2001)
Polynomial Texture Maps. Proceedings of ACM,
Siggraph, 2001. Retrieved on 20 March 2014 from
www.hpl.hp.com/research/ptm/papers/ptm.pdf

Malzbender, T., Gelb, D., Wolters, H. and Zuckerman,
B. (2000) Enhancement of Shape Perception by
Surface Reflectance Transformation. Hewlett-Packard
Technical Report HPL-2000- 38. Retrieved on 15
March 2014 from www.hpassethub.designory.com/
techreports/2000/HPL-2000-38R1.pdf

Michalski, S. (2014) Agent of Deterioration: Light,
Ultraviolet, and Infrared. Canadian Institute of
Conservation. Retrieved on 20 March 2014 www.cci-
icc.gc.ca/caringfor-prendresoindes/articles/10agents/
chap08-eng.aspx#det5

Mudge, M., Schoer, C., Earl, G., Martinez, L., Pagi,
H., Toler-Franklin, C., Rusinkiewicz, S., Palma, G,
Wachowiak, M., Ashley, M., Matthews, N., Noble,
T. and Dellepiane, M. (2010) Principles and Practices

Archaeological Textiles Review No. 56




Articles

of Robust, Photography-based Digital Imaging
Techniques for Museums. The 11" International
Symposium on Virtual Reality, Archaeology, and Cultural
Heritage VAST 2010. Retrieved on 29 March 2014 from
www.culturalheritageimaging.org/What_We_Do/
Publications/vast2010/vast2010_tutorial_final_print.
pdf

Mudge, M., Ashley, M. and Schroer, C. (2007) A
Digital Future for Cultural Heritage. XXI International
Symposium CIPA 2007. Retrieved on 29 March 2014
from www.isprs.org/proceedings/xxxvi/5-c53/papers/
FP104.pdf

Mudge, M., Malzbender, T., Schroer, C. and Lum,
M. (2006) New Reflection Transformation Imaging
Methods for Rock Art and Multiple Viewpoint
Display. In M. Ioannides, D. Arnold and F. Niccolucci
(eds), The 7" International Symposium on Virtual Reality,
Archaeology, and Cultural Heritage VAST 2006. Retrieved
on 15 March 2014 from www.culturalheritageimaging.
org/What_We_Do/Publications/vast2006/

Mudge, M., Voutaz, J., Schroer, C. and Lum, M.
(2005) Reflection Transformation Imaging and Virtual
Representation of Coins from the Hospice of the
Grand St. Bernard. The 6" International Symposium
on Virtual Reality, Archaeology, and Cultural Heritage
VAST 2005. Retrieved on 15 March 2014 from
www.culturalheritageimaging.org/What_We_Do/
Publications/vast2005/

Payne, E. (2012) Imaging Techniques in Conservation.
Journal of Conservation and Museum Studies 10 (2), 17-29.

Piquette, K. (2012) Choosing a Camera for
Highlight RTI. Retrieved on 20 April 2014 from
www .kathrynpiquette.blogspot.com/

Piquette, K., Dahl, J. and Green, J. (2011) Exploring
Ancient Writings at the Ashmolean Museum with
Advanced Digital Technologies. Retrieved on 9
April 2014 from www.ashmolean.org/departments/
antiquities/research/research/rtisad/

Reeder Knudsen, L. (2007) “Translating” Archaeological
Textiles. In C. Gillis and M. Nosch (eds), Ancient
Textiles: Production, Crafts, and Society. Oxford: Oxbow
Books, 103-111.

Saunders, D. (1995) Photographic Flash: Threat
or Nuisance? National Gallery Technical Bulletin 16.
Retrieved on 11 March 2014 from www.national
gallery.org.uk/technical-bulletin/saunders1995

Scharff, A. (2007) Use of a Digital Camera for
Documentation of Textiles. In C. Gillis and M. Nosch
(eds), Ancient Textiles: Production, Crafts and Society.
Oxford: Oxbow Books, 154-157.

Schroer, C. (2012) HSH or PTM: How to Choose the
Best Fitter. Cultural Heritage Imaging. Retrieved on 6
May 2014 from www.forums.culturalheritageimaging.
org/index.php?/topic/190-hsh-or-ptm-how-to-choose-
the-best-fitter/

Seiler-Baldinger, A. (1994) Textiles: A Classification of
Techniques. Bathurst: Crawford House Press.

Timar-Balazsy, A. and Eastop, D. (1998) Chemical
Principles of Textile Conservation. New York: Routledge.

Unruh, J. (2007) Ancient Textile Evidence in Soil
Structures at the Agora Excavations in Athens, Greece.
In C. Gillis and M. Nosch (eds), Ancient Textiles:
Production, Crafts and Society. Oxford: Oxbow Books,
167-172.

Walton, P. and Eastwood, G. (1988) A Brief Guide to the
Cataloguing of Archaeological Textiles. Fourth Edition.
London: Institute of Archaeology Publications.

Wang, O., Gunawardane, P., Scher, S. and Davis, J.
(2009) Material Classification Using BRDEF Slices.
University California Santa Cruz. Retrieved on 6 May
2014 from www.users.soe.ucsc.edu/~prabath/wango_
brdfseg.pdf

Wild, J. (2007) Methodological Introduction. In C. Gillis

and M. L. Nosch (eds), Ancient Textiles: Production,
Crafts and Society. Oxford: Oxbow Books, 1-6.

Author: emilybeatricefrank@gmail.com

Archaeological Textiles Review No. 56 13




