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Henry VIII’s Tapestries Revealed 

The science behind the project 
How 21st-century technology brought a five hundred year old tapestry back to life 

 

 

Conservation scientists from Historic Royal Palaces have been working with researchers 
from The University of Manchester at Hampton Court Palace on the digital conservation 
and restoration of one of Henry VIII’s finest tapestries.  The 500 year old tapestry ‘The 
Oath and Departure of Eliezer’ is one of a set of ten tapestries based on the ‘Story of 
Abraham’.  The tapestries are constructed from dyed wool and silk yarns and silver and 
gold threads which have inevitably suffered physical and environmental degradation over 
time.  The tapestry has been exposed to extended periods of optical radiation leading to 
loss of vibrancy and intensity of the coloured yarns.  Also the metal threads have tarnished 
leaving large areas of dark grey that once would have been shimmering gold. 

As part of the celebrations of the 500th anniversary of Henry VIII’s accession to the 
throne, a representation of how the ‘Oath and Departure of Eliezer’ would have originally 
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appeared (before photofading) has been projected onto the tapestry in the Henry VIII’s 
Tapestries Revealed exhibition.  This digital restoration of the tapestry requires a colour-
calibrated image to be projected onto the front of the tapestry as it hangs in the Queen’s 
Guard Chamber.  The result of the projection is that the faded and tarnished tapestry is 
restored to its original magnificent appearance. 

 

Research 

In order to predict the original appearance of the tapestry many colour measurements of 
both the front and reverse of the tapestry were taken and the colours present in the 
tapestry were matched to natural dyes.  As part of a European project, ‘Monitoring of 
Damage in Historic Tapestries’, reproduction tapestry samples were constructed from 
wool and silk yarns representative of historic tapestry materials.  The yarns were dyed 
using the natural dyes and ingredients that would have been employed to colour yarns in 
the 16th century, using dyeing recipes formulated from medieval texts.  The yarns were 
then woven into a tapestry structure.  The colours of the model dyed samples are 
indicative of the shades produced at the time when the Abraham tapestries were woven.  
Model metal threads were also constructed using gilt-silvered-copper filament wrapped 
around a silk core. 

 

Traditionally-dyed replica samples 

An impression of the original colour appearance was also gained by taking colour 
measurements of the reverse of the tapestry which had suffered relatively low levels of 
photofading in comparison to the front.  These measurements were taken using a 
telespectroradiometer (TSR) so that no interference with the tapestry was necessary.  
Inspection of the tapestry reverse revealed substantial areas of colour which were very 
vibrant but which had completely photofaded to a neutral shade on the front.  These areas 
corresponded to certain dyes (most significantly Brazilwood) that are very sensitive to 
light, having lost most of their colour within a short period of time.  Also the metallic 
threads were relatively untarnished on the reverse, which left large areas of glittering gold.  
These areas were imaged in order to later reproduce them on the front.   
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Accelerated ageing was carried out on the replica samples in order to determine the 
fading profiles of each dye, the ageing characteristics of the metal thread and to discover 
if metal thread degradation was affected by its proximity to certain dyestuffs.  The 
samples of fabric and metal thread were thermally aged along with copper and silver 
coupons using the Oddy test method.  Samples were also photo aged for 100 hours, 300 
hours and 500 hours in a Xenotest machine.  The corrosion of the metal threads was 
analysed using SEM, XPS and colour measurement.  The fading profiles of each dye were 
determined from the photo ageing of the samples in stages.  A total of 500 hours of high 
intensity radiation in the Xenotest equates to around 500 years of exposure to typical 
museum lighting conditions.  

The areas of colour on the tapestry were matched to the natural dyes used for the model 
tapestry samples by comparing the colour difference between the front and reverse to the 
gradual fading profiles of the dyes.  This information was used in the recolouration 
process to identify distinct areas of dyes and to shift the colour distribution information of 
these areas towards the colours of the dyes.  It was particularly important to identify those 
areas on the front of the tapestry that were completely photofaded and to recolour them 
according to the colour data of the corresponding dye.    

Colour measurements of the dyed samples provided a gamut of colours which represents 
the original colour appearance of the tapestry.  The projection system must be capable of 
producing this range of colours in order to digitally recolour the tapestry.  The projector 
was characterised using a series of colour ramps to ensure that the range of colours did 
encompass all of those present in the tapestry.  The tapestry was imaged while hanging in 
the Queen’s Guard Chamber where the exhibition can be seen.  The image was recoloured 
using image-processing software and MATLAB to produce an image which when 
projected onto the tapestry would recreate the original colour appearance.  Measurements 
of the projected image were taken using the TSR to ensure the correct result was 
obtained.   

 

Showtime! 

The digital conservation of the tapestry involves taking very high quality, colour-calibrated 
images of the front of the tapestry which will produce a digital archive of the current 
colour appearance and condition of the tapestry.  This novel conservation strategy 
required the development of an imaging system that captures the colour data of the 
tapestry on a larger scale.   

The imaging system comprises a scientific grade monochromatic 12 bit CCD digital 
camera, a micro NIKKOR 55mm Nikon lens, and a narrow bandwidth liquid crystal tunable 
filter in controlled lighting conditions.  The tapestry was imaged from above giving an 
image size of 50cm x 50cm (4.19 megapixels).  The hyperspectral imaging system 
produces 31 monochromatic images taken at 10 nanometre (nm) wavelength intervals 
over the 400 – 700 nm visible range that are subsequently collated to generate precise 
spectral reflectance data for every pixel.  Each component of the imaging system has 
been calibrated to ensure accurate results and reproducibility.  The system as a whole has 
also been calibrated using a PR-655 Spectrascan telespectroradiometer (TSR).   

The colour measurements taken during this project have been carried out at 3 levels to 
ensure accuracy and reliability of the equipment and of the results; at a microscopic 
(fibre) level using a microscope spectrophotometer (MSP), at the fabric level using a 
Spectraflash spectrophotometer and the telespectroradiometer (TSR) and at the macro 
scale of the hyperspectral imaging system.   

The 31 hyperspectral images are calibrated and then combined to produce a colour image.  
These colour images are also calibrated and stitched together to form the complete 



image.  The digital archives produced serve as an important resource for conservators; 
these records allow the accurate tracking of the degradation of the materials used in the 
construction of these culturally significant artefacts. 

Ruth Perkins 
University of Manchester 
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This project is being carried out in partnership with the University of Manchester 
 
Historic Royal Palaces is grateful for the support it has received in the research and development of 
this project from: 
 
The Charles Hayward Foundation 
The Clothworkers’ Foundation 
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