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Multispectral Imaging and Microscopy 
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Giovanni Verri 

Summary (Imaging): 
 
•  Introduction: Light/Radiation sources, filters and recording devices 

•  Multispectral imaging techniques: 

•  Visible-reflected/transmitted 
•  Infrared-reflected/transmitted 
•  Ultraviolet-reflected 
•  Ultraviolet-induced luminescence 
•  Visible-induced luminescence 
•  False-colour images 

 

Summary (Microscopy): 
 
•  Microscopy: 

•  USB microscopy 
•  PLM (cross sections, thin sections and dispersions) 
•  Fluorescence and Confocal microscopy 
•  SEM-EDX 
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 A sequence of investigations: 
 
 
•  Physical and conservation history → inform targeted observations and 

investigations; 

•  Visual examinations → inform targeted observations and investigations; 

•  imaging → provides additional information on the x and y axes and some on 
the z axis: SPATIAL INFORMATION; 

•  Additional non-invasive point analysis (FTIR, XRF, luminescence 
spectroscopy, etc.); 

•  Identification of the sampling area;  

•  Cross sections and other invasive investigations. 
 

This process is iterative! Questions raised by observations or 
investigations inform further targeted investigations. 
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Visible 

A variety of techniques, a 
variety of information 

Infrared-
reflected 

Ultraviolet-
reflected 

Ultraviolet-
induced 
luminescence 

Visible-induced 
luminescence 

Raking light 

Stele of Kleonymos, Hadymos, Peukolaos and Krino. Vergina Museum ΒΛ 3  

Multispectral vs hyperspectral 

3 bands up to 100 bands Many more bands = imaging spectroscopy 

http://
article.sciencepublishinggroup.co
m/html/10.11648.j.ajbls.s.
2015030203.16.html 
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Multispectral vs hyperspectral 

3 bands up to 100 bands Many more bands = imaging spectroscopy 

Multispectral vs hyperspectral (Haida Liang) 

3 bands or more 

•  Allows to identify and distinguish 
materials – high accuracy 

•  High-tech equipment 

•  Time-consuming 

•  Considerable expertise 

•  Not cheap (…still) 

•  Not really an analytical technique 
– low accuracy 

•  Low-tech equipment 

•  Fast 

•  Somewhat easy to interpret 

•  Can be very cheap 

Many more bands = imaging spectroscopy 

Multispectral vs hyperspectral 

5 bands (or more) Many more bands = imaging spectroscopy 

UV – B – G – R - IR 
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Multispectral vs hyperspectral 

5 bands (or more) Many more bands = imaging spectroscopy 

UV – B – G – R - IR 

Visible 

A variety of techniques, a 
variety of information 

Infrared-reflected 

•  Infrared radiation is penetrative, so 
may provide information on 
concealed features (e.g. 
underdrawings); 

•  When combined with visible 
imaging, may help discriminating 
between similar materials or 
between original and non-original 
materials. 

False-colour infrared 

Visible 

A variety of techniques, a 
variety of information 

Ultraviolet-reflected 

•  Ultraviolet radiation is not 
penetrative, so may provide 
information on the surface (e.g. 
coatings); 

•  When combined with visible 
imaging, may help discriminating 
between similar materials or 
between original and non-original 
materials. 

False-colour ultraviolet 
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Visible 

A variety of techniques, a 
variety of information 

Ultraviolet-induced luminescence 

•  Characterisation of materials; 

•  Distribution of materials; 

•  Condition assessment. 

Visible 

A variety of techniques, a 
variety of information 

Visible-induced luminescence 

•  Characterisation of some specific materials (e.g. Egyptian 
Blue, Han blue, Han purple, Cadmium pigments, lakes); 

•  Distribution of materials; 

•  Condition assessment. 

Visible 

A variety of techniques, a 
variety of information 

•  Distribution of materials; 

•  Condition assessment; 

•  Identification of a sampling strategy. 
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Light and Radiation: the electromagnetic spectrum 
 

Imaging captures distribution maps of the interaction between 
light/radiation and matter 

 

UV 
 

IR 
 

Three-way system (interaction between radiation and matter): 

Recording device Radiation source 

Object 

Reflection 
Reflection 

 

Interaction between light/radiation and matter 
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http://www.photoaxe.com/wp-content/uploads/2007/04/camera-sensor.jpg 

Three-way system: 

Recording device Radiation source 

Object 
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Three-way system: 

Recording device UV source 

Object 

Three-way system: 

Recording device IR source 

Object 

http://light.hudld.com/full-spectrum-led-light-bulbs-information/full-spectrum-led-grow-lights-images/ 

Some continuos light/radiation sources 
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Imaging Kits / 
issues 
 

•  Tripods,  

•  Light stands,  

•  Bulky lamps,  

•  Camera shake 
(scaffolding), 

•  Long exposure (ambient 
stray radiation),  

•  Disruption of visitation,  

•  Working at night,  

•  Etc 

Another continuous light/radiation source: a Xenon Arc 

http://zeiss-campus.magnet.fsu.edu/print/lightsources/xenonarc-print.html 

FLASHTUBES: 

Full spectrum, 
white light electric 
arcs.  

http://munty13.blogspot.co.uk/2009/11/romance-of-science-radium-and_18.html 
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FLASHTUBES: 

Full spectrum, 
white light electric 
arcs of high 
intensity and short 
duration.  

http://en.wikipedia.org/wiki/File:Xenon-flash.gif 

FLASHTUBES: 

Full spectrum, white light 
electric arcs of high 
intensity and short 
duration.  

FLASHTUBES: 

Cheap and cheerful sources for 
all types of multispectral images 

Quantum Flash 

$1000+ 

Metz Mecablitz 76 MZ-5, 76 GN  

$800 
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FLASHTUBES: 

Cheap and cheerful sources for 
all types of multispectral images 

Nikon SB-80dx, 56 GN 

$100 

FLASHTUBES: 

Integration time 1/200 or 
even 1/250 

 
It is possible to take UV 
images in ‘daylight’ and 

avoid camera shake 
(handheld camera) 

 

FLASHTUBES: 

Integration time 1/200 or 
even 1/250 

 
It is possible to take UV 
images in ‘daylight’ and 

avoid camera shake 
(handheld camera) 

 

Inspection is less straightforward: use 
good, old UV-torches 
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FLASHTUBES: 

Excitation filters 

Emission filters 

FLASHTUBES: 

Full spectrum, white light electric arcs. 

If a filter is added, a specific range can be selected.  

!" | Giovanni Verri and David Saunders

by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter

a

b

c

d

e

FLASHTUBES: 

Full spectrum, white light electric arcs. 

If a filter is added, a specific range can be selected.  
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter

a

b

c

d

e
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FLASHTUBES: 

Full spectrum, white light electric arcs. 

If a filter is added, a specific range can be selected.  

!" | Giovanni Verri and David Saunders

by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter

a
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e

FLASHTUBES: 

Full spectrum, white light electric arcs. 

If a filter is added, a specific range can be selected.  

!" | Giovanni Verri and David Saunders

by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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e

FLASHTUBES: 

Excitation filters 

Emission filters 
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Visible light 

Plastic diffuser 
UV-IR-blocking 
filter (IDAS-
UIBAR) 
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 
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350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 
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350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 
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350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 

Figure 3. Spectra presenting the relative irradiance in the region 
350–1000 nm of: (a) an unfiltered xenon flashtube; (b) the flashtube 
fitted with a plastic diffuser and a B+W 420 filter; (c) fitted with a 
Hoya UV & IR cut filter; (d) fitted with a Schott BG38 filter; and (e) 
fitted with both a Schott BG38 and UG11 filter
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by the manufacturer. In most cases, a plastic or textile filter 
fitted to the front of  the flashtube has the dual purpose of  
diffusing visible light and absorbing the UV radiation that is 
undesirable in conventional digital photography. While these 
filters can usually be removed relatively easily if  UV illumina-
tion is needed, some more expensive professional flashtubes 
have an extremely thin gold coating applied directly to the 
glass envelope to reduce UV emission; accordingly, care should 
be taken in selecting an appropriate flashtube. 

This contribution assesses the potential of  filtered xenon 
flashtubes as a single, highly portable and powerful radiation 
source for VISR, IRR, UVR, UIL and VIL imaging. As lumi-
nescence is often weak compared to levels of  stray radiation, 
the extent to which UIL and VIL images can be made in the 
presence of  the levels of  ambient light commonly found when 
working in museum gallery or in situ contexts was examined 
in order to provide an indication of  the maximum light level 
(in lux) at which useful luminescence images could still be 
produced using the xenon flash. 

Equipment and methodology

Imaging setup
In this study, a standard setup, illustrated schematically in 
Figure 1, was used. The radiation source comprised two Nikon 
SB-80DX flashtubes (Guide Number 56 m at ISO 100) that 
had been modified by removing the plastic diffuser and sub-
stituting it by a black cap fitted with a threaded filter mount.1 
The filter mount allows various filters to be placed in front of  
the flash to modify the spectral range of  the radiation emitted 
by the xenon tube.2 The power output of  the flashtube was 
controlled manually from full (1/1) to minimum (1/128) power 
output. Both flashes were connected to the camera with a 
bracket so that a symmetrical illumination of  the object could 
be provided and, more importantly, the whole setup can be 
hand-held, Figure 2. The detector used in these experiments 
was a Nikon D3200 SLR camera, modified by removing the 
inbuilt UV/IR-blocking filter, which was replaced by a simple 
quartz window. Finally, the incoming and outgoing filter sets 
fitted to the flash units and camera for each type of  imaging 
are summarized in Table 1, in which the particular filter sets 
used in this study are indicated in bold.

Xenon flashtube output 
The spectral output (relative irradiance) of  the unfiltered Nikon 
SB-80DX flashtubes was measured in the range 350–1000 nm 
using an Ocean Optics USB2000+VIS-NIR-ES spectrophoto-
meter, Figure 3a. The relative irradiance was calibrated using 
the blackbody emission of  an LS-1 Ocean Optics tungsten 
halogen light source with a colour temperature of  3100 K. 
Although there is considerable noise in the UV region of  the 
spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
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spectrum, it can be seen that the flashtubes emit across the UV, 
visible and IR ranges of  the electromagnetic spectrum. If  a 
plastic diffuser and a B+W 420 filter are placed in front of  the 
flash, the UV component is decreased dramatically, with small 
reductions in the intensity of  the visible and IR components, 
Figure 3b. If  a Hoya UV & IR cut filter is used, only radiation 
in the range c.400–700 nm is transmitted, Figure 3c. When a 
Schott BG38 filter is fitted to the flashtube, radiation above c.680 
nm is absorbed (Figure 3d), while adding an additional Schott 
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UG11 filter blocks all visible and IR radiation with a wavelength 
greater than c.400 nm, Figure 3e. 

Test samples
Previously prepared panels of  painted out pigments – including 
colourants that show both UV-induced visible luminescence 
(for example red lake pigments) and visible-induced IR lumi-
nescence (including cadmium red and cadmium yellow) – were 
imaged using all five methods listed in Table 1. These panels, 
which were prepared in the Scientific Department at the 
National Gallery in London, are painted onto white, non- 
fluorescent Teflon panels, mostly using linseed oil as the binding 
medium; the pigments and binding media are detailed in Table 
2. In addition, a small sample of  Egyptian blue pigment was 
included in each image, seen above the tile containing yellow pig-
ments in Figures 4–6. A white reference standard (a Spectralon 
block with 99% reflectance in the visible and IR region) was 
imaged alongside the test panel in each case.

Stray radiation
The influence of  stray radiation on UIL and VIL images 
was tested empirically. Two tungsten lamps connected to a 
dimmer were used to simulate different levels of  ambient stray 
radiation in both the visible and IR ranges. The level of  stray 
radiation was measured in the visible range using a Sekonic 
Illuminometer i-346 luxmeter. The flashtubes were placed 
approximately 50 cm from the test panel and the Spectralon 
99% reflectance target and images were then made with 
different levels of  stray visible light. Since the 99% reflectance 
standard shows no luminescence, the level of  stray light could 
be assessed simply by measuring the lightness of  this target in 
the resultant UIL or VIL images. 

In situ imaging
To test the performance of  the xenon flashtubes in a museum 
context, the setup described in the sections above was tested 
by imaging an object in situ while on display at the British 
Museum, in this case one of  three sculptures of  the pharaoh 
Senusret III.

Results and discussion

Multispectral images with a single radiation source: 
‘one flash fits all’
Before examining the effect of  stray radiation, a set of  five 
images (VISR, IRR, UVR, UIL and VIL) was made using 
the flashtubes, but in the absence of  ambient light, i.e. the 
images were made under ‘blackout’ conditions to minimize 
the presence of  unwanted stray radiation in the luminescence 
images; this first set of  images is shown in Figure 4. Although 
all the images in the set were made using an exposure time of  
5 ms (1/200 s), different apertures and power settings for the 
flashtube were used for each image.

• VISR: Since the emission from the flashtubes is high in the 
visible range, the power output can be adjusted as necessary 
to allow the aperture to be reduced to provide optimum 
depth of  field and sharpness (as in conventional photo-
graphy). The parameters used for VISR were: flash output 
1/128, aperture f/10.

Figure 4. A set of five images of the test panels, Egyptian blue 
sample and Spectralon greyscale reference standards taken with 
a hand-held camera and filtered flashes in the absence of ambient 
stray radiation: (a) VISR; (b) IRR; (c) UVR; (d) UIL; and (e) VIL
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board, and the reflected light observed by the target camera. At the same time, the spectral 
distributions of the monochromatic light are measured by a spectrometer. The camera 
spectral sensitivity can then be calculated using the captured images and measured 
spectra.41 This method is accurate as the measurements are independent of each other. 
However, it requires expensive optical equipment and a dark room. Moreover, capturing 
dozens of images and spectral distributions makes the whole procedure time-consuming, 
restricting its use to well-equipped laboratories. 
 

 
 
Figure 1-15. Visible-reflected image of a detail from a wall painting fragment from the British Museum 
(Winged youth from the Tomb of the Nasonii, 1883,0505.5) as shot with; (a) a Canon 40D and (b) a 
Fuji S3 Pro. 
 
 
To simplify the procedure, methods which include calibration targets, in the captured image 
such as the Macbeth colour chart discussed in the previous section have been proposed. 
Various software solutions are available for calculating the 3x3 matrix coefficients, evaluating 
the colour error and colour calibrating visible-reflected images using calibration targets. One 
of these is an existing and already widely used workspace in nip2, as discussed above.40 
This module will thus be integrated into the workflow for the correction of reflected images, 
as discussed in Chapter 3. The optimisation of experimental procedures, as well as the data 
acquisition requirements for post-processing will be discussed in Chapter 2. 
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Figure 1-20. Visible induced luminescence images of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) acquired (a) with a 
mixture of radiation from LEDs (R, G and B) and tungsten lamps, and (b) with radiation from LEDs 
only. 
 
Ambient stray radiation can arise from non-ideal working conditions such as a room where it 
is not possible to exclude external radiation or in which there are luminescent objects. Whilst 
some of these concerns can be addressed under controlled conditions or with nocturnal 
image capture, it is often not possible to completely exclude ambient stray radiation in a 
museum or gallery environment. 
 

 
 
Figure 1-21. UV-induced luminescence images image of a detail from a wall painting fragment from 
the British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) (a) with ambient stray 
radiation and (b) in the absence of ambient stray radiation. The images are as shot. 
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the colour error and colour calibrating visible-reflected images using calibration targets. One 
of these is an existing and already widely used workspace in nip2, as discussed above.40 
This module will thus be integrated into the workflow for the correction of reflected images, 
as discussed in Chapter 3. The optimisation of experimental procedures, as well as the data 
acquisition requirements for post-processing will be discussed in Chapter 2. 
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Figure 1-20. Visible induced luminescence images of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) acquired (a) with a 
mixture of radiation from LEDs (R, G and B) and tungsten lamps, and (b) with radiation from LEDs 
only. 
 
Ambient stray radiation can arise from non-ideal working conditions such as a room where it 
is not possible to exclude external radiation or in which there are luminescent objects. Whilst 
some of these concerns can be addressed under controlled conditions or with nocturnal 
image capture, it is often not possible to completely exclude ambient stray radiation in a 
museum or gallery environment. 
 

 
 
Figure 1-21. UV-induced luminescence images image of a detail from a wall painting fragment from 
the British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) (a) with ambient stray 
radiation and (b) in the absence of ambient stray radiation. The images are as shot. 
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Figure 1-20. Visible induced luminescence images of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) acquired (a) with a 
mixture of radiation from LEDs (R, G and B) and tungsten lamps, and (b) with radiation from LEDs 
only. 
 
Ambient stray radiation can arise from non-ideal working conditions such as a room where it 
is not possible to exclude external radiation or in which there are luminescent objects. Whilst 
some of these concerns can be addressed under controlled conditions or with nocturnal 
image capture, it is often not possible to completely exclude ambient stray radiation in a 
museum or gallery environment. 
 

 
 
Figure 1-21. UV-induced luminescence images image of a detail from a wall painting fragment from 
the British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) (a) with ambient stray 
radiation and (b) in the absence of ambient stray radiation. The images are as shot. 
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Figure 1-21 shows an example of how the presence of ambient stray radiation can interfere 
with the interpretation of luminescence phenomena. The UV-induced luminescence image 
on the left Figure 1-21(a), was taken in the presence of some red ambient stray radiation. 
Figure 1-21(b) shows the UV-induced luminescence of the same subject where the source of 
this ambient stray radiation has been removed. Comparing these, it is clear that in Figure 
1-21(a) the ambient stray radiation caused the dark areas in the image to appear lighter, the 
areas  of  ‘blue’  luminescence  around  the  figure appears purple and  the  ‘yellow’  luminescence  
of the figure appears more orange.  
 
The ambient stray radiation observed in images such as Figure 1-21(a), can be considered 
as   ‘background   noise’   and,   although   this   cannot   be   measured   directly,   it   can   be  
mathematically reconstructed and removed from luminescence images by post-processing 
methods, represented schematically in Figure 1-22 using a UV-induced luminescence image 
as an example. 
 

 
 
Figure 1-22. Schematic showing the correction of luminescence images for ambient stray radiation 
using a UV-induced luminescence images image of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) as an example. 
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Figure 1-21 shows an example of how the presence of ambient stray radiation can interfere 
with the interpretation of luminescence phenomena. The UV-induced luminescence image 
on the left Figure 1-21(a), was taken in the presence of some red ambient stray radiation. 
Figure 1-21(b) shows the UV-induced luminescence of the same subject where the source of 
this ambient stray radiation has been removed. Comparing these, it is clear that in Figure 
1-21(a) the ambient stray radiation caused the dark areas in the image to appear lighter, the 
areas  of  ‘blue’  luminescence  around  the  figure appears purple and  the  ‘yellow’  luminescence  
of the figure appears more orange.  
 
The ambient stray radiation observed in images such as Figure 1-21(a), can be considered 
as   ‘background   noise’   and,   although   this   cannot   be   measured   directly,   it   can   be  
mathematically reconstructed and removed from luminescence images by post-processing 
methods, represented schematically in Figure 1-22 using a UV-induced luminescence image 
as an example. 
 

 
 
Figure 1-22. Schematic showing the correction of luminescence images for ambient stray radiation 
using a UV-induced luminescence images image of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) as an example. 
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Figure 1-21 shows an example of how the presence of ambient stray radiation can interfere 
with the interpretation of luminescence phenomena. The UV-induced luminescence image 
on the left Figure 1-21(a), was taken in the presence of some red ambient stray radiation. 
Figure 1-21(b) shows the UV-induced luminescence of the same subject where the source of 
this ambient stray radiation has been removed. Comparing these, it is clear that in Figure 
1-21(a) the ambient stray radiation caused the dark areas in the image to appear lighter, the 
areas  of  ‘blue’  luminescence  around  the  figure appears purple and  the  ‘yellow’  luminescence  
of the figure appears more orange.  
 
The ambient stray radiation observed in images such as Figure 1-21(a), can be considered 
as   ‘background   noise’   and,   although   this   cannot   be   measured   directly,   it   can   be  
mathematically reconstructed and removed from luminescence images by post-processing 
methods, represented schematically in Figure 1-22 using a UV-induced luminescence image 
as an example. 
 

 
 
Figure 1-22. Schematic showing the correction of luminescence images for ambient stray radiation 
using a UV-induced luminescence images image of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) as an example. 
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Figure 1-21 shows an example of how the presence of ambient stray radiation can interfere 
with the interpretation of luminescence phenomena. The UV-induced luminescence image 
on the left Figure 1-21(a), was taken in the presence of some red ambient stray radiation. 
Figure 1-21(b) shows the UV-induced luminescence of the same subject where the source of 
this ambient stray radiation has been removed. Comparing these, it is clear that in Figure 
1-21(a) the ambient stray radiation caused the dark areas in the image to appear lighter, the 
areas  of  ‘blue’  luminescence  around  the  figure appears purple and  the  ‘yellow’  luminescence  
of the figure appears more orange.  
 
The ambient stray radiation observed in images such as Figure 1-21(a), can be considered 
as   ‘background   noise’   and,   although   this   cannot   be   measured   directly,   it   can   be  
mathematically reconstructed and removed from luminescence images by post-processing 
methods, represented schematically in Figure 1-22 using a UV-induced luminescence image 
as an example. 
 

 
 
Figure 1-22. Schematic showing the correction of luminescence images for ambient stray radiation 
using a UV-induced luminescence images image of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) as an example. 
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Figure 1-21 shows an example of how the presence of ambient stray radiation can interfere 
with the interpretation of luminescence phenomena. The UV-induced luminescence image 
on the left Figure 1-21(a), was taken in the presence of some red ambient stray radiation. 
Figure 1-21(b) shows the UV-induced luminescence of the same subject where the source of 
this ambient stray radiation has been removed. Comparing these, it is clear that in Figure 
1-21(a) the ambient stray radiation caused the dark areas in the image to appear lighter, the 
areas  of  ‘blue’  luminescence  around  the  figure appears purple and  the  ‘yellow’  luminescence  
of the figure appears more orange.  
 
The ambient stray radiation observed in images such as Figure 1-21(a), can be considered 
as   ‘background   noise’   and,   although   this   cannot   be   measured   directly,   it   can   be  
mathematically reconstructed and removed from luminescence images by post-processing 
methods, represented schematically in Figure 1-22 using a UV-induced luminescence image 
as an example. 
 

 
 
Figure 1-22. Schematic showing the correction of luminescence images for ambient stray radiation 
using a UV-induced luminescence images image of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) as an example. 
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Figure 1-21 shows an example of how the presence of ambient stray radiation can interfere 
with the interpretation of luminescence phenomena. The UV-induced luminescence image 
on the left Figure 1-21(a), was taken in the presence of some red ambient stray radiation. 
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this ambient stray radiation has been removed. Comparing these, it is clear that in Figure 
1-21(a) the ambient stray radiation caused the dark areas in the image to appear lighter, the 
areas  of  ‘blue’  luminescence  around  the  figure appears purple and  the  ‘yellow’  luminescence  
of the figure appears more orange.  
 
The ambient stray radiation observed in images such as Figure 1-21(a), can be considered 
as   ‘background   noise’   and,   although   this   cannot   be   measured   directly,   it   can   be  
mathematically reconstructed and removed from luminescence images by post-processing 
methods, represented schematically in Figure 1-22 using a UV-induced luminescence image 
as an example. 
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using a UV-induced luminescence images image of a detail from a wall painting fragment from the 
British Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) as an example. 
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• UVR and IRR: As for the visible range, the UV and IR emis-
sion from the flashtubes is high, so that the power can be 
increased and the aperture decreased to improve the depth 
of  field and sharpness. The parameters used for UVR and 
IRR were respectively: flash output 1/1 and 1/64, aperture 
f/2.8 and f/8.

• UIL: The powerful emission of  UV radiation by the flash-
tubes facilitates the capture of  UIL images but, in contrast 
to reflectance imaging, the weak luminescence necessitates 
the use of  a larger aperture (typically f/4 or greater), the 
maximum flash power output (1/1) and a small working 
distance between the flashtube and the object. The exact 
conditions will, of  course, depend on the maximum power 
of  the flashtubes used, but with the setup described here 
it proved possible to make good quality UIL images by 
placing the flashtubes approximately one metre from the 

object. The parameters used for UIL were: flash output 
1/1, aperture f/4.

• VIL: In common with UIL imaging, the strong visible emis-
sion by the flashtubes facilitates the capture of  VIL images, 
but the method also suffers the same drawbacks as UIL, 
since the working distance and aperture are limited by the 
relatively weak luminescence of  the object in the same 
manner. Nevertheless, the IR emission from the Egyptian 
blue sample is extremely strong and the cadmium red deep, 
cadmium red, cadmium yellow deep and cadmium orange 
samples all show emissions that are strong enough to be 
recorded when excited using the flashtubes. In the VIL 
image in Figure 4 some weak luminescence, probably the 
tail of  the emission from the binding medium, can be seen 
for a number of  the other paint samples. The parameters 
used for VIL were: flash output 1/1, aperture f/1.8.

Figure 5. A sequence of UIL images made with different apertures and increasing levels of ambient stray light. The first three rows present 
the images made with apertures of f/1.8, f/4 and f/8 respectively while the fourth row shows the images made at f/8 after adjustment of 
the output levels from the camera (linear histogram scaling). From left to right the images were made with ambient visible light levels of 
0, 50, 150, 300, 600, 800 and 1000 lux. The bright area to the right of the black Spectralon reference standard is due to specular reflection 
from the aluminium support

Figure 6. A sequence of VIL images made with different apertures and increasing levels of ambient stray light. The first three rows present 
the images made with apertures of f/1.8, f/4 and f/8 respectively while the fourth row shows the images made at f/8 after adjustment of 
the output levels from the camera by linear histogram scaling. From left to right the images were made with ambient visible light levels of 
0, 50, 150, 300, 600, 800 and 1000 lux. The bright area to the right of the black Spectralon reference standard is due to specular reflection 
from the aluminium support

Luminescence images and stray radiation 

1/250 or 1/200 integration time (Shutter Speed) 
is so fast that ambient light up to approximately 
300 lx can be excluded making UV imaging 
possible in otherwise unfavourable conditions. Xenon flash for reflectance and luminescence (multispectral) imaging in cultural heritage applications  | !" 

UG11 filter blocks all visible and IR radiation with a wavelength 
greater than c.400 nm, Figure 3e. 

Test samples
Previously prepared panels of  painted out pigments – including 
colourants that show both UV-induced visible luminescence 
(for example red lake pigments) and visible-induced IR lumi-
nescence (including cadmium red and cadmium yellow) – were 
imaged using all five methods listed in Table 1. These panels, 
which were prepared in the Scientific Department at the 
National Gallery in London, are painted onto white, non- 
fluorescent Teflon panels, mostly using linseed oil as the binding 
medium; the pigments and binding media are detailed in Table 
2. In addition, a small sample of  Egyptian blue pigment was 
included in each image, seen above the tile containing yellow pig-
ments in Figures 4–6. A white reference standard (a Spectralon 
block with 99% reflectance in the visible and IR region) was 
imaged alongside the test panel in each case.

Stray radiation
The influence of  stray radiation on UIL and VIL images 
was tested empirically. Two tungsten lamps connected to a 
dimmer were used to simulate different levels of  ambient stray 
radiation in both the visible and IR ranges. The level of  stray 
radiation was measured in the visible range using a Sekonic 
Illuminometer i-346 luxmeter. The flashtubes were placed 
approximately 50 cm from the test panel and the Spectralon 
99% reflectance target and images were then made with 
different levels of  stray visible light. Since the 99% reflectance 
standard shows no luminescence, the level of  stray light could 
be assessed simply by measuring the lightness of  this target in 
the resultant UIL or VIL images. 

In situ imaging
To test the performance of  the xenon flashtubes in a museum 
context, the setup described in the sections above was tested 
by imaging an object in situ while on display at the British 
Museum, in this case one of  three sculptures of  the pharaoh 
Senusret III.

Results and discussion

Multispectral images with a single radiation source: 
‘one flash fits all’
Before examining the effect of  stray radiation, a set of  five 
images (VISR, IRR, UVR, UIL and VIL) was made using 
the flashtubes, but in the absence of  ambient light, i.e. the 
images were made under ‘blackout’ conditions to minimize 
the presence of  unwanted stray radiation in the luminescence 
images; this first set of  images is shown in Figure 4. Although 
all the images in the set were made using an exposure time of  
5 ms (1/200 s), different apertures and power settings for the 
flashtube were used for each image.

• VISR: Since the emission from the flashtubes is high in the 
visible range, the power output can be adjusted as necessary 
to allow the aperture to be reduced to provide optimum 
depth of  field and sharpness (as in conventional photo-
graphy). The parameters used for VISR were: flash output 
1/128, aperture f/10.

Figure 4. A set of five images of the test panels, Egyptian blue 
sample and Spectralon greyscale reference standards taken with 
a hand-held camera and filtered flashes in the absence of ambient 
stray radiation: (a) VISR; (b) IRR; (c) UVR; (d) UIL; and (e) VIL
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• UVR and IRR: As for the visible range, the UV and IR emis-
sion from the flashtubes is high, so that the power can be 
increased and the aperture decreased to improve the depth 
of  field and sharpness. The parameters used for UVR and 
IRR were respectively: flash output 1/1 and 1/64, aperture 
f/2.8 and f/8.

• UIL: The powerful emission of  UV radiation by the flash-
tubes facilitates the capture of  UIL images but, in contrast 
to reflectance imaging, the weak luminescence necessitates 
the use of  a larger aperture (typically f/4 or greater), the 
maximum flash power output (1/1) and a small working 
distance between the flashtube and the object. The exact 
conditions will, of  course, depend on the maximum power 
of  the flashtubes used, but with the setup described here 
it proved possible to make good quality UIL images by 
placing the flashtubes approximately one metre from the 

object. The parameters used for UIL were: flash output 
1/1, aperture f/4.

• VIL: In common with UIL imaging, the strong visible emis-
sion by the flashtubes facilitates the capture of  VIL images, 
but the method also suffers the same drawbacks as UIL, 
since the working distance and aperture are limited by the 
relatively weak luminescence of  the object in the same 
manner. Nevertheless, the IR emission from the Egyptian 
blue sample is extremely strong and the cadmium red deep, 
cadmium red, cadmium yellow deep and cadmium orange 
samples all show emissions that are strong enough to be 
recorded when excited using the flashtubes. In the VIL 
image in Figure 4 some weak luminescence, probably the 
tail of  the emission from the binding medium, can be seen 
for a number of  the other paint samples. The parameters 
used for VIL were: flash output 1/1, aperture f/1.8.

Figure 5. A sequence of UIL images made with different apertures and increasing levels of ambient stray light. The first three rows present 
the images made with apertures of f/1.8, f/4 and f/8 respectively while the fourth row shows the images made at f/8 after adjustment of 
the output levels from the camera (linear histogram scaling). From left to right the images were made with ambient visible light levels of 
0, 50, 150, 300, 600, 800 and 1000 lux. The bright area to the right of the black Spectralon reference standard is due to specular reflection 
from the aluminium support

Figure 6. A sequence of VIL images made with different apertures and increasing levels of ambient stray light. The first three rows present 
the images made with apertures of f/1.8, f/4 and f/8 respectively while the fourth row shows the images made at f/8 after adjustment of 
the output levels from the camera by linear histogram scaling. From left to right the images were made with ambient visible light levels of 
0, 50, 150, 300, 600, 800 and 1000 lux. The bright area to the right of the black Spectralon reference standard is due to specular reflection 
from the aluminium support

Luminescence images and stray radiation 

1/250 or 1/200 integration time (Shutter Speed) 
is so fast that ambient light up to approximately 
600 lx can be excluded making VIL imaging 
possible in otherwise unfavourable conditions. 
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• UVR and IRR: As for the visible range, the UV and IR emis-
sion from the flashtubes is high, so that the power can be 
increased and the aperture decreased to improve the depth 
of  field and sharpness. The parameters used for UVR and 
IRR were respectively: flash output 1/1 and 1/64, aperture 
f/2.8 and f/8.

• UIL: The powerful emission of  UV radiation by the flash-
tubes facilitates the capture of  UIL images but, in contrast 
to reflectance imaging, the weak luminescence necessitates 
the use of  a larger aperture (typically f/4 or greater), the 
maximum flash power output (1/1) and a small working 
distance between the flashtube and the object. The exact 
conditions will, of  course, depend on the maximum power 
of  the flashtubes used, but with the setup described here 
it proved possible to make good quality UIL images by 
placing the flashtubes approximately one metre from the 

object. The parameters used for UIL were: flash output 
1/1, aperture f/4.

• VIL: In common with UIL imaging, the strong visible emis-
sion by the flashtubes facilitates the capture of  VIL images, 
but the method also suffers the same drawbacks as UIL, 
since the working distance and aperture are limited by the 
relatively weak luminescence of  the object in the same 
manner. Nevertheless, the IR emission from the Egyptian 
blue sample is extremely strong and the cadmium red deep, 
cadmium red, cadmium yellow deep and cadmium orange 
samples all show emissions that are strong enough to be 
recorded when excited using the flashtubes. In the VIL 
image in Figure 4 some weak luminescence, probably the 
tail of  the emission from the binding medium, can be seen 
for a number of  the other paint samples. The parameters 
used for VIL were: flash output 1/1, aperture f/1.8.

Figure 5. A sequence of UIL images made with different apertures and increasing levels of ambient stray light. The first three rows present 
the images made with apertures of f/1.8, f/4 and f/8 respectively while the fourth row shows the images made at f/8 after adjustment of 
the output levels from the camera (linear histogram scaling). From left to right the images were made with ambient visible light levels of 
0, 50, 150, 300, 600, 800 and 1000 lux. The bright area to the right of the black Spectralon reference standard is due to specular reflection 
from the aluminium support

Figure 6. A sequence of VIL images made with different apertures and increasing levels of ambient stray light. The first three rows present 
the images made with apertures of f/1.8, f/4 and f/8 respectively while the fourth row shows the images made at f/8 after adjustment of 
the output levels from the camera by linear histogram scaling. From left to right the images were made with ambient visible light levels of 
0, 50, 150, 300, 600, 800 and 1000 lux. The bright area to the right of the black Spectralon reference standard is due to specular reflection 
from the aluminium support Xenon flash for reflectance and luminescence (multispectral) imaging in cultural heritage applications  | !" 

UG11 filter blocks all visible and IR radiation with a wavelength 
greater than c.400 nm, Figure 3e. 

Test samples
Previously prepared panels of  painted out pigments – including 
colourants that show both UV-induced visible luminescence 
(for example red lake pigments) and visible-induced IR lumi-
nescence (including cadmium red and cadmium yellow) – were 
imaged using all five methods listed in Table 1. These panels, 
which were prepared in the Scientific Department at the 
National Gallery in London, are painted onto white, non- 
fluorescent Teflon panels, mostly using linseed oil as the binding 
medium; the pigments and binding media are detailed in Table 
2. In addition, a small sample of  Egyptian blue pigment was 
included in each image, seen above the tile containing yellow pig-
ments in Figures 4–6. A white reference standard (a Spectralon 
block with 99% reflectance in the visible and IR region) was 
imaged alongside the test panel in each case.

Stray radiation
The influence of  stray radiation on UIL and VIL images 
was tested empirically. Two tungsten lamps connected to a 
dimmer were used to simulate different levels of  ambient stray 
radiation in both the visible and IR ranges. The level of  stray 
radiation was measured in the visible range using a Sekonic 
Illuminometer i-346 luxmeter. The flashtubes were placed 
approximately 50 cm from the test panel and the Spectralon 
99% reflectance target and images were then made with 
different levels of  stray visible light. Since the 99% reflectance 
standard shows no luminescence, the level of  stray light could 
be assessed simply by measuring the lightness of  this target in 
the resultant UIL or VIL images. 

In situ imaging
To test the performance of  the xenon flashtubes in a museum 
context, the setup described in the sections above was tested 
by imaging an object in situ while on display at the British 
Museum, in this case one of  three sculptures of  the pharaoh 
Senusret III.

Results and discussion

Multispectral images with a single radiation source: 
‘one flash fits all’
Before examining the effect of  stray radiation, a set of  five 
images (VISR, IRR, UVR, UIL and VIL) was made using 
the flashtubes, but in the absence of  ambient light, i.e. the 
images were made under ‘blackout’ conditions to minimize 
the presence of  unwanted stray radiation in the luminescence 
images; this first set of  images is shown in Figure 4. Although 
all the images in the set were made using an exposure time of  
5 ms (1/200 s), different apertures and power settings for the 
flashtube were used for each image.

• VISR: Since the emission from the flashtubes is high in the 
visible range, the power output can be adjusted as necessary 
to allow the aperture to be reduced to provide optimum 
depth of  field and sharpness (as in conventional photo-
graphy). The parameters used for VISR were: flash output 
1/128, aperture f/10.

Figure 4. A set of five images of the test panels, Egyptian blue 
sample and Spectralon greyscale reference standards taken with 
a hand-held camera and filtered flashes in the absence of ambient 
stray radiation: (a) VISR; (b) IRR; (c) UVR; (d) UIL; and (e) VIL
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• UVR and IRR: As for the visible range, the UV and IR emis-
sion from the flashtubes is high, so that the power can be 
increased and the aperture decreased to improve the depth 
of  field and sharpness. The parameters used for UVR and 
IRR were respectively: flash output 1/1 and 1/64, aperture 
f/2.8 and f/8.

• UIL: The powerful emission of  UV radiation by the flash-
tubes facilitates the capture of  UIL images but, in contrast 
to reflectance imaging, the weak luminescence necessitates 
the use of  a larger aperture (typically f/4 or greater), the 
maximum flash power output (1/1) and a small working 
distance between the flashtube and the object. The exact 
conditions will, of  course, depend on the maximum power 
of  the flashtubes used, but with the setup described here 
it proved possible to make good quality UIL images by 
placing the flashtubes approximately one metre from the 

object. The parameters used for UIL were: flash output 
1/1, aperture f/4.

• VIL: In common with UIL imaging, the strong visible emis-
sion by the flashtubes facilitates the capture of  VIL images, 
but the method also suffers the same drawbacks as UIL, 
since the working distance and aperture are limited by the 
relatively weak luminescence of  the object in the same 
manner. Nevertheless, the IR emission from the Egyptian 
blue sample is extremely strong and the cadmium red deep, 
cadmium red, cadmium yellow deep and cadmium orange 
samples all show emissions that are strong enough to be 
recorded when excited using the flashtubes. In the VIL 
image in Figure 4 some weak luminescence, probably the 
tail of  the emission from the binding medium, can be seen 
for a number of  the other paint samples. The parameters 
used for VIL were: flash output 1/1, aperture f/1.8.

Figure 5. A sequence of UIL images made with different apertures and increasing levels of ambient stray light. The first three rows present 
the images made with apertures of f/1.8, f/4 and f/8 respectively while the fourth row shows the images made at f/8 after adjustment of 
the output levels from the camera (linear histogram scaling). From left to right the images were made with ambient visible light levels of 
0, 50, 150, 300, 600, 800 and 1000 lux. The bright area to the right of the black Spectralon reference standard is due to specular reflection 
from the aluminium support

Figure 6. A sequence of VIL images made with different apertures and increasing levels of ambient stray light. The first three rows present 
the images made with apertures of f/1.8, f/4 and f/8 respectively while the fourth row shows the images made at f/8 after adjustment of 
the output levels from the camera by linear histogram scaling. From left to right the images were made with ambient visible light levels of 
0, 50, 150, 300, 600, 800 and 1000 lux. The bright area to the right of the black Spectralon reference standard is due to specular reflection 
from the aluminium support
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darker than the lower section. Figure 1-7(b), an image of a uniformly reflective board taken 
under the same lighting conditions shows that there is an illumination gradient from dark (top 
of the image) to light (bottom of the image). A corrected image, where this gradient has been 
removed (see later for details), produces an image which appears more evenly illuminated, 
Figure 1-7(c).  
 
Optimisation of experimental procedures can minimise the spatial inhomogeneities in 
illumination which cause these effects. Symmetrical positioning of the radiation sources, 
avoiding specular reflections and shadows and checking the intensity of the incident 
radiation around the object with a light meter, are some of the most important factors in 
achieving these optimal conditions. Further recommendations and solutions for the 
illumination of objects can be found in the numerous manuals available on the photography 
of works of art.31 However, site or object constraints may sometimes impede appropriate 
positioning of the radiation sources or accurate light intensity measurements, in these cases 
the inhomogeneities encountered may be addressed via post-processing methodologies. 
 

 
 
Figure 1-7. (a) Visible-reflected image of a detail from a wall painting fragment from the British 
Museum (Winged youth from the Tomb of the Nasonii, 1883,0505.5) showing inhomogeneous 
illumination. (b) Image of a uniformly reflective board taken under the same lighting conditions 
showing an illumination gradient, from dark (top of the image) to light (bottom of the image). (c) The 
corrected image appears more evenly illuminated.  
 
 
The mathematical operation of compensating visible, UV- and IR-reflected images for the 
spatial inhomogeneities of the radiation source and establishing uniform illumination 
conditions   is   known   as   “flat-fielding” 32 , 33  (see Appendix 1 for more explanation). 
Experimentally this involves recording the distribution of the source on a uniformly reflective 
board (as seen in the above examples) and dividing the reflected image by the distribution of 
the radiation in post-processing. This procedure also removes spurious effects caused by 
variations in the pixel-to-pixel sensitivity of the detector and/or by distortions in the optical 
path.  
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The uniformly reflective board is ideally a grey Lambertian reflector (a surface showing the 
same radiance when viewed from any angle - see Chapter 2 for examples). An image of the 
board represents an RGB map of the distribution of the radiation source which is incident on 
the surface under investigation. The board is placed parallel to the object and as close to the 
plane of the object as possible. An image of the board, which must cover the entire capture 
area, is taken. If the illumination is uniform, the image of the board should also have 
consistent RGB values throughout. 
 
The reflected image of the object is divided, channel by channel and pixel by pixel, by the 
image of the uniformly reflective board. Subsequently, the reflected image is normalised 
back to the original maximum value of image, calculated as the average grey value on a 99% 
reflectance standard (for a description of the 99% Spectralon diffuse reflectance standard 
see Chapter 2). This procedure avoids the normalisation to hot pixels. The result of the 
division theoretically corresponds to the image of the object uniformly illuminated.  
 

 
 
Figure 1-8. Compensation of spatial inhomogeneities of the radiation source for VIS, IRR and UVR 
images of a wall painting fragment from the British Museum (Winged youth from the Tomb of the 
Nasonii, 1883,0505.5). Each image is divided by its corresponding image of the uniformly reflective 
board. The latter represents the distribution of the incident radiation. The result of the division 
theoretically corresponds to the image of the object uniformly illuminated.  
 
 
Figure 1-8 shows some examples of images which have been corrected for the spatial 
inhomogeneity of the radiation source using this approach. The integration of this method 
into a workflow for the development of the post-processing software addressing the 
correction of reflected images is discussed in Chapter 3. The optimisation of experimental 
procedures to minimise the spatial inhomogeneities in illumination as well as the data 
acquisition requirements for post-processing are discussed in Chapter 2. 
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Figure 1-10. Visible-reflected image of a detail from a wall painting fragment from the British Museum 
(Winged youth from the Tomb of the Nasonii, 1883,0505.5) captured with (a) tungsten lamps 
(represented by the CIE standard illuminant A) and (b) flashes (represented by the CIE standard 
illuminants D50 or D55).36 
 
 
The manner in which cameras process images (see Chapter 3, section a) will also have an 
effect on the reproducibility of luminance in reflected images. The sensors used in DSLR 
cameras are linear, i.e. the number they generate for each pixel is proportional to the 
amount of light at that point. However, because the sensitivity of the human eye to light is 
different to that of a camera (Figure 1-11(a)),  a  function,  or  “gamma”  is  often  applied  to  the  
captured image when this is converted into a standard JPEG or TIFF file by the camera or 
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