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The rapid progress of high-resolution digital camera sensors over the last two decades has boosted the 

development and application of spectral imaging technologies for the non-destructive analysis and 

documentation of cultural heritage objects. Where conventional (digital) imaging is limited to the three 

colour channels (red, green and blue), so-called “multi-spectral imaging” devices record up to about 10 

spectral bands not only in the visible wavelength range, but also in the ultra-violet and infrared. So-

called “hyperspectral” systems acquire images of the object at several tens or even several hundreds of 

different bands over a wide wavelength range. 

Since several years, the Nationaal Archief  (NA, National Archives of the Netherlands), in a cooperation 

with Art Innovation, have been studying the application of hyperspectral imaging for the analysis of 

historical documents. The instrument ”SEPIA” that is being using for these studies had been specifically 

developed to provide highly reproducible spectral reflectance images in order to enable condition 

monitoring, and it has shown positive results on this regard [1]. 

Based on the experience gained with this first instrument, a new prototype quantitative hyperspectral 

instrument has been developed which integrates reflectance imaging with transmittance, luminescence 

and oblique light imaging. This new instrument has the advantage of registering  calibrated spectral 

images for all the measurement modes, which greatly increases the amount of information that can be 

extracted from  documents. This means that for each location on the sample, the corresponding pixel in 

the so-called hyperspectral data cube contains the data for all measured modes. It is therefore possible 

to apply pixel-based analysis algorithms such as principal component analysis (PCA) to combinations of 

spectral reflectance and luminescence images, or to correlate spectral transmittance data with 

information on the surface texture enhanced by the oblique light mode. 

The instrument has a light proof cabinet in which the document is placed for the measurement. For 

reflectance and luminescence imaging, the document is illuminated under an angle of 45° by two fixed  

light sources which are based on filtered halogen lamps and which also generate the light for 

transmittance imaging. Oblique light is provided by four adjustable LED modules. The thermo-

electrically cooled 4-megapixel camera module covers  the wavelength range from 365 to 1160 nm and 

provides three different lens magnifications, with a sampling resolution of 55, 14, and 4 µm/pixel, 

respectively. By recording a reference target, the raw image data is calibrated, so that the 

measurements of different objects, or the same object at different times, are comparable. 

The instrument is specifically designed to minimize the light-stress to the measured CH sample: For each 

hyperspectral image, the sample is illuminated not with white light but only with filtered light of the 

particular wavelength (bandwidth 10 – 20 nm) required for that image. While an automated  

recording is performed the sample is only exposed during the actual image acquisition, whereas in the 

live imaging operation mode used for object alignment, the light intensity is reduced. 

With each recorded spectral image, the control and analysis software stores all instrument settings 

(filters, camera exposure, gain etc) used for the image acquisition as well as the temperature and 

relative humidity inside the instrument cabinet. The common non-propriety file formats tif  and xml, are 

used in order to facilitate the further processing by other software.  

Results on the characterization of the instrument prototype and first application examples will be 

presented. 
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