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Hyperspectral infrared reflectance Imaging (HSI) imaging has been increasingly applied to the study of 

paintings in recent years
1-4

.  HSI provides images which may reveal such features as underdrawings, 

underlying paintings and pigment differences, and, by means of a spectrograph between the lens and the 

sensor, also provides a spectrum at each point in the infrared reflectance (IRR) Image.  The spectral region 

covered by HSI depends on the camera: a camera using a silicon-based sensor covers both the visible light 

region (400-750 nm) and the near infrared (NIR) region from 750-1000 nm (together, the regions are 

referred to as VNIR); a camera with an indium gallium arsenide (InGaAs) sensor can cover the range from 

900-1700 nm; and a camera using a cooled HgCdTe (mercury cadmium telluride, or “MCT”) covers from 

1000-2500 nm (short wave infrared, or SWIR).  InGaAs cameras, therefore, only partially cover the SWIR 

range. The MCT camera covers the longer wavelengths in the SWIR range, a region rich in spectral 

information, but adds expense and weight to the system 

An example of HSI imaging of oil painting by Larry Elliott is shown in Figure 1.  Figure 1a is a photograph 

(RGB, 400-750nm) of the painting, while the false color HSI image is shown in Figure 1b.  The imaging 

was performed using an HSI system optimized for Cultural Heritage (CH) applications, manufactured by 

Middleton Spectral Vision and incorporating a Specim SWIR3 MCT camera (384 spatial bands and 288 

spectral bands).  The analysis software, KemoQuant ™, performs both Principal Component Analysis 

(PCA)
5
 and Multivariate Curve Resolution (MCR)

6
. The PCA result shown in Figure 1b shows both 

dramatic and subtle differences, some highlighted in red, which lead to better understanding of the artist’s 

methods as well as the history of the painting.  

An alternative to HSI, at the expense of high spectral resolution, is to record individual images using a 

high quality InGaAs camera with a series of filters in front of the lens, each covering a narrow band of 

wavelengths.  This approach is called infrared “multispectral imaging” (MSI) reflectography
7
.  It should 

be considered when laboratories already have a high qualityInGaAs camera and wish to add some spectral 

specificity to their imaging tool kit. Compared to HSI, MSI offers the advantage of higher image resolution 

because of the absence of the spectrograph in the image path and the availability of higher resolution 

cameras, but requires many repetitive images to be taken and always leaves spectral gaps no matter how 

many filters are used.  The Walters Art Museum has an HSI system for the VNIR region, and an enhanced 

MSI system for the SWIR region to 1700 nm.  The enhancements to the MSI system are significant, adding 

1) open source spectral Imaging Registration software from the National Gallery of Art (NGA) and George 

Washington Unveristy
8
, which registers the images from the many filters and mosaics multi and 

hyperspectral images, and 2) KemoQuant™ - CH software, which now allows the same PCA and MCR 

algorithms used in HSI to be applied to the discrete images resulting from filters (MSI).  
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Figure 1. A Painting from the Estate of Larry Elliott.  Artist: Larry Elliott (1948-2019).  The Babbling 

Tower; Oil on panel; 24X20 in (61X51 cm); Catalog #E-60/3461.  RGB Photo is on left.  SWIR HSI using 

Reveal Scan System (right) shows features, some highlighted in red, from an earlier version of the 

painting. 

 
Figure 2. A Detail of a Painting in the Walters Collection attributed to Giulio Romano (c 1522-1524).  The 

Madonna and Child with Saint John the Baptist, (37.548).  Images c-g were recorded with an InGaAs 

camera using 5 filters. Underlying faces (b) are revealed after analysis in KemoQuant- CH software. 
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