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Cosmetics
A SWIR camera based hyperspectral imaging system was used to identify the location and evaluate the absorption of different 
cosmetics. For the experiments, several different hand lotions were sequentially rubbed in the shape of a strip on the subject’s 
hand and scanned one at a time. The hand was cleaned with isopropyl alcohol before and between lotion applications to normalize 
the amount of oil on the surface of the skin. The volunteer placed the lotion-covered hand on a moving sample tray which 
passed beneath the camera. At 100 fps, each scan took about 6 seconds. ChemaDAQTM software, included in the SisuCHEMATM 
hyperspectral imaging system, was used to collect the images and control the camera.

The spectral image below shows the location of the applied lotion based on its spectral differences from the skin.

 

The spectra reveal differences between the lotions. The following spectra represent facial night cream, moisturizer, and sunscreen. 
The graphs show that around 5750 cm-1 and 4250 cm-1 (see circled areas), there are spectral differences that indicate a decreasing 
presence of oil from the first to the third spectrum. Furthermore, the results indicate that those characteristic wavelengths are 
appropriate to predict the location, the amount, and the absorption of the respective products.

Night cream Moisturizer 

Sunscreen 
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art
Hyperspectral imaging (HSI) has been used to evaluate, document and analyze art objects (Kubik, 
2007). Numerous characteristics can be determined from the HSI measurements, such as age, 
authenticity, and original color values for restoration purposes.

HSI measurements can facilitate 
documentation of museum inventory by 
providing documentation of true CIE color 
coordinates with high spatial resolution 
in order to track ultraviolet and oxidative 
degradation. Color standards are used to 
assure that the proper coordinates are 
established using the same geometry and 
illumination levels.

Leonardo da Vinci’s Mona Lisa was analyzed in recent years using hyperspectral 
imaging to determine fading and other pigment changes. The HSI data was used 
to calculate the original color image, as it would have appeared at the time the 
painting was created. It also revealed other painting details modified by da Vinci 
and subsequent restorations (Bryner, 2007). The spectra of Leonardo’s famous 
Madonna of the Yarnwinder is accessible online. (Laboratorio Spettroscopia 
Immagini, 2005)

Identification of art forgery is another important 
hyperspectral imaging application. HSI can go beyond 
evaluation of the style, pattern and other telltale signs of 
the artist, to detect chemicals, paints and substrates that 
were used. In some cases the materials readily available 
today are fundamentally different from those used by the 
old masters and can readily lead to detection of a newer 
than stated work.

Near infrared light penetrates deeper into the surface 
than visible light. In some cases the near-infrared scan 
of artwork can reveal a prior version beneath the outer 
image due to modifications by the artist or others.

Inks, pigments and watermarks of historic documents can be evaluated using chemometric methods, the legibility of documents 
enhanced, damages, such as gall ink corrosion or presence and the type of mold established. (Padoan, 2008)

References
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Detailed hyperspectral image of artwork measured with a VNIR camera. 
Color-coordinated spectra of circled areas shown above.

Hyperspectral image of indicated detail of oil 
painting measured with a SWIR camera. Color-
coordinated spectra of circled areas shown above.
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Hyperspectral Imaging in Forensics
Hyperspectral imaging combined with multivariate statistics is an approach to 
microanalysis that makes maximum use of the large amount of data in forensics 
analysis. VNIR, SWIR, Raman and thermal emission spectroscopy have been used 
to aid in forensic sciences. Several papers in the literature demonstrate the power 
of combining spectroscopic specificity with the rich information of hyperspectral 
imaging.

Application Examples
One study examined the efficacy of hyperspectral imaging-enabled microscopes 
to identify chemical signatures in simulated bioagent materials. Hyperspectral 
imaging successfully identified particles with trace elements that would have 
been missed with a more traditional approach to forensic microanalysis.     
(Brewer, 2008)

Victim detection from hyperspectral images was performed using chemometric processing of the infrared hyperspectral data. 
Infrared hyperspectral images provided a complete picture of the surrounding environment, facilitating victim detection.      
(DeCubber, 2009)

Raman chemical imaging (RCI) has been used to detect and identify explosives in contaminated fingerprints. Bright-field imaging  
was used to identify regions of interest within a fingerprint, which was then examined to determine chemical composition using RCI 
and fluorescence imaging. Explosives in contaminated fingerprints were identified this way and their spatial distributions obtained. 
Identification of explosives was obtained using Pearson’s cosine cross-correlation technique using the characteristic region (500 – 
1850 cm-1) of the spectrum. This study shows the ability to identify explosives non-destructively so that the fingerprint remains intact 
for further biometric analysis. (Emmons, 2009)

Hyperspectral imaging in the VNIR region can be used 
to identify document forgeries. Falsified documents can 
usually be identified from the spectra of critical parts 
of documents to discern real differences in inks that 
otherwise appear identical to the human eye. Slight, but 
well-defined spectral differences can be resolved using 
principal component analysis (PCA) as shown here.

Investigate Crime Scenes
Hyperspectral imaging color inspection technology has been used to enhance visualization of bloodstains on dark surfaces in crime 
scene investigations. While DNA and similar analysis processes can assist in determining the biological source of the stains, they 
cannot determine the pattern of the bloodstain if it is not visually obvious. Researchers at the National Criminal Justice Reference 
Service found that knowing how the bloodstains were formed, as interpreted by their patterns, was often more important than 
evidence from DNA testing. After extensive study, these researchers found that hyperspectral imaging was a good solution for 
recognizing the presence of blood and analyzing the stain patterns, without destroying crucial information. (DeForest, 2009) 

References
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forensics

A check imaged with a high-magnification 
VNIR lens

Photo and PCA processed VNIR  hyperspectral image of an altered check, 
indicating very good discrimination of the zero added with a different ink
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Recycling plants can reduce costs and improve production quality by replacing manual sorting with efficient machine-based 
methods.  Sorting machines and methods include weighing, magnets and spectroscopic identification. A hyperspectral imaging 
(HSI) camera can be placed directly over a sorting line to measure all the recycled items as they move through. The HSI push-broom 
camera measures a line of spatial points at one time. The spectral information from each point can be transferred to a computer and 
processed in real-time for material identification. The spectra of several types of plastic (PETE, HDPE, PVC, LDPE, and PS) are shown 
here. Both the SWIR (1000 - 2500 nm) and NIR (1000 - 1700 nm) wavelength ranges are useful for identifying recyclable plastics.

 
Recycling Application
Researchers at Degli Studi University of Rome, Italy examined the problem of ceramic glass, which, when mixed with recyclable 
glass, reduces production quality and increases costs. Because ceramic glass is very similar in appearance to recyclable glass, 
inadvertent mixing is quite common. The study demonstrated that with hyperspectral imaging technology, distinctions can be made 
between recyclable glass and ceramic glass in both visible and near infrared wavelength ranges. (Bonifazi, 2006)

Waste Management Application
Hazardous waste site inspection is expensive, labor intensive, time-consuming, and is often conducted manually. Researchers 
at the University of South Carolina and Texas A&M University demonstrated that hyperspectral imaging technology shows 
excellent promise for detecting surface anomalies at hazardous waste sites as an indication of hazardous material leakage. Rapid 
identification of hazardous waste leakage enables remedial work to occur, potentially minimizing damage and maintaining the 
integrity of the storage sites. (Jensen, 2003)
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recycling and waste management
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Applications
Hyperspectral imaging can be used to map surface mineral distributions via remote 
sensing / airborne technology. The SWIR, VNIR or thermal IR wavelength ranges provide 
useful spectral information for differentiating these types of materials. The SisuROCKTM 
is a system targeted to mineral identification from geological core samples. For more 
information about SisuROCK, please refer to the Complete Systems chapter or contact 
Middleton Research.

Hyperspectral imaging can be used to analyze many different inorganic materials. In this 
example, multiple samples of various minerals used to mimic jade were measured with a 
SWIR hyperspectral camera (1000 – 2500 nm) and compared with similar measurements 
of authentic jade (Burmese jadeite). The components were predicted with the SBC 
hyperspectral image analysis method. (Marbach, 2007) 

HSI was also used to obtain another image of a jade artifact 
that contained a small repair (photo on right). The red part of 
the hyperspectral prediction image (far right) clearly identified 
the repair as chemically different from the inorganic material 
comprising the bulk of the statuette. Different minerals show 
very different spectral characteristics in the SWIR wavelength 
range for example and this allows the identification of 
minerals.

Other inorganic and mineral applications for hyperspectral imaging technology, such as examining soil properties, identifying 
different minerals remotely, on the ground, and even inside mines, can be performed in the SWIR, VNIR and the LWIR regions.

Reference
Marbach, R. (2007). Multivariate calibration a science-based method part 1. Pharmaceutical Manufacturing, 42-47.

inorganics and minerals
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The image on the far left shows the relative intensity of the 
predicted jadeite – red indicates a higher intensity. The next 
image shows the relative intensity of predicted nephrite. 
Both images include several pieces of imitation jade.


