


И.А. Зорин, М. Брандштеттер, Б. Хайзе. Методы...	      577

The Hague, Netherlands) and Delft University of Technology – exhibit the great 
potentials of – in this case – OCT technique for art diagnosis and historical re-
search. An oil painting of Johannes Vermeer «Girl with a Pearl Earring» (this 
masterpiece was lost and found in poor condition that required extensive resto-
rations) has been studied using this technical method. The measurements have 
not only revealed previously hidden and new painting features (e.g., the glaze 
layer structure, type of varnish used), but also put these data into the structured 
historical knowledge as they confirmed the archive materials [1; 11].

During last several years, OCT imaging as well as mid-IR spectroscopy 
have been enriched by the rapid development and evolution of novel mid-IR 
supercontinuum laser sources. Thus, basic fundamental research and engineering 
developments in this technical area have improved the efficiency of the methods 
for the needs of users in application scenarios; established mid-IR OCT could 
penetrate deeper into strongly scattering materials (most art and cultural objects 
are strongly scattering) [12], while mid-IR supercontinuum-based spectroscopy 
has gained its sensitivity and spatial performances [13].

In this contribution, we briefly demonstrate the performances of an opti-
cal instrument that combines both methods of mid-IR OCT and spectroscopy in  
a single measurement head (the system is developed at the Research Center for 
Non-destructive Testing, Linz, Austria).

Figure 1 depicts the measurement head of the system. The radiation of  
a mid-IR supercontinuum laser source is used to probe a sample that is fixed on 

a motorized stage. 
Alternatively, the 
sample can be 
fixed, and the sys-
tem can be moved 
relative to the ob-
ject. In the meas-
urements, a map-
ping approach is 
used. The reflected 
and backscattered 
light is collected 
and analyzed by 
two separate spec-
trometers.

Spectral fil-
ters are used to 
prepare the super-Figure 1. Optical arrangement of the system
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continuum beam (5 mm in 1/e2 diameter, beam quality factor M2=1.1) in the 
frequency domain. The selected spectral range is from around 3 μm to 4.5 μm 
wavelengths. The system is formed by mirror optical components. The beam is 
focused onto the sample using a CaF2 lens (50 mm focal length, singlet, group 
velocity dispersion is compensated in the reference arm). The total average op-
tical power incident onto the sample can go down to 8 mW. A more detailed in-
formation about the system, its specifications, characterization, principles behind 
the measurements, and some results can be found in [14; 15; 16].

The multimodal system scans an area; recoded reflectance spectra (mid-
IR spectroscopy) and spectral interferograms (OCT), are post processed using 
an on-purpose developed algorithm (OCT: amplitude-based correction, k-space 
remapping, Gaussian window multiplication; mid-IR spectroscopy: baseline 
correction, smoothing using a Gaussian kernel or Savitzky-Golay filter prior 
to absorbance calculation using Beer’s law). As a result, a three-dimensional 
tomographic image of a sample and a three-dimensional spectral cube are ob-
tained (six-dimensional data as an output). Figure 2 shows typical OCT B-scans 
(cross-sectional scans) of a painting (mock-up was prepared for demonstrations). 
The varnish layer and oil painting layers can be identified, the image depth is 
around 400 μm, the lateral scan size is 8 mm. 

Figure 3 serves for illustrative purposes and depicts a complex output of 
the system including OCT volumetric scan and corresponding hyperspectral im-

Figure 2. Typical B-scans (mid-IR OCT) or an oil painting sample
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Figure 3. Output of the system – correlative mid-IR OCT and spectroscopic imaging: 
(top) volumetric OCT scan (structural information, varnish layer is revealed, subsurface 

information and different paints can be identified); (bottom) integrated absorbance 
images (chemical information)

ages (integrated within specific spectral sub-bands), exemplified for the complex 
varnished oil-painting mock-up (8x8 mm2).

For more complex art objects consisting of various materials and painting 
types (different pigments exhibit different scattering behavior), more spectacular 
results can be obtained. A complex structure of a painting mock up (formed by  
a varnish, naple yellow oil paint, madder lake red gouache and titanium white oil 
paint) is shown in Fig. 4.

In conclusion, the recently emerged mid-IR OCT and supercontinu-
um-based mid-IR spectroscopy (and their combination in a single multimodal 
instrument) represent attractive tools to access multidimensional information 
about the art and heritage object in a non-destructive way. The prospects of this 
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technology for this particular field of study are still to be revealed, but promising 
results start to appear in scientific literature. We anticipate future progress in this 
field so that the developments are adopted by a broader community of museum 
workers.
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