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Transmitted infrared imaging is a neglected technique for the study of canvas paintings, having only some few relevant references. The present paper documents the use of transmitted infrared imaging in a non-invasive study of canvas paintings from the National Gallery – Alexandros Soutzos Museum in Athens, Greece. It is shown that even low resolution images in a narrow spectral region (up to 1150 nm) may reveal valuable information regarding the underdrawing and underpainting, in cases where transmitted visible and reflected infrared imaging with the same device provided limited information.



Introduction
 

Non-invasive imaging techniques have a prominent position in the study and conservation of easel paintings since decades. The production of infrared (IR) images is especially appreciated because it reveals features under the pictorial layer such as underdrawings, pentimenti, etc. [1]. Based on the extensive use of IR Reflectography since the 1960s [2], multispectral imaging has largely widened the application possibilities of non-invasive techniques in IR spectral regions. Nowadays, it is considered a particularly useful technique for the study of materials and painting techniques and assessment of the conservation state of paintings in various substrates, as well as archival material [3].

The literature concerning the study of canvas paintings refers almost exclusively to the imaging of the reflection of IR radiation in wavelengths in the near-infrared (NIR) region (760-2500 nm) [4]. On the contrary, works that include reference to information of transmitted IR imaging are very limited [5-7]. Suggestively, Kushel [5] had mentioned already in 1985 that the mapping of the transmitted IR radiation was able to reveal, often with extreme accuracy, whole underlying painting compositions. In that paper, a vidicon detector with a spectral response up to 1800 nm, an infrared image converter unit and standard infrared photographic materials such as external Kodak cut-off filters and infrared films were used. Gavrilovet al. [6], in one of the most recent papers available, presents an observation scheme under transmitted lighting using a CCD detector with spectral sensitivity up to 1100 nm equipped with cut-off filters. The authors mentioned that many underlying data of the painting composition were revealed, as well as an underlying original signature. Nonetheless, that was not the main subject of the paper, and no emphasis was given on the advantages of the technique. 

At the Laboratory of Physicochemical Research of the Conservation Department of the National Gallery - Alexandros Soutzos Museum, transmitted NIR imaging constitutes an inseparable part of the daily diagnostic work. The cases presented in this study suggest that even the use of an imaging device with limited spectral sensitivity and low resolution may provide significant information regarding the underdrawing and underpainting in canvas paintings, in cases where reflected IR images of the same spectral band captured by the same imaging device present constraints. Moreover, it is a non-invasive technique that does not require extra cost or time and can be included in the standard examination procedure of a museum laboratory with limited imaging equipment. 
Experimental

The canvas paintings presented in this paper belong to the collection of the National Gallery - Alexandros Soutzos Museum in Athens, Greece. For the capture of IR images, a MuSISTM 2007 multispectral imager was used [8]. This camera was developed in the late 1990s and offers a series of imaging choices (NIR reflection in two spectral bands (750-950 nm and 950-1150 nm), infrared false-color, visible reflection, visible fluorescence and ultraviolet reflectance (320-400 nm)) although it does not provide any spectrometric capabilities as newer models do. The CCD detector operates in the spectral region of 320-1150 nm and provides a spatial analysis of 734x559 pixels. 

The images presented below were captured in the imaging mode of IR reflection in the 950-1150 nm wavelength band. For the IR reflectograms, two OSRAM Halogen Display/Optic Lamps (color temperature of 3400 K) are symmetrically placed in front of the painting. In order to record the transmitted IR radiation, one light source is placed in the back side of the painting at a safe distance to avoid heating and in such a position where the lighting would be constricted into the bounds  of the canvas substrate. The reflectography and transillumination set-ups are comparatively presented in Figure 1. 

From left to right:
Figure 1. Reflectography (left) and transillumination (right) set-ups.
Figure 2. Visible image before restoration of Head of a girl (s.d.) by I. Rizos, oil painting on canvas, 35x27 cm, inventory number P.682. Reflected (right above) and transmitted (right below) IR detail of the painting (spectral range 950-1150 nm).
















 


Results and discussion 

Some representative examples of numerous case studies where transmitted IR images have provided valuable information are presented here. In these, the comparison between reflection and transmission images refers to the visualization of the underdrawing and underpaintings. 

The painting Head of a girl (s.d.) by Iakovos Rizos (1849-1926), a famous 19th century Greek painter, was examined using the MuSISTM 2007 system prior to conservation treatment. In the visible image (Figure 2a), a shadow in the background from the nose to the bottom right corner is discerned. The IR reflection image (Figure 2b) does not provide any further information about any underlying form. On the contrary, the image of transmitted IR of the same wavelength reveals a man’s head looking towards the opposite direction, which was later overpainted by the visible head of the girl (Figure 2c). 


From left to right:
Figure 3. Visible image (left) before restoration of Psyche (1880-1882) by G. F. Watts, oil painting on canvas, 190x60 cm, inventory number P.258. Reflected (above) and transmitted (below) IR details of the painting (spectral range 950-1150nm).










 



In the case of Psyche (1880-1882) by G.F. Watts (Figure 3a), the transmitted IR images revealed a spontaneous and high quality underdrawing (Figure 3c), while the corresponding reflection images of the reflected radiation in the same spectral region did not provide any relevant information (Figure 3b). 

Finally, one of the most complete examples of the contribution of transmitted IR imaging to the multispectral study and documentation of the canvas paintings is the examination of the painting entitled Return to the Village (1952) by Greek painter Theofrastos Triantafyllides (Figure 4a). The reflected IR image in the 950-1150 nm region (Figure 4b) provides information only related to an underlying image playing a guitar on the right, while the imaging of the transmitted IR radiation of the same spectral region depicts more underlying forms such as two more human figures, architectural elements, and a glass or jug, as well as extensive underdrawing executed by both dry and wet media (Figure 4c).

From left to right:
Figure 4. Visible image before restoration of Return to the Village (1952) by Theofrastos Triantafyllides, oil on canvas,106x156 cm, inventory number P.2640. Mosaic of the IR reflection (above) and transmission (below) images (spectral range 950-1150 nm). 









 



 

Conclusions

Using the same imaging device, transmitted IR imaging may provide more information regarding the underdrawing and underpainting than reflectograms of the same spectral region, in cases where the structure of the canvas paintings and the imaging performance factors (spectral sensitivity, spatial analysis, etc.) allow so. 

The information obtained by transmitted IR imaging can also be provided by other imaging techniques such as IR imaging at longer wavelengths and X-Ray radiography. However, transmitted NIR imaging is a non-invasive technique that does not require extra cost or time and can be easily included in the standard examination procedure even with limited imaging equipment. The great usefulness of this technique was here briefly exemplified with three canvas paintings from the National Gallery - Alexandros Soutzos Museum collection. 

In order to fully understand the theoretical background of transmitted IR imaging and the correlation of its results with the physicochemical parameters that form the imaging result, such as internal scattering, it is necessary to examine a set of reference samples based on an integrated standardized methodology. In addition, the preparation and examination of such samples would further contribute to making the most of the technique’s potential.
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