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	1 – Introduction
Title: Polynomial Texture Mapping: A new tool for examining the surface of paintings

Author/s: Joseph Padfield1, David Saunders1 and Tom Malzbender2,
Addresses: [1] Scientific Department, The National Gallery, Trafalgar Square, London WC2N 5DN, UK; [2] Hewlett Packard Laboratories, 1501 Page Mill Rd., Palo Alto, Ca, 94306, USA

Email addresses: Joseph.Padfield@ng-london.org.uk, David.Saunders@ng-london.org.uk, tom_malzbender@hp.com

Although many of the photographic methods used in the technical examination and documentation of paintings during conservation treatment now have improved digital analogues, raking light photography has received relatively little attention. A raking light photograph is made by casting light across the surface of a painting at a very low angle, highlighting any surface texture or irregularities, including incisions, impasto, raised or flaking paint, damages and deformations of the canvas or panel. 

There are two major problems with this form of examination. As raking light images are normally made with the lights in only one, or perhaps two, positions, the information captured depends strongly on the choice of lighting position; features in one part of a painting may not be revealed by a raking light photograph designed to accentuate another area. Second, because it is difficult to document the position of the lights accurately enough to allow them to be returned to exactly the same location, a comparison between images made before and after a treatment is nearly impossible. 

To overcome some of these drawbacks, the authors have been investigating the application of polynomial texture mapping (PTM) to the improved examination of surface features in paintings. PTMs were first developed for rendering applications in 3D computer graphics, and can be produced either from images of a real surface or analytically from a mathematical model; the approach described here is image-based. The technique has previously been applied successfully to render the surface detail on 3-dimensional works of art including an Egyptian Ushabti and cuneiform tablets. 



	2 – Main Body of Text

Method

The advantage of a PTM is that it allows the viewer to simulate on the computer screen the effect on the appearance of the painting of moving a point source of light to any position between the viewer and the object. The painting can be seen under ‘normal’ illumination, but can also be viewed as if lit by a raking light that can be moved through 360˚ around the object. Because the PTM rendering is independent of where the lights were located during the image acquisition phase (as it interpolates between these positions) comparisons can easily be made between PTMs made before and after changes or treatments.

The PTM software developed at Hewlett Packard Laboratories in Palo Alto requires a series of images of the painting made under varying, but well-defined, lighting conditions; normally 24–50 images are taken, each with the surface illuminated by a point light source from a unique direction. At the National Gallery, a prototype system was designed to make PTM images of small paintings. This comprises an octagonal ‘dome’ supporting 24 lights in three tiers, each of which can be selected individually. The lights illuminate the painting at angles of c. 60, 30 and 2°; the last corresponds to raking light. A target, comprising a set of concentric circles was used to help position the painting with respect to the light sources. 

After exposure tests for each tier of lights, the final images were made using a Nikon Coolpix 995 digital camera, mounted at the apex of the dome. The acquisition process takes around ten minutes, during which time the painting has been exposed to a total of 800 lux hours, equivalent to around four hours on display in the Gallery. Finally, the 24 images and the information about the position of the lights for each exposure are passed to the PTM rendering software to produce the completed PTM file. 

Results



The resolution of the camera and the size of painting examined both contribute to the overall resolution that can be attained with the system, which in turn determines whether small features can be resolved. This becomes more important when considering larger paintings. 

First, a number of small paintings, chosen because they exhibited some of the more common structural features found in easel paintings on panel or canvas supports, were imaged. The PTM renderings from these paintings clearly displayed the ability of the technique to detect and display features including impasto, cracks, general and point surface deformations, canvas weave, wood grain and even pentimenti. For review purposes, a PTM of a small portrait by Frans Hals is available at:

http://cima.ng-london.org.uk/~joe/icom-cc 

to show the information available from one such examination; this rendering reveals the wood grain, the impasto and dust on the surface of the painting!

After the general utility of the method had been established, a series of mock paintings on panel and canvas were prepared to test whether differences in structural features could be detected using PTM renderings made before and after changes in the object or conservation treatments, such as tensioning a canvas, relining, tear repair and dimensional changes in panel paintings.  The results from these investigations will be reported (this information is not available at the time of writing, but will appear in the full paper if accepted). 

   

	3 – Conclusion

The results produced have shown that, given the limitations of the equipment currently available, the PTM technology can be used to record very detailed visual representations of the surface structure of small paintings, in a controllable, reproducible fashion. The technique offers more flexibility than traditional raking light examination, both in terms of presenting more features on the surface and in allowing before and after comparisons. 

In the light of the experiments in progress, we will comment on the suitability of the technique for monitoring changes in the structure of paintings as they age, or during conservation treatment. 

Some of the issues with the current equipment that limit its application include the heat generated by the tungsten halogen lights, the restriction on size of painting, and the resolution of the camera. To address some of these issues, the authors are developing a larger lighting/imaging system capable of making PTMs of paintings of up to 2 x 2 metres with a higher resolution camera, and using photographic flash lamps to reduce the light and heat exposure during imaging. 
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