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Introduction

Full-field optical techniques for displacement or strain measurements are now widely used in experimental mechanics. The main techniques are photoelasticity, geometric moire´, moire´interferometry, holographic interferometry, speckle interferometry (ESPI), the grid method and digital image correlation (DIC) [START_REF] Cloud | Optical methods of engineering analysis[END_REF][START_REF] Rastogi | Photomechanics[END_REF][START_REF] Feldmann | Optical measurements[END_REF][START_REF] Molimard | Full-field optical techniques: applications to strain measurement and mechanical identification[END_REF][START_REF] Surrel | Full-field optical methods for mechanical engineering: essential concepts to find one's way[END_REF][START_REF] Gre´diac | The use of full-field measurement methods in composite material characterization: interest and limitations[END_REF][START_REF] Dally | Experimental stress analysis[END_REF][START_REF] Doyle | Modern experimental stress analysis[END_REF][START_REF] Sharpe | Springer handbook of experimental solid mechanics[END_REF]. It should be noted that some of these techniques can only measure inplane displacements/strains on planar specimens and some of them can give both in-plane and out-of-plane displacement/strain fields on any kind of specimen (planar or not). Due to its (apparent) simplicity and versatility, the DIC method is probably one of the most commonly used methods, and many applications can be found in the literature 1 . When it is used with a single camera (classical DIC), the DIC method can only give in-plane displacement/strain fields on planar objects. By using two cameras (stereovision), the 3-D displacement field and the surface strain field of any 3-D object can be measured. Using stereovision in conjunction with DIC leads to a socalled digital image stereo-correlation technique (DISC), also called 3-D DIC. In this paper, the stereovision (and 3-D DIC) technique developed at the Research Center on Tools, Materials and Forming Processes (CROMeP) at E ´cole des Mines d'Albi is presented.

Stereovision for 3-D shape and 3-D displacement/strain measurement

Binocular stereovision is a technique for recovering the 3-D structure of a scene from two different viewpoints (see Fig. 1 where PðX ; Y ; ZÞ is the 3-D point to be measured, p 1 ðu 1 ; v 1 Þ and p 2 ðu 2 ; v 2 Þ are its stereo projections in the images, C 1 and C 2 are the optical centers of the two cameras).

From a pair of images, it is possible to compute the 3-D coordinates of a physical 3-D point by triangulation assuming that:

1. The geometry of the stereo rig (i.e. the relative position and orientation of the two cameras) is known. This problem is solved by an off-line camera calibration procedure.