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Abstract— In recent years organized criminality has become an increasing threat to societies in Europe. At the same time, requirements set up by legal authorities have increased on the quality of evidence required to allow convictions by the court system. 

Therefore new technologies are to be put forward to be able to see through (at least) textile fabrics or tinted visors in order to recover images suitable for identification on the crime scene. At the same time, such technology must be affordable and comparably easy to implement in the areas of surveillance. Working indoors, there is no or very weak thermal contrast available. Therefore any imaging system must be an active. The resolution requirements and ease of installation yield an optimum RF frequency of 300GHz through 500GHz for such a Radar.  

In this paper, a Radar system is presented, that is able to generate three dimensional images of any reflecting surface by applying a massive multistatic approach: A fast beam scanner is employed to take 2D images of a certain region in the area of observation. This area of observation is typically 1 cubic meter in size and not farther away than 5 meters.  Taking frames on this observation region, the source, illuminating the scene is not a floodlight source but a pencil beam of the same size as the receive beam. For each frame, the source position is changed whereas the object’s position remains unchanged. Any receiver scan is only sensitive to radar cross section encountered in the region, where the “pixel” beam and the illumination beam overlap. At the same time, the sensitivity of a room temperature submillimeter wave radar is inherently limited to points of specular reflection. Therefore each image point contains intensity information being the product of the local reflectivity coefficient and the position of the normal vector of the surface with respect to the incident illumination and readout beam. Here a method is presented to reconstruct singly connected surfaces based on a sequence of 2D images taken on a set of source locations. Being based on inverse ray tracing, the scattering efficiency in each surface element on the object is fitted to a Lambert radiator. The optimum position of this fit function yields the direction of the surface normal vector with respect to the receive beam (since the incoming beam is variable). Performing such a process on each image point, a distribution of surface orientations is obtained all over the image. Performing a complete scanning process on at least two object rotations, the position of a large group of target surface elements are positioned in space resulting in 3D images of the surface.  
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