Abstract (minimum of 300 words):
Active Microwave Thermography, or AMT, is a coupled electromagnetic and thermal nondestructive testing and evaluation (NDT&E) technique that utilizes an active electromagnetic source (antenna) to illuminate a material of interest (MUT) with electromagnetic energy. This energy has an inherent spatial distribution (e.g. antenna pattern), and, when absorbed by a MUT, induces a thermal excitation. This thermal response is related to the dielectric properties of the MUT, particularly the loss factor, as this quantity represents the ability of the MUT to absorb microwave energy (and hence, generate heat). If defects are present in the MUT, their presence will affect thermal diffusion which will manifest in the surface temperature. As such, by measuring the surface thermal distribution (via an infrared camera), the presence of defects may be detected. For inspection cases where the structure of the MUT is highly absorptive (e.g., high loss factor), the nonuniform spatial distribution of the incident electromagnetic energy will have a strong impact on the measured surface thermal distribution. Inspections of this type present a challenge for AMT due to the inherent heating of the MUT, as the likelihood of false positives and/or negatives is more significant. As it relates to post-processing of thermal images, a defect-free measurement can be used as a reference to determine if defects are present. However, this requirement is impractical as a properly representative specimen is not guaranteed (in practice). To this end, a novel post-processing technique has been developed to reduce the impact of the antenna pattern on measured thermal images. This post-processing technique removes the requirement of a defect-free measurement by utilizing the influence of a defect on the spatial and temporal components of the thermal response. The spatial variations are analyzed for defect detection and analysis of the temporal variations facilitates filtering of noise that occurs spatially. As such, a blind (i.e., no prior knowledge) AMT inspection is possible when inspection surface heating occurs. Measurements were completed and the post-processing implemented on several different MUTs with defects that vary in size, depth, and location over the inspection surface. While the defects were not detectable in the unprocessed thermal images without a reference for comparison, the defects were detectable when utilizing the proposed post-processing.
