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Magnetic resonance imaging (MRI) is widely used as a non-invasive diagnostic technique to visualize the
internal structure of biological systems. Quantitative analysis of magnetic resonance signal lifetimes, i.e., re-
laxation times, can reveal molecular scale information and has significance in the study of brain, spinal cord,
articular cartilage, and cancer discrimination. Determination of MR relaxation spectra (relaxometry) is an
inherently ill-posed problem. Conventional methods to extract MR relaxation spectra are computationally
intensive, requiring high quality data and generally lacking the spectrum peak width information. A novel
computationally efficient signal analysis method, based on neural networks (NN), has been developed to pro-
vide accurate real-time quantitative MR relaxation spectrum analysis.
Deep learning with NN is a technique for solving complex nonlinear problems. NN have been optimized to
determine 1D and 2D MR relaxation spectra. Simulated signals with Rician noise were employed for train-
ing the neural networks. The network performance was evaluated with simulated and experimental data,
and compared with the traditional inverse Laplace transform (ILT) method. NN outperformed ILT. The 1D
spectrum peak widths, generally considered not reliable with the traditional approach, could be determined
accurately by the NN, noise permitting.
The proposed exponential analysis method is not restricted to magnetic resonance. It is readily applicable in
other areas with exponential analysis, such as fluorescence decay and radioactive decay. The method could
be extended to higher dimensional spectra and adopted to solve other ill-posed problems.
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