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Contrast source inversion (CSI) algorithm is a nonlinear inversion algorithm that minimizes both material 

difference and contrast sources alternatively to achieve a good reconstruction [1]. Compared with other inversion 

algorithms, CSI does not require a full solution of forward problems in each iteration, hence it is more flexible 

and may require less computational cost in forward modeling. It has been applied in geophysical prospecting, 

biomedical imaging, and many other related fields.   

 

In this work, we study the multiplicative-regularized contrast source inversion algorithm (MR-CSI) in wavelet 

domain [2]. In this algorithm, we represent the unknown contrast sources in terms of the wavelet basis functions. 

This is based on the fact that the field is smooth in the domain of inversion especially for lossy medium. It also 

indicates the contrast sources are sparse in wavelet domain and compression is possible to reduce the number of 

unknowns. This could help to reduce the non-uniqueness and increase the robustness in the inversion. 

Furthermore, this approach also decreases the computation time as well as the memory usage. 

 

To reduce the number of unknowns in each CSI iteration, a multi-resolution inversion scheme is developed. It 

has some similarities as the subspace optimization method [3]. In this scheme, the wavelet coefficients in low-

scale are inverted first with all the other wavelet coefficients set to zero. This process will generate a smooth 

profile of the inverted model. Then in the following inversion iterations, the wavelet coefficients in higher levels 

are inverted in sequence to retrieve fine details in the model from measured data. Therefore, in each CSI iteration, 

only a small set of wavelet coefficients are optimized. Moreover, by observing the wavelet coefficients from 

previous inversion run, we can set a threshold to record the position of the significant coefficients. This location 

map will serve as a template of the contrast sources in the next inversion iteration. In numerical tests, we observe 

a faster convergence using this multi-resolution scheme compared with tradition CSI inversion in spatial domain. 

Meanwhile the resolution of the inverted model is also improved. Figure 1 shows a reconstructed human arm 

model from simulated data. 

 

 

Figure 1. Inversion of a human arm model using multi-resolution MR-CSI in wavelet domain.  

The left and right figures show the real and imaginary parts of the contrast, respectively. 
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