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This paper evaluates the performance of two different reconstruction tech-
niques for localized 3D tomographic imaging of the ionosphere with high spatial
resolution. The total electron content (TEC) values are derived from dual-frequency
measurements obtained from GPS satellites by ground-basedreceivers. Ionosonde
observation data is used to constructa priori vertical profiles modelled using Chap-
man functions. The altitude range of interest is 100km to 800km, with voxel sizes at
most about 30 km in altitude.

Two regularization algorithms are used for tomographic image reconstruction:
Tikhonov and Total Variations (TV). The methods have different norm minimizations
of the penalty constraint: quadratic and

� �
. The TV method is used because it gener-

ally better preserves jump discontinuities in the image andis more resistant to noise.
By contrast, Tikhonov or quadratic regularization tends tooversmooth image struc-
tures. However, a closed-form solution of the TV method doesnot exist, and so per-
formance depends heavily on numerical optimization techniques, which is non-trivial
to implement because the inverse problem is both ill-posed and ill-conditioned.

The algorithms are demonstrated using real and simulated GPS TEC measure-
ments from actual observation geometry centered in Southern California. We demon-
strate the successes and limitations of these techniques under quiet mid-latitude con-
ditions. The resulting reconstructions reasonably determine the shape of the iono-
spheric profile. The limitations, such as artifacts near voxels with no ray path infor-
mation, are directly related to the sparseness and nonuniform distribution of the GPS
ray paths. Some methods addressing this are discussed. We also apply regularization
parameter-selection methods to demonstrate their applicability in our study.
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