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Phase unwrapping through incremental comparisons between phantom layers
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1 Extended Abstract

A phase unwrapping procedure has been developed for a microwave-tomography system. The system uses 16
monopole antennas arranged in a circular pattern to provide 2D tomographic images [1]. A breast phantom devel-
oped by Joachimowicz et al. was used as test subject [2]. For each layer, the measured phase at all receivers are
subtracted from a reference measurement of just the immersion liquid. The phase shifts for each consecutive layer
of a phantom are compared to the previous layer in order to determine whether a full period has to be subtracted
from the data or not.

Due to the small geometrical cross section close to the nipple, it is safe to estimate that the measured phase shift of
scattering from the first layer should be within the interval [−180°, 180°]. The phase shifts for this first layer was
therefore forced to be within this interval. In the same manner it is justified to assume that the the difference in
phase shifts between two consecutive layers should be smaller than half a period as long as the vertical spacing is
small. When unwrapping the second layer, the phase shift at each receiver is compared to the corresponding value
in the first layer, which is already unwrapped. If the difference is larger than half a period, one period is either
added or subtracted. Iteratively, each successive layer is then unwrapped by comparison to the previous layer.

The study yielded satisfying results. Figure 1 shows the phase difference measured at four different receivers as
function of the layer. This particular measurement set was performed at a frequency of 1.5GHz. Receiver 8 is
located on the other side of the circle, thus being the antenna furthest away from the transmitter. From this figure,
it is clear that the necessity of unwrapping is more likely for the receiver nodes furthest away from the transmitter.
In comparison to previous techniques which unwrapped the phases as a function of frequency, and consequentially
required more data being acquired, this approach could significantly reduce patient exam time.
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Figure 1. Phase shift as function of the phantom layer at four different receivers. Layer 1 is closest to the nipple
and layer 6 to the chest wall.
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