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Abstract—This work presents a simplified calibration
procedure for multistatic microwave imaging systems
that uses both the time-domain reflection signatures of
the entire system and an extended two-port calibra-
tion in an auxiliary channel to correct temporal drifts
and align the measurement reference planes with the
inversion kernel. This approach substantially reduces
the experimental burden and complexity of a standard
full calibration and allows for continuous calibration
without hardware setup intervention during measuring
campaigns. Its performance is experimentally tested on a
single-ring eight-antenna system, with two groups of four
antennas, each connected to a one-pole-four-through RF
switch, and a simplified cylindrical phantom that mimics
the average dielectric properties of human head tissues.
For imaging, a multi-frequency bi-focusing algorithm is
employed, yielding a noticeable improvement over the
uncalibrated case, as evaluated by various metrics.

Index Terms—Calibration, microwave imaging

I. INTRODUCTION

Accurate calibration is required for microwave imag-
ing (MWI) algorithms, as image quality depends,
among other factors, on the consistent alignment of
the measurement and inversion kernel. That correspon-
dence ensures that the phase center of the measurement
antennas consistently corresponds to the ones of the
MWI algorithms. When the inversion kernel uses a
full-wave electromagnetic antenna model [1], this in-
formation is inherently included, and the calibration
becomes less critical. But for MWI algorithms, such
as the confocal-based ones [2], where this information
is not explicitly included, the calibration becomes more
important. In practice, this alignment is non-trivial
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for systems whose channels have different electrical
lengths or employ electrically complex antennas.

To address these challenges, some calibration meth-
ods for multistatic systems have been proposed, in-
cluding techniques that model the antennas and field
propagation as two-port networks, followed by de-
embedding; extrapolation-based methods to extend a
two-port to a multi-port calibration; cavity-based meth-
ods using the two-port unknown-thru calibration; and
phase-based methods that compensates the channel-
dependent electrical length variations [3], [4], [5], [6].

In this work, we introduce a simplified calibration
method that eliminates the need for a standard n-
port calibration, which requires at least 4n− 1 mea-
surements [7], where n is the number of antennas.
This calibration uses an auxiliary channel to map the
measurement calibration plane to the inversion kernel
reference plane. It allows for an on-demand recalibra-
tion of the MWI system without hardware changes
between measurements, similar to a calibration refresh
module [8]. The method is experimentally validated
in an MWI system with a sparse-view circular eight-
antenna array.

II. EXPERIMENTAL SETUP

This section introduces the experimental setup used
to validate the calibration procedure. As shown in
Fig. 1, it includes a single-ring antenna array, two
one-pole-eight-thru solid-state RF switches (SwA and
SwB) [9], though, just five channels are used at each,
a Keysight P5003B Vector Network Analyzer (VNA)
[10], and an electronic calibration module (E-cal) [11].
All coaxial cables connecting the hardware have equiv-
alent electrical lengths. On each RF switch, one channel
is reserved for the E-Cal, which allows full calibration
of a reference channel without disturbing the system.
The antennas are printed monopoles on a thin FR4 sub-
strate with a slab of lossy matching medium (Ant-MM),
evenly distributed around the phantom and operating
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Fig. 1. Multistatic MWI system setup: (a) diagram of the MWI
system; (b) implemented MWI system.

in the 0.9–1.8 GHz band, optimized to operate with a
phantom such as the one used here. Further details on
the antennas are found in [4].

The phantom is a 1 mm-thick plastic container filled
with an ad hoc liquid mixture of water, alcohol, and
salt, whose dielectric properties approximate those of
average brain tissue with a relative permittivity and
conductivity of approximately 45, and 0.8 S/m, respec-
tively, at 1 GHz, [1]. The imaging target is a 1 cm-
radius teflon cylinder placed at different positions.

III. REFLECTION-BASED CALIBRATION

The calibration procedure consists of four steps.
In the first step (I), we perform a standard two-port
calibration on two reference channels using the E-cal,
then extrapolate to the others, following the approach in
[4]. This assumes that the signal paths from the VNA to
each antenna port are electrically equivalent to the ref-
erence channel calibrated with the E-cal. Next, in step
(II), we measure the multistatic scattering parameters
in a known scenario. Then, in step (III), the reflection
coefficients are converted from frequency-domain to
time-domain to determine the round-trip delay and
phase from the measurement calibration plane, i.e., the
antenna ports, to a new reference plane. This new plane
is the interface between the Ant-MM and the external
boundary phantom, which also defines the boundary
of the domain of imaging (DoI), hereafter referred to
as the Ant-MM/DoI interface. The reflection responses
are shown in Fig. 2, each i antenna has multiple peaks.
The first ones are attributed to reflections from the
multilayer antenna structure, and the third one (inside
the red-dashed region) corresponds to the Ant-MM/DoI
interface. Finally, in step (IV), we apply the calibration
to align each channel’s reference plane with the corre-

Fig. 2. Time-domain Sii(t), i ∈ (1, ..., 8); dashed region encloses
the reflection produced by the Ant-MM/DoI interface.

sponding Ant/DoI interface. From the signals in Fig. 2,
for each i antenna, the corresponding peak at time
tpi

is isolated using the time-domain gating technique,
and the associated phase contribution in the frequency-
domain corresponds to propagation from the antenna
port to the corresponding Ant-MM/DoI interface. As
is shown in [6], this phase information can be use to
synthetically translate the measurement reference plane
as a frequency-dependent phase compensation or, as in
this work, via a equivalent time shift in the time-domain
scattered signals to suppress the effect of propagation
within the antenna structure itself.

Here, Sij(t) and Sij(f) are the time- and frequency-
domain representations of the scattered responses, re-
spectively, and tpi

and tpj
the round-trip propaga-

tion delays from the i, and j antenna ports to their
Ant-MM/DoI interface. Thus, the measurement calibra-
tion plane is translated to the Ant-MM/DoI interface as:

Scal
ij (t) = Sij(t+ (tpi

/2 + tpj
/2)), (1)

where Scal
ij (t) is the calibrated scattering response

in the time-domain, or the equivalent Scal
ij in the

frequency-domain.

IV. EXPERIMENTAL RESULTS

To validate the calibration procedure, MWI recon-
structions are obtained using the Multi-frequency Bi-
focusing algorithm [2]. The normalized reconstructed
intensity maps are shown in Fig. 3. The target is
located at two different positions (dashed white con-
tours), referred to as Pos1 and Pos2 in Fig. 3(a-c)
and Fig. 3(b-d), respectively. In the uncalibrated recon-
structions, the antenna positions provided to the MWI
inversion kernel correspond to the calibration plane of
the measurements, i.e., the antenna ports. However,
even if the physical antenna port location in space
is known, the electrically complex structure of the
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Fig. 3. Normalized MWI reconstructions: (a–b) non-calibrated, (c–d) calibrated; (a) and (c) corresponds to Pos1, (b) and (d) corresponds
to Pos2. Dimensions are in cm. The white dashed circumferences indicate the target shape and location.

TABLE I
RECONSTRUCTION PERFORMANCE METRICS

Target position IoU DSC S-BM SSIM
Non

calibrated
Pos1 0.232 0.376 0.928 0.910
Pos2 0.072 0.134 0.753 0.869

Calibrated Pos1 0.570 0.726 0.835 0.968
Pos2 0.205 0.340 0.860 0.937

antennas introduces phase inconsistencies between the
measurement and the MWI algorithm reference planes.
As a result, artifacts appear in the reconstructions. After
calibration, the reference plane of both the scattering
data and the MWI algorithm corresponds to each other,
i.e., the reference plane for both is the Ant-MM/DoI
interface. As a result, the target is correctly localized,
and the background artifacts are significantly reduced.

The quality of the MWI reconstructions are evaluated
using the following metrics: intersection over union
(IoU), dice similarity coefficient (DSC) [12], a size-
based metric (S-BM) proposed in [13], and the struc-
tural similarity index (SSIM). For that, the ground truth
of the expected reconstruction is compared with the re-
constructed binarized intensity maps, where the values
above 0.561 (≈ −5 dB) are set to 1, and the values
below are set to 0. A metric value of 0 indicates a com-
plete mismatch between the reconstructed and expected
intensity map, and 1 indicates a perfect correspondence.
Table I summarizes the results, showing that MWI
reconstructions with calibrated data locate the target
more accurately than those with non-calibrated data.

V. CONCLUSIONS

The work has presented a simplified reflection-based
calibration procedure for a multistatic MWI to effec-
tively align the measurement reference plane with the
kernel inversion of MWI algorithms, exploiting the
time-domain reflection signatures. This method reduces
the complexity and time of a full standard calibration
that requires at least 4n − 1 standard measurements,

with n the number of antennas. Moreover, it uses an
auxiliary channel with an E-cal module that allows
recalibration between measurements without the need
for any modification in the hardware. Experimental
results confirm that the calibration improves the MWI
reconstructions and reduces background artifacts.
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