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Abstract—This work proposes and validates a simplified
n-channel calibration for microwave imaging systems that re-
duces the complexity of a standard full-port calibration from a
minimum of 4n− 1 measurements to 4(2)− 1 ones, respectively.
The method consists of a joined 2-port standard calibration
with a multi-port extrapolation. It compensates for systematic
errors and mitigates the effects of losses and phase shifting
caused by the multiplexing stage of a microwave imaging system.
The conditioning and limitations of the technique are studied,
including the switching matrix’s dynamic range, insertion loss,
and the error path extrapolation analysis. Finally, the calibration
is validated by employing a brain stroke monitoring system using
either an electromechanical switching matrix or a solid-state-
based one, and repeatability and stability tests that demonstrate
the calibration’s effectiveness and robustness are performed.

Index Terms—Calibration, biomedical microwave imaging,
switching matrix

I. INTRODUCTION

Microwave imaging (MWI) is a widely used non-ionizing,
cost-effective, and non-invasive technology that exploits the
penetrating ability of microwaves to retrieve dielectric contrast
maps of an opaque domain of interest (DoI) via the solution
of an ill-posed and non-linear problem. So, it has shown to be
an attractive and advantageous alternative in biomedical appli-
cations, such as breast cancer and brain stroke imaging, where
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it is used for detecting, signaling, and following pathological-
affected areas [1]. A typical MWI system comprises four main
elements: first, a control unit, e.g., a laptop, controlling the
data gathering and running the imaging algorithm. Second, a
transceiver system that is in charge of generating the signals
and recovering its back propagated response, i.e., collecting
the scattering parameters. Third, the radiating elements, which
are usually an array of n-antennas, surrounding the DoI, and
fourth, a multiplexing stage, typically a switching matrix,
connecting the transceiver with the radiating elements [2], [3].
This configuration enables multi-view schemes, which gather
full scattering matrices needed for several imaging algorithms,
thought the introduction phase shifting and path losses that
should be calibrated.

The calibration aligns the measurement reference plane
with the antenna’s plane as commonly modeled and assumed
by inversion imaging algorithms. It compensates for various
sources of error, including the inherent cable imperfections,
non-modeled switching matrices, and other components within
the measurement set-up [4], [5]. So, a proper calibration
ensures the scattering data correctly reflects the interaction
between electromagnetic fields and the object under test,
minimizing distortions and artifacts during the retrieval [6].

In an ideal scenario a full-port calibration is applied to
the MWI system. However, the calibration becomes more
challenging, complex, and time-consuming as the number of
radiating elements, i.e., sensors/antennas, increases.

With this premise, we propose a method involving a joined
two-step calibration process for multi-view configurations. No-
tably, this approach eliminates the need for a standard full-port
n×n calibration, which requires at least 4n−1 measurements,
where n is the number of radiating elements [5]. Instead, this
calibration method requires only 4(2)−1 measurements. Then,



the method is experimentally validated via an MWI system
for brain stroke monitoring, using a Vector Network Analyzer
(VNA) as the transceiver, a switching matrix, and twenty-two
radiating antennas [3]. The experimental set-up consists of a
mimicked hemorrhagic situation using a realistic phantom. The
results demonstrate satisfactory retrieval performance.

II. MULTI-CHANNEL CALIBRATION

To use this type of calibration, it is necessary (I) to verify
the matrix’s stability, ensure low losses, and confirm that the
paths between the transceiver and the antennas are equivalent.

Then, the calibration is systematically implemented through
a two-step process: (II) 2-port standard calibration, e.g., a
short-open-load-thru (SOLT) calibration [5], followed by (III)
a calibration extrapolation. Hence, the II-step assumes identi-
cal electrical paths and thus applies to a selected pair a 2-port
standard calibration, extracting the respective calibration co-
efficients. This process includes measuring known reference
standards at the antenna port, for instance, with an electronic
calibration module (E-Cal) [7]. In the III step, the calibration
coefficients obtained are then applied to all other pairs, i.e.,
extrapolating them.

III. VALIDATION

To validate the calibration, we employ two versions of
an MWI system for brain stroke monitoring, each differing
in the switching matrix. One version uses electromechani-
cal switches, and the other uses solid-state ones. The key
difference lies in their physical mechanisms. The stability,
repeatability, dynamic range, time switching, and insertion
loss are verified for each matrix, with detailed performance
comparisons in [8].

The I-step is performed for both the switching matrices.
In the electromechanical case, all paths’ electrical lengths are
ensured, as they are designed and manufactured to the same
physical length [3]. Instead, for the solid-state case, sixty-four
antenna ports are available. Hence, we select twenty-two paths
with identical electrical lengths. Second, a pair of paths is
selected, and a standard 2-port calibration is performed, as
described in II. Finally, the calibration coefficients are applied
to all the other pairs, resulting in a fully calibrated 22 × 22
scattering matrix.
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Fig. 1. 3-D normalized dielectric contrast sliced in the middle of the stroke
region with (a) electromechanical and (b) solid-state switching matrix.

To verify the error introduced by applying the calibration
from one path to another, different channels are examined un-
der the same conditions by connecting an attenuator between
two antenna ports, mimicking actual operating conditions
in a more controlled scenario. A single path is calibrated,
the device is connected to that path, and a measurement
is taken. Then, the same calibration coefficients are applied
to other paths where the attenuator is repositioned, and all
measurements are taken. It is observed a maximum variation
of approximately 0.2 dB in magnitude and 0.1 degrees in phase
for both types of matrices. These results confirm the reliability
and accuracy of the method.

Lastly, the procedure is also tested within an imaging
retrieval of a hemorrhagic stroke condition, using the algorithm
and system presented in [3]. The calibration is applied to
compensate for the effects of switching matrix multiplexing
from a two-pot VNA and twenty-two antennas surrounding
a head phantom. Figure 1 shows the 3-D reconstructions
of the normalized contrast, indicating a hemorrhagic stroke
positioned at the front-right side (frontal lobe), approximately
5 cm from the top of the head.

IV. CONCLUSIONS

This work proposed and validated a joined two-step cali-
bration method for multi-port MWI systems, which combines
a 2-port standard calibration and a calibration extrapolation.
It demonstrated its effectiveness, ensuring minimal variations
in magnitude and phase across different matrix paths and
non-disturbed imaging reconstruction. Accurate calibration is
crucial for ensuring the reliability of measurements. Overall,
this approach simplified the calibration process and decreased
the time and complexity compared to a standard full-port
calibration.

REFERENCES

[1] C. Origlia, D. O. Rodriguez-Duarte, J. A. Tobon Vasquez, J.-C. Bolomey,
and F. Vipiana, “Review of microwave near-field sensing and imaging
devices in medical applications,” Sensors, vol. 24, no. 14, p. 4515, 2024.

[2] L. Guo, A. S. M. Alqadami, and A. Abbosh, “Stroke diagnosis using
microwave techniques: Review of systems and algorithms,” IEEE Journal
of Electromagnetics, RF and Microwaves in Medicine and Biology, vol. 7,
no. 2, pp. 122–135, 2023.

[3] D. O. Rodriguez-Duarte and et al., “Experimental assessment of real-time
brain stroke monitoring via a microwave imaging scanner,” IEEE Open
Journal of Antennas and Propagation, vol. 3, pp. 824–835, 2022.

[4] S. Cathers, J. LoVetri, I. Jeffrey, and C. Gilmore, “Electromagnetic
imaging system calibration with 2-port error models,” IEEE Open Journal
of Antennas and Propagation, vol. 4, pp. 1142–1153, 2023.

[5] A. F. V. Teppati and M. Sayed, “Multiport s-parameters measurement
methods,” in Modern RF and Microwave Measurement Techniques,
A. Ferrero and M. Sayed, Eds. Cambridge University Press, 2013, pp.
219–240.

[6] Z. Yang, J. Wu, H. Shao, J. Wang, and L. Wang, “Research on a novel
calibration method of broadband shunt,” in 2022 IEEE International
Instrumentation and Measurement Technology Conference, 2022, pp. 1–6.

[7] “Keysight datasheet,” Available at https://www.keysight.com/us/en/prod-
uct/N7551A/electronic-calibration-module-ecal-dc-6-5-ghz-2-port.html.

[8] M. Gugliermino, D. Rodriguez-Duarte, C. Origlia, J. T. Vasquez, R. Scap-
aticci, J. C. Bolomey, L. Crocco, and F. Vipiana, “On the use of an electro-
mechanical and a solid-state switching matrix for a portable microwave-
based brain stroke scanner,” IEEE Antennas and Wireless Propagation
Letters, 2024.


