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A dual-band wideband patch antenna for intracranial hemorrhage detection
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Abstract: Objective To design and manufacture a wideband microwave antenna for intracranial hemorrhage detection.
Methods The simulation software was used to optimize the antenna structure and parameters. The simulation experiment of
intracranial hemorrhage detection was carried out using the electromagnetic simulation model of human head for detecting
different amount of bleeding (14.1, 33.5 and 65.4 mL). The physical experiments were conducted with the actually
manufactured antenna, and the S, of 3 liquids with different dielectric constants, namely water, 95% alcohol and vegetable
oil, were measured at different volumes (0-10 mL). Results In the simulation experiment of intracerebral hemorrhage, the S,,
was statistically different in 3 different degrees of intracerebral hemorrhage at the working frequency bands of the antenna
(2.03-2.30 GHz, 2.90-3.02 GHz) (P<0.05), indicating that the antenna could detect different degrees of intracerebral
hemorrhage. In the physical experiment, at the working frequency band of the actual antenna (2.00-2.27 GHz, 2.85-2.90 GHz),
the S,, amplitudes of 3 liquids differed significantly, and the largest difference occurred at the trough position of the spectrum,
and the larger the liquid volume was, the greater the difference of S;, amplitude was. The observation on 2.17 GHz data
showed that the S,, amplitudes of the 3 liquids changed with the liquid volume, and that there was significant difference in S,
amplitude at 1-10 mL (P<0.05), which demonstrated that the antenna could detect the changes in dielectric constant and
volume of materials. Conclusion The microwave patch antenna has the potential for intracranial hemorrhage detection.
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Figure 1 Antenna geometry
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Figure 4 Electric field distributions in the human head at the center frequency of the working frequency band of the antenna
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Figure 2 Simulation diagram of antenna and head

model in CST software
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Figure 5 Human intracranial hemorrhage model
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Table 1 Friedman test results of S;, amplitudes of 3 degrees of

intracranial hemorrhage at 2.03-2.30 GHz and 2.90-3.02 GHz

for multiple related samples

BiF/GHz  FEAKL X A Pl
2.03~2.30 67 51.612 2 0.000
2.90~3.02 33 11.091 2 0.004
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Figure 7 Experimental system for liquid dielectric constant measurement and antenna for detecting liquid with different dielectric constants
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Figure 8 Relative dielectric constant and tangential loss of water, 95% alcohol and vegetable oil
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