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Improving lateral resolution in ultrasound imaging through
structured illumination techniques

234 SN2 AX|IEHT
(Hyunsu Choi," Jaesok Yu,>” and Jihun Kim"* )

'ZThStn AIARISEE R EIZ S, DAIST 2R |IATIKRES, *DAIST QIBAISTS,
‘YethEtn ICTSESSE HARSsIE

(Received July 17, 2024; accepted October 4, 2024)

£ 2720 299 ojulge 314 AR 8] B7H Balso] ARHEICE 285} 2|23 #n) A (Ultrasound
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ABSTRACT: Conventional ultrasound imaging is limited by the diffraction limit, which constrains its spatial
resolution. Although Ultrasound Localization Microscopy (ULM) can overcome this diffraction limit to achieve
super-resolution imaging through the use of contrast agents, it is primarily restricted to vascular imaging and
requires the acquisition of tens of thousands of low-resolution images to generate a single high-resolution image.
To address these challenges, we propose a novel ultrasound-based Structured Illumination Microscopy (uSIM)
technique. This method improves lateral resolution as evidenced by both in-silico and in-vitro phantom
experiments. Our results demonstrate that uSIM achieves superior spatial resolution without being confined to
specific tissues, requiring only nine images to reconstruct high-resolution image. This proposed technique is
expected to be applicable in various medical ultrasound diagnostic applications.

Keywords: Ultrasound imaging, Super-resolution imaging, Structured illumination microscopy, Resolution

enhancement
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Fig. 1. (Color available online) Basic principle of
structured illumination microscopy (SIM). (a) Moiré
pattern generated by different structured illumination
patterns. (b) Frequency response of conventional
ultrasound imaging, limited by the diffraction limit,
(c) High—frequency components are captured by
applying a structured ultrasound beam at a steering
angle of 45 degrees. (d) Compounded frequency
response after combining high—frequency compo—
nents from (c). (e) Frequency compounding using
multiple structured beam angles, demonstrates the
enhanced capacity for high—frequency components,
thereby achieving super—resolution imaging.
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sound beam patterns generated by different apo—
dization functions in simulation: (a) Plane—wave
ultrasound, showing a uniform intensity distribution,
and (b) Structured ultrasound, generated using a
Heaviside apodization function, displaying periodic
high—intensity peaks.
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Fig. 3. (Color available online) Workflow for ultra—
sound structured illumination and reconstruction of
uSIM image: (a) Transmit sequences of structured
ultrasound, and (b) procedure for the reconstruction
of uSIM image.
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