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ABSTRACT

The development of ultrasound tomography (UST) aimed to significantly enhance
the precision and safety of non-invasive UST imaging, particularly for studying
crystallization processes in biological tissues. The initiative sought to address the
limitations of previous versions by incorporating advanced technological upgrades
and providing a more user-friendly interface. The revised system comprises eight
four-channel measurement cards interconnected via a high-speed FD CAN bus ca-
pable of 8 MBPS data transfer. Each card features a dedicated square wave generator,
band-pass filters tailored to specific ultrasonic transducer frequencies, and a so-
phisticated signal envelope processing unit. The core processing unit is built around
a 32-bit STM32G474RE microcontroller, ensuring robust data handling and image
reconstruction capabilities. The UST device presented demonstrates improved image
clarity and reduced noise interference. The measurement card redesign has achieved
a sampling rate of 4 MBPS per channel and includes a two-stage amplification for
dynamic range management. Upgraded power components, comprehensive shielding,
and the integration of advanced analog switches have led to an enhanced signal-
to-noise ratio, pivotal for high-resolution imaging. The advancements presented in
the UST device mark a noteworthy progression in ultrasound imaging technology,
extending beyond traditional applications. High-speed data collection, precise signal
processing, and user-centered design have all come together to make a system that
can image crystallization processes more accurately and accurately over and over
again. The integration of a robust control unit with a Raspberry Pi-based interface has
streamlined the imaging process, making it more accessible and adaptable to a variety
of research and clinical scenarios. This project sets a new standard for ultrasound
imaging systems and opens avenues for further innovations in the field.

STRESZCZENIE

Opracowanie ulepszonego tomografu ultradzwiekowego (UST) mialo na celu
znaczne zwiekszenie precyzji i bezpieczenstwa nieinwazyjnego obrazowania UST,
szczegOlnie w przypadku badania proceséw krystalizacji w tkankach biologicz-
nych. Inicjatywa ta miata na celu wyeliminowanie ograniczen poprzednich wersji
poprzez wprowadzenie zaawansowanych ulepszen technologicznych i zapewnienie bar-
dziej przyjaznego dla uzytkownika interfejsu. Zmieniony system sklada sie z osmiu czte-
rokanatowych kart pomiarowych, polaczonych ze sobg za pomocg szybkiej magistrali
FD CAN zdolnej do przesylania danych z predkoscia 8 MBPS. Kazda karta posiada
dedykowany generator fali prostokatnej, filtry pasmowo-przepustowe dostosowane
do okreslonych czestotliwosci przetwornikow ultradzwiekowych oraz zaawansowang
jednostke przetwarzania obwiedni sygnatu. Podstawowa jednostka przetwarzajaca jest
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zbudowana na bazie 32-bitowego mikrokontrolera STM32G474RE, zapewniajac ob-
stuge danych i mozliwosci rekonstrukeji obrazu. Prezentowany tomograf UST charakte-
ryzuje sie lepsza klarownoscig obrazu i zmniejszonymi zakléceniami. Przeprojektowana
karta pomiarowa osiggneta czestotliwo$¢ probkowania 4 MBPS na kanal i zawiera
dwustopniowe wzmocnienie do zarzadzania zakresem dynamicznym. Ulepszone
komponenty zasilania, kompleksowe ekranowanie i integracja zaawansowanych prze-
tacznikéw analogowych doprowadzily do poprawy stosunku sygnatu do szumu, co
ma kluczowe znaczenie dla obrazowania w wysokiej rozdzielczo$ci. Rozwigzania
zaprezentowane w tomografie UST sa dowodem postepu w technologii obrazowania
ultrasonograficznego, wykraczajacy poza tradycyjne zastosowania. Takie cechy jak
szybkie gromadzenie danych, precyzyjne przetwarzanie sygnatu i konstrukcja zo-
rientowana na uzytkownika zostaly polaczone w celu stworzenia spdjnego systemu,
ktory moze doktadniej obrazowac procesy krystalizacji. Integracja jednostki sterujacej
z interfejsem opartym na Raspberry Pi usprawnila proces obrazowania, czynigc go
bardziej dostepnym i tatwiejszym do dostosowania do réznych scenariuszy badawczych
i klinicznych. Opisany projekt wyznacza nowy standard dla systeméw obrazowania
ultrasonograficznego i otwiera droge do dalszych innowacji w tej dziedzinie.

Keyworps: Ultrasound Tomography, Non-invasive Imaging, Crystallization Processes,
Signal Processing, Medical Diagnostics

SLOWA KLUCZOWE: tomografia ultradZwiekowa, obrazowanie nieinwazyjne, procesy
krystalizacji, przetwarzanie sygnatow, diagnostyka medyczna

INTRODUCTION

Lung conditions encompass a broad spectrum of disorders affecting mil-
lions worldwide, posing significant healthcare burdens (Yetisen et al., 2018).
These conditions can be classified into obstructive types, such as asthma and
chronic obstructive pulmonary disease (COPD), which restrict airflow, and
restrictive types, such as fibrosis, which impair the expansion of the lungs
(Rymarczyk, 2019). Additionally, infectious diseases such as tuberculosis and
pneumonia continue to pose serious health threats, particularly in low-re-
source settings (Soleimani Rymarczyk, 2023). The complexity and variability
of lung diseases necessitate precise and dynamic monitoring strategies to
optimize treatment outcomes. While effective for diagnostic assessments, tra-
ditional monitoring techniques often need to improve in providing real-time,
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continuous data essential for managing acute episodes and adjusting treat-
ments. For example, spirometry, the standard tool for assessing lung function,
requires active participation from patients, which can be challenging during
severe respiratory distress (Mazurek et al., 2020). Moreover, the inherent
limitations of radiographic methods such as X-rays and CT scans, includ-
ing radiation exposure, cost, and the need for specialized facilities, restrict
their frequent use (Nagafune et al., 2014). This is particularly problematic
in chronic conditions where ongoing monitoring is pivotal. There is also an
increasing awareness of the risks associated with repeated radiation expo-
sure, particularly in children and young adults who are more susceptible to
radiation-induced complications. The advent of innovative monitoring tech-
niques that are non-invasive, safe, and capable of delivering instant feedback
on the patient’s lung health could transform the management of pulmonary
diseases (Laitinen et al., 2008; Zhao et al., 2019). In this regard, ultrasound
tomography stands out as an up-and-coming technology. It eliminates the
risks associated with radiation, offers portability, and provides a detailed
view of the lung’s morphology and function under various physiological and
pathological conditions. This capability to monitor changes over time, even
at the bedside, makes it an invaluable tool in acute and chronic care settings,
leading to more personalized and responsive treatment strategies.
Ultrasound tomography represents a significant advancement in medical
imaging, particularly for lung monitoring (Mazurek et al., 2020; Zhang et al.,
2016). This technology utilizes sound waves at medical ultrasound frequencies
to produce detailed images of internal body structures, including soft tissues
that are typically challenging to image with conventional ultrasound. In lung
imaging, ultrasound tomography is especially promising because it provides
high-resolution images that reveal subtle changes in lung tissue and fluid ac-
cumulation without ionizing radiation. (Dai et al., 2023; Tutschek et al., 2017).
The principle behind ultrasound tomography is the transmission and reception
of ultrasound waves from multiple angles through the patient’s body. Unlike
conventional ultrasound, which primarily images the reflection of sound
waves from structures, ultrasound tomography measures both the reflection
and transmission of sound waves (Bal et al., 2015; Cueto et al., 2021; Khairi et
al., 2019). This dual approach creates a three-dimensional image of the lung’s
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internal structure. It captures tissue density and composition variations with
greater clarity and detail than standard ultrasound techniques. One of the
critical advantages of ultrasound tomography for lung monitoring is its safety
and non-invasiveness. It can be used repeatedly for patients who require on-
going monitoring, such as those with chronic lung diseases or post-operative
patients. The portability of ultrasound devices also adds a layer of convenience,
enabling in-situ imaging in intensive care units, emergency rooms, or even
in remote or rural settings where large radiographic equipment is impracti-
cal. Furthermore, ultrasound tomography can be integrated into telehealth
frameworks, allowing for remote diagnostics and monitoring (Javaherian et al.,
2020; Koulountzios et al., 2021). This integration is particularly advantageous
during the COVID-19 pandemic, where minimizing patient movement and
hospital visits is crucial. Real-time imaging capabilities facilitate immediate
clinical decision-making, enhancing patient care by allowing for timely in-
terventions. Overall, introducing ultrasound tomography into lung health
monitoring could lead to a paradigm shift in how respiratory conditions are
managed and treated, emphasizing preventive and continuous care approaches
tailored to individual patient needs. This technology bridges the gap between
diagnostic precision and safety and aligns with the evolving demands of
modern healthcare systems for accessibility and patient-centric interventions.

PRINCIPLES OF ULTRASOUND TOMOGRAPHY

Ultrasound tomography technology utilizes sophisticated hardware and diverse
operational modes to produce detailed images of internal body structures. The
hardware setup for ultrasound tomography typically includes a series of transduc-
ers arranged in a circular or semi-circular array around the area of interest, such
as the chest area for lung imaging. These transducers emit and receive ultrasound
waves, capturing comprehensive cross-sectional data from multiple angles.

In medical imaging, ultrasound tomography emerges as a potent tool, par-
ticularly for applications that necessitate frequent and meticulous monitoring
of lung conditions, all while shielding patients from harmful radiation. This
powerful capability is created by harmoniously integrating advanced hardware
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components and versatile operation modes. The transducer array is at the heart
of the hardware, a critical element that houses numerous ultrasound transduc-
ers. Each transducer can be independently controlled, and their density and
arrangement are paramount in achieving high-resolution images. The data
acquisition system works in tandem with the transducer array. This system
is tasked with processing the ultrasound signals received by the transduc-
ers. Designed to handle the vast amount of data generated during each scan,
it ensures accurate image reconstruction, thereby playing a crucial role in the
imaging process. Complementing these components is imaging software with
advanced algorithms that interpret ultrasound data to construct detailed im-
ages. This software can uniquely differentiate between various types of tissue
based on their acoustic properties, enhancing the images’ clarity and usefulness.

Three distinct modes characterize the operation of ultrasound tomogra-
phy. Like traditional ultrasound, the Reflection Mode interprets the echoes
of ultrasound waves reflected from tissues. While it helps assess superficial
structures, it can also contribute to deeper tissue imaging when combined
with other modes. On the other hand, the Transmission Mode allows ul-
trasound waves to pass through the body from one transducer to another,
capturing the transmission properties of the tissues they encounter. This
method proves particularly valuable for imaging complex structures like the
lungs, as it provides information about tissue density and composition. The
third mode, compound imaging, combines reflection and transmission data
to offer a more comprehensive view. Mitigating the limitations of each mode
enhances contrast and resolution, providing a more detailed and accurate
depiction of lung tissues.

Ultrasound tomography also supports real-time imaging, allowing clini-
cians to observe dynamic changes within the lungs as the patient breathes. This
capability is critical for real-time assessment of lung function and treatment ef-
fectiveness. Furthermore, functional imaging can use the technology to assess
lung tissue structure and physiological behavior, such as blood flow and fluid
dynamics. This further extends its utility in clinical diagnostics and treatment
monitoring. Combining these advanced hardware components and versatile
operation modes endows ultrasound tomography with immense power and
potential in medical imaging. It stands as a testament to the advancements
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in medical technology, promising a future where diagnosis and treatment
monitoring are more accurate, efficient, and safe.

As an advanced imaging modality, ultrasound tomography offers several ad-
vantages over traditional imaging techniques such as X-rays and computed to-
mography (CT) scans, especially when monitoring pulmonary conditions. The
essence of its superiority lies not only in its safety and non-invasive nature
but also in its adaptability and operational efficiency. One of the foremost
benefits of ultrasound tomography is the absence of ionizing radiation, which
is a significant concern with both X-rays and CT scans (Romanowski et al.,
2019; Shanghai et al., 2021). The safety profile of ultrasound makes it an ideal
choice for vulnerable populations, including pregnant women, children, and
patients requiring frequent monitoring. This radiation-free approach allows
for repeated use without the associated risks of cumulative radiation exposure,
a factor particularly pertinent in chronic lung disease management, where
continuous assessment is often necessary. Moreover, ultrasound equipment
is inherently more portable and less costly than traditional radiographic
machinery. This portability enables the use of ultrasound in hospital settings,
outpatient clinics, and remote locations where large, stationary equipment
is unavailable. In critical care environments, the ability to perform bedside
imaging is invaluable, reducing the need to move critically ill patients and thus
minimizing risks and discomfort. Ultrasound tomography also excels in its
capacity for real-time imaging (Soleimani Rymarczyk, 2023; Tan et al., 2023;
Wilson Patwari, 2010; Yigitler et al., 2017). As they operate, clinicians can
observe the functional aspects of the lungs, watching the interplay of tissues
with each breath. This immediate feedback is crucial for making rapid clinical
decisions, particularly in emergency and acute care settings (Qiu et al., 2021;
Schork, 2018). It also enhances the clinician’s ability to monitor treatment
efficacy over time, adjusting therapies in response to real-time observations
of lung function. In addition to its diagnostic capabilities, ultrasound facil-
itates a deeper understanding of lung tissue physiological and pathological
changes by allowing for functional assessments not readily available through
X-rays or CT scans. For example, ultrasound can assess blood flow and fluid
dynamics within the lungs, providing insights critical for managing conditions
like pulmonary edema or heart failure. Ultrasound tomography is very useful
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because it combines detailed imaging with functional assessment. It fills the
gap between traditional methods that only give static pictures of the body
and the living systems’ constantly changing processes. This holistic approach
enhances diagnostic accuracy and informs a more nuanced treatment strategy
tailored to the individual’s real-time medical needs. Overall, the comparative
advantages of ultrasound tomography underscore its potential to revolutionize
the field of pulmonary diagnostics and monitoring. By delivering safer, more
accessible, and dynamically informative imaging solutions, ultrasound tomog-
raphy is poised to become an indispensable tool in modern medical practice,
particularly for conditions where the lungs are involved. This technology
embodies the cutting edge of patient-centered care, where safety, efficiency,
and precision are paramount.

METHODOLOGIES FOR LUNG MONITORING

Ultrasound tomography (UST) procedures for imaging the lungs represent
a fusion of advanced technology and meticulous technique tailored to address
the challenges of visualizing such a complex and dynamic organ. Unlike tradi-
tional ultrasound, which is hindered by the lung’s air content, UST leverages
sophisticated methods to create detailed images of lung tissues. The process
begins with patient preparation, where they are positioned to optimize access
to the thoracic area, accommodating various postures such as sitting, standing,
or lying down based on the patient’s comfort and clinical needs. This flexibil-
ity is crucial, particularly for imaging patients who are critically ill and may
not tolerate the conventional positioning required by other imaging modal-
ities. Following patient positioning, a skilled technician applies a specialized
conductive gel over the chest area. This gel is essential because it serves as
a medium that promotes ultrasound wave transmission, eliminating potential
air pockets between the transducers and the skin, which can distort the sound
waves. The core of the UST system is its array of transducers strategically
placed around the patient’s thorax. These transducers can emit and receive
ultrasound waves at frequencies optimized for deep-tissue penetration and
fine-resolution imaging. Once activated, the system emits ultrasound waves
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that travel through the thoracic structures, encountering tissues such as the

pleura, lung parenchyma, and chest wall. UST is distinctive in its ability to

capture both the reflection and transmission of these sound waves, providing
a dual layer of data that enhances the image quality. The reflected waves give

insight into the surface structures and boundaries, while the transmitted

waves offer deeper insights into the tissue density and composition. This data

is instantaneously relayed to a sophisticated computer system with advanced

algorithms to reconstruct the waves into precise, high-resolution images. These

images can reveal various lung conditions, from fluid accumulations and in-
fections to structural anomalies like cysts or tumors. Throughout the scanning

process, adjustments to the transducer’s frequency and intensity settings are

routinely made to adapt to the specific imaging needs, enhancing the depth

and clarity of the images produced. In cases where lung function needs to be

assessed, dynamic scanning techniques are employed. This involves capturing
real-time images or video sequences of the lung tissues as they move during

respiration, providing valuable information on lung mechanics and function

critical for diagnosing and managing conditions like pulmonary fibrosis or
chronic obstructive pulmonary disease. UST procedures are non-invasive,
require minimal preparation, and are generally painless for the patient, encom-
passing only a few minutes of actual scanning time. The absence of radiation ex-
posure is a significant advantage, particularly for populations requiring frequent

monitoring, such as those with chronic lung diseases or children. Ultrasound

tomography combines advanced imaging technology with precise procedures

to provide a complete and safe way to image the lungs. This makes diagnosing

problems easier and better managing patients by giving doctors timely, accu-
rate, and detailed information. His method marks a significant advancement

in pulmonary diagnostics, reflecting the evolution of medical imaging toward

more patient-friendly and informative technologies.
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CASE STUDIES AND RESULTS

Figure 1 depicts a chest phantom setup for evaluating ultrasound tomog-
raphy (UST) technology. This phantom, designed to simulate human thoracic
anatomy, serves as a test subject for refining and demonstrating the capabilities
of UST procedures. In panel (a), the top view of the phantom, we observe the
circular arrangement of the transducer array, which is central to the UST sys-
tem. The transducers are placed equidistantly along the phantom’s curvature,
mimicking the positioning around a human torso.

Figure 1. View of the chest phantom with electrodes in place: (a) - top view, (b) - side view

This array is crucial for the multilateral transmission and reception of
ultrasound waves, enabling the capture of comprehensive cross-sectional
data. The labeled markers on the transducers are likely used for calibration
and orientation purposes, ensuring precise data collection and imaging. Panel
(b) offers a side view of the phantom, showcasing a more practical setup
aspect. The tape measure held against the phantom is a tool for validating
the dimensions and ensuring that the scale of the phantom matches typical
human anatomy. This attention to detail is essential for the accuracy of the
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UST procedure, as it guarantees that the data acquired from the phantom
can be reliably extrapolated to clinical scenarios. The intricate network of
cables stemming from the transducers demonstrates the complexity of data
acquisition in UST. Each transducer is connected to the data processing unit,
signifying the high level of detail captured during the imaging process. The
precise nature of this setup underscores the potential of UST to revolutionize
lung imaging by providing detailed insights into lung structure and function
that surpass traditional imaging modalities.

The setup of ultrasonic transducers and graphite electrodes on two separate
measuring rings for ultrasound tomography (UST) and electrical impedance
tomography (EIT) studies is shown in Figure 2. The schematic denotes the
lower measuring ring in panel (a) and the upper measuring ring in panel (b),
providing a clear blueprint of the setup for these diagnostic modalities. In
both panels, the blue dots represent EIT electrodes, which measure electrical
conductivity throughout the thorax, capturing the distribution of various
tissue types based on their electrical impedance. The red dots symbolize
UST transducers, which emit and receive ultrasound waves, facilitating the
creation of detailed images based on sound wave propagation and reflection
within the chest cavity. The numbering next to each dot indicates the specific
placement of electrodes and transducers, which are critical for data acquisi-
tion and subsequent reconstruction into images or impedance maps. Notably,
the numbering direction for EIT differs from that of the UST, suggesting
that the data collection for each modality may proceed in contrasting guid-
ance. This directional distinction could be fundamental to how each modality
constructs its respective imaging outputs, accounting for each technology’s
physical principles. The graphical representation in Figure 2 guides the pre-
cise placement and organization of the components necessary for UST and
EIT procedures. Such an arrangement is critical to ensuring comprehensive
coverage and high-resolution imaging of the thoracic region, allowing for
accurate diagnostic assessments of lung conditions using these advanced
non-invasive imaging technologies.
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Figure 2. Arrangement of ultrasonic transducers and graphite electrodes: (a) - lower
measuring ring, (b) — upper measuring ring
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Figure 3 depicts the chest phantom used in calibrating and testing ultra-
sound tomography (UST) and electrical impedance tomography (EIT) tech-
nologies, illustrating the practical application of the setup shown in Figure 2.
This phantom mimics the human chest, allowing a controlled environment to
test UST and EIT systems’ imaging capabilities and accuracy. The phantom
has a vertical orientation, and measurements are provided to indicate scale.
The blue dots represent the EIT electrodes, strategically placed at specific
heights—170 millimeters at the top and 80 millimeters at the bottom. These
electrodes are essential for EIT because they measure the electrical imped-
ance across the chest phantom. This impedance is affected by the different
conductive properties of the simulated tissues inside the phantom. Red dots
indicate the placement of UST transducers. These are also placed at particu-
lar vertical intervals, marked by measurement lines labeled with arrows and
numbers, such as 50, 52, 54, and so on, indicating the distance in millimeters
between each transducer. The UST transducers are essential for sending and
receiving ultrasound waves that penetrate the phantom, allowing the UST
system to construct a detailed visual representation of what lies within. The
arrangement of the transducers and electrodes, as shown in the figure, is
critical to the functionality of the UST and EIT systems. Precise positioning
ensures that the systems can collect comprehensive data, which is later pro-
cessed to generate accurate images or impedance maps of the thoracic region.
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This detailed setup is a testament to the intricate and thoughtful engineering be-
hind modern diagnostic imaging technologies, reflecting their ability to replicate
complex physiological structures to advance medical imaging and diagnostics.

Figure 3. Chest phantom with ultrasound transducers and electrodes in place

® ysT

Figure 4 showcases the UST (Ultrasound Tomography) device in a panel
view, providing a glimpse into the technological interface that powers the UST
system. Enclosed within a robust case, which ensures both portability and
protection for the delicate equipment inside, the device appears ready for field
deployment or use in various clinical settings. The central processing unit is
at the heart of the device, which features a display screen that serves as a user
interface for operating the system. This screen may display real-time data,
system diagnostics, and user controls, allowing for on-the-fly adjustments
and monitoring during the UST procedure. Below the screen, an array of
connectors is visible, corresponding to the ports into which the transducer
cables are plugged. These connectors are likely numbered or coded in some
tashion, corresponding to the individual transducers wrapped around the chest
phantom. This ensures that each transducer’s data can be accurately tracked
and processed. The organized layout of the connectors suggests a systematic
approach to data acquisition, which is crucial for reconstructing the complex
three-dimensional images that UST is known for. The panel also includes LED
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indicators next to each connector, which may serve as a status indicator to
confirm active connections or flag any issues with specific transducers during
the imaging process. As seen from the panel view in Figure 4, this UST de-
vice integrates advanced ultrasound imaging technology into a compact and
user-friendly format. It is the conduit through which the raw data collected
by the transducer array is transformed into valuable diagnostic information,
playing a pivotal role in the deployment of UST for lung condition monitoring.

Figure 4. UST device - panel view

Creating the third version of the ultrasound tomography machine, which
will be called Ultrasound Tomography 3.0 from now on, was a big step forward
in the non-invasive study of how crystals form. This document overviews the
substantial work undertaken to enhance the device’s capabilities. The UST
device design was based on eight four-channel measurement cards. These
cards were interconnected through a high-speed FD CAN bus system capable
of transferring data at up to 8 MBPS rates. The measurement cards were en-
gineered to achieve a maximum sampling rate of 4 MBPS per channel. Each
channel was equipped with a dedicated generator for square alternating wave-
forms, with amplitudes reaching up to 144 Vp-p (volts peak-to-peak) and an
instantaneous current output of 3A. One of the pivotal advancements in the
device was the ability to sample the analog signal across all channels synchro-
nously. This synchronous capability helped to improve imaging resolution and
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accuracy. Additionally, each channel was integrated with three eight-order
band-pass filters, effectively removing harmonics via analog switches. These
filters were tailored to the specific frequencies of the ultrasonic transducers,
namely 40 kHz, 350 kHz, and 1 MHz, each with respective bandwidths de-
signed to match the operational frequencies.

The measurement cards also featured a built-in system capable of converting
the alternating acoustic analog signal into its envelope, with configurable set-
tings to accommodate the three primary frequency ranges. Moreover, the cards
included a two-stage amplification adjustment for each channel, facilitating
a broad range of signal enhancement, from subtle amplification to signifi-
cant increases in signal strength. The measurement cards contained a 32-bit
STM32G474RE microcontroller with a Cortex-M4 core and a maximum clock
speed of 170 MHz, as well as 512 kB of Flash memory, 96 kB of SRAM, and
specialized units for floating-point and digital signal processing. The central
control unit, which managed the operations of the measurement cards, was
based on the existing design from the Ultrasound Tomography 2.0 device but
was now powered by a different microcontroller to support CAN-FD commu-
nication. This new microcontroller, a 32-bit STM32H743ZI with a Cortex-M7
core, was capable of reaching clock speeds up to 480 MHz and came with 2MB
of flash memory and 1 MB of RAM, further enhancing the system’s processing
capabilities with advanced instruction sets for digital signal processing.

Complementing these hardware improvements, the user interface and
image reconstruction system were designed to operate on a Raspberry Pi
board with a 7-inch touchscreen display, marking a user-friendly transition
in interfacing with the device. Significant modifications were made to the
measurement card, which now featured a compact board size and was pow-
ered by the targeted STM32G474 microcontroller. As part of these changes,
differential inputs from ADC converters were switched out for non-inverting
and inverting inputs from built-in operational amplifiers. There were also
more control outputs for analog switches and state signaling through LED
indicators. The redesigned card included a 5-bit switch for addressing up to
63 different units. It featured a custom 3D-printed shield for the four-chan-
nel impulse generator, complete with a copper tape layer to provide effective
electromagnetic shielding.
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The primary device module was designed with versatility in mind, con-
sidering the dimensions of the FT811CB display, which was used exclusively
during the prototype development phase. The STM32F746ZG microcon-
troller was replaced with the STM32H743ZI variant, which supported CAN
FD communication at 8 MBPS and had much more processing power, with
clock speeds of up to 480 MHz. This was a significant change from the pre-
vious ultrasound tomography model. In the finalized device, the graphical
user interface (GUI) functions would be managed by a Raspberry Pi 4 board
with a 7-inch touchscreen display. This main board also provided options for
external memory connections, such as microSD cards and USB Fast Speed
ports. It included battery backup for the real-time clock, backup registers, and
FRAM memory. Communication with the computer could be established
using USB High Speed 2.0 standards. Provision for a debugger connector,
serial port, and various communication buses, such as FDCAN, SPI, and
RS485, were made using a category 6a RJ45 connector. Additional I/O ports
were made available through commonly used terminal strips.

Figure 5 displays an assembled high-voltage inverter on a control module
board, a critical ultrasound tomography (UST) system component. This control
board is the epicenter of the UST device, tasked with managing the electrical
signals that drive the transducers responsible for emitting ultrasound waves.

Figure 5. Assembled high-voltage inverter on the control module board

The high-voltage inverter’s role is to convert low-voltage DC power
into the high-voltage AC power required by the ultrasound transducers.
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Precision is critical in this conversion process, as the quality of the ultra-
sound signal directly impacts the resolution and accuracy of the lung images
produced by the UST system. This board is meticulously outfitted with an
array of electronic components, including microcontrollers, communication
modules, and various connectors that facilitate the integration of the board
into the broader UST system. These components work together to ensure
the inverter operates within the necessary parameters, providing stable and
reliable high-voltage outputs. In the context of the UST device, this con-
trol module board embodies the convergence of electronic engineering and
medical technology, playing a foundational role in enabling non-invasive,
high-resolution imaging of lung tissue.

CONCLUSIONS

The development of the presented UST device represents a significant
technological leap forward in ultrasound imaging, tailored explicitly to the
non-invasive study of crystallization processes. This project’s culmination has
resulted in a robust, sophisticated system characterized by high-speed, precise
measurement capabilities and advanced signal processing. The third version of
the ultrasonic measurement card incorporates numerous improvements based
on findings from its predecessor, demonstrating a relentless commitment to
enhancing performance and reliability. The refinements in card construction,
such as replacing noisy power components, adding a more extensive array of
addressing options, and shielding enhancements, have substantially reduced
signal interference and noise. These advancements contribute to the increased
accuracy and clarity of the images produced. Additionally, the central con-
trol unit’s upgrades, featuring a more powerful microcontroller and versatile
communication options, have significantly bolstered the system’s processing
power and operational flexibility. This has allowed for more complex tasks
to be performed efficiently, opening up new possibilities in the scope and
scale of imaging applications. Integrating a user-friendly interface and so-
phisticated image reconstruction capabilities on a Raspberry Pi platform
emphasizes the system’s focus on improving user interaction and operational
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intuitiveness. This approach is expected to streamline the user experience,
making the technology more accessible to a broader range of operators, from
researchers to medical professionals. Furthermore, the project’s forward-think-
ing design, evidenced by including a high-voltage inverter module, positions
the system for future enhancements. This module’s innovative features, such
as its isolated DC-DC converters with variable voltage outputs, enhance the
device’s safety and provide a scalable solution for power requirements. In
conclusion, the UST device is a testament to the progress in medical imaging
technology. Its comprehensive design and operational improvements have
laid a solid foundation for the future of non-invasive ultrasound imaging,
promising more significant advancements in medical diagnostics and a deeper
understanding of crystallization processes. The success of this project marks
a significant milestone and sets the stage for further innovations that will
continue to push the boundaries of what is possible in ultrasound tomography.
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