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ABSTRACT

High-Intensity Focused Ultrasound (HIFU) is a medical technique and treatment
method that offers several advantages over other treatment modalities, such as non-
invasiveness, radiation-free therapeutic environment, and rapid patient recovery. Among
all methods, the use of continuous respiration technique in HIFU surgery is particularly
intriguing. That is because it provides patients with lower treatment risks, a more
comfortable treatment experience, and significantly reducing the overall surgical
complexity. However, compared to apnea, HIFU surgery conducted using continuous
respiration technique may not provide optimal positioning of ultrasound probe for
patients. The purpose of this thesis is to address this issue from the automated control
perspective. The aim is to achieve precise positioning by accurately tracking and
predicting the displacement of the target tissue caused by respiratory motion during
surgery. This approach allows patients to enjoy the benefits of continuous respiration
technique without compromising precision, efficiency, and safety.

In this thesis, hardware devices such as microcontrollers, motor drivers, motors,
encoders, and linear slides will be utilized to construct a one-dimensional motion platform.
This platform will simulate the real surgical process of HIFU liver ablation using
continuous respiration technique. An adaptive controller, developed using the rotation-
based hybrid lattice-QR RLS algorithm, will be applied to track the liver motion induced
by respiration. The rapid convergence, numerical robustness, and predictive waveform
capabilities of the adaptive controller are expected to significantly improve the
effectiveness of ultrasound probe tracking of liver motion trajectories and achieve the

purpose that mention above.
iii
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Lastly, in the conclusion, a comparison will be made between the tracking results of
the adaptive control architecture system and the reference system with only proportional
and integral controllers. It will be demonstrated that the adaptive motion control
architecture adopted in this thesis effectively tracks the liver motion caused by human
respiration, thereby greatly enhancing the precision and effectiveness of automated HIFU
surgery using continuous respiration technique. The impact of different ultrasound image
resolutions and image processing time delays on the system will also be discussed to
provide readers with a better understanding of how these factors significantly influence

the system.
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3.2.2 Integral of the absolute value of the error (IAE)/% & i 4 %
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5.2  Processor-in-the-loop (PIL)
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5.3 Hardware-in-the-loop (HIL)
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