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Numerical simulation of the effect of driving signals by phased transducer on transcranial focal region

DING Xin, HAN Zhen—zhen, JIAN Xi—qi

(Department of Biomedical Engineering and Technology, Tianjin Medical University, Tianjin 300070, China)

Abstract Objective: To investigate the effect of driving signals by phased transducer arrays on the transcranial focal region and to solve
the problem of transcranial defocusing and thermal damage to the skull and tissue around it. Methods:Method was put forward by
modulating phase and amplitude of driving signals based on the time reversal and cross—correlation among signals. A numerical simulation
model was established based on skull CT data and phased transducer. The finite difference time domain method was used to simulate the
distribution of transcranial HIFU pressure and temperature fields to study the influence of driving signals by phased array on transcranial
HIFU focal region. Results:Results of numerical simulation indicated that focus was formed accurately at the target by modulating the
phase of driving signals of transducer arrays; the maximum pressure and temperature at focus were increased by modulating the amplitude of
driving signals by transducer arrays; temperature in skull was decreased by modulating the amplitude of different arrays of transducer.
Conclusion: By modulating driving signals of phased array, we can achieve precise and effective transcranial focusing and the acoustic
energy deposited at focus would increase. By modulating driving signals of different arrays, temperature decreases in skull thus avoiding
thermal damage to skull and the surrounding tissue.
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Fig1 The diagram of the simulation model
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Tab 1 The table of parameters in the simulation
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Fig 2 The diagram of obtaining driving signals of arrays through

the ideal acoustic source
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Fig3 The correlation between time reversed signals
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Fig 4 The diagram of transcranial focusing after modulating the

drving signals of phased transducer
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Fig5 The phase delay and radio of amplitude of drving signals by phased tranducer
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Fig 6 The acoustic curves on axis focusing by modulated drving signals
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Fig7 The thermal curves on axis focusing by modulated drving signals
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Fig8 The thermal distributions of focal plane focusing by modulated drving signals
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Fig9 The volume of focal region focused by modulating the drving
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Fig 10 The amplitude of drving signals in eight conditions of modulating
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Fig 11 The temperaturecurves at focus and the surface between

skull and water in different modulating conditions
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