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Abstract. Radiofrequency ablation technique is one of the tumor hyperthermia
methods and has been widely used in clinical treatment because of its small traumatic,
better curative effect and others advantages. Recently, the common automatic control
of radiofrequency ablation system is temperature control model that only used to
control electrode tip temperature by controlling center of the output power to prevent
cooking, rather than monitoring temperature of tumor edge, leading to the result is not
accurate. So for the purpose of being ablated completely without damaging the normal
tissue, this paper puts forward with double temperature controlling system to monitor
the electrode tip and the tumor edge temperature at the same time, and control the
output power according to the change of the temperature, in order to achieve the
purpose of accurate ablation. Now The design of radiofrequency ablation signal have
been finished, including the final output signal peak-to-peak voltage of 140V, current
0.3A, total power adjusted in 2W to 18W.

Introduction

Radiofrequency Ablation (RFA)

Presently, a growing number of people are becoming to concern the treatment and
prevention of cancer because of its increasing incidence year by year. Cancer treatment
methods are becoming more and more diverse and effective, from surgery, radiotherapy
and chemotherapy to cellular immune therapy, then to ablation in recent years.
Ablation method also had a great development, such as thermal ablation, cold ablation
and laser ablation etc. And radiofrequency thermal ablation method is one of widely
used ablation methods.

Radiofrequency (RF) is a kind of electromagnetic waves or high frequency current,
and its mainly effect is organism thermal in the biosome. After starting the RF power
source, high frequency sine wave current flow into body tissue from active electrode
and discharge from the dispersive electrode. The human body is composed of many
complex structures of organic and inorganic materials, containing lots of the dielectric
in the body fluids, such as ion, water, colloid particles, etc. lon is fast vibrating back
and forth between the two electrodes under the high frequency oscillation. Due to the
size of the various ions, mass, charge and different moving rates, ions friction with each
other and produce biological heat, leading to local fever [1]. Due to tumor poor heat
dissipation, the tumor tissue temperature is higher than the adjacent normal tissue, and
the cancer is sensitive to heat, high heat killing cells or producing coagulation zone,
and relative keeping normal tissue well. The ideal coagulation zone should be spherical
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or flat spherical shape. Recently, this method is widely used in clinic for tumor
treatment [2] .

Radiofrequency Ablation System and Temperature Control Module

Radiofrequency thermal ablation system is composed by radiofrequency generator
(including power amplification module) measurement, the needle electrode (including
skin electrode) and control section, including computer [3,4]. The computer is also
known as the host computer while the remaining part is called lower position machine
system and the lower machine system controlled by PC. Ablation electrode is the core
component of radiofrequency ablation instrument, because it directly affects the size
and shape of the coagulation necrosis. Insert the needle electrode into cancer zone, and
lead out current with skin electrode, forming a current loop. Ablation electrode will
directly piece into the diseased tissue under the guidance of ultrasound or CT. The
change of the tumor tissue parameters such as temperature, impedance are monitored
by measurement and control unit that automatically adjust the output power of
radiofrequency ablation, makes the system can automatically control, forming a closed
loop automatic control, so as to make the tumor tissue quickly produces a wide range of
coagulation necrosis. But now there are lots of problems existed in ablation equipment
temperature and power control, which directly affect the melting effect. So this paper is
based on this target to design a more effective radiofrequency ablation temperature and
power control system, measuring temperature ablation area center and edge at the same
time [5].

RF signal producing module
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Figure 1. RFA system

Intelligent temperature control system is generally based on single-chip
microcomputer control or DSP control. Single chip microcomputer is widely used in
the automatic control system and the detection as its programmable.

In terms of software algorithm design of the control system, much of them are based
on fuzzy control algorithm [6,7], neural network algorithm and genetic algorithm, and
the PID algorithm design[8-11]. But we often encountered in the process of production
of temperature control system with large lag. If we simple correct using the algorithm
of PID temperature control system, there has a large high frequency disturbance, adjust
the time, the PID parameter setting difficult, and the disadvantages such as larger
overshoot amount. So as to complement each other’s advantages, PID algorithm and
other algorithms are used together.
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Design and Construction of Instrument

In our design of radiofrequency ablation system, we use STM32 MCU as a core
component for the temperature control. System’'s main components are composed by
following parts: RF signal producing module, J type and PT100 as temperature sensor,
STM32F4 microcontroller (including display circuit), and temperature and power
control circuit.

(1) The RF signal producing module: Design a power adjusting the RF signal
occurs that can produce 460 KHz sine wave.

(2) Jtype and PT100 as temperature sensor: Using J type and PT100 as temperature
sensor, the temperature of central area and then send into the AD conversion circuit,
after converted to digital signals sending into single chip microcomputer.

(3) STM32F4 microcontroller (including display circuit), as well as temperature
and power control circuit.

In the temperature control system, STM32 microcontroller is the core part of the
control system. Two temperature signals will be processed and shown in the display
circuit after sending into MCU at the same time. Firstly, the two-way signal compared
with their own set of threshold, then carry through the priority judgment, finally the
judgment result will be sent into the controller to control the operation, which trigger
the fuzzy PID program and executive power control unit according to the amount of
control, so as to make temperature maintained at the required temperature.

Radiofrequency Ablation Signal Producing Module

Signal producing module schematic diagram is showing in Figure2:

Firstly, Sine wave signal is generated by AD9834, and then it will be send to the filter
for filtering. If the sine wave is filtered thoroughly, it will be send into the power
amplifier power to amplify, achieving need power. Finally the signal went into ablation
electrode to ablate. In order to change the output power, we use AD5660 to change
amplitude of the AD9834 output signal, to ultimately change the result of the output
signal power. And AD5660 output control signal is controlled by single chip
microcomputer input signals, achieving the corresponding changes. System clock
provides clock signal for AD9834 .The power supply for single chip microcomputer,
the system clock and AD chip stable electricity.

The sine wave signal generated is 460 KHz, and voltage of peak-to-peak value is up
to 140 V, current 0.3 A after power amplifier amplification. An average power is of
around 15 W.
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Figure2. RFA signal producing module
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The following (Figure3) is the physical and generate signal drawings

Figure3. RFA signal producing module and sine wave

Conclusion

The goal of this work was to create a new a set of radiofrequency ablation system,
including the generation of RF signal, filter and amplification and temperature
real-time monitoring and control system, etc. Now, we have finished generation,
filtering and amplification of the RF signal, making the final biggest output signal
voltage of 140V, current 0.3A, total power adjusted in 2W to 18W (as shown in figure
3). We have reached the preliminary setting for radiofrequency ablation instrument,
and the further research is underway.
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