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The FPGA Design of 0.5T Joint MRI System console

Yao Kai Wen

Abstract

Nowadays, magnetic resonance imaging becomes one of the most widely used
imaging techniques in medical imaging. It uses radio frequency (RF) pulses to excite
the hydrogen nucleuses in the magnetic field then producing nuclear resonance
signals, which are sent to computer to obtain images. It can obtain the information of
patients’ internal clinical symptom accurately and rapidly, with the advantages of
multi-parameters imaging, high contrast, non-invasive imaging etc.

MRI system consists of computer, console, RF coils, gradient coils, power
amplifiers, magnet and temperature controller and so on. As the centre of the whole
MRI system, console is in charge of communicating modules, sending, receiving and
processing of RF pulse signals and gradient signals. Console is a high technology
device, which performances directly influence images’ quality whether meeting user’s
requirements. Only a few large foreign companies can produce high quality
commercial MRI instruments, the most MRI systems are too expensive to afford in
many poor regions. Therefore, it is great significance to self-research and design MRI
system to break the monopolization of foreign technology. As the research
background of “0.5T Joint Magnetic Resonance Imaging System Development”, we
developed a high-performance, low cost and customizable console independently.

Upon understanding in MRI theory and exploring into the traditional console
design, a new digital 0.5T MRI system console based on the SDR (Software Define
Radio), with FPGA as console center, which combine with DAC, ADC, DSP, digital
potentiometer and other IC chips is proposed. In this paper, we introduce the key
techniques of modules in our MRI system console. The main work is as follows:

1) A digital MRI console base on FPGA is proposed. The system is based on
1



high performance FPGA to realize network communicate, command analysis, control
other peripheral modules and data processing etc, achieving different pulse sequences
to meet users’ need. And introducing the software and hardware platform in Ethernet
communicate and the key of techniques, and testing network.

2) Design and control of radio frequency generator. Using DDS method and
control the high-performance DAC and attenuator by FPGA, we can accomplish
generating arbitrary base-belt waveform, digital modulation, adjustable parameters
and D/A conversion.

3) Design and control of gradient signal module with pre-emphasis. Using FPGA,
DAC and digital potentiometers, to achieve generate gradient signal and D/A
conversion. To avoid eddy current, adding three channel pre-emphasis adjustments.

4) Design and control a digital receiver module. We use FPGA to control kinds
of receiver chips to accomplish gain control, analog to digital conversion, digital
quadrature demodulation, decimation and multiple filtering. It processes the NMR
signals well and sample the K-space data needed for imaging.

5) Design of pulse sequence generator. Classifying execution state of pulse
sequences to functions, through PC send execution sequence of events to index

functions to achieve pulse sequences.

Keywords: Magnetic resonance imaging; FPGA; Network communication; Chips

driver; Pulse generator;
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