MRI SCAN

Magnetic resonance imaging (MRI) syatems provide highly detailed images of
tissue in the body. The systems detect and process the signals generated when
hydrogen atoms, which are abundant in tissue, are placed in a strong magnetic
field and excited by a resonant magnetic excitation pulse.
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Magnetic resonance imaging (MRI) system,

Proper stimulation by a resonant magnetic or RF fleld at the resonant
frequency of the hydrogen nuclei can force the magnetic moments of the nuclei
to partially, or completely, tip into a plane perpendicular to the applied field,
When the applied RF-excitation field is removed, the magnetic moments of the
nuclei process in the static field as they realign. This realignment generates an
RF signal at a resonant frequency determined by the magnitude of the applied
field. This signal is detected by the MRl imaging system and used to generate

an image,
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generate this field: fixed magnets, re ve magnets (current passing through a
traditional coil of wire), and super-conducting magnets. Fixed magnets and
resistive magnets are generally restricted to field strengths below 0.4T and
cannot generate the higher field strengths typically necessary for high
resolution imaging, As a result, most high-resolution imaging systems use
super-conducting magnets. The super-conducting magnets are large and
complex; they need the ceils to be soaked in liguid Helium to reduce their
temperature to a value close to absolute zero.,



The magnetic fields generated by these methods must not only be strong, but
also highly uniform in space and stable in time, A typical system must have
less than 10ppm variation over the imaging area. To achieve this accuracy,
most systems generate weaker static magnetic fields using specialized shim
coils to "shim” or "tweald" the static field from the super conductor and thereby
correct for field inaccuracies.

Gradient Coils

To produce an image, the MRI system must first stimulate hydrogen nuclei in a
specific 2D image plane in the body, and then determine the location of those
nuclel within that plane as they process back to their static state. These two
tasks are accomplished using gradient coils which cause the magnetic fleld
within a localized area to vary linearly as a function of spatial location.

RF Receiver

An RF receiver is used to process the signals from the receiver coils. Most
modern MRI systems have six or more receivers to process the signals from

multiple coils. The signals range from approximately 1MHz to 300MHz, with
the frequency range highly dependent on applied-static magnetic fleld strength,
The bandwidth of the received signal is small, typically less than 20kHz, and
dependent on the magnitude of the gradient field.

A traditional MRI receiver configuration has a low-nolse amplifier (LNA)
followed by a mixer. The mixer mixes the sighal of interest to a low-frequency
IF frequency for conversion by a high-resolution, low-speed, 12-bit to 16-bit
analog-to-digital converter (ADC). In this receive architecture, the ADCs used
have relatively low sample rates below 1MHz. Because of the low-bandwidth
requirements, ADCs with higher 1MHz to 5MHz sample rates can be used to
convert multiple channels by time-multiplexing the receive channels through
an analog multiplexer into a single ADC.

With the advent of higher-performance ADCs, newer receiver architectures are
now possible, High-input-bandwidth, high-resolution, 12-bit to 16-bit ADCs
with samples rates up to 100MHz can also be used to directly sample the
signals, thereby eliminating the need for analog mixers in the receive chain,

Transmitter

The MRI transmitter generates the RF pulses necessary to resonate the
hydrogen nuclei. The range of frequencies in the transmit excitation pulse and
the magnitude of the gradient field determine the width of the image slice. A
typical transmit pulse will produce an output signal with a relatively narrow
+1kHz bandwidth. The time-domain waveform required to produce this narrow
frequency band typically resembles a traditional sync functien. This waveform
is usually generated digitally at baseband and then up converted by a mixer to
the appropriate centre frequency. Traditional transmit implementations require
relatively low-speed digital-to-analog converters [DACs) to generate the
baseband waveform, as the bandwidth of this signal is relatively small.

Image Signal Processing

Both frequency and phase data are collected in what is commonly referred to
as the k-space. A two-dimensional Fourier transform of this k-space is
computed by a display processor/computer to produce a grey-scale image.



