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At present, high demands are made on instrumentation for nuclear magnetic resonance
(NMR). They naturally differ for NMR spectrometry devices, for NMR tomography systems and
for localized in vivo NMR spectroscopy instrumentation. In NMR spectroscopy, high attention
is concentrated on the collection of a large block of data (> 16000 byte) with high dynamics
(>95 dB) and on a very good stability and reliability of instruments enabling two-dimensional
experiments which last tens of hours. NMR tomograph systems require a fast acquisition of
smaller blocks of data (512 to 1024 byte) with a large frequency bandwidth (< 100 kHz),
generation of pulse magnetic field gradients with minimum transition phenomena and a fast pre-
processing and storing of the recorded data. Localized NMR spectroscopy is based on the
generation of selective excitation pulses. Theii outstanding features are high-power precise
amplitude and phase modulation of hf pulses and the generation of gradient pulses which do not
damage the homogeneity of the basic Field of the magnet in 50 us after their end.'On the other
hand, demands on the generation of complex pulse sequences, on the experiment control and on
the communication with the operator are equal for all types of the instruments.

The designs of instrumentation for NMR devices must be as simple as possible
(equipment reliability). This requires a high circuits integration and a maximum use of software-
controlled digital circuits (also in hf circuits, control and communication among many
autonomous spectrometer parts). The structure of digital signal processors is advantageous for
applications in the individual circuits and parts of NMR devices. The choice of the type of
processor follows from the NMR method of measuring gradient fields which makes the most
severe demands on the DSP. Therefore, the Motorola DSP96002/40 MHz processor was chosen.
The same type of processor is also used for the generator of pulse sequences, gradient system
and fast data processing. It is a 32 bit processor which carries out floating point computations,
and its parallel operation and high speed is suitable for the particular application. The 32 bit
double output of addresses and data is also of advantage.

Processor type choice
hight reliability of the instrument = > hight circuits integration ( DSP )
using of the digital techniques with software control (generation of the gradients, data
acquisition, control of the rf circuit, digital syntezator, spectrometer control,
communication betwen operator and spectrometer)
the choice goes out from the measuring method of the gradient magnetic fields

* 32 bit processor
* floating point computing
* dual 32 bit data and address outputs
* hight speed (40 MHz clock) P L 9 8 0 1 0 3 3

the DSP96002/40 form Motorola was used



Sphere of the using
gradient system
digital generation of pulsed gradients of magnetic fields
fast data processing
generator of pulse sequences

Gradient system

NMR experiments require three mutually orthogonal magnetic field gradients. In the
surroundings of the gradient coils, fast changes induce in conductive materials eddy currents
which cause a time delay of the change in the magnetic field, and they unacceptably prolong the
time of the gradient magnetic field stabilization to the level of inhomogeneity of the basic
magnetic field of the spectrometer (usual time of stabilization is >2 s). In NMR tomography,
eddy currents cause a geometrical distortion of the image that is recorded from a very
unprecisely defined layer, and in spectroscopy (multidimensional and localized) they give rise
to undesirable spurious signals in the spectra.

At present, it is required that an arbitrary gradient with an amplitude higher than
100 mT/m be decreased within a time shorter than 100 /is to the level of inhomogeneity of the
basic field which amounts to 3.9 /iT/m for tomography, 15 ^T/m for NMR microscopy and
2.3 jiT/m for spectroscopy. The gradient system uses preemphasis compensation for eliminating
spurious currents.

The gradient system for the 200 MHz spectrometer with the 4.7 T superconducting
magnet, consists of the gradient pulse generator which produces digital signals of the required
amplitude and time length and of the digital preemphasis filter. The amplitude data are set from
the control computer (IBM-PC) before the experiment and the time sequence of gradients and
their lengths are controlled during the experiment by the pulse generator of the spectrometer.

The basic element of the gradient system is the digital signal processor Motorola
DSP96000/40 MHz. At th present, the hardware design has been verified and the program is
under preparation.

Digital generation of pulsed gradient of magnetic field.

This paper reports a method of adjusting parameters of preemphasis filter for eddy
current compensation using a process based on adaptive signal processing. The basis of the
technique is the measurement of the time dependence of the gradient field. This is directly
proportional to the instantaneous frequency obtained by taking the derivative of the time
dependent phase of the out-of phase component of the recorded FID.

The problem to determine the preemphasis filter using adaptive signal processing is
known as inverse control problem. We are not measuring the time dependency of gradient
magnetic field directly, but we measure the error signal, which feeds the Minimum Search block
to find state of the preemphasis filter with minimal mean square of the error signal (MSE).
Thus we do not measure the time dependent gradient field, but our technique search for the
inverse model of measured system.

It is always difficult to measure the gradient field precisely. Main problem seems to be
dephasing of the FID signal due to nonzero measured gradient field. This problem can be
solved by a technique, which uses the gradient echo to reduce dephasing effects, but this method



seems to be difficult to optimize. The goal of proposed method is good signal-noise ratio, or on
the other hand, high accurancy.

Measuring system is implemented using single DSP. The heart of this system is block
called Minimum Search. This block contains an optimization algorithm, which search for
minimum of error signal in mean square sense. The Minimum Search block controls weights of
digital preemphasis filter. This filter input is the desired gradient signal, and its output is fed to
the gradient coil system. The real gradient produced by gradient coil system is measured by the
measuring method and the signal achieved is subtracted from the desired gradient signal to obtain
the error signal. If we find minimum MSE of the error signal, the measured gradient field is
the same (in mean square sense) as desired one signal.

DSP96002 Based Software Pulse Generator

The software pulse sequences generator (GPS) for the NMR spectrometer, MR imaging
and NMR microscopy system was experimentally verified and a restriction was imposed on the
use of the digital signal processor (DSP) in these systems.

The pulse sequences generators are based on the hardware design of NMR spectrometers
or NMR tomographs. Though a number of these systems were designed and are commercially
attractive, only minimum information about them was published. For example, some properties
of GPS are described in manuals (Bruker, Varian). Two basic design concepts exist in the world.
One (2) generates signals in the control computer (it uses the F1FI memory). The other (1)
makes use of a fast choice of output states from the computer memory or the GPS hardware
memory. Our design takes advantage of the properties of digital signal processors (DSP) which
simplify the GPS hardware.

The basic part of our GPS hardware is the 32-bit DSP96002/33 MHz digital signal
processor of the firm Motorola (3),(4),(5). We have chosen it because it has an advantageous
parallel hardware structure, two parallel 32 bit output data ports, high efficiency and the 33.3
MHz (or 40 MHz) clock signal. The pulse sequence and control signals are defined by the DSP
program which defines the time series of GPS states and software loops of the pulse sequence.

Technical parameters of GPS:
data word width 64 bits
shortest time interval 60 ns
minimum increment of time interval 60 ns
longest time interval 214 s for one sequence interval
maximum number of intervals in a pulse sequence is limited by memory length
maximum number of repetition of nested loops 7 limited by the number of stack
registers)
amplitude and phase modulation of the rf pulses or gradients (12-bit, four complex
channels)
Table 1 gives a comparison of some technical parameters of GPS with the published

properties of Bruker and Varian pulse programmers. The resulting properties of pulse
programmers or GPS can be judged only by comparing parameters of the whole NMR systems
and by evaluating their experimental capabilities.



Table 1. The comparison of the characteristics of the various GPS.

Parameter

Number of output lines

Time resolution [ns]

Number of time interval

Shortest time interval [ns]

hardware looping capability

Ampl. and phase modulation

our GPS

64

60

unlimited

60

yes

yes

Bruker

10

100

unlitited

200

yes

yes

Varian

36

25

1024

200

yes

yes

Fast data processing.

In conventional and localized NMR spectroscopy and NMR tomography, techniques for
setting the conditions for the excitation of the measured sample (pre-processing) and also for the
processing of the signal during and after detection (post-processing) are used. All these
techniques enable elimination of instrument restrictions for the given measurements. The speed
of the post-acquisition signal processing can markedly restrict the number of measurements (2D,
3D) or the number of NMR tomography examinations, and can reduce the price of one
measurement and, at the same time, enable the development of new measuring techniques. For
this reason, attention is primarily focused on the fast post-acquisition signal processing (including
FFT, and the digital filtration) by using fast systems based on the DSP processors. For this
purpose, development of untraditional and special instrumentation is assumed.

NMR spectra of the biological tissue contain strong 'H and fat signals which cause
baseline distortions. Starcuk (6) developed the iteration technique COBALD for the correction
of baseline and lineshape distortions in FT NMR spectroscopy. The COBALD procedure may
be used for water and fat suppression. Attention will be concentrated on the optimization and
automation of the COBALD procedure for the correction of baseline and spectral lines
distortions with a dynamics higher than 70 dB. In localized spectroscopy, the post-acquisition
technique is also used for the correction of spectral lines distortion due to the magnetic field time
change during acquisition caused by long decay times of magnetic field gradient pulses.
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