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- A new family of amplitude-only
radiofrequency modulation waveforms for slice selection
in Magnetic Resonance Imaging (MRI) is presented.
Based on the scaling functions associated to different
wavelet families, these new envelope waves provide higher
slice selectivity than gaussian or sinc functions. They are
also more compact on the time domain, since no
truncation is needed, allowing to reduce the time required
for the slice selection process. This feature is valuable on
multislice-multiecho and fast acquisitions. Their
performance has been evaluated both through simulations
of the Bloch equations, and by measuring the slice width
of real ramp phantoms images. The simulation results
show that this amplitude modulation causes a phase
behaviour of the resonant protons within the selected
volume that is more coherent than with other techniques.
This effect can be related to the higher intensity of the
images acquired with this slice selection procedure.
I. INTRODUCTION
Many MRI techniques require slice selection using short
radiofrecluency (RF) pulses applied siinultaneously with ii
magnetic field gradient across the object to be explored. The
pulse helectivity can be measured by quantifying the
resonance slice profile. Hoult ( I ) demonstrated that the
evaluation of this selection profile by the Fourier transform
(FT) method can only be accepted for soft (low angle) pulses.
due to the non-linear response of the spin magnetisation. It is
widely accepted however that narrow slice profiles can be
achieved by lengthening the RF pulse. Phase dispersal is
another c f i c t th;it liiriits the reliability of the FT analysis:
&er the excitation pulse, the phase of the different spins are
spatially-depcndcnt distributed, and a refocussing gradient is
needed to compensate this undesired effect. An accurate
evaluatiod of tlie phase dispersion originated by the excitation
pulse is also highly desired.
Modern pulse design includes different alternatives (2-6):
providing envelopes that in some cases need both, amplitude
and phase modulation. A requirement of our work was the use
of RF pulses with only amplitude modulation, due to
hardware limitations of the systems for which they were
designed. Then, i n a first stage the excitation profile created
by a scaling function envelope was analyzed with computer
simulations of the Bloch equations using a Runge-Kutta
integration method. That provided exact theoretical results
(7). An udditional experiment was carried out by measuring
slice thickness o n pliantorn images.
11. MATERIALS AND METHODS
In (9), Mallnt described a method for computing the
wavelet transform of a signal, using the ivuvelet ~ ( x and
)
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.rcaling $(XIfunctions, which are closely related; from (8,9) it
is well known that if $(x) is a scaling function, then an
orthonormal basis of L2(R), the vector space of measurable,
square-integrable one dimensional functions, can .be defined
as
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Consequently j(.x)E L'(R) can bc approximated by
expression that uses this basis. If we define a filter H as
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and H is the mirror filter of H, defined as
previous f(x) expansion can be written as
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that is tlie convolution of H with the previous approximation
of,f(x), followed by a decimation. The filter H can be written
as a discrete expansion on Fourier terms. If IH(o)l# 0, and
io E [O,n: / 21, the Fourier transform of the scaling function is
given by

The same procedure that has been applied to the scaling
function. can he used to define a new function ~ ( x )(the
wavelet)
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constitutes also an orthogonal base of L'(R) (9). Daubechies
)
Q(x)
demonstrated that it is possible to find H so that ~ ( x and
are zero outside a finite interval in the x axis; these functions
will have finite support in time and frequency domain. Based
on this property, a set of selective RF pulses has been
implemented by using as envelopes the scaling functions;
ivavelets cannot be used as their integrals, by definition, are
zero, and so the final tlip angle will always be zero.
Daubechies scaling functions (fjgurc 1) have been chosen due
to their finite support and smooth shape; they need only
amplitude modulation, as we required.
The performance of these slice selection functions is
compared against conventional gaussian pulses, sinc-gaussian
pulses (a sinc-shaped modulator pulse that has been smoothed
with a gaussian filter function) and hermitian pulses.
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)LJXUH  VFDOLQJIXQFWLRQXVHG DVUDGLRIUHTXHQF\ VHOHFWLYHSXOVHHQYHORSH

,PDJHVIRU VOLFHWKLFNQHVV PHDVXUHPHQWVKDYHEHHQ DFTXLUHG
LQ WZR GLIIHUHQW V\VWHPV LQ ERWK OLPLWLQJ WKH OHQJWK RI WKH
SXOVHWRUHDO SRLQWV  
, $ ZKROHERG\WHVODSURWRW\SHPDGHE\ 1(6$,7,6$
*UDQDGD0DGULG 6SDLQ  XVLQJ D ORZLQWHQVLW\ UDPSV
SKDQWRQL 7KH HQYHORSH ZDYHIRUP ZDV UHFRUGHG RQ WKH
PRGXODWRU (3520 VXEVWLWXWLQJ WKH RULJLQDO JDXVVLDQ
VLQF 5) DPSOLILHU JDLQ ZDV DGMXVWHG PDQXDOO\ E\
LULHLLVXULQSWKH ,OLSDQJOHRI WKHH[FLWDWLRQ
 $  WHVOD %UXNHU %LRVSHFW V\VWHP 3XOVHV ZHUH
SURJUDPPHG GRZQORDGLQJ WKH ZDYHIRUP RQ WKH PDLQ
FRQVROH LQ SRODU IRUP 7KHG\QDPLFUDQJHZDV .IRUWKH
DPSOLWXGH DQG  . IRU WKH SKDVH $ WRWDO RI  FRPSOH[
SRLQWV ZLWK WKH SKDVH VHWWR ]HUR ZDV XVHG 7KHV\VWHP
DGMXVWHGDXWRPDWLFDOO\ WKH5)DPSOLILHUJDLQ
,PDJHV ZHUH DFTXLUHG ZLWK VSLQHFKR DQG IDVW VSLQHFKR
VHTXHQFHV DQG GLIIHUHQW HFKRWLPH 7( DQG UHSHWLWLRQ WLPH
75 
 5(68/76$1'',6&866,21
6LPXODWLRQ UHVXOWV KDYH EHHQ FRPSDUHG E\ PHDVXULQJ WKH
ILOO ZLGWK KQI P F ,  [ K X L Q  ):+0  RI WKH VOLFH SURILOH
JHQHUDWHG ZLWK WKH SURSRVHG VFDOLQJ IXQFWLRQ RQ GLIIHUHQW
H[SHULPHQWV D VFDOLQJIXQFWLRQ FRPSDUHG WRJDXVVLDQSXOVHV
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7DEOH  ):+0 YDULDWLRQ TXDQWLILFDWLRQ IRU GLIIHUHQW GXUDWLRQ
VFDOLQJIXQFWLRQVUQWHGWRDJDXVVLPVLQF PLOOLVHFRQGV SXOVH

5HDO VOLFH SURILOH UDWLR EHWZHHQ WKH VFDOLQJ IXQFWLRQ DQG
JDXVVLDQVLQF SXOVHV ERWK RI WKH VDPH GXUDWLRQ  KDV EHHQ
TXDQWLILHG LQ WKLV G HYLDWLRQIURP WKH VLPXODWLRQ UHVXOWV
L V GXFWR VFYFUDOZHOO NQRZQUHDVRQV EHLQJWKHPRVWUHOHYDQW
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)LJXUH   OLQDO WQQJQUWLVDWLRQ DFURVV WKH VOLFH IRU GLIIHUHQW  N I I DQG
   ULTKWIIOLS DQJOH SXOVHV ULVLQJ WKH VFDOLQJ IXQFWLRQ DQG JDXVVLDQVLQH
FQYHORSDZLWKVUYUUFOOGXUDWLRQV  PV JDXVVLDQVLQF VROLG  ms VFDOLQJIXQFWLRQ GDVKHG DQG PVVFDOLQJIXQFWLRQ GRWWHG 9HUWLFDOD[LVLVWKH
QRUPDOLVHGPDJQHWLVDWLRQ KRUL]RQWDO D[LV LVWKHGLVWDQFH WRWKHVOLFHFHQWUHLQDUELWUDU\XQLWV
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