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[57] ABSTRACT

An MR scanner performs a prescan before each MR
scan sequence in which the optimal RF excitation fre-
quency is automatically determined and applied to the
scanner’s transceiver. The prescan sequence includes a
pair of MR measurements which provide data that al-
lows the precise RF excitation frequency to be deter-
mined.

13 Claims, 6 Drawing Sheets
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AUTOMATIC RF FREQUENCY ADJUSTMENT
FOR MAGNETIC RESONANCE SCANNER

BACKGROUND OF THE INVENTION

This invention relates to magnetic resonance (MR)
techniques. More specifically, this invention relates to
the automatic adjustment of the RF transmitter and
receiver to the optimal Larmor frequency. The inven-
tion is particularly applicable to magnetic resonance
imaging, but is not limited thereto.

The magnetic resonance phenomenon has been uti-
lized in the past in high resolution magnetic resonance
spectroscopy instruments by structural chemists to ana-
lyze the structure of chemical compositions. More re-
cently, MR has been developed as a medical diagnostic
modality having applications in imaging the anatomy, as
well as in performing in vivo, noninvasive spectro-
scopic analysis. As is now well known, the MR phe-
nomenon can be excited within a sample object, such as
a human patient, positioned in a homogeneous polariz-
ing magnetic field, B,, by irradiating the object with
radio frequency (RF) energy at the Larmor frequency.
In medical diagnostic applications, this is typically ac-
complished by positioning the patient to be examined in
the field of an RF coil having a cylindrical geometry,
and energizing the RF coil with an RF power amplifier.
Upon cessation of the RF excitation, the same or a
different RF coil is used to detect the MR signals, fre-
quently in the form of spin echoes, emanating from the
patient lying within the field of the RF coil. In the
course of a complete MR scan, a plurality of MR signals
are typically observed. The MR signals are used to
derive MR imaging or spectroscopic information about
the patient being imaged or studied.

Before the commencement of each MR scan, it is
common practice to adjust the frequency of the RF
transmitter and receiver to insure that the excitation
field is at the optimal Larmor frequency. This is neces-
sary to produce the desired image contrast effects in
certain MR measurements and to insure the accuracy of
slice selection location. In a human subject, for example,
the MR signal is produced primarily by the protons in
water and fat molecules. The Larmor frequency of the
protons in these two substances is slightly different and
the Larmor frequency of both will vary slightly from
patient to patient and at different locations within a
patient due to inhomogeneities. In prior MR scanners, it
is common practice to perform a calibration sequence in
which an MR sequence is first executed and the MR
signal is processed to produce on a CRT screen a pic-
ture of signal amplitude versus RF frequency. The op-
erator then examines this picture and manually adjusts
the frequency of the RF receiver to a desired value. For
example, the displayed MR signal may show two peaks,
one at the Larmor frequency for fat protons and one at
the Larmor frequency for water protons. The operator
may choose either frequency, or a frequency therebe-
tween, depending on the particular MR measurement to
be conducted.

SUMMARY OF THE INVENTION

The present invention is an improvement to an MR
scanner in which the adjustment of the RF frequency is
made automatically during a sequence performed just
prior to each MR scan. More specifically, the MR scan-
ner performs a first, wideband MR measurement in
which the frequency of the highest peak in the MR
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signal is determined at the region of interest in the sub-
ject, the RF transmit and receive frequencies are set to
this determined frequency, a second, narrowband MR
measurement is made to obtain a second MR signal
from the region of interest, the MR signal is analyzed to
determine the frequencies of the fat and water peaks
therein, and the frequency of the RF transmitter and RF
receiver is set with respect to these determined frequen-
cies.

A general object of the invention is to automatically
adjust the RF frequency prior to each MR scan. The
first and second MR measurements are performed in
response to a stored program which carries out a num-
ber of other prescan calibration and adjustment func-
tions. The MR signal from the second, narrowband MR
measurement is processed and analyzed automatically
under the direction of the same stored program and
signals are output to the RF transmitter and RF re-
ceiver which control their frequency. The only opera-
tor input is an indication in the form of a manual selec-
tion of where with respect to the measured peak fre-
quencies the transmitter and receiver frequencies are to
be set.

Another object of the invention is to increase patient
thru-put and decrease operator error. The measurement
and adjustment sequence is performed quickly with
little judgment or manually input information from the
operator. In a preferred embodiment of the invention
the operator need only select whether the RF fre-
quency is to be set to the resonant frequency of fat or
water, to the midpoint or centroid frequency, or to the
highest of the peak frequencies. The rest is. performed
automatically.

Yet another object of the invention is to improve the
quality of images produced by an MR scanner. The
desired RF frequency can be determined more accu-
rately with the present invention and the frequency can
be tuned precisely for the particular region of interest in
the patient to obtain the desired image contrast effects
in that particular region.

Another object of the invention is to insure the accu-
racy of slice selection position within the region of
interest. The location of the slice depends on the accu-
racy of the RF frequency, and by employing the cali-
bration technique of the present invention, the position
of the slice is also calibrated.

The foregoing and other objects and advantages of
the invention will appear from the following descrip-
tion. In the description, reference is made to the accom-
panying drawings which form a part hereof, and in
which there is shown by way of illustration a preferred
embodiment of the invention. Such embodiment does
not necessarily represent a full scope of the invention,
however, and reference is made therefore to the claims
herein for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an MR system which
employs the present invention;

FIG. 2 is an electrical block diagram of the trans-
ceiver which forms part of the MR system of FIG. 1;

FIG. 3 is a flow chart of the prescan program which
is executed by the MR system of FIG. 1;

FIG. 4 is a graphic illustration of an MR measure-
ment pulse sequence which is performed as part of the
prescan;
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FIG. 5 is a graphic illustration of a second MR mea-
surement pulse sequence which is performed as part of
the prescan;

FIG. 6 is a graphic illustration of a transformed MR
signal which results from the MR measurement of FIG.
4;

FIG. 7 is a graphic illustration of a transformed MR
signal which results from the MR measurement of FIG.
5; and

FIG. 8 is a flow chart showing in more detail a por-
tion of the prescan program of FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

Referring first to FIG. 1, there is shown in block
diagram form the major components of a preferred MR
system which incorporates the present invention and
which is sold by the General Electric Company under
the trademark “SIGNA.” The overall operation of the
system is under the control of a host computer system
generally designated 100 which includes a main com-
puter 101 (such as a Data General MV4000). The com-
puter has associated therewith an interface 102 through
which a plurality of computer peripheral devices and
other MR system components are coupled. Among the
computer peripheral devices is a magnetic tape drive
104 which may be utilized under the direction of the
main computer for archiving patient data and images to
tape. Processed patient data may also be stored in an
image disc storage device designated 110. An array
processor 106 is utilized for preprocessing data and for
image reconstruction. The function of image processor
108 is to provide interactive image display manipulation
such as magnification, image comparison, gray-scale
adjustment and realtime data display. The computer
system is provided with a means to store raw data (i.e.
before image construction) utilizing a disc data storage
system designated 112. An operator console 116 is also
coupled to the computer by means of interface 102 and
provides the operator with the means to input data
pertinent to a patient study as well as additional data
necessary for proper MR system operation, such as
calibrating, initiating and terminating scans. The opera-
tor console is also used to display images stored on discs
or magnetic tape.

The computer system exercises control over the MR
system by means of system control 118 and gradient
amplifier system 128. The computer 100 communicates
with system control 118 by means of a serial digital
communication network 103 (such as the Ethernet net-
work) in a manner well known to those skilled in the
art. The system control 118 includes several subsystems
such as the pulse control module (PCM) 120, a radio
frequency transceiver 122, a status control module
(SCM) 124, and the power supplies generally desig-
nated 126 necessary to energize the components. The
PCM 120 utilizes control signals provided by main com-
puter 101 to generate digital timing and control signals
such as the digital waveforms which control gradient
coil excitation, as well as RF envelope waveforms uti-
lized in the transceiver 122 for modulating the RF exci-
tation pulses. The gradient waveforms are applied to
the gradient amplifier system 128 generally comprised
of Gx, Gy and G; amplifiers 130, 132 and 134, respec-
tively. Each amplifier 130, 132 and 134 is utilized to
excite a corresponding gradient coil in an assembly
generally designated 136 and which is part of a magnet
assembly 146. When energized, the gradient coils gener-
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ate magnetic field gradients Gy, Gy and G; of the mag-
netic field in the same direction as the main polarizing
magnetic field, wherein the gradients are directed in
mutually orthogonal X-, Y- and Z-axis directions of a
Cartesian coordinate system. That is, if the magnetic
field generated by the main magnet (not shown) is di-
rected in the z direction and is termed By, and the total
magnetic field in the z direction is referred to as B;, then
Gx=20B;/3x, Gy=38B,/dy and G;=8B./9z, and the
magnetic field at any point (x, y, z) is given by B(x, y,
Z)=B0+GxX+GyY+GzZ.

The gradient magnetic fields are utilized in combina-
tion with radio frequency pulses generated by trans-
ceiver 122, RF amp 128 and RF coil 138 to encode
spatial information into the MR signals emanating from
the region of the patient being studied. Waveforms and
control signals provided by the pulse control module
120 are utilized by the transceiver subsystem 122 for RF
carrier modulation and mode control. In the transmit
mode, the transmitter provides a radio frequency wave-
form modulated in accordance with the control signals
to an RF power amplifier 123 which then energizes RF
coils 138 which are situated within main magnet assem-
bly 146. The NMR signals radiated by the excited nuclei
in the patient are sensed by the same or a different RF
coil than is used for transmitting. The signals are de-
tected, amplified, demodulated, filtered, and digitized in
the receiver section of the transceiver 122. The pro-
cessed signals are transmitted to the main computer 101
for processing by means of a dedicated, unidirectional,
high-speed digital link 105 which links interface 102 and
transceiver 122.

The PCM 120 and SCM 124 are independent subsys-
tems both of which communicate with main computer
101, peripheral systems, such as patient positioning
system 152, as well as to one another by means of serial
communications link 103. The PCM 120 and SCM 124
are each comprised of a 16-bit microprocessor (such as
an Intel 8086) for processing commands from the main
computer 101. The SCM 124 includes means for acquir-
ing information regarding patient cradle position, and
the position of the movable patient alignment light fan
beam (not shown). This information is used by main
computer 101 to modify image display and reconstruc-
tion parameters. The SCM 124 also initiates functions
such as actuation of the patient transport and alignment
systems.

The gradient coil assembly 136 and the RF transmit
and receiver coils 138 are mounted within the bore of
the magnet utilized to produce the polarizing magnetic
field. The magnet forms a part of the main magnet as-
sembly which includes the patient alignment system
148, a shim coil power supply 140, and a main magnet
power supply 142. The shim power supply 140 is uti-
lized to energize shim coils associated with the main
magnet and which are used to correct inhomogeneities
in the polarizing magnetic field. In the case of a resistive
magnet, main magnet power supply 142 is utilized to
continuously energize the magnet. In the case of a su-
perconductive magnet, the main magnet power supply
142 is utilized to bring the polarizing field produced by
the magnet to the proper operating strength and is then
disconnected. In the case of a permanent magnet, power
supply 142 would not be needed. The patient alignment
system 148 operates in combination with a patient cra-
dle and transport system 150 and patient positioning
system 152. To minimize interference from external
sources, the MR system components comprised of the
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main magnet assembly, the gradient coil assembly, and
the RF transmit and receiver coils, as well as the pa-
tient-handling devices, are enclosed in an RF shielded
room generally designated 144. The shielding is gener-
ally provided by a copper or aluminum screen network
which encloses the entire room. The screen network
serves to contain the RF signals generated by the sys-
tem, while shielding the system from RF signals gener-
ated outside the room. A bi-directional attenuation of
approximately 100 db. is typical in the 63 MHz to 64
MHz frequency range of operation.

Referring particularly to FIGS. 1 and 2, the trans-
ceiver 122 includes components which produce the RF
excitation field B; through power amplifier 123 at a coil
138A and components which receive the resulting MR
signal induced in a coil 138B. The base, or carrier, fre-
quency of the RF excitation field is produced by a fre-
quency synthesizer 200 which receives a set of digital
signals (CF) through the communications link 103 from
the main computer 101. These digital signals indicate
the frequency which is to be produced at an output 201
at a resolution of one Hertz. The commanded RF car-
rier is applied to a modulator 202 where it is frequency
and amplitude modulated in response to signals re-
ceived through line 203, and the resulting RF excitation
signal is turned on and off in response to a control signal
from the PCM 120 received through line 204. The mag-
nitude of the RF excitation pulse output through line
205 is attenuated by a transmit attenuator circuit 206
which receives a digital signal, TA, from the main com-
puter 101 through communications link 103. The atten-
uated RF excitation pulses are applied to the power
amplifier 123 that drives the RF transmitter coil 138A.

Referring still to FIGS. 1 and 2 the MR signal pro-
duced by the subject is picked up by the receiver coil
138B and applied to the input of a receiver 207. The
receiver 207 amplifies the MR signal and this then atten-
uated by an amount determined by a digital attenuation
signal (RA) received from the main computer 101
through link 103. The receiver 207 is also turned on and
off by a signal through line 208 from the PCM 120 such
that the MR signal is acquired only over the time inter-
vals required by the particular acquisition being per-
formed.

The received MR signal is demodulated by a quadra-
ture detector 209 to produce two signals I and Q that
are coupled through filters to a pair of analog to digital
converters indicated collectively at 215. These A/D
converters are enabled by the control line 208 to pro-
duce digitized MR data only when a valid signal is
present. This data is output to the main computer 101
through line 105. The filters at the inputs to the A/D
converters are controlled by the main computer 101 to
limit the bandwidth of I and Q. The quadrature detector
209 also receives an RF reference signal from a second
frequency synthesizer 210 and this is employed by the
quadrature detector 209 to sense the amplitude of that
component of the MR signal which is in phase with the
transmitter RF carrier and the amplitude of that compo-
nent of the MR signal which is in quadrature therewith.
The frequency synthesizer 210 receives digital signals
(CF) through the link 103 which determine the fre-
quency of the demodulation signal. The phase of the
two synthesizers 200 and 210 is locked together through
a line 211, and in most measurements, the frequency of
the two synthesizers is the same. v

The present invention relates to the automatic adjust-
ment of the RF carrier frequency produced by the syn-
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thesizers 200 and 210 in the transceiver 122. This RF
frequency must be precisely set in order to provide
optimal results from the MR scanner. The optimal RF
frequency usually changes from scan to scan, and the
present invention is implemented routinely at the begin-
ning of each scan as part of a “prescan” sequence in
which other system parameters are also adjusted, or
calibrated. One such adjustment, for example, is de-
scribed in copending U.S. patent application Ser. No.
907,519 which was filed on Sept. 15, 1986, and which is
entitled “Automatic Transmit and Receive Attenuation
Prescaling In Nuclear Magnetic Resonance Scanner.”
The prescan sequence is executed by the main computer
101 in response to a set of stored program instructions
and it produces the digital signals CF, TA and RA
which are employed to operate the transceiver 122 as
described above.

Referring to FIG. 3, the prescan sequence is entered
and the various data structures which it requires are
initialized as indicated at process block 250. A loop is
then entered at process block 251 in which the prescan
waits for a call from the main scan program. The main
scan program provides data to the prescan, such as, the
location of the center of the region of interest where the
scan is to acquire MR data. A test is then made at deci-
sion block 252 to determine if the operator has chosen
the automatic frequency adjust mode of operation. If
not, the prescan continues to perform its other functions
and it is presumed that the operator is satisfied with the
current frequency setting or intends to manually adjust
the RF frequency after the automatic prescan and prior
to the scan. Otherwise, a first, broadband, MR measure-
ment is performed to coarsely determine the proper RF
frequency as indicated by process block 253. As will be
explained in more detail below, this measurement em-
ploys the MR signal to detect the frequency of its peak
amplitude and this frequency is output (CF)) to the
transceiver 122. The optimal transmitter attenuation
(TA) is then calculated at process block 254 in accor-
dance with the teachings in the above-cited copending
U.S. patent application. If either the carrier frequency
(CF1) or the transmitter attenuation (TA) cannot be
determined automatically, this is detected at decision
block 255 and the process branches to log the error at
256 for display to the operator.

Referring still to FIG. 3, if the automatic frequency
adjustment mode has been selected, the system branches
at decision block 251 and a second, narrowband, MR
measurement is performed at process block 258 to de-
termine the exact RF frequency setting (CF2). As will
be explained in more detail below, this second measure-
ment and the subsequent analysis of the MR signal em-
ploys data which has been input by the operator
through the console 116 (FIG. 1). More specifically, the
RF frequency may be set to any one of the following
frequencies: '
WATER—the Larmor frequency of the nuclei associ-

ated with water molecules;

FAT—the Larmor frequency. of the nuclei associated
with fat molecules;
MIDPOINT—a frequency midway between the

WATER and FAT Larmor frequencies;
PEAK—the frequency which produces the largest peak

in the transformed MR signal; and
CENTROID—weighted center frequency of the trans-

formed MR signal.

After determining one of these selected frequencies
the prescan process determines at process block 259 the
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receiver attenuation setting (RA). If either CF> or RA
cannot be determined, the system branches at decision
block 260 to indicate an error. Otherwise, the main
computer 101 outputs the calculated values CF,, TA
and RA to the transceiver 122 as indicated at 261. The
pre-scan process then loops back to block 251 and waits
for another call from the main scan program. Of course,
the main scan program now proceeds to perform the
programmed scan with the transceiver 122 finely tuned
to the selected RF frequency.

The determination of the optimal RF frequency for
the particular scan to be performed requires the execu-
tion of two MR measurements. The first of these is
illustrated by the pulse sequence in FIG. 4 which is
executed as part of the procedure for finding the coarse
frequency CF). The second MR measurement is illus-
trated by the pulse sequence in FIG. § which is exe-
cuted as part of the procedure for finding the exact RF
frequency CF,. These pulse sequences are orchestrated
in the standard manner by the pulse control module 120
(FIG. 1) under the direction of the prescan program as
described above.

Referring to FIG. 4, the coarse pulse sequence begins
by exciting the spins in a selected slice through the
center of the region of interest. This is accomplished in
standard fashion with a 90° excitation pulse produced
while a gradient G; is applied. The G; gradient is then
reversed to rephrase the spins and the A/D converter is
enabled to acquire the MR signal. This signal is demod-
ulated and its quadrature phases I and Q are acquired. In
the preferred embodiment the signals I and Q are digi-
tized at a 4 kHz sampling rate and 256 samples are ac-
quired. These samples represent the magnitude of the
components of the MR signal as a function of time and
they are stored in the computer system as a file
S(t)=SKt)+jSo(t). Together these signals also indicate
the phase of the MR signal. The file S(t) is then trans-
formed to the frequency domain using a fast-Fourier

transformation of the complex data. The transformed-

data is stored as a file F(f)=Ff)+jF,(f). The magni-
tude of the transformed signal Fris then calculated:

170 =N F2p + Fp

and the resulting transformed signal | F(f)| is smoothed
by digitally filtering out higher frequency components
as disclosed in “Numerical Recipes” by William H.
Press et al. and published in 1986 by Cambridge Univer-
sity Press, pp.. 495-497. This transformed signal is
graphically represented in FIG. 6, although it can be
appreciated that the precise shape of this waveform will
differ with each MR measurement.

Referring particularly to FIG. 6, the transformed MR
signal is now analyzed to determine the frequency of
the highest peak. This is accomplished by taking the
derivative of transformed MR signal and identifying
those frequencies at which the derivative changes from
a positive to negative sign. The magnitude of the signal
is then measured at each of these frequencies to deter-
mine the frequency of the highest peak. This frequency
is returned as the first pass, or coarse, RF frequency
CF; which is output to the transceiver 122. The RF
frequency has now been set so that a higher resolution
MR measurement can be performed during the second
pass.

The pulse sequence for the second MR measurement
which is performed during the second pass adjustment
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of the RF frequency is shown in FIG. 5. In addition to
a slight change in the RF frequency of the excitation
field By as a result of the first pass adjustment, a number
of other differences exist in this sscond MR measure-
ment. After the selected slice is excited and rephased by
the ninety degree Bj pulse and the G; pulses, the excited
spins are tipped 180° by a second excitation pulse 300
which is produced midway between two G; gradient
pulses 301 and 302. As a result, when the A/D con-
verter is subsequently turned on the MR signal which is
acquired is an echo pulse. In addition, by applying gra-
dient pulses in either the Y or X direction as indicated at
303 and 304, this MR signal can be further position
encoded to a specific region within the selected slice.
This is particularly useful where there is considerable
tissue in the selected slice along one of these axes, but
outside the region of interest. If not eliminated by posi-
tion encoding, such tissue will effect the MR signal and
may result in a less than optimal RF frequency for the
MR scan of the region of interest. Because these posi-
tion encoding gradient pulses are optional, they are
indicated by dashed lines in FIG. 5, however, the sys-
tem does automatically apply position encoding gradi-
ent pulses along the dimension thought to have the most
tissue.

During the second MR measurement the I and Q
signals which are output by the quadrature detector 209
(FIG. 2) are sampled and digitized at a 1 kHz sample
rate. Two hundred and fifty-six such digitized samples
are obtained and are processed as described above to
produce a file |F(f)| containing the magnitude of the
transformed and filtered MR signal. The graphic repre-
sentation of this transformed MR signal is shown in
FIG. 7 and it can be seen that because of the lower
sampling rate a much narrower frequency range is cov-
ered.

Referring particularly to FIGS. 7 and 8, the trans-
formed MR signal is now analyzed to determine the
optimal, selected RF frequency. First, the peaks in the
waveform are found by taking the derivative of the
stored signal |F(f)| as indicated at 270, and identifying
the frequencies at which the derivative changes from
plus to minus as indicated at process bock 271. The
maximum amplitude peak is then found by examining
the amplitude at each frequency where a peak was
found as indicated at process block 272.

Next, the other peak in the transformed MR signal
due to fat or water nuclei is located. This is accom-
plished at process block 273 by identifying all substan-
tial peaks which lie within the range of 180 Hz to 240
Hz to either side of the maximum peak. This range is
indicated in FIG. 7 by the cross-hatched areas 310 and
311. To be considered substantial, a peak must have a
significant amplitude (at least 10% to 20% of the ampli-
tude of the maximum). In the example of FIG. 7, two
peaks 312 and 313 satisfy this criteria, however, if none
are found, the system branches at decision block 274.
When more than one other peak is found, as determined
at decision block 275, the choice is made at process
block 276 by selecting the peak 313 which has a higher
amplitude. Having identified the two peaks, the peak

~ with the higher frequency is assumed to be WATER

and the other peak is assumed to be FAT. If a valid peak
pair is not found, the process returns the frequency of
the maximum peak and it produces a message for the
operator at 277.
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Once the FAT and WATER peaks have been lo-
cated, the selected RF frequency is determined and
returned as CF». If the operator has selected FAT or
WATER, then no further calculation is required at
respective process blocks 278 or 279. If MIDPOINT
has been selected, then the frequency half way between
the frequency of the FAT and WATER peaks is calcu-
lated and output at process block 280. If PEAK has
been selected, then the magnitudes of the FAT and
WATER peaks are compared and the frequency of the
larger peak is returned as indicated at process block 281.

When the operator has chosen CENTROID as the
desired RF frequency, a more complex computation is
required at process block 282. More specifically, the
waveform of the transformed MR signal in FIG. 7 is
viewed as a function F(f), where f is the frequency and
it ranges from —500 to +500. Then the centroid fre-
quency f, is calculated as follows:

500 500
fo= I AFpldry I 1Rpldr
—500 —500

This calculated frequency f. is returned as the optimal
RF frequency CF,.

In the MR scanner which is employed in the pre-
ferred embodiment, the transceiver RF frequency may
be controlled either manually or by digital command
signals from the main computer 101. The present inven-
tion exploits this capability by performing an automatic
prescan sequence prior to each scan of a patient. This
prescan determines the optimal RF frequency for the
scan and outputs a digital command CF; to set the RF
frequency of the transceiver. The operator maintains
control over this automatic frequency calibration by
selecting any one of four automatic frequency settings
at the main operator console 116. Of course, the opera-
tor can also disable the automatic mode and set the RF
frequency manually as has been done in the past. In
addition, the operator can elect to perform a semiauto-
matic calibration of the RF frequency in which the
broadband MR measurement is performed and the
transformed MR signal is displayed on the operator
console 116. The operator manually sets CF and the
second, narrowband MR measurement is run using this
RF frequency. The transformed MR data from the
second measurement is displayed on the operator con-
sole 116 and the operator manually selects the desired
RF frequency CF;.

Many variations are possible from the preferred em-
bodiment described herein without departing from the
spirit of the invention. For example, each MR measure-
ment may, in fact, be comprised of two pulse sequences
as shown and described herein. The ninety degree exci-
tation pulses in the two sequences are out of phase 180
degrees and the two MR signals are subtracted from
each other to eliminate baseline errors in the system.
Also, although a ninety degree excitation pulse is em-
ployed in the preferred embodiment, this is not critical.
Any amount of transverse magnetization which will
produce an MR signal is satisfactory, and excitation
pulses ranging from thirty to one hundred and fifty
degrees will operate satisfactorily. OF course, the 180
echo pulse 300 must be of sufficient accuracy to pro-
duce an echo signal as is well known in the art.

I claim:
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1. A method for automatically adjusting the RF fre-
quency of a transceiver in an MR scanner system,
which comprises:

performing a first MR measurement in which an MR

signal is produced and acquired;

transforming the acquired MR signal to the fre-

quency domain;

determining the frequency CF) at which the trans-

formed MR signal reaches its maximum value;
performing a second MR measurement with an RF

excitation pulse having a frequency substantially

equal to CFy to produce a second MR signal;
acquiring the second MR signal;

transforming the second MR signal to the frequency

domain;

analyzing the second transformed MR signal to deter-

mine the Larmor frequencies for FAT and
WATER as indicated by a pair of peaks therein;
and

outputting to the transceiver on the MR scanner

system an RF frequency command CF; which is
based on the determined WATER or FAT Larmor
frequency. .

2. The method as recited in claim 1 which includes:

applying a magnetic field gradient during each MR

measurement to localize the source of the MR
signals to a selected region of interest.

3. The method as recited in claim 1 which includes:

inputting a manual selection which indicates the de-

sired RF frequency with respect to the Larmor
frequency of WATER or FAT; and

calculating the RF frequency command CF; based on

the manually selectable RF frequency and the mea-
sured Larmor frequency of FAT or WATER.

4. The method as recited in claim 3 in which the
manually selectable RF frequencies include the Larmor
frequency of FAT, the Larmor frequency of WATER,
and a frequency at the midpoint between the Larmor
frequency of FAT and the Larmor frequency of WA-
TER.

5. The method as recited in claim 3 in which the
manually selected RF frequencies include the Larmor
frequency of which of either FAT or WATER that
produces the largest MR signal amplitude.

6. The method as recited in claim 1 in which the
analyzing of the second transformed MR signal to de-
termine the Larmor frequencies for FAT and WATER
includes the steps of:

(a) differentiating the second transformed MR signal;

(b) identifying peak frequencies at which the differen-

tiated signal changes sign; and

(c) identifying a pair of said peak frequencies which

are within a predetermined range of frequencies
from each other.

7. In an MR scanner having a transceiver for produc-
ing RF excitation pulses at a frequency controlled by a
frequency command signal from a processor to conduct
an MR measurement in which an MR signal is received
by the transceiver and coupled to the processor, the
improvement therein comprising:

means coupled to the processor for conducting a first

MR measurement and acquiring a first MR signal
which results therefrom;

means coupled to the processor for analyzing the first

MR signal to determine the frequency CF; which
produces the maximum signal magnitude;

means coupled to the processor for conducting a
second MR measurement in which the frequency
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command signal applied to the transceiver is set at
substantially the value of CFy;

means coupled to the processor for receiving a sec-

ond MR signal which results from the second MR
measurement;
means coupled to the processor for analyzing the
acquired second MR signal to determine the fre-
quencies of the peaks therein which indicate the
Larmor frequencies of FAT and WATER; and

means coupled to the processor for producing a sec-
ond frequency command signal to the transceiver
having a value CF, which is determined relative to

~ the measured Larmor frequency of FAT or WA-
TER.

8. The improvement as recited in claim 7 in which the
value CF; is set substantially at the Larmor frequency
of WATER.

9. The improvement as recited in claim 7 in which the
value of CF; is set substantially at the Larmor fre-
quency of FAT.

10. The improvement as recited in claim 7 which
includes manuaily operable means for selecting one of a
plurality of values of CF; relative to the measured Lar-
mor frequencies of FAT and WATER.

11. The improvement as recited in claim 10 in which
the plurality of selectable values of CF; includes

the Larmor frequency of FAT;

the Larmor frequency of WATER; and

a frequency midway between the measured Larmor

frequencies of FAT and WATER.
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12. A method for automatically adjusting the RF
frequency of a transceiver in an MR scanner system,
which comprises:

performing a first MR measurement in which an MR
signal is produced and acquired;

transforming the acquired MR signal to the fre-
quency domain;

determining the frequency CF at which the trans-
formed MR signal reaches its maximum value;

performing a second MR measurement with an RF
excitation pulse having a frequency substantially
equal to CF] to produce a second MR signal;

acquiring the second MR signal;

transforming the second MR signal to the frequency
domain to provide a signal having an amplitude
F(f) over a frequency range f+ to f—;

calculating the CENTROID frequency f. of the
transformed second MR signal F(f) in accordance
with the following expression:

£ £
fe I nFEplay [ (RAdE
o JE

outputting to the transceiver on the MR scanner
system an RF frequency command CF; which is
based on the CENTROID frequency f,.

13. The method as recited in claim 12 which includes:

applying a magnetic field gradient during each MR
measurement to localize the source of the MR

signals to a selected region of interest.
* * k% *



