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Pulse 
Generator 

A system and method for active MR tracking includes a 
magnetic resonance imaging (MRI) system having a plurality 
of gradient coils positioned about a bore of a magnet, an RF 
coil assembly positioned in the bore, and a pulse module. The 
MRI system also includes a polarization reversal sWitch con 
trolled by the pulse module to transmit RF signals to the RF 
coil assembly coupled to the polarization reversal sWitch and 
an RF sWitch controlled by the pulse module to transmit the 
RF signals to the polarization reversal sWitch. 
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SYSTEM AND METHOD FOR ACTIVE MR 
TRACKING 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to medical 
procedures in Which a device is inserted into a body, and more 
particularly to tracking of such device With the use of mag 
netic resonance signals. 
[0002] When a substance such as human tissue is subjected 
to a uniform magnetic ?eld (polarizing ?eld BO), the indi 
vidual magnetic moments of the spins in the tissue attempt to 
align With this polarizing ?eld, but precess about it in random 
order at their characteristic Larmor frequency. If the sub 
stance, or tissue, is subjected to a rotating magnetic ?eld 
(excitation ?eld B 1) Which is in the x-y plane and Which is 
rotating near the Larmor frequency, the net aligned moment, 
or “longitudinal magnetization”, MZ, may be rotated, or 
“tipped”, into the x-y plane to produce a net transverse mag 
netic moment Mt. When such a rotating magnetic ?eld is 
applied for a ?nite duration, the resulting pulse is termed an 
“excitation rf pulse”. The net transverse magnetic moment 
created by the excitation RF pulse also rotates at the Larmor 
frequency and continues after the excitation RF pulse is ter 
minated. This transverse magnetic moment creates a detect 
able MR signal that may be received and processed to form an 
image. 
[0003] When utilizing these signals to produce images, 
magnetic ?eld gradients (GX, Gy, and G2) are employed. Typi 
cally, the region to be imaged is scanned by a sequence of 
measurement cycles in Which these gradients vary according 
to the particular localization method being used. The result 
ing set of received NMR signals are digitized and processed 
to reconstruct the image using one of many Well knoWn 
reconstruction techniques. 
[0004] Using an alternate sequence of measurement cycles 
it is possible to determine the location of a device placed 
Within a body. In one such sequence one or more small MR 
receive coils acquire MR signals in the presence of a magnetic 
?eld gradient (Gx, Gy or G2). Fourier analysis is applied to the 
detected MR signal to determine the frequency of the signal. 
Since the signal is acquired in the presence of a selected 
magnetic ?eld gradient and since the signal is detected With a 
small receive coil having limited spatial sensitivity, the fre 
quency of the signal provides a measure of the coil’s (and 
subsequently the device’s) location. Using this or one of many 
other Well-knoWn active MR tracking techniques it is possible 
to rapidly determine the three-dimensional coordinates of one 
or more coils. 

[0005] While tracking an active device in a ?uid having a 
long longitudinal relaxation time, T1, such as blood, the sig 
nal is decreased because of the reduction of longitudinal 
polarization associated With the long T1 and the rapid appli 
cation of RF excitation pulses. Under some conditions, such 
as in an environment of high ?oW rate, this leads to compro 
mised tracking capability. For example, in the atrial chambers 
of the heart, Which are of large interest for electrophysiology 
procedures, tracking capability can be less than ideal. 
[0006] Also, spins that are not near the active device can 
generate MR signals that couple to volume RF coils in the 
scanner, such as the radio-frequency body coil. These signals 
can then couple back to the tracking coils. The result is that 
spins that are not near the device are detected. Under condi 
tions of loW signal-to-noise, this confounding signal inter 
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feres With the localized signal desired from the device and 
tends to compromise the device tracking. 
[0007] It Would therefore be desirable to have a system and 
method capable of reducing interference to tracking signals 
When tracking an active device in an MR scan. It Would also 
be desirable to have a system and method capable of robust 
tracking in the presence of moving blood having a long lon 
gitudinal relaxation time, T1. 

BRIEF DESCRIPTION OF THE INVENTION 

[0008] The present invention provides a system and method 
of tracking an active device that overcome the aforemen 
tioned draWbacks. A polarization reversal sWitch reverses the 
sense of rotation of the rotating magnetic ?eld created by an 
RF coil assembly to generate a counter-rotating magnetic 
?eld for use during active tracking. 
[0009] According to an aspect of the present invention, an 
MRI apparatus includes a magnetic resonance imaging 
(MRI) system having a plurality of gradient coils positioned 
about a bore of a magnet, an RF coil assembly positioned in 
the bore, and a pulse module. The MRI system also includes 
a polarization reversal sWitch controlled by the pulse module 
to transmit RF signals to the RF coil assembly coupled to the 
polarization reversal sWitch and an RF sWitch controlled by 
the pulse module to transmit the RF signals to the polarization 
reversal sWitch. 
[0010] According to another aspect of the present inven 
tion, a method of active MR tracking includes inserting an 
MR tracking coil into a region of interest and generating an 
RF signal capable of causing an RF coil assembly to generate 
a B1 excitation magnetic ?eld. A polarization of the RF signal 
is reversed, and the reverse polarized RF signal is transmitted 
to the RF coil assembly to generate a counter-rotating Bl 
excitation magnetic ?eld Within the region of interest. The 
method further includes inducing current in the MR tracking 
coil With the counter-rotating Bl excitation magnetic ?eld to 
create a linearly polarized magnetic ?eld near the MR track 
ing coil and acquiring MR signals excited by the linearly 
polarized magnetic ?eld near the MR tracking coil. 
[0011] According to yet another aspect of the present 
invention, a computer readable storage medium having stored 
thereon a computer program comprising instructions Which 
When executed by a computer cause the computer to generate 
an RF excitation signal and reverse a polarization of the RF 
excitation signal. The instructions further cause the computer 
to transmit the reverse polarized RF signal to an RF coil 
assembly for generation of a counter-rotating magnetic ?eld 
Within a region of interest such that spins localized to a 
tracking coil are excited and acquire MR signals from the 
excited localized spins. 
[0012] Various other features and advantages of the present 
invention Will be made apparent from the folloWing detailed 
description and the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The draWings illustrate one preferred embodiment 
presently contemplated for carrying out the invention. 
[0014] In the draWings: 
[0015] FIG. 1 is a schematic block diagram of an MR 
imaging system incorporating the present invention. 
[0016] FIGS. 2-3 are schematic block diagrams of a trans 
mit/receive module according to an embodiment of the 
present invention. 
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[0017] FIGS. 4-5 are schematic block diagrams of a trans 
mit/receive module according to another embodiment of the 
present invention. 
[0018] FIG. 6 is a schematic illustration of an MR tracking 
coil assembly according to an embodiment of the present 
invention. 
[0019] FIG. 7 is a ?owchart illustrating a technique for 
active tracking according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] Referring to FIG. 1, the major components of a 
preferred magnetic resonance imaging (MRI) system 10 
incorporating the present invention are shoWn. The operation 
of the system is controlled from an operator console 12 Which 
includes a keyboard or other input device 13, a control panel 
14, and a display screen 16. The console 12 communicates 
through a link 18 With a separate computer system 20 that 
enables an operator to control the production and display of 
images on the display screen 16. The computer system 20 
includes a number of modules Which communicate With each 
other through a backplane 20a. These include an image pro 
cessor module 22, a CPU module 24 and a memory module 
26, knoWn in the art as a frame buffer for storing image data 
arrays. The computer system 20 is linked to disk storage 28 
and tape drive 30 for storage of image data and programs, and 
communicates With a separate system control 32 through a 
high speed serial link 34. The input device 13 can include a 
mouse, joystick, keyboard, track ball, touch activated screen, 
light Wand, voice control, or any similar or equivalent input 
device, and may be used for interactive geometry prescrip 
tion. 
[0021] The system control 32 includes a set of modules 
connected together by a backplane 32a. These include a CPU 
module 36 and a pulse generator module 38 Which connects to 
the operator console 12 through a serial link 40. It is through 
link 40 that the system control 32 receives commands from 
the operator to indicate the scan sequence that is to be per 
formed. The pulse generator module 38 operates the system 
components to carry out the desired scan sequence and pro 
duces data Which indicates the timing, strength and shape of 
the RF pulses produced, and the timing and length of the data 
acquisition WindoW. The pulse generator module 38 connects 
to a set of gradient ampli?ers 42, to indicate the timing and 
shape of the gradient pulses that are produced during the scan. 
The pulse generator module 38 can also receive patient data 
from a physiological acquisition controller 44 that receives 
signals from a number of different sensors connected to the 
patient, such as ECG signals from electrodes attached to the 
patient. And ?nally, the pulse generator module 38 connects 
to a scan room interface circuit 46 Which receives signals 
from various sensors associated With the condition of the 
patient and the magnet system. It is also through the scan 
room interface circuit 46 that a patient positioning system 48 
receives commands to move the patient to the desired position 
for the scan. 

[0022] The gradient Waveforms produced by the pulse gen 
erator module 38 are applied to the gradient ampli?er system 
42 having Gx, Gy, and Gz ampli?ers. Each gradient ampli?er 
excites a corresponding physical gradient coil in a gradient 
coil assembly generally designated 50 to produce the mag 
netic ?eld gradients used for spatially encoding acquired 
signals. The gradient coil assembly 50 forms part of a magnet 
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assembly 52 Which includes a polarizing magnet 54 and a 
Whole-body RF coil 56. A transceiver module 58 in the sys 
tem control 32 produces pulses Which are ampli?ed by an RF 
ampli?er 60 and coupled to either the RF coil 56 or a tracking 
coil 61 by a transmit/receive (T/ R) module 62. The resulting 
signals emitted by the excited nuclei in the patient may be 
sensed by either RF coil 56 or tracking coil 61 and coupled 
through the T/R module 62 to a preampli?er 64. The ampli 
?ed MR signals are demodulated, ?ltered, and digitized in the 
receiver section of the transceiver 58. The T/R module 62 is 
controlled by a signal from the pulse generator module 38 to 
electrically connect the RF ampli?er 60 to either the coil 56 or 
the tracking coil 61 during the transmit mode and connects the 
preampli?er 64 to either the RF coil 56 or the tracking coil 61 
during the receive mode. In this manner, RF coil 56 or track 
ing coil 61 may be controlled to both transmit and receive 
signals, or either RF coil 56 or tracking coil 61 may be 
controlled to transmit While the other is controlled to receive. 

[0023] The MR signals picked up by either the RF coil 56 or 
the tracking coil 61 are digitized by the transceiver module 58 
and transferred to a memory module 66 in the system control 
32. A scan is complete When an array of raW k-space data has 
been acquired in the memory module 66. This raW k-space 
data is rearranged into separate k-space data arrays for each 
image to be reconstructed, and each of these is input to an 
array processor 68 Which operates to Fourier transform the 
data into an array of image data. This image data is conveyed 
through the serial link 34 to the computer system 20 Where it 
is stored in memory, such as disk storage 28. In response to 
commands from him received from the operator console 12, 
this image data may be archived in long term storage, such as 
on the tape drive 30, or it may be further processed by the 
image processor 22 and conveyed to the operator console 12 
and presented on the display 16. 
[0024] FIGS. 2 and 3 shoWs a schematic block diagram of 
a portion of T/R module 62 (shoWn in FIG. 1) con?gured to 
control RF coil 56 according to an embodiment of the present 
invention. T/R module 62 includes a T/R sWitch 70 con?g 
ured to receive a transmit signal 72 from RF ampli?er 60 
(shoWn in FIG. 1). T/ R sWitch 70 is coupled to and controlled 
by pulse generator 38 to transmit or receive RF signals. 
Coupled to T/R sWitch 70 is a polarization reversal sWitch 74 
having a pair of inputs 76, 78 and a pair of outputs 80, 82. 
Polarization reversal sWitch 74 is also controlled by pulse 
generator 38, Which con?gures the sWitch 74 to operate in 
either a normal polarization transmit mode or a reverse polar 
ization transmit mode. Accordingly, polarization reversal 
sWitch 74 is capable of causing the RF coil 56 to generate 
either a clockWise or counter-clockWise rotating Bl excita 
tion ?eld. As shoWn in FIG. 2, polarization reversal sWitch 74 
is operated in the reverse polarization transmit mode such that 
input 76 is coupled to output 82 and input 78 is coupled to 
output 80. As shoWn in FIG. 3, polarization reversal sWitch 74 
is operated in the normal polarization transmit mode such that 
input 76 is coupled to output 80 and input 78 is coupled to 
output 82. 
[0025] A quadrature hybrid module 84 is coupled to polar 
ization reversal sWitch 74 and is coupled to RF coil 56. As 
shoWn in FIGS. 2 and 3, quadrature hybrid module 84 
receives transmit signal 72 from polarization reversal sWitch 
74 for splitting transmit signal 72 into tWo components, a 0 
degrees component signal and a 90 degrees component sig 
nal. When operating in the reverse polarization transmit mode 
as shoWn in FIG. 2, polarization reversal sWitch 74 reverses a 
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polarization of transmit signal 72 and delivers the reverse 
polarized signal to the quadrature hybridmodule 84 for signal 
splitting. Once split, the reverse polarized signal is transmit 
ted to RF coil 56 for generation of a magnetic ?eld inside a 
bore of magnet assembly 52. 
[0026] The reverse polarized signal causes RF coil 56 to 
generate a magnetic ?eld having a reverse polarization 
according to a counter-rotating RF mode. Spins inside a 
region of interest (ROI) affected by RF coil 56 remain largely 
unaffected by the reverse polarization magnetic ?eld. HoW 
ever, spins local to a tracking coil, such as tracking coil 61 of 
FIG. 1, are excited due to coupling betWeen RF coil 56 and the 
tracking coil, Which causes such localized spin excitation. 
MR data from such excited spins it may then be acquired 
either in RF coil 56 or the tracking coil for further processing 
and, preferably, for use in active tracking. 
[0027] When operating in the normal polarization transmit 
mode as shoWn in FIG. 3, polarization reversal sWitch 74 
maintains the polarization of transmit signal 72 and delivers 
the normal polarized signal to the quadrature hybrid module 
84 for signal splitting. Once split, the normal polarized signal 
is transmitted to RF coil 56 for generation of a magnetic ?eld 
inside a bore of magnet assembly 52. 
[0028] The normal polarized signal causes RF coil 56 to 
generate a magnetic ?eld having a normal polarization such 
that spins inside a region of interest (ROI) are globally 
affected by RF coil 56. MR data from a majority of the ROI 
may then be acquired via RF coil 56 or some other coil for 
further processing. 
[0029] FIGS. 4 and 5 shoWs a schematic block diagram of 
a portion of T/R module 62 (shoWn in FIG. 1) con?gured to 
control RF coil 56 according to another embodiment of the 
present invention. Similar to the embodiment shoWn in FIGS. 
2 and 3, the embodiment shoWn in FIGS. 4 and 5 include a 
T/R sWitch 70, a polarization reversal sWitch 74, and a 
quadrature hybrid module 84. HoWever, instead of having the 
polarization reversal sWitch 74 coupled betWeen the T/R 
sWitch 70 and the quadrature hybrid module 84, the embodi 
ment shoWn in FIGS. 4 and 5 positions the quadrature hybrid 
module 84 to be coupled betWeen the T/R sWitch 70 and the 
polarization reversal sWitch 74. Accordingly, the signal out 
put from the quadrature hybrid module 84 has its polarization 
reversed (FIG. 4) or maintained (FIG. 5) for delivery to RF 
coil 56. Operation of the T/R module 62 shoWn in FIGS. 4 and 
5 is as described above in FIGS. 2 and 3. 

[0030] FIG. 6 shoWs a tracking coil assembly 86 of a por 
tion of tracking coil 61 (shoWn in FIG. 1) according to an 
embodiment of the present invention. Tracking coil assembly 
86 includes a small RF coil 88 electrically coupled to T/R 
module 62. In one embodiment, When active and positioned 
in a counter-rotating magnetic ?eld, RF coil 88 causes exci 
tation of localized spins in tissue or other matter adjacent 
thereto. The counter-rotating magnetic ?eld induces currents 
in RF coil 88, Which in turn create an oscillation magnetic 
?eld having a dipole distribution. Since this ?eld is created by 
a single coil, it is not circularly polarized. This linearly polar 
ized magnetic ?eld can be decomposed into tWo components: 
a rotating and a counter-rotating ?eld. According to an 
embodiment of the present invention, the rotating component 
of the ?eld creates transverse spin magnetization in the spin 
population near the MR tracking coil While the counter-rotat 
ing component of the ?eld has no effect. In another embodi 
ment, tracking coil assembly 86 includes an MR active 
sample 90, and RF coil 88 causes excitation of localized spins 
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in the MR active sample 90 as Well as the tissue or other 
matter adjacent thereto When active and positioned in a 
counter-rotating magnetic ?eld. 
[0031] FIG. 7 shoWs a technique 92 for active MR tracking 
according to embodiment of the present convention. Tech 
nique 92 begins With inserting or positioning a tracking coil 
assembly, such as the tracking coil assembly 86 shoWn in 
FIG. 6, into a region of interest (ROI) such as a cardiac or 
other region of a patient at STEP 94. 

[0032] At STEP 96, an RF signal is generated that is 
capable of causing an RF coil assembly to generate a rotating 
magnetic ?eld. The RF signal is transmitted at STEP 98 to a 
polarization reversal sWitch that is controlled to maintain or 
reverse a polarity of the RF signal.At STEP 100, technique 92 
determines Whether a polarity of the RF signal should be 
maintained or reversed. If technique 92 is in a tracking mode 
102, then a pulse module operates the polarization reversal 
sWitch to reverse the polarity of the RF signal at STEP 104. If 
technique 92 is in an imaging mode 106, then the pulse 
module operates the polarization reversal sWitch to maintain 
a polarity of the original RF signal, and process control con 
tinues to STEP 108. 

[0033] At STEP 108, the RF signal, Whether having a nor 
mal polarization or a reversed polarization, is transmitted to 
an RF coil assembly for generation of a rotating magnetic 
?eld. In one embodiment of the present invention, the RF coil 
assembly is an RF body coil assembly. In another embodi 
ment, the RF coil assembly is the tracking coil assembly 86. 
The RF coil assembly is con?gured to generate either a rotat 
ing or a counter-rotating magnetic ?eld based on the polarity 
of the RF signal transmitted thereto. For example, if at STEP 
104, the RF signal had its polarity reversed, then the RF coil 
assembly Will generate a counter-rotating magnetic ?eld. 
HoWever, if the polarity of the RF signal Was not reversed, 
then the RF coil assembly Will generate a normal or rotating 
magnetic ?eld that rotates in a direction opposite to the 
counter-rotating magnetic ?eld. According to an embodiment 
of the present invention, the rotating magnetic ?eld excites a 
global spin population Within the ROI While the counter 
rotating magnetic ?eld couples the tracking coil assembly 
With the RF coil assembly for exciting spins local to the 
tracking coil assembly. In this manner, the reverse polariza 
tion or counter-rotating magnetic ?eld suppresses spin infor 
mation outside an area local to the tracking coil assembly. It 
is contemplated that the spins local to the tracking coil assem 
bly may occur in tissue surrounding the tracking coil assem 
bly or may occur in an active sample position adjacent to an 
MR tracking coil Within the tracking coil assembly. 
[0034] At STEP 110, MR data are acquired from the ROI. If 
technique 92 is in a tracking mode, then MR data are acquired 
from excited spins local to the tracking coil assembly 86. If 
technique 92 is in an imaging mode, then MR data are 
acquired from the global population of excited spins Within 
the ROI. In one embodiment of the present invention, the RF 
body coil assembly acquires the MR data at STEP 110. In 
another embodiment, the tracking coil assembly 86 acquires 
the MR data at STEP 110. Following acquisition of the MR 
data at STEP 110, data is reconstructed from the acquired MR 
data at STEP 112. If technique 92 is in an imaging mode, then 
the reconstructed data forms an image. If technique 92 is in a 
tracking mode, then the reconstructed data forms a tracking 
point. The reconstructed data is displayed to a user at STEP 
114. If technique 92 is in an imaging mode, then the recon 
structed data is displayed as an image. If technique 92 is in a 
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tracking mode, then the reconstructed data is displayed as an 
icon at the tracked location Within an image and/or the 
numerical values of the location of the MR tracking coil are 
displayed or sent for further processing. According to an 
embodiment of the present invention the reconstructed data is 
displayed together With data reconstructed during a previous 
mode. That is, if technique 92 acquired MR data during an 
imaging mode, the reconstructed image of the acquired imag 
ing mode MR data is preferably displayed together With 
acquired tracking mode MR data acquired in a previous itera 
tion as a combined or overlaid image. LikeWise, if technique 
92 acquired MR data during a tracking mode, the recon 
structed image of the acquired imaging mode MR data is 
preferably displayed together With acquired imaging mode 
MR data acquired in a previous iteration as a combined or 
overlaid image. 
[0035] Following display of the combined image at STEP 
114, technique 92 determines Whether to perform another 
acquisition iteration at STEP 116. If another acquisition itera 
tion is to be performed 118, technique 92 chooses an acqui 
sition mode for the subsequent iteration at STEP 120. In one 
embodiment of the present invention, the imaging and track 
ing acquisition modes are interleaved such that the tracking 
modes are alternated betWeen iterations. HoWever, it is con 
templated that multiple imaging acquisition modes or mul 
tiple tracking acquisition modes may be performed before 
performing the other acquisition mode. Process control and 
then proceeds to STEP 96 for performing another iteration of 
STEPS 96-114 as described above. If another acquisition 
iteration is not to be performed 122, then process control ends 
124. 
[0036] A technical contribution for the disclosed method 
and apparatus is that it provides for a computer implemented 
system and method for tracking an active device having spins 
outside a region local to the active device not contribute to 
MR data acquired during a tracking mode. 
[0037] An advantage of embodiments of the present inven 
tion includes the reverse polarization mode not exciting the 
global spin population, Which suppresses background inter 
ference from global spins that may confound MR tracking. A 
counter-rotating magnetic ?eld induces an oscillation current 
in an MR tracking coil that in turn creates a linearly polarized 
magnetic ?eld in the MR tracking coil’s immediate surround 
ings. This linearly polarized magnetic ?eld can be decom 
posed into tWo components, a rotating and a counter-rotating 
?eld. The rotating component of the ?eld creates transverse 
spin magnetization in the spin population near the MR track 
ing coil While the counter-rotating component of the ?eld has 
minimal effect in the spin population far from the MR track 
ing coil. 
[0038] Additionally, for tracking in long T1 ?uids such as 
blood, the larger, global spin population maintains a large 
longitudinal polarization While enabling a larger tracking 
signal local to the tracking coil such that saturation effects 
may be minimized. That is, a population of fresh spins that 
have a large longitudinal magnetization is constantly entering 
the excitation volume of the tracking coils, leading to an 
increase in the MR signal. 
[0039] It is contemplated that one skilled in the art Would 
recognize that reversal of the sense of circular polarization 
can also be achieved Without a quadrature hybrid and polar 
ization reversal sWitch by using tWo transmitting chains oper 
ating 90 degrees out of phase With respect to each other. In 
such a con?guration, the selection of rotating or counter 
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rotating ?elds can be accomplished by exchanging the rela 
tive phases of the tWo transmitting chains. 
[0040] Therefore, according to an embodiment of the 
present invention, an MRI apparatus includes a magnetic 
resonance imaging (MRI) system having a plurality of gradi 
ent coils positioned about a bore of a magnet, an RF coil 
assembly positioned in the bore, and a pulse module. The 
MRI system also includes a polarization reversal sWitch con 
trolled by the pulse module to transmit RF signals to the RF 
coil assembly coupled to the polarization reversal sWitch and 
an RF sWitch controlled by the pulse module to transmit the 
RF signals to the polarization reversal sWitch. 
[0041] According to another embodiment of the present 
invention, a method of active MR tracking includes inserting 
an MR tracking coil into a region of interest and generating an 
RF signal capable of causing an RF coil assembly to generate 
a B1 excitation magnetic ?eld. A polarization of the RF signal 
is reversed, and the reverse polarized RF signal is transmitted 
to the RF coil assembly to generate a counter-rotating Bl 
excitation magnetic ?eld Within the region of interest. The 
method further includes inducing current in the MR tracking 
coil With the counter-rotating Bl excitation magnetic ?eld to 
create a linearly polarized magnetic ?eld near the MR track 
ing coil and acquiring MR signals excited by the linearly 
polarized magnetic ?eld near the MR tracking coil. 
[0042] According to yet another embodiment of the present 
invention, a computer readable storage medium having stored 
thereon a computer program comprising instructions Which 
When executed by a computer cause the computer to generate 
an RF excitation signal and reverse a polarization of the RF 
excitation signal. The instructions further cause the computer 
to transmit the reverse polarized RF signal to an RF coil 
assembly for generation of a counter-rotating magnetic ?eld 
Within a region of interest such that spins localized to a 
tracking coil are excited and acquire MR signals from the 
excited localized spins. 
[0043] The present invention has been described in terms of 
the preferred embodiment, and it is recognized that equiva 
lents, alternatives, and modi?cations, aside from those 
expressly stated, are possible and Within the scope of the 
appending claims. 

1. An MRI apparatus comprising: 
a magnetic resonance imaging (MRI) system having a 

plurality of gradient coils positioned about a bore of a 
magnet; 

an RF coil assembly positioned in the bore; 
a pulse module; 
a polarization reversal sWitch controlled by the pulse mod 

ule to transmit RF signals to the RF coil assembly 
coupled to the polarization reversal sWitch, Wherein the 
polarization reversal sWitch is con?gured to operate in 
either a normal polarization transmit mode or a reverse 
polarization transmit mode, thereby causing the RF coil 
assembly to generate either a clockWise or counter 
clockWise rotating B1 excitation ?eld; 

an RF sWitch controlled by the pulse module to transmit the 
RF signals to the polarization reversal sWitch. 

2. The MRI apparatus of claim 1 further comprising a 
quadrature hybrid module coupled to the polarization reversal 
sWitch. 

3. The MRI apparatus of claim 2 Wherein the quadrature 
hybrid module is con?gured to transmit the RF signals from 
the RF sWitch to the polarization reversal sWitch. 
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4. The MRI apparatus of claim 2 further comprising a 
tracking assembly positioned in the bore and having an MR 
tracking coil. 

5. The MRI apparatus of claim 4 Wherein the RF coil 
assembly is a body coil assembly. 

6. The MRI apparatus of claim 4 further comprising a 
computer readable storage medium having stored thereon a 
computer program comprising instructions Which When 
executed by a computer cause the computer to cause the pulse 
module to operate the polariZation reversal sWitch in a reverse 
polariZation transmit mode such that the body coil assembly 
generates a reverse polariZation magnetic ?eld from the RF 
signals. 

7. The MRI apparatus of claim 6 Wherein the instructions 
further cause the computer to acquire MR signals received in 
the MR tracking coil after the reverse polariZation magnetic 
?eld has been generated. 

8. The MRI apparatus of claim 7 Wherein the instructions 
further cause the computer to acquire MR signals received in 
the body coil assembly after the reverse polariZation magnetic 
?eld has been generated. 

9. The MRI apparatus of claim 6 Wherein the instructions 
further cause the computer to cause the pulse module to 
operate the polariZation reversal sWitch in a normal polariZa 
tion transmit mode such that the body coil assembly generates 
a normal polariZation magnetic ?eld from the RF signals. 

10. The MRI apparatus of claim 9 Wherein the instructions 
further cause the computer to acquire MR signals received in 
the body coil assembly after the normal polarization magnetic 
?eld has been generated. 

11. The MRI apparatus of claim 4 Wherein the tracking 
assembly further comprises an active sample positioned adja 
cent to the MR tracking coil. 

12. A method of active MR tracking comprising: 
(A) inserting an MR tracking coil into a region of interest; 
(B) generating an RF signal capable of causing an RF coil 

assembly to generate a B1 excitation magnetic ?eld; 
(C) reversing a polariZation of the RF signal; 
(D) transmitting the reverse polariZed RF signal to the RF 

coil assembly to generate a counter-rotating B1 excita 
tion magnetic ?eld Within the region of interest; 

(E) inducing current in the MR tracking coil With the 
counter-rotating B1 excitation magnetic ?eld to create a 
linearly polariZed magnetic ?eld near the MR tracking 
coil; 

(F) acquiring MR signals excited by the linearly polariZed 
magnetic ?eld near the MR tracking coil; 

(G) generating a second RF signal capable of causing an 
RF coil assembly to generate a rotating B1 excitation 
magnetic ?eld; 

(H) maintaining a polariZation of the RF signal; 
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(I) transmitting the RF signal having its polariZation main 
tained to the RF coil assembly to generate a non-counter 
rotating B1 excitation magnetic ?eld; and 

(J) acquiring MR signals excited via the non-counter-ro 
tating B1 excitation magnetic ?eld. 

13. The method of claim 12 Wherein the step of acquiring 
comprises acquiring the MR signals via the MR tracking coil. 

14. The method of claim 12 Wherein the step of acquiring 
comprises acquiring the MR signals via the RF coil assembly. 

15. A method of active MR tracking comprising: 
(A) inserting an MR tracking coil into a region of interest; 
(B) generating an RF signal capable of causing an RF coil 

assembly to generate a B1 excitation magnetic ?eld; 
(C) reversing a polariZation of the RF signal; 
(D) transmitting the reverse polariZed RF signal to the RF 

coil assembly to generate a counter-rotating B1 excita 
tion magnetic ?eld Within the region of interest; 

(E) inducing current in the MR tracking coil With the 
counter-rotating B1 excitation magnetic ?eld to create a 
linearly polariZed magnetic ?eld near the MR tracking 
coil; 

(F) acquiring MR signals excited by the linearly polariZed 
magnetic ?eld near the MR tracking coil, 

Wherein the step of reversing comprises controlling a 
polariZation reversal sWitch to reverse a polarity of the 
RF signal, further comprising splitting the RF signal into 
separate phase components prior to reversing the polar 
iZation of the RF signal. 

16. (canceled) 
17. (canceled) 
18. The method of claim 12 further comprising interleav 

ing a ?rst execution of steps (B)-(F) and a second execution of 
steps (G)-(J) during an MR scan. 

19. The method of claim 12 Wherein the step of inserting 
comprises inserting the MR tracking coil into a cardiac region 
of a patient. 

20. A computer readable storage medium having stored 
thereon a computer program comprising instructions Which 
When executed by a computer cause the computer to: 

generate an RF excitation signal; 
split the RF excitation signal into separate phase compo 

nents; 
reverse a polariZation of the RF excitation signal; 
operate a polariZation reversal sWitch in a reverse polariZa 

tion transmit mode; 
transmit the reverse polariZed RF excitation signal to an RF 

coil assembly for generation of a counter-rotating mag 
netic ?eld Within a region of interest such that spins 
localiZed to a tracking coil are excited; 

acquire MR signals from the excited localiZed spins. 
21. (canceled) 
22. (canceled) 


