
US 20060267759A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2006/0267759 A1 

Levine (43) Pub. Date: NOV. 30, 2006 

(54) POSITION AND ORIENTATION TRACKING Publication Classi?cation 
OF TRANSPONDER 

(51) Int. Cl. 
(75) Inventor: Lewis J. Levine, Weston, MA (US) G08B 1/08 (2006.01) 

(52) US. Cl. ...................................................... .. 340/539.12 

Correspondence Address: 
LEE & HAYES PLLC 
SUITE 500 (57) ABSTRACT 
421 W RIVERSIDE 

SPOKANE’ WA 99201 One or more implementations are described herein for 

(73) Assigneez General Electric Company improved‘ instrument tracking. In a surgical navigation ‘sys 
Schenectady NY ’ tem, one 1mplementat1on stores a plan for an image guided 

’ procedure, before conducting the procedure. This plan 
_ includes a path to be traversed by a medical instrument 

(21) Appl' NO" 11/276,926 during the procedure. An image of the patient’s anatomy 
(22) Filed: Man 17, 2006 displayed With a superimposed a pictorial representation of 

the path on the image. A transpoder coupled to the medical 
Related U_s_ Application Data instrument and emits a signal While inside the patient’s body. 

A position and/or orientation of the transponder (and the 
(63) Continuation-impart of application NO_ 10/611,112, instrument) is determined based, at least in part, upon the 

?led on Jul. 1, 2003. received transponder signal. 

502 
Store a plan for an image-guided procedure (before conducting 

the procedure) 

504 
Display an image of a patient’s anatomy and superimposing a 

pictorial representation of the path on the image. 

Receive a signal from a transponder (the transponder being 
inside the patient’s body) r 506 

Determine a position of the transponder based, at least in part, 508 
upon the transponder signal 

500 j 



Patent Application Publication Nov. 30, 2006 Sheet 1 0f 6 US 2006/0267759 A1 

/ Transponder l \ 

Receiver l . Transmitter 1 O 

Tracker Electronics 13 

\100 

any. 1 



Patent Application Publication Nov. 30, 2006 Sheet 2 0f 6 US 2006/0267759 A1 



Patent Application Publication Nov. 30, 2006 Sheet 3 0f 6 US 2006/0267759 A1 

300 J 

Drive coils at certain frequencies. 

1r 320 

Determine ratios of produced currents. 

330 

Measure induced signals. 

340 

Calculate mutual inductance ratios. 

v 350 

Obtain an initiai POG estimate. 

360 

Calcuiate a best fit estimate of POG. 

fig. 3 



Patent Application Publication Nov. 30, 2006 Sheet 4 0f 6 US 2006/0267759 A1 

2 mil 

Ycoii X ceii 
Y X 

Mil 

Fig. 4 



Patent Application Publication Nov. 30, 2006 Sheet 5 0f 6 US 2006/0267759 A1 

502 
Store a plan for an image-guided procedure (before conducting 

the procedure) 

V 

Display an image of a patient's anatomy and superimposing a 504 
pictorial representation of the path on the image. 

V 

Receive a signal from a transponder (the transponder being 506 
inside the patient’s body) 

V 

Determine a position of the transponder based, at least in part, 508 
upon the transponder signal 

5001 

Try. 5 



Patent Application Publication Nov. 30, 2006 Sheet 6 0f 6 US 2006/0267759 A1 

Continued form Fig. 5 

. . 602 

Compare a planned radiation exposure close to an actual 
radiation exposure dose 

604 

Update the plan accordingly 

600 -/ 

Fig. 6 



US 2006/0267759 A1 

POSITION AND ORIENTATION TRACKING OF 
TRANSPONDER 

BACKGROUND 

[0001] The present invention generally relates to an elec 
tromagnetic tracking system. In particular, the present 
invention relates to an electromagnetic tracking system 
using a single-coil Wired or Wireless transmitter. 

[0002] Many medical procedures involve a medical instru 
ment, such as a drill, a catheter, scalpel, scope, stent or other 
tool. In some cases, a medical imaging or video system may 
be used to provide positioning information for the instru 
ment, as Well as visualiZation of an interior of a patient. 
Typically, during the course of a procedure, an instrument is 
guided by continuously obtaining and vieWing x-ray images 
that shoW the current location of the instrument along With 
a portion of the patient’s anatomy in a region of interest. 
HoWever, because repeated exposure to x-ray radiation is 
harmful to medical personnel that perform image guided 
procedures on a daily basis, many navigation systems have 
been proposed that attempt to reduce exposure to x-ray 
radiation during the course of a medical procedure. 

[0003] For example, electromagnetically tracking the 
position of medical instruments during a medical procedure 
is used as a Way to decrease exposure to x-ray radiation by 
decreasing the number of x-ray images acquired during a 
medical procedure. Typically, an electromagnetic tracking 
system employs a transmitter coil, a transponder coil, and a 
receiver coil. The transmitter coil emits a signal at a fre 
quency that is picked up by the transponder coil. The 
transponder coil emits a signal at the same frequency in 
response to the transmitter signal. The signal from the 
transponder is received at the receiver coil and the tracking 
system calculates position information for the medical 
instrument With respect to the patient or With respect to a 
reference coordinate system. During a medical procedure, a 
medical practitioner may refer to the tracking system to 
ascertain the position of the medical instrument When the 
instrument is not Within the practitioner’s line of sight. 

[0004] The tracking or navigation system alloWs the medi 
cal practitioner to visualiZe the patient’s anatomy and track 
the position and orientation of the instrument. The medical 
practitioner may then use the tracking system to determine 
When the instrument is positioned in a desired location. 
Thus, the medical practitioner may locate and operate on a 
desired or injured area While avoiding other structures With 
less invasive medical procedures. 

[0005] Tracking systems are also used outside of the 
medical ?eld to track the position of items other than 
medical instruments. For example, tracking technology is 
used in forensic and security applications. Retail stores use 
tracking technology to prevent theft of merchandise. In such 
cases, a passive transponder can be located on the merchan 
dise. A transmitter may be strategically located Within the 
retail facility. The transmitter emits an excitation signal at a 
frequency that is designed to produce a response from the 
transponder. When merchandise carrying a transponder is 
located Within the transmission range of the transmitter, the 
transponder produces a response signal that is detected by a 
receiver. The receiver then determines the location of the 
transponder based upon characteristics of the response sig 
nal. 
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[0006] Tracking systems are also often used in virtual 
reality systems or simulators. For example, tracking systems 
are used to monitor the position of a person in a simulated 
environment. A transmitter emits an excitation signal and a 
transponder located on the person produces a response 
signal. The response signal is detected by a receiver. The 
signal emitted by the transponder is then used to monitor the 
position of a person or object in a simulated environment. 

[0007] Electromagnetic tracking systems such as those 
presented above may employ coils that act as the transmit 
ters, transponders, and receivers. Typically, an electromag 
netic tracking system is con?gured in an industry-standard 
coil architecture (ISCA). ISCA uses three colocated 
orthogonal quasi-dipole transmitter coils and three colocated 
quasi-dipole receiver coils. Other systems may use three 
large, non-dipole, non-colocated transmitter coils With three 
colocated quasi-dipole receiver coils. Another tracking sys 
tem architecture uses an array of six or more transmitter 

coils spread out in space and one or more quasi-dipole 
receiver coils. Alternatively, a single quasi-dipole transmit 
ter coil may be used With an array of six or more receivers 
spread out in space. 

[0008] The ISCA tracker architecture uses a three-axis 
dipole coil transmitter and a three-axis dipole coil receiver. 
Each three-axis transmitter or receiver is built so that the 
three coils exhibit the same effective area, are oriented 
orthogonally to one another, and are centered at the same 
point. An example of a dipole coil trio With coils in X, Y, and 
Z directions spaced approximately equally about a center 
point is shoWn in FIG. 4. If the coils are small enough 
compared to a distance betWeen the transmitter and receiver, 
then the coil may exhibit dipole behavior. Magnetic ?elds 
generated by the trio of transmitter coils may be detected by 
the trio of receiver coils. Using three approximately con 
centrically positioned transmitter coils and three approxi 
mately concentrically positioned receiver coils, for example, 
nine parameter measurements may be obtained. From the 
nine parameter measurements and a knoWn position or 
orientation parameter, a position and orientation calculation 
may determine position and orientation information for each 
of the transmitter coils With respect to the receiver coil trio 
With three degrees of freedom. 

[0009] As discussed earlier, the response signal emitted by 
the transponder and the excitation signal emitted by the 
transmitter are incident upon the receiving coil. Typically, in 
a tracking system using a passive transponder, the excitation 
signal is much larger than the response signal When both 
signals are received at the receiver. Because the response 
signal is emitted at the same frequency as the excitation 
signal and the response signal is much smaller than the 
excitation signal, accurately separating and measuring the 
response signal is dif?cult. 

[0010] While current ISCA architectures track a trio of 
transmitter coils With a trio of receiver coils, many instru 
ments, such as catheters or ?exible ear, nose and throat 
instruments, require a single small coil to be tracked. There 
is no knoWn conventional electromagnetic tracking system 
for tracking an instrument using a single coil. 

[0011] Additionally, With multiple instruments each con 
taining single coil transmitters emitting signals at the same 
frequency as the transmitter signal, it becomes dif?cult to 
discern one transponder signal from another. Thus, if mul 
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tiple instruments are used simultaneously during a proce 
dure, it becomes dif?cult to simultaneously track and iden 
tify each instrument. There is no knoWn conventional 
electromagnetic tracking system for tracking an instrument 
using a single coil that alloWs for identi?cation and location 
of the individual coils. 

[0012] Additionally, to optimiZe guidance of medical 
instruments using transponders and receivers, and reduce 
trauma to a patient, it may be desirable to predetermine a 
path to be traversed Within a patient’s anatomy. If the path 
and therapeutic materials could be entered and saved in a 
navigation system, medical personnel could access the infor 
mation regarding the predetermined path and guide a medi 
cal instrument accordingly. There is no knoWn conventional 
surgical navigation system that alloWs for a pre-operative 
plan to be entered and saved before beginning a procedure 
and can be vieWed and folloWed during the course of a 
procedure. 

[0013] Thus, there is a need for an improved electromag 
netic tracking system using a single-coil Wired or Wireless 
transmitter. 

BRIEF SUMMARY 

[0014] One or more implementations are described herein 
for improved instrument tracking. In a surgical navigation 
system, one implementation stores a plan for an image 
guided procedure, before conducting the procedure. This 
plan includes a path to be traversed by a medical instrument 
during the procedure. An image of the patient’s anatomy 
displayed With a superimposed a pictorial representation of 
the path on the image. A transpoder coupled to the medical 
instrument and emits a signal While inside the patient’s body, 
A position and/or orientation of the transponder (and the 
instrument) is determined based, at least in part, upon the 
received transponder signal. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0015] FIG. 1 illustrates a Wireless tracker used in accor 
dance With an embodiment of the present invention. 

[0016] FIG. 2 shoWs a printed circuit board used in 
accordance With an embodiment of the present invention. 

[0017] FIG. 3 depicts a How diagram for a method for a 
position, orientation and gain determination used in accor 
dance With an embodiment of the present invention. 

[0018] FIG. 4 illustrates a dipole coil trio used in accor 
dance With an embodiment of the present invention. 

[0019] FIGS. 5 and 6 depict a How diagram for a method 
for improved instrument tracking in a surgical navigation 
system used in accordance With an embodiment of the 
present invention. 

[0020] The foregoing summary, as Well as the folloWing 
detailed description of certain embodiments of the present 
invention, Will be better understood When read in conjunc 
tion With the appended draWings. For the purpose of illus 
trating the invention, certain embodiments are shoWn in the 
draWings. It should be understood, hoWever, that the present 
invention is not limited to the arrangements and instrumen 
tality shoWn in the attached draWings. 
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DETAILED DESCRIPTION 

[0021] Certain embodiments of the present invention pro 
vide a system and method for electromagnetic tracking using 
a single-coil transponder. The system includes a single coil 
transponder emitting a signal, a receiver receiving a signal 
from the single coil transponder, and electronics for pro 
cessing the signal received by the receiver. The electronics 
determine a position of the single coil transponder. 

[0022] The transponder may be a Wireless or Wired tran 
sponder. The single coil of the transponder may be a dipole. 
The transponder may be battery-poWered. Additionally, the 
transponder may be driven With a continuous Wave signal. 

[0023] The receiver may be a printed circuit board. Addi 
tionally, the receiver may be a tWelve-receiver array. In an 
embodiment, the receiver may be a tWelve receiver circuit 
printed circuit board. Four circuits may include single spiral 
coils. Eight circuits may include pairs of spiral coils. 

[0024] The electronics may identify the transponder and 
determine position, orientation, and/or gain of the transpon 
der. The electronics may determine a ratio of mutual induc 
tance betWeen the transponder and the receiver to determine 
the position of the transponder. The electronics may also 
determine a ratio of currents and/or magnetic ?elds pro 
duced at the transponder to determine the position of the 
transponder. 

[0025] Certain embodiments provide an improved instru 
ment tracking system including a single-coil Wireless tran 
sponder, a printed circuit board receiver array including a 
plurality of coils and coil pairs, and tracker electronics for 
analyZing parameter(s) betWeen the transponder and the 
coils and coil pairs of the receiver array to determine a 
position of the transponder in relation to the receiver array. 
The parameters may include mutual inductances and/or 
magnetic ?elds. The tracker electronics may also determine 
a gain and/or an orientation of the transponder. In an 
embodiment, reciprocity alloWs the coils of the receiver 
array to be treated as transponder coils. The system may also 
include a calibration coil for calibrating the receiver array. 

[0026] In an embodiment, the printed circuit board 
receiver array produces magnetic ?elds as folloWs: a mostly 
uniform ?eld point in an X direction; a ?eld varying mostly 
With X, pointed in the X direction; a ?eld varying mostly 
With Y, pointed in the X direction; a ?eld varying mostly 
With Z, pointed in the X direction; a mostly uniform ?eld 
pointed in the Y direction; a ?eld varying mostly With X, 
pointed in the Y direction; a ?eld varying mostly With Y, 
pointed in the Y direction; a ?eld varying mostly With Z 
pointed in the Y direction; a mostly uniform ?eld pointed in 
the Z direction; a ?eld varying mostly With X pointed in the 
Z direction; a ?eld varying mostly With Y pointed in the Z 
direction; and a ?eld varying mostly With Z pointed in the Z 
direction. 

[0027] Certain embodiments provide a method for 
improved instrument tracking. The method includes driving 
a transponder coil at a certain frequency to emit a signal and 
receiving the signal at an array of receiver coils. The method 
also includes determining a gain of the transponder coil and 
measuring a mutual inductance betWeen the transponder coil 
and an array of receiver coils. An initial estimate of a 
position of the transponder coil is selected. The initial 
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estimate is adjusted using an error-minimizing routine based 
on the mutual inductance. The initial estimate may be a 
previous calculation result. 

[0028] The method may also include calibrating the array 
of receiver coils. Additionally, the method may include 
eliminating a sign ambiguity of the gain of the transponder 
coil. A transponder current may also be determined from the 
signal received at the array of receiver coils. 

[0029] In a certain embodiment, a method for electromag 
netic tracking includes driving an array of coils at different 
frequencies, determining ratios of currents produced by the 
different frequencies, measuring voltages generated at the 
different frequencies, and calculating ratios of mutual induc 
tances betWeen the array of coils and a single coil located 
remotely from said array of coils. The method further 
includes estimating an initial value for at least one of 
position, gain, and orientation of the single coil and deter 
mining a best ?t value for at least one of the position, gain, 
and orientation of the single coil based on the initial value 
and the ratios of mutual inductances. The method may also 
include calibrating the array of coils. 

[0030] FIG. 1 illustrates a Wireless tracker 100 used in 
accordance With an embodiment of the present invention. 
The Wireless tracker 100 includes a transmitter 110, a 
Wireless transponder 115, a receiver 120, and tracker elec 
tronics 130. The transmitter 110 emits a transmitter signal. 
The Wireless transponder 115 receives the transmitter signal 
and emits a transponder signal. The transponder signal may 
include data such as identi?cation information that may be 
used to associate a transponder signal With a particular 
transponder. The receiver 120 detects the transmitter signal 
and the transponder signal. The tracker electronics 130 
analyZes the signals received by the receiver 120 to identify 
the transponder 115 and determine a position of the tran 
sponder 115. 

[0031] In an embodiment, the transponder 115 is a single 
coil Wireless transponder. The Wireless transponder 115 may 
be a battery-poWered Wireless transponder or a passive 
transponder. Alternatively, a single-coil Wired transponder 
may be used in place of or in addition to the Wireless 
transponder 115. 

[0032] During some medical procedures, portions of 
medical instruments may be obscured or covered by portions 
of a patient’s anatomy. For example, a small incision may be 
made in a patient’s abdomen and a medical instrument such 
as a needle and trocar inserted in the incision. After the 
needle and trocar is inserted through the incision, the sur 
geon can not see the portion of the needle and trocar that is 
Within the patient’s abdomen. 

[0033] In order to guide the tip of the needle to a desired 
region of interest, a transponder may be placed near the tip 
of the needle. A transmitter can emit a transmitter signal that 
propagates through the patient’s anatomy. The transmitter 
signal impinges upon the transponder located on the tip of 
the needle. In response, the transponder emits a transponder 
signal. The transponder may include a memory that stores 
data such as identi?cation information that distinguishes the 
transponder from other transponders. When the transponder 
receives the transmitter signal, the transponder emits a 
transponder signal that may include a portion of the data 
stored in the memory. 
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[0034] A receiver receives the transponder signal. A track 
ing system coupled to the receiver processes the transponder 
signal. If the transponder signal contains identi?cation data, 
the tracking system can identify from Which transponder the 
transponder signal Was emitted. The tracking system can 
also use the transponder signal to calculate the location of 
the transponder. Consequently, the transmitter, transponder, 
receiver, and tracking system can be used to identify and 
locate portions of medical instruments during a medical 
procedure and to aid in navigating the medical instruments 
to regions of interest. 

[0035] In an embodiment, the transponder may be a 23 
mm glass transponder With a read only memory of 64 bits 
and an operating frequency of 134.2 kHZ as manufactured 
by Texas Instruments. The 64 bit memory can be used to 
store unique identi?cation data that identi?es the medical 
instrument to Which the transponder is attached and to 
distinguish the transponder and its corresponding medical 
instrument from other transponders and their corresponding 
medical instruments. 

[0036] In an embodiment, the transponder coil is small 
enough that the coil acts suf?ciently like a dipole for 
tracking purposes. A dipole may be described by position, 
orientation, and gain (or strength). The position, orientation, 
and strength of the coil may be determined as described 
beloW. Therefore, the position, orientation, and gain of the 
Wireless transponder coil and the tracker electronics 130 
may be determined Without characterization. 

[0037] In an embodiment, the receiver 120 is a single 0.48 
meter by 0.52 meter printed circuit board (PCB). The PCB 
may include 20 coils formed by copper tracks in the PCB, 
for example. The coils may be connected in series pairs 
and/or used individually, for example. In an embodiment, 
tWelve separate conducting paths may be present on the PCB 
(called the ANT-009 design). PCB coils may be precisely 
made at a loW cost. The ANT-009 PCB may be used as an 
array of transmitters or as an array of receivers, for example. 
FIG. 2 shoWs an embodiment of the ANT-009 PCB. 

[0038] A transponder 115 With a driver may be used in 
place of a transponder 115 and transmitter 110 combination. 
Rather than the transponder 115 emitting a transponder 
signal after receiving a transmitter signal from a transmitter 
110, the transponder driver may be used to provide a signal 
to the transponder 115 and cause it to emit a transponder 
signal. 
[0039] In an embodiment, receiver coils in the PCB are 
spread out or distributed on the PCB. The distributed coils 
are susceptible to electrostatic pickup. A Faraday shield may 
be used to block electrostatic pickup from the PCB Without 
affecting electromagnetic signals received by the receiver 
120. 

[0040] Mutual inductance may be used in the electromag 
netic tracking system to identify the positions of components 
in the system. Mutual inductance may alloW the system to be 
divided into tWo parts: coils and electronics 130. Determin 
ing mutual inductance involves a physical design of the coils 
and a geometrical relationship betWeen the coils but not 
details of the electronics 130 used to measure the mutual 
inductance. Additionally, mutual inductance does not 
depend on Which coil receives an applied current. 

[0041] In addition to the electronics 130 used to measure 
mutual inductance, a system including one transponder coil 
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and one receiver coil forms a four-terminal tWo-port net 
work. A varying current injected into one coil induces a 
voltage in the other coil. The induced voltage V is propor 
tional to the rate of change of the applied current I: 

Wherein Lm represents mutual inductance. Lm is based on the 
geometry of the coils (closed circuits). Lm is a ratio inde 
pendent of applied current Waveform or frequency. Thus, Lm 
is a Well-de?ned property that may be measured With 
reasonable precision. 

[0042] The position, orientation, and gain (POG) of the 
transponder 115 may be calculated With respect to a coor 
dinate system of the receiver 120. POG determinations 
employ reciprocity to generate magnetic ?eld models that 
treat PCB receiver coils as transponder coils. Reciprocity 
indicates that a mutual inductance of a pair of coils is 
independent of Which coil is driven. By using pairs of coils 
in series on the PCB, magnetic ?elds in XYZ directions and 
With XYZ gradients are formed in a “sWeet spot” in relation 
to the PCB. For example, ?elds are formed 0.1-0.2 meters 
above the center of the PCB. In an embodiment, the PCB 
includes 12 distinct single coils and coil pairs. A variety of 
magnetic ?elds enhance numerical stability of the POG 
calculation. 

[0043] In an embodiment, the gain of the single transpon 
der coil may be determined With 6 or more receiver coils. In 
an embodiment, a mutual inductance model provides 12 
mutual inductances from the transponder coil to each of the 
receiver coils as a function of POG. First, an initial estimate 
of POG may be selected. For example, a POG result from a 
previous measurement and calculation cycle may be used as 
an initial estimate or seed for a POG calculation. Then, an 
error-minimizing routine may be used to adjust the POG 
estimate. The POG estimate is adjusted to minimize a 
difference betWeen measured and modeled mutual induc 
tances. 

[0044] If a sine Wave is emitted by the transponder 115 and 
the receiver 120 calculation is phase-locked to the transpon 
der signal, a sign of the transponder coil gain may not be 
determined. An unknoWn sign of the transponder gain may 
create ambiguity in the POG. For example, reversing the 
transponder coil end-for-end has no effect on the POG. In an 
embodiment, tracking may start With the transponder coil at 
an approximately determined POG. The POG may then be 
tracked from cycle to cycle. 

[0045] In an alternative embodiment, sign ambiguity of 
the transponder gain may be eliminated. A phase or sign of 
the transponder 110 sine Wave may be determined directly 
With no memory (e.g., Without previous calculations). The 
phase may be determined Without a phase-locked loop. 

[0046] A complex transponder current (tx_current) may be 
expressed as a product of tWo factors: 

lxicurrent=lxicurrentimagnitude*lxicurrentiphase (3), 

Where tx_current_magnitude is a magnitude of the transpon 
der 115 current, and tx_current_phase is a phase of the 
transponder 115 current. In an embodiment, the magnitude 
of the transponder 115 current is real, positive, and varies 
sloWly. The magnitude of the transponder current is propor 
tional to the gain of the POG. Thus, transponder current 
magnitude may be determined by a POG calculation. The 
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transponder current phase is a complex, unity magnitude 
value. The phase is recalculated from neWest receiver 120 
signal data for each cycle. Transponder current phase may be 
different for each cycle’s data. 

[0047] In an embodiment, the largest magnitude received 
signal in a l2-receiver array is one of receivers 0, 5, and 11 
of an array of 0 to 11. The three receiver coil boards 0, 5, and 
11 have approximately orthogonal directional responses. 
That is, if the total signal is a reasonable size, at least one of 
the receiver boards 0, 5, and 11 receives a signal that is not 
small. For a receiver signal array, receiver signals 0, 5, and 
11 may be tested to determine Which receiver signal is 
largest in magnitude. The signal With the largest magnitude 
is designated receiver_signal[r]. 

[0048] A denormalized transponder current phase may 
then be calculated as folloWs: 

receiverfsignaIr] (4) 
txicurrentiphaseidenormalized : Sign 2 

1 7r 

Where the sign is either +1 or —I. Then the current phase may 
be normalized and the sign corrected: 

txicurrentiphaseidenorrnalized (5) 
txicurrenti phase : —,. |txicurrentiphaseidenorrnahzed 

A transponder 115 complex current may then be determined: 

lxicurrent=lxicurrentimag*txicurrentiphase (6). 

[0049] Without a second harmonic signal measurement, a 
sign may be chosen for each cycle to maintain a consistent 
sign of the receiver_signal[n] elements over time. In an 
embodiment, tracking of the transponder 115 begins from a 
selected position, such as a calibration position, to make an 
initial sign choice (+ or —). A second harmonic current of the 
transponder coil may be generated With an asymmetrical 
Waveform including even harmonics and a CW fundamental 
frequency. For example, a transponder coil driver may 
output an asymmetrical square Wave voltage (for example, 
1/3, Z/3 duty cycle) to drive the coil in series With a tuning 
capacitor. Alternatively, a diode (or a series combination of 
a diode and a resistor, for example) may be connected in 
parallel With the coil to generate even harmonics. 

[0050] A harmonic frequency may be used to determine 
the sign of the fundamental frequency. The harmonic may be 
amplitude modulated With loW-speed analog or digital data 
Without affecting a tracking function. The data may be 
characterization data, data from a transducer mounted on the 
transponder 115, or other data, for example. 

[0051] In an embodiment, a loW cost battery-poWered 
transponder driver and coil may be used. Cost may be 
reduced by not characterizing the single coil of the tran 
sponder 115. The loW cost driver and single coil may be used 
in disposable applications, for example. 

[0052] If a transponder unit 115 is sealed, such as in 
medical applications, activating or turning a unit “on and 
o?‘” may present di?iculties. In an embodiment, a transpon 
der driver includes a silicon CMOS chip With an on-olf 
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?ip-?op or latch circuit and a photocell. Abrief ?ash of light 
sets the ?ip-?op and activates the driver. Once set, the 
?ip-?op remains set independent of illumination until a 
speci?c electromagnetic pulse resets the ?ip-?op and turns 
the driver off. After manufacture and testing, the driver-coil 
assembly may be packaged in a sealed, lightless container, 
such as a container used for photographic ?lm. The pack 
aged driver is turned olf by applying an electromagnetic 
pulse. When a user opens the package, ambient light turns on 
the driver. The driver runs until receiving an electromagnetic 
pulse or until energy in a driver battery is exhausted. 

[0053] The transponder 115 may be driven by an oscillator 
poWered by direct current, for example. In an embodiment, 
the Wired transponder driver may be poWered from a source 
of 3 volts at a milliampere direct current. For example, 
photocells poWered by ambient light may poWer the driver. 
Alternatively, radio frequency energy may be recti?ed to 
poWer the driver. 

[0054] In one embodiment, a single transponder coil is 
located at the tip of a catheter. A small silicon photocell is 
connected across the coil. The photocell is illuminated With 
amplitude-modulated light. The photocell poWers a driver 
for the transponder coil. Alternatively, tWo photocells may 
be connected in antiparallel across the transponder coil. By 
alternately illuminating each photocell, an alternating cur 
rent may be generated in the coil. 

[0055] Alternate illuminations may be achieved using tWo 
optical ?bers (one to each photocell). Illumination may also 
be achieved using one ?ber to illuminate the photocells 
through ?lters of different polarizations or different colors, 
for example. In another embodiment, tWo photocells may be 
integrated on top of each other. Each photocell may be 
sensitive to different Wavelengths of light. 

[0056] An optically poWered coil may have advantages 
over an electrically poWered coil. For example, optical ?bers 
may be smaller than electrical Wires. Additionally, a cath 
eter, for example, With an optically poWered coil has no 
electrical energy in most of the length of the catheter. An 
electrically poWered coil may result in some electrical 
energy in the catheter. 

[0057] In another embodiment, the receiver 120 may 
include an array(s) of three-axis dipole Wire-Wound coil 
trios. Due to inaccuracies in coil Winding, the receiver 120 
is characterized before use in tracking. The Wire-Wound 
receiver coil arrangement may have a better signal-to-noise 
ratio than a PCB coil, due to a larger volume of copper in a 
Wound coil of a given volume. Additionally, POG seed 
algorithms may be used With characterized receiver coils. 

[0058] In an alternative embodiment, a battery-poWered 
Wireless transponder driver receives a clock signal from the 
tracker electronics 130 via a magnetic, radio frequency, 
ultrasonic, or other signal generator. A clock signal may 
eliminate phase-locking and ambiguity in the sign of the 
transponder gain. 

[0059] In another embodiment, the Wireless transponder 
115 may be combined With various Wireless radio frequency 
identi?cation (RFID) schemes. RFID techniques alloW for 
identi?cation and/or data transfer Without contact betWeen 
the transponder 115 and the receiver 120. The Wireless 
transponder 115 may be used With RFID technology to 
transmit data to the receiver 120 and tracker electronics 130. 
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[0060] As described above, a PCB may be used in an 
electromagnetic tracking system, such as the Wireless 
tracker 100. The folloWing discussion illustrates an embodi 
ment of the PCB in more detail. The PCB may be con?gured 
as a transponder coil array and be used to track a single 
receiver coil against an array of tWelve transponder coils, for 
example. The PCB may also be con?gured as a receiver coil 
array and used to track a single-coil transponder. The PCB 
may be used as the receiver 120 in the Wireless tracker 100 
tracking the single-coil transponder 115. Reciprocity alloWs 
coils in the receiver coil array to be treated as transponder 
coils. 

[0061] In an embodiment, the PCB is precisely manufac 
tured, so a magnetic ?eld model of the PCB may be 
determined With suf?cient accuracy Without characteriza 
tion. A single coil transponder is small enough to be modeled 
With suf?cient accuracy as a dipole With a position, orien 
tation, and gain that are determined through tracking Without 
characterization. In an embodiment, the PCB does not 
include curved traces. Magnetic ?elds may be more pre 
cisely calculated With straight line segments. 

[0062] The PCB board, such as the ANT-009 coil board 
described above and shoWn in FIG. 2, may facilitate track 
ing around a small volume “sWeet spot” located over the 
center of the PCB. In an embodiment, the board provides 
magnetic ?elds in the sWeet spot that are approximately as 
folloWs: 

[0063] 
[0064] 2. a ?eld varying mostly With X pointed in the X 
direction; 

1 . a mostly uniform ?eld pointed in the X direction; 

[0065] 3. a ?eld varying mostly With Y pointed in the X 
direction; 

[0066] 4. a ?eld varying mostly With Z pointed in the X 
direction; 

[0067] 5. a mostly uniform ?eld pointed in the Y direction; 

[0068] 6. a ?eld varying mostly With X pointed in the Y 
direction; 
[0069] 7. a ?eld varying mostly With Y pointed in the Y 
direction; 
[0070] 8. a ?eld varying mostly With Z pointed in the Y 
direction; 

[0071] 9. a mostly uniform ?eld pointed in the Z direction; 

[0072] 10. a ?eld varying mostly With X pointed in the Z 
direction; 

[0073] 11. a ?eld varying mostly With Y pointed in the Z 
direction; and 

[0074] 
direction. 

The X and Y directions are in the plane of the PCB. The Z 
direction is perpendicular to the plane of the PCB. 

[0075] In an embodiment, the ANT-009 coil PCB includes 
tWelve separate electrical circuits. Four of the circuits 
include single spiral coils. Eight of the circuits include pairs 
of spiral coils. The single coils generate non-uniform ?elds. 
The non-uniform ?elds generated by the single coils are 
generated mostly in the Z direction at the sWeet spot. Two 

12. a ?eld varying mostly With Z pointed in the Z 
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coils in a pair of spiral coils are positioned side-by-side. The 
coils are connected in series. Opposing coils connected in 
series produce non-uniform ?elds pointed mostly in the X 
and Y directions at the sWeet spot. A single large coil 
generates a mostly uniform Z ?eld. A pair of long narroW 
spirals on opposite edges of the PCB generates a mostly 
uniform X ?eld. Another pair of long narroW spirals on the 
other pair of opposite edges of the PCB generates a mostly 
uniform Y ?eld. 

[0076] The PCB utiliZes an approximate nature of the 
“mostly uniform” ?elds to produce an effect of the desired 
“varying mostly” ?elds. The “mostly uniform” ?elds may 
have gradients. For example, consider the Z-direction ?elds. 
One large coil generates a “mostly uniform” Z ?eld. Three 
small coils may be placed near the origin of the PCB and 
offset from the origin along lines at roughly 0 degrees, 120 
degrees, and 240 degrees. The three small coils generate 
smaller “mostly uniform” Z ?elds displaced from the main 
“mostly uniform” Z ?eld generated by the large coil. The 
effects of the “mostly varying” ?elds may be produced by 
taking sums and differences among the four ?elds discussed 
above. Fields in the X and Y directions may be generated 
similarly. HoWever, connected pairs of series-opposing coils 
may be used instead of single coils to generate ?elds in the 
X andY directions. The above ?elds may be calculated using 
a straight line segment ?eld model, for example. 

[0077] In an embodiment, the tracker electronics 130 
includes tWelve receiver coil drivers. The tWelve coil drivers 
operate at tWelve different CW frequencies, for example. 
The tWelve coil drivers drive tWelve receiver coil circuits on 
the receiver PCB. Currents in the tWelve receiver coil 
circuits are measured. In an embodiment, current values are 
approximately determined. Then, ratios of the currents are 
determined. 

[0078] Current in the coils causes the receiver coil circuits 
to emit magnetic ?elds. The magnetic ?elds induce voltages 
in a single transponder coil at the tWelve driver frequencies. 
The tracker electronics 130 measures signals at the tWelve 
frequencies. 
[0079] A mutual inductance betWeen each receiver circuit 
and the transponder coil is calculated. Mutual inductances 
betWeen the transponder 115 and receiver 120 are deter 
mined. In an embodiment, mutual inductances are approxi 
mately determined. Then, ratios of the tWelve mutual induc 
tances are determined. Six or more receiver coils spread in 
a selected con?guration and measurements of the ratios of 
the mutual inductances to the transponder coil may be used 
to calculate a position of the transponder coil, an orientation 
(except roll) of the transponder coil, and a gain of the 
transponder coil (a POG determination). The gain of the 
transponder coil represents a scale factor that converts the 
mutual inductance ratios into mutual inductance values (in 
Henries, for example). 

[0080] In an alternative embodiment, a single-receiver 
coil version PCB may be used to characteriZe three coils in 
an ISCA receiver or transponder coil trio. The characteriZa 
tion process includes separately tracking each of the three 
ISCA coils for position, orientation, and gain. Then, the 
tracking data are combined into a coil characteriZation 
format used by ISCA trackers, for example. 

[0081] FIG. 3 depicts a How diagram for a method 300 for 
a POG determination used in accordance With an embodi 
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ment of the present invention. First, at step 310, receiver 
coils are driven at different frequencies. Drivers produce 
currents in the receiver coils. Then, at step 320, ratios of the 
currents produced in the receiver coils are determined. The 
receiver coils generate magnetic ?elds that induce voltages 
at different frequencies in the transponder coil. At step 330, 
the signals induced at the transponder coil are measured. 

[0082] The voltages and currents produce mutual induc 
tances betWeen the transponder coil and the receiver coils. 
At step 340, ratios of the mutual inductances betWeen the 
receivers and the transponder are calculated. 

[0083] Next, at step 350, an initial estimate, or seed, of 
transponder position, orientation, and gain is obtained. The 
estimate may be generated from prior mechanical knoWl 
edge of the transponder POG, from a ?nal POG estimate 
from a previous tracking cycle, or from a direct calculation 
from the mutual inductance measurements, for example. 

[0084] Then, at step 360, a best-?t estimate of the POG to 
the mutual inductance ratio measurements may be calcu 
lated. The best-?t estimate may be calculated using a model 
of the transponder-to-receiver mutual inductances and the 
seed POG values, for example. The best ?t calculation may 
be any of several Well-knoWn solution ?tting algorithms, 
such as least squares, PoWell, and Levenberg-Marquardt, for 
example. 

[0085] The above calculations may also be performed With 
the PCB con?gured as a twelve transponder coil board With 
a single receiver coil. Additionally, the PCB may be con 
?gured With different numbers of coils to function as a 
transponder and/or receiver. 

[0086] In an embodiment, electromagnetic tracking sys 
tems calibrate receiver electronics to help ensure accurate 
positional measurements, for example. A calibration coil 
may be placed diagonally in a receiver coil assembly to 
provide approximately equal mutual inductances from the 
calibration coil to each of the receiver coils. The mutual 
inductances may be individually measured during manufac 
ture. The mutual inductance values measured during manu 
facture may be stored in a characterization memory, for 
example. The measured mutual inductances may be used 
during tracking to calibrate the receiver electronics. 

[0087] The PCB may include a calibration coil. The cali 
bration coil may improve the usefulness of the PCB as a 
receiver 120. In an embodiment, the calibration coil is built 
on an inner layer or layers of the printed circuit assembly. 
The calibration coil may partially overlap existing coils in 
the assembly to produce desired calibration coil to receiver 
coil mutual inductances. In an embodiment, a single-tum 
calibration coil in a rectangle covering approximately one 
corner quadrant of the PCB is used. 

[0088] In an embodiment, the calibration coil is part of a 
single PCB, rather than a separately fabricated addition. 
Thus, the calibration coil is in approximately the same plane 
as the receiver coils. Mutual inductances betWeen the cali 
bration coil and the receiver coils may be ?xed by a 
fabrication process and calculated Without measuring sepa 
rate boards, for example. Alternatively, a separate calibra 
tion module may be added to measure small mutual induc 
tances or mutual impedances separate from the coil 
assembly. 
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[0089] Ratios of transponder 115 currents to a reference 
current in the calibration coil may be determined, for 
example. The calibration coil may have a de?ned mutual 
inductance With respect to each receiver coil. The mutual 
inductances, combined With measured current ratios, alloW 
determination of transponder-to-receiver mutual induc 
tances from the measured ratios. If a Wireless transponder is 
used, current ratios may not be measured. Another measure 
ment, such as magnetic ?eld ratios, may be used With 
Wireless transponders. 

[0090] Thus, certain embodiments of the PCB provide 
transponder and receiver coils that do not need precise 
characterization. Certain embodiments use pairs of coils in 
series to generate magnetic ?elds parallel to the plane of the 
PCB While reducing the number of separate coil drivers 
used. For the ANT-009 coil board, 12 drivers are used. A 
separate-coil version of the ANT-009 may use 20 drivers. 
Additionally, the straight line segments of the PCB alloW use 
of an analytical model of a magnetic ?eld due to a straight 
line current segment. Furthermore, expressions for mutual 
inductance betWeen tWo straight line current segments may 
be used. Certain embodiments of the PCB also provide for 
calibration of the receiver and tracker electronics. 

[0091] Certain embodiments of the present invention pro 
vide an electromagnetic tracking system including a Wired 
or Wireless transponder With a single-coil. In an embodi 
ment, one receiver coil assembly, Whether PCB or Wire 
Wound, may be used to simultaneously track a plurality of 
Wireless and/ or Wired transponders on different frequencies. 

[0092] Additionally, a pre-operative plan may be entered 
into a surgical navigation Workstation prior to performing a 
medical procedure. The plan may be transcribed to a surgical 
navigation Workstation and folloWed during the course of 
the medical procedure by guiding a medical instrument With 
a transponder and receiver. For example, therapeutic mate 
rials may be associated With a particular treatment place 
ment device and a path to be traversed by the placement 
device inside a patient may be entered into the system. 
During the procedure, the placement device can be manipu 
lated by observing an image of the patient’s anatomy and the 
predetermined path, and guiding the placement device using 
a transponder attached to the device so that it folloWs the 
predetermined path. An image of the placement device 
folloWing the predetermined path can be displayed on a 
monitor or other display device. Upon reaching the prede 
termined destination Within the patient’s anatomy, the thera 
peutic materials can be dispersed in accordance With the 
pre-operative plan. 
[0093] The pre-operative plan can be updated With real 
time feedback during the course of the procedure to alloW 
for changes in the plan to be accommodated. For example, 
the placement of radioactive seeds for such interventions as 
brachytherapy on the prostate can be entered into the system 
as a pre-operative plan. During the procedure, changes in 
anatomy or other conditions can be accommodated for by 
alloWing real-time feedback from a surgeon to adjust the 
path of the medical instrument being guided Within the 
patient 
[0094] This approach may be used, for example, in a form 
of cancer therapy using radioactive seeds. The planning 
could be done in both 2D and 3D. With 3D, the isocontours 
of the radiation plan could be checked against actual place 
ment. 
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[0095] With this approach, placement and retrieval of the 
seeds could be accomplished through navigation. Conven 
tionally, this is typically done by combining x-ray and 
ultrasound. X-rays are used to see the seeds but not the soft 
tissue and ultrasound to see the soft tissue and not the seeds. 
It is challenging is to register the tWo conventional modali 
ties. This is particularly so because the perspective and 
distortion are different in each conventional modality and it 
is dif?cult to pick up common landmarks. HoWever, this neW 
approach overcomes those draWbacks of the conventional 
approach. 
[0096] FIG. 5 depicts a How diagram for a method 500 for 
improved instrument tracking in a surgical navigation sys 
tem. This method 500 may be performed in softWare, 
hardWare, or a combination thereof. For ease of understand 
ing, this method is delineated as separate steps represented 
as independent blocks in FIG. 5; hoWever, these separately 
delineated steps should not be construed as necessarily order 
dependent in their performance. 

[0097] This described method 500 includes storing (at 
502) a plan for an image-guided procedure, before conduct 
ing the procedure. The plan includes a path to be traversed 
by a medical instrument during the procedure. The described 
method also includes displaying (at 504) an image of a 
patient’s anatomy on a display and superimposing a pictorial 
representation of the path on the image. In addition, the 
described method also includes receiving (at 506) a tran 
sponder signal at a receiver. The transponder being coupled 
to a medical instrument inside a patient’s body and emitting 
said transponder signal. Furthermore, the described method 
includes determining (at 508) a position of the transponder 
based, at least in part, upon the transponder signal. 

[0098] FIG. 6 depicts a How diagram for a method 600 for 
adjusting the plan for an image-guided procedure While the 
procedure is occurring, especially Where such procedure 
involves exposure to radiation. This method 600 may be 
performed in softWare, hardWare, or a combination thereof. 
For ease of understanding, this method is delineated as 
separate steps represented as independent blocks in FIG. 6; 
hoWever, these separately delineated steps should not be 
construed as necessarily order dependent in their perfor 
mance. 

[0099] This described method 600 employs the techniques 
described above in method 500 and shoWn in FIG. 5. This 
described method 600 includes comparing (at 602) a 
planned radiation exposure dose of a planned image-guided 
procedure to an actual radiation exposure dose during the 
actual image-guided procedure. Of course, as part of the 
comparison the actual exposure does is measured. In 
response to the comparisons, the plan is updated (at 604). 
The actual may vary from the plan for many reasons. For 
example, the practitioner may have to place the seeds in 
different locations or take a different path then What Was 
planned because, for example, of aspects of the anatomy not 
knoWn at the time of planning. This is much like an aircraft 
Would alter is ?ight path in response to real-time conditions 
such as Weather. 

[0100] With the updated plan, the practitioner Would then 
have the ability to check the accuracy of the plan, With its 
optimal radiation dose, to the actual radiation dose, and 
Would therefore have additional information from Which to 
assess the potential clinical outcome of the treatment. For 
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instance, if the actual placement resulted in a lesser dose 
being delivered to the treatment site, the practitioner could 
recommend an extension to the overall treatment plan prior 
to retrieval of the seeds. Premature removal of the seeds 
could result in sub-optimal dosing of the treatment site, 
yielding a less effective treatment. 

[0101] Attempting to gauge the effectiveness of placement 
through imaging Qi-ray and/or ultrasound) might not alloW 
for a true or accurate 3D positioning of the seeds and an 
inaccurate comparison betWeen planned and actual place 
ment. Again, the result may be less than optimal treatment 
(either in the form of too little dose to the treatment site or 
too much dose to the healthy tissue). 

[0102] While the invention has been described With ref 
erence to certain embodiments, it Will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted Without departing from the 
scope of the invention. In addition, many modi?cations may 
be made to adapt a particular situation or material to the 
teachings of the invention Without departing from its scope. 
Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed, but that the invention 
Will include all embodiments falling Within the scope of the 
appended claims. 

1. A method for improved instrument tracking, said 
method comprising: 

in a surgical navigation system, storing a plan for an 
image guided procedure, before conducting said pro 
cedure, said plan comprising a path to be traversed by 
a medical instrument during said procedure; 

displaying an image of a patient’s anatomy on a display 
and superimposing a pictorial representation of said 
path on said image; 

receiving a signal at a receiver from a transponder, said 
transponder being coupled to a medical instrument 
inside a patient’s body and emitting said transponder 
signal; 

determining a position of said transponder based, at least 
in part, upon said transponder signal. 

2. The method of claim 1 further comprising transmitting 
data from said transponder to said receiver. 

3. The method of claim 2 Wherein said data comprises 
information identifying said transponder. 

4. The method of claim 3 Wherein said data distinguishes 
said transponder from other transponders. 

5. The method of claim 1 Wherein said plan comprises the 
administration of a therapeutic material. 

6. The method of claim 5 further comprising facilitating 
administration of said therapeutic material When said medi 
cal instrument has traversed said path. 

7. The method of claim 1 further comprising determining 
said plan for said image guided procedure before conducting 
said procedure. 

8. The method of claim 1 further comprising: 

facilitating insertion of said medical instrument inside a 
patient’s body; 

facilitating guiding of said medical instrument along said 
path inside the patient’s body so that the transponder 
substantially traverses said path. 
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9. The method of claim 1 further comprising superimpos 
ing an indication of said position of said transponder on said 
image. 

10. The method of claim 1 further comprising superim 
posing an indication of said position of said transponder on 
said image With said superimposed pictorial representation 
of said path on said image. 

10. The method of claim 1, Wherein said plan further 
comprises a planned radition exposure dose, the method 
further comprising: 

measuring an actual radiation exposure dose during an 
actual image-guided medical procedure; 

comparing the planned radiation exposure dose of a 
planned image-guided procedure to the actual radiation 
exposure dose during the actual image-guided proce 
dure; 

updating the plan for an image guided procedure in 
response to the comparison. 

11. One or more processor-readable media having pro 
cessor-executable instructions that, When executed by a 
processor of a surgical navigation system, performs acts 
comprising: 

in a surgical navigation system, storing a plan for an 
image guided procedure, before conducting said pro 
cedure, said plan comprising a path to be traversed by 
a medical instrument during said procedure; 

displaying an image of a patient’s anatomy on a display 
and superimposing a pictorial representation of said 
path on said image; 

receiving a signal at a receiver from a transponder, said 
transponder being coupled to a medical instrument 
inside a patient’s body and emitting said transponder 
signal; 

determining a position of said transponder based, at least 
in part, upon said transponder signal. 

12. One or more media as recited in claim 11 further 
comprising determining an orientation of said transponder 
based, at least in part, upon said transponder signal. 

13. One or more media as recited in claim 11 further 
comprising: 

deriving data from said transponder; 

identifying said transponder based upon data derived from 
said transponder. 

14. One or more media as recited in claim 13, Wherein 
said data distinguishes said transponder from other tran 
sponders. 

15. One or more media as recited in claim 11 Wherein said 
plan comprises the administration of a therapeutic material. 

16. One or more media as recited in claim 11 further 
comprising facilitating administration of said therapeutic 
material. 

17. One or more media as recited in claim 11 further 
comprising facilitating determination of said plan for said 
image guided procedure before conducting said procedure. 

18. One or more media as recited in claim 11 further 
comprising: 

facilitating insertion of said medical instrument inside a 
patient’s body; 
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facilitating guiding of said medical instrument along said 
path inside the patient’s body so that the transponder 
substantially traverses said path. 

19. One or more media as recited in claim 11 further 
comprising superimposing an indication of said position of 
said transponder on said image. 
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20. One or more media as recited in claim 11 further 
comprising superimposing an indication of said position of 
said transponder on said image With said superimposed 
pictorial representation of said path on said image. 

* * * * * 


