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TRACKING SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims priority on
United States Provisional Patent Application
No. 61/039,184, filed on March 25, 2008, and United
States Provisional Patent Application No. 61/100,173,
filed on September 25, 2008.

FIELD OF THE APPLICATION

The present application relates to tracking
systems such as those used in computer-assisted surgery
systems and, more particularly, to instrumentation used
for the tracking of surgical tools during computer-
assisted surgery and to a method "for calibrating

inertial sensors.

BACKGROUND OF THE ART

Tracking of surgical instruments or tools is
an integral part of computer-assisted surgery
(hereinafter CAS). The tools are tracked for position
and/or orientation in such a way that information
pertaining to bodily parts is obtained. The information
is then used in various interventions (e.g., orthopedic
surgery, neurological surgery) with respect to the body,
such as bone alterations, implant positioning, incisions
and the like during surgery.

The tracking systems may use different techno-
logies, such as mechanical, acoustical, magnetic,
optical and RF tracking. Depending on the technblogy
used, different types of trackable members are fixed,
permanently or temporarily, to the item that needs to be
tracked. For instance, during Total.Knee Replacement
(TKR) surgery, trackable members are fixed to the limbs
and to the different surgical instruments, and these

trackable members are tracked by the tracking system.
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The CAS system calculates position and orientation data
associated with the tracking, and the information
displayed by the computer is used by the surgeon to
visualize the position of the instrument(s) being
manipulated with respect to the limbs, or in numerical
values.

Two types of tracking systems are commonly
used. The active tracking systems provide a transmitter
as trackable member on the tool to be tracked, which
transmitter emits signals to be received by a processor
of the CAS system, which will calculate the position
and/or orientation of the tool as a function of the
signals received. The transmitters of the active
tracking systems are powered, for instance by being
wired to the CAS system or by being provided with an
independent power source, so as to emit signals.

Passive tracking systems do not provide active
transmitters on the tools as trackable members. The CAS
system associated with passive tracking has an optical

sensor apparatus provided to visually detect optical

elements on the tools. The optical elements are
passive, whereby no power source is associated
therewith.

In order to obtain values for position and/or
orientation, the optical elements must be in the line of
sight of the optical sensor apparatus. Accordingly,
with passive tracking systems, surgery takes place in a
given orientation as a function of the required
visibility between the optical sensor apparatus and the
optical elements.

The trackable members currently used, whether
active or passive, have a noticeable size depending on
the technology used. For an electromagnetic system, a
casing is wired to the CAS system and is secured to the
instrument or to the patient. For an optical system, a
trackable member generally comprises -at least three

optical elements. For instance, the optical elements

-2-
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are light sources wired to the CAS system and forming a
scalene triangle. The light sources can be individually
fixed or assembled on a Dbase. In this second
construction, the assembly is large and obstructive.

As an alternative, passive reflector spheres or
patches can be used instead of light sources, and a light
source 1is wused to illuminate them (in the infrared
spectrum) .

Some factors must be considered when selecting
a type of tracking system: the presence of wires in
sterile =zones for active trackable members; a line of
sight required for navigation when using optical
tracking; the size of the trackable members in order to
deliver the required ©precision during surgery; the
necessity for the surgeon to visualize a computer screen
for intraoperative alignment information; the necessity
for the surgeon to digitize landmarks on bones in order
to build coordinate systems; the difficulty in
integrating current optical, electromagnetic or radio-
frequency sensors in disposable instruments (such as

cutting guides) because of their volume.

SUMMARY OF THE APPLICATION

In a first broad aspect the invention provides
a computer-assisted surgery system for tracking an
instrument and a bone during surgery, comprising:

a first trackable member having a first
inertial sensor unit producing at least orientation-based
data, the first inertial sensor unit being an
accelerometer-based unit adapted to be affixed to the
bone, to produce orientation data for two degrees of
freedom of orientation; and

a second trackable member having a second
inertial sensor unit producing at least orientation-based
data, the second inertial sensor unit being an

accelerometer-based unit adapted to be affixed to the

-3-
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bone, to produce orientation data for two degrees of
freedom of orientation; and

a processing unit for receiving the
orientation-based data from the trackable members, the
processing unit having:

an orientation calculator calculating an
orientation of the second trackable member with
respect to the first trackable member from the
orientation-based data of both said trackable
members, the orientation calculator
determining angular rates of change of the
first inertial sensor wunit and the second
inertial sensor unit after the bone is moved in
space,

a calibration calculator for calibrating an
orientation of the bone with reference to the
first inertial sensor unit by using the
determined angular rates of change to determine
a third degree of freedom of orientation of the
first inertial sensor unit,
whereby the bone is trackable in three degrees

of freedom of orientation.

In an embodiment, the first trackable member
and the second trackable member produce position-based
data, and the processing unit stores geometrical data
relating at least one of the trackable members to the
bone and another of the trackable members to the
instrument, whereby the orientation calculator calculates
a position and orientation of the instrument with respect
to the bone.

In an embodiment, the processing unit is
physically part of the second trackable member.

In an embodiment, the second trackable member
has a user interface to display the orientation of the
second trackable member with respect to the first

trackable member.
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In an embodiment, at least one of the trackable
members has a confirmation indicator receiving signals
from the ©processing unit to visually display a
confirmation of command from the at least one trackable
member.

In a second broad aspect the invention provides
a method for tracking three degrees of freedom of
orientation of an object, the method comprising:
receiving orientation data for two degrees of freedom of
orientation from an accelerometer-based reference
tracking member affixed to the object; receiving
orientation data for two degrees of freedom of
orientation from an accelerometer-based calibration
tracking member affixed to the object; determining
angular rates of change of the reference tracking member
and of the calibration tracking member while the object
rotates about an axis of only one of the two degrees of
freedom of orientation of the reference tracking member;
and calibrating an orientation of the object with
reference to the reference tracking member by using the
determined angular rates of change to determine a third
degree of freedom of orientation of the reference
tracking member; whereby the object is trackable in three
degrees of freedom of orientation.

In an embodiment, receiving orientation data
comprises receiving orientation data from the reference
and calibration tracking members affixed to a bone.

In an embodiment, determining angular rates of
change of the reference tracking member and of the
calibration tracking member comprises displaying data
associated to an angular rate of change about the axis of
the only one of the two degrees of freedom of orientation
of the reference tracking member, for guiding an operator
in moving the object.

In an embodiment, the method is performed with

a bone model or a cadaver.
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In an embodiment, a tracking of the object is
displayed in three degrees of freedom of orientation on
an interface after the calibrating.

In an embodiment, determining angular rates of
change comprises rejecting angular rates of change if an
orientation about said axis varies beyond a maximum
value.

In a third broad aspect the invention provides
a system for tracking three degrees of freedom of an
orientation of an object, the system comprising: an
accelerometer-based reference tracking member adapted to
be affixed to the object, the reference tracking member
producing orientation data for two degrees of freedom of
orientation; an accelerometer-based calibration tracking
member adapted to be affixed to the object, the
calibration tracking member producing orientation data
for two degrees of freedom of orientation; a processing
unit for receiving the orientation data from the
reference tracking member and the calibration tracking
member, the processing unit comprising an orientation
calculator for determining angular rates of change of the
reference tracking member and the calibration tracking
member while the object rotates about an axis of only one
of the two degrees of freedom of the reference tracking
member, and a calibration calculator for calibrating an
orientation of the object with reference to the reference
tracking member by using the determined angular rates of
change to determine a third degree of freedom of
orientation of the reference tracking member; whereby the
object 1is trackable 1in three degrees of freedom of
orientation.

In an embodiment, the system is a computer-
assisted surgery system, the object is a bone and the
reference tracking member and the calibration tracking
member are affixed to the bone.

In an embodiment, the system comprises a user

interface for displaying data associated with an angular

B-
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rate of change about the axis of the only one of the two
degrees of freedom of orientation of the reference
tracking member, for guiding an operator in moving the
object.

In an embodiment, the user interfaces displays
a tracking of the object in three degrees of freedom of
orientation on an interface after the calibrating.

In an embodiment, the processing unit rejects
angular rates of change if an orientation about said axis

varies beyond a maximum value.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be more clearly
ascertained, embodiments will now be described, by way of
example, with reference to the accompanying drawings, in
which:

Fig. 1 1s a block diagram of a tracking system
in accordance with an embodiment of the present
application;

Fig. 2 1is a block diagram of a self-enclosed
tracking system in accordance with another embodiment of
the present application;

Fig. 3 is a block diagram of a tracking system
in accordance with another embodiment of the present

application, tracking a pair of trackable members;

5146257_1 (GHMatters) P84821.AU 25/02/2014
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_ Fig. 4 is a block diagram of a self-enclosed
tracking system in accordance with another embodiment of
the present application, as used with a trackable
member; and

Fig. 5 1is a flowchart illustrating a method
for tracking three degrees of freedom of orientation of

an object using the tracking system of Figs. 3 and 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, a MEMS (micro-electro-
mechanical system) trackable member in accordance with
an embodiment of the present application is generally
shown at 12 as being fixed to a tracked element 10, such
as a surgical tool, or a bodily element (e.g., bone).

The MEMS trackable member 12 1is used in a
tracking system (such as a CAS tracking system) and
comprises tracking circuitry 20 (i.e., inertial sensor
unit) , a transmitter 21 (oxr like communication
circuitry, such as a wireless transmitter, a transceiver
or the like), and optional confirmation indicator 22 and
passive trackable submember 23. Reference to a
transmitter will include a transceiver hereinafter,
unless stated otherwise.

In an embodiment of the present disclosure,
the tracking «circuitry may be 6-degree-of-freedom
(hereinafter  DOF) micro-circuitry. The tracking
circuitry 20 outputs data pertaining to the position and
orientation of the trackable member 12.

Examples of suitable devices used as tracking
circuitry 20 are the capacitive accelerometer sensor
(CAPAS), electrolytic tilt sensors and the tri-axis
sensor (TAS), amongst other possibilities. The CAPAS
provides a 2-axis measurement of the acceleration (e.g.,
g force) of the tracked element 10 by being fixed
thereto. In one embodiment, the physical size of the
CAPAS is 7,4 by 7,0 by 3,5 mm.
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A method and system are described hereinafter
for the calibration of accelerometer-based tracking
circuitry 20 for the accelerometer-based tracking
circuitry 20 to provide 3 DOFS of orientation. In some
applications, the tracking of 3 DOFs in orientation is
sufficient - there is no need for the tracking circuitry
20 to be configured to provide more than the 3 DOFs in
orientation, or to be connected to a passive trackable
member providing the DOFs in position.

In the active state of the CAPAS, variations
of the acceleration are reflective of a modification in
the orientation of the CAPAS. The output of the CAPAS
s a 2-axis relative angular value (or 3-axis if the
CAPAS 1is calibrated). Therefore, the calibrated
tracking circuitry 20 or the tracking circuitry 20
having two CAPAS in the aforementioned configuration
provide real-time orientation data for the tracking
circuitry 20, and thus for the tracked element 10.

In another embodiment, a trackable submember
23 may be provided as part of the trackable member 12,
in order to provide position data related to the
trackable member 12. Therefore, the orientation data
output by the tracking circuitry 20 is combined with the
position data obtained from the tracking of the
trackable submember 23 to provide spatial position and
orientation of the tracked element. For the trackable
submember 23, known technologies such as ultrasound,
optical elements and RF emitters can be used. In one
embodiment, a retroreflective element (e.g., sphere,
geometrical patch) is used. It is pointed out that a
single trackable submember 23 (e.g., one sphere) 1is
required as the trackable submember 23 is used to obtain
position data. However, more than one trackable
submember 23 can be used to increase the precision of
the position data, or to increase the visibility of the
trackable members 23, in the case of optical tracking.

Therefore, with the use of CAPAS as tracking circuitry

.9.
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20 with a single trackable submember 23, the trackable
member 12 provides 6-DOF position and orientation in a
compact device.

In another embodiment, a tri-axis
accelerometer is used to provide position data for the
trackable submember 23. By integrating the linear
acceleration over time, the displacement from a known
initial position can be computed to provide the current
position of the submember 23.

As an alternative to CAPAS for the tacking
éircﬁitry 20, TAS provides position and orientation
data. TAS consists of three gyroscopes and three
accelerometers embedded in micro-circuitry. As an
example, the physical size of available TAS is 23 by 32
by 5 mm. Therefore, using one of these TAS will provide
position and orientation data as is the case with a
combination of a pair of CAPAS and a trackable submember
23, but is larger than the latter combination.

The transmitter 21 1is connected to the
tracking circuitry 20 so as to transmit the tracking
data of the tracking circuitry 20 to the processing
system of the CAS system. The transmission of data may
be wireless, or through wired connection. The technology
used for the transmitter 21 may be selected to operate
in a surgical environment, such as RF. As an example,
Bluetooth™, Zigbee™ or Wi-Fi transmitters are considered
for their wide availability and allow the integration of
the trackable member 12 to surgical instruments. The

trackable member 12 can be manufactured as a single

disposable unit, possibly integrated to implant
instrumentation (e.g. a disposable, self-trackable
cutting guide for TKR). As an alternative embodiment,

sensors can be configured to communicate necessary
information between themselves.

' Another feature considered for the trackable
member 12 is the confirmation indicator 22 that provides

data to the operator or surgeon. For instance,

-10-
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indications about a suitable position/orientation of the
surgical tool may be provided directly on the tool, so
as to facilitate the procedure for the surgeon/operator
handling the tool. The confirmation indicator 22 is
circuitry with on/off LEDs (e.g., red and a green LEDs)
or another suitable form of compact electronic display
responsive to signals or commands received from the CAS
system. In the embodiment in which the trackable device
12 uses a confirmation indicator 22, the transmitter 21
is a transceiver that receives . signals from the
processing system of the CAS system. The confirmation
indicator 22 is connected to the circuitry of the
transceiver to receive signals and convert them to the
visual signal provided to the operator/surgeon.

Another embodiment of the confirmation
indicator 22 involves a series of LEDs or another
suitable form of compact electronic display that would
be turned on according to the position and orientation
of the instrument upon which the trackable member 12 is
fixed. This would allow communication of
alignment/position information of the various surgical
instruments as the surgeon/operator is manipulating
them, in order to free the surgeon from having to look
at the computer screen for equivalent information.

' Amongst the surgical tools being used as
tracked elements 10 are registration pointers, cutting
blocks, drills, rasps, writing sticks and the like.

In order to calibrate the tracked element 10
having the trackable member 12 in the event that the
tracked element 10 is a surgical instrument, the tip of
the instrument is abutted against a reference point
(calibration marker) to allow the CAS system to track
the orientation of the instrument. Other types of
calibration can also be used with the trackable
member 12 For instance, a method 1is described
hereinafter for <calibrating an orientation of the

tracked element 10 with reference to Fig. 5.

-11 -
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» Still referring to Fig. 1, a tracking system
incorporating the trackable member 12 is generally
illustrated at 100, and is used with one or more of the
trackable member 12. The tracking system may be a
computer-assisted surgery system (CAS system), and has a
processing unit 101, which typically comprises a
computer having a processor. A receiver 102 is provided
in the processing unit 101 so as to receive the
position/orientation data signal from the trackable
member 12. In the embodiment in which the trackable
member 12 has a confirmation indicator 22, the receiver
201 is a transceiver sending confirmation signals to the
trackable member 12.

A controller 104 is connected to the receiver
102. Therefore, the controller 104 receives the signal
data from the receiver 102. ‘

A position/orientation calculator 105 is used
to convert the signal data received from the
receiver/transmitter 102 into position/orientation data
for the trackable member 12. More specifically, if the
tracking circuitry 20 is a combination of CAPAS or a
calibrated CAPAS, the signal data will be converted to
an orientation of the trackable member 12. If the
tracking circuitry 20 is a TAS, the .signal data will be
converted to a position and an orientation of the
trackable member 12.

' A geometry database 106 is provided so as to
store the calibration data, and other intraoperative
data such as bone models defined using registration
pointers, for given CAS applications, axes and
coordinate systems of objects. The calibration data is
therefore a relation between the tracked element 10 and
the trackable member 12, when position data is required
for the application. In the embodiment in which a
trackable submember 23 is used, the calibration data
comprises geometrical data relating the trackable

submember 23 to the tracked element 10.

-12 -
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Therefore, in an application requiring
position data, the controller 104 receives the
position/orientation data from the position/orientation
calculator 105, and calculates position/orientation of
the tracked element 10 using the relation data provided
by the database 106. Accordingly, the controller 104
outputs position/orientation data to the user
interface 110.

The processing wunit 101 optionally has a
sensor unit 107 (e.g., optical sensor apparatus)
provided in order to track the trackable submember 23 of
the trackable member 12, in the embodiment in which the
trackable submember 23 is used in combination with a
pair of CAPAS, or a calibrated CAPAS. Typically, the
sensor unit 102 involves a pair of sensors (e.g.,
Navitrack™) .

A position calculator 108 may be provided in
association with the controller 104. The position
calculator 108 receives the tracking data from the
controller 104, which tracking data is obtained from the
tracking by the sensor unit 107. With the geometrical
data provided by the database 106, the position
calculator 108 calculates the position of the tracked
element 10.

The position of the tracked element 10 is sent
to the controller 104 and is combined with the
orientation of the tracked element 10, whereby the
controller 104 produces positioned and orientation of
the tracked element 10.

The tracking system 10 may be provided with a
calibration calculator 109. The calibration calculator
109 is used with a pair of 2 DOF orientation trackable
members 12 (e.g., CAPAS) as illustrated in Figs. 3 and
4, and calibrates one of the trackable members 12 such
that a third DOF in orientation is known and trackable.

This information is sent to the user interface

110, such that the wuser of the system 100 obtains

-13-
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information pertaining to the position and orientation
of the tracked element in the various forms known to
computer-assisted surgery (e.g., visual representation,
numerical values such as angles, distances, etc.). It
is pointed out that the database 106 may as well be part
of the controller 104.

Referring to Fig. 2, there is illustrated at
12’ an embodiment of the trackable member in which a
self-enclosed processing unit 1is connected to the
tracked element 10. The trackable member 12’ has the
tracking circuitry 20, transceiver 21 and the
confirmation indicator 22 described above for the
trackable member 12, but also the controller 104, the
position/orientation calculator 105, the geometry
database 106, the calibration calculator 109 and the
user interface 110, all in a compact self-enclosed
casing secured directly to the tracked element 10.
Accordingly, the transceiver 21 1is wused to share
information with other trackable members 12’ wused
concurrently during the surgical procedure.

In the embodiments of Figs. 3 and 4, at least
two trackable members 12/12’ are used in combination,
with a first one of the trackable members 12’ being
secured to a bone or other bodily part, while a second
one of the trackable members 12/12’ is mounted to a
tool/instrument, or to the bone for <calibration.
Therefore, any displacement of the bone is captured by
the tracking circuitry 20 of its trackable member 12,
which information is transmitted to the trackable member
12’ on the tool/instrument. The tracking data is shared
between the trackable members 12‘ such that the
information provided on the user interface 110
represents the relative displacements between the bone
and the tool/instrument.

In some instances, only the orientation (e.g.,

axes) between the bone and the instrument is required.

-14 -
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In such a case, the tracking circuitry 21 of the
trackable members 12’ conveniently uses CAPAS.

Referring to Fig. 5, a method is provided to
calibrate a trackable member 12/12° having an
accelerometer providing orientation data for 2 DOF in
orientation, so as to provide a 3™ DOF for the trackable
member 12/12’.

As shown in Figs. 3-5, the method comprises

providing two of the trackable members 12/12’ having
éccelerometers, and mounting both trackable members
12/12’ to the object 10. One of the trackable members
12/12’ is the reference tracking member, another is a
calibration tracking member. Accordingly, the trackable
members 12/12’ both produce 2-DOF orientation data
pertaining to the object.
' According to 150 and 154, the orientation data
from both trackable members 12/12’ 1is received by the
processing wunit of the tracking system 100. The
operator then performs motions of the object such that
objects moves about one DOF of the trackable members
12/12". For instance, the reference tracking member
12/12’ is manually restricted in motion such that one
orientation of the two DOFs does not vary while the
other orientation of the two DOFs and the orientations
of the two DOFs tracked by the calibration tracking
member 12/12’ vary.

According to 158, the processing unit of the
ﬁracking system 100 determines the angular rates of
change of the reference tracking member 12/12’' and of
the calibration tracking member 12/12’ while the object
10 rotates about an axis of only one of the two degrees
of freedom of orientation of the reference tracking
member, as mentioned above.

With these angular changes, the processing
unit of the tracking system 100 can determine the 3™ DOF
of the reference tracking member 12/12'. Accordingly,
at 162, the processing unit of the ‘tracking system 100

=15 -
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calibrates an orientation of the object with reference
to the reference tracking member 12/12’ by using the
determined angular rates of change, to determine the 3xd
degree of freedom of orientation. of the reference
tracking member 12/12"'. With this calibration
procedure, the object 10 is trackable in three degrees
of freedom of orientation through the tracking data
provided by the reference tracking member 12/12'.

The method involves defining a local
coordinate system aligned with the. gravity vector and
one of the axes of the reference tracking member 12/12',
constraining the 3"@ degree of freedom of the reference
tracking member 12/12’. The orientation of the reference
tracking member 12/12’ and the calibration tracking
member 12/12’ can be expressed in this local coordinate
system, Dbefore and after the constrained rotation
mentioned above. This provides an fully-determined
equation system with two unknowns corresponding to the
3™ degree of freedom of the calibration tracking member
12/12’ in the 1local coordinate system before and after
the constrained rotation. Solving this equation system
provides the full three degree of freedom of the
calibration tracking member 12/12’ relative to the
reference tracking member 12/12’.

For the method of Fig. 5, it is preferred that
the reference tracking member 12/12’ and the calibration
tracking member 12/12’ are not in alignment for any axis
of the two DOFs of orientation. Moreover, it 1is
preferred to perform movements of greater amplitude for
the object at 158, as their movements will result in
greater values of angular rates of change. With greater
angular rates of change, more precision may be attained
in calibrating the 3*@ DOF.

Although it 1is preferred that there 1is no
angular rate of change for the DOF associated with the
axis of rotation of the reference tracking member

12/12’, a small error may be accepted. During the

-16 -
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gathering of data for calibration, the processing unit
101 may be programmed so as not to accept tracking data
for the calibration when the angular change of the
orientation of the axis of rotation is beyond a maximum
threshold.

It is to be understood that, if any prior art
is referred to herein, such reference does not constitute
an admission that such prior art forms a part of the
common general knowledge in the art, in Australia or any
other country.

In the claims that follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language oOr necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive
sense, i.e. to specify the presence of the stated
features but not to preclude the presence or addition of
further features in various embodiments of the invention.

17-
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CLAIMS:

1. A computer-assisted surgery system for tracking
an instrument and a bone during surgery, comprising:

a first trackable member having a first
inertial sensor unit producing at least orientation-based
data, the first inertial sensor unit being an
accelerometer-based unit adapted to be affixed to the
bone, to produce orientation data for two degrees of
freedom of orientation; and

a second trackable member having a second
inertial sensor unit producing at least orientation-based
data, the second inertial sensor unit being an
accelerometer-based unit adapted to be affixed to the
bone, to produce orientation data for two degrees of
freedom of orientation; and

a processing unit for receiving the
orientation-based data from the trackable members, the
processing unit having:

an orientation calculator calculating an
orientation of the second trackable member with
respect to the first trackable member from the
orientation-based data of both said trackable
members, the orientation calculator
determining angular rates of change of the
first inertial sensor unit and the second
inertial sensor unit after the bone is moved in
space,

a calibration calculator for calibrating an
orientation of the bone with reference to the
first inertial sensor unit by wusing the
determined angular rates of change to determine
a third degree of freedom of orientation of the
first inertial sensor unit,
whereby the bone is trackable in three degrees

of freedom of orientation.

-18-
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2. The computer-assisted surgery system according
to claim 1, wherein the first trackable member and the
second trackable member produce position-based data, and
the processing unit stores geometrical data relating at
least one of the trackable members to the bone and
another of the trackable members to the instrument,
whereby the orientation calculator calculates a position
and orientation of the instrument with respect to the

bone.

3. The computer-assisted surgery system according
to either claim 1 or 2, wherein the processing unit is

physically part of the second trackable member.

4. The computer-assisted surgery system according
to claim 3, wherein the second trackable member has a
user interface to display the orientation of the second
trackable member with respect to the first trackable

member.

5. The computer-assisted surgery system according
to any one of claims 1 to 4, wherein at least one of the
trackable members has a confirmation indicator receiving
signals from the processing unit to visually display a
confirmation of command from the at least one trackable

member.

6. A method for tracking three degrees of freedom
of orientation of an object, the method comprising:

receiving orientation data for two degrees of
freedom of orientation from an accelerometer-based
reference tracking member affixed to the object;

receiving orientation data for two degrees of
freedom of orientation from an accelerometer-based
calibration tracking member affixed to the object;

determining angular rates of change of the

reference tracking member and of the calibration tracking

-19-
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member while the object rotates about an axis of only one
of the two degrees of freedom of orientation of the
reference tracking member; and

calibrating an orientation of the object with
reference to the reference tracking member by using the
determined angular rates of change to determine a third
degree of freedom of orientation of the reference
tracking member;

whereby the object 1is trackable 1in three

degrees of freedom of orientation.

7. The method according to claim 6, wherein
receiving orientation data comprises receiving
orientation data from the reference and calibration
tracking members affixed to a bone.

8. The method according to either claim 6 or 7,
wherein determining angular rates of change of the
reference tracking member and of the calibration tracking
member comprises displaying data associated to an angular
rate of change about the axis of the only one of the two
degrees of freedom of orientation of the reference
tracking member, for guiding an operator in moving the

object.

9. The method according to claim 8, further
comprising performing the method with a bone model or a

cadaver.

10. The method according to any one of claims 6 to
9, further comprising displaying a tracking of the object
in three degrees of freedom of orientation on an
interface after the calibrating.

11. The method according to any one of claims 6 to
10, wherein determining angular rates of change comprises

-20-
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rejecting angular rates of change if an orientation about

said axis varies beyond a maximum value.

12. A system for tracking three degrees of freedom
of an orientation of an object, the system comprising:

an accelerometer-based reference tracking
member adapted to be affixed to the object, the reference
tracking member producing orientation data for two
degrees of freedom of orientation;

an accelerometer-based calibration tracking
member adapted to be affixed to the object, the
calibration tracking member producing orientation data
for two degrees of freedom of orientation;

a processing unit for receiving the orientation
data from the reference tracking member and the
calibration tracking member, the processing unit
comprising:

an orientation calculator for determining
angular rates of <change of the reference
tracking member and the calibration tracking
member while the object rotates about an axis
of only one of the two degrees of freedom of
the reference tracking member; and

a calibration calculator for calibrating
an orientation of the object with reference to
the reference tracking member by using the
determined angular rates of change to determine

a third degree of freedom of orientation of the

reference tracking member;

whereby the object 1is trackable in three

degrees of freedom of orientation.

13. The system according to claim 12, wherein the
system is a computer-assisted surgery system, the object
is a bone and the reference tracking member and the

calibration tracking member are affixed to the bone.
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14. The system according to either claim 12 or 13,
further comprising a user interface for displaying data
associated with an angular rate of change about the axis
of the only one of the two degrees of freedom of
orientation of the reference tracking member, for guiding

an operator in moving the object.

15. The method according to claim 14, wherein the
user interfaces displays a tracking of the object in
three degrees of freedom of orientation on an interface
after the calibrating.

l6. The method according to any one of claims 12 to
15, wherein the processing unit rejects angular rates of
change if an orientation about said axis varies beyond a

maximum value.

17. A computer-assisted surgery system
substantially as herein described with reference to the
accompanying drawings.

18. A method for tracking three degrees of freedom
of orientation of an object substantially as herein
described with reference to the accompanying drawings.

19. A system for tracking three degrees of freedom
of orientation of an object substantially as herein
described with reference to the accompanying drawings.
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