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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a tracking sys-
tem and, more specifically, to the tracking system, which
can track the position of an instrument such as a surgical
instrument.

BACKGROUND ART

[0002] A surgical instrument should be placed at an
accurate position in a surgical operation, and thus re-
quires a system, which can accurately track the position
and posture of the surgical instrument in real time, that
is, a tracking system. The tracking system includes an
optical tracker using a stereo camera.

[0003] The optical tracker is a device which can track
the position and posture of the surgical instrument by
photographing a marker fixed to the surgical instrument,
using the stereo camera. However, when the marker
fixed to the surgical instrument is not photographed by
the stereo camera, that is, when a problem of occlusion
occurs, the optical tracker cannot track the position and
posture of the surgical instrument any longer.

[0004] Therefore, several recent studies have attempt-
ed to solve the above-described problem, additionally
using an Inertial Measurement Unit (IMU) fixed to a sur-
gical instrument or a marker. The IMU is a sensor device
which can measure and acquire acceleration and angular
velocity of the surgical instrument, and can track the po-
sition and posture of the surgical instrument using the
acquired acceleration and angular velocity. Therefore,
even when the problem of occlusion occurs in a stereo
camera, the IMU can overcome the problem and thus
enables continuously tracking of the position and posture
of the surgical instrument.

[0005] However, the acceleration measured by the
IMU includes both gravitational acceleration caused by
the Earth’s gravity and movement acceleration caused
by movement. Herein, only the movement acceleration
is used for tracking the position of the surgical instrument,
and it is necessary to remove the gravitational acceler-
ation from the acceleration measured by the IMU. There-
fore, in order to remove the gravitational acceleration
from the acceleration measured by the IMU, a correction
between the earth’s coordinate system corresponding to
the gravitational acceleration and an optical tracker co-
ordinate system corresponding to the acceleration meas-
ured by the IMU is necessary.

[0006] However, when the correction between the
earth’s coordinate system and the optical tracker coor-
dinate system has been made, the optical tracker should
not be moved. If the optical tracker moves, the optical
tracker coordinate system changes by the movement of
the optical tracker, and thus the re-correction of the co-
ordinate system is required. The coordinate system re-
correction process is not only cumbersome, but may also
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prevent recognition of the necessity for a coordinate sys-
tem correction when there is an unintentional change in
the position of an optical tracker during a surgical oper-
ation.

[0007] WO 2014/052428 A1,DE 102011054730, WO
2012/152264, US 2014/107471 A1, EP 2570890 A1, US
5592401 A1, WO 2013/053397 A1, WO 2009/007917 A,
and WO 00/39576 discloses object tracking system ac-
cording to state of the art. More specifically,
W02014052428 A1 discloses a navigation system using
an optical sensor to track instruments, as well as 3-di-
mensional gyroscope sensors to provide additional non-
optically based kinematic data for the navigation system
with which to track the instruments.

[0008] DE102011054730 A1 discloses a surgical nav-
igation system comprising a stereoscopic set-up with the
two cameras being mobile relative to each other, wherein
inertial measurements on each camera are used to up-
date the calibration of the stereoscopic measurement
set-up when the cameras move relative to each other.

SUMMARY

[0009] For the purpose of solving the problems de-
scribed above, an aspect of the present disclosure pro-
vides a tracking system which can continuously track a
position and posture of a measurement object, regard-
less of the movement of an optical tracker.

[0010] Further,the presentdisclosure provides a track-
ing method using the tracking system, the method not
forming part of the claimed invention.

[0011] A tracking system according to an embodiment
of the present disclosure includes: a marker; a camera
unit; a first inertia measurement unit; a second inertia
measurement unit; and a tracking processing unit.
[0012] The marker is fixed to a measurement object.
The camera unit photographs the marker and outputs a
marker image. The firstinertia measurement unit is fixed
to the camera unit, and measures and outputs firstinertia
including first acceleration and first angular velocity. The
second inertia measurement unit is fixed to one of the
measurement object and the marker, and measures and
outputs second inertia including second acceleration and
second angular velocity. The tracking processing unit pri-
marily extracts a position and posture of the measure-
ment object, using the marker image, and secondarily
extracts the position and posture of the measurement
object, using the first inertia and the second inertia.
[0013] The tracking processing unit may extract the
position of the measurement object, using the first accel-
eration and the second acceleration, and may extract the
posture of the measurement object, using the first angu-
lar velocity and the second angular velocity.

[0014] The tracking processing unit may extract move-
ment acceleration by the movement of the measurement
object from the second acceleration, using gravitational
acceleration extracted from the first acceleration, and
then extract the position of the measurement object, us-
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ing the movement acceleration.

[0015] The tracking processing unit may extract the
gravitational acceleration from the first acceleration, con-
vert at least one of the second acceleration and the grav-
itational acceleration so that coordinate systems of the
second acceleration and the gravitational acceleration
coincide with each other, and then extract the movement
acceleration, using the second acceleration and the grav-
itational acceleration having the coincided coordinate
systems.

[0016] A tracking method according to an embodiment
of the present disclosure includes: photographing, by a
camera unit, a marker fixed to an measurement object
and outputting a marker image; primarily extracting, by
a tracking processing unit, a position and posture of the
measurement object from the marker image; measuring
and outputting, by a first inertia measurement unit fixed
to the camera unit, first inertia including first acceleration
and first angular velocity; measuring and outputting, by
a second inertia measurement unit fixed to one of the
measurement object and the marker, second inertia in-
cluding second acceleration and second angular veloc-
ity; and secondarily extracting, by the tracking processing
unit, the position and posture of the measurement object
using the first inertia and the second inertia.

[0017] Secondarily extracting the position and posture
of the measurement object may include: extracting the
position of the measurement object, using the first accel-
eration and the second acceleration; and extracting the
posture of the measurement object, using the first angu-
lar velocity and the second angular velocity.

[0018] Extracting the position of the measurement ob-
ject may include: extracting movement acceleration by
the movement of the measurement object from the sec-
ond acceleration, using gravitational acceleration ex-
tracted from the first acceleration; and extracting the po-
sition of the measurement object, using the movement
acceleration.

[0019] Extracting the movement acceleration may in-
clude: extracting the gravitational acceleration from the
first acceleration; converting at least one of the second
acceleration and the gravitational acceleration so that
coordinate systems of the second acceleration and the
gravitational acceleration coincide with each other; and
extracting movement acceleration, using the second ac-
celeration and the gravitational acceleration having the
coincided coordinate systems.

[0020] When the first inertia measurement unit has a
first inertial coordinate system and the second inertia
measurement unit has a second inertial coordinate sys-
tem, converting the at least one of the second accelera-
tion and the gravitational acceleration so that coordinate
systems of the second acceleration and the gravitational
acceleration coincide with each other may include: con-
verting the gravitational acceleration according to the first
inertial coordinate system into the second inertial coor-
dinate system; and removing the gravitational accelera-
tion, which has been converted into the second inertial
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coordinate system, from the second acceleration to
thereby extract the movement acceleration.

[0021] When the marker has a marker coordinate sys-
tem and the camera unit has a camera coordinate sys-
tem, converting the gravitational acceleration according
to the first inertial coordinate system into the second in-
ertial coordinate system may include: converting the
gravitational acceleration according to the firstinertial co-
ordinate system into the camera coordinate system; con-
verting the gravitational acceleration, which has been
converted into the camera coordinate system, into the
marker coordinate system; and converting the gravita-
tional acceleration, which has been converted into the
marker coordinate system, into the second inertial coor-
dinate system.

[0022] When the camera unit has a camera coordinate
system, extracting the position of the measurement ob-
ject, using the movement acceleration, may include: con-
verting the movement acceleration into the camera co-
ordinate system; and extracting the position of the meas-
urement object, using the movement acceleration con-
verted into the camera coordinate system.

[0023] Meanwhile, the first acceleration coincides with
the gravitational acceleration, and the firstangular veloc-
ity may be zero (0).

[0024] As described above, according to a tracking
system and a tracking method using the same according
to the present disclosure, as a first inertia measurement
unit is fixed to a camera unit which is in a stopped state,
the first inertia measurement unit may measure gravita-
tional acceleration. A second inertia measurement unit
may be fixed to the marker or the measurement object
and measure the acceleration and angular velocity of the
measurement object. Thereafter, the gravitational accel-
eration may be removed from the acceleration of the
measurement object so as to extract movement accel-
eration of the measurement object, and the position and
posture of the measurement object may be continuously
tracked, using the movement acceleration and the angu-
lar velocity of the measurement object.

[0025] Further, as the first inertia measurement unit is
fixed to the camera unit, even when the camera unit is
moved, a conversion relationship between a coordinate
system in the first inertia measurement unit and a coor-
dinate system in the camera unit can be maintained to
be constant. As aresult, itis possible to omit a coordinate
system correction of the gravitational acceleration ac-
cording to the movement of the camera unit and thereby
simplify a tracking process.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]
FIG. 1 is a diagram showing a concept of a tracking

system according to an embodiment of the present
disclosure.
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FIG. 2 is a flowchart showing a tracking method.

FIG. 3 is a flowchart showing a process of second-
arily extracting a position and posture of a measure-
ment object in the tracking method of FIG. 2.

FIG. 4 is a flowchart for describing extracting of the
position of the measurement object in the process
of extracting the position and posture of the meas-
urement object illustrated in FIG. 3.

FIG. 5is a diagram showing a concept for describing
a relationship between coordinate systems and a
conversion process thereof in the tracking method
of FIG. 2.

FIG. 6 is a flowchart showing a process of converting
the coordinate system in the process of extracting
the position of the measurement object illustrated in
FIG. 4.

DETAILED DESCRIPTION

[0027] The present disclosure may have various mod-
ifications and embodiments and thus will be described in
detail by exemplifying specific embodiments through the
drawings.

[0028] However, it should be understood that the
present disclosure is not limited to the specific embodi-
ments, but the present disclosure includes all modifica-
tions, equivalents, and alternatives within the scope of
the present disclosure. Although the terms "ordinal num-
bers" such as first, second and the like may be used to
describe various structural elements, the structural ele-
ments should not be limited by the terms. The terms are
used merely for the purpose of distinguishing one ele-
ment from any other element. For example, a first ele-
ment may be termed a second element, and similarly, a
second element may be termed a first element, without
departing from the scope of the present disclosure.
[0029] In the present application, terms are merely
used to describe specific embodiments, and are not in-
tended to limit the present disclosure. As used herein,
singular forms may include plural forms as well unless
the context clearly indicates otherwise. In the present
specification, it should be understood that the terms "in-
clude" and "have" indicate the existence of a feature, a
number, a step, an operation, a structural element, parts,
or a combination thereof, and do not previously exclude
the existence or probability of addition of one or more
other features, numbers, steps, operations, structural el-
ements, parts, or combinations thereof.

[0030] Hereinafter, preferred embodiments of the
presentdisclosure will be described with reference to the
accompanying drawings.

[0031] FIG. 1 is a diagram for illustrating a concept of
a tracking system according to an embodiment of the
present disclosure.
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[0032] Referringto FIG. 1, the tracking system accord-
ing to the present disclosure is a device which can track
the position and posture of a measurement object 10,
and includes: a marker 100; a camera unit 200; a first
inertia measurement unit 300; a second inertia measure-
ment unit 400; and a tracking processing unit 500. In this
case, the measurement object 10 may be, for example,
a surgical instrument.

[0033] Meanwhile, inthe presentembodiment, "the po-
sition of the measurement object 10" may referto a three-
dimensional coordinate value of a predetermined point
in the measurement object 10, and "the posture of the
measurement object 10" may refer to an angle at which
the measurement object 10 is spatially or two-dimension-
ally inclined with respect to an imaginary vertical line. In
this case, when the measurement object 10 is not com-
pletely spherical, that is, when the measurement object
10 has a shape elongated to any one side, an angle at
which the measurement object 10 is inclined with respect
to the imaginary vertical line may be formed. Therefore,
"the posture of the measurement object 10" may be nu-
merically expressed.

[0034] The marker 100 is disposed on and fixed to one
side of the measurement object 10. As a result, when a
movement occurs in the measurement object 10, the
marker 100 may move together with the measurement
object 100. The marker 100 may include a plurality of
position points in order to measure the position and pos-
ture of the measurement object 10. For example, the
marker 100 may include four position points as in FIG.
1. Meanwhile, the marker 100 has a maker coordinate
system indicative of a three-dimensional position and
movement relationship with reference to the marker 100.
[0035] The camera unit 200 photographs the marker
100 and outputs a marker image. The camera unit 200
may be disposed on or fixed to a separate holding means
20 so that the camera unit 200 can easily photograph the
marker 100. The camera unit 200 may be, for example,
a stereo camera which can accurately measure special
position and posture information. Meanwhile, the camera
unit 200 has a camera coordinate system, which indi-
cates a three-dimensional position and movement rela-
tionship with reference to the camera unit 200. Here, a
reference coordinate system for indicating the position
and posture of the measurement object 10 may be a cam-
era coordinate system.

[0036] The first inertia measurement unit 300 is dis-
posed on and fixed to one side of the camera unit 200.
The first inertia measurement unit 300 has a first inertial
coordinate system, which indicates a three-dimensional
position and movement relationship with reference to the
first inertia measurement unit 300. Therefore, when the
camera unit 200 moves, the first inertia measurement
unit 300 moves together with the camera unit 200, and
when the camera unit 200 is in a stopped state, the first
inertia measurement unit 300 is in a stopped state. Thus,
a conversion relationship between the camera coordi-
nate system and the first inertial coordinate system may
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be always constant.

[0037] The firstinertia measurement unit 300 includes
a sensor which can measure inertia including accelera-
tion and angular velocity. The first inertia measurement
unit 300 may be, for example, an Inertial Measurement
Unit (IMU). Therefore, the first inertia measurement unit
300 measures and outputs first inertia including first ac-
celeration and first angular velocity. Meanwhile, it is de-
sirable that the camera unit 200 is in a stopped state
when measuring the marker 100. If the camera unit 200
is in a stopped state, the first acceleration coincides with
gravitational acceleration by the Earth’s gravity, and the
first angular velocity has a value of zero (0).

[0038] Thesecondinertiameasurementunit400isdis-
posed on and fixed to one of the measurement object 10
and the marker 100. The second inertia measurement
unit 400 has a second inertial coordinate system which
indicates a three-dimensional position and movement re-
lationship with reference to the second inertia measure-
ment unit 400. Therefore, when the measurement object
10 moves, the marker 100 and the second inertia meas-
urement unit 400 move together with the measurement
object 10, and, when the measurement object 10 is in a
stopped state, the marker 100 and the second inertia
measurement unit 400 are in a stopped state together
with the measurement object 10. Thus, a conversion re-
lationship between the marker coordinate system and
the second inertial coordinate system may be always
constant.

[0039] The second inertia measurement unit 400 in-
cludes a sensor which can measure inertia including ac-
celeration and angular velocity. The second inertiameas-
urement unit 400 may be, for example, an Inertial Meas-
urement Unit (IMU). Therefore, the second inertia meas-
urement unit 400 measures and outputs second inertia
including second acceleration and second angular ve-
locity. In this case, the second inertia refers to a physical
quantity according to the movement of the measurement
object 10.

[0040] The tracking processing unit 500 may transmit
or receive signals to or from the camera unit 200, the first
inertia measurement unit 300, and the second inertia
measurement unit 400 in a wired or wireless communi-
cation manner. Therefore, the tracking processing unit
500 may be provided with the marker image from the
camera unit 200, the first inertia from the first inertia
measurement unit 300, and the second inertia from the
second inertia measurement unit 400.

[0041] Above all, the tracking processing unit 500 may
analyze the marker image and primarily extract the po-
sition and posture of the measurement object 10. For
example, the tracking processing unit 500 may analyze
the positions, sizes, etc. of position points of the marker
from the marker image, and calculate the position and
posture of the measurement object 10. In this case, the
position and posture of the measurement object 10 may
be expressed according to the camera coordinate sys-
tem.
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[0042] Second, the tracking processing unit 500 may
secondarily extract the position and posture of the meas-
urement object 10, using the first inertia and the second
inertia. Herein, "secondarily extracting the position and
posture of the measurement object 10" may include "only
when the primary extraction by analysis of the marker
image is impossible, extracting the position and posture
of the measurement object 10 in order to complement
the same" and "separately extracting the position and
posture of the measurement object 10 regardless of the
primary extraction by analysis of the marker image." Fur-
ther, "when the primary extraction by analysis of the
marker image is impossible" may include "when the
marker has not been photographed because the marker
has been occluded by an object" and "when it is impos-
sible to analyze the marker image although the marker
image has been acquired."

[0043] Meanwhile, when acceleration of an object is
doubly integrated, the relative position of the object may
be calculated. When the angular velocity of the object is
integrated, the relative angle of the object may be calcu-
lated. When the initial position and initial tilted angle of
the object can be obtained, the position and posture of
the object may be calculated. Therefore, the tracking
processing unit 500 may secondarily extract the position
and posture of the measurement object 10 in the above-
described calculation manner. In other words, the track-
ing processing unit 500 may extract the position of the
measurement object 10, using the first acceleration and
the second acceleration, and may extract the posture of
the measurement object 10, using the first angular ve-
locity and the second angular velocity.

[0044] In the process of extracting the position of the
measurement object 10, using the first acceleration and
the second acceleration, the tracking processing unit 500
may extract movement acceleration by the movement of
the measurement object 10 from the second accelera-
tion, using the gravitational acceleration extracted from
the first acceleration, and then extract the position of the
measurement object 10, using the movement accelera-
tion. Here, in the process of extracting the movement
acceleration by the movement of the measurement ob-
ject 10, the tracking processing unit 500 may extract the
gravitational acceleration from the first acceleration, con-
vert at least one of the second acceleration and the grav-
itational acceleration so that coordinate systems of the
second acceleration and the gravitational acceleration
coincide with each other, and then extract the movement
acceleration, using the second acceleration and the grav-
itational acceleration having the coincided coordinate
systems.

[0045] Hereinafter, a tracking method for tracking the
position and posture of the measurement object 10, using
the above-described tracking system, will be described
in detailed.

[0046] FIG. 2 is a flowchart for describing the tracking
method according to an embodiment of the present dis-
closure.
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[0047] Referring to FIG. 2, according to the tracking
method of the present disclosure, first, the camera unit
200 photographs the marker 100 fixed to the measure-
ment object 10 and outputs the marker image (S100).
[0048] Thereafter, the tracking processing unit 500 pri-
marily extracts the position and posture of the measure-
ment object 10 from the marker image provided from the
camera unit 200 (S200). For example, the tracking
processing unit 500 may analyze the positions, sizes,
etc. of position points of the marker from the marker im-
age, and calculate the position and posture of the meas-
urement object 10. In this case, the position and posture
of the measurement object 10 may be expressed accord-
ing to the camera coordinate system.

[0049] Meanwhile, the first inertia measurement unit
300, which is fixed to the camera unit 200, measures and
outputs the firstinertia including the first acceleration and
the first angular velocity (S300).

[0050] Further, the second inertia measurement unit
400, which is fixed to one of the measurement object 10
and the marker 100, measures and outputs the second
inertia including the second acceleration and the second
angular velocity (S400). Here, S400 may be separately
performed regardless of the order relative to S300. That
is, S400 may be separately performed either simultane-
ously with, before, or after S300.

[0051] Thereafter, the tracking processing unit 500
secondarily extracts the position and posture of the
measurement object 10, using the first inertia provided
from the first inertia measurement unit 300 and the sec-
ond inertia provided from the second inertia measure-
ment unit 400 (S500).

[0052] In the present embodiment, S100 and S200,
and S300, S400, and S500 may be separately performed
regardless of the order thereof. Alternatively, S300,
S400, and S500 may be selectively performed only when
the position and posture of the measurement object 10
cannot be extracted through S100 and S200.

[0053] Further, all of S100, S200, S300, S400, and
S500 may be successively performed in real time, and
may also be performed intermittently, rarely, or periodi-
cally at a predetermined interval of time.

[0054] FIG. 3 is a flowchart showing a process of sec-
ondarily extracting the position and posture of the meas-
urement object in the tracking method of FIG. 2.

[0055] Referring to FIG. 3, secondarily extracting the
position and posture of the measurement object 10
(S500) may include: extracting the position of the meas-
urement object 10, using the first acceleration and the
second acceleration (S510); and extracting the posture
of the measurement object 10, using the first angular
velocity and the second angular velocity (S520). In this
case, S510 and S520 may be separately performed re-
gardless of the order thereof.

[0056] FIG. 4 is a flowchart showing a process of ex-
tracting the position of the measurement object in the
process of extracting the position and posture of the
measurement object in FIG. 3. FIG. 5 is a diagram show-
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ing a concept for describing a relationship between co-
ordinate systems and a conversion process thereof in
the tracking method of FIG. 2.

[0057] Referring to FIGS. 4 and 5, in a step (S510) of
extracting the position of the measurement object 10,
firstly, the gravitational acceleration is extracted from the
first acceleration (S512). In this case, the first accelera-
tion includes the gravitational acceleration and acceler-
ation by the movement of the first inertia measurement
unit 300. When the camera unit 200, to which the first
inertia measurement unit 300 is fixed, is in a stopped
state, the first acceleration has a value which substan-
tially coincides with that of the gravitational acceleration.
[0058] Secondly, at least one of the second accelera-
tion and the gravitational acceleration is converted so
that coordinate systems thereof coincide with each other
(S514). In this case, the second acceleration is ex-
pressed according to the second inertial coordinate sys-
tem, and the gravitational acceleration is expressed by
the first inertial coordinate system. Therefore, in S514,
the second acceleration may be converted from the sec-
ond inertial coordinate system to the first inertial coordi-
nate system so that a coordinate system of the second
acceleration coincides with a coordinate system of the
gravitational acceleration, the gravitational acceleration
may be converted from the firstinertial coordinate system
to the second inertial coordinate system so that a coor-
dinate system of the gravitational acceleration coincides
with a coordinate system of the second acceleration, or
both the second acceleration and the gravitational accel-
eration may be converted into a predetermined coordi-
nate system, for example, the camera coordinate system
so that coordinate systems of the second acceleration
and the gravitational acceleration coincide with each oth-
er.

[0059] Meanwhile, inthe presentembodiment, in order
to minimize an error in the process of the conversion in
S514, it is desirable to convert the gravitational acceler-
ation from the first inertial coordinate system to the sec-
ond inertial coordinate system and thereby make a co-
ordinate system of the gravitational acceleration coincide
with a coordinate system of the second acceleration. This
is because the second acceleration has a value which
changes according to time, but the gravitational acceler-
ation extracted from the first acceleration has an almost
constant value.

[0060] Thirdly, the movement acceleration by the
movement of the measurement object 10 is extracted
using the second acceleration and the gravitational ac-
celeration having the coincided coordinate systems
(S516). Specifically, the tracking processing unit 500 may
remove the gravitational acceleration from the second
acceleration and thereby calculate the movement accel-
eration.

[0061] Fourthly, the position of the measurement ob-
ject 10 is extracted using the movement acceleration
(S518). In this case, the movement acceleration may be
expressed according to coordinate systems which have
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been made to coincide with each other through a coor-
dinate conversion of at least one of the second acceler-
ation and the gravitational acceleration (hereinafter, re-
ferred to as "coinciding coordinate system"), and the po-
sition of the measurement object 10 may be expressed
according to the camera coordinate system.

[0062] When the coincided coordinate system does
not coincide with the camera coordinate system, extract-
ing the position of the measurement object 10 (S518)
may include: converting the movement acceleration from
the coinciding coordinate system to the camera coordi-
nate system; and extracting the position of the measure-
ment object 10, using the movement acceleration con-
verted into the camera coordinate system. For example,
when the coincided coordinate system is the second in-
ertial coordinate system, the tracking processing unit 500
may, first, convert the movement acceleration into the
marker coordinate system. Thereafter, the tracking
processing unit 500 may convert the movement acceler-
ation, which has been converted into the marker coordi-
nate system, into the camera coordinate system again,
and then doubly integrate the movement acceleration to
thereby calculate the position of the measurement object
10.

[0063] On the other hand, when the coincided coordi-
nate system coincides with the camera coordinate sys-
tem, in the step (S518) of extracting the position of the
measurement object 10, the tracking processing unit 500
may doubly integrate the movement acceleration, as it
is, without performing the coordinate system conversion
of the movement acceleration, thereby calculating the
position of the measurement object 10.

[0064] Meanwhile, ifthe cameraunit200isinastopped
state, the first inertia measurement unit 300 is also in a
stopped state, and thus the first angular velocity has a
value of zero (0). Therefore, in S520 illustrated in FIG.
3, the posture of the measurement object 10 may be ex-
tracted using only the second angular velocity. For ex-
ample, the tracking processing unit 500 may integrate
the second angular velocity, thereby calculating the tilted
angle of the measurement object 10.

[0065] FIG. 6 is a flowchart showing a process of con-
verting a coordinate system in the process of extracting
the position of the measurement object illustrated in FIG.
4.

[0066] Referring to FIGS. 5 and 6, the process of con-
verting the gravitational acceleration according to the first
inertial coordinate system into the second inertial coor-
dinate system may include: a first conversion process of
converting the gravitational acceleration according to the
firstinertial coordinate system into the camera coordinate
system; a second conversion process of converting the
gravitational acceleration, which has been converted into
the camera coordinate system, into the marker coordi-
nate system; and a third conversion process of convert-
ing the gravitational acceleration, which has been con-
verted into the marker coordinate system, into the second
inertial coordinate system.
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[0067] Inthe presentembodiment, since thefirstinertia
measurement unit 300 is fixed to the camera unit 200
and the second inertia measurement unit 400 is fixed to
the marker 100 or the measurement object, each of a
conversion determinant according to the first conversion
process and a conversion determinant according to the
third conversion process may have a constant value.
Therefore, the tracking processing unit 500 may perform
a coordinate conversion by using a given initial value, as
it is, without performing a calculation for obtaining the
conversion determinants according to the first and third
conversion processes.

[0068] However, if the measurement object 10 moves
when it is photographed by the camera unit 100, the
marker coordinate system is also changed and thus the
conversion determinant according the second conver-
sion process may also be changed. Therefore, the track-
ing processing unit 500 should calculate, first, the con-
version determinant according to the second conversion
process before converting the gravitational acceleration
into the second inertial coordinate system.

[0069] As described above, according to the present
embodiment, the first inertia measurement unit 300 may
be fixed to the camera unit 200, which is in a stopped
state, and to measure the gravitational acceleration. Fur-
ther, the second inertia measurement unit 400 may be
fixed to the marker 100 or the measurement object 10
and to measure the acceleration and the angular velocity
of the measurement object 10. Thereafter, the gravita-
tional acceleration may be removed from the acceleration
of the measurement object 10 so as to extract the move-
ment acceleration of the measurement object 10, and
the position and posture of the measurement object 10
may be tracked using the movement acceleration and
the angular velocity of the measurement object.

[0070] Further, as the first inertia measurement unit
300 s fixed to the camera unit200, even when the camera
unit 200 moves during photographing, a conversion re-
lationship between thefirstinertial coordinate systemand
the camera coordinate system may be maintained to be
constant. As a result, the tracking process may be sim-
plified by omitting a coordinate system correction of the
gravitational acceleration according to the movement of
the camera unit 200.

[0071] Although exemplary embodiments of the
present disclosure have been described as shown
above, it will be understood that various modifications
and variations can be made by those skilled in the art to
which the present disclosure pertains without departing
from the scope of the embodiments described in the
claims below.

(EXPLANATION OF REFERENCE NUMERALS)

[0072] 100: Marker, 200: Camera unit, 300: Firstinertia
measurement unit, 400: Second inertia measurement
unit, 500: Tracking processing unit, 10: Measurement ob-
ject, 20: Holding means
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Claims

1.

A tracking system, comprising:

a marker (100) fixed to an measurement object;
a stereoscopic camera unit (200) configured to
photograph the marker (100) and output two
marker images;

a first inertia measurement unit (300) fixed to
the camera unit (200) and configured to meas-
ure and output firstacceleration and first angular
velocity;

a second inertia measurement unit (400) fixed
to one of the measurement object and the mark-
er (100), and configured to measure and output
second acceleration and second angular veloc-
ity; and

a tracking processing unit (500) configured to:

calculate an initial position and posture of
the measurement object in a camera coor-
dinate system, using the two marker imag-
es,

calculate a position of the measurement ob-
jectin the camera coordinate system, using
the first acceleration, the second accelera-
tion and the initial position of the measure-
ment object, and

calculate a posture of the measurement ob-
jectin the camera coordinate system using
the firstangular velocity, the second angular
velocity and the initial posture of the meas-
urement object.

2. The tracking system of claim 1, wherein the tracking

processing unit (500) is configured to:

calculate, from the second acceleration, move-
ment acceleration by the movement of the
measurement object, using gravitational accel-
eration calculated from the first acceleration;
and

calculate the position of the measurement ob-
ject, using the movement acceleration.

3. The tracking system of claim 2, wherein the tracking

processing unit (500) is configured to:

calculate the gravitational acceleration from the
first acceleration;

convert at least one of the second acceleration
and the gravitational acceleration so that coor-
dinate systems of the second acceleration and
the gravitational acceleration coincide with each
other; and

calculate the movement acceleration, using the
second acceleration and the gravitational accel-
eration having the coincided coordinate sys-

10

15

20

25

30

35

40

45

50

55

tems.

The tracking system of claim 1, wherein, to extract
the position of the measurement object, the tracking
processing unit (500) is configured to calculate
movement acceleration by the movement of the
measurement object from the second acceleration,
using gravitational acceleration calculated from the
first acceleration; and to calculate the position of the
measurement object, using the movement acceler-
ation.

The tracking system of claim 4, wherein to calculate
the movement acceleration, the tracking processing
unit (500) is configured to calculate the gravitational
acceleration from the first acceleration; and to con-
vert at least one of the second acceleration and the
gravitational acceleration so that coordinate systems
of the second acceleration and the gravitational ac-
celeration coincide with each other; and to calculate
the movement acceleration, using the second accel-
eration and the gravitational acceleration having the
coincided coordinate systems.

The tracking system of claim 5, wherein the first in-
ertia measurement unit (300) has a first inertial co-
ordinate system, the second inertia measurement
unit has a second inertial coordinate system, and
wherein, to convert the at least one of the second
acceleration and the gravitational acceleration so
that the coordinate systems of the second acceler-
ation and the gravitational acceleration coincide with
each other, the tracking processing unit (500) is con-
figured to convert the gravitational acceleration ac-
cording to the first inertial coordinate system into the
second inertial coordinate system; and to remove
the gravitational acceleration, which has been con-
verted into the second inertial coordinate system,
from the second acceleration to thereby extract the
movement acceleration.

The tracking system of claim 6, wherein the marker
(100) has a marker coordinate system, the camera
unit (200) has a camera coordinate system, and
wherein, to convert the gravitational acceleration ac-
cording to the first inertial coordinate system into the
second inertial coordinate system, the tracking
processing unit (500) is configured to convert the
gravitational acceleration according to the first iner-
tial coordinate system into the camera coordinate
system; to convert the gravitational acceleration,
which has been converted into the camera coordi-
nate system, into the marker coordinate system; and
to convert the gravitational acceleration, which has
been converted into the marker coordinate system,
into the second inertial coordinate system.

The tracking system of claim 4, wherein the camera
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unit (200) has a camera coordinate system, and
wherein, to calculate the position of the measure-
ment object, using the movement acceleration, the
tracking processing unit (500) is configured to con-
vert the movement acceleration into the camera co-
ordinate system; and to calculat the position of the
measurement object, using the movement acceler-
ation converted into the camera coordinate system.

The tracking system of claim 4, wherein the first ac-
celeration coincides with the gravitational accelera-
tion, and the first angular velocity is zero (0).

Patentanspriiche

Trackingsystem, umfassend:

einen Marker (100), der an einem Messobjekt
fixiert ist;

eine stereoskopische Kameraeinheit (200), die
dazu konfiguriert ist, den Marker (100) zu foto-
grafieren und zwei Markerbilder auszugeben;
eine erste Tragheitsmesseinheit (300), die an
der Kameraeinheit (200) fixiert und dazu konfi-
guriert ist, eine erste Beschleunigung und einer
erste Winkelgeschwindigkeit zu messen und
auszugeben;

eine zweite Tragheitsmesseinheit (400), die an
einem des Messobjekts und des Markers (100)
fixiert und dazu konfiguriert ist, eine zweite Be-
schleunigung und eine zweite Winkelgeschwin-
digkeit zu messen und auszugeben; und

eine Trackingverarbeitungseinheit (500), die
dazu konfiguriert ist:

eine anfangliche Position und Stellung des
Messobjekts in einem Kamerakoordinaten-
system unter Verwendung der zwei Marker-
bilder zu berechnen;

eine Position des Messobjekts in dem Ka-
merakoordinatensystem unter Verwen-
dung der ersten Beschleunigung, der zwei-
ten Beschleunigung und der anfanglichen
Position des Messobjekts zu berechnen,
und

eine Stellung des Messobjekts in dem Ka-
merakoordinatensystem unter Verwen-
dung der ersten Winkelgeschwindigkeit,
der zweiten Winkelgeschwindigkeit und der
anfanglichen Stellung des Messobjekts zu
berechnen.

2. Trackingsystem nach Anspruch 1, wobei die Tra-

ckingverarbeitungseinheit (500) dazu konfiguriert
ist:

aus der zweiten Beschleunigung, eine Bewe-
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gungsbeschleunigung durch die Bewegung des
Messobjekts unter Verwendung einer aus der
ersten Beschleunigung berechneten Gravitati-
onsbeschleunigung zu berechnen; und

die Position des Messobjekts unter Verwendung
der Bewegungsbeschleunigung zu berechnen.

3. Trackingsystem nach Anspruch 2, wobei die Tra-

ckingverarbeitungseinheit (500) dazu konfiguriert
ist:

die Gravitationsbeschleunigung aus der ersten
Beschleunigung zu berechnen;

wenigstens eine der zweiten Beschleunigung
und der Gravitationsbeschleunigung so zu kon-
vertieren, dass Koordinatensysteme der zwei-
ten Beschleunigung und der Gravitationsbe-
schleunigung miteinander Gbereinstimmen; und
unter Verwendung der zweiten Beschleunigung
und der Gravitationsbeschleunigung, die die
Ubereinstimmenden Koordinatensysteme auf-
weisen, die Bewegungsbeschleunigung zu be-
rechnen.

Trackingsystem nach Anspruch 1, wobei, zum Ex-
trahieren der Position des Messobjekts, die Tra-
ckingverarbeitungseinheit (500) dazu konfiguriert
ist, eine Bewegungsbeschleunigung durch die Be-
wegung des Messobjekts aus der zweiten Beschleu-
nigung unter Verwendung einer aus der ersten Be-
schleunigung berechneten Gravitationsbeschleuni-
gung zu berechnen; und die Position des Messob-
jekts unter Verwendung der Bewegungsbeschleuni-
gung zu berechnen.

Trackingsystem nach Anspruch 4, wobei, zum Be-
rechnen der Bewegungsbeschleunigung, die Tra-
ckingverarbeitungseinheit (500) dazu konfiguriert
ist, die Gravitationsbeschleunigung aus der ersten
Beschleunigung zu berechnen; und wenigstens eine
der zweiten Beschleunigung und der Gravitations-
beschleunigung so zu konvertieren, dass Koordina-
tensysteme der zweiten Beschleunigung und der
Gravitationsbeschleunigung miteinander Uberein-
stimmen; und, unter Verwendung der zweiten Be-
schleunigung und der Gravitationsbeschleunigung,
die die Ubereinstimmenden Koordinatensystem auf-
weisen, die Bewegungsbeschleunigung zu berech-
nen.

Trackingsystem nach Anspruch 5, wobei die erste
Tragheitsmesseinheit (300) ein erstes Trag-
heitskoordinatensystem aufweist, die zweite Trag-
heitsmesseinheit ein zweites Tragheitskoordinaten-
system aufweist, und wobei, zum Konvertieren der
wenigstens einen der zweiten Beschleunigung und
der Gravitationsbeschleunigung so, dass die Koor-
dinatensysteme der zweiten Beschleunigung und
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der Gravitationsbeschleunigung miteinander uber-
einstimmen, die Trackingverarbeitungseinheit (500)
dazu konfiguriert ist, die Gravitationsbeschleuni-
gung gemafR dem ersten Tragheitskoordinatensys-
tem in das zweite Tragheitskoordinatensystem zu
konvertieren; und die Gravitationsbeschleunigung,
die in das zweite Tragheitskoordinatensystem kon-
vertiert worden ist, von der zweiten Beschleunigung
zu entfernen, um dadurch die Bewegungsbeschleu-
nigung zu extrahieren.

Trackingsystem nach Anspruch 6, wobei der Marker
(100) ein Markerkoordinatensystem aufweist, die
Kameraeinheit (200) ein Kamerakoordinatensystem
aufweist, und wobei, zum Konvertieren der Gravita-
tionsbeschleunigung gemafl dem ersten Trag-
heitskoordinatensystem in das zweite Trag-
heitskoordinatensystem, die Trackingverarbei-
tungseinheit (500) dazu konfiguriert ist, die Gravita-
tionsbeschleunigung gemafl dem ersten Trag-
heitskoordinatensystem in das Kamerakoordinaten-
system zu konvertieren; die Gravitationsbeschleuni-
gung, die in das Kamerakoordinatensystem konver-
tiert worden ist, in das Markerkoordinatensystem zu
konvertieren; und die Gravitationsbeschleunigung,
diein das Markerkoordinatensystem konvertiert wor-
den ist, in das zweite Tragheitskoordinatensystem
zu konvertieren.

Trackingsystem nach Anspruch 4, wobei die Kame-
raeinheit (200) ein Kamerakoordinatensystem auf-
weist, und wobei, zum Berechnen der Position des
Messobjekts, unter Verwendung der Bewegungsbe-
schleunigung, die Trackingverarbeitungseinheit
(500) dazu konfiguriert ist, die Bewegungsbeschleu-
nigung in das Kamerakoordinatensystem zu konver-
tieren; und die Position des Messobjekts unter Ver-
wendung derin das Kamerakoordinatensystem kon-
vertierten Bewegungsbeschleunigung zu berech-
nen.

Trackingsystem nach Anspruch 4, wobei die erste
Beschleunigung mit der Gravitationsbeschleuni-
gung ubereinstimmt, und die erste Winkelgeschwin-
digkeit Null (0) ist.

Revendications

Systeme de pistage, comprenant :

un marqueur (100) fixé sur un objet de mesure,
une unité d’appareil photo stéréoscopique (200)
configurée pour photographier le marqueur
(100) et émettre deux images du marqueur,

une premiere unité de mesure de l'inertie (300)
fixée sur I'unité d’appareil photo (200) et confi-
gurée pour mesurer et émettre une premiére ac-
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célération et une premiére vélocité angulaire,
une deuxiéme unité de mesure de I'inertie (400)
fixée sur un des objets de mesure et au mar-
queur (100) et configurée pour mesurer et émet-
tre une deuxiéme accélération et une deuxieme
vélocité angulaire, et

une unité de traitement du pistage (500) confi-
gurée pour calculer une localisation et une po-
sition initiales de I'objet de mesure dans un sys-
téme de coordonnées de I'appareil photo, en uti-
lisant les deux images de marqueur, calculer
une localisation de I'objet de mesure dans le
systeme de coordonnées de I'appareil photo, en
utilisant la premiére accélération, la deuxieme
accélération et la localisation initiale de I'objet
de mesure, et

calculer une position de I'objet de mesure dans
le systéme de coordonnées de I'appareil photo
en utilisant la premiére vélocité angulaire, la
deuxieme vélocité angulaire et la position initiale
de I'objet de mesure.

2. Systeme de pistage selon la revendication 1, carac-

térisé en ce que l'unité de traitement du pistage
(500) est configurée pour :

calculer, a partir de la deuxiéme accélération,
I'accélération du mouvement par le mouvement
de l'objet de mesure en utilisant I'accélération
gravitationnelle calculée a partir de la premiere
accélération, et

calculer la localisation de I'objet de mesure en
utilisant I'accélération du mouvement.

3. Systeme de pistage selon la revendication 2, carac-

térisé en ce que l'unité de traitement du pistage
(500) est configurée pour :

calculer'accélération gravitationnelle a partirde
la premiére accélération,

convertir au moins une parmi la deuxiéme ac-
célération et I'accélération gravitationnelle de
facon a ce que les systemes de coordonnées
de la deuxieme accélération et de I'accélération
gravitationnelle coincident 'un avec I'autre et
calculer 'accélération du mouvement en utili-
sant la deuxieme accélération et I'accélération
gravitationnelle ayant des systémes de coor-
données en coincidence.

4. Systeme de pistage selon la revendication 1, carac-

térisé en ce que, pour extraire lalocalisation de I'ob-
jet de mesure, I'unité de traitement du pistage (500)
est configurée pour calculer I'accélération du mou-
vement par le mouvement de I'objet de mesure a
partir de la deuxiéme accélération en utilisant I'ac-
célération gravitationnelle calculée a partir de la pre-
miére accélération et pour calculer la localisation de
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I'objet de mesure en utilisant I'accélération du mou-
vement.

Systeme de pistage selon la revendication 4, carac-
térisé en ce que pour calculer'accélération du mou-
vement, 'unité de traitement du pistage (500) est
configurée pour calculer I'accélération gravitation-
nelle a partir de la premiére accélération et pour con-
vertir au moins une parmi la deuxieme accélération
etl’'accélération gravitationnelle de maniére a ce que
les systéemes de coordonnées de la deuxiéme accé-
lération et de I'accélération gravitationnelle coinci-
dent 'un avec l'autre ; et pour calculer I'accélération
du mouvement en utilisant la deuxieme accélération
etl'accélération gravitationnelle ayant des systémes
de coordonnées en coincidence.

Systeme de pistage selon la revendication 5, carac-
térisé en ce que la premiére unité de mesure de
l'inertie (300) présente un premier systeme de coor-
données inertiel, la deuxiéme unité de mesure de
l'inertie présente un deuxieme systéme de coordon-
nées inertiel, eten ce que, pour convertir le au moins
un parmi la deuxiéme accélération et I'accélération
gravitationnelle de maniére a ce que les systémes
de coordonnées de la deuxiéme accélération et de
'accélération gravitationnelle coincident I'un avec
l'autre, I'unité de traitement du pistage (500) est con-
figurée pour convertir 'accélération gravitationnelle
selon le premier systeme de coordonnées inertiel
dans le deuxieme systéme de coordonnées inertiel
et pour retirer 'accélération gravitationnelle qui a été
convertie dans le deuxieme systeme de coordon-
nées inertiel, a partir de la deuxiéme accélération
pour ainsi extraire I'accélération du mouvement.

Systeme de pistage selon la revendication 6, carac-
térisé en ce que le marqueur (100) a un systeme
de coordonnées du marqueur, I'unité d’appareil pho-
to (200) a un systeme de coordonnées d’appareil
photo et en ce que, pour convertir I'accélération gra-
vitationnelle selon le premier systéeme de coordon-
nées inertiel dans le deuxiéme systeme de coordon-
nées inertiel, I'unité de traitement du pistage (500)
est configurée pour convertir 'accélération gravita-
tionnelle selon le premier systéme de coordonnées
inertiel dans le systéme de coordonnées de I'appa-
reil photo ; pour convertir 'accélération gravitation-
nelle, qui a été convertie dans le systéme de coor-
données de l'appareil photo dans le systeme de
coordonnées du marqueur et pour convertir 'accé-
lération gravitationnelle, qui a été convertie dans le
systeme de coordonnées du marqueur dans le
deuxiéme systéme de coordonnées inertiel.

Systeme de pistage selon la revendication 4, carac-
térisé en ce que l'unité d’appareil photo (200) a un
systéme de coordonnées de 'appareil photo et en
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ce que, pour calculer la localisation de I'objet de me-
sure, en utilisant I'accélération du mouvement, I'uni-
té de traitement du pistage (500) est configurée pour
convertir I'accélération du mouvement dans le sys-
téme de coordonnées de I'appareil photo et pour cal-
culer la localisation de I'objet de mesure en utilisant
I'accélération du mouvement convertie dans le sys-
téme de coordonnées de 'appareil photo.

Systeme de pistage selon la revendication 4, carac-
térisé en ce que la premiére accélération coincide
avecl’accélération gravitationnelle etla premiére vé-
locité angulaire est de zéro (0).
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FIG. 2
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FIG. 3
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FIG. 4
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