US 20160287341A1
a9y United States

a2y Patent Application Publication o) Pub. No.: US 2016/0287341 Al

HONG et al. 43) Pub. Date: Oct. 6, 2016
(54) OPTICAL TRACKING SYSTEM AND 30) Foreign Application Priority Data
TRACKING METHOD USING THE SAME
Apr. 30, 2013 (KR) .ccccevvercriienee 10-2013-0047984
. ) May 28, 2013 (KR) .... ... 10-2013-0060034
(71)  Applicants: KOH YOUNG TECHNOLOGY INC., May 28, 2013 (KR) oceeevecererrrerrenn 10-2013-0060035
Seoul (KR); KYUNGPOOK
NATIONAL UNIVERSITY Publication Classification
INDUSTRY-ACADEMIC 1) Int. Cl
S;OPI(EKESTION FOUNDATION, A61B 34/20 (2006.01)
&l (52) US. CL
o CPC ........ A61B 34720 (2016.02); A6IB 2034/2055
(72) Inventors: Jong-Kyu HONG, Gwangju-si (KR); (2016.02); A61B 2034/2065 (2016.02)
Hyun-Ki LEE, Daegu (KR);
Min-Young KIM, Daegu (KR); 57) ) ) ABSTRACT )
You-Seong CHAE, Daegu (KR) An optical tracking system and a method using the same

capable of detecting an exact spatial position and a direction
of a target regardless of the distance from the target to be
calculated is disclosed. The optical tracking system and a
method using the same according to an embodiment of the
(22) PCT Filed: Apr. 29, 2014 present invention has an effect of expanding an available
area by detecting an exact spatial position and a direction of
a target regardless of the distance from the target to be

(21) Appl. No.:  14/391,447

(86) PCT No.: PCT/KR2014/003782 L .
calculated, as well as, a system downsizing is also achieved
§ 371 (c)(1), by significantly reducing size of the marker unit compared
(2) Date: QOct. 9, 2014 with conventional system.
111 110 443

\ )/

120

A
112
% T~ 2




Patent Application Publication Oct. 6,2016 Sheet 1 of 32 US 2016/0287341 A1

—~—120

12—
122

~—130

Fig. 2
| g
(] é’) [ (]
| -—__111a
@ !ib (<] @
(] Ji) [ (]
@ é) @ @




Patent Application Publication Oct. 6,2016 Sheet 2 of 32 US 2016/0287341 A1

emitting parallel light of pattern portion from marker unit If\/S1 10

!

forming enlarged image of pattern portion Ir\/s1 20

!

calculating spatial position and direction of marker
unit by using enlarged image of pattern portion

5130

End

Fig. 4
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calculating rotated angle of marker unit by using enlarged
image of pattern portion formed on image forming unit

'

calculating spatial position of marker unit by using rotated
angle of marker unit and enlarged image of pattern portion

~— 5131

~— 5132

End

Fig. 9

measuring position and size change of pattern portion
for each area of enlarged image of pattern portion

'

comparing position and size change of pattern portion
for each area of enlarged image of pattern portion
with pre—stored position of reference pattern and 51311
pre—stored size of reference pattern for each area
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End
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Fig. 10

measuring position and size of enlarged image of
pattern portion formed on image forming unit

'

comparing position and size of enlarged image of
pattern portion with pre—stored reference position and S1321
reference size of image of pattern portion

51320

End
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Fig. 19

irradiating light from light source toward S210
marker unit formed by pattern

'

providing parallel light by reflecting ~_ 59290
light through marker unit

!

forming enlarged image of pattern
portion on image forming unit 5230

!

calculating spatial position and direction of marker unit 5240
through processor by using enlarged image of pattern portion

End
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Fig. 20 ( Start )

Y

calculating rotated angle of marker unit by using enlarged 041
image of pattern portion formed on image forming unit O

calculating spatial position of marker unit by using rotated S049

angle of marker unit and enlarged image of pattern portion | >

End

Fig. 21

measuring positions of pattern portion for each
area and size change of enlarged image of pattern ~_ 52410
portion formed on image forming unit

'

comparing positions and size change of pattern portion
for each area of enlarged image of pattern portion
with pre—stored position of reference pattern and —~— 52411
pre—stored size of reference pattern for each area

End
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Fig. 22 12

} Rotation 6

I1
\520

measuring position and size of enlarged image of 52490
pattern portion formed on image forming unit

y

comparing position and size of enlarged image
of pattern portion with pre—stored reference b~ _-S2421
position and size of image of pattern portion

End
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Fig. 25

620b

622b)



Patent Application Publication

Oct. 6,2016 Sheet 21 of 32

US 2016/0287341 Al

Fig. 26
730




Patent Application Publication Oct. 6,2016 Sheet 22 of 32  US 2016/0287341 A1l
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Fig. 32
8 ( Start )

irradiating light from light source
toward marker unit

reflecting light by mirror portion in parallel light

form to enlarge image of pattern portion S320

forming enlarged image of pattern portion 3330

verifying image formation and adjusting
view of angle and resolution of enlarged image
of pattern portion by operating aperture

5340

calculating spatial position and direction
of marker unit through processor
by using enlarged image of pattern portion

5350
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Fig. 33
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Y
calculating rotated angle of marker unit
by using enlarged image of pattern
portion formed on image forming unit

5351

calculating spatial position of marker unit
by using rotated angle of marker unit
and enlarged image of pattern portion

5352
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measuring position and size change of pattern
portion for each area of enlarged image of
pattern portion formed on image forming unit

S3510

comparing position and size change of pattern
portion for each area of enlarged image of pattern
portion with pre—stored position of reference pattern
and pre-stored size of reference pattern for each area

53511

Fig. 35
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Fig. 36

S352

measuring position and size of
enlarged image of pattern portion
formed on image forming unit

53520

comparing position and size of
enlarged image of pattern portion
with pre—stored reference position
and size of image of pattern portion

53521
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OPTICAL TRACKING SYSTEM AND
TRACKING METHOD USING THE SAME

TECHNICAL FIELD

[0001] Exemplary embodiments of the present invention
relate to an optical tracking system and tracking method
using the same. More particularly, exemplary embodiments
of the present invention relate to a tracking system and
tracking method using the same for surgery capable of
detecting a spatial and direction information of a target by
tracking coordinates of markers attached on the target, in
which the target are markers attached on a patient or surgical
instrument.

BACKGROUND ART

[0002] Recently, a robot surgery have been studied and
introduced to reduce the pain of patients and to recover
faster in an endoscopic surgery or an otolaryngology surgery
(ENT surgery).

[0003] In such a robot surgery, in order to minimize a risk
of the surgery and to operate the surgery more precisely, a
navigation system is used to navigate to an exact lesion of
a patient by tracking and detecting a spatial position and
direction of a target such as lesion portion or surgical
instrument.

[0004] The navigation system described above includes a
tracking system which is capable of tracking and detecting
a spatial position and direction of a target such as lesion or
surgical instrument.

[0005] The tracking system described above includes a
plurality of markers attached on a lesion or a surgical
instrument, a first and second image forming units to form
images of lights provided by the markers, and a processor
calculating a 3-dimensional coordinates of the markers
which are coupled to the first and second image forming
units and calculating a spatial position and a direction of the
target by comparing pre-stored information of straight lines
connecting the markers adjacent to each other and angle
information formed by a pair of straight lines adjacent to
each other with the 3-dimensional coordinates of the mark-
ers.

[0006] A conventional tracking system and method as
described above uses diameters of a circle of the markers
formed on the image forming unit to calculate separated
distances between the markers through the processor. But, a
border of circle of the marker is opaque by a distortion of a
lens of the image forming unit, it is difficult to calculate
exactly the diameters of the circle of the markers, as well as,
exact positions of the markers since a change of diameters
of the markers are slight and hard to distinguish.

DISCLOSURE

Technical Problem

[0007] Therefore, the technical problem of the present
invention is to provide an optical tracking system and
method using the same capable of detecting an exact spatial
position and a direction of a target regardless of the distance
from the target to be calculated.

Technical Solution

[0008] In one embodiment of the present invention, an
optical tracking system includes at least one marker unit
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which is attached on a target and emits a parallel light to
form an enlarged image of a pattern portion, in which the
pattern portion is included inside the marker unit, an image
forming unit which receives the parallel light of the pattern
portion provided by the marker unit and forms the enlarged
image of the pattern portion, and a processor which calcu-
lates a spatial position and a direction of the marker unit by
using the enlarged image of the pattern portion formed on
the image forming unit.

[0009] Inone embodiment, the marker unit may include at
least one pattern portion on which plurality of patterns are
formed, at least one light source irradiating light toward the
pattern portion, and at least first lens portion passing a
parallel light to the image forming unit in which the light is
emitted from the light source and has passed or is reflected
by the pattern portion.

[0010] Herein, it may be preferable to arrange the pattern
portion at a focal length of the first lens portion.

[0011] Meanwhile, the first lens portion may be an objec-
tive lens.
[0012] In one embodiment, the light source may be

arranged inside the marker unit.

[0013] Alternatively, the light source may be arranged
outside the marker unit.

[0014] Herein, the light source may be an LED (Light
Emitting Diode).

[0015] Inone embodiment, the image forming unit may be
a camera which receives the parallel light of the pattern
portion through the lens portion which is provided by the
marker unit and forms an enlarged image of the pattern
portion on a sensor portion.

[0016] Meanwhile, the processor may calculate a spatial
position of the marker unit by using a position and a size
change of the enlarged image of pattern portion formed on
the image forming unit, and a direction of the marker unit by
using positions of the pattern portion and a size change of
the pattern portion for each area of the enlarged image of the
pattern portion.

[0017] In one embodiment, the processor may calculate a
spatial position of the marker unit by comparing a position
and size of the enlarged image of the pattern portion formed
on the image forming unit with a pre-stored reference
position and a pre-stored reference size of the image of the
pattern portion, and calculate a direction of the marker unit
by comparing a position of the pattern and a pattern size for
each area of the enlarged image of the pattern portion with
a pre-stored reference pattern position and pre-stored pattern
size for each area of the enlarged pattern portion.

[0018] Meanwhile, the marker unit may reflect and release
light, which is irradiated from at least one light source, in a
parallel light form through a ball lens in which a pattern
portion is formed on a surface. Herein, the pattern portion
may be wholly or partially formed on the surface of the ball
lens.

[0019] In another embodiment, the marker unit may pass
and release light, which is irradiated from at least one light
source and is reflected by or have passed the pattern portion,
in parallel light form through a fisheye lens.

[0020] The pattern portion may be arranged at a focal
length of the fisheye lens.

[0021] Also, the light source may be arranged outside the
marker unit such that the light is reflected by the pattern
portion and passes the fisheye lens. Alternatively, the light
source may be arranged in the inside the marker unit such
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that the light irradiated from the light sources passes through
the pattern portion and passes the fisheye lens.

[0022] In another embodiment, the marker unit may pass
and release the light, which is emitted from the at least one
light source, and is reflected by the pattern portion or have
passed the pattern portion, in parallel light form through an
objective lens, and releases the parallel light through a prism
to have different angle of views.

[0023] The pattern portion may be arranged at a focal
length of the objective lens.

[0024] Or, the light source may be arranged outside the
marker unit to such that the light is reflected by the pattern
portion and passes the objective lens. Alternatively, the light
source may be arranged inside the marker unit such that the
light irradiated from the light source passes through the
pattern portion and passes the objective lens.

[0025] Inanother embodiment, the marker unit may reflect
and release the light, which is irradiated from at least one
light source, in parallel light form through a mirror portion
on which a pattern portion is formed.

[0026] The marker unit may further include a first lens
arranged at an interval from the mirror portion to change and
release the parallel light, which is reflected by the mirror
portion, once more in a parallel light form.

[0027] Also, the marker unit may further include an aper-
ture installed on the mirror portion to adjust an angle of view
and a resolution of the enlarged image of the pattern portion
formed on the image forming unit by adjusting a light
quantity of the light flowed in to the mirror portion.
[0028] Meanwhile, the mirror portion is a mirror with a
spherical or non-spherical shape.

[0029] Next, a method of tracking using an optical track-
ing system according to an embodiment of the present
invention includes steps of emitting a parallel light from a
marker unit attached on a target to enlarge an image of a
pattern portion, receiving the parallel light provided by the
marker unit and forming an image of the enlarged image of
the pattern portion on an image forming unit, and calculating
a spatial position and a direction of the marker unit through
a processor by using the enlarged image of the pattern
portion formed on the image forming unit.

[0030] In one embodiment, calculating a spatial position
and a direction of the marker unit may include steps of
calculating a direction of the marker unit by calculating a
rotated angle of the marker unit through the processor by
using the enlarged image of the pattern portion formed on
the image forming unit, and calculating a spatial position of
the marker through the processor by using the enlarged
image of the pattern portion formed on the image forming
unit and the rotated angle of the marker unit.

[0031] Herein, calculating the direction of the marker unit
may include steps of measuring a position and a size change
of the pattern portion for each area of the enlarged image of
the pattern portion formed on the image forming unit
through the processor, and calculating the rotated angle of
the marker unit by comparing a position of a reference
pattern portion and a size of the reference pattern portion,
which are pre-stored in the processor, with the position and
the size change of the pattern portion for each area of the
enlarged image of the pattern portion formed on the image
forming unit.

[0032] And, calculating the spatial position of the marker
unit may include steps of measuring a position and a size of
the enlarged pattern portion formed on the image forming
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unit through the processor, and calculating the spatial posi-
tion of the marker unit by comparing a reference position
and a reference size of the image of the pattern portion
which are pre-stored in the processor.

[0033] In one embodiment, the marker unit may reflect
and release the light, which is irradiated from at least one
light source, in parallel light form through a ball lens in
which a pattern portion is formed on a surface of the ball
lens.

[0034] In another embodiment, the marker unit may pass
and release the light, which is irradiated from at least one
light source and is reflected by or has passed the pattern
portion, in parallel light form through a fisheye lens.
[0035] In another embodiment, the marker unit may pass
and release the light, which is emitted from the at least one
light source and is reflected by or have passed the pattern
portion, in parallel light form through an objective lens, and
releases the parallel light through a prism to have different
angle of views.

[0036] Inanother embodiment, the marker unit may reflect
and release the light, which is irradiated from at least one
light source, in parallel light form through a mirror portion
on which a pattern portion is formed.

Advantageous Effects

[0037] Thus, an optical tracking system and a method
using the same according to an embodiment of the present
invention calculates a spatial position of a marker unit by
using an enlarged image of a pattern portion which is formed
on an image forming unit by emitting a parallel light from
the marker unit to a pattern portion. In other words, the
spatial position and the direction of the target to be calcu-
lated are calculated without reduction of accuracy by enlarg-
ing the image of the pattern portion and forming the enlarged
image on the image forming unit, and therefore, an accuracy
of the position of the marker unit is not dependent on a
resolving power.

[0038] Therefore, an optical tracking system and a method
using the same according to an embodiment of the present
invention has an effect of expanding an available area by
detecting an exact spatial position and a direction of a target
regardless of the distance from the target to be calculated, as
well as, a system downsizing is also achieved compared with
conventional system.

DESCRIPTION OF DRAWINGS

[0039] FIG. 1 is a schematic diagram of a tracking system
according to a first embodiment of the present invention;
[0040] FIG. 2 is an example drawing of a pattern portion
of a marker unit;

[0041] FIG. 3 is a flow chart explaining a method of
tracking a target using an optical tracking system according
to a first embodiment;

[0042] FIG. 4 is a drawing explaining a process of emit-
ting light from a marker unit;

[0043] FIG. 5 is a drawing explaining a process of a
parallel light being incident on an image forming unit;
[0044] FIG. 6 is a flow chart explaining a method of
calculating a direction of a target using an optical tracking
system of the first embodiment;

[0045] FIGS. 7a-7d are drawings explaining a method of
calculating a spatial position of a target using an optical
tracking system according to a first embodiment;
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[0046] FIG. 8 is a flow chart explaining a process of
calculating of a spatial position and a direction of a marker
unit;

[0047] FIG. 9 is a flow chart explaining a process of
calculating of a direction of a marker unit;

[0048] FIG. 10 is a flow chart explaining a process of
calculating a spatial position of a marker unit;

[0049] FIG. 11 is a schematic diagram of a tracking system
according to a second embodiment of the present invention;
[0050] FIG. 12 is a drawing explaining a process of
calculating a spatial position of a maker unit according to a
second embodiment of the present invention;

[0051] FIG. 13 is a schematic diagram of an optical
tracking system according to a third embodiment of the
present invention;

[0052] FIG. 14 is a drawing explaining a process of
calculating a spatial position of a marker unit according to
the third embodiment of the present invention;

[0053] FIG. 15 is a schematic diagram of an optical
tracking system according to a fourth embodiment of the
present invention;

[0054] FIG. 16 is a drawing explaining a process of
calculating a spatial position of a marker unit according to
the fourth embodiment of the present invention;

[0055] FIG. 17 is a schematic diagram of an optical
tracking system according to a fifth embodiment of the
present invention;

[0056] FIG. 18 is a drawing showing a marker unit accord-
ing to the fifth embodiment of the present invention;
[0057] FIG. 19 is a flow chart explaining a method of
tracking a target using an optical tracking system according
to the fifth embodiment;

[0058] FIG. 20 is a flow chart explaining a process of
calculating a spatial position and a direction of a marker
unit;

[0059] FIG. 21 is a flow chart explaining a process of
calculating a direction of a marker unit;

[0060] FIG. 22 is a drawing explaining a process of
calculating a direction of a target using an optical tracking
system of the fifth embodiment;

[0061] FIG. 23 is a flowchart explaining a process of
calculating a spatial position of a marker unit;

[0062] FIGS. 24a-24d are drawings explaining a process
of calculating a spatial position of a marker unit;

[0063] FIG. 25 is a schematic diagram of an optical
tracking system according to a sixth embodiment of the
present invention;

[0064] FIG. 26 is a schematic diagram of an optical
tracking system according to a seventh embodiment of the
present invention;

[0065] FIG. 27 is a schematic diagram of an optical
tracking system according to an eighth embodiment of the
present invention;

[0066] FIG. 28 is a schematic diagram of an optical
tracking system according to a ninth embodiment of the
present invention;

[0067] FIG. 29 is a schematic diagram of an optical
tracking system according to a tenth embodiment of the
present invention;

[0068] FIG. 30 is a schematic diagram of an optical
tracking system according to an eleventh embodiment of the
present invention;

[0069] FIG. 31 is a drawing showing a marker unit accord-
ing to the eleventh embodiment of the present invention;
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[0070] FIG. 32 is a flow chart explaining a process of
calculating a direction of a target according to the eleventh
embodiment of the present invention;

[0071] FIG. 33 is a flow chart explaining a spatial position
and a direction of a marker unit;

[0072] FIG. 34 is a flow chart explaining a direction of a
marker unit;
[0073] FIG. 35 is a drawing explaining a process of

calculating a direction of a target using an optical tracking
system of the eleventh embodiment;

[0074] FIG. 36 is a flow chart explaining a spatial position
of a marker unit; and

[0075] FIGS. 37a-37d are drawings explaining a process
of calculating a spatial position of a marker unit.

MODE FOR INVENTION

[0076] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which example embodiments of the present invention are
shown. The present invention may, however, be embodied in
many different forms and should not be construed as limited
to the example embodiments set forth herein. Rather, these
example embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the present invention to those skilled in the art. In
the drawings, the sizes and relative sizes of layers and
regions may be exaggerated for clarity.

[0077] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, and/or sections should not be limited
by these terms. These terms are only used to distinguish one
element, component, region, layer or section from another
region, layer or section. Thus, a first element, component, or
section discussed below could be termed a second element,
component, or section without departing from the teachings
of the present invention.

[0078] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the present invention. As used
herein, the singular forms “a,” “an” and “the” are intended
to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0079] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0080] Hereinafter, with reference to the drawings, pre-
ferred embodiments of the present invention will be
described in detail.

[0081] An optical tracking system and method using the
same according to an embodiment of the present invention
attaches at least one marker on a target such as a lesion or
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a surgical instrument, receives a parallel light emitted from
the marker through the image forming unit and forms an
enlarged image of a pattern portion on an image forming
unit, and calculates a spatial position and a direction of the
target through a processor by using the enlarged image of the
pattern portion. The detailed description is explained with
reference to figures.

First Embodiment

[0082] FIG. 1 is a schematic diagram of a tracking system
according to a first embodiment of the present invention, and
FIG. 2 is an example drawing of a pattern portion of a
marker unit.

[0083] Referring to FIGS. 1-2, a tracking system accord-
ing to a first embodiment of the present invention includes
a marker unit 110, an image forming unit 120, and a
processor 130.

[0084] The marker unit 110 attached on a target and emits
aparallel light to form an enlarged image of a pattern portion
111 which is included inside the marker unit 110.

[0085] For example, the marker unit 110 may include a
pattern portion 111, a light source 112, and a first lens
portion 113.

[0086] The patter portion is formed by plurality of pattern
portions 111a in a regular shape with an interval. For
example, the pattern portion 111 may be formed to pass light
except for an area in which pattern portions 1114 are formed.
Alternatively, the pattern portions 111a may be formed to
pass light an area in which the pattern portions 111a are
formed. Alternatively, the pattern portion 111 may be formed
to reflect light emitted from the light source 112. Herein, the
pattern portion 111 may be arranged at a focal length of the
first lens portion 113 which will be described below.
[0087] The light source 112 irradiates light toward the
pattern portion 111. For example, the light source 112 is
arranged inside the marker unit 110 to be positioned in a rear
portion of the pattern portion 111. As described above, when
the light source 112 is arranged in the rear of the pattern
portion 111, the light emitted from the light source 112
passes through the pattern portion 111 and is incident on the
image forming unit 120 described below. Alternatively, the
light source 112 may be arranged outside the marker unit
110. When the light source 112 is arranged outside the
marker unit 110, the light irradiated from the light source
112 is reflected by the pattern portion 111 and is incident on
the image forming unit 120 described below. Herein the light
source 112 may be an LED (Light Emitting Diode).
[0088] The first lens portion 113 is arranged in front of the
pattern portion 111 to emit a parallel light toward the image
forming unit 120 in which the light is irradiated from the
light source 112 and has passed or reflected by the pattern
portion 111. For example, the first lens portion 113 may be
an objective lens to enlarge an image of the pattern portion
111 and forming an enlarged image on the image forming
unit 120.

[0089] The image forming unit 120 receives the parallel
light of the pattern portion 111 which is provided by the
marker unit 110 and forms an enlarged image of the pattern
portion 111. Herein, the image forming unit 120 may be a
camera receiving the parallel light of the pattern portion 111
which is provided by the marker unit 110 and forming the
enlarged image of the pattern portion 111 on an image sensor
122.
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[0090] The processor 130 is connected to the image form-
ing unit 120, and calculates a spatial position and a direction
of the marker unit 120 by using the enlarged image of the
pattern portion 111 formed on the image forming unit 120.
Herein, the processor 130 may calculate a spatial position of
the marker unit 110 by using a position and a size change of
the enlarged image of the pattern portion 111 formed on the
image forming unit 120. Also, the processor 130 may
calculate a direction of the marker unit 110 by using a size
change of the pattern portion 111a and a position of the
pattern portion for each area of the enlarged pattern portion
111.

[0091] Referring to FIGS. 1-7d, a detailed process of
calculating a spatial position and a direction of a target using
an optical tracking system according to the first embodiment
is explained below.

[0092] FIG. 3 is a flow chart explaining a method of
tracking a target using an optical tracking system according
to a first embodiment, FIG. 4 is a drawing explaining a
process of emitting light from a marker unit, FIG. 5 is a
drawing explaining a process of a parallel light being
incident on an image forming unit, FIG. 6 is a flow chart
explaining a method of calculating a direction of a target
using an optical tracking system of the first embodiment,
FIGS. 7a-7d are drawings explaining a method of calculat-
ing a spatial position of a target using an optical tracking
system according to a first embodiment, FIG. 8 is a flow
chart explaining a process of calculating of a spatial position
and a direction of a marker unit, FIG. 9 is a flow chart
explaining a process of calculating of a direction of a marker
unit, and FIG. 10 is a flow chart explaining a process of
calculating of a spatial position of a marker unit.

[0093] Referring to FIGS. 1-7d, in order to track a target
using an optical tracking system according to the first
embodiment of the present invention, first, a parallel light is
emitted from the marker unit 120 through the pattern portion
111 to form an enlarged image of the pattern portion 111
(8110).

[0094] Explaining in detail the process of emitting a
parallel light of a pattern portion 111, first, a light is
irradiated toward the pattern portion 111 by operating a light
source 112 such that a partial of the light passes through or
is reflected by the pattern portion 111. The light, which
passes through or is reflected by the pattern portion 111, is
emitted in a parallel light by passing a first lens portion 113
formed by an objective lens as shown in FIG. 4.

[0095] The parallel light of the pattern portion 111, which
has passed the first lens portion 113 emitted from a marker
unit 110, is incident on an image forming unit to form an
enlarged image of the pattern portion 111 (S120).

[0096] Explaining in detail the process of forming the
enlarged image of the pattern portion 111, the parallel light
of' the pattern portion, which has passed the first lens portion
113 and provided by the marker unit 110, passes a lens
portion 121 of the image forming unit 120 as shown in FIG.
5.

[0097] When the enlarged image of the pattern portion is
formed on the image forming unit 120, a spatial position and
a direction of the marker unit 110 are calculated through a
processor 130 by using the enlarged image of the pattern
portion 111 (S130).

[0098] A detailed explanation of calculating the spatial
position and the direction of the marker unit 120 is explained
with reference to FIG. 8.
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[0099] FIG. 8 is a flow chart explaining a process of
calculating of a spatial position a direction of a marker unit.
[0100] Referring to FIG. 8, in order to calculate a spatial
position and a direction of the marker unit 110, a direction
of the marker unit 110 is calculated by calculating a rotated
angle of the marker unit 110 through the processor 130 by
using the enlarged image of the pattern portion 111 (S131).
[0101] When the rotated angle of the marker unit 110 is
calculated, the processor calculates a spatial position of the
marker unit 110 by using the rotated angle of the marker unit
110 and the enlarged image of the pattern portion 111
(S132).

[0102] Herein, a spatial position and a direction of the
image forming unit 120 is pre-stored in the processor 130.
[0103] A detailed explanation of calculating the direction
of the marker unit 120 is explained with reference to FIGS.
6 and 9.

[0104] FIG. 9 is a flow chart explaining a process of
calculating of a direction of a marker unit.

[0105] Referring to FIG. 9, in order to calculate the
direction of the marker unit 110, first, a position of the
pattern portion 111a and a size change of the pattern portion
111a for each area of the enlarged image of the pattern
portion 111 formed on the image forming unit 120 are
measured by the processor 130 (S1310).

[0106] When the position of the pattern portion 111a and
the size change of the pattern portion 111« for each area are
calculated, the direction of the marker unit 110 is calculated
through the processor 130 by calculating a rotated angle of
the marker unit 110. The rotated angle of the marker unit is
calculated by comparing a reference position of the pattern
portion 111a and a reference size change of the pattern
portion 111a for each area of the enlarged pattern image of
the pattern portion, which are pre-stored in the processor
130, with the position of the pattern portion 111« and the size
change of the pattern portion 111a for each area of the
enlarged image of the pattern portion 111 formed on the
image forming unit 120 (S1311).

[0107] Inother words, as shown in FIG. 6, the position and
the size of the pattern portions 111a of the enlarged image
1, of the pattern portion 111 formed on the image forming
unit 120 are changed as the marker unit 110 is rotated, and
the processor 130 calculates the direction of the marker unit
110 by calculating the rotated angle of the marker unit 110
by comparing the position and the size change of the pattern
portion 111a for each area of the enlarged image I, of the
pattern portion 111 formed on the image forming unit 120
with the reference position of the pattern portion 111a and
reference size change of the pattern portion 111a for each
area of the enlarged pattern image of the pattern portion,
which are pre-stored in the processor 130.

[0108] Next, a detailed explanation of calculating the
spatial position of the marker unit 110 (S132) is explained
with reference to FIGS. 7a-7d, and 10.

[0109] FIG. 10 is a flow chart explaining a process of
calculating a spatial position of a marker unit.

[0110] Referring to FIG. 10, in order to calculate a spatial
position of the marker unit 110, a position and a size of the
enlarged image of the pattern portion 111 formed on the
image forming unit 120 are measured by the processor 130
(S1320).

[0111] After measuring the position and the size of the
enlarged image of the pattern portion 111, a spatial position
of the marker unit 110 portion is calculated by the processor
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130 by comparing a reference position and a size of the
image of the pattern portion 111 with the position and the
size of the enlarged image of the pattern (S1321).

[0112] FIG. 7a shows the reference position and the size
of an image of the pattern portion 111 formed on the image
forming unit 120 when the marker is positioned at a pre-
stored position, which is stored in the processor 130, and as
shown in FIG. 75, when a distance D2 between the marker
unit 110 and the image forming unit 120 is shorter than a
reference distance D1, then, a size A2 of the enlarged image
of the pattern portion 111 formed on the image forming unit
120 is bigger than a reference size Al of the image of the
pattern portion 111 which is pre-stored in the processor 130.
Therefore, the spatial position of the marker unit 110 is
calculated by comparing the reference size Al of the image
of the pattern portion 111 with the size A2 of the enlarged
image of the pattern portion formed on the image forming
unit 120.

[0113] Meanwhile, although it is not shown in the figure,
when the distance D2 between the marker unit 110 and the
image forming unit 120 is longer than the reference distance
D1, then, the size A2 of the enlarged image of the pattern
portion 111 formed on the image forming unit 120 is smaller
than the reference size Al of the image of the pattern portion
111 which is pre-stored in the processor 130.

[0114] And, when the marker unit is positioned below a
reference position B1 as shown in FIG. 75, the enlarged
image of the pattern image of the pattern portion 111 is
formed on the image forming unit 120 positioning above a
reference position C1 (Refer to FIG. 7a) of the image of the
pattern portion 111 which is pre-stored in the processor 130.
Therefore, the spatial position of the marker unit 110 is
calculated through the processor 130 by comparing the
reference position C1 of the image of the pattern portion 111
with a position C2 of the enlarged image of the pattern
portion 111 formed on the image forming unit 120.

[0115] Meanwhile, although it is not shown in the figure,
when the marker unit 110 is positioned at the reference
position B1, the enlarged image of the pattern portion is
formed on the image forming unit 120 positioning below the
reference position C1 of the image of the pattern portion 111
which is pre-stored in the processor 130.

[0116] And, when the distance D2 between the marker
unit 110 and the image forming unit 120 is different to the
reference distance D1 and the marker unit 110 is not
positioned at the reference position B1, the spatial position
of the marker unit 110 is calculated by comparing the
position C2 and the size A2 of the enlarged image formed on
the image forming unit 120 with the reference position C1
and the reference size Al of the image of the pattern portion
111 which is pre-stored in the processor 130.

[0117] Meanwhile, as shown in FIG. 7d, when the distance
D2 between the marker unit 110 and the image forming unit
120 is identical to the reference distance D1, the marker unit
110 is positioned at the reference position B1 and the
direction of the maker unit 110 is changed as 0, the calcu-
lated size A2 and position C2 of the enlarged image of the
pattern portion 111 formed on the image forming unit 120
are identical to the reference position C1 and the reference
size Al of the image of the pattern portion 111 which is
pre-stored in the processor 130. Therefore, the direction of
the marker unit 111 is calculated by calculating the rotated
angle of the marker unit 111 by comparing the position for
each pattern portion 111a and the size change of the pattern
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portion 111« of the enlarged image I, of the pattern portion
111 with the reference position for each pattern portion 111a
and the reference size of the pattern portion 111 of the image
I, of the pattern portion 111 which are pre-stored in the
processor 130.

Second Embodiment

[0118] An optical tracking system according to an embodi-
ment of the present invention is substantially the same as the
optical tracking system of the first embodiment except for
arranging two image forming units, a detailed explanation of
other elements except for an arrangement of the image
forming unit is omitted.

[0119] FIG. 11 is a schematic diagram of a tracking system
according to a second embodiment of the present invention.
[0120] Referring to FIG. 11, an optical tracking system
according to an embodiment of the present invention
includes a maker unit 210, first and second image forming
units 220a and 2205, and a processor 230.

[0121] The first and second image forming units 220a and
2206 are arranged at an interval with the marker unit 210 as
the center to receive a parallel light of the pattern portion 211
emitted from the marker unit 210 and form enlarged images
of a pattern portion 211 which are different to each other.
Herein, it may be preferable to arrange the first and second
image forming units 220a and 2205 in a Y-axis as shown in
FIG. 11.

[0122] The optical tracking system according to an
embodiment of the present invention forms two enlarged
images of the pattern portion 111 by the first and second
image forming units 220a and 2205, calculates two spatial
position coordinates of the marker unit 210 by the processor
230, and therefore, calculates more precisely a spatial posi-
tion and a direction of the marker unit 210 than the optical
tracking system of the first embodiment.

[0123] A detailed explanation of calculating a spatial
position and a direction of a marker unit using the optical
tracking system according to an embodiment of the present
invention is described in below with reference to FIGS. 11
and 12.

[0124] FIG. 12 is a drawing explaining a process of
calculating a spatial position of a maker unit according to a
second embodiment of the present invention.

[0125] As shown in FIG. 12, a coordinate of a first lens
portion 213 of a marker unit 210 is defined as X, Y, and the
coordinate of the first lens portion 213 may be represented
as a Formula 1

X=fL/u+u,
Y=u,L/u+u, [Formula 1]
[0126] Herein, f, is a coordinate of an X-axis of an

enlarged pattern portion 211 formed on a first and second
image forming units 220a and 22054, L. is a coordinate of an
Y-axis of a lens portion 2215 of the second image forming
unit 2205, u, is a coordinate of an Y-axis of central coordi-
nate of the enlarged pattern portion 211 formed on the first
image forming unit 220a, and u, is a coordinate of an Y-axis
of central coordinate of the enlarged pattern portion 211
formed on the second image forming unit 220a.

[0127] As shown in FIG. 12, when the first lens portion
213 of the marker unit 210 is fixed and rotated as 0, real
coordinates (X,,Y;) (X,,Y,) of the pattern portion 211 is
represented as a Formula 2.
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(X, Y))=(cos 6f,—sin Ou, "+X, sin Of,+cos Ou; +¥)

(X5, Y5)=(cos Of—sin Ou,+X, sin 0fy+cos Ou,+Y) [Formula 2]
[0128] Herein, the f, is a focus length of the first lens
portion 213 of the marker unit 210, and 6 is rotated value of
the marker unit 210.

[0129] And, a central coordinate of the enlarged pattern
portion 211 formed on the first image forming unit 2204 is
defines as X;,Y;, and a central coordinate of the enlarged
pattern portion 211 formed on the second image forming
unit 22056 is defines as X,,Y,, as shown in FIG. 12, it is
confirmed that a central coordinate of the enlarged pattern
portion 211 formed on the first image forming unit 220a (X,
Y;), a central coordinate of the lens portion 221a of the first
image forming unit 220a (0,0), a central coordinate of the
first lens 213 of the marker unit 210 (X,Y), a real coordinate
of the pattern portion 211 identified in the first image
forming unit 220a (X,,Y, ) are placed on Linel, and a central
coordinate of the enlarged pattern portion 211 formed on the
second image forming unit 2205 (X,,Y,), a central coordi-
nate of the lens portion 2215 of the second image forming
unit 22056 (0,1, a central coordinate of the first lens 213 of
the marker unit 210 (X,Y), a real coordinate of the pattern
portion 211 identified in the second image forming unit 220a
(X,,Y,) are placed on Line2. Herein, (X5, Y;)=(-£.', —-u,),
X4 Y)=(-L, L+u,), and (X,.Y,) and (X,.Y,) may be
represented as Formula 2.

[0130] As described above, each coordinate of Linel and
Line2 may be represented using a Table 1.
TABLE 1
Real Coordinate Coordinate of Coordinate of
coordinate of the the lens portion the enlarged
of the pattern  first lens of the image pattern portion
portion (1) portion(2)  forming unit (3) 4
Line 1 X, Y, X, Y 0,0 £, -u,
Line 2 X, Y, X, Y 0,L £, L+,
[0131] Table 1 is an arranged table of coordinates which

are placed on Linel and Line2, generating two equations
using the three coordinates (1), (2), and (3), and the differ-
ence between the two equations may be represented as
Formula 3 with reference to the Table 1.

cos OX(u,'~u; " ysin 0Y(u,~u,"y+L(cos 6f,—sin Ou,")
=0 [Formula 3]

[0132] Also, generating two equations using the three
coordinates (1), (2), and (4) of the Linel and Line2, and the
difference between the two equations may be represented as
Formula 4.
sin O¥(u, —u " )+cos Ofy (1 +ur)—sin O(u, u—u5'to)+
71 Xty —u)+cos Of (uy'-u, y+L(cos Of,—sin Ou,")
=0 [Formula 4]

[0133] Also, generating two equations using the three
coordinates (1), (3), and (4) of the Linel and Line2, and the
difference between the two equations may be represented as
Formulas 5 and 6.

u X+f. Y+cos O(u f.—u fy)+sin O(u, u +f.f;,)=0 [Formula 5]
s X+ Y+cos O(usfytus +usf,)+sin O(ff—us us)—
Lf,=0 [Formula 6]
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[0134] And tan 0 is solved by substituting the Formula 3
to the Formula 4 and dividing into cos 0, and tan 6 may be
represented as Formula 7.

tan 6=sin 0/cos O=[—f3(ur—1t | )~f.(tt 11 V1t 1t —
Uy 'ty [Formula 7]

[0135] Meanwhile, the 6 value is known in the Formulas
5 and 6, the only parameters X,Y may be calculated by
solving simultaneous equations constituted by the Formulas
5 and 6, and the coordinate (X,Y) of the first lens portion 213
of the marker unit 210 may be represented as Formula 8.

X={[(uy+u) oy (1, ~u5)f] cos O—(uty uy—1t5u5)sin
O-Lf }(u,~u5)

Y={[(ut) so—15'u1) ), =214 115f3,] cOS O+[ () "+ua5"ut 14—

(u+ix)fof ] sin O+Lfu M (uy-)f,]

[Formula 8]

Third Embodiment

[0136] An optical tracking system according to an
embodiment of the present invention is substantially the
same as the optical tracking system of the first embodiment
except for some elements, detailed explanations of other
elements except for a marker unit is omitted.

[0137] FIG. 13 is a schematic diagram of an optical
tracking system according to a third embodiment of the
present invention.

[0138] Referring to FIG. 13, an optical tracking system
according to an embodiment of the present invention
includes one marker unit 310, a first image forming unit 320,
and a processor 330.

[0139] The marker unit 310 may include a pattern portion
311, first and second light sources 312a and 3125, and first
and second lens portions 313a and 3136.

[0140] The pattern portion 311 is formed by plurality of
pattern portions (not shown) with an interval. Herein, two
pattern portions 311 may be formed which are correspond-
ing to the first and second lens portions 313a and 3135 as
shown in FIG. 13, or, as well as one pattern portion 311 may
be formed as shown FIG. 14, which will be described later.
[0141] The first and second light sources 3124 and 3125
are arranged on rear of the pattern portion 311 at an interval
to irradiate lights toward the pattern portion 311.

[0142] The first and second lens portions 312« and 3125
are formed in front of the pattern portion 311 at an interval
to release the lights irradiated from the first and second light
sources toward the pattern portion 311 in parallel light form.

[0143] A process of calculating a direction of the marker
unit 310 according to an embodiment of the present inven-
tion is omitted as it is the same as the system of the first
embodiment, and a process of calculating a spatial position
of the marker unit 310 will be described with reference to
FIG. 14.

[0144] FIG. 14 is a drawing explaining a process of
calculating a spatial position of a marker unit according to
the third embodiment of the present invention.

[0145] As shown in FIG. 14, a coordinate of an image
formed on the image forming unit 320 is defined as u,,u,, a
real coordinate (X,,Y,) of the pattern portion 311, which
passes a central coordinate (X,Y) of the first lens portion
313a of the marker unit 310 and meets the pattern portion
311, may be represented as a Formula 9.

(X1, Y)=(cos Of,—sin Ou, +X, sin Ofy+cos Ou;+Y) [Formula 9]
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[0146] Also, a real coordinate (X,,Y,) of the pattern

portion 311, which passes a central coordinate (-sin 01+X,

cos 01+Y) of the second lens portion 3135 and meets the

pattern portion 311, may be represented as Formula 10.
(X5, Y5)=(cos 6f,—sin O(1+u,")+X, sin Of+cos O(1+

uy )+Y) [Formula 10]

[0147] Meanwhile, each of coordinate of Linel and Line2
may be represented using a Table 2 in the same manner as
the second embodiment.

TABLE 2

Coordinates
Real of the
coordinate first and

Coordinate of
the enlarged

Coordinate of
the lens portion

of the pattern second lens of the image pattern portion
portion (1) portions(2) forming unit (3) 4
Line 1 X,Y, XY 0,0 -, -ul
Line 2 X5, Y, -sinf; +X, 0,0 -f, L+u2
cos®, +Y
[0148] Table 2 is an arranged table of coordinates placed

on Linel and Line2, generating two equations using the
three coordinates (2), (3) with reference to the Table 2, and
(4), X,Y may be represented as Formula 11.

X=[(cos Of +sin Ou,)/(ur—u)]1,Y=[(cos Of +sin Ou,)/

(o)1 /f2) [Formula 11]

[0149] Also, generating two equations using the three
coordinates (1), (2), and (3) of the Linel and Line2, and the
difference between the two equations may be represented as
Formula 12.

cos OX(u,"~u,; " ysin 0Y(u,'—u,")-1f=0 [Formula 12]

[0150] Also, generating two equations using the three
coordinates (1), (2), and (4) of the Linel and Line2, and the
difference between the two equations may be represented as
Formula 13.
cos O[f.(uy "—u,)—f(tr—u)]+sin O[uyee, "~ 1, '] +cos
OX(uy"—u,"y+sin OY(uy—u,")-1f=0 [Formula 13]
[0151] Also, generating two equations using the three
coordinates (1), (3), and (4) of the Linel and Line2, and the
two equations may be represented as Formulas 14 and 15.

u X=f. Y+cos O(u fr—u, f.)-sin O(f3f.+uu,")=0 [Formula 15]

uX—f. Y+cos O(usfi—ts f+11)—-sin 0@, +Hin+f;)=0

[0152] Meanwhile, substituting the Formula 12 to the
Formula 13 and dividing into cos 6, and tan 6 may be
represented as Formula 16.

[Formula 16]

tan 6=sin 0/cos O=[f (11> ~u1\")—f3(tr—11)) ) (ot~
u) [Formula 16]

[0153] And, the 6 value is known in the Formulas 14 and
15, the only parameter X,Y may be calculated by solving
simultaneous equation constituted by the Formulas 14 and
15, and the coordinate (X,Y) of the first lens portion 313a of
the marker unit 210 may be represented as Formula 17.

X={cos O[f.(uy"~u,")~f,(tt>—1t ) )=If,]+sin O(usu"~
g ol luatfy) } (ot y)

Y={cos Of,(u>'ut; ~ut 15" +1)+sin O[ur 2, (ur, "~115'- 1)+

u foriofufe M (1)) [Formula 17]
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[0154] Also, coordinate (-sin 6;+X, cos 01+Y) of the
second lens portion 3135 is also calculated since the coor-
dinate of the first lens portion 313a is calculated.

Fourth Embodiment

[0155] An optical tracking system according to the present
invention is substantially the same as the optical tracking
system of the first embodiment except for arranging two
maker units, detailed explanations of other elements except
for an arrangement of an image forming unit and a marker
unit is omitted.

[0156] FIG. 15 is a schematic diagram of an optical
tracking system according to a fourth embodiment of the
present invention.

[0157] Referring to FIG. 15, an optical tracking system
according to an embodiment of the present invention
includes first and second marker units 410a and 4105, first
and second image forming units 420a and 4205, and a
processor 430.

[0158] The first and second marker units 410a and 4105
are attached on a target at an interval, and a spatial position
and a direction between the first and second marker units are
pre-stored in the processor 430.

[0159] The first and second image forming units 420a and
4205 receive parallel lights of a pattern portions 411a and
4115 which are emitted from each of the first and second
marker units 410a and 4105 to form an enlarged image. In
other words, the first image forming unit 420a forms an
enlarged image by receiving the parallel light of the pattern
portion 411a which is emitted from the first marker unit
420a, and the second image forming unit 4205 forms an
enlarged image by receiving the parallel light of the pattern
portion 4115 which is emitted from the second marker unit
4205.

[0160] The processor 430 is connected to the first and
second image forming units 420a and 4205, and calculates
a spatial position and a direction of the first and second
marker units 410a and 4105 by using the enlarged images of
the pattern portion 411a and 4115 formed on the first and
second image forming units 420a and 4206.

[0161] FIG. 16 is a drawing explaining a process of
calculating a spatial position of a marker unit according to
the fourth embodiment of the present invention.

[0162] As shown in FIG. 16, an optical tracking system
according to an embodiment of the present invention cal-
culates through a processor 430 a vector from a center of a
lens portion 421a of a first image forming unit 420q to a
center of a first lens portion 413a of a first marker unit 410a,
a vector from a center of a lens portion 4215 of a second
image forming unit 4205 to a center of a second lens portion
4135 of a second marker unit 41056, and a spatial position
and a direction of the first and second marker units 410a and
41056 by calculating an intersection point between two
straight line equations of 1, and 1,, in which the two straight
line equations 1, and 1, are generated from the two vectors.

Fifth Embodiment

[0163] FIG. 17 is a schematic diagram of an optical
tracking system according to a fifth embodiment of the
present invention.

[0164] Referring to FIGS. 17 and 18, an optical tracking
system according to an embodiment of the present invention

Oct. 6, 2016

includes at least one light source 540, at least one marker
unit 510, at least one image forming unit 520, and a
processor 530.

[0165] The at least one light source is arranged to irradi-
ated a light toward the marker unit 410. For example, the
light source 540 may be an LED (Light Emitting Diode).
Herein, it may be preferable to arrange the at least one light
source 540 outside the marker unit 510. The at least one
marker unit 510 reflects the light emitted from the light
source 540 in a parallel light.

[0166] The marker unit 510 may include a ball lens 513 in
which a pattern portion 511 is formed on a surface of the ball
lens 513. Herein, the pattern portion 511 may be entirely
formed on the surface of the ball lens 513. Alternatively, the
pattern portion 511 may be partially formed on the surface
of the ball lens 513.

[0167] The ball lens 513 reflects the light irradiated from
the light source 540 toward the image forming unit 520 to
form an enlarged image of the pattern portion 511 on the
image forming unit 520.

[0168] The at least one image forming unit 520 receives
the parallel light provided by the marker unit 510 and forms
an enlarged image of the pattern portion 511.

[0169] For example, the image forming unit 520 may be a
camera which receives the parallel light provided by the
marker unit 510 through a lens portion 521 and forms an
image of the pattern portion 511 on a sensor portion 522
which is enlarged by the parallel light.

[0170] The processor 530 calculates a spatial position of
the marker unit 510 by comparing the enlarged image of the
pattern portion 511 formed on the image forming unit 520
with a reference image of the pattern portion 511 stored in
the processor 530.

[0171] In more detail, the processor 530 calculates a
spatial position of the marker unit 510 by comparing a
position and a size of an enlarged image of the pattern
portion 511 formed on the image forming unit 520 with a pre
stored position and size of reference image of the pattern, a
direction of the marker unit 510 by comparing a position and
a size of the pattern portion 511 for each area of the enlarged
image of the pattern portion 511 with a pre-stored position
of reference pattern portion and a size of the reference
pattern portion for each area, and a spatial position and a
direction of a target by using the spatial position and the
direction of the marker unit 510.

[0172] A process of calculating a spatial position and a
direction of a target by using the fifth embodiment is
explained with reference to FIGS. 17 to 24.

[0173] FIG. 19 is a flow chart explaining a method of
tracking a target using an optical tracking system according
to the fifth embodiment.

[0174] Referring to FIGS. 17-19, in order to track a target
using an optical tracking system according to the fifth
embodiment, first, a light is irradiated toward a marker unit
510, in other word, towards a ball lens on which a pattern
portion 51 is formed, by operating a light source 540 (5210).
[0175] Then, the light irradiated toward the marker unit
510 is reflected by the pattern portion 511, which is formed
on a surface of the ball lens 513, in a parallel light (S220).
The parallel light reflected by the ball lens 513 is incident on
an image forming unit 520 to form an enlarged image of the
pattern portion 511 (S230).

[0176] Explaining the step of forming an enlarged image
of the pattern portion 511 (S230) in more detail, the parallel
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light of the pattern portion 511 reflected by the ball lens 513
passes a lens portion 512 of the image forming unit 520, and
an enlarged pattern portion 511 is formed on a sensor portion
522 by the parallel light which have passed the lens portion
521 of the image forming unit 520.

[0177] When the enlarged image of the pattern portion 511
is formed on the image forming unit 520 as described above,
then, a spatial position and a direction of the marker unit 510
is calculated by using the enlarged image of the pattern
portion 511 (S240). A detailed process of calculating a
spatial position and a direction of the marker unit 510 is
explained below with reference to FIG. 20.

[0178] FIG. 20 is a flow chart explaining a process of
calculating a spatial position and a direction of a marker
unit.

[0179] Referring to FIG. 20, in order to calculate a spatial
position and a direction of a marker unit, a direction of the
marker unit 510 is calculated through the processor 530 by
calculating a rotated angle of the marker unit 510 by using
the enlarged image of the pattern portion 511 formed on the
image forming unit 520 (S241).

[0180] When a rotated angle of the marker unit 510 is
calculated by the processor 530, a spatial position of the
marker unit 510 is calculated through the processor 530 by
using the enlarged image of the pattern portion 511 formed
on the image forming unit 520 and the rotated angle of the
marker unit 510 (S242).

[0181] Herein, a spatial position and a direction of the
image forming unit 520 is pre-stored in the processor 530.

[0182] A detailed process of calculating a direction of the
marker unit 510 (S241) is explained below with reference to
FIGS. 21 and 22.

[0183] FIG. 21 is a flow chart explaining a process of
calculating a direction of a marker unit, and FIG. 22 is a
drawing explaining a process of calculating a direction of a
target using an optical tracking system of the first embodi-
ment.

[0184] Referring to FIG. 21, in order to calculate a direc-
tion of the marker unit 510, first, a position for each area of
the enlarged image of the pattern portion 511 formed on the
image forming unit 520 and a size change of the pattern
portion 511 is measured (S1410). After measuring the posi-
tion and the size change of the pattern portion 511 for each
area of the enlarged image of the pattern portion 511, then,
the a direction of the marker unit 510 is calculated by
calculating a rotated angle of the marker unit 510 by
comparing a reference position of the pattern portion and a
reference size of the pattern portion for each area which are
pre-stored in the processor 530 with the position and the size
change of the pattern portion 511 for each area of the
enlarged image of the pattern portion 511 formed on the
image forming unit 520 (S2411).

[0185] In other words, as shown in FIG. 22, the position
and the size of the enlarged image of the pattern portion 511
formed on the image I, forming unit 520 is changed when
the marker unit 510 is rotated, and therefore, a direction of
the marker unit 510 is calculated by calculating the rotated
angle 0 of the marker unit 510 by comparing a position and
a size change of the pattern portion 511 for each area of the
enlarged image I, with the reference position of the pattern
portion 511 and a reference size of pattern portion for each
area of the image I, of the pattern portion 511 which are
pre-stored in the processor 530.
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[0186] Next, a detailed process of calculating a spatial
position of the marker unit 510 (S242) is explained below
with reference to FIGS. 23 to 24d.

[0187] FIG. 23 is a flowchart explaining a process of
calculating a spatial position of a marker unit, and FIGS.
24a-24d are drawings explaining a process of calculating a
spatial position of a marker unit.

[0188] Referring to FIGS. 23 to 244, in order to calculate
a spatial position of a marker unit 510, first, a position and
a size of the enlarged image of the pattern portion 511
formed on the image forming unit 520 is calculated by the
processor 530 (S2420).

[0189] After calculating the position and the size of the
image of the pattern portion 511, a spatial position of the
marker unit 510 is calculated by comparing the position and
the size of the enlarged image of the pattern portion 511
formed on the image forming unit 520 with the reference
position and size of the image of the pattern portion 511
which are pre-stored in the processor 530 (S2421).

[0190] FIG. 24a shows a reference position and a size of
an image of the pattern portion 511 formed on the image
forming unit 520 when the marker unit 510 is at a position
which is pre-stored in the processor 530, when a distance D2
between the marker unit 510 and the image forming unit 520
is shorter than a reference distance D1 as shown in FIG. 245,
a size A2 of the enlarged image of the pattern portion 511
formed on the image forming unit 520 is bigger than a
reference size Al of the image of the pattern portion 511
which is pre-stored in the processor 530. Therefore, a spatial
position of the marker unit 510 is calculated through the
processor 530 by comparing the enlarged image size A2 of
the pattern portion 511 formed on the image forming unit
520 with the reference image size Al of the pattern portion
511. Meanwhile, although it is not shown in the figure, when
the distance D2 between the marker unit 110 and the image
forming unit 120 is longer than the reference distance D1,
then, the size A2 of the enlarged image of the pattern portion
511 formed on the image forming unit 520 is smaller than
the reference size Al of the image of the pattern portion 511
which is pre-stored in the processor 530.

[0191] And, when the marker unit 510 is positioned below
a reference position B1 as shown in FIG. 24c¢, the enlarged
image of the pattern portion 511 is formed on the image
forming unit 520 above a reference position C1 (Refer to
FIG. 24a) which is pre-stored in the processor 530. There-
fore, a spatial position of the marker unit 510 is calculated
through the processor 530 by comparing the reference
position C1 of the image of the pattern portion with the
position C2 of the enlarged image of the pattern portion 511
formed on the image forming unit 520.

[0192] Meanwhile, although it is not shown in the figure,
when the marker unit 510 is positioned above the reference
position B1, then, the enlarged image of the pattern portion
511 is formed on the image forming unit 520 below the
reference position C1 (Refer to FIG. 24a) which is pre-
stored in the processor 530.

[0193] And, when the distance D2 between the marker
unit 510 and the image forming unit 520 is different to the
reference distance D1 and the marker unit 510 is not
positioned at the reference position B1, a spatial position of
the marker unit 510 is calculated by comparing the position
C2 and the size A2 of the enlarged image formed on the
image forming unit 520 with the reference position C1 and
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the reference size Al of the image of the pattern portion 511
which is pre-stored in the processor 530.

[0194] Meanwhile, as shown in FIG. 24d, when the dis-
tance D2 between the marker unit 510 and the image
forming unit 520 is identical to the reference distance D1,
the marker unit 510 is positioned at the reference position B1
and the direction of the maker unit 510 is changed as 0, the
calculated size A2 and position C2 of the enlarged image of
the pattern portion 511 formed on the image forming unit
520 are identical to the reference position C1 and the
reference size Al of the image of the pattern portion 111
which is pre-stored in the processor 530. Therefore, a
direction of the marker unit 511 is calculated by calculating
the rotated angle of the marker unit 511 by comparing the
position for each pattern portion 5114 and the size change of
the pattern portion 511a of the enlarged image I, of the
pattern portion 511 with the reference position for each
pattern portion 511a and the reference size of the pattern
portion 511 of the image I, of the pattern portion 511 which
are pre-stored in the processor 530.

[0195] As described above, an optical tracking system
according to an embodiment of the present invention emits
a parallel light of a pattern portion 511 from a marker unit
510, forms an enlarged image of the pattern portion 511 on
an image forming unit 520, and calculates a spatial position
of the marker unit 510 using the enlarged image of the
pattern portion 511. In other words, the spatial position and
the direction of a target to be calculated are calculated
without a reduction of accuracy by enlarging an image of the
pattern portion 511 and forming the image on the image
forming unit 520, and therefore, an accuracy of the position
of the marker unit is not dependent to a resolving power.
[0196] Therefore, an optical tracking system and a method
using the same according to an embodiment of the present
invention has an effect of expanding an available area by
detecting an exact spatial position and a direction of a target
regardless of a distance from the target to be calculated, as
well as, a system downsizing is also achieved compared with
conventional system by reducing size of a marker unit 510.

Sixth Embodiment

[0197] An optical tracking system according to a sixth
embodiment of the present invention is described below
with reference to FIG. 25.

[0198] FIG. 25 is a schematic diagram of an optical
tracking system according to a sixth embodiment of the
present invention.

[0199] Referring to FIG. 25, an optical tracking system
according to an embodiment of the present invention may
include at least one light source (not shown), a maker unit
610, first and second image forming units 620A and 620B,
and a processor 630. As shown in FIG. 25, an optical
tracking system according to an embodiment may be formed
by a maker unit 610 in which a pattern portion 611 is formed
on a surface of the marker unit 610, first and second image
forming units 620a and 62056 arranged with the marker unit
610 as the center, and the processor connected to the first and
second image forming units 620a and 6206.

[0200] Therefore, each of the first and second image
forming units 620a and 6205 receives a parallel light pro-
vided by the marker unit 610 and forms an enlarged image
of the pattern portion 611, for example, the image forming
units 620a and 6205 may be a camera which receives the
parallel light provided by the marker unit 610 through each
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of lens portions 621a¢ and 6215 and forms images of the
pattern portion 611 which are enlarged by the parallel light
on each sensor portions 622a and 6226b.

[0201] The processor 630 calculates a spatial position and
a direction of the marker unit 610 by comparing the enlarged
image of the pattern portion 611 formed on each of the first
and second image forming units 620a and 6206 with a
reference image of the pattern portion which is pre-stored in
the processor 630. Herein, a spatial position and a direction
of the first and second image forming units 620a and 6205
and the at least one light source are pre-stored in the
processor 630.

Seventh Embodiment

[0202] An optical tracking system according to a seventh
embodiment of the present invention is described below
with reference to FIG. 26.

[0203] FIG. 26 is a schematic diagram of an optical
tracking system according to a seventh embodiment of the
present invention.

[0204] Referring to FIG. 26, an optical tracking system
according to an embodiment of the present invention may
include at least one light source (not shown), first to third
marker units 710a 7106 and 710c¢, an image forming unit
720, and a processor 730.

[0205] As shown in FIG. 26, in an optical tracking system
according to an embodiment, first to third maker units 711a
71056 and 710c¢, in which ball lenses 713a 7136 and 713¢ are
formed with pattern portions 711a 7116 711c on their
surfaces in the first to third maker units 711a 7105 and 710c¢,
are arranged on a target at an interval, the first to third
marker units 710a 7105 and 710c¢ reflect a light emitted from
the light source in a parallel light, and the image forming
unit 720 receives the parallel light emitted from the first to
third marker units 710a 7105 and 710c¢ and forms an
enlarged image of pattern portions 711a 7116 and 711c.
[0206] Meanwhile, the processor 730 calculates a spatial
position and a direction of the marker unit 710 by comparing
the enlarged image of the pattern portion 711a 7115 and
711c of the first to third marker units 710a 7105 and 710c
formed on the image forming unit 720 with a reference
image of the pattern portion which is pre-stored in the
processor 730. Herein, a spatial position and a direction of
the image forming unit 720 and the at least one light source
are pre-stored in the processor 730.

[0207] Also, geometric information of the first to third
marker units 710a 7106 and 710¢ attached on the target are
pre-stored in the processor 730.

[0208] Herein, the geometric information of the first to
third marker units 710a¢ 7106 and 710c¢ may be length
information of straight lines [.1 L2 and L3 which virtually
connect the adjacent marker units 710a 7106 and 710¢ and
angle information 61 62 and 63 formed by the pair of
straight lines 1.1 [.2 1.3 which virtually connect the adjacent
marker units 710a 7105 and 710c.

Eighth Embodiment

[0209] An optical tracking system according to an eighth
embodiment of the present invention is described below
with reference to FIG. 27.

[0210] FIG. 27 is a schematic diagram of an optical
tracking system according to an eighth embodiment of the
present invention.



US 2016/0287341 Al

[0211] Referring to FIG. 27, an optical tracking system
according to an embodiment is substantially the same as the
seventh embodiment except for an addition of a second
image forming unit 8205.

[0212] In other words, as shown in FIG. 27, in an optical
tracking system according to an embodiment, the first to
third marker units 810a 8105 and 810c¢, in which pattern
portions 811a 8115 and 811c¢ are formed on surfaces of ball
lenses 813a 835 and 813c¢ included in the first to third
marker units 810a 8105 and 810c¢, are attached on a target at
an interval, and first and second image forming units 820a
and 8204 are arranged with the first to third marker units
810a 8105 and 810c¢ as the center, and a processor 830 is
connected to the first and second image forming units 820a
and 8205.

[0213] And, the image forming units 820a and 8205
receive a light emitted from the light source which is
reflected by the first to third marker units 810a 8105 in a
parallel light and form enlarged images of the pattern
portions 811a 8115 and 811c.

[0214] The image forming units 820a and 8205 receive the
parallel light emitted from the first to third marker units 810a
8056 and 810c¢ through a lens portions 821a and 8216 and
form enlarged images of the pattern portions 811a 8115 and
811c¢ on a sensor portions 822a and 8226b.

Ninth Embodiment

[0215] An optical tracking system according to an
embodiment is substantially the same as the fifth embodi-
ment except for some details of a marker unit, detailed
explanations of other elements except for some content
associated with a marker unit are omitted.

[0216] FIG. 28 is a schematic diagram of an optical
tracking system according to a ninth embodiment of the
present invention.

[0217] Referring to FIG. 28, a marker unit 910 of an
optical tracking system according to an embodiment of the
present invention may include a pattern portion 911 and a
fisheye lens 913.

[0218] The pattern portion 911 may reflect or pass a light
emitted from at least one light source (not shown). In other
words, it may be preferable to make the pattern portion 91
to reflect the light emitted from the light source when the
light source is arranged outside the marker unit 910, or to
pass the light emitted from the light source when the light
source is arranged inside the marker unit 910.

[0219] The fisheye lens 913 is arranged in front of the
pattern portion 911 to pass and release the light, which is
emitted from the light source and reflected by or having
passed the pattern portion 911, toward an image forming unit
(not shown) in parallel light shape.

[0220] Herein, it may be preferable to arrange the pattern
portion 911 at a focal length of the fisheye lens 913.

Tenth Embodiment

[0221] An optical tracking system according to an
embodiment is substantially the same as the first embodi-
ment except for some details of a maker unit, detailed
explanations of other elements except for some content
associated with a marker unit are omitted.

[0222] FIG. 29 is a schematic diagram of an optical
tracking system according to a tenth embodiment of the
present invention.
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[0223] Referring to FIG. 29, a marker unit 1010 of an
optical tracking according to an embodiment of the present
invention may include a pattern portion 1011, an objective
lens 1013, and a prism 1014.

[0224] The pattern portion 1011 may reflect or pass a light
emitted from at least one light source (not shown). In other
words, it may be preferable to make the pattern portion 1011
to reflect the light emitted from the light source when the
light source is arranged outside the marker unit 1010, or to
pass the light emitted from the light source when the light
source is arranged inside the marker unit 1010.

[0225] The objective lens 1013 is arranged in front of the
pattern portion 1011 to pass and release the light, which is
emitted from the light source and reflected by or having
passed the pattern portion 1011, toward an image forming
unit (not shown) in parallel light form.

[0226] Herein, it may be preferable to arrange the pattern
portion 1011 at a focal length of the objective lens 1013.
[0227] The prism 1014 passes the light having passed the
objective lens 1013 and makes the light to be incident on an
image forming unit after extending an angle of view of the
parallel light. Herein, it may be preferable to form the prism
1014 in a pyramid shape.

Eleventh Embodiment

[0228] FIG. 30 is a schematic diagram of an optical
tracking system according to an eleventh embodiment of the
present invention, and FIG. 31 is a drawing showing a
marker unit according to the eleventh embodiment of the
present invention.

[0229] Referring to FIGS. 31 and 32, an optical tracking
system according to an embodiment of the present invention
includes at least one light source 1140, at least one marker
unit 1110, at least one image forming unit 1120, and a
processor 1130.

[0230] The at least one light source 140 is arranged to emit
a light toward the marker unit 1110. For example, the light
source may be an LED (Light Emitting Diode). Herein, it
may be preferable to arrange the at least one light source
1140 outside the marker unit 1110.

[0231] The at least one marker unit 1110 reflects the light
emitted from the light source 1140 in a parallel light, and an
enlarged image of the pattern portion 1111 is formed on the
image forming unit 1120 by the parallel light. The marker
unit 1110 may include a mirror portion 1113 and a pattern
portion 1111.

[0232] The mirror portion 1113 reflects the light, which is
emitted from the at least one light source 1140 toward the
marker unit 1110, toward the pattern portion 1111, re-reflects
the light reflected by the pattern portion 1111, and provides
the light toward the image forming unit in a parallel light
form. Herein, the mirror portion 1113 is a mirror with a
spherical or non-spherical shape. For example, a concave
mirror may be used as the mirror portion 1113 to gather and
reflect the light in one point.

[0233] The pattern portion 1111 is arranged at a focal
distance of the mirror portion 1113 to re-reflect the incident
light which is reflected by the mirror portion 1113.

[0234] Meanwhile, the marker unit 1110 may further
include a first lens 1112.

[0235] The first lens 1112 may be arranged at a focal
length of the mirror portion 1113. In other words, the first
lens 1112 is arranged at a location apart from the mirror
portion 1113 by a focal distance of the mirror portion 1113
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such that the parallel light reflected by the mirror portion
1113 is provided once more in parallel light form toward the
at least one image forming unit 1120.

[0236] Meanwhile, the marker unit 1110 may further
include an aperture installed on the mirror portion 1113. The
aperture 1114 adjusts a light quantity of the light, which is
emitted from the light source 1140 and incident on the mirror
portion 1113, to adjust an angle of view and a resolution of
an enlarged image of the pattern portion 1111.

[0237] The at least one image forming unit 1120 forms an
enlarged image of the pattern portion 1111 by receiving the
parallel light which is provided from the marker unit 1110.
[0238] For example, the image forming unit 1120 may be
a camera which receives the parallel light provided by the
marker unit 1110 through the pattern portion 1111 and forms
an enlarged image of the pattern portion 1111 on an image
sensor portion 1122.

[0239] The processor 1130 calculates a spatial position
and a direction of the marker unit 1110 by comparing the
enlarged image of the pattern portion 1111 with a reference
image of the pattern portion pre-stored in the processor
1130.

[0240] In more detail, the processor 1130 calculates a
spatial position and a direction of the marker unit 1110 by
comparing a position and a size of the enlarged image of the
pattern portion 1111 formed on the image forming unit 1120
with a pre-stored reference position and size of a reference
image of the pattern portion 1111, a direction of the marker
unit 1110 by comparing a position and a size of the pattern
portion 1111 for each area of the enlarged image of the
pattern portion 1111 with a pre-stored reference position and
reference size of the image of the pattern portion 1111 for
each area, and therefore, calculates a spatial position and a
direction of a target by using the spatial position and
direction of the marker unit 1110.

[0241] A process of calculating a spatial position and a
direction of a target according to the eleventh embodiment
is described below with reference to FIGS. 30-37.

[0242] FIG. 32 is a flow chart explaining a process of
calculating a direction of a target according to the eleventh
embodiment of the present invention.

[0243] Referring to FIGS. 32-32, in order to track a target
using an optical tracking system according to the eleventh
embodiment, first, a light is irradiated toward a maker unit
1110 by operating a light source 1140, in other words, the
light is irradiated toward a mirror portion 1113 on which a
pattern portion is formed on (S310).

[0244] The light irradiated toward the marker unit 1110 is
reflected by marker unit 1110, in which the pattern portion
1111 is formed at a focal length of the mirror portion 1113,
in a parallel light to form an enlarged image of the pattern
portion 1111 (S320).

[0245] In more detail, the light irradiated toward the
marker unit 1110 is reflected by the mirror portion and
gathered in one point of the pattern portion 1111, re-reflected
by the pattern portion 1111 and the mirror portion 1113 in a
parallel light, and the parallel light is emitted once more in
a parallel light through a first lens 1112.

[0246] The parallel light reflected by the marker unit 1110
is incident on an image forming unit and forms an enlarged
image of the pattern portion 1111 (S330).

[0247] Explaining in detail the process of forming the
enlarged image of the pattern portion 1111, the parallel light
of the pattern portion 1111 which is reflected by the marker
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unit 1110 passes a lens portion 1121 of the image forming
unit 1120, the parallel light, which have passed the lens
portion 1121 of the image forming unit 1120, forms the
enlarged image of the pattern portion 1111 on a sensor part
1122.

[0248] When the enlarged image of the pattern portion
1111 is formed on the image forming unit 1120, an angle of
view and a resolution of the enlarged image of the pattern
portion 1111 are adjusted by adjusting a light quantity of the
light which is incident on the mirror portion 1113 by
operating an aperture 1114 after verifying an image forma-
tion (S340).

[0249] After adjusting the view of angle and the resolution
of the enlarged image of the pattern portion 1111 by adjust-
ing the light quantity of the light which is incident on the
mirror portion by the aperture 1114, a spatial position and a
direction of the marker unit 1110 are calculated through the
processor 1130 by using the enlarged image of the pattern
portion 1111 in which the view of angle and the resolution
are adjusted (S350).

[0250] The process of calculating the spatial position and
the direction of the marker unit 1110 (S150) is described
below with reference to FIG. 33.

[0251] FIG. 33 is a flow chart explaining a spatial position
and a direction of a marker unit.

[0252] Referring to FIG. 33, in order to calculate a spatial
position and a direction of the marker unit 1110 through the
processor 1130, the direction of the marker unit 1110 is
calculated by calculating a rotated angle of the marker unit
1110 by using the enlarged image of the pattern portion 1111
formed on the image forming unit 1120 (S351).

[0253] After calculating the rotated angle of the marker
unit 1110 through the processor 1130, the spatial position of
the marker unit 1110 is calculated through the processor
1130 by using the enlarged image of the pattern portion 1111
formed on the image forming unit 1120 and the rotated angle
of the marker unit 1110 (S352).

[0254] Herein, a spatial position and a direction of the
image forming unit 1120 are pre-stored in the processor
1130.

[0255] A detailed process of calculating the direction of
the marker unit 1110 (S351) is described below with refer-
ence to FIGS. 34 and 35.

[0256] FIG. 34 is a flow chart explaining a direction of a
marker unit, and FIG. 35 is a drawing explaining a process
of calculating a direction of a target using an optical tracking
system of the eleventh embodiment.

[0257] Referring to FIG. 34, in order to calculated the
direction of the marker unit 1110, first, positions for each
area of pattern portion 1111 and a size change of the pattern
portion 1111 of the enlarged image of the pattern portion
1111 are measured (S3510).

[0258] After measuring the positions for each area of
pattern portion 1111 and the size change of the pattern
portion 1111, the direction of the marker unit 1110 is
calculated by calculating the rotated angle of the marker unit
1110 by comparing the position and the size change of the
pattern portion 1111 for each area of the enlarged image of
the pattern portion 1111 formed on the image forming unit
1120 with a reference position of and a reference size of the
pattern portion for each area of an image of the pattern
portion 1111 which are pre-stored in the processor 1130
(S3511).
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[0259] In other words, as shown in FIG. 35, a position and
a size of the pattern portion 1111 of the enlarged image I, of
the pattern portion 1111 formed on the image forming unit
1120 are changed as the marker unit 1110 is rotated, and the
processor 1130 calculates the direction of the marker unit
1110 by calculating the rotated angle of the marker unit 1110
by comparing the position and the size change of the pattern
portion 1111 for each area of the enlarged image I, of the
pattern portion 1111 formed on the image forming unit 1120
with the reference position and the reference size change for
each area of the pattern portion 1111 of the enlarged pattern
image of the pattern portion, which are pre-stored in the
processor 1130.

[0260] Next, a detailed process of calculating the spatial
position of the marker unit 1110 (S352) is described below
with reference to FIGS. 36 and 37.

[0261] FIG. 36 is a flow chart explaining a spatial position
of a marker unit, and FIGS. 374-37d are drawings explain-
ing a process of calculating a spatial position of a marker
unit.

[0262] Referring to FIGS. 36-37d, in order to calculated
the spatial position of the marker unit 1110, first, a position
and a size change of the enlarged image of the pattern
portion 1111 are measured (S3520).

[0263] After measuring the position and the size change of
the enlarged image of the pattern portion 1111, the spatial
position of the marker unit 1110 is calculated through the
processor 1130 by comparing the position and the size
change of the enlarged image of the pattern portion 1111
formed on the image forming unit 1120 with a reference
position and a reference size of the image of the pattern
portion 1111 which are pre-stored in the processor 1130
(S3521).

[0264] FIG. 37a shows the reference position and the size
of'the image of the pattern portion 1111 formed on the image
forming unit 1120 when the marker unit 1110 is positioned
on the pre-stored position, and as shown in FIG. 3175, when
a distance D2 between the marker unit 110 and the image
forming unit 1120 is shorter than a reference distance D1,
then, a size A2 of the enlarged image of the pattern portion
1111 formed on the image forming unit 1120 is bigger than
a reference size Al of the image of the pattern portion 1111
which is pre-stored in the processor 1130. Therefore, the
spatial position of the marker unit 1110 is calculated by
comparing the reference size Al of the image of the pattern
portion 1111 with the size A2 of the enlarged image of the
pattern portion formed on the image forming unit 1120.
[0265] Meanwhile, although it is not shown in the figure,
when the distance D2 between the marker unit 1110 and the
image forming unit 1120 is longer than the reference dis-
tance D1, then, the size A2 of the enlarged image of the
pattern portion 1111 formed on the image forming unit 1120
is smaller than the reference size Al of the image of the
pattern portion 1111 which is pre-stored in the processor
1130.

[0266] And, when the marker unit 1110 is positioned
below a reference position B1 as shown in FIG. 37¢, the
enlarged image of the pattern image of the pattern portion
1111 is formed on the image forming unit 1120 positioning
above of a reference position C1 (Refer to FIG. 37a) of the
image of the pattern portion 1111 which is pre-stored in the
processor 1130. Therefore, the spatial position of the marker
unit 1110 is calculated through the processor 1130 by
comparing the reference position C1 of the image of the
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pattern portion 1111 with a position C2 of the enlarged
image of the pattern portion 1111 formed on the image
forming unit 1120.

[0267] Meanwhile, although it is not shown in the figure,
when the marker unit 1110 is positioned at the reference
position B1, the enlarged image of the pattern portion 1111
is formed on the image forming unit 120 positioning below
of the reference position C1 of the image of the pattern
portion 1111 which is pre-stored in the processor 1130.
[0268] And, when the distance D2 between the marker
unit 1110 and the image forming unit 1120 is different to the
reference distance D1 and the marker unit 110 is not
positioned at the reference position B1, the spatial position
of the marker unit 1110 is calculated by comparing the
position C2 and the size A2 of the enlarged image formed on
the image forming unit 1120 with the reference position C1
and the reference size Al of the image of the pattern portion
1111 which is pre-stored in the processor 1130.

[0269] Meanwhile, as shown in FIG. 37d, when the dis-
tance D2 between the marker unit 1110 and the image
forming unit 1120 is identical to the reference distance D1,
the marker unit 1110 is positioned at the reference position
B1 and the direction of the maker unit 1110 is changed as 0,
the calculated size A2 and position C2 of the enlarged image
of'the pattern portion 1111 formed on the image forming unit
1120 are identical to the reference position C1 and the
reference size Al of the image of the pattern portion 111
which is pre-stored in the processor 1310. Therefore, the
direction of the marker unit 1111 is calculated by calculating
the rotated angle of the marker unit 1111 by comparing the
position for each pattern portion 1111 and the size change of
the pattern portion 1111 of the enlarged image I, of the
pattern portion 1111 with the reference position for each
pattern portion 1111 and the reference size of the pattern
portion 1111 of the image I, of the pattern portion 111 which
are pre-stored in the processor 1130.

[0270] As described above, an optical tracking system
according to an embodiment of the present invention emits
a parallel light of a pattern portion 1111 from a marker unit
1110, forms an enlarged image of the pattern portion 1111 on
an image forming unit 1120, and calculates a spatial position
of the marker unit 1110 using the enlarged image of the
pattern portion 1111. In other words, the spatial position and
the direction of a target to be calculated are calculated
without reducing accuracy by enlarging an image of the
pattern portion 1111 and forming the image on the image
forming unit 1120, and therefore, an accuracy of the position
of the marker unit is not dependent to a resolving power.
[0271] Therefore, an optical tracking system and a method
using the same according to an embodiment of the present
invention has an effect of expanding an available area by
detecting an exact spatial position and a direction of a target
regardless of a distance of the target to be calculated, as well
as, a system downsizing is also capable compared with
conventional system by reducing size of a marker unit 1110.
[0272] Meanwhile, the present invention has advantage of
tracking more precisely a spatial position and a direction of
a target since an angle of view and a resolution of an
enlarged image of an pattern portion 1111 formed on the
image forming unit 1120 are adjusted by adjusting a light
quantity of a light which is emitted from a light source 1140
and incident on a mirror portion 1113 of a marker unit 1110.
[0273] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
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present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1. An optical tracking system comprising:

at least one marker unit attached on a target, and emitting
a parallel light to form an enlarged image of a pattern
portion which is included inside the marker unit;

at least one image forming unit receiving the parallel light

of the pattern portion emitted from the marker unit and
forming the enlarged image of the pattern portion; and

a processor calculating a spatial position and a direction

of the marker unit by using the enlarged image of the
pattern portion formed on the image forming unit.

2. The optical tracking system of claim 1, wherein the
marker unit comprises:

at least one pattern portion formed by plurality of pat-

terns;

at least one light source irradiating a light toward the

pattern portion; and

at least one first lens portion releasing the light, which is

emitted from the light source and passes the pattern
portion or is reflected by the pattern portion, to be the
parallel light form to the image forming unit.

3. The optical tracking system of claim 1, wherein the
processor calculates the spatial position of the marker unit
by using a position and a size change of the enlarged image
of the pattern portion formed on the image forming unit, and
calculates the direction of the marker unit by using a position
and a size change of the pattern for each area of the enlarged
pattern portion.

4. The optical tracking system of claim 3, wherein the
processor calculates the spatial position of the marker unit
by comparing the position and the size of the enlarged
pattern portion formed on the image forming unit with a
pre-stored reference position and reference size of an image
of a reference pattern portion; and

calculates the direction of the marker unit by comparing

the position of the pattern for each area and the size of
the pattern of the enlarged image of the pattern portion
with a pre-stored reference pattern position and a
reference pattern size for each area of the image of the
pattern portion.

5. The optical tracking system of claim 1, wherein the
marker unit reflects and releases the light, which is emitted
from the at least one light source, in the parallel light form
through a ball lens, in which a pattern portion is wholly or
partially formed on a surface.

6. The optical tracking system of claim 1, wherein the
marker unit passes and releases the light, which is emitted
from the at least one light source and is reflected by or has
passed the pattern portion, in parallel light form through a
fish-eye lens.

7. The optical tracking system of claim 1, wherein the
marker unit passes and releases the light, which is emitted
from the at least one light source and is reflected by or has
passed the pattern portion, in parallel light form through an
objective lens and releases the parallel light through a prism
to have with different angle of view.

8. The optical tracking system of claim 1, wherein the
marker unit reflects and releases the light, which is emitted
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from the at least one light source, in parallel light form
through a mirror portion on which a pattern portion is
formed.

9. The optical tracking system of claim 8, wherein the
marker unit further comprises a first lens arranged at an
interval from the mirror portion to change and release the
parallel light, which is reflected by the mirror portion, once
more in a parallel light form.

10. The optical tracking system of claim 9, wherein the
marker unit further comprises an aperture installed on the
mirror portion to adjust an angle of view and a resolution of
the enlarged image of the pattern portion formed on the
image forming unit by adjusting a light quantity of the light
which is incident on the mirror portion.

11. The optical tracking system of claim 8, wherein the
mirror portion is a mirror with a spherical or non-spherical
shape.

12. A tracking method comprising:

emitting a parallel light of a pattern portion from a marker

unit which is attached on a target to form an enlarged
image of the pattern portion;

receiving the parallel light emitted from the marker unit

and forming the enlarged image of the pattern portion
on an image forming unit; and

calculating a spatial position and a direction of the marker

unit through a processor by using the enlarged image of
the pattern portion formed on the image forming unit.

13. The tracking method of claim 12, wherein calculating
the spatial position and the direction of the marker unit
comprises:

calculating the direction of the marker unit by calculating

a rotated angle of the marker unit through the processor
by using the enlarged image of the pattern portion
formed on the image forming unit; and

calculating the spatial position of the marker unit through

the processor by using the enlarged image of the pattern
portion formed on the image forming unit and the
rotated angle of the marker unit.

14. The tracking method of claim 13, wherein calculating
the direction of the marker unit comprises:

measuring a position of the pattern portion and a size

change of the pattern portion for each area of the
enlarged image of the pattern portion formed on the
image forming unit through the processor; and

calculating the rotated angle of the marker unit by com-
paring a position and a size of the reference pattern
portion for each area, which are pre-stored in the
processor, with the position of the pattern portion for
each area and the size change of the pattern portion of
the enlarged image of the pattern portion formed on the
image forming unit.

15. The tracking method of claim 13, wherein calculating

the spatial position of the marker unit comprises

measuring a position and a size of the enlarged image of
the pattern portion formed on the image forming unit
through the processor; and

calculating the spatial position of the marker unit through
the processor by comparing a reference position and a
reference size of the image of the pattern portion which
are pre-stored in the processor with the position and the
size of the enlarged pattern portion formed on the
image forming unit.
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16. The tracking method of claim 12, wherein the marker
unit comprises:

at least one pattern portion formed by plurality of pat-

terns;

at least one light source irradiating light toward the

pattern portion; and

at least one first lens portion releasing the light, which is

emitted from the light source and have passed the
pattern portion or is reflected by the pattern portion, in
parallel light form to the image forming unit.

17. The tracking method of claim 12, wherein the marker
unit reflects and releases the light, which is emitted from the
at least one light source, in parallel light form through a ball
lens in which a pattern portion is wholly or partially formed
on a surface of the ball lens.

18. The tracking method of claim 12, wherein the marker
unit passes and releases the light, which is emitted from the
at least one light source and is reflected by or has passed the
pattern portion, in parallel light form through a fish-eye lens.

19. The tracking method of claim 12, wherein the marker
unit passes and releases the light, which is emitted from the
at least one light source and is reflected by or has passed the
pattern portion, in parallel light form through an objective
lens, and releases the parallel light through a prism to have
different angle of view.

20. The tracking method of claim 12, wherein the marker
unit reflects and releases the light, which is emitted from the
at least one light source, in a parallel light form through a
mirror portion on which a pattern portion is formed.

#* #* #* #* #*



