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Description

Title of Invention: ROBOT
Technical Field

[1] Embodiments of the present invention relate to a robot, and more particularly, to a
robot that may aim at a target accurately and rapidly.
Background Art

[2] Radiation therapy is a form of treatment to kill cancer cells using high-energy
radiation. Radiation refers to a material mediating propagation or a phenomenon of
energy propagating through a space, and an X-ray is a typical example of the radiation.

[3] Radiation therapy is one of the three most prevalent cancer treatments, in company
with surgery and chemotherapy. In general, radiation therapy may not require hospi-
talization, take a few to about 30 minutes per day, and be painless during treatment.

(4] As radiation therapy apparatuses, X-Knife (Radionics, U.S.A.), Novalis Tx
(BrainLAB, Germany), Peacok (NOMOS Corp., U.S.A.), Trilogy (Varian Medical
System, U.S.A.), and CyberKnife (Accuray Inc., U.S.A.) are known. Many of the
radiation therapy apparatuses are evolving to reduce an error occurring during
treatment and increase an accuracy based on technology of Image Guided Ra-
diotherapy (IGRT) and a linear accelerator.

[5] CyberKnife is a high-precision stereotactic radiation therapy exclusive apparatus that
may intensively irradiate a tumor portion in various directions by providing a small
linear accelerator to a robot arm freely moving with six joints.

[6] CyberKnife may provide a precise treatment by tracking coordinates of a gold
marker inserted into a body and a skeleton image using real-time image guided
technology, without an invasive fixing device. In addition, contrary to Gamma Knife
used to treat brain tumors, CyberKnife may be used to treat cancer throughout a human
body. Further, CyberKnite may be used for fractionated radiation therapy administered
a few times, rather than once.

[7] Recently, research is being conducted on CyberKnife. For example, Korean Patent
Application No. 2009-0038051, filed on April 30, 2009, discloses "System for ra-

diotherapy planning information viewer".
Disclosure of Invention

Solution to Problem

[8] An aspect of the present invention provides a robot including a plurality of robot
arms that may aim at a target more accurately and rapidly, thereby reducing a
treatment or surgery time.

[9] Another aspect of the present invention also provides a robot that may increase a di-
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rectivity with respect to a target through easy control.

Still another aspect of the present invention also provides a robot that may be
provided in a compact design to reduce an overall weight.

Yet another aspect of the present invention also provides a robot that may prevent a
mutual collision between link members by rotating a plurality of link members inde-
pendently and incoherently.

Further another aspect of the present invention also provides a robot including ad-
ditional angle adjustment elements disposed at end portions of a second link member
and a fourth link member or emitting members to efficiently adjust angles at which the
emitting members face a target.

According to an aspect of the present invention, there is provided a robot including a
central member, and a plurality of robot arms, each having one end connected to the
central member to rotate on a longitudinal axis of the central member. The robot arms
may be connected to different portions of the central member to rotate independently
and incoherently with respect to each other.

The robot arms may include a plurality of link members, and a plurality of drive
members to rotate the plurality of link members. The plurality of link members may be
disposed on respective concentric spheres having an identical central point.

The plurality of link members may be provided in a form of arcs and disposed to be
spaced from each other radially from the central point.

The plurality of link members may be disposed away from a location at which the
plurality of link members is radially spaced from each other to incoherently rotate with
respect to each other.

Extension lines of axes of the plurality of drive members may be positioned at an
identical point.

The plurality of drive members may be disposed at end portions of the plurality of
link members.

The axes of the drive members may be formed to be perpendicular to tangential di-
rections of the end portions of the link members.

Lengths of the link members may be determined based on angles between axes of the
drive members.

Emitting members may be provided at other ends of the robot arms to be moved
spherically along trajectories of rotation of the robot arms, respectively.

The emitting members may be disposed to be perpendicular to tangential directions
of end portions of the robot arms, respectively.

Angle adjustment elements may be disposed at end portions of the robot arms or the
emitting members to adjust angles at which the emitting members face a target, re-

spectively.
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According to another aspect of the present invention, there is also provided a robot
including a central member, a first link member to rotate on a longitudinal axis of the
central member, a first drive member disposed at one end of the first link member to
transmit a torque to the first link member, a second link member connected to another
end of the first link member to rotate on a first axis, and a second drive member
disposed between the first link member and the second link member to transmit a

torque to the second link.
The robot may further include a third link member connected to a portion of the

central member, the portion differing from a portion to which the first link member is
connected, to rotate on the longitudinal axis of the central member, a third drive
member disposed at one end of the third link member to transmit a torque to the third
link member, a fourth link member connected to another end of the third link member
to rotate on a second axis, and a fourth drive member disposed between the third link
member and the fourth link member to transmit a torque to the fourth link member.

The longitudinal axis of the central member, the first axis, and the second axis may
be positioned at an identical location of a target.

The robot may further include emitting members disposed at end portions of the
second link member and the fourth link member to face a target.

The first link member and the second link member may be disposed farther away
from a target than the third link member and the fourth link member.

The fourth link member may be disposed closer to the target than the third link
member.

When the third link member is disposed between the first link member and the
second link member, a length of the third link member may be shorter than a length of
the first link member, and the fourth link member may be disposed closer to the target
than the second link member.

The robot may further include a fifth link member connected to a portion of the
central member, the portion differing from portions to which the first link member and
the third link member are connected, to rotate on the longitudinal axis of the central
member, a fifth drive member disposed at one end of the fifth link member to transmit
a torque to the fifth link member, a sixth link member connected to another end of the
fifth link member to rotate on a third axis, a sixth drive member disposed between the
fifth link member and the sixth link member to transmit a torque to the sixth link
member, and an emitting member disposed at an end portion of the sixth link member
to face a target. The longitudinal axis of the central member and the third axis may be

positioned at an identical location of the target.

Brief Description of Drawings
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FIG. 1 is a view illustrating a robot according to an embodiment of the present
invention.
FIG. 2 is a view illustrating a disposition of link members in a robot according to an

embodiment of the present invention.

FIG. 3 is a view illustrating axes of drive members being positioned at an identical
point in a robot according to an embodiment of the present invention.

FIG. 4 is a view illustrating a radiation range of emitting members of a robot
according to an embodiment of the present invention.

FIG. 5 is a view illustrating angle adjustment elements disposed in a robot according
to an embodiment of the present invention.

FIG. 6 illustrates a direction of an emitting member in a robot according to an em-
bodiment of the present invention.

FIG. 7 illustrates spherical coordinates.

Mode for the Invention

Reference will now be made in detail to embodiments of the present invention,
examples of which are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout. The embodiments are
described below in order to explain the present invention by referring to the figures.

FIG. 1 is a view illustrating a robot 10 according to an embodiment of the present
invention. FIG. 2 is a view illustrating a disposition of link members 210 through 240
in the robot 10. FIG. 3 is a view illustrating axes of drive members 250 through 280
being positioned at an identical point in the robot 10. FIG. 4 is a view illustrating a
radiation range of an emitting member 300 of the robot 10. FIG. 5 is a view illustrating
angle adjustment elements disposed in the robot 10.

Referring to FIG. 1, the robot 10 may include a central member 100, and a plurality
of robot arms 200 connected to both ends of the central member 100.

FIG. 1 illustrates two robot arms provided in the robot 10. However, the present
invention is not limited thereto. A number of robot arms may vary.

The plurality of robot arms 200 may be connected to different portions of the central
member 100. For example, the plurality of robot arms 200 may be disposed at an upper
portion and a lower portion of the central member 10 to be spaced from each other.

Thus, a length of the central member 100 may vary depending on a number of robot
arms 200.

The central member 100 may have a longitudinal axis X,.

The plurality of robot arms 200 may rotate on the longitudinal axis X, of the central
member 100. In this example, the plurality of robot arms 200 may be independently

controlled to rotate in different directions or at different velocities.
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Further, the plurality of robot arms 200 may rotate independently and incoherently
with respect to each other. Trajectories of rotation of the plurality of robot arms 200
may be present in different areas and thus, the plurality of robot arms 200 may rotate
without a mutual collision.

Hereinafter, a structure of the robot arms 200 will be described with reference to
FIGS. 2 and 3.

When two robot arms 200 are provided in the robot 10, one robot arm 200 may be
disposed at an upper portion of the central member 100, and the other robot arm 200
may be disposed at a lower portion of the central member 100.

The one robot arm 200 disposed at the upper portion of the central member 100 may
include a first link member 210 and a second link member 220. The other robot arm
200 disposed at the lower portion of the central member 100 may include a third link
member 230 and a fourth link member 240.

The first link member 210, the second link member 220, the third link member 230,
and the fourth link member 240 may be disposed on concentric spheres, and disposed
to be spaced from each other radially from a central point O.

The first link member 210, the second link member 220, the third link member 230,
and the fourth link member 240 may be provided in a form of arcs, and have different
lengths.

However, the form of the first link member 210, the second link member 220, the
third link member 230, and the fourth link member 240 is not limited thereto. The first
link member 210, the second link member 220, the third link member 230, and the
fourth link member 240 may be provided in an angular form.

The first link member 210 and the second link member 220 may be disposed on
larger concentric spheres than the third link member 230 and the fourth link member
240. The first link member 210 may be disposed on a larger concentric sphere than the
second link member 220. The third link member 230 may be disposed on a larger
concentric sphere than the fourth link member 240.

When the first link member 210 and the second link member 220 are disposed on
larger concentric spheres than the third link member 230 and located farther away from
the central point O, a mutual collision may be prevented although the plurality of link
members 210 through 240 simultaneously rotate.

In addition, the first link member 210 and the second link member 220 may have
greater lengths than the third link member 230 and the fourth link member 240. The
first link member 210 may have a greater length than the second link member 220. The
third link member 230 may have a greater length than the fourth link member 240.

When the third link member 230 is disposed between the first link member 210 and
the second link member 220, the third link member 230 has a shorter length than the
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first link member 210, and the fourth link member 240 is disposed closer to the central
point O than the second link member 220, a mutual collision may be prevented
although the plurality of link members 210 through 240 simultaneously rotate.

As described above, the plurality of link members 210 through 240 may be disposed
on concentric spheres to be spaced from each other and thus, rotate in different areas,
thereby rotating incoherently.

In this example, the plurality of link members 210 through 240 may rotate by means
of a drive member.

A plurality of drive members may be provided. The plurality of drive members may
include a first drive member 250, a second drive member 260, a third drive member
270, and a fourth drive member 280.

The first drive member 250 may disposed at one end of the first link member 210 to
transmit a torque to the first link member 210.

The first drive member 250 may be connected to be perpendicular to the one end of
the first link member 210. The first drive member 250 may be connected to be per-
pendicular to a tangential direction at the one end of the first link member 210.

For example, the first drive member 250 may be included in the central member 100.
Although not illustrated in detail, it is obvious that the central member 100 may
include a space in which the first drive member 250 is to be disposed.

The first drive member 250 may enable the first link member 210 to rotate on the
longitudinal axis X, of the central member 100.

The first link member 210 may move along a trajectory of rotation on one of the
concentric spheres by means of the first drive member 250.

The second drive member 260 may be disposed between the first link member 210
and the second link member 220 to transmit a torque to the second link member 220.

The second drive member 220 may rotate on a first axis X, extending from the
central point O to the second drive member 260.

The first axis X; may be formed to tilt from the longitudinal axis X, of the central
member 100. The longitudinal axis X, of the central member 100 and the first axis X,
may extend to be positioned at an identical point, for example, the central point O.

The second drive member 260 may be connected to be perpendicular to one end of
the second link member 220. Since the first link member 210 and the second link
member 220 may be disposed on concentric spheres, the second drive member 260
may also be connected to be perpendicular to another end of the first link member 210.

The second link member 220 may move along a trajectory of rotation on one of the
concentric spheres by means of the second drive member 260.

In this example, since the first link member 210 is disposed farther away from the

central point O than the second link member 220, the trajectory of rotation of the first
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link member 210 may be greater than the trajectory of rotation of the second link
member 220.

The third drive member 270 may be disposed at one end of the third link member
230 to transmit a torque to the third link member 230.

Similar to the first drive member 250, the third drive member 270 may be included in
the central member 100. Although not illustrated in detail, it is obvious that the central
member 100 may include a space in which the third drive member 270 is to be
disposed.

The third drive member 270 may also rotate on the longitudinal axis X, of the central
member 100.

The first drive member 250 and the third drive member 270 may be provided
separately or integrally.

When the first drive member 250 and the third drive member 270 are provided in-
tegrally, the first link member 210 and the third link member 230 may rotate in
identical directions or at identical velocities.

Conversely, when the first drive member 250 and the third drive member 270 are
provided separately, the first link member 210 and the third link member 230 may
rotate independently.

Since the third drive member 270 is disposed between the first link member 210 and
the third link member 230, the third drive member 270 may be connected to be per-
pendicular to an end portion of the first link member 210 and an end portion of the
third link member 230.

The third link member 230 may move along a trajectory of rotation on one of the
concentric spheres by means of the third drive member 270 disposed as described
above.

The trajectory of rotation of the third link member 230 may be smaller than the tra-
jectories of rotation of the first link member 210 and the second link member 220. The
trajectory of rotation of the third link member 230 may be closer to the central point O
than the trajectories of rotation of the first link member 210 and the second link
member 220.

The fourth drive member 280 may be disposed between the third link member 230
and the fourth link member 240 to transmit a torque to the fourth link member 240.

The fourth link member 240 may rotate on a second axis X, extending from the
central point O to the fourth drive member 280.

The second axis X, may be formed to tilt from the longitudinal axis X, of the central
member 100. The longitudinal axis X, of the central member 100 and the second axis
X, may be positioned at an identical point, for example, the central point O.

The fourth drive member 280 may be connected to be perpendicular to one end of the
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fourth link member 240. Since the third link member 230 and the fourth link member
240 may be disposed on concentric spheres, the fourth drive member 280 may be
connected to be perpendicular to another end of the third link member 230.

The fourth link member 240 may move along a trajectory of rotation on one of the
concentric spheres by means of the fourth drive member 280.

In this example, since the fourth link member 240 is disposed closer to the central
point O than the third link member 230, the trajectory of rotation of the fourth link
member 240 may be smaller than the trajectory of rotation of the third link member
230.

Although not illustrated, the robot arms 200 may further include a fifth link member,
a sixth link member, a fifth drive member, and a sixth drive member.

The fifth link member may be connected to a portion of the central member 100 to
rotate on the longitudinal axis X, of the central member 100. The portion of the central
member 100 to which the fifth link member is connected may differ from the portions
to which the first link member 210 and the third link member 230 are connected.

The fifth link member may be disposed at an upper portion or a lower portion than
the first link member 210 and the third link member 230.

The sixth link member may be disposed at another end of the fifth link member to
rotate on a third axis. The third axis may be formed to tilt with respect to the lon-
gitudinal axis X4 of the central member 100.

The fifth drive member may be disposed at one end of the fifth link member to
transmit a torque to the fifth link member.

Similar to the first drive member 250 and the third drive member 270, the fifth drive
member may be included in the central member 100.

The sixth drive member may be disposed between the fifth link member and the sixth
link member to transmit a torque to the sixth link member.

In this example, the longitudinal axis X, of the central member 100 and the third axis
may be positioned at the central point O or an identical location of a target.

A number of the drive members may be fewer than or equal to a number of the link
members.

As an example, a single drive member may be disposed at a single link member and
thus, each link member may operate independently. As another example, a plurality of
link members may be disposed at a single drive member and thus, the plurality of link
members may operate simultaneously.

By way of the link members 210 through 240 and the drive members 250 through
280 configured as described above, the robot 10 may aim at a target or an affected area
more accurately, and access to an area difficult to reach with a high degree of freedom.

In addition, the robot 10 may save a space occupied by the link members 210 through
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240 and the drive members 250 through 280, and reduce an operation time through
easy control over the link members 210 through 240 and the drive members 250
through 280.

The emitting member 300 may be disposed at another end of a robot arm 200.

Hereinafter, the emitting member 300 will be described based on a linear accelerator
that emits radiation for radiation therapy.

However, the emitting member 300 is not limited thereto. The emitting member 300
may emit another material including a liquid or gas.

In detail, the emitting member 300 may include a first emitting member 310 disposed
at an end portion of the second link member 220, and a second emitting member 320
disposed at an end portion of the fourth link member 240.

Similar to the second drive member 260 and the fourth drive member 280, the first
emitting member 310 and the second emitting member 320 may be connected to be
perpendicular to the end portion of the second link member 220 and the end portion of
the fourth link member 240, respectively.

Accordingly, the first emitting member 310 and the second emitting member 320
may be provided to face the central point O, that is, the identical point at which the
first axis X, of the second drive member 260 and the second axis X, of the fourth drive
member 280 are positioned.

In addition, the first axis X, of the second drive member 260 and the second axis X,
of the fourth drive member 280 may be positioned at the identical point, for example,
the central point O, along with the longitudinal axis X, of the central member 100.
Thus, the longitudinal axis X, of the central member 100, the first axis X, and the
second axis X, may be positioned at the central point O, and the first emitting member
310 and the second emitting member 320 may also face the central point O.

When radiation is emitted from the emitting member 300 for treatment or surgery on
a patient, the radiation may be emitted toward the central point O.

In this example, since all of the axes of the drive members 250 through 280 face the
central point O, the first emitting member 310 and the second emitting member 320
may be continuously aimed at the central point O while the link members 210 through
240 are rotating, due to a structural disposition of the link members 210 through 240
and the drive members 250 through 280.

Radiation may be emitted in a state in which a robot arm 200 is stationary. Thus,
radiation may not be emitted while the robot arm 200 is moving to a subsequent
emission point.

However, when a plurality of robot arms 200 is provided, radiation may be emitted in
a state in which remaining robot arms 200 are stationary while one robot arm 200 is

moving. Thus, a treatment or surgery time may be reduced.
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Referring to FIG. 4, a radiation area of the emitting member 300 is illustrated.

The first emitting member 310 may emit radiation within an area A through rotation
of the first link member 210 and the second link member 220.

The second emitting member 320 may emit radiation within an area B through
rotation of the third link member 230 and the fourth link member 240.

In this example, since the first link member 210 and the second link member 220 are
disposed farther away from the central point O than the third link member 230 and the
fourth link member 240, the area A may be larger than the area B. In terms of three di-
mensions, the area A may represent a greater sphere than the area B.

The first emitting member 310 and the second emitting member 320 may emit
radiation toward a target T within the area A and the area B at all times.

As described above, since the link members 210 through 240 may move spherically
along trajectories of rotation, the first emitting member 310 disposed at the second link
member 220 and the second emitting member 320 disposed at the fourth link member
240 may move spherically along the trajectories of rotation. Thus, the first emitting
member 310 and the second emitting member 320 may be easily aimed at the target T.

Referring to FIG. 5, the angle adjustment elements may be additionally provided at
end potions of the second link member 220 and the fourth link member 240 or the
emitting member 300.

The angle adjustment elements may include a first angle adjustment element 312
disposed at a point at which the first emitting member 310 and the second link member
220 meet, and a second angle adjustment element 322 disposed at a point at which the
second emitting member 320 and the fourth link member 240 meet.

The first emitting member 310 and the second emitting member 320 may oscillate
while moving in directions of arrows on axes extending from the emitting member 300
toward the central point O.

The first emitting member 310 including the first angle adjustment element 312 and
the second emitting member 320 including the second angle adjustment element 322
may perform small-angle movements. Thus, the first angle adjustment element 312 and
the second angle adjustment element 322 may be useful when a minute angle ad-
justment is required after the first emitting member 310 and the second emitting
member 320 aims at a target by means of the drive members 250 through 280.

As described above, a robot according to an embodiment of the present invention
may reduce a treatment or surgery time by aiming at a target more rapidly and ac-
curately using a plurality of robot arms, increase a directivity with respect to the target
through easy control, and reduce an overall weight through a compact design. In
addition, the robot may prevent a mutual collision between a plurality of link members

by rotating the link members independently and incoherently, and efficiently adjust an
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angle at which an emitting member faces the target through an additional angle ad-
justment element disposed at the emitting member.

Hereinafter, a kinematical analysis on a structure of the robot 10 will be described in
detail.

The following may be expressed based on forward kinematics.

[Equation 1]

x = f(8)

In the Equation 1, 0 denotes a joint angle, and x denotes a location and direction of

an end-effector.

Coordinates of an emitting member may be estimated based on an angle at which
link members are connected to each other.

In addition, when a Denavit-Hartenberg (D-H) convention is used, the kinematics of
the robot may include four parameters, for example, a link length a of a line member, a

link offset d, a link distortion (X, and a joint angle 0

In this example, when a joint rotates around a z axis, transformation matrices may be

expressed as follows.

[Transformation Matrix 1]

co1 -cal s61 sal sB1 0
0 — s61 cal col -sal ¢b1 0
: 0 sal cal R
0 0 0 1
[Transformation Matrix 2]
c62 -ca?2 s62 sa2 s62 0
I — s02 ca2 c02 -sa2 ¢62 0
2 0 sa2 ca2 0
0 0 0 1

In Transformation Matrices 1 and 2, s denotes sine, and ¢ denotes cosine.

Through the above transformation matrices, a transformation matrix may be derived

as follows.
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[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140

[141

[142
[143

— e e

[144]

[Transformation Matrix 3]

cO1 co2 sal sa2 s61 - co2 ca? sal s61 - sa2
- cal s1 s02{(cal ¢2 51 + cO1 s02)|(cal c02 sO1 + ¢o1 562) ©
-¢O1 sal su2 -¢cO1 (co2 sal
or=, c§?2c361lsez +ca2 (cal c01¢c02 - + cal ¢62 s02) 0
s61 s62) + 502 s81 s02

sal s02 cu2 ¢02 sal +col sa2 | cal ca2-cO2salso2 | R
0 0 0 1

The above transformation matrix may represent a case in which two link members
are provided. A point to which relocation is to be performed by a translation, an offset,
a scale, or a rotation on a three-dimensional (3D) coordinate system may be estimated
using the transformation matrix.

In addition, a location and direction of the emitting member or the end-effector may
be expressed as follows.

[Transformation Matrix 4]

oT = {Oxz Oy, Oz, Opz]
2
0 0 0 1

[Transformation Matrix 5]
0
%, =10
R

In this example, the location of the emitting member or the end-effector may be
constantly uniform.

FIG. 6 illustrates a direction of an emitting member in a robot according to an em-
bodiment of the present invention.

Referring to FIG. 6, the emitting member may face a z axis, and have a roll
movement of rotating on the z axis, a yaw movement of oscillating up and down based
on the z axis, and a pitch movement of rotating up and down based on the z axis.

In this example, a roll direction may be insignificant in the emitting member.

Only a z-vector may be considered for a direction of the emitting member.

Thus, Transformation Matrix 2 may be arranged as follows.

[Transformation Matrix 6]

4 —cB1{ca2 sal + cal B2 sa2) + sal s61s62

[21‘ [caZ sal s01 + sa2 (cal ¢62 s61 + ¢61 s02)
0, — —
Zp = =
Z3 cal ca - ¢62 sl sa2

A desired direction of the emitting member may be designated as spherical co-
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[145]

[146]

[147]

[148]
[149]

[150]

[151]

[152]

[153]

[154]

ordinates o and B of FIG. 7. When the direction of the emitting member is given as
o and B of FIG. 7, rotation matrices corresponding to the direction may be expressed
as follows.

[Rotation Matrix 1]

cacBf —sa casf
Rspherical = RzaRyp = |5Q cf ca sasf

—-sf 0 cf
[Rotation Matrix 2]

X1 Y1 4
Rspherical =|X2 Y2 22
X3 Y3 Z3

Based on o and Bfrom Rotation Matrices 1 and 2, °x, = [Xy, Xs, X317, °y2=[y1, Y2, ¥3I%,

and °z, = [z,, 7,, z;]" may be determined, and 0, and 92 may also be determined.

Such a relationship may be expressed by inverse kinematics as follows.

[Equation 2]

0 =f()™

In Equation 2, x denotes a vector °z, = [z,, z,, z;]" and, 0 denotes a vector including

an . Equation 2 may be an imnverse function o uation 1.
0, d 0, Equation 2 may b i functi { Equation 1
The joints angles 0, and p, may be calculated based on orthonormal vectors °x,, %y,

and °z,. An intuitive method of calculating such vectors may be performed using

spherical coordinates. When a direction is given as o and B a rotation matrix corre-
sponding to the direction may be expressed as follows.
[Rotation Matrix 3]

cacf —sa casf
Rsphericat = RzaRyp = |S@ cB ca sasf

—-sf 0 cf

In this example, constituent elements of the vectors may correspond to %X, = [x;, X, X3

1%, Oy =[y1, y2, y5I%, and °z,= [z,, 2, z;]".

The following Equations may be extracted from Transformation Matrix 3.
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[155] [Equation 3]
X3 = 5056

73 = cQcOr — cBrs0 50
[156] In Equation 3, 92 may be induced as follows.
[157] [Equation 4]

8§68 = x3 — 504
3+ oy e
SO 500
s0sa(x3 —s0yp)
3+ cdiclth

O =

tanth =

23+ Ccocon
6, = arctan2(x3 — s0(j, ————
SO0 50
[158] A function arctan2, an arctangent function including two input variables, may be
used due to a stability of being close to zero input values and a characteristic of a final
angle returning to an appropriate quadrant.

[159] , may be calculated as follows.

[160] The following Equations 5 through 7 may be obtained from Transformation Matrix
4.

[161] [Equation 5]
(X2 = 6156 + QB 502 )c0 56
(x;] = —581c0 562+ O c62)cH:

[162] [Equation 6]

2 2 2
cttys6rx3 4+ cOrx) = Q15 6200) + 620
cO 8622 + ¢B2x]
520y + 20

cO =

[163] [Equation 7]

71 = (cOsoy + 500 c6r )58 + 505620
2= —(carso + s02cq c2)cO) + 50056256

[164] In addition, the following may be assumed.
[165]
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[Equation 8]
a = copsQ + s0hco
b= 5056

[166] Through Equations 7 and 8, the following may be calculated.

[167] [Equation 9]

a(zy = as@y +bcoy)
b(z2 = —acB) + bsO)
az| = (:2561 +abcB
bzr = /735;9; —abcB;

2 g
az) +bza = (a” + b~ )56
azy + bz
a? +b?

[168] Through Equations 6 and 9, , may be calculated as follows.
[169]

59; =

[Equation 10]

01 — arctan? (az | +bzy cosBaxa A+ cOrx) )
i — € o ) 2

2+D? 7 ot + 2o
[170] From Equations 4 and 10, the two joint angles 0; and g , may be determined.

[171] A Jacobian matrix will be described hereinafter.

[172] A linear mapping between a g ~space and an x-space may be as follows.

[173] Equation 1 may be differentiated as follows.

[174] [Jacobian Matrix 1]
0.7&. — 0 ] 8]
0 = %20 X (°pn = °p0) %21 X (°Pn— °p1)
9% 0y,
[175] The Transformation Matrix 1 may be expressed as follows.

[176]
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[177]
[178]

[179]

[180]
[181]

[182]

[183]

[Rotation Matrix 7]

cO1 -col 501 | sal s61 0
O — 0x, Oy, 9z, °p] _ s01 cal cO1 [-sal cO1 0
! 0 0 0 1 0 sal cal R
0 0 0 1

Thus, the Jacobian matrix may be expressed as follows.

[Jacobian Matrix 2]

N x([%]-[%]) ()

sal sf1
[ [—sal cf1

cal
[Jacobian Matrix 3]

0y = {020 X (°Pn = p0) %z X (pn - 0P1)]

%% %,

(10 0 0 sal sf1 0 0
[0] X( of- 0]) [—sal 661} x([() —|0 )
{1 R 0 cal R R
0 sal sé1
[0] [—Sal 691}
1 cal

0 sal sf1
0 —salcfl
{1 cal

Thus, the Jacobian matrix may be expressed as follows.

[Jacobian Matrix 4]
0 salsél
J=10 —salchl
1 cal

Through Jacobian Matrix 4, when only an angular velocity is considered and a trans-
lational velocity is not considered, a singularity may not be achieved except for a case
in which a =nmand neN are satisfied.

As described above, a relationship between a movement of a link member and a
movement of an emitting member may be expressed through a Jacobian matrix. Thus,

the movement of the emitting member may be estimated based on the movement of the
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[184]

[185]

[186]

link member.

In detail, a location of the emitting member may be estimated based on a current
location of a link member. Conversely, to enable the emitting member to face a central
point or a target, an operation of a link member may be controlled based on a current
location of the emitting member.

Furthermore, when a plurality of robot arms is provided, the plurality of robot arms
may be controlled to operate collaboratively through a Jacobian matrix.

Although a few exemplary embodiments of the present invention have been shown
and described, the present invention is not limited to the described exemplary em-
bodiments. Instead, it would be appreciated by those skilled in the art that changes may
be made to these exemplary embodiments without departing from the principles and
spirit of the invention, the scope of which is defined by the claims and their

equivalents.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

18
PCT/KR2014/010946

Claims

A robot comprising:

a central member; and

a plurality of robot arms, each having one end connected to the central
member to rotate on a longitudinal axis of the central member,

wherein the robot arms are connected to different portions of the central
member to rotate independently and incoherently with respect to each
other.

The robot of claim 1, wherein the robot arms comprise:

a plurality of link members; and

a plurality of drive members to rotate the plurality of link members,
wherein the plurality of link members is disposed on respective
concentric spheres having an identical central point.

The robot of claim 2, wherein the plurality of link members is provided
in a form of arcs and disposed to be spaced from each other radially
from the central point.

The robot of claim 2, wherein the plurality of link members is disposed
away from a location at which the plurality of link members is radially
spaced from each other to incoherently rotate with respect to each
other.

The robot of claim 2, wherein extension lines of axes of the plurality of
drive members are positioned at an identical point.

The robot of claim 5, wherein the plurality of drive members is
disposed at end portions of the plurality of link members.

The robot of claim 5, wherein the axes of the drive members are
formed to be perpendicular to tangential directions of the end portions
of the link members.

The robot of claim 5, wherein lengths of the link members are de-
termined based on angles between axes of the drive members.

The robot of claim 1, wherein emitting members are provided at other
ends of the robot arms to be moved spherically along trajectories of
rotation of the robot arms, respectively.

The robot of claim 9, wherein the emitting members are disposed to be
perpendicular to tangential directions of end portions of the robot arms,
respectively.

The robot of claim 9, wherein angle adjustment elements are disposed

at end portions of the robot arms or the emitting members to adjust
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[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]
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angles at which the emitting members face a target, respectively.

A robot comprising:

a central member;

a first link member to rotate on a longitudinal axis of the central
member;

a first drive member disposed at one end of the first link member to
transmit a torque to the first link member;

a second link member connected to another end of the first link
member to rotate on a first axis; and

a second drive member disposed between the first link member and the
second link member to transmit a torque to the second link.

The robot of claim 12, further comprising:

a third link member connected to a portion of the central member, the
portion differing from a portion to which the first link member is
connected, to rotate on the longitudinal axis of the central member;

a third drive member disposed at one end of the third link member to
transmit a torque to the third link member;

a fourth link member connected to another end of the third link member
to rotate on a second axis; and

a fourth drive member disposed between the third link member and the
fourth link member to transmit a torque to the fourth link member.

The robot of claim 13, wherein the longitudinal axis of the central
member, the first axis, and the second axis are positioned at an identical
location of a target.

The robot of claim 13, further comprising:

emitting members disposed at end portions of the second link member
and the fourth link member to face a target.

The robot of claim 13, wherein the first link member and the second
link member are disposed farther away from a target than the third link
member and the fourth link member.

The robot of claim 16, wherein the fourth link member is disposed
closer to the target than the third link member.

The robot of claim 13, wherein, when the third link member is disposed
between the first link member and the second link member, a length of
the third link member is shorter than a length of the first link member
and the fourth link member is disposed closer to the target than the
second link member.

The robot of claim 13, further comprising:
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a fifth link member connected to a portion of the central member, the
portion differing from portions to which the first link member and the
third link member are connected, to rotate on the longitudinal axis of
the central member;

a fifth drive member disposed at one end of the fifth link member to
transmit a torque to the fifth link member;

a sixth link member connected to another end of the fifth link member
to rotate on a third axis;

a sixth drive member disposed between the fifth link member and the
sixth link member to transmit a torque to the sixth link member; and
an emitting member disposed at an end portion of the sixth link
member to face a target,

wherein the longitudinal axis of the central member and the third axis

are positioned at an identical location of the target.
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[Fig. 3]
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