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(57) ABSTRACT

Disclosed is a apparatus for generating a needle insertion path
for an interventional robot, which provides a needle insertion
path for intervention by inserting a needle. The apparatus
includes a patient-side optical tool located on a patient for
showing a position of an intervention target part among parts
of the patient, a robot-side optical tool located on an intet-
ventional robot for showing a position of the interventional
robot, and a needle path calculator configured to track posi-
tions of the patient-side optical tool and the robot-side optical
tool to perform spatial registration on a local coordinate sys-
tem ofthe patient-side optical tool based on the position of the
patient-side optical tool with respect to a robot base coordi-
nate system based on the position of the robot-side optical
tool, and calculate a needle insertion path with respect to
robot base coordinate system, based on a result of the spatial
registration.
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APPARATUS FOR GENERATING NEEDLE
INSERTION PATH FOR INTERVENTIONAL
ROBOT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2014-0174797 filed on Dec. 8,
2014, which is hereby incorporated by reference as if fully set
forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to an apparatus for

generating a needle insertion path for an interventional robot,
in which a needle is inserted into a diseased part of a patient
and biopsy or treatment is performed, and more particularly,
to an apparatus for generating a needle insertion path for an
interventional robot, which controls a robot according to a
needle insertion position and a needle insertion path planned
by an operator and monitors a respiration of a patient.
[0004] 2. Discussion of the Related Art

[0005] Generally, intervention is technology that inserts a
medical instrument into a human body and performs an inter-
ventional procedure while observing the inside of the human
body through an imaging apparatus. Intervention is medical
technology which is used for a surgical procedure and medi-
cal procedure such as tissue biopsy, dilation, medicine injec-
tion, etc.

[0006] As a type of intervention, a needle insertion type
intervention uses a needle as a medical instrument. In the
needle insertion type intervention, a needle is inserted into a
human body, and an interventional procedure is performed.
The needle insertion type intervention is applied to most
intervention fields used as a method of approaching a lesion
when installing various stents or a sheath, in addition to fields
such as tissue biopsy of a chest, an abdomen, or various organ
lesions and fields such as radio frequency, alcohol, coagula-
tion, or brachytherapy for a lesion part.

[0007] Inthe needle insertion type intervention, an operator
directly brings a medical needle in contact with a desired
body part or a lesion to be treated while looking an image,
obtained from a computed tomography (CT) apparatus or a
magnetic resonance imaging (MRI) apparatus which is used
in department of radiology, in a medical procedure and per-
forms diagnosis or treatment. Recently, a method where an
operator manipulates a manipulation unit of a needle inser-
tion type interventional robot (a needle insertion robot) is
used as disclosed in Korean Patent Publication No. 10-2014-
0056772 (May 12, 2014).

[0008] In such a needle insertion type interventional robot
system, since a needle insertion path planned by an operator
is defined with respect to coordinate system of a diagnostic
apparatus or an image by using a diagnostic image, target
coordinates need to be converted into data with respect to a
robot base coordinate system in order for a robot to be con-
trolled to a target position. Such conversion technology is
referred to as spatial registration.

[0009] However, in a related art of needle insertion type
interventional robot system, a robot is installed and fixed
where its position and orientation, relative to an image coor-
dinate system, are already known. For this reason, suitability
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for a clinical environment is low, and it is necessary to pet-
form calibration and replacement of components, repeatedly
due to mechanical wear.

[0010] Moreover, in a related art of needle insertion type
interventional robot system, since a patient is basically fixed
by a compression instrument in order for the patient not to
move and an operator inevitably checks the patient with eyes,
fatigues of the patient and the operator are high, and its
accuracy is not guaranteed. Therefore, a separate monitoring
apparatus needs to be introduced for monitoring a respiration
of a patient, and an operator should determine when a needle
has to be inserted while looking at a monitoring situation. For
this reason, an interventional process is very inconvenient and
cumbersome.

SUMMARY

[0011] Accordingly, the present invention is directed to
provide an apparatus for generating a needle insertion path for
an interventional robot that substantially obviates one or more
problems due to limitations and disadvantages of the related
art.

[0012] An aspect of the present invention is directed to
provide an apparatus for generating a needle insertion path for
an interventional robot, in which an optical tool is attached to
each of a patient and an interventional robot, and a needle
insertion path based on a robot base coordinate system is
provided through spatial registration to which an optical
tracking system is applied.

[0013] Anotheraspect of the present invention is directed to
provide an apparatus for generating a needle insertion path for
an interventional robot, which simultaneously monitors a
movement and a respiration of a patient.

[0014] Additional advantages and features of the invention
will be set forth in part in the description which follows and in
part will become apparent to those having ordinary skill in the
art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages
of the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0015] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, there is provided an apparatus for
generating a needle insertion path for an interventional robot,
which provides a needle insertion path for intervention,
including: a patient-side optical tool located on a patient for
showing a position of an intervention target inside patient; a
robot-side optical tool located on an interventional robot for
showing a position of the interventional robot; and a needle
path calculator configured to track positions of the patient-
side optical tool and the robot-side optical tool to perform
spatial registration on a local coordinate system of the patient-
side optical tool based on the position of the patient-side
optical tool with respect to a robot base coordinate system
based on the position of the robot-side optical tool, and cal-
culate a needle insertion path with respect to a robot base
coordinate system, based on a result of the spatial registration.

[0016] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiments of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0018] FIG. 1 is a diagram illustrating a whole configura-
tion of an apparatus for generating a needle insertion path for
an interventional robot according to an embodiment of the
present invention;

[0019] FIG. 2 is a conceptual diagram for describing the
three-dimensional (3D) position tracking principle of an opti-
caltool, in the apparatus for generating a needle insertion path
for an interventional robot according to an embodiment of the
present invention;

[0020] FIG. 3 is a diagram illustrating a concept for calcu-
lating positions and orientations of a robot-side optical tool
and a patient-side optical tool, in the apparatus for generating
a needle insertion path for an interventional robot according
to an embodiment of the present invention;

[0021] FIG.4isadiagram illustrating a concept of a needle
insertion path based on a robot base coordinate system, in the
apparatus for generating a needle insertion path for an inter-
ventional robot according to an embodiment of the present
invention; and

[0022] FIG.5isadiagram illustrating a function of a trans-
formation matrix T.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0024] Hereinafter, details for disclosing an apparatus for
generating a needle insertion path for an interventional robot
according to an embodiment of the present invention will be
described in detail with reference to the accompanying draw-
ings.

[0025] FIG. 1 is a diagram illustrating a whole configura-
tion of an apparatus for generating a needle insertion path for
an interventional robot according to an embodiment of the
present invention. Referring to FIG. 1, the apparatus for gen-
erating a needle insertion path for an interventional robot
according to an embodiment of the present invention may
include: an optical tool 10 that displays a diseased part of a
patient 1, a position of a CT bed 2, and a position of a robot 3;
aCT image acquisition part 20 that receive CT scan images of
the diseased part and the optical tool 10 attached to the patient
1; aposition tracker 30 that tracks a robot-side optical tool and
a patient-side optical tool with a stereo infrared camera; a
needle path calculator 40 that performs spatial registration of
the robot-side optical tool and the patient-side optical tool to
calculate a needle insertion path, based on a robot base coor-
dinate system; and a monitoring part 50 that monitors a move-
ment and a respiration of the patient 1 for which intervention
is being performed.

[0026] According to an embodiment of the present inven-
tion, a total of three reference coordinate systems (camera
coordinate system “Z,;¢”, robot base coordinate system
“Lpase . that is the basis for robot control, and CT coordinate
system “2 ;" for CT image) are introduced.
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[0027] The optical tool 10 may include a patient-side opti-
cal tool 11 attached near a needle insertion area of the patient
1, abed-side optical tool 12 attached to one side of the CT bed,
and a robot-side optical tool 13 attached to a position having
a fixed relative position and orientation with respect to the
robot base coordinate system ‘X, .

[0028] The optical tool 10 may include three or four bars
having a branch form which are provided in different direc-
tions with respect to the center point. A highly retro-reflective
ball marker may be provided on an end of each of the bars, and
as illustrated in FIG. 2, the stereo infrared camera which
includes a signal processor 31 and a coordinate system output
unit 32 may track the ball marker attached to the optical tool
11.

[0029] That is, relative positions of the ball markers with
respect to the camera coordinate system “Z ... may be mea-
sured by the stereo infrared camera in real time.

[0030] Relative 3D positions of the ball markers with
respect to the camera coordinate system “ " may be mea-
sured by a triangulation technique in real time. In such an
optical tracking system, by measuring 3D positions of three
ball markers, a plane in a space may be determined, and
orientations of the ball markers may be measured.

[0031] Therefore, an optical tool 10 may be attached to a
target object which is to be measured and may measure a
relative position or movement, and a reference coordinate
system may be tracked by pre-calibration of relationship
between a pose of target and a reference coordinate system.
[0032] As described above, with the patient-side optical
tool 11 “%,, .., among the optical tool 10 according to an
embodiment of the present invention being attached to a
position near a needle insertion point of the patient 1 as
illustrated in FIG. 3, the CT image acquisition part 20 may
receive image data by CT scan, and center points of ball
markers with respect to the CT image coordinate system
“Leor may be extracted from the received image data.
[0033] When the center points of the ball markers and infor-
mation of a needle insertion path are generated, the needle
insertion path based on CT image coordinate system “Z .,
may be transformed into data based on a local coordinate
system of the patient-side optical tool 11.

[0034] A Relationship between the robot-side optical tool
13 and robot base coordinate system “2 5, " may be identi-
fied by pre-calibration. The pre-calibration may be that a
separate optical tool is attached to a robot arm, and the robot
arm is driven in a state of matching a reference axis of a robot
base coordinate system. Then relative position and orienta-
tion of robot base coordinate system with respect to a local
coordinate system of a robot-side optical tool is identified.
[0035] Inthe present embodiment, as illustrated in FIG. 4,
the needle path calculator 40 may simultaneously track the
robot-side optical tool 13 and the patient-side optical tool 11
by using the optical tracking system to calculate a needle
insertion path based on the robot base coordinate system. This
may be explained by the following Equation (1):

Baser _Baser Robor OTS Patient
Tg'ze_ed! e TRoboz TOT S TPati ent TC T
TNeedle ( 1 )

[0036] An interventional robot can be driven to a position
of the needle insertion path, accurately.

[0037] As described above, the optical tracking system of
the position tracker 30 may simultaneously track the robot-
side optical tool 13 and the patient-side optical tool 11, and
thus, the needle path calculator 40 may calculate needle inser-
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tion path data, based on the robot base coordinate system,
whereby spatial registration may be performed.

[0038] The spatial registration enables interventional robot
to be installed at a medical procedure place with low limita-
tions in terms of position.

[0039] Moreover, the apparatus for generating a needle
insertion path for an interventional robot according to an
embodiment of the present invention may include a bed-side
optical tool 12 where a ball marker is attached to one side of
CT bed 2, and may measure a relative movement of the local
coordinate system “Z .., of the patient-side optical tool 11
with respect to the local coordinate system “%, " of the
bed-side optical tool 12, thereby checking a movement and a
respiration state of the patient 1. According to the present
embodiment, a movement of the patient 1 may be defined as
the following Equation (2), a respiration of the patient 1 may
be defined by measuring an absolute movement of the patient
1 as the following Equation (3):

BEJTPatientJEdTOT 5 OTSTPatient (2)
T pyrions &)
[0040] Here, a matrix T of Equations (1) to (3) may denote

that a relative position and orientation between two coordi-
nate systems in a 3D space are expressed as a 3D homoge-
neous transformation matrix of the following Equation (4):

ryor sk )
Fa i Iy
31 32 b3 I
0 0 0 1

where a 3x3 region including r;, to ry; denotes a change of
orientation (i.e., 3D rotation) between two coordinates, and t,,
t, and t, denote distances between origins of two coordinate
systems.

[0041] All elements of the matrix T has no unit because the
transformation matrix T depends on a unit of a coordinate
value for 3D rotation or movement.

[0042] FIG. 5 is a diagram illustrating a function of the
transformation matrix T.

[0043] Referring to FIG. 5, a relative position and orienta-
tion of a B coordinate system “Z;” with respect to an A
coordinate system “X,” may be expressed as “T, and a
relative position and orientation with respect to another coor-
dinate system may be obtained by sequentially performing a
multiplication operation on the 3D homogeneous transforma-
tion matrix according to the chain rule.

[0044] When a movement of patient-side optical tool 11 is
outside an allowable value, the monitoring part 50 according
to an embodiment of the present invention may output a
warning sound, display a warning message on a screen, or
generate a signal for stopping driving of the interventional
robot.

[0045] Themonitoring part 50 according to an embodiment
of the present invention may track in real time a relative
movement of a patient-side optical tool with respect to an
optical tool attached to CT bed, thereby monitoring a move-
ment and a respiration of a patient. Accordingly, a device for
fixing a patient is not needed, and it is not required for an
operator to check the patient with eyes. Also, an accuracy of
intervention and a stability of a medical procedure are
secured.
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[0046] To summarize the above-described technology dis-
closed in the present specification, the technology disclosed
in the present specification relates to the apparatus for gener-
ating a needle insertion path for an interventional robot,
which provides a needle insertion path for intervention by
inserting a needle. The apparatus for generating a needle
insertion path for an interventional robot according to an
embodiment of the present invention may include: a patient-
side optical tool 11 that is located on a patient for indicating
a position of an intervention target part among parts of the
patient; a robot-side optical tool 13 that is located on an
interventional robot for indicating a position of the interven-
tional robot; and a needle path calculator 40 that tracks posi-
tions of the patient-side optical tool 11 and the robot-side
optical tool 13 to perform spatial registration on a local coor-
dinate system of the patient-side optical tool 11 based on the
position of the patient-side optical tool 11 with respect to a
robot base coordinate system based on the position of the
robot-side optical tool 13, and calculates a needle insertion
path, based on a result of the spatial registration.

[0047] Moreover, the apparatus for generating a needle
insertion path for an interventional robot according to an
embodiment of the present invention may further include a
CT image acquisition part 20 that receives image data includ-
ing the patient-side optical tool 11 and the intervention target
part.

[0048] Moreover, the image data may be generated by per-
forming a CT scan of the patient-side optical tool 11 and the
intervention target part simultaneously.

[0049] Moreover, the apparatus for generating a needle
insertion path for an interventional robot may further include
a position tracker 30 that calculates a local coordinate system
of the patient-side optical tool 11, based on the CT scan image
and tracks the position of the patient-side optical tool 11, by
the optical tracking system.

[0050] Moreover, the robot-side optical tool 13 may be
attached to robot arm or robot base of an interventional robot
3. The position tracker 30 may calculate a position to which
the robot-side optical tool 13 is attached and a relative posi-
tion and orientation of a robot base coordinate system, based
on the optical tracking system.

[0051] Moreover, the position of the robot-side optical tool
13 may be tracked based on a stereo camera.

[0052] Moreover, the patient-side optical tool 11 or the
robot-side optical tool 13 may include three or four bars
having a branch form which are provided in different direc-
tions with respect to a center point. A highly retro-reflective
ball marker may be provided on an end of each of the bars.
[0053] Moreover, the apparatus for generating a needle
insertion path for an interventional robot may further include
a bed-side optical tool 12 that is attached to one side ofa CT
bed. Also, the apparatus for generating a needle insertion path
for an interventional robot may further include a monitoring
part 50 that is coupled to the position tracker 30 and checks
the position of the patient-side optical tool 11 with respect to
a local coordinate system of the bed-side optical tool 12 to
check a movement and a respiration state of the patient.
[0054] Moreover, when a movement of the patient is out-
side an allowable value, the monitoring part 50 may output a
warning sound, display a warning message on a screen, or
generate a signal for stopping driving of the interventional
robot.

[0055] As described above, in the apparatus for generating
a needle insertion path for an interventional robot according
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to the embodiments of the present invention, the interven-
tional robot may be installed with a low limitation, and a
needle insertion path may be determined based on the robot
base coordinate system, thereby enhancing an accuracy of
intervention.

[0056] Moreover, since a movement and a respiration of a
patient are monitored in real time through optical position
tracking, itis possible to issue a warning to an operator or stop
driving of a system, and thus, intervention is safely and accu-
rately performed.

[0057] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An apparatus for generating a needle insertion path for
an interventional robot, which provides a needle insertion
path for intervention by inserting a needle, the apparatus
comptrising:

a patient-side optical tool located on a patient for showing

a position of an intervention target part among parts of
the patient;
arobot-side optical tool located on an interventional robot
for showing a position of the interventional robot; and

aneedle path calculator configured to track positions of the
patient-side optical tool and the robot-side optical tool to
perform spatial registration on a local coordinate system
of the patient-side optical tool based on the position of
the patient-side optical tool with respect to a robot base
coordinate system based on the position of the robot-
side optical tool, and calculate a needle insertion path
with respect to robot base coordinate system, based on a
result of the spatial registration.

2. The apparatus of claim 1, further comprising: a com-
puted tomography (CT) image acquisition part configured to
receive CT image including the patient-side optical tool and
the intervention target part.

3. The apparatus of claim 2, wherein the CT image is
generated by performing a CT scan of the patient-side optical
tool and the intervention target part.

4. The apparatus of claim 2, further comprising: a position
tracker configured to calculate a local coordinate system of
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the patient-side optical tool, based on the CT image and track
the position of the patient-side optical tool, based on an opti-
cal tracking system.
5. The apparatus of claim 4, wherein
the robot-side optical tool is attached to an robot arm or a
robot base of the interventional robot, and
the position tracker calculates a position of robot base
coordinate system by tracking the robot-side optical tool
based on the optical tracking system.
6. The apparatus of claim 5, wherein the position of the
robot-side optical tool is tracked based on a stereo camera.
7. The apparatus of claim 1, wherein
the patient-side optical tool and the robot-side optical tool
comprises three or four bars having a branch form which
are provided in different directions with respect to a
center point, and
a highly retro-reflective ball marker is provided on an end
of each of the bars.
8. The apparatus of claim 1, further comprising:
a bed-side optical tool located on one side of a medical
procedure bed; and
a monitoring part coupled to the position tracker to check
the position of the patient-side optical tool based on a
local coordinate system of the bed-side optical tool to
check a movement and a respiration state of the patient.
9. The apparatus of claim 8, wherein when a movement of
the patient is outside an allowable value, the monitoring part
outputs a warning sound, displays a warning message on a
screen, or generates a signal for stopping driving of the inter-
ventional robot.
10. The apparatus of claim 4, further comprising:
a bed-side optical tool located on one side of a medical
procedure bed; and
a monitoring part coupled to the position tracker to check
the position of the patient-side optical tool based on a
local coordinate system of the bed-side optical tool to
check a movement and a respiration state of the patient.
11. The apparatus of claim 10, wherein when a movement
of the patient is outside an allowable value, the monitoring
part outputs a warning sound, displays a warning message on
a screen, or generates a signal for stopping driving of the
interventional robot.
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