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ROBOT-ASSISTED AUTOMATIC INTRODUCTION METHOD AND DEVICE FOR TROCAR.

@ The present disclosure provides a robot-assisted automatic
introduction method and device for a trocar. The robot-
assisted automatic introduction method includes:
acquiring a dataset of the trocar, training through a preset
U-Net to acquire a first model; detecting, by the first
model, a position of the trocar in a target image, and
outputting position information of the trocar that meets a
preset condition; parameterizing, according to the position
information of the trocar that meets the preset condition,
a rotation angle of the trocar, and acquiring a rotation
matrix of the trocar; and acquiring, according to the
rotation matrix of the trocar, an orientation of the trocar,
and controlling, according to the orientation of the trocar,
an instrument at an end of the robot to introduce the
trocar. Compared with the prior art, the present disclosure
detects the position of the trocar and acquires the
orientation of the trocar through the U-Net.
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LU504661
DESCRIPTION

ROBOT-ASSISTED AUTOMATIC INTRODUCTION METHOD AND DEVICE FOR
TROCAR

TECHNICAL FIELD

[0001] The present disclosure relates to the field of robot control, and in particular to a

robot-assisted automatic introduction method and device for a trocar.

BACKGROUND

[0002] Automatic navigation is a crucial part of robot-assisted surgery. At present, in the
common automatic navigation technology, medical imaging data acquired by magnetic
resonance imaging (MRI), computed tomography (CT) or other technique are processed
through an image processing technique to generate a visual three-dimensional (3D)
model. In this way, a preset movement path is provided for the robot. This offline
modeling method has poor adaptability, and requires repeated modeling for different
samples before surgery. It is only suitable for operations with poor visibility, and requires

complete image data, putting forward high requirements for the image data.
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[0003] The present disclosure provides a robot-assisted automatic introduction method
and device for a trocar. The present disclosure solves the technical problem of how to
automatically determine the orientation of a trocar.

[0004] In order to solve the above technical problem, an embodiment of the present
disclosure provides a robot-assisted automatic introduction method for a trocar,
including:

[0005] acquiring a dataset of the trocar, and training through a preset U-Net to acquire a
first model;

[0006] detecting, by the first model, a position of the trocar in a target image, and
outputting position information of the trocar that meets a preset condition;

[0007] parameterizing, according to the position information of the trocar that meets the
preset condition, a rotation angle of the trocar, and acquiring a rotation matrix of the
trocar; and

[0008] acquiring, according to the rotation matrix of the trocar, an orientation of the
trocar, and controlling, according to the orientation of the trocar, an instrument at an end
of the robot to introduce the trocar.

[0009] In a preferred solution, the outputting position information of the trocar that
meets a preset condition specifically includes:

[0010] outputting position information of the trocar that meets the following condition:
[0011] pred(x,y)=0.8*max(pred);

[0012] where, (x,y) denotes a pixel position of the trocar, pred(x,y) denotes a
confidence of the pixel position (x,y) being classified as trocar; and max(pred) denotes
an overall maximum value of an image output by the U-Net.

[0013] In a preferred solution, before parameterizing a rotation angle of the trocar, the
robot-assisted automatic introduction method further includes: processing the position
information of the trocar that meets the preset condition, specifically:

[0014] calculating a median value of the position information in every seven
consecutive image frames, calculating a Euclidean distance between the median value
and the position information in each of the seven consecutive image frames, and
averaging position information with the Euclidean distance less than or equal to a quarter
of a standard deviation to acquire final position information of the trocar.

[0015] In a preferred solution, the acquiring a rotation matrix of the trocar specifically



includes: LU504661
[0016] acquiring a rotation matrix R, of the trocar in a z-direction and a rotation matrix

Ry of the trocar in a y-direction; and calculating a six-dimensional rotation matrix R of the
trocar:
113\}1: = @RINK, )

R3

[0017] R=iRl &2
R2= RIXR]

[0018] where, R1, R2, and R3 denote columns of the six-dimensional rotation matrix R.
[0019] In a preferred solution, the acquiring, according to the rotation matrix of the

trocar, an orientation of the trocar specifically includes:

[0020] acquiring a true value §

fr‘ad of the trocar in the dataset, and calculating the

gt

5 of the trocar:

orientation of the trocar according to the rotation matrix g

[0021] A& = across{RE BRIy,
[0022] where, the orientation of the trocar is expressed by an angle A6 between the
gt

rotation matrix B> of the trocar and the true value R‘m”‘f of the trocar.

[0023] Correspondingly, the present disclosure further provides a robot-assisted
automatic introduction device for a trocar, including a training module, a detection
module, a rotation matrix module, and an introduction module, where

[0024] the training module is configured to acquire a dataset of the trocar, and train
through a preset U-Net to acquire a first model;

[0025] the detection module is configured to detect, by the first model, a position of the
trocar in a target image, and output position information of the trocar that meets a preset
condition;

[0026] the rotation matrix module is configured to parameterize, according to the
position information of the trocar that meets the preset condition, a rotation angle of the
trocar, and acquire a rotation matrix of the trocar; and

[0027] the introduction module is configured to acquire, according to the rotation matrix
of the trocar, an orientation of the trocar, and control, according to the orientation of the
trocar, an instrument at an end of the robot to introduce the trocar.

[0028] In a preferred solution, the detection module is configured to output position
information of the trocar that meets a preset condition; and specifically:

[0029] the detection module is configured to output position information of the trocar



that meets the following condition: LU504661
[0030] pred(x,y)=0.8*max(pred);

[0031] where, (x,y) denotes a pixel position of the trocar, pred(x,y) denotes a
confidence of the pixel position (x,y) being classified as trocar; and max(pred) denotes
an overall maximum value of an image output by the U-Net.

[0032] In a preferred solution, the robot-assisted automatic introduction device further
includes a screening module configured to process the position information of the trocar
that meets the preset condition before the rotation matrix module parameterizes the
rotation angle of the trocar; and specifically:

[0033] the screening module is configured to calculate a median value of the position
information in every seven consecutive image frames, calculate a Euclidean distance
between the median value and the position information in each of the seven consecutive
image frames, and average position information with the Euclidean distance less than or
equal to a quarter of a standard deviation to acquire final position information of the
trocar.

[0034] In a preferred solution, the rotation matrix module is configured to acquire a
rotation matrix of the trocar; and specifically:

[0035] the rotation matrix module is configured to acquire a rotation matrix R, of the
trocar in a z-direction and a rotation matrix Ry of the trocar in a y-direction, and calculate

a six-dimensional rotation matrix R of the trocar;
: Ri=@{R,}
0036] R=[R1 R2 RIL{R3I=@(RIXR,};
| RI=R3IXRI
[0037] where, R1, R2, and R3 denote columns of the six-dimensional rotation matrix R.

[0038] In a preferred solution, the introduction module is configured to acquire,

according to the rotation matrix of the trocar, an orientation of the trocar; and specifically:
[0039] the introduction module is configured to acquire a true value Rf‘mf of the

trocar in the dataset, and calculate the orientation of the trocar according to the rotation

matrix }{f £ of the trocar:

[0040] A& = across(RY - RETY s

[0041] where, the orientation of the trocar is expressed by an angle A6 between the

pred

M of the trocar.

rotation matrix RI{N of the trocar and the true value £
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[0042] Compared with the prior art, the embodiments of the present disclosure haygjsp4g61
following beneficial effects:

[0043] The embodiments of the present disclosure provide a robot-assisted automatic
introduction method and device for a trocar. The robot-assisted automatic introduction
method includes: acquiring a dataset of the trocar, and training through a preset U-Net to
acquire a first model; detecting, by the first model, a position of the trocar in a target
image, and outputting position information of the trocar that meets a preset condition;
parameterizing, according to the position information of the trocar that meets the preset
condition, a rotation angle of the trocar, and acquiring a rotation matrix of the trocar; and
acquiring, according to the rotation matrix of the trocar, an orientation of the trocar, and
controlling, according to the orientation of the trocar, an instrument at an end of the robot
to introduce the trocar. Compared with the prior art, the present disclosure detects the
position of the trocar and acquires the orientation of the trocar through the U-Net. The
present disclosure can accurately control the instrument at the end of the robot to
introduce the trocar, and automatically determine the orientation of the trocar, adapting to

iN-vivo operations with poor visibility.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a flowchart of a robot-assisted automatic introduction method for a
trocar according to an embodiment of the present disclosure; and
[0045] FIG. 2 is a block diagram of a robot-assisted automatic introduction device for a

trocar according to an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0046] The technical solutions of the embodiments of the present disclosure are clearly
and completely described below with reference to the drawings. Apparently, the
described embodiments are merely a part rather than all of the embodiments of the
present disclosure. All other embodiments obtained by those of ordinary skill in the art
based on the embodiments of the present disclosure without creative efforts should fall
within the protection scope of the present disclosure.

[0047] Embodiment 1

[0048] FIG. 1 is a flowchart of a robot-assisted automatic introduction method for a
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trocar provided by an embodiment of the present disclosure. Referring to FIG. 1, thgj504661
method includes steps S1 to S4. This embodiment adopts a five-degree-of-freedom
series/parallel ophthalmic surgical robot and a multifunctional welding magnifier camera.
The series/parallel ophthalmic surgical robot includes a first joint and a second joint for
two-axis translation and rotation and a sliding rail joint for z-axis motion of an end effector.
The first joint is provided with a first linear motor and a second linear motor, while the
second joint is provided with a third linear motor and a fourth linear motor. The sliding rall
joint is provided with a fifth linear motor. The multifunctional welding magnifier camera is
rigidly provided on a syringe at an end of a robot in a preset direction through a
three-dimensional (3D) printing bracket.

[0049] S1. Adataset of the trocar is acquired, and training is performed through a preset
U-Net to acquire a first model.

[0050] In this embodiment, the multifunctional welding magnifier camera provided on
the robot is configured to capture image frames, acquire red, green, and blue (RGB)
images of the trocar, and generate a dataset of the trocar. The dataset includes no less
than 2,000 images, which include real ground information of the trocar in an image
coordinate system and a three-dimensional position of the trocar relative to the camera
in a virtual scene. The U-Net with Resnet34 as a core feature extractor is selected for
training to form an optimal model. The U-Net first pre-trains with the dataset of the trocar,
and then fine-tunes with a dataset of the trocar after marking to acquire the first model. A
last network layer of the U-Net uses a sigmoid activation function and a binary cross
entropy loss function.

[0051] S2. A position of the trocar in a target image is detected by the first model, and
position information of the trocar that meets a preset condition is output.

[0052] In this embodiment, final image coordinates of the position of the trocar after
each frame processing are acquired through the first model. For this purpose, all pixel
positions (x,y) that meet the condition in the output of the U-Net are taken as candidate
positions of the trocar, that is, the position information of the trocar that meets the preset
condition. Specifically:

[0053] Position information of the trocar is output, which meets the following condition:
[0054] pred(x,y)=0.8*max(pred);

[0055] where, (x,y) denotes a pixel position of the trocar, pred(x,y) denotes a
confidence of the pixel position (x,y) being classified as trocar; and max(pred) denotes

an overall maximum value of an image output by the U-Net.
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[0056] Further, the position information of the trocar that meets the preset condition j$)504661
further processed. Specifically:

[0057] A median value of the position information in every seven consecutive image
frames is calculated, a Euclidean distance between the median value and the position
information in each of the seven consecutive image frames is calculated, position
information with the Euclidean distance less than or equal to a quarter of a standard
deviation is averaged, and final position information of the trocar is acquired. In this way,
the processing results are robust.

[0058] S3. A rotation angle of the trocar is parameterized according to the position
information of the trocar that meets the preset condition, and a rotation matrix of the
trocar is acquired.

[0059] Specifically, in this embodiment, the rotation matrix of the trocar is acquired in
the following manner.

[0060] The rotation angle of the trocar is parameterized. A coordinate system is
established for the trocar by taking a center of a cross-section of the trocar as an origin,
the cross-section of the trocar as an XY plane of the coordinate system, and a normal
vector of the cross-section as the z-axis.

[0061] A six-dimensional rotation matrix Req Of the trocar is expressed as follows:

[0062] Res=[Rz|Ry];

[0063] where, R; denotes a rotation matrix of the trocar in a z-direction, and Ry denotes
a rotation matrix of the trocar in a y-direction.

[0064] The rotation matrix R; of the trocar in the z-direction and the rotation matrix Ry of
the trocar in the y-direction are acquired, and the six-dimensional rotation matrix R of the

trocar is calculated, R being a unit and orthogonal rotation matrix.

[0065] R={R1 R2 R3L{RI=g{RINA):
R2 = RINKI

[0066] where, R1, R2, and R3 denote columns of the six-dimensional rotation matrix R;
and ¢ denotes a vector normalization operation.

[0067] S4. According to the rotation matrix of the trocar, an orientation of the trocar is
acquired, and according to the orientation of the trocar, an instrument at an end of the
robot is controlled to introduce the trocar.

[0068] Specifically, based on the image frame, a normal vector of the cross-section

closest to the trocar on the current image plane is estimated to determine the appropriate



8

position of the target trocar. For an input image extracted from a region of interest (ROl)j504661
centered on the trocar, it is converted into a feature through a Resnet34-based feature

extractor, and is expressed as a six-dimensional rotation matrix through a fully

connected layer. True value Riw‘i of the trocar in the dataset is acquired, and the

-
&

orientation of the trocar is calculated according to the rotation matrix =" of the trocar:

[0069] A& = aeroxs{ R - Ry

[0070] where, the orientation of the trocar is expressed by angle AO between the

gt

5 of the trocar and the true value Ri”“s of the trocar.

rotation matrix R

[0071] Since the trocar is symmetric along the z-axis, loss function L is designed to
avoid punishing the network due to irrelevant rotation around the z-axis of the trocar.
Therefore, a mean square error (MSE) is proportional to a cosine distance of A6, and the

loss function Lrotation iS specifically expressed as follows:

[0073] For determined position data of the trocar, when the end of the robot is placed
within an accessible distance of the trocar (such that the robot can complete the
operation within a maximum working range), a two-stage step-by-step alignment method
is used to align the direction of the instrument at the end of the robot with the direction of
the trocar. Through translation, the XY of an end of the instrument at the end of the robot
is aligned with the trocar so as to compensate for minor intraoperative movement of the
trocar. The end of the instrument is always maintained on a connecting line of the trocar
and approaches the trocar at an adaptive speed to complete introduction.

[0074] In this embodiment, preferably, the trocar is provided with an infrared reflector,
and the miniature camera is provided with an infrared detector to assist in detecting the
position of the trocar and helping to determine the position range of the trocar. In addition,
it should be noted that the robot-assisted automatic introduction method for a trocar
described in this embodiment only demonstrates its application in ophthalmic surgery,
but this is only an example. The robot-assisted automatic introduction method can also
be applied to other types of minimally invasive robotic surgeries.

[0075] Correspondingly, the present disclosure further provides a robot-assisted
automatic introduction device for a trocar. Referring to FIG. 2, the robot-assisted
automatic introduction device includes training module 101, detection module 102,

rotation matrix module 103, and introduction module 104.
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[0076] The training module 101 is configured to acquire a dataset of the trocar, and trajnsp4661
through a preset U-Net to acquire a first model.

[0077] The detection module 102 is configured to detect, by the first model, a position of
the trocar in a target image, and output position information of the trocar that meets a
preset condition.

[0078] The rotation matrix module 103 is configured to parameterize, according to the
position information of the trocar that meets the preset condition, a rotation angle of the
trocar, and acquire a rotation matrix of the trocar.

[0079] The introduction module 104 is configured to acquire, according to the rotation
matrix of the trocar, an orientation of the trocar, and control, according to the orientation
of the trocar, an instrument at an end of the robot to introduce the trocar.

[0080] In this embodiment, the detection module 102 is configured to output position
information of the trocar that meets a preset condition. Specifically:

[0081] The detection module 102 is configured to output position information of the
trocar that meets the following condition:

[0082] pred(x,y)=0.8*max(pred);

[0083] where, (x,y) denotes a pixel position of the trocar, pred(x,y) denotes a
confidence of the pixel position (x,y) being classified as trocar; and max(pred) denotes
an overall maximum value of an image output by the U-Net.

[0084] In this embodiment, the robot-assisted automatic introduction device further
includes a screening module configured to process the position information of the trocar
that meets the preset condition before the rotation matrix module 103 parameterizes the
rotation angle of the trocar. Specifically:

[0085] The screening module is configured to calculate a median value of the position
information in every seven consecutive image frames, calculate a Euclidean distance
between the median value and the position information in each of the seven consecutive
image frames, and average position information with the Euclidean distance less than or
equal to a quarter of a standard deviation to acquire final position information of the
trocar.

[0086] In this embodiment, the rotation matrix module 103 is configured to acquire a
rotation matrix of the trocar. Specifically:

[0087] The rotation matrix module 103 is configured to acquire rotation matrix R of the
trocar in a z-direction and rotation matrix Ry of the trocar in a y-direction, and calculate

six-dimensional rotation matrix R of the trocar.
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DO RIw @R LU504661
[0088] K={Rl R2 R3{RI=@RIxR )
L R2= RIXR

[0089] where, R1, R2, and R3 denote columns of the six-dimensional rotation matrix R.

[0090] In this embodiment, the introduction module 104 is configured to acquire,

according to the rotation matrix of the trocar, an orientation of the trocar. Specifically:

pragd

5 of the

[0091] The introduction module 104 is configured to acquire true value &

trocar in the dataset, and calculate the orientation of the trocar according to the rotation

gt
&

matrix F=" of the trocar:

[0002] A# =geross{RY - RIY Yy
[0093] where, the orientation of the trocar is expressed by angle AO between the

gt

rotation matrix Rz of the trocar and the true value Qi}mﬁ of the trocar.

[0094] Compared with the prior art, the embodiments of the present disclosure have
following beneficial effects:

[0095] The embodiments of the present disclosure provide a robot-assisted automatic
introduction method and device for a trocar. The robot-assisted automatic introduction
method includes: acquiring a dataset of the trocar, and training through a preset U-Net to
acquire a first model; detecting, by the first model, a position of the trocar in a target
image, and outputting position information of the trocar that meets a preset condition;
parameterizing, according to the position information of the trocar that meets the preset
condition, a rotation angle of the trocar, and acquiring a rotation matrix of the trocar; and
acquiring, according to the rotation matrix of the trocar, an orientation of the trocar, and
controlling, according to the orientation of the trocar, an instrument at an end of the robot
to introduce the trocar. Compared with the prior art, the present disclosure detects the
position of the trocar and acquires the orientation of the trocar through the U-Net. The
present disclosure can accurately control the instrument at the end of the robot to
introduce the trocar, and automatically determine the orientation of the trocar, adapting to
iN-vivo operations with poor visibility.

[0096] The objectives, technical solutions, and beneficial effects of the present
disclosure are further described in detail through the above specific embodiments. It
should be understood that the above are merely some specific embodiments of the

present disclosure, but are not intended to limit the protection scope of the present
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disclosure. It should be particularly noted that, any modifications, equivalentso4e61
substitutions, improvements, and the like made by those skilled in the art within the spirit
and principle of the present disclosure should be included within the protection scope of

the present disclosure.
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CLAIMS LU504661

1. Arobot-assisted automatic introduction method for a trocar, comprising:

acquiring a dataset of the trocar, and training through a preset U-Net to acquire a
first model;

detecting, by the first model, a position of the trocar in a target image, and outputting
position information of the trocar that meets a preset condition;

parameterizing, according to the position information of the trocar that meets the
preset condition, a rotation angle of the trocar, and acquiring a rotation matrix of the
trocar; and

acquiring, according to the rotation matrix of the trocar, an orientation of the trocar,
and controlling, according to the orientation of the trocar, an instrument at an end of the

robot to introduce the trocar.

2. The robot-assisted automatic introduction method for a trocar according to claim
1, wherein the outputting position information of the trocar that meets a preset condition
specifically comprises:

outputting position information of the trocar that meets the following condition:

pred(x,y)=0.8*max(pred);

wherein, (x,y) denotes a pixel position of the trocar; pred(x,y) denotes a confidence
of the pixel position (x,y) being classified as trocar; and max(pred) denotes an overall

maximum value of an image output by the U-Net.

3. The robot-assisted automatic introduction method for a trocar according to claim
1, wherein before parameterizing a rotation angle of the trocar, the robot-assisted
automatic introduction method further comprises: processing the position information of
the trocar that meets the preset condition, specifically:

calculating a median value of the position information in every seven consecutive
image frames, calculating a Euclidean distance between the median value and the
position information in each of the seven consecutive image frames, and averaging
position information with the Euclidean distance less than or equal to a quarter of a

standard deviation to acquire final position information of the trocar.
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4. The robot-assisted automatic introduction method for a trocar according to any)so4661
one of claims 1 to 3, wherein the acquiring a rotation matrix of the trocar specifically
comprises:

acquiring a rotation matrix R; of the trocar in a z-direction and a rotation matrix Ry of
the trocar in a y-direction, and calculating a six-dimensional rotation matrix R of the
trocar;

R={Rl R2 seL R3=@(RIXR Y

| RZw RIXRI

wherein, R1, R2, and R3 denote columns of the six-dimensional rotation matrix R.

5. The robot-assisted automatic introduction method for a trocar according to claim
4, wherein the acquiring, according to the rotation matrix of the trocar, an orientation of

the trocar specifically comprises:

acquiring a true value E{fwd of the trocar in the dataset, and calculating the

orientation of the trocar according to the rotation matrix Rfi of the trocar:

Al = goross( B - RIY

£

wherein, the orientation of the trocar is expressed by an angle A8 between the

pred

rotation matrix th of the trocar and the true value g of the trocar.

&

6. A robot-assisted automatic introduction device for a trocar, comprising a training
module, a detection module, a rotation matrix module, and an introduction module,
wherein

the training module is configured to acquire a dataset of the trocar, and train through
a preset U-Net to acquire a first model;

the detection module is configured to detect, by the first model, a position of the
trocar in a target image, and output position information of the trocar that meets a preset
condition;

the rotation matrix module is configured to parameterize, according to the position
information of the trocar that meets the preset condition, a rotation angle of the trocar,
and acquire a rotation matrix of the trocar; and

the introduction module is configured to acquire, according to the rotation matrix of

the trocar, an orientation of the trocar, and control, according to the orientation of the
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trocar, an instrument at an end of the robot to introduce the trocar. LU504661

7. The robot-assisted automatic introduction device for a trocar according to claim 6,
wherein the detection module is configured to output position information of the trocar
that meets a preset condition; and specifically:

the detection module is configured to output position information of the trocar that
meets the following condition:

pred(x,y)=0.8*max(pred);

wherein, (x,y) denotes a pixel position of the trocar; pred(x,y) denotes a confidence
of the pixel position (x,y) being classified as trocar; and max(pred) denotes an overall

maximum value of an image output by the U-Net.

8. The robot-assisted automatic introduction device for a trocar according to claim 6,
further comprising a screening module configured to process the position information of
the trocar that meets the preset condition before the rotation matrix module
parameterizes the rotation angle of the trocar, wherein specifically:

the screening module is configured to calculate a median value of the position
information in every seven consecutive image frames, calculate a Euclidean distance
between the median value and the position information in each of the seven consecutive
image frames, and average position information with the Euclidean distance less than or
equal to a quarter of a standard deviation to acquire final position information of the

trocar.

9. The robot-assisted automatic introduction device for a trocar according to any one
of claims 6 to 8, wherein the rotation matrix module is configured to acquire a rotation
matrix of the trocar; and specifically:

the rotation matrix module is configured to acquire a rotation matrix R; of the trocar
in a z-direction and a rotation matrix Ry of the trocar in a y-direction, and calculate a
six-dimensional rotation matrix R of the trocar:;
| Ri= mg‘?/ §
R={RU RZ RA{RIs@iRIXE Y

B2 = B Kl

RS

wherein, R1, R2, and R3 denote columns of the six-dimensional rotation matrix R.
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10. The robot-assisted automatic introduction device for a trocar according to claifsp4661
9, wherein the introduction module is configured to acquire, according to the rotation
matrix of the trocar, an orientation of the trocar; and specifically:

prod

the introduction module is configured to acquire a true value X of the trocar in
the dataset, and calculate the orientation of the trocar according to the rotation matrix

R¥* of the trocar:

A¥ = qerons{RY BRIy

wherein, the orientation of the trocar is expressed by an angle A8 between the

rotation matrix &' of the trocar and the true value RI™? of the trocar.
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1. Eine roboterassistierte automatische Einfuhrungsmethode fur einen Trokar,
umfassend:

den Erwerb eines Datensatzes fur den Trokar und das Training durch ein
voreingestelltes U-Net, um das erste Modell zu erwerben;

die Erfassung einer Position des Trokars in einem Zielbild durch das erste Modell
und die Ausgabe der Positionsinformationen des Trokars, die dem voreingestellten
Zustand entsprechen;

die Parametrierung eines Rotationswinkels des Trokars nach den
Positionsinformationen, die dem voreingestellten Zustand entsprechen, und der Erwerb
einer Rotationsmatrix des Trokars; und

den Erwerb einer Ausrichtung des Trokars nach der Rotationsmatrix des Trokars,
und die Steuerung eines Instruments an einem Ende des Roboters nach der Ausrichtung

des Trokars, um den Trokar einzufuhren.

2. Die roboterassistierte automatische EinfUhrungsmethode fur einen Trokar nach
Anspruch 1, wobei die Ausgabe der Positionsinformationen des Trokars, die dem
voreingestellten Zustand entsprechen, speziell Folgendes umfasst:

die Ausgabe der Positionsinformationen des Trokars, die dem folgenden Zustand
entsprechen:

pred(x,y)=0.8*max(pred);

wobei (x,y) die Pixelposition des Trokars bezeichnett; pred(x,y) die Zuverlassigkeit
der Pixelposition (x,y), als Trokar klassifiziert zu werden, bezeichnet; und max(pred)

einen allgemeinen Héchstwert einen Bildausgabe durch das U-Net bezeichnet.

3. Die roboterassistierte automatische EinfUhrungsmethode fur einen Trokar nach
Anspruch 1, wobei vor der Parametrierung eines Rotationswinkels des Trokars die
roboterassistierte automatische Einfuhrungsmethode ferner Folgendes umfasst:
Verarbeitung der Positionsinformationen des Trokars, die dem voreingestellten Zustand
entsprechen, speziell:

Berechnung eines Mittelwertes der Positionsinformationen in jeweils sieben
aufeinanderfolgenden Bildrahmen, Berechnung eines euklidischen Abstands zwischen
dem Mittelwert und den Positionsinformationen in jedem der sieben

aufeinanderfolgenden Bildrahmen und Mittelung der Positionsinformationen, wenn der
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euklidische Abstand weniger als oder gleich einem Viertel der Standardabweichung istys04661

um die Endpositionsinformationen des Trokars zu erhalten.

4. Die roboterassistierte automatische EinfUhrungsmethode fur einen Trokar nach
einem der Anspruche 1 bis 3, wobei der Erwerb der Rotationsmatrix des Trokars speziell
Folgendes umfasst:

Erwerb einer Rotationsmatrix R, des Trokars in einer Z-Richtung und einer
Rotationsmatrix Ry des Trokars in einer Y-Richtung, und Berechnung einer
sechsdimensionalen Rotationsmatrix R des Trokars;

| RIs(R)
R=[Rl R2 R3{R3=@(RIXR):

RZ = BIXKRIL

wobei R1, R2 und R3 die Spalten der sechsdimensionalen Rotationsmatrix R

bezeichnen.

5. Die roboterassistierte automatische EinfUhrungsmethode fUr einen Trokar nach
Anspruch 4, wobei der Erwerb einer Ausrichtung des Trokars nach der Rotationsmatrix

des Trokars speziell Folgendes umfasst:

. »red .
Erwerb eines wahren Wertes Qi “* des Trokars im Datensatz und Berechnen der
Ausrichtung des Trokars nach der Rotationsmatrix }{j‘t des Trokars:
. e TXSE o mygmed
A8 = goroass(RY - R 10

wobei die Ausrichtung des Trokars durch einen Winkel A6 zwischen der

pred

L

Rotationsmatrix Rf‘ des Trokars und dem wahren Wert g des Trokars

ausgedruckt wird.

6. Ein roboterassistiertes automatisches EinfUhrungsgerat fur einen Trokar,
umfassend ein Trainingsmodul, ein Erfassungsmodul, ein Rotationsmatrixmodul und ein
Einfuhrungsmodul, wobei

das Trainingsmodul konfiguriert ist, den Datensatz des Trokars zu erwerben und
durch ein voreingestelltes U-Net zu trainieren, um ein erstes Modul zu erwerben;

das Erfassungsmodul konfiguriert ist, um durch das erste Modul eine Position des
Trokars in einem Zielbild zu erfassen und die Positionsinformationen des Trokars, die

dem voreingestellten Zustand entsprechen, auszugeben;
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die Rotationsmatrix konfiguriert ist, einen Rotationswinkels des Trokars nach dgnjso4661
Positionsinformationen, die dem voreingestellten Zustand entsprechen, zu
parametrieren und eine Rotationsmatrix des Trokars zu erwerben; und

das Einfuhrungsmodul konfiguriert ist, eine Ausrichtung des Trokars nach der
Rotationsmatrix des Trokars zu erwerben und ein Instrument an einem Ende des

Roboters nach der Ausrichtung des Trokars zu steuern, um den Trokar einzufUhren.

7. Das roboterassistierte automatische Einfuhrungsgerat fur einen Trokar nach
Anspruch 6, wobei das Erfassungsmodul konfiguriert ist, die Positionsinformationen des
Trokars, die dem voreingestellten Zustand entsprechen, auszugeben, wobei speziell
Folgendes gilt:

Das Erfassungsmodul ist konfiguriert, die Positionsinformationen des Trokars, die
dem folgenden Zustand entsprechen, auszugeben:

pred(x,y)=0.8*max(pred);

wobei (x,y) die Pixelposition des Trokars bezeicht; pred(x,y) die Zuverlassigkeit der
Pixelposition (x,y), als Trokar klassifiziert zu werden, bezeichnet, und max(pred) einen

allgemeinen Héchstwert einen Bildausgabe durch das U-Net bezeichnet.

8. Das roboterassistierte automatische Einfuhrungsgerat fur einen Trokar nach
Anspruch 6, das ferner ein Screening-Modul umfasst, das konfiguriert ist, die
Positionsinformationen des Trokars, die dem voreingestellten Zustand entsprechen, zu
verarbeiten, bevor das Rotationsmatrixmodul den Rotationswinkel des Trokars
parametriert, wobei speziell Folgendes gilt:

Das Screening-Modul ist konfiguriert, einen Mittelwert der Positionsinformationen in
jeweils sieben aufeinanderfolgenden Bildrahmen und einen euklidischen Abstand
zwischen dem Mittelwert und den Positionsinformationen in jedem der sieben
aufeinanderfolgenden Bildrahmen zu berechnen sowie den Mittelwert der
Positionsinformationen zu finden, wenn der euklidische Abstand weniger als oder gleich
einem Viertel der Standardabweichung ist, um die Endpositionsinformationen des

Trokars zu erhalten.
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9. Das roboterassistierte automatische Einfuhrungsgerat fur einen Trokar naghyso4661
einem der Anspruche 6 bis 8, wobei das Rotationsmatrixmodul konfiguriert ist, die
Rotationsmatrix des Trokars zu erwerben, wobei speziell Folgendes gilt:

das Rotationsmatrixmodul ist konfiguriert, eine Rotationsmatrix R, des Trokars in
einer Z-Richtung und eine Rotationsmatrix Ry des Trokars in einer Y-Richtung zu

erwerben und eine sechsdimensionalen Rotationsmatrix R des Trokars zu berechnen;

wobei R1, R2 und R3 die Spalten der sechsdimensionalen Rotationsmatrix R

bezeichnen.

10. Das roboterassistierte automatische EinfUhrungsgeréat fur einen Trokar nach
Anspruch 9, wobei das Einfuhrungsmodul konfiguriert ist, eine Ausrichtung des Trokars

nach der Rotationsmatrix des Trokars zu erwerben, wobei speziell Folgendes gilt:

das EinfUhrungsmodul ist konfiguriert, einen wahren Wert Q;”d des Trokars im

Datensatz zu erwerben und die Ausrichtung des Trokars nach der Rotationsmatrix R;"
des Trokars zu berechnen:

A# = qoross{RY - BRIy

wobei die Ausrichtung des Trokars durch einen Winkel A6 zwischen der

pred
&

Rotationsmatrix R* des Trokars und dem wahren Wert R des Trokars

ausgedruckt wird.
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