wo 2020/048511 A1 |0 0000 KO0 YOO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 March 2020 (12.03.2020)

(10) International Publication Number

WO 2020/048511 Al

WIPO I PCT

(51) International Patent Classification:
A61B 34/20 (2016.01)

(21) International Application Number:
PCT/CN2019/104567

(22) International Filing Date:
05 September 2019 (05.09.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
16/122,8601 05 September 2018 (05.09.2018) US

(71) Applicant: POINT ROBOTICS MEDTECH INC.
[CN/CN]; 3F., 3F., No.2, Sec. 2, Shengyi Rd., Zhubei,
Hsinchu, Taiwan 30261 (CN).

(72) Inventors: YU, Shouan; 3F., No.2, Sec. 2, Shengyi Rd.,
Zhubei, Hsinchu, Taiwan 30261 (CN). DAL, Banghao, 3F .,
No.2, Sec. 2, Shengyi Rd., Zhubei, Hsinchu, Taiwan 30261

(74)

@81)

(CN). SU, Chewei; 3F., No.2, Sec. 2, Shengyi Rd., Zhubei,
Hsinchu, Taiwan 30261 (CN). CHOU, Haokai; 3F., No.2,
Sec. 2, Shengyi Rd., Zhubei, Hsinchu, Taiwan 30261 (CN).
YEN, Chiaho; 3F., No.2, Sec. 2, Shengyi Rd., Zhubei,
Hsinchu, Taiwan 30261 (CN). YANG, Chihmin; 3F., No.2,
Sec. 2, Shengyi Rd., Zhubei, Hsinchu, Taiwan 30261 (CN).
JUANG, Shyuecherng; 3F., No.2, Sec. 2, Shengyi Rd.,
Zhubei, Hsinchu, Taiwan 30261 (CN).

Agent: SHENZHEN SCIENBIZIP INTELLECTUAL
PROPERTY AGENCY CO.,LTD.; 9f, Rongqun Build-
ing, No.83 Longguan East Rd., Longhua New Dist., Shen-
zhen, Guangdong 518109 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,

(54) Title: NAVIGATION SYSTEM AND METHOD FOR MEDICAL OPERATION

Medical Imager
1910

Robotic System 1000

Instrument System

1100

Spatial Sensor
System 1500

User Interface

Computer System
1700

1800

FIG. 1

(57) Abstract: A navigation method (3000) for a medical operation and implemented by a robotic system (1000) is provided. The
method (3000) includes the steps of: receiving, at a processor (1710) of the robotic system (1000), at least one set of navigation data
(S3100); receiving or generating at least one three-dimensional model of the virtual object in the navigation data (S3310), calculating
the navigation data to generate a virtual environment (3600) and at least one navigation instruction (3602) (S3300); and presenting, at a
user interface (1800) associated with the robotic system (1000), the virtual environment (3600) and/or the navigation instruction (3602)
to a user of the robotic system (1000) for the user to refer to during the medical operation (S3500).

[Continued on next page]



WO 2020/048511 A |10} 00000000 D00 OO0

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/048511 PCT/CN2019/104567

NAVIGATION SYSTEM AND METHOD FOR MEDICAL OPERATION

FIELD

[0001] The present disclosure relates to robotic system, and more particularly
to a method for providing navigation instructions to the user in computer-assisted

surgeries performed by the robotic system.

BACKGROUND

[0002] Numerous medical operations (e.g., a surgery) require high manual
precision on the part of the surgeon. For example, surgical orthopedic operations
require the surgeon to mill, drill or saw a bone of a subject at a precise location and
at a precise angle in order to fit a given implant into the bone or to shape the bone
to create a desired geometric profile. Such operations are usually performed by
free-hand, with the surgeon holding a specific surgical instrument and following a
trajectory based on anatomical landmarks. Accuracy of the surgical operations is
thus dependent on the skill of the surgeon in following the predetermined plan with

the hand-held surgical instrument.

[0003] Taking the advantages of information technology and robotics,
computer assisted surgery has offered a reliable option in improving the accuracy
and precision of medical operations. A few examples of existing robotic system
as disclosed by Shoham in U.S. patent publication No. 20120143084 provide
means to control position of the surgical instrument. One computer assisted
approach involves generating a mechanical constraint by a robotic arm to block
movement of the instrument when the instrument is moved within or beyond a
default anatomical region by the surgeon. Another approach utilizes a robotically
controlled platform connected to an operating tool of the instrument to enable the
operating tool to move and adjust the orientation thereof to compensate deviation

of the surgeon's hand motion from the planned trajectory.
[0004] However, while the surgical instrument having a self-adjustable
operating tool provides theoretically more operational flexibility over conventional

instruments, maneuverability and accuracy of the instrument are not as ideal. On
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one hand, when operating the instrument it is difficult for the surgeon to determine
the preferred range where the instrument should be placed in respect of the surgical
site. In other words, without knowing the spatial range corresponding to the
allowable movement of the operating tool or the capacity of the tool to compensate
deviation, the surgeon can only guesstimate how far from or how close to the
surgical site he/she should place the instrument. On the other hand, by not knowing
the boundary of the preferred or allowable spatial range of the operating tool, the
surgeon would be unaware of any unintentional deviation of the instrument from

the preferred operation range.

[0005] Therefore, there is a need for a navigation system designed for the
surgical instrument having a self-adjustable tool that informs the surgeon of the

allowable range of the surgical instrument.

BRIEF SUMMARY OF THE DISCLOSURE

[0006] An objective of the present invention is to provide a reliable navigation
system that determines the capability of the instrument to correct deviations of the
operating tool real-time and presents spatial information of the surgical

environment with high accuracy to the surgeon during medical operations.

[0007] Another objective of the present invention is to provide an intuitive
navigation system that visualizes the capability of the instrument to correct
deviations of the operating tool real-time during medical operations and offers the

surgeon clear guidance on maneuvering of the surgical instrument.

[0008] An embodiment of the present disclosure provides a navigation method
for a medical operation and implemented by a robotic system. The navigation
method includes the steps of: (S1) receiving, at a processor of the robotic system, at
least one set of navigation data, comprising steps of: receiving at least one set of
registration data, receiving at least one set of instrument data, receiving at least one
set of spatial sensor data, and receiving at least one set of medical operation plan
data, wherein the instrument data comprises at least one set of virtual workspace or
virtual active space of the robotic system, and the navigation data comprises at

least one virtual object; (S2) receiving or generating, at the processor of the robotic
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system, at least one three-dimensional model of the virtual object in the navigation
data; (S3) processing, at the processor of the robotic system, the navigation data to
generate a virtual environment; (S4) processing, at the processor of the robotic
system, the navigation data and the virtual environment to generate at least one
navigation instruction; and (S5) presenting, at a user interface electrically
connected to the robotic system, the virtual environment, the navigation instruction,

or the virtual environment and the navigation instruction to a user of the robotic

system for the user to refer to during the medical operation.

[0009] In a preferred embodiment, the step of (S1) further includes a step of:

(S1-1) receiving at least one set of anatomical data.

[0010] In a preferred embodiment, the step of (S1-1) further comprises a step
of receiving at least one set of endoscope image data from a minimally invasive
image system electrically connected to the robotic system, and the step of (S5)
further includes a step of: displaying the endoscope image data. The displayed
endoscope image data spatially and timely coincides with the virtual anatomy in

the virtual environment.

[0011] In a preferred embodiment, the virtual active space further includes a
first virtual active space and a second virtual active space, and a size or a shape of
the first virtual active space is different from a size or a shape of the second virtual

active space.

[0012] In a preferred embodiment, the robotic system is electrically connected
to an instrument system having a manipulator or a tool, the first virtual active space
is associated with one of a plurality of criteria for activating the manipulator or the
tool, and the second virtual active space is associated with one of a plurality of

criteria for inactivating the manipulator or the tool.

[0013] In a preferred embodiment, the step of (S4) includes a step of:
determining at least one spatial relationship between at least two virtual objects in

the virtual environment.
[0014] In a preferred embodiment, a first virtual object of the at least two

virtual objects is a virtual workspace or a virtual active space from the instrument

data and a second virtual object of the at least two virtual objects is a virtual
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planning object from the medical operation plan data.

[0015] In a preferred embodiment, the at least one spatial relationship includes
at least one compensation rating, and the compensation rating is calculated from
the medical operation data and the virtual workspace or from the medical operation

data and the virtual active space.

[0016] In a preferred embodiment, the step of (S4) includes a step of:
processing at least one virtual planning object attribute in the medical operation

plan data to generate at least one navigation instruction.

[0017] In a preferred embodiment, the navigation method further includes a
step of: generating at least one set of control signal for controlling at least one

function of the robotic system.

[0018] In a preferred embodiment, the control signal includes a first control
signal and a second control signal, the first control signal is generated according to
a first calculation result of the calculation of the navigation data, and the second
navigation instruction is generated according to a second calculation result of the

calculation of the navigation data.

[0019] In a preferred embodiment, the step of (S5) includes a step of:
rendering three-dimensional graphics on a display device electrically connected to
the processor, wherein the three-dimensional graphics includes the virtual
environment, the navigation instruction, or the virtual environment and the

navigation instruction.

[0020] In a preferred embodiment, a viewing angle of the rendering is aligned

with an orientation of an instrument electrically connected to the robotic system.

[0021] In a preferred embodiment, the step of (S5) includes a step of:
generating and displaying, by a graphical user interface (GUI) application, a
plurality of two-dimensional icons according to the navigation data and the virtual
environment, wherein the two-dimensional icons represent a position of an
instrument electrically connected to the robotic system, an orientation of the
instrument, the navigation instruction, and a range of valid orientation of the

instrument.

[0022] In a preferred embodiment, the navigation instruction is presented by a
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light indicator or an audio device, wherein the light indicator and the audio device

are electrically connected to the robotic system.

[0023] In a preferred embodiment, the navigation instruction is presented by a
direction of a tool, wherein the tool is connected to a manipulator electrically

connected to the robotic system.

[0024] In a preferred embodiment, the step of (S5) includes a step of:
generating and displaying, by a graphical user interface (GUI) application, a
plurality of two-dimensional icons according to the navigation data and the virtual

environment, wherein the two-dimensional icons represent workspace progress bar.

[0025] Another embodiment of the present disclosure provides a robotic
system for assisting a medical operation, comprising: a user interface; and a
computer system electrically connected to the user interface, wherein the computer
system includes a non-transitory computer readable medium storing a program for
navigating the medical operation, the program is executable by at least one
processor of the computer system and comprises instructions that, when executed
by the processor, causes the robotics system to perform steps of: (S1) receiving, at
a processor of the robotic system, at least one set of navigation data, including
steps of: receiving at least one set of registration data, receiving at least one set of
instrument data, receiving at least one set of spatial sensor data, and receiving at
least one set of medical operation plan data, wherein the instrument data comprises
at least one set of virtual workspace or virtual active space of the robotic system,
and the navigation data comprises at least one virtual object; (S2) receiving or
generating, at the processor of the robotic system, at least one three-dimensional
model of the virtual object in the navigation data; (S3) processing, at the processor
of the robotic system, the navigation data to generate a virtual environment; (S4)
processing, at the processor of the robotic system, the navigation data and the
virtual environment to generate at least one navigation instruction; and (S5)
presenting, at a user interface electrically connected to the robotic system, the
virtual environment, the navigation instruction, or the virtual environment and the
navigation instruction to a user of the robotic system for the user to refer to during

the medical operation.
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[0026] In a preferred embodiment, the step of (S1) further includes a step of:

(S1-1) receiving at least one set of anatomical data.

[0027] In a preferred embodiment, the step of (S1-1) further includes a step of
receiving at least one set of endoscope image data from a minimally invasive
image system electrically connected to the robotic system, and the step of (S5)
further includes a step of: displaying the endoscope image data. The displayed
endoscope image data spatially and timely coincides with the virtual anatomy in

the virtual environment.

[0028] In a preferred embodiment, the virtual active space includes a first
virtual active space and a second virtual active space, and a size or a shape of the
first virtual active space is different from a size or a shape of the second virtual

active space.

[0029] In a preferred embodiment, the robotic system is electrically connected
to an instrument system having a manipulator or a tool, the first virtual active space
is associated with one of a plurality of criteria for activating the manipulator or the
tool, and the second virtual active space is associated with one of a plurality of

criteria for inactivating the manipulator or the tool.

[0030] In a preferred embodiment, the step of (S4) includes a step of:
determining at least one spatial relationship between at least two virtual objects in

the virtual environment.

[0031] In a preferred embodiment, a first virtual object of the at least two
virtual objects is a virtual workspace or a virtual active space from the instrument
data and a second virtual object of the at least two virtual objects is a virtual

planning object from the medical operation plan data.

[0032] In a preferred embodiment, the at least one spatial relationship includes
at least one compensation rating, and the compensation rating is calculated from
the medical operation data and the virtual workspace or from the medical operation

data and the virtual active space.
[0033] In a preferred embodiment, the step of (S4) includes a step of:
processing at least one virtual planning object attribute in the medical operation

plan data to generate at least one navigation instruction.
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[0034] In a preferred embodiment, the navigation method further includes a
step of: generating at least one set of control signal for controlling at least one

function of the robotic system.

[0035] In a preferred embodiment, the control signal includes a first control
signal and a second control signal, the first control signal is generated according to
a first calculation result of the calculation of the navigation data, and the second
navigation instruction is generated according to a second calculation result of the

calculation of the navigation data.

[0036] In a preferred embodiment, the step of (S5) includes a step of:
rendering three-dimensional graphics on a display device electrically connected to
the processor, wherein the three-dimensional graphics comprises the virtual
environment, the navigation instruction, or the virtual environment and the

navigation instruction.

[0037] In a preferred embodiment, a viewing angle of the rendering is aligned

with an orientation of an instrument electrically connected to the robotic system.

[0038] In a preferred embodiment, the step of (S5) includes a step of:
generating and displaying, by a graphical user interface (GUI) application, a
plurality of two-dimensional icons according to the navigation data and the virtual
environment, wherein the two-dimensional icons represent a position of an
instrument electrically connected to the robotic system, the navigation instruction,

and a range of valid orientation of the instrument.

[0039] In a preferred embodiment, the navigation instruction is presented by a
light indicator or an audio device, wherein the light indicator and the audio device

are electrically connected to the robotic system.

[0040] In a preferred embodiment, the navigation instruction is presented by a
direction of a tool, wherein the tool is connected to a manipulator electrically

connected to the robotic system.

[0041] In a preferred embodiment, the step of (S5) includes a step of:
generating and displaying, by a graphical user interface (GUI) application, a
plurality of two-dimensional icons according to the navigation data and the virtual

environment, wherein the two-dimensional icons represent workspace progress bar.



WO 2020/048511 PCT/CN2019/104567

[0042] In a preferred embodiment, the system further comprising an
instrument system comprising a tool and a manipulator connected to the tool, and

the instrument system is electrically connected to the computer system.

[0043] In sum, according to the various embodiments of the present disclosure,
the robotic system utilizes data regarding the workspace of the manipulator of the
instrument to provide navigation instructions to a user of the robotic system. By
referencing to the navigation instructions, the user is provided a sense of the
capability of the instrument to correct deviations of the position or orientation of
the tool from a predetermined medical operation plan, according to the position
and/or orientation of the instrument. Further, the navigation instructions also
inform the user of the suggestions on how to manually manipulate the instrument
to an optimal position or orientation to improve the capability of the instrument to
correct the deviations of the position or orientation of the tool from the
predetermined medical operation plan, according to the position and/or orientation

of the instrument.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The accompanying drawings illustrate one or more embodiments of the
present disclosure and, together with the written description, explain the principles
of the present disclosure. Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements of an embodiment.
[0045] FIG 1 is a block diagram of a robotic system in accordance with an
embodiment of the present disclosure;

[0046] FIG 2 is a schematic illustration of the robotic system in accordance
with an embodiment of the present disclosure;

[0047] FIG 3 is a perspective view of a hand-held instrument of the robotic
system in accordance with an embodiment of the present disclosure;

[0048] FIG 4 is a side view of the hand-held instrument of the robotic system in
accordance with an embodiment of the present disclosure;

[0049] FIG 5 is a side view of a manipulator of the hand-held instrument of the

robotic system in accordance with an embodiment of the present disclosure;
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[0050] FIG 6 is a side view of another manipulator of the hand-held instrument
of the robotic system in accordance with an embodiment of the present disclosure;
[0051] FIG 7 is a schematic illustration of an operation state of the robotic
system in accordance with an embodiment of the present disclosure;

[0052] FIG 8 is a schematic illustration of an operation state of a spatial sensor
system of the robotic system in accordance with an embodiment of the present

disclosure;

[0053] FIG 9 is a schematic illustration of an operation state of the robotic

system in accordance with an embodiment of the present disclosure;

[0054] FIG 10 is a flow diagram of a navigation method of the robotic system

in accordance with an embodiment of the present disclosure;

[0055] FIG 11 is a block diagram showing the steps of receiving navigation
data in the navigation method in accordance with an embodiment of the present

disclosure;

[0056] FIG 12 is a block diagram showing the steps of generating virtual
environment and navigation instruction in the navigation method in accordance

with an embodiment of the present disclosure;

[0057] FIG 13 is a block diagram showing the steps of generating virtual

environment in accordance with an embodiment of the present disclosure;

[0058] FIG 14 is a schematic illustration of the step of presenting virtual
environment and navigation instruction in the navigation method in accordance

with an embodiment of the present disclosure;

[0059] FIG 15 is a schematic illustration of a user interface of the robotic

system accordance with an embodiment of the present disclosure;

[0060] FIG 16 is a schematic illustration of two dimensional icons generated
by a graphic user interface (GUI) application of the robotic system in accordance
with an embodiment of the present disclosure; and

[0061] FIG 17 is another schematic illustration of two dimensional icons
generated by the GUI application in accordance with an embodiment of the present

disclosure.
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[0062] In accordance with common practice, the various described features are
not drawn to scale and are drawn to emphasize features relevant to the present
disclosure. Like reference characters denote like elements throughout the figures

and text.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0063] The present disclosure will now be described more fully hereinafter
with reference to the accompanying drawings illustrating various exemplary
embodiments of the disclosure. The present disclosure may, however, be embodied
in many different forms and should not be construed as limited to the embodiments
set forth herein. Rather, these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope of the disclosure to

those skilled in the art. Like reference numerals refer to like elements throughout.

[0064] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the disclosure. As used
herein, the singular forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,” or “includes” and/or
“including” or “has” and/or “having” when used herein, specify the presence of
stated features, regions, integers, steps, operations, elements, and/or components,

but do not preclude the presence or addition of one or more other features, regions,

integers, steps, operations, elements, components, and/or groups thereof.

[0065] It will be understood that the terms "and/or" and “at least one” include
any and all combinations of one or more of the associated listed items. It will also
be understood that, although the terms first, second, third etc. may be used herein
to describe various elements, components, regions, parts and/or sections, these
elements, components, regions, parts and/or sections should not be limited by these
terms. These terms are only used to distinguish one element, component, region,
part or section from another element, component, region, layer or section. Thus, a
first element, component, region, part or section discussed below could be termed a

second element, component, region, layer or section without departing from the

10
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teachings of the present disclosure.

[0066] The term “medical operation” used herein refers to a procedure or part
of the procedure that applied on a patient for a specific medical purpose. For
example, a medical operation may be a computer assisted surgery, or the medical
operation may be a registration process which is a part of a computer assisted
surgery.

[0067] The term “virtual object” used herein refers to a set of
computer-executable data that can be stored in a storage medium. A virtual object
may include a representation/simulation of a real-world object or a geometric
concept.

[0068] The term “object property” used herein refers to the at least one
attributes of the virtual object. In other words, object properties are contents of the
virtual object encoded in the data files and stored in a data structure or memory
configuration.

[0069] The term “virtual environment” used herein refers to a set of data
include a representation/simulation of a real-world environment. A virtual
environment includes at least one well defined coordinate system and at least one
virtual object. Spatial properties in respective to the well-defined coordinate system

of the at least one virtual object are also well-defined.

[0070] The term “spatial property” used herein refers to position/orientation of
an object. The term “spatial relationship” used herein refers to relative position or

relative orientation between two objects.

[0071] In the present disclosure, exemplary descriptions of the data structure
are for the purpose of explaining data attributes. In other words, the necessary
content encoded in the data and corresponded processing steps are explained in the
exemplary descriptions. It will be understood that these exemplary descriptions
should not limit the data structure, storage method, reading method, processing
method, measuring method and describing method of these necessary content
encoded in the data. It will also be understood that these exemplary descriptions
should not limit the programming method or programming language of the

corresponded processing program, computing program, measuring program or

11
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other application.

[0072] Unless otherwise defined, all terms (including technical and scientific
terms) used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly used dictionaries, should
be interpreted as having a meaning that is consistent with their meaning in the
context of the relevant art and the present disclosure, and will not be interpreted in

an idealized or overly formal sense unless expressly so defined herein.

[0073] Referring now to FIG 1 and FIG 2. According to an embodiment of the
present disclosure, a robotic system 1000 for pre-surgical and surgical operations
includes  surgical hardware coupled with electronic modules and
processor-executable instructions. The robotic system 1000 includes an instrument
system 1100, a spatial sensor system 1500, a user interface 1800, and a computer
system 1700 electrically connected to the instrument system 1100, the spatial
sensor system 1500, and the user interface 1800. In the embodiment, the robotic
system 1000 allows a user (e.g., a surgeon) to conduct surgery on a subject (e.g., a
patient) by the instrument system 1100 with reference to the user interface 1800. At
least one medical imager 1910 is in communication with the robotic system 1000
and is configured to acquire medical images of the subject and transmit the images
to the robotic system 1000. The spatial sensor system 1500 is configured to
generate spatial information of the subject and the environment. The computer
system 1700 is configured to generate a virtual anatomical model according to the
medical images and a surgical plan according to the virtual anatomical model, to
track the surgical environment according to the spatial information received from
the spatial sensor system 1500, and to control movement or alter the kinematic
state of the manipulator 1210. The user interface 1800 visualizes the anatomical
model and allows the user to navigate through the operating field according to the

surgical plan.

[0074] As illustrated in FIG 2, the instrument system 1100 of the robotic
system 1000 includes a hand-held instrument 1200 for performing surgery on the

subject. In the embodiment, the instrument system 1100 may further include a

12
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support arm 1450 connected to the hand-held instrument 1200 to reduce weight
load on the hands of the user and optionally provide more operational stability

during surgeries.

[0075] Referring to FIG 3 and FIG 4. According to an embodiment, the
hand-held instrument 1200 includes a tool 1250, a tool installation base 1260, a
manipulator 1210, and an instrument housing 1280. The tool 1250 is configured to
contact or modify an anatomical surface on a body part of the subject. The tool
installation base 1260 is connected to an end of the tool 1250 and the manipulator
1210 so that the tool 1250 is stably connected to the manipulator 1210. The
manipulator 1210 is a mechanism controlled by the computer system 1700 for
manipulating the position and orientation of the tool 1250. The instrument housing
1280 is connected to the manipulator 1210 to accommodate at least a portion of the
manipulator 1210 and provide one or more handles 1284 for allowing the user to
hold onto and maneuver the instrument 1200 during operation of the robotic system

1000.

[0076] In the embodiment, the tool 1250 may be a probe or indicator for
contacting or assessing an anatomical site of the subject and detecting the structure
or status of the anatomical site. The tool 1250 may be a drill bit, bur, curette, saw,
screwdriver or other tool commonly used in surgical medicine that modifies or
removes a portion of the tissues at the anatomical site by drilling, milling, cutting
or scraping. In some embodiments, the tool 1250 is a mechanical, optical or
ultrasound probe for performing surface matching registration and may be, but is
not limited to, a rigid probe, a pressure sensor, a piezoelectric sensor, an

elastomeric sensor, an optical camera, a laser scanner or an ultrasonic scanner.

[0077] In the embodiment, the tool installation base 1260 is connected to the
tool 1250 and a first side of a robotically controlled platform 1230 of the
manipulator 1210. The tool installation base 1260 includes a tool adaptor 1265 and
a motor 1270 connected to the tool adaptor 1265. The tool adaptor 1265 may be a
clamp or other fastening structure for holding an end of the tool 1250 firmly to
avoid displacement of the tool during operations. The motor 1270 may be a direct

current (DC) motor or an alternating current (AC) motor for transducing electric

13
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energy into mechanical energy and generating a linear or rotary force to drive
movement of the tool 1250. In an alternative embodiment, the motor may be
disposed at the rear end of the instrument to reduce loading on the manipulator
1210 during operation of the instrument and to redistribute the weight of the
instrument 1200 for improved user ergonomics. Additionally, as illustrated in FIG
5 and FIG 6, the tool installation base 1260 may further include a force sensor
1235 connected to the first side of the platform 1230 for detecting the force and/or
torque sustained by the tool 1250 during surgeries. In other embodiments, the force
sensor 1235 may be disposed in the probe or tool of the instrument; alternatively,
the instrument 1200 may further include another force sensor (not shown in figures)
disposed in the probe or tool. The force sensor may be, but is not limited to, a strain
gauge, a force-sensitive resistor, a pressure transducer, a piezoelectric sensor, an

electroactive polymer or an optical fiber bending sensor.

[0078] In the embodiment, the manipulator 1210 includes a base 1220, the
platform 1230 connected to the tool installation base 1260, a plurality of joints
1245a, 1245b mounted on a second side of the platform 1230 away from the tool
1250 and on a first side of the base 1220 facing the platform 1230, and a plurality
of actuators 1240 connected to the base 1220 on a second side of the base 1220
away from the platform 1230. As illustrated in FIG 4, the base 1220 may be
immobilized on or accommodated in the instrument housing 1280. The
manipulator 1210 may be a parallel manipulator, such as a Stewart manipulator
with six degrees of freedom (DOFs), for higher space efficiency and
maneuverability. Additionally, the manipulator is preferably made of stainless steel
or carbon fiber and arranged in a specific mechanical structure that allows the
manipulator 1210 to possess sufficient sustainability against the force and/or torque

generated from the tool 1250 contacting the subject during surgeries.

[0079] In the embodiment, the joints of the manipulator 1210 may be, but are
not limited to, revolute joints, prismatic joints, spherical joints, universal joints,
cylinder joint, or any combination thereof that enables a desired DOF. As
exemplified in FIG 5 and FIG 6, the manipulator 1210 having a general Stewart

platform with six DOFs may include universal joints 1246 and spherical joints
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1247 to enable broad ranges of motion and various kinematic states of the
manipulator 1210. The manipulator 1210 may further include a plurality of
connectors, each being connected to one of the joints 1245a and one of the joints

1245b, to enable a broader range of movement of the tool 1250.

[0080] In the embodiment, the actuators 1240 of the manipulator 1210
connected to the base 1220 on the side opposite to the joints are configured to drive
the joints, and the connectors if any, to move according to control signals
transmitted from the computer system 1700. In an alternative embodiment, the
actuators 1240 and the joints may be disposed on the same side of the base 1220.
As exemplified in FIG 6, the actuators 1240 are disposed between the base 1220
and the platform 1230, with each of the actuators 1240 being joined by a universal
joint 1246 and a spherical joint 1247. The plurality of actuators 1240 may be linear

actuators for higher precision and stronger sustainability.

[0081] Referring again to FIG 3 and FIG 4. In the embodiment, in addition to
accommodating the manipulator 1210 and providing handles 1284, the instrument
housing 1280 may further include a control module 1282 for allowing the user to
trigger, halt, or adjust actions of the tool 1250 or perform other functions of the

instrument 1200.

[0082] In the embodiment, the hand-held instrument 1200 may be used with a
calibration device 1300 configured to calibrate kinematic state of the manipulator
1210 in respect of the instrument housing 1280 so as to ensure geometric accuracy

of the instrument 1200.

[0083] Referring to FIG 7. The instrument 1200 may be used with a trocar
1400, especially in a minimally invasive surgery, to provide a physical portal for
the tool 1250 of the instrument 1200 to reach the anatomical site of interest. In an
alternative embodiment, the trocar 1400 may be removably connected to the
platform 1230 of the manipulator 1210 to enable simultaneous entry of the trocar

1400 and the tool 1250 into the anatomical site.

[0084] Referring now to FIG 8. According to an embodiment of the present
disclosure, the spatial sensor system 1500 of the robotic system 1000 is configured

to detect and thus enable tracking of the spatial information (e.g., location and
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orientation) of at least one target object, and includes at least one spatial marker
frame 1550 removably attached to the target object, and a spatial sensor 1510
having at least one camera for receiving signals transmitted from the spatial marker

frame 1550.

[0085] As exemplified in FIG 7 and FIG 8, the target object may be the
instrument 1200, the trocar 1400, or a selected anatomical site. In the embodiment,
the spatial marker frame 1550 includes a plurality of markers 1555 for emitting
electromagnetic signals, sound wave, heat, or other perceivable signals, and an
adaptor 1560 removably attached to the target object for holding the markers 1555
so that the target object becomes trackable by the spatial sensor 1510. In another
embodiment, the spatial sensor system 1500 may further include a signal generator
(not shown in figure) disposed on the spatial sensor 1510 or at a predefined
location. Consequently, signal transmission by the markers 1555 may be active or
passive; in other words, the signals emitted by the markers 1555 may be generated
by the marker spheres, or the markers 1555 may be covered with reflective material
so that signals generated by the signal generator are reflected by the markers 1555

to the spatial sensor 1510.

[0086] In the embodiment, the signal received by the spatial sensor 1510 is
transmitted to the computer system 1700 as spatial information of the target object.
Further, the markers 1555 of the spatial marker frame 1550 may be arranged on the
adaptor 1560 in a specific pattern, as exemplified in FIG 8, thus allowing the
computer system 1700 to generate orientation information of the target object
accordingly. The computer system 1700 may generate control signals according to
the spatial and orientation information to control movement or alter kinematic state
of the manipulator 1210 of the instrument 1200 or generate instructions to be
shown on the user interface 1800 to prompt the user to move the instrument 1200

to a designated location or orientation.

[0087] According to an embodiment of the present disclosure, the computer
system 1700 of the robotic system 1000 includes a processor 1710 and a storage
unit. The processor 1710 may be a general purpose processor, an

application-specific instruction set processor or an application-specific integrated
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circuits that performs operations on a data source, such as the storage unit or other
data stream. For example, the processor is an ARM based processor or an 8086x
processor. In some embodiments, the processor 1710 further includes a plurality of
digital or analog input/output, and may be a real-time operating system (RTOS)
processor. The storage unit may store digital data assigned by the processor for
immediate use in the computer system. The storage unit may be volatile, such as
flash memory, read-only memory (ROM), programmable read-only memory
(PROM), and erasable programmable read-only memory (EPROM), or non-volatile,
such as dynamic random access memory (DRAM) and static random access

memory (SRAM).

[0088] According to an embodiment, the user interface 1800 includes at least
one output device for presenting information to the user and at least one input
device. The information presented by the user interface 1800 may include, but is
not limited to, surgical plans, two-dimensional (2D) or 3D reconstruction images,
2D or 3D drilling status (e.g., position, angle, depth or bending of the tool),
compensation range of the tool, user guidance, warning area, notification of tool
deviation from the surgical plan and notification of force sustainability limit of the
tool. The output device may be a display, a light indicator or other visual means;
alternatively, the output device may also be, or further include, a speech
synthesizer or other audio means. The input device is capable of transducing
commands entered by the user into electrical signals, and may be a pedal, a
keyboard, a mouse, a touch panel, a voice recognition interface, or a gesture

recognition interface.

[0089] According to an embodiment, the robotic system 1000 may further
include an minimally invasive image sensor system 4100. The minimally invasive
image sensor system is configured to sense, process, and output optical images of
an anatomical site 1960 of the patient. The minimally invasive image sensor
system 4100 may include an endoscope device 4110, an endoscope image
processor 4120 and other accessories, such as but not limited to an endoscope

holder, an endoscope introducer, and an endoscope position detection unit.

[0090] The minimally invasive image sensor system 4100 is electrically
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connected to the processor 1710 for exchange of data. The position and orientation

of the endoscope device 4110 may be tracked by the spatial sensor system 1500.

[0091] In some embodiments, the endoscope device 4110 may be
mechanically coupled to the manipulator 1210 of the instrument 1200. In the
embodiments, the position and orientation of the endoscope device 4100 is

controlled by the manipulator 1210.

[0092] In some embodiments, the endoscope device 4110 may be
mechanically coupled to the instrument 1200 so that the endoscope device has a
camera angle parallel to the longitudinal axis of the instrument (i.e., the rotation
axis of the tool when the manipulator is in an initial posture or initial kinematic

state).

[0093] Referring to FIG 9. The user interface 1800 may also present computer
generated navigation instructions and/or a computer generated virtual environment
3600 to the user (e.g., a surgeon), so as to facilitate manipulation of the instrument

1200.

[0094] The wvirtual environment 3600 includes a well-defined coordinate
system and at least one virtual object. In an embodiment, the virtual object may
include a virtual instrument 3604, a virtual anatomy 2110, a virtual medical
operation plan 3601, and a virtual workspace 3603 of the manipulator 1210 of the
instrument 1200. In the virtual environment 3600, spatial relationships between
each of the virtual objects and the well-defined coordinate system are well-defined
to simulate a real-world surgical environment. In order to define the spatial
relationships among the virtual objects, the spatial sensor system 1500 is
configured to provide spatial properties of real-world objects to the computer

system 1700. The spatial properties may be position or orientation.

[0095] By referencing the presented navigation instructions and spatial
relationships among the virtual objects in the virtual environment, the user may
easily comprehend the complex relationship between the state of the manipulator
1210 and the spatial properties of the virtual objects.

[0096] As exemplified in FIG 9, the virtual environment 3600 includes a

virtual medical operation plan 3601 corresponding to a target spot of operation
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1965. The target spot 1965 is effected by the tool 1250 of the instrument 1200. By
referencing to the position/orientation of the virtual workspace 3603 and the virtual
medical operation plan 3601, the user may position the instrument 1200 within a
spatial range where the tool 1250 can reach the target spot 1965 on the anatomical
site 3701. Additionally, the user interface 1800 may also present a navigation
instruction 3602 to inform the user of a movement suggestion, such as a suggested

direction of movement of the tool 1250.

[0097] Referring to FIG 10, a flow diagram of a navigation method 3000 for
assisting medical operations in accordance with an embodiment of the present
disclosure is provided. In the embodiment, the navigation method 3000 performed
by the robotic system 1000 includes the steps of: (S3100) receiving navigation data
from a variety of data sources; (S3300) generating the virtual environment 3600
and the navigation instruction 3602; and (S3500) presenting the virtual
environment 3600 and navigation instruction 3602 on the user interface 1800. The
navigation method 3000 allows the user to perform medical operations on a subject
by using the instrument system 1100 with reference to the virtual environment

3600 and the navigation instruction 3602 on the user interface 1800.

[0098] In some embodiments, the navigation method 3000 may be repeatedly
performed. In other embodiments, the orders of the steps S3110, S3300, S3500 of
the navigation method 3000 may be altered. For example, during the medical
operation (e.g., a surgery), in order to provide the real-time position/orientation of
the patient and the instrument to the surgeon(s), the navigation method 3000 may
update the position/orientation of the patient/instrument by repeatedly performing

Steps S3100, S3300, and S3500.

[0099] In Step S3100, the processor 1710 receives the navigation data from
various data sources. The navigation data may include a variety of virtual objects.
Each of the virtual objects may include a set of object properties. For example, the

set of object properties may include identity, spatial properties, or shape.

[0100] The identity of a virtual object corresponds to a real object that the
virtual object represents. For example, a virtual object, which includes the identity

of an instrument 1200, is configured to represent the instrument 1200. The identity
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of a virtual object may correspond to a geometric concept that the virtual object
represents, and the geometric concept may be used to generate a computer graphics
or to calculate spatial relationships. For example, the identity of a virtual object
may correspond to a workspace of the instrument 1200. For another example, the
identity of a virtual object may correspond to a desired trajectory of the instrument

1200.

[0101] The spatial properties of a virtual object may include position,
orientation or size of the virtual object. For every virtual object, spatial properties

may be a relative value in respective to a reference coordinate system.

[0102] The shape of a virtual object describes the geometric boundary of the
virtual object. The shape of a virtual object is used to form the three-dimensional
model. The shape may be configured in a variety of three-dimensional modeling
data structures, such as point cloud, wire-frame model, boundary representation,

space partitioning tree, or others.

[0103] In an embodiment, the navigation data 3105 may be image data that
is/are compatible to the standards of Digital Imaging and Communication in
Medicine (DICOM) or other medical image standards. In another embodiment, the
navigation data may be a vector representing the orientation of an object, a set of
image data in the form of matrix, or a quaternion number representing position and

orientation of the object.

[0104] Referring to FIG 11. According to an embodiment, the step of
receiving navigation data (S3100) may include the steps of: (S3110) receiving
anatomical data, (S3130) receiving instrument data, (S3150) receiving spatial
sensor data; (S3170) receiving registration data; and (S3190) receiving medical
operation plan data. It is to be understood that the steps of S3110, S3130, S3150,
S3170, S3190 are presented herein without particular order; in other words, the
steps may be performed separately, simultaneously, or sequentially in a specific

order.

[0105] In Step S3110, the processor 1710 receives a least one sets of
anatomical data from an anatomical data source 3113. The anatomical data source

3113 may be the storage unit of the robotic system 1000, other external memory
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device or other external processing device. The anatomical data may include a
virtual object for representing an anatomical site 3701 (e.g. spine of a patient). The
virtual object in the anatomical data may include object properties, such as identity,
size, shape, mechanical features or physiological features of the anatomical site
3701. In this disclosure, the term “virtual anatomy” refers to a virtual object for
representing an anatomical site. The virtual anatomy includes the identity of the
anatomical site. The anatomical data may be generated in a pre-operatively or
intra-operatively. For example, the anatomical data may be pre-operative or
intra-operative medical tomographic images of the anatomical site, such as
computed tomographic (CT) images of the spine, magnetic resonance images (MRI)

of the brain, or ultrasound images of the muscles.

[0106] According to an embodiment of the present disclosure, the anatomical
data may include endoscope image data (i.e, image data and/or video data
outputted by the minimally invasive image sensor system 4100). For example, the
anatomical data may be video data of a spine of the patient acquired by the

endoscope device 4110.

[0107] In Step S3130, the processor 1710 receives a least one sets of
instrument data from an instrument data source 3133. The instrument data source
3133 may be the storage unit of the robotic system 1000, other external memory
device or other external processing device. The instrument data may include at
least one virtual object that represents the instrument system 1100 or components
of the instrument system 1100. In this disclosure, the term “instrumental virtual
object” refers to virtual objects in the instrument data. An instrumental virtual
object may include object properties such as identity, size, shape, mechanical
features of the instrument system 1100.

[0108] As illustrated in FIGs. 2-6, the identity of an instrumental virtual object
may include the instrument 1200, the manipulator 1210, the base 1220, the
platform 1230, the actuator 1240, the joint 1245, the tool 1250, the probe 1255, the
tool installation base 1260, the tool adaptor 1265, the motor 1270, the instrument
housing 1280, the calibration device 1300, the tool guide 1310, the manipulator
guide 1320, the charging module 1330, the base 1340 of the calibration device
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1300, the trocar 1400, the hanging arm 1450, the spatial sensor 1510, the spatial
marker 1550, the markers 1555, an implant 1475, and the endoscope device 4110.
The identity of instrumental virtual object may also be a workspace of the
manipulator 1210 of the instrument 1200, and an active space of the instrument

1200.

[0109] In the present disclosure, the term “virtual workspace” refers to a
virtual object for representing a workspace. The workspace of the manipulator
1210 of the instrument 1200 is the set of all reachable points of the end-effector
(e.g., the tool 1250) when the base of the manipulator 1200 is remained static. In an
embodiment, the workspace of the manipulator 1210 is the set of all reachable
points of the tool 1250 (e.g. the reachable point of the tip of a drill bit).
Furthermore, the shape and size of the workspace of the manipulator 1210 may
vary by the number of degree of freedom (DOF) of the manipulator. For example,
the workspace of a manipulator with six DOF may be a three-dimensional shaped
volume. For another example, the workspace of a manipulator with only one DOF

may be a point, an one-dimensional curve, or an one-dimensional straight line.

[0110] A virtual workspace may include object properties corresponding to a
workspace of the instrument 1200. For example, the object properties may include
identity for representing a specific workspace, shape/size of the workspace, and

spatial properties of the workspace.

[0111] The active space of the manipulator 1210 of the instrument 1200 may
be a subset of the workspace. In other words, the active space is a part of the set of
all reachable points of the end-effector when the base of the manipulator 1210 is
remained static. In this disclosure, the term “virtual active space” or “virtual
workspace” refers to a virtual object for representing an active space. A virtual

active space include identity of an active space.

[0112] The virtual workspace (or the virtual active space) may interact with
other virtual objects. The interaction of the virtual workspace 3603 (or a virtual
active space) with other virtual objects may be defined by calculating their spatial
relationships. Based on the interaction of the virtual workspace 3603 (or the virtual

active space) with other virtual objects, the processor 1710 may generate control
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signal for controlling the robotic system 1000. For example, the function of robotic
manipulation of the instrument 1200 may be activated when a virtual workspace
3603 (or a virtual active space) includes another virtual object. For another
example, a virtual workspace 3603 (or a virtual active space) having another virtual
object may be set as one of the criteria for activating the function of robotic

manipulation of the instrument 1200.

[0113] Alternatively, the function of robotic manipulation of the instrument
1200 may be inactivated when a virtual workspace 3603 (or a virtual active space)
space does not include a target virtual object. For another example, a virtual
workspace 3603 (or a virtual active space) without the target virtual object may be
set as a criteria for inactivating the function of robotic manipulation of the

instrument 1200.

[0114] The size, shape, and mechanical features of the instrumental virtual
objects may correspond to the identity of the instrumental virtual object. For
example, an instrumental virtual object representing a specific instrument may
include the size attribute and the shape attribute of that specific instrument. For
example, the instrument data 2275 may include a series of computer generated

design diagram of the manipulator 1210.

[0115] In one embodiment, the active space may be defined by a user of the
robotic system 1000. In another embodiment, the active space may include a first
active space and a second active space. The first active space is configured to set a
first criteria for activating/turning on at least one function of the manipulator. The
second active space is configured to set a second criteria for inactivating/turning
off at least on function of the manipulator. The shape of the first active space and

the second active space may be identical or different.

[0116] The instrument data may be encoded in and stored as a variety of
computer file formats. For example, instrumental virtual objects may be
Computer-Aided Design (CAD) files that includes the shape, size and other object
properties.

[0117] Referring again to FIG 11. In the step of S3150, the processor 1710

receives at least one set of spatial sensor data from a spatial sensor data source

23



WO 2020/048511 PCT/CN2019/104567

3153. The spatial sensor data source 3153 may be the spatial sensor system 1500,
the storage unit of the robotic system 1000, other external memory device or other
external processing device. The spatial sensor data may include virtual objects for
representing the spatial markers. In this disclosure, the term “virtual spatial

marker” refers to a virtual object for representing a spatial marker.

[0118] Virtual spatial markers may include object properties such as identity,
shape, size and spatial properties. The identity of a virtual spatial sensor may be at
least one spatial marker. The spatial properties may be position and orientation.
The position and orientation may be represented by a variety of data structures,
such as an one-dimensional array or two-dimensional array. The shape of a virtual
spatial sensor may represent the shape of the spatial marker. Therefore, in an
example, the spatial sensor data may be a two-dimensional array for representing a

quaternion number that includes position and orientation of an object.

[0119] In Step S3170, the processor 1710 receives a least one set of
registration data from a registration data source 3173. The registration data source
3173 may be the storage unit of the robotic system 1000, other external memory
device or other external processing device. The registration data are configured to
define transformation relationships between at least two distinct coordinate systems.
Registration data may include spatial properties of an reference point in respect to
two or more distinct coordinate systems. For example, by defining the coordinate
of a reference point in two distinct coordinate systems, a transformation matrix
between the two coordinates may be derived. By introducing a registration data,
spatial properties of a virtual object in respect to a first coordinate system may be

transformed to another form in respect to a second coordinate system.

[0120] The registration data may be configured to define transformation
relationships of various types of coordinate systems. For example, the registration
data may define the transformation relationships between a coordinate system of a
virtual spatial sensor marker and a coordinate system of a virtual instrument. In this
example, spatial properties in respect to the virtual instrument may be transformed

into spatial properties in respect to the virtual spatial sensor marker.

[0121] For another example, the registration data may define the
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transformation relationships between a coordinate system of a virtual anatomy and
a coordinate system of a virtual environment. In this example, spatial properties in
respect to the virtual anatomy may be transformed into spatial properties in respect
to the virtual environment. By adopting the coordinate transformation, the virtual
anatomy shares a same coordinate system with the virtual environment, therefore

allowing the virtual anatomy is to be positioned into the virtual environment.

[0122] In Step S3190, the processor 1710 receives a least one set of medical
operation plan data from a medical operation plan data source 3193. The medical
operation plan data source 3193 may be the storage unit of the robotic system 1000,
other external memory device or other external processing device. The medical
operation plan data is configured for representing predetermined medical operation
performed by the robotic system 1000. Medical operation plan data may include
virtual objects for representing anatomical site and virtual objects for representing
predetermined medical operation. The virtual objects of the medical operation plan
data may include identity, spatial properties (e.g., position or orientation), shape,
size or other object properties. Specifically, the identity of virtual objects of the
medical operation plan data may be a planning object, an instrument, an anatomical

site, or other objects.

[0123] The planning object is a geometric concept that represents a
predetermined interaction with an instrument 1200 or an anatomical site 1960. The
planning object may include a planning object boundary (POB) and a planning
object attribute (POA). The POB is the geometric boundary of a planning object.
The POA is configured to define the characteristic of interaction between the

planning object and the instrument.

[0124] The medical operation plan may be generated by a planning module of
the computer system of the robotic system 1000. A user of the robotic system 1000
may assign the POB and the POA of a planning object to generate a medical
operation plan, and output the medical operation plan as a set of medical operation

plan data.

[0125] In the present disclosure, the term “virtual planning object” refers to a

virtual object for representing a planning object. The virtual anatomy includes the
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identity of an anatomical site. A virtual planning object may comprises a variety of
object properties, such as identity, spatial properties (e.g., position, and orientation),
three-dimensional graphic properties (e.g., shape, and size), and virtual planning
object attribute (VPOA).

[0126] The identity of a virtual planning object may be a planning object
defined by the user of the robotic system 1000, or by the robotic system 1000 itself,
or both. For example, the identity of a virtual planning object may be a human
defined drilling trajectory of a spine surgery. For another example, the identity of a
virtual planning object may be a computer generated sampling route in a

registration process for generating registration data.

[0127] The spatial properties (e.g., position and/or orientation) of the virtual
planning object may be defined by the user of the robotic system 1000. Usually, the
position/orientation of the virtual planning object has a fix spatial relationship with
a virtual anatomy. For example, between a virtual planning of trajectory and virtual
anatomy, there may exist a transformation matrix to represent their spatial

relationships.

[0128] The shape of a virtual planning object may include a virtual planning
object boundary (VPOB). The VPOB is configured to define the range of space of
a virtual planning object. A VPOB may be a boundary in a variety geometric space
systems. For example, a VPOB may be points in an one-dimensional space, a
closed loop in a two-dimensional space, or a closed surface in a three-dimensional
space. A POB may form a variety shapes. For example, a VPOB may form a

spherical closed surface, or an arbitrary shaped surface.

[0129] A VPOA is configured to define a characteristic of a region enveloped
by at least one VPOB. The characteristic may be chosen from a list of POA. The
list of POA include interactions between an instrument 1200 and an anatomical site,
such as drilling, milling, cutting, sampling for registration. For example, a POA
may define a curve linear region within a POB as a drilling trajectory. The list of
POA may further includes a characteristic for indicating that an instrument should

not be present in the region or indicating a restricted region that should not be

effected by the tool 1250. In such example, a VPOA may define a volume within a
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virtual VPOB as the restricted region for the tool 1250. Furthermore, the list of
POA may also include a set of vectors for representing the set of valid orientation

of the tool 1250.

[0130] The list of planning object attribute may further include a characteristic
for indicating that a function of the robotic system 1000 should be switched on or
off. For examples, a planning object attribute (POA) 2359 may define a volume
enveloped by a planning object boundary (POB) 2357 as an auto-pilot region. An
auto-pilot region is a region in which the manipulator 1210 may automatically

control the position and orientation of a tool 1250.

[0131] Referring to FIG 12. According to an embodiment, the step of
generating the virtual environment and the navigation instruction (S3300) may
include the steps of: (S3310) preparing a three-dimensional model; (S3330)
generating the virtual environment; (S3350) determining spatial relationship of a
virtual workspace or of a virtual active space; and (S3370) generating the
navigation instruction. It is to be understood that the steps of S3110, S3130, S3150,
S3170, S3190 are presented herein without particular order; in other words, the
steps may be performed separately, simultaneously, or sequentially in a specific

order.

[0132] In Step S3310, at least one virtual object with its shape is obtained. For
example, the robotic system 1000 may execute a three-dimensional computer
graphics process to define the shape of the a least one virtual object. For another
example, the robotic system 1000 may load a virtual object having a well-defined

shape from a user’s input or from the navigation data.

[0133] More specifically, in an embodiment, the robotic system 1000 executes
a three-dimensional computer graphics process to define the shape of a wvirtual
anatomy. In this embodiment, the three-dimensional computer graphics process
may include tomographic reconstruction and segmentation. In tomographic
reconstruction, the robotic system 1000 utilizes a set of anatomical images to
generate a three-dimensional model. The set of anatomical images may be a set of
CT slices. On the other hand, in segmentation, the robotic system 1000 may

separate a three-dimensional model of an anatomy into at least two partitions

27



WO 2020/048511 PCT/CN2019/104567

according to their corresponding physiological information. For example, a virtual

anatomy representing a spine may be separated into multiple virtual vertebras.

[0134] In another embodiment, the robotic system 1000 may execute a
three-dimensional computer graphics process to define a partial shape of a virtual
anatomy. For example, three-dimensional meshes may only depict a set of specific
boundary of the virtual object. The set of the specific boundary may include outer
surface of a virtual anatomy or arbitrary boundary assigned by the user of the
robotic system. For another example, three-dimensional meshed may only depict
an simple model to represent spatial properties of a virtual object, by using, for

example, an arrow icon to represent orientation of a virtual object.

[0135] Referring to FIG 13. According to an embodiment, the robotic system
1000 generates in Step (S3330) a virtual environment to represent a medical
operation environment. The Step S3330 may include the steps of: (S3331) defining
the well-defined coordinate system, (S3333) registering the virtual objects, and
(S3335) updating spatial properties of the virtual objects. It is to be understood that
the steps of S3110, S3130, S3150, S3170, S3190 are presented herein without
particular order; in other words, the steps may be performed separately,

simultaneously, or sequentially in a specific order.

[0136] In Step S3331, the robotic system 1000 may generate a virtual space by
defining the well-defined coordinate system 3332. In the virtual space, an origin
point and the unit of the axes/coordinates are well-defined. For example, the
coordinate system of the virtual space may be defined by an observation coordinate
system of the spatial sensor system 1500. For example, the origin point of the
coordinate system of the virtual space may be defined by a position of a spatial

sensor marker located on an anatomical site.

[0137] In Step S3333, the robotic system 1000 may define spatial relationship
between the virtual object and the virtual space. In other words, the spatial
properties of at least one virtual object in respect to the coordinate system of the
virtual space are well-defined by the robotic system 1000. For example, the robotic
system 1000 may define the position of a virtual anatomy 2110 and a virtual

instrument 3604 respect to the virtual space based on a set of the registration data.
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For another example, the robotic system 1000 may define the position and
orientation of the endoscope image data through the corresponding registration data.
The registration of the endoscope image data to the virtual environment allowed
the image/video of the endoscope image data to be displayed on the virtual
anatomy, so that the endoscope image data spatially and timely coincides with the

virtual anatomy in the virtual environment.

[0138] In Step S3335, the robotic system 1000 may automatically modify the
spatial properties of every virtual object in the virtual space by updating the spatial
sensor data. For example, the position/orientation of the virtual anatomy 2110 and
the virtual instrument 3604 may change during a medical operation, therefore the
robotic system 1000 may continuously receive the spatial sensor data and update
the position/orientation. As a result, the virtual objects in the virtual space may

dynamically mimic the real medical operation environment.

[0139] Referring again to FIG 12, in Step S3350, the robotic system 1000
determines a spatial relationship of the virtual object according to the virtual
environment 3600 generated in Step S3330. The spatial relationship is determined
based on calculation of object properties of the virtual objects of interest. For
example, in order to determine spatial relationship between a virtual active space
and a virtual planning object, object properties such as the spatial properties (e.g.,
position or orientation), the shapes, and the VPOB, may be calculated. In this
example, the robotic system 1000 may determine whether the virtual planning
object overlaps with the wvirtual active space. Additionally, since the virtual
environment 3600 is a dynamic system, the spatial relationship determined in Step
S3350 is also dynamically updated according to the dynamically altered object

properties of the virtual objects in the virtual environment 3600.

[0140] In some embodiments, the spatial relationship may be determined
numerically. For example, the robotic system 1000 may obtain a compensation
rating of the instrument 1200. The compensation rating is a function of a plurality
of independent variables, which include spatial properties (e.g., position and
orientation) of the virtual instrument corresponding to the instrument 1200, shape

(or geometric boundary) of the virtual workspace or virtual active space of the
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instrument 1200, spatial properties of at least one virtual planning object, and
shapes of the at least one virtual planning object. The value of a compensation
rating represents the capability of the manipulator 1210 of the instrument 1200 in
manipulating spatial properties of the tool 1250 to correct spatial deviation of the
instrument from a predetermined medical operation plan, according to the current

spatial properties of the instrument 1200.

[0141] For example, the value of the compensation rating may be set to
minimum, such as zero in a zero-to-ten scale, when the position, orientation or both
the position and orientation of the virtual instrument 3604 is not in a range, in
which the virtual workspace of the virtual instrument 3604 does not cover a virtual
planning object, therefore prohibiting the instrument 1200 from effectively using
the manipulator 1210 to manipulate the tool 1500 according to a predetermined
medical operation plan. For another example, the value of the compensation rating
may be set to maximum, such as ten in a zero-to-ten scale, when the position,
orientation or both the position and orientation of an virtual instrument 3604 is in a
range, in which the virtual workspace of the virtual instrument 3604 covers a
virtual planning object, therefore allowing the instrument 1200 to effectively use
the manipulator 1210 to manipulate the tool 1500 according to a medical operation

plan.

[0142] Referring again to FIG 12. The robotic system 1000 generates in Step
S3370 the navigation instruction 3602 and/or output the navigation instruction
3602. The navigation instruction 3602 may be received by the user interface 1800

to be presented to the user of the robotic system 1000.

[0143] In Step S3370, the robotic system 1000 generates at least one
navigation instruction 3602 and output the navigation instruction 3602 for
presenting to the user of the robotic system 1000. The navigation instruction 3602
is computer generated suggestion of manual manipulation of the instrument 1200
according to the spatial relationship determined in Step S3350. For example, in
Step S3370, the robotic system 1000 may generate a navigation instruction 3602 to
suggest the user of the robotic system 1000 to move the instrument 1200 manually

to a specific position or to maintain the orientation of the instrument 1200 within a
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specific range of orientation.

[0144] In the embodiments, the user of the robotic system 1000 may be
informed by observing the spatial relationship and then taking corresponding
actions of manipulation. For example, during a medical operation, the user may
receive an navigation instruction, which points out that the workspace of the
instrument is not included a target anatomical site; therefore, the user may
manually adjust the position/orientation of the instrument 1200 accordingly. For
another example, during the medical operation, the user may receive a
compensation rating on the current position/orientation of the instrument 1200,
therefore comprehend the ability of compensation of the instrument 1200 in respect
to the current position/orientation of the instrument 1200 according to the medical
operation plan; thereafter, the user may manually adjust the position/orientation of

the instrument 1200 accordingly.

[0145] In some embodiments, the robotic system 1000 generates the
navigation instruction 3602 according to a positional relationship or orientational
relationship between the virtual objects in the virtual environment. For example,
the navigation instruction may inform the user of the robotic system 1000 to
change the position/orientation of the instrument. For another example, the robotic
system 1000 may generate the navigation instruction 3602 according to a positional
relationship between the virtual instrument and the virtual planning object and
according to the virtual planning object attribute (VPOA) of the virtual planning

object.

[0146] In some embodiments, the robotic system 1000 may generate a
navigation instruction 3602 that is configured to inform the user(s) of the robotic
system 1000 that the robotic system 1000 is in a safe state. The safe state may be
the state in which the robotic system 1000 is in compliance with a predetermined
medical operation plan. For example, the safe state may be the condition in which

the instrument is not at an undesired position.

[0147] In some embodiments, the robotic system 1000 may generate a
navigation instruction 3602 that is configured to inform the user(s) of the robotic

system 1000 that the robotic system 1000 is in an unsafe state. The unsafe state
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may be the state in which the robotic system 1000 is not in compliance with the
predetermined medical operation plan. For example, the safe state may be the

condition in which the instrument is at an undesired position.

[0148] In Step S3370, the navigation instruction 3602 generated by the robotic
system 1000 may be outputted as data of text, script, two-dimensional or

three-dimensional images.

[0149] In some embodiments, Step S3300 may further include a step of:
(S3390) generating control signal (not shown in figures). In Step S3390, the robotic
system 1000 may generate at least one set of control signal according to the at least
one spatial relationship determined in Step S3350. For example, according to the
spatial relationship determined in Step S3350, the robotic system 1000 may
generate a control signal for activating or inactivating at least one function of the

instrument 1200.

[0150] In the Step S3500, the virtual environment and/or the navigation
instruction are presented to the user(s) of the robotic system 1000 via the user
interface 1800. The presentation of the virtual environment and the navigation

instruction may be performed visually, audibly, and/or by other means.

[0151] Referring to FIG 14. According to an embodiment of the present
disclosure, Step S3500 includes a step of: (S3510) rendering the virtual
environment 3600 and/or the navigation instruction 3602. In this embodiment, the
virtual environment 3600 and the navigation instruction 3602 are presented visually,
by rendering and displaying the three-dimensional graphics of the virtual
environment 3600 and/or the navigation instruction 3602. Renders 3501 generated

in Step S3510 may be displayed on a display device 1813.

[0152] In Step S3510, the processor 1710 may generate images of a virtual
environment from a specific point of view. For example, usually, a virtual camera
at a specific position is configured to capture the virtual environment. The images
or videos of the virtual environment captured by the virtual camera is then
displayed on a display device. The images generated by the rendering process may

be called renders 3501.

[0153] The rendering process should be known by those of ordinary skill in the
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art as three-dimensional computer graphics. Rendering are often described by a
computer graphics pipeline. Application Programming Interfaces (API) were
created to unify steps of the graphic pipeline for various type of three-dimensional
graphics hardware. For example, the APl may be a Visualization Toolkit (VTK)
system, a Direct3D system, or an OpenGL system. To display the layout on the
display device 1813, a graphic pipeline may be executed. The display device 1813

may be television sets, computer monitors, panels, or head-mounted displays.

[0154] In some embodiments, the renders generated by the rendering process
may be integrated with a graphical user interface (GUI) application 3503. The GUI
application 3503 of the robotic system 1000 may include regions for displaying the
three-dimensional renders. Other regions may provide other functions, such as
function for displaying pre-operative anatomical images, function for manipulator

control or other functions.

[0155] In some embodiments, in addition to the rendering, the GUI application
of the robotic system 1000 may be capable of utilizing the navigation data, virtual
environment 3600, and navigation instruction 3601 of the navigation method 3000

to generate graphics.

[0156] Referring to FIG 14, an exemplary embodiment of the GUI application
1815 displayed on the display device 1813 is depicted. The GUI application 1815
includes of the renders 3501 of the virtual environment. The renders 3501 includes
the virtual anatomy 2110 and the virtual planning object 3603. In this embodiment,
the rendering is taken from a viewing angle that is parallel to the direction of the

orientation of the instrument 1200.

[0157] In the embodiment, the GUI application 1815 also displays a set of
two-dimensional icons generated by the GUI application 1815. The set of
two-dimensional icons overlap and interact with the renders 3501. The set of
two-dimensional icons may include a donut icon 3505, a circular point icon 3507,
and a circle icon 3509. The position of the donut icon 3505 represents the position
of the active space according to the instrument in real space. The position of the
circular point icon 3507 represents the position of the tip of the tool 1250 of the

instrument 1200.
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[0158] In the embodiment, the GUI application 1815 may also display the
navigation instruction 3602 to provide a suggested direction of movement of the
instrument 1200. The navigation instruction 3602 may be a three-dimensional

model renders or a GUI generated two-dimensional icon.

[0159] In the embodiment, the circle icon 3509 is movable in respect to the
donut icon 3505. The relative position of the circle icon 3509 respecting to the
donut icon 3505 represents the orientation of the instrument 1200. As exemplified
in FIG15, FIG 16, and FIG 17, the orientation of the instrument 1200 may be
obtained from the spatial sensor data of the instrument 1200 and then be presented
by the relative position of the circle icon 3509 in respect to the donut icon 3505. In
FIG 15, the instrument 1200 is oriented parallel to the z axis, and the circle icon
3509 is thereby positioned at the center of the donut icon 3505. In FIG 16, the
instrument 1200 is oriented at an angle on the x axis in respect to the z axis, and the
circle icon 3509 is thereby positioned as displacement from the center of the donut
icon 3505 along the x direction. In FIG 17, the instrument 1200 is oriented at an
angle on the x axis in respect to the z axis, and the angle exceeds an predetermined
range of valid orientation 3511 of the instrument 1200. In some embodiments, the
predetermined range of valid orientation 3511 of the instrument 1200 may be
described in a VPOA of a virtual planning object or in the instrument data to
represent a predetermined range of angle of a medical operation, for example, the
medical operation may be drilling the spine. In some other embodiments, the
predetermined range of valid orientation 3511 of the instrument 1200 may be
defined as a range whether the virtual workspace or virtual active space is
completely covering a virtual planning object according to the orientation of the
virtual instrument 3604 disregarding to the relative position of the virtual
instrument 3604 and the considering virtual planning object. The color of the circle
icon 3509 may change to inform the user that the orientation of the instrument

1200 exceeds the range of valid orientation 3511.

[0160] In some other embodiments, the virtual environment or the
two-dimensional icons may represent an workspace progress bar of a medical

operation. For example, the workspace progress bar may be generated according to
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the ratio of a distance between an endpoint of a predetermined drilling plan route
and a point of a workspace/active space of the instrument. By referencing to the
workspace progress bar, the user is provided a sense of whether a predetermined
medical operation can be completed at the current position/orientation of the
instrument, or whether the user has to move or manipulate manually the instrument
to an optimal position or orientation to complete the predetermined medical

operation.

[0161] In the embodiments, the workspace progress bar may be displayed as a
color bar on the donut icon 3505 in a circumference direction. For another example,
the workspace progress bar may be displayed as a three-dimensional model

rendering.

[0162] According to an embodiment of the present disclosure, the step of
presenting the virtual environment and the navigation instruction (S3500) may
further include a step of: displaying the endoscope image data. The endoscope
image data may be displayed on a virtual endoscope display plane registered in the
virtual environment. Alternatively, the endoscope image data may be displayed on
a GUI generated region superimposed on the rendering of the virtual environment.
Since the endoscope image data is acquired by the endoscope device 4110 at a
specific camera angle, the user interface may provide a control panel to allow the
user of the robotic system to manipulate the viewing angle of rendering of the
virtual environment. If the viewing angle of rendering coincides with the camera
angle, the user is allowed to observe the endoscope image data augmented on the
virtual environment; in other words, the endoscope image data spatially and timely

coincides with the virtual anatomy in the virtual environment.

[0163] In the navigation method 3000 according to an embodiment of the
present disclosure, the step of presenting the virtual environment and the
navigation instruction (S3500) may further include a step of: (S3520) presenting

the virtual environment and navigation instruction in another type of presentation.

[0164] In an embodiment, the robotic system 1000 may use the manipulator to
indicate a direction towards a specific destination so that the user of the robotic

system 1000 may reference to the indicated direction to move the instrument 1200.
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In another embodiment, the robotic system 1000 may include a light indicator. The
light indicator may include at least one subgroup lighting elements for representing
a specific direction, so that the user of the robotic system 1000 may reference to the
direction to move the instrument. For example, the light indicator may be a device
including an array of light emitting diodes. In yet another embodiment, the robotic
system 1000 may use an audio module to inform the user the navigation instruction
by audio signals. For example, the robotic system 1000 may provide an alert sound

to describe the navigation instruction.

[0165] In sum, according to the various embodiments of the present disclosure,
the robotic system 1000 utilizes data regarding the workspace of the manipulator
1210 of the instrument 1200 to provide navigation instructions 3602 to a user of the
robotic system 1000. By referencing to the navigation instructions 3602, the user of
the robotic system 1000 is provided a sense of the capability of the instrument to
correct deviations of the position or orientation of the tool 1250 from a
predetermined medical operation plan, according to the position and/or orientation
of the instrument 1200. Further, the navigation instructions also inform the user of
the suggestions on how to manually manipulate the instrument to an optimal
position or orientation to improve the capability of the instrument to correct the
deviations of the position or orientation of the tool 1250 from the predetermined
medical operation plan, according to the position and/or orientation of the

instrument 1200.

[0166] Previous descriptions are only embodiments of the present disclosure
and are not intended to limit the scope of the present disclosure. Many variations
and modifications according to the claims and specification of the disclosure are
still within the scope of the claimed disclosure. In addition, each of the
embodiments and claims does not have to achieve all the advantages or
characteristics disclosed. Moreover, the abstract and the title only serve to facilitate
searching patent documents and are not intended in any way to limit the scope of

the claimed disclosure.
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WHAT IS CLAIMED IS:

1. A navigation method for a medical operation and implemented by a robotic
system, comprising steps of:

(S1) receiving, at a processor of the robotic system, at least one set of
navigation data, comprising steps of: receiving at least one set of registration
data, receiving at least one set of instrument data, receiving at least one set of
spatial sensor data, and receiving at least one set of medical operation plan data,
wherein the instrument data comprises at least one set of virtual workspace or
virtual active space of the robotic system, and the navigation data comprises at
least one virtual object;

(S2) receiving or generating, at the processor of the robotic system, at least
one three-dimensional model of the virtual object in the navigation data;

(S3) processing, at the processor of the robotic system, the navigation data
to generate a virtual environment;

(S4) processing, at the processor of the robotic system, the navigation data
and the virtual environment to generate at least one navigation instruction; and

(S5) presenting, at a user interface electrically connected to the robotic
system, the wvirtual environment, the navigation instruction, or the virtual
environment and the navigation instruction to a user of the robotic system for the
user to refer to during the medical operation.

2. The navigation method according to claim 1, wherein the step of (S1) further
comprises a step of: (S1-1) receiving at least one set of anatomical data.

3. The navigation method according to claim 2, wherein the step of (S1-1) further
comprises a step of receiving at least one set of endoscope image data from a
minimally invasive image system electrically connected to the robotic system,
and

the step of (S5) further comprises a step of’

displaying the endoscope image data, wherein the endoscope image data
spatially and timely coincides with the virtual anatomy in the virtual
environment.

4. The navigation method according to claim 1, wherein the virtual active space

comprises a first virtual active space and a second virtual active space, and a size
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or a shape of the first virtual active space is different from a size or a shape of
the second virtual active space.

5. The navigation method according to claim 4, wherein the robotic system is
electrically connected to an instrument system having a manipulator or a tool,
the first virtual active space is associated with one of a plurality of criteria for
activating the manipulator or the tool, and the second virtual active space is
associated with one of a plurality of criteria for inactivating the manipulator or
the tool.

6. The navigation method according to claim 1, wherein the step of (S4) comprises
a step of’

determining at least one spatial relationship between at least two virtual
objects in the virtual environment.

7. The navigation method according to claim 6, wherein a first virtual object of the
at least two virtual objects is a virtual workspace or a virtual active space from
the instrument data and a second virtual object of the at least two virtual objects
is a virtual planning object from the medical operation plan data.

8. The navigation method according to claim 7, wherein the at least one spatial
relationship comprises at least one compensation rating, and the compensation
rating is calculated from the medical operation data and the virtual workspace or
from the medical operation data and the virtual active space.

9. The navigation method according to claim 1, wherein the step of (S4) comprises
a step of’

processing at least one virtual planning object attribute in the medical
operation plan data to generate at least one navigation instruction.

10. The navigation method according to claim 1, wherein the navigation method
further comprising a step of’

generating at least one set of control signal for controlling at least one
function of the robotic system.

11. The navigation method according to claim 10, wherein the control signal
comprises a first control signal and a second control signal, the first control

signal is generated according to a first calculation result of the calculation of the
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navigation data, and the second navigation instruction is generated according to
a second calculation result of the calculation of the navigation data.

12. The navigation method according to claim 1, wherein the step of (S5) comprises

a step of’

rendering three-dimensional graphics on a display device electrically
connected to the processor,

wherein the three-dimensional graphics comprises the virtual environment,
the navigation instruction, or the virtual environment and the navigation
instruction.

13. The navigation method according to claim 12, wherein a viewing angle of the
rendering is aligned with an orientation of an instrument electrically connected
to the robotic system.

14. The navigation method according to claim 1, wherein the step of (S5) comprises
a step of’

generating and displaying, by a graphical user interface (GUI) application,
a plurality of two-dimensional icons according to the navigation data and the
virtual environment,

wherein the two-dimensional icons represent a position of an instrument
electrically connected to the robotic system, an orientation of the instrument, the
navigation instruction, and a range of valid orientation of the instrument.

15. The navigation method according to claim 1, wherein the navigation instruction
is presented by a light indicator or an audio device, wherein the light indicator
and the audio device are electrically connected to the robotic system.

16. The navigation method according to claim 1, wherein the navigation instruction
is presented by a direction of a tool, wherein the tool is connected to a
manipulator electrically connected to the robotic system.

17. The navigation method according to claim 1, wherein the step of (S5)
comprising a step of:
generating and displaying, by a graphical user interface (GUI) application,
a plurality of two-dimensional icons according to the navigation data and the
virtual environment,

wherein the two-dimensional icons represent workspace progress bar.
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18. A robotic system for assisting a medical operation, comprising:

a user interface; and

a computer system electrically connected to the user interface,

wherein the computer system comprises a non-transitory computer readable
medium storing a program for navigating the medical operation, the program is
executable by at least one processor of the computer system and comprises
instructions that, when executed by the processor, causes the robotics system to
perform steps of’

(S1) receiving, at a processor of the robotic system, at least one set of
navigation data, comprising steps of: receiving at least one set of registration
data, receiving at least one set of instrument data, receiving at least one set of
spatial sensor data, and receiving at least one set of medical operation plan data,
wherein the instrument data comprises at least one set of virtual workspace or
virtual active space of the robotic system, and the navigation data comprises at
least one virtual object;

(S2) receiving or generating, at the processor of the robotic system, at least
one three-dimensional model of the virtual object in the navigation data;

(S3) processing, at the processor of the robotic system, the navigation data

to generate a virtual environment;
(S4) processing, at the processor of the robotic system, the navigation data and
the virtual environment to generate at least one navigation instruction; and (S5)
presenting, at a user interface electrically connected to the robotic system, the
virtual environment, the navigation instruction, or the virtual environment and
the navigation instruction to a user of the robotic system for the user to refer to
during the medical operation.

19. The robotic system according to claim 18, wherein the step of (S1) further
comprises a step of: (S1-1) receiving at least one set of anatomical data.

20. The robotic system according to claim 19, wherein the step of (S1-1) further
comprises a step of receiving at least one set of endoscope image data from a
minimally invasive image system electrically connected to the robotic system,
and

the step of (S5) further comprises a step of:
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displaying the endoscope image data, wherein the displayed endoscope
image data spatially and timely coincides with the virtual anatomy in the
virtual environment.

21. The robotic system according to claim 18, wherein the virtual active space
comprises a first virtual active space and a second virtual active space, and a size
or a shape of the first virtual active space is different from a size or a shape of
the second virtual active space.

22. The robotic system according to claim 21, wherein the robotic system is
electrically connected to an instrument system having a manipulator or a tool,
the first virtual active space is associated with one of a plurality of criteria for
activating the manipulator or the tool, and the second virtual active space is
associated with one of a plurality of criteria for inactivating the manipulator or
the tool.

23. The robotic system according to claim 18, wherein the step of (S4) comprises a
step of:

determining at least one spatial relationship between at least two virtual
objects in the virtual environment.

24. The robotic system according to claim 23, wherein a first virtual object of the at
least two virtual objects is a virtual workspace or a virtual active space from the
instrument data and a second virtual object of the at least two virtual objects is a
virtual planning object from the medical operation plan data.

25. The robotic system according to claim 24, wherein the at least one spatial
relationship comprises at least one compensation rating, and the compensation
rating is calculated from the medical operation data and the virtual workspace or
from the medical operation data and the virtual active space.

26. The robotic system according to claim 18, wherein the step of (S4) comprises a
step of:

processing at least one virtual planning object attribute in the medical
operation plan data to generate at least one navigation instruction.

27. The robotic system according to claim 18, wherein the navigation method further

comprising a step of’
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generating at least one set of control signal for controlling at least one
function of the robotic system.

28. The robotic system according to claim 27, wherein the control signal comprises
a first control signal and a second control signal, the first control signal is
generated according to a first calculation result of the calculation of the
navigation data, and the second navigation instruction is generated according to
a second calculation result of the calculation of the navigation data.

29. The robotic system according to claim 18, wherein the step of (S5) comprises a
step of:

rendering three-dimensional graphics on a display device electrically
connected to the processor,

wherein the three-dimensional graphics comprises the virtual environment,
the navigation instruction, or the virtual environment and the navigation
instruction.

30. The robotic system according to claim 29, wherein a viewing angle of the
rendering is aligned with an orientation of an instrument electrically connected
to the robotic system.

31. The robotic system according to claim 18, wherein the step of (S5) comprises a
step of:

generating and displaying, by a graphical user interface (GUI) application,
a plurality of two-dimensional icons according to the navigation data and the
virtual environment,

wherein the two-dimensional icons represent a position of an instrument
electrically connected to the robotic system, the navigation instruction, and a
range of valid orientation of the instrument.

32. The robotic system according to claim 18, wherein the navigation instruction is
presented by a light indicator or an audio device, wherein the light indicator and
the audio device are electrically connected to the robotic system.

33. The robotic system according to claim 18, wherein the navigation instruction is
presented by a direction of a tool, wherein the tool is connected to a manipulator

electrically connected to the robotic system.
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34. The robotic system according to claim 18, wherein the step of (S5) comprises a
step of:
generating and displaying, by a graphical user interface (GUI) application, a
plurality of two-dimensional icons according to the navigation data and the
virtual environment, wherein the two-dimensional icons represent workspace
progress bar.

35. The robotic system according to claim 18, the system further comprising an
instrument system comprising a tool and a manipulator connected to the tool,

and the instrument system is electrically connected to the computer system.
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