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7) ABSTRACT

A robotic surgical system includes at least one robot arm, at
least one instrument, and a plurality of drive motors con-
figured to drive the at least one robot arm and at least one
instrument. The system also includes a laparoscopic port
having a plurality of fiducials, a sensor configured to detect
the plurality of fiducials, and a controller configured to
control the plurality of drive motors. The controller includes
a processor that determines a current distance between each
fiducial among the plurality of fiducials, determines a loca-
tion of the laparoscopic port based on the distance between
each fiducial, determines a position of the at least one robot
arm and the at least one instrument relative to the location
of the laparoscopic port, and controls the plurality of drive
motors to align the at least one robot arm or the at least one
instrument with the laparoscopic port.
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ROBOTIC SURGICAL SYSTEM WITH
AUTOMATED GUIDANCE

BACKGROUND

[0001] Robotic surgical systems such as teleoperative sys-
tems are used to perform minimally invasive surgical pro-
cedures that offer many benefits over traditional open sur-
gery techniques, including less pain, shorter hospital stays,
quicker return to normal activities, minimal scarring,
reduced recovery time, and less injury to tissue.

[0002] Robotic surgical systems can have a number of
robotic arms that move attached instruments or tools, such
as an image capturing device, a stapler, an electrosurgical
instrument, etc., in response to movement of input devices
by a surgeon viewing images captured by the image cap-
turing device of a surgical site. During a surgical procedure,
each of the tools may be inserted through an opening, e.g.,
a laparoscopic port, into the patient and positioned to
manipulate tissue at a surgical site. The openings are placed
about the patient’s body so that the surgical instruments may
be used to cooperatively perform the surgical procedure and
the image capturing device may view the surgical site.
[0003] During the surgical procedure, the tools are
manipulated in multiple degrees of freedom by a clinician.
In order to manipulate the tool through the laparoscopic port,
the clinician has to position the robotic arm correctly to
facilitate insertion and/or removal of the tool. However,
obtaining the correct position may be a relatively time
consuming step. Further, manual positioning of the robotic
arm by the clinician adds further time and complexity to this
step of the surgical procedure.

[0004] Accordingly, there is a need for guiding the robotic
arms of the robotic surgical system to reduce the complexity
and duration of a surgical procedure, as well as increase the
outcome and/or results of the surgical procedure.

SUMMARY

[0005] The present disclosure relates generally to guiding
of a robotic surgical system and, in particular, guiding a
robotic arm of the robotic surgical system to automatically
insert and/or remove tools through an opening or laparo-
scopic port.

[0006] In an aspect of the present disclosure. a robotic
surgical system is provided. The system includes at least one
robot arm, at least one instrument coupled to the robot arm,
and a plurality of drive motors configured to drive the at
least one robot arm and at least one instrument. The system
also includes a laparoscopic port having a plurality of
fiducials and a sensor configured to detect the plurality of
fiducials. A controller that is configured to control the
plurality of drive motors includes a processor configured to
determine a current distance between each fiducial among
the plurality of fiducials, determine a location of the lapa-
roscopic port based on the distance between each fiducial,
determine a position of the at least one robot arm and the at
least one instrument relative to the location of the laparo-
scopic port, and control the plurality of drive motors to align
the at least one robot arm or the at least one instrument with
the laparoscopic pott.

[0007] Inembodiments, the processor is also configured to
obtain a predetermined distance between each fiducial
among the plurality of fiducials and obtain a predetermined
distance between each fiducial and the laparoscopic port.
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The processor may determine the location of the laparo-
scopic port based on the current distance between each
fiducial among the plurality of fiducials, the predetermined
distance between each fiducial among the plurality of fidu-
cials, and the predetermined distance between each fiducial
and the laparoscopic port.

[0008] In embodiments, the processor is configured to
obtains a length of the at least one instrument and a length
of the at least one robot arm. Control of the plurality of drive
motors may be based on the position of the at least one robot
arm and the at least one instrument relative to the location
of the laparoscopic port, the length of the at least one
instrument, and the length of the at least one robot arm.
[0009] In some embodiments, the plurality of fiducials is
active light emitting diodes.

[0010] In some embodiments, the robotic surgical system
includes a light source configured to emit light directed at
the plurality of fiducials. The plurality of fiducials may
include a reflective material and the light emitted from the
light source may be reflected by the plurality of fiducials and
detected by the sensor.

[0011] In another aspect of the present disclosure, a
method for guiding a robot arm and/or instrument toward a
laparoscopic port is provided. The method includes deter-
mining a current distance between each fiducial among a
plurality of fiducials disposed around the laparoscopic port
and determining a location of the laparoscopic port based on
the distance between each fiducial. The method also includes
determining a position of the robot arm and the instrument
relative to the location of the laparoscopic port and control-
ling a plurality of drive motors associated with the robot arm
and the instrument to align the robot arm or the instrument
with the laparoscopic port.

[0012] In embodiments, the method includes obtaining a
predetermined distance between each fiducial among the
plurality of fiducials and obtaining a predetermined distance
between each fiducial and the laparoscopic port. The method
also includes determining the location of the laparoscopic
port based on the current distance between each fiducial
among the plurality of fiducials, the predetermined distance
between each fiducial among the plurality of fiducials, and
the predetermined distance between each fiducial and the
laparoscopic port.

[0013] In embodiments, the method includes obtaining a
length of the instrument and obtaining a length of the robot
arm. Controlling the plurality of drive motors is based on the
position of the robot arm and the instrument relative to the
location of the laparoscopic port, the length of the instru-
ment, and the length of the robot arm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Various aspects of the present disclosure are
described hereinbelow with reference to the drawings,
which are incorporated in and constitute a part of this
specification, wherein:

[0015] FIG. 1 is a schematic illustration of a user interface
and a robotic system of a robotic surgical system in accor-
dance with the present disclosure;

[0016] FIG. 2A is a top view of a laparoscopic port in
accordance with the present disclosure;

[0017] FIG. 2B is a perspective view of a portion of
robotic arm of the robot system of FIG. 1 with a surgical
instrument attached to the robotic arm;
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[0018] FIG. 3A is a perspective view of an exemplary
outside-looking-in optical system in accordance with the
present disclosure;

[0019] FIG. 3B is a perspective view of an exemplary
inside-looking-out optical system in accordance with the
present disclosure;

[0020] FIG. 3C is a perspective view of an exemplary
optical system in accordance with the present disclosure
including sensors disposed about an operating theater; and
[0021] FIG. 4 is a flowchart depicting operation of an
automated guidance system of the present disclosure includ-
ing an optical system of FIG. 3A, 3B, or 3C.

DETAILED DESCRIPTION

[0022] The present disclosure is directed to systems and
methods for guiding one or more robotic arms in a robotic
surgical system utilizing images captured during a surgical
procedure. Image data captured during a surgical procedure
may be analyzed to guide a robotic arm having a device or
tool coupled thereto to insert and/or remove the tool from a
laparoscopic port. In the systems described herein, one or
more laparoscopic ports have three (3) fiducials, e.g., active
infrared light emitting diodes (LEDs), with known distances
between the fiducials and known distances between the
fiducials and a center of the laparoscopic port. The positions
of each fiducial may be analyzed using motion analyzing
techniques to establish a plane defined by the fiducials and
establish the steps necessary to move the robot arm in
position. The position of the center of the laparoscopic port
relative to the three (3) fiducials determines where to insert
and/or remove the tool, and an orientation angle for the tool.
[0023] In the systems described herein, aligning and ori-
enting the robotic arm to insert and/or remove the tool
through the laparoscopic port relies on one or more vari-
ables. The variable(s) may include, but is/are not limited to,
distance(s) between three (3) or more fiducials, distance(s)
between the fiducials and the center of the laparoscopic port,
the port plane defined by the fiducials, and/or the length of
the interchangeable tool and robotic arm.

[0024] The systems described herein permit quicker
installation of robotic instrumentation into laparoscopic
ports, less intervention on the part of a clinician during a
surgical procedure, and/or potentially lower incidents of
impact with a laparoscopic port site.

[0025] Turning to FIG. 1, a robotic surgical system 100
may be employed with one or more consoles 102 that are
next to the operating theater or located in a remote location.
In this instance, one team of clinicians or nurses may prep
the patient for surgery and configure the robotic surgical
system 100 with one or more tools 104 while another
clinician (or group of clinicians) remotely controls the
instruments via the robotic surgical system. As can be
appreciated, a highly skilled clinician may perform multiple
operations in multiple locations without leaving his/her
remote console which can be both economically advanta-
geous and a benefit to the patient or a series of patients.
[0026] The robotic arms 106 of the surgical system 100 are
typically coupled to a pair of master handles 108 by a
controller 110. Controller 110 may be integrated with the
console 102 or provided as a standalone device within the
operating theater. The handles 106 can be moved by the
clinician to produce a corresponding movement of the
working ends of any type of tools 104 (e.g., probes,
mechanical or electrosurgical end effectors, graspers, knifes,
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scissors, etc.) attached to the robotic arms 106. For example,
tool 104 may be a probe that includes an image capture
device.

[0027] The console 102 includes a display device 112
which is configured to display two-dimensional or three-
dimensional images. The display device 112 displays the
images of the surgical site which may include data captured
by tool 104 positioned on the ends 114 of the arms 106
and/or include data captured by imaging devices that are
positioned about the surgical theater (e.g., an imaging device
positioned within the surgical site, an imaging device posi-
tioned adjacent the patient, imaging device positioned at a
distal end of an imaging arm). The imaging devices may
capture visual images, infra-red images, ultrasound images,
X-ray images, thermal images, and/or any other known
real-time images of the surgical site. The imaging devices
transmit captured imaging data to the controller 110 which
creates the images of the surgical site in real-time from the
imaging data and transmits the images to the display device
112 for display.

[0028] The movement of the master handles 108 may be
scaled so that the working ends have a corresponding
movement that is different, smaller or larger, than the
movement performed by the operating hands of the clini-
cian. The scale factor or gearing ratio may be adjustable so
that the operator can control the resolution of the working
ends of the surgical instrument(s) 104.

[0029] During operation of the surgical system 100, the
master handles 108 are operated by a clinician to produce a
corresponding movement of the robotic arms 106 and/or
surgical instruments 104, The master handles 108 provide a
signal to the controller 110 which then provides a corre-
sponding signal to one or more drive motors 114. The one or
more drive motors 114 are coupled to the robotic arms 106
in order to move the robotic arms 106 and/or surgical
instruments 104.

[0030] The master handles 108 may include various hap-
tics 116 to provide feedback to the clinician relating to
various tissue parameters or conditions, e.g., tissue resis-
tance due to manipulation, cutting or otherwise treating,
pressure by the instrument onto the tissue, tissue tempera-
ture, tissue impedance, etc. As can be appreciated, such
haptics 116 provide the clinician with enhanced tactile
feedback simulating actual operating conditions. The haptics
116 may include vibratory motors, electroactive polymers,
piezoelectric devices, electrostatic devices, subsonic audio
wave surface actuation devices, reverse-electrovibration, or
any other device capable of providing a tactile feedback to
a user. The master handles 108 may also include a variety of
different actuators (not shown) for delicate tissue manipu-
lation or treatment further enhancing the clinician’s ability
to mimic actual operating conditions.

[0031] The controller 110 includes a transceiver 118 and a
processor 120. Transceiver 118 receives a signal from infra-
red sensors 122 which will be described in more detail
below. The signal from infrared sensors may be transmitted
to transceiver 118 via any conventional wired or wireless
methods. Transceiver 118 provides the signal to a motion
analysis unit 124 in processor 120 which performs a motion
analysis on the signal in order to control the one or more
drive motors 114 to move the robotic arms 106 and/or
surgical instruments 104 into the correct position and/or
orientation. A memory 126 may store an algorithm used to
perform the motion analysis. In some embodiments,
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memory 126 may store a look up table (LUT) that includes
information pertaining to instruments 104, robot arms 106,
and laparoscopic ports discussed below.

[0032] As will be discussed in more detail below, infrared
sensors receive light from infrared light sources. The infra-
red sensors may be disposed on the robotic arm 106, the
surgical instrument 104, the laparoscopic port 130, or may
be disposed anywhere in the surgical environment. The
infrared light sources may be incorporated in the robotic arm
106, the surgical instrument 104, the laparoscopic port 130,
or may be disposed anywhere in the surgical environment.
[0033] With reference to FIG. 2A, the laparoscopic port
130 has at least three (3) port fiducials 132a-c positioned in
a port plane about a port opening 131 of the laparoscopic
port 130. The port plane may be defined by an outer surface
133 (FIG. 3A) of the laparoscopic port 130. The port
fiducials 132a-¢ are positioned about the port opening 131
with distances D, 5 between the port fiducials 132a-¢ and
distances P, _, between the port fiducials 132a-c and a center
“X” of the port opening 131 being known.

[0034] Referring to FIG. 2B, the robotic arm 106 has at
least three (3) arm fiducials 107a-c positioned in an arm
plane orthogonal to a longitudinal axis of the robotic arm
106. The arm plane may be defined by a distal surface 103
of the robotic arm 106. Similar to the port fiducials 132a-c,
distances between the arm fiducials 107a-c and distances
between each of the arm fiducials 107a-¢ and the longitu-
dinal axis of the robotic arm 106 are known.

[0035] Turning to FIG. 3A, an outside-looking-in optical
system is shown according to an embodiment of the present
disclosure including the robotic arm 106 and the laparo-
scopic port 130. In such an embodiment, the port fiducials
132a-c of laparoscopic port 130 are infrared light sources
(e.g., active infrared light emitting diodes (LEDs)) which
each emit infrared light 1L, ; having a distinctive character-
istic (e.g., wavelength, phase) and the arm fiducials 107a-¢
are infrared sensors (e.g., infrared cameras) in communica-
tion with the transceiver 118 (FIG. 1). The arm fiducials
107a-c determine the time it takes for infrared light (e.g.,
1L, ;) from the port fiducials 132a-c to reach the respective
arm fiducial 107a-c and provides a signal indicative of the
time to motion analysis unit 124.

[0036] Referring to FIG. 3B, an inside-looking-out optical
system is shown according to an embodiment of the present
disclosure including the robotic arm 106 and the laparo-
scopic port 130. The at least three (3) arm fiducials 107a-c
are infrared light sources (e.g., active infrared light emitting
diodes (LEDs)) which each emit infrared light EL, ; having
a distinctive characteristic (e.g., wavelength, phase) and the
at least three (3) of laparoscopic port 130 are infrared
sensors (e.g., infrared cameras) in communication with the
transceiver 118 (FI1G. 1). The port fiducials 132a-¢ deter-
mine the time it takes for the infrared light (e.g., EL, ;) from
the arm fiducials 107a-c to reach the respective port fiducial
132a-c and provides a signal indicative of the motion
analysis unit 124.

[0037] Referring to FIG. 3C, a fixed optical system is
shown according to an embodiment of the present disclosure
including the robotic arm 106 and the laparoscopic port 130.
In such an embodiment, at least three (3) infrared sensors
192g-c (e.g., infrared cameras) are positioned about the
operating theater and are in communication with the trans-
ceiver 118 (FIG. 1). The port fiducials 132a-c of laparo-
scopic port 130 are infrared light sources (e.g., active
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infrared light emitting diodes (LEDs)) which each emit
infrared light IL, ; having a distinctive characteristic (e.g,
wavelength, phase) and the arm fiducials 107a-c and the arm
fiducials 107a-c are infrared light sources (e.g., active infra-
red light emitting diodes (LEDs)) which each emit infrared
light EL, ; having a distinctive characteristic (e.g., wave-
length, phase). The positions of the infrared sensors 192a-¢
within the operating theater are known such that the position
of the arm and port fiducials 107a-c, 132a-c relative to the
infrared sensors 192a-¢ can be determined as detailed below.
The infrared sensors 192a-c determine the time it takes for
infrared light (e.g., IL, 5 or EL, 5) from the arm fiducials
107a-c and the port fiducials 132a-c to reach the respective
infrared sensor 192¢-¢ and provides a signal indicative of
the time to motion analysis unit 124.

[0038] As detailed below with reference to FIG. 4, the
motion analysis unit 124 (FIG. 1) determines the position of
the robotic arm 106 relative to the laparoscopic port 130
based on signals from the fiducials 107a-c, 132a-c. F1G. 4
will be described while making references to FIGS. 1-3A.
As shown in FIG. 4, a user enters a laparoscopic port
identification number in step s202. Based on the laparo-
scopic port identification number, the motion analysis unit
queries the memory 126 in step s204 to obtain the distances
between port fiducials 132a-c (D,, D,, and D5 as shown in
FIG. 2A) and the distances between each port fiducial
132a-c and the port center “X” of the port opening 131 (P,,
P,, and P, as shown in FIG. 2A) that correspond to the
laparoscopic port 130. In step s206, an instrument identifi-
cation number is obtained. The instrument identification
number of an instrument 104 coupled to the robotic arm 106
may be obtained via a user input or it may be obtained from
an integrated circuit (IC) included in the instrument 104. In
step 5208, the length of the instrument 104 is obtained based
on the instrument identification number, either from the
memory 124 or the IC included in the instrument 104. In step
$210, a robot arm identification number is obtained. The
robot arm identification number may be obtained via a user
input or it may be obtained from an IC included in the robot
arm 106. In step s212, the geometry of the robot arm 106 is
obtained based on the robot arm identification number,
either from memory 124 or the IC included in the robot arm
106.

[0039] step s214, the motion analysis unit 124 receives
signals from the arm fiducials 107a-¢ representing the time
that the respective infrared light (e.g., IL, ;) from a respec-
tive one of the port fiducials 1324-¢ reached a respective arm
fiducial 107a-c. Based on the signals from the arm fiducials
107a-c, the motion analysis unit 124 uses three-dimensional
spherical trilateration to determine the distance between
each of the port fiducials 132a-c and each of the arm
fiducials 107a-c in step s216.

[0040] For a detailed discussion of three-dimensional
spherical trilateration used to determine the location of
points in three dimensions, reference can be made to MUR-
PHY JR., WILLIAM S. & HEREMAN, WILLY, DETER-
MINATION OF A POSITION IN THREE DIMENSIONS
USING TRILATERATION AND APPROXIMATE DIS-
TANCES, Nov. 28, 1999, available at http://inside.mines.
edu/~whereman/papers/Murphy-Hereman-Trilateration-
1995.pdf, the entire contents of which are hereby
incorporated by reference.

[0041] Instep s218, the distances between each of the port
fiducials 132a-¢ relative to each of the arm fiducials 107a-c,
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the port plane defined by the port fiducials 132a-c is deter-
mined relative to the arm fiducials 107a-c.

[0042] Tt will be appreciated that the at least three port
fiducials (e.g., port fiducials 132a-c) are required to define
the port plane relative to the arm fiducials 107a-c which can
be determined as follows:

1. Solving for the vector from 132a, 1325 and the vector
from 132a, 132¢ as follows:

AB—(rpx ) U +(ypp0) ] Hezpz) ¥
AC (i3 U +ycya) ] Hzez) *

2. Determining the normal vector as follows:

i j k
ABXAC =| (x5 —x4) (ya—va) (@B-24)

(xc —xa) (yc—ya) (2c-za)

3. Determine the equation of the plane from the normal
vector as follows:

((p=X JHEF %) ((Ppp )+ Y p)y 20+

(2=24))z+d=0

4. Use any known point on the plane to solve for d.
[0043] As detailed above, the arm fiducials 107a-c are
sensors and the port fiducials 132a-¢ are light sources.
Alternatively, the arm fiducials 107a-c can be light sources
and the port fiducials 132a-c can be sensors in communi-
cation with the motion analysis unit 124. In addition, as
detailed above, the arm and port fiducials 107a-c, 132a-¢
can be light sources and the sensors 192a-c¢ can be sensors
in communication with the motion analysis unit 124.
[0044] In addition, during step s218, the motion analysis
unit 124 determines the port center “X” on the port plane
from the position of the three arm fiducials 107a-c. To
determine the port center “X”, the motion analysis unit 124
solves the following system of equations:

XX+ YY) +HZ-Z) =R
XX G-Vl +(Z~Zp) =Ry

XX+ LY HZ~Z) =R

where R, . are the distances each port fiduciary 132a-c is
from a given one of the arm fiduciaries 107a-c.

[0045] In step s220, from the position of the port fiducials
132a-c and the port center “X”, a vector “V”” normal to the
port plane defined by the port fiducials 132a-¢ and passing
through the port center “X” provides the orientation of the
port opening 131 relative to the arm fiducials 107a-c.
[0046] In step s222, the motion analysis unit 124 deter-
mines the current position of the robot arm 106 and the
instrument 104 relative to the laparoscopic port 130. To
determine the current position of the instrument 104, the
motion analysis unit 124 can use inverse kinematics based
on the known geometry of links of the robot arm 106, the
instrument 104, and measured angles between the links of
the robot arm 106.

[0047] In step s224, the length of the instrument 104
obtained in step s208, the geometry of the robot arm 106
obtained in steps s212, the location of the laparoscopic port
130 determined in step s220, and the current position of the
robot arm 106 (e.g., angles between links) and the instru-
ment 104 determined in step 222 are used to determine how
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to control the drive motors 114 in order to align the instru-
ment 104 with the vector “V” so that the robot arm 106
and/or instrument 104 may be inserted and/or removed from
the laparoscopic port 130. It will be appreciated that by
determining the vector “V” relative to the arm fiducials
107a-c the movement of the robot arm 106, and thus
instrument 104, are relative to the port fiducials 132a-c. In
step $226, the drive motors 114 are controlled to perform
insertion and/or removal of the instrument 104.

[0048] The embodiments disclosed herein are examples of
the disclosure and may be embodied in various forms.
Specific structural and functional details disclosed herein are
not to be interpreted as limiting, but as a basis for the claims
and as a representative basis for teaching one skilled in the
art to variously employ the present disclosure in virtually
any appropriately detailed structure. Like reference numer-
als may refer to similar or identical elements throughout the
description of the figures.

[0049] The phrases “in an embodiment.” “in embodi-
ments,” “in some embodiments,” or “in other embodi-
ments,” which may each refer to one or more of the same or
different embodiments in accordance with the present dis-
closure. A phrase in the form “A or B” means “(A), (B), or
(A and B)”. A phrase in the form “at least one of A, B, or C”
means “(A), (B), (C), (A and B), (A and C), (B and C), or
(A, B and C)”. A clinician may refer to a surgeon or any
medical professional, such as a doctor, nurse, technician,
medical assistant, or the like performing a medical proce-
dure.

[0050] The systems described herein may also utilize one
or more confrollers to receive various information and
transform the received information to generate an output.
The controller may include any type of computing device,
computational circuit, or any type of processor or processing
circuit capable of executing a series of instructions that are
stored in a memory. The controller may include multiple
processors and/or multicore central processing units (CPUs)
and may include any type of processor, such as a micropro-
cessor, digital signal processor, microcontroller, or the like.
The controller may also include a memory to store data
and/or algorithms to perform a series of instructions.
[0051] The systems described herein utilize optical or
visual motion tracking technology; however, it is envisioned
that other motion tracking technologies can be used in place
of or in conjunction with the optical motion tracking tech-
nologies detailed above including, but not limited to, accel-
erometer, gyroscopic, ultrasound, magnetic, radio fre-
quency, or other light based (e.g., laser) motion tracking
technologies.

[0052] Any of the herein described methods, programs,
algorithms, or codes may be converted to, or expressed in,
a programming language or computer program. A “Program-
ming Language” and “Computer Program” includes any
language used to specify instructions to a computer, and
includes (but is not limited to) these languages and their
derivatives: Assembler, Basic, Batch files, BCPL, C, C+,
C++, Delphi, Fortran, Java, JavaScript, Machine code, oper-
ating system command languages, Pascal, Perl, PLL1, script-
ing languages, Visual Basic, metalanguages which them-
selves specify programs, and all first, second, third, fourth,
and fifth generation computer languages. Also included are
database and other data schemas, and any other meta-
languages. No distinction is made between languages which
are interpreted, compiled, or use both compiled and inter-
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preted approaches. No distinction is also made between
compiled and source versions of a program. Thus, reference
to a program, where the programming language could exist
in more than one state (such as source, compiled, object, or
linked) is a reference to any and all such states. Reference
to a program may encompass the actual instructions and/or
the intent of those instructions.
[0053] Any of the herein described methods, programs,
algorithms or codes may be contained on one or more
machine-readable media or memory. The term “memory”
may include a mechanism that provides (e.g., stores and/or
transmits) information in a form readable by a machine such
a processor, computer, or a digital processing device. For
example, a memory may include a read only memory
(ROM), random access memory (RAM), magnetic disk
storage media, optical storage media, flash memory devices,
or any other volatile or non-volatile memory storage device.
Code or instructions contained thereon can be represented
by carrier wave signals, infrared signals, digital signals, and
by other like signals.
[0054] It should be understood that the foregoing descrip-
tion is only illustrative of the present disclosure. Various
alternatives and modifications can be devised by those
skilled in the art without departing from the disclosure. For
instance, any of the augmented images described herein can
be combined into a single augmented image to be displayed
to a clinician. Accordingly, the present disclosure is intended
to embrace all such alternatives, modifications and vari-
ances. The embodiments described with reference to the
attached drawing figures are presented only to demonstrate
certain examples of the disclosure. Other elements, steps,
methods, and techniques that are insubstantially different
from those described above and/or in the appended claims
are also intended to be within the scope of the disclosure.
What is claimed is:
1. A robotic surgical system comprising:
at least one robot arm;
at least one instrument coupled to the robot arm;
a plurality of drive motors configured to drive the at least
one robot arm;
a laparoscopic port;
a plurality of fiducials;
a plurality of sensors configured to detect the plurality of
fiducials; and
a controller configured to control the plurality of drive
motors, the controller including a processor configured
to:
determine a current distance between each sensor of the
plurality of sensors and each fiducial of the plurality
of fiducials;
determine a port plane based on the distance between
the each sensor and each fiducial;
determine a vector normal to the port plane passing
through a center of the laparoscopic port based on
the distance between each sensor and each fiducial;
determine a position of the at least one robot arm and
the at least one instrument relative to the vector; and
control the plurality of drive motors to align the at least
one robot arm or the at least one instrument with the
vector.
2. The robotic surgical system of claim 1, wherein the
processor is also configured to:
obtain a predetermined distance between each fiducial
among the plurality of fiducials; and
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obtain a predetermined distance between each fiducial and

the center of the laparoscopic port.

3. The robotic surgical system of claim 2, wherein the
processor determines the port plane based on the current
distance between each fiducial among the plurality of fidu-
cials, the predetermined distance between each fiducial
among the plurality of fiducials, and the predetermined
distance between each fiducial and the center of the lapa-
roscopic port.

4. The robotic surgical system of claim 3, wherein the
processor is configured to obtain a length of the at least one
instrument.

5. The robotic surgical system of claim 4, wherein the
processor is configured to obtain a geometry of the at least
one robot arm.

6. The robotic surgical system of claim 5, wherein con-
trolling the plurality of drive motors is based on the position
of the at least one robot arm and the at least one instrument
relative to the vector, the length of the at least one instru-
ment, and the geometry of the at least one robot arm.

7. The robotic surgical system of claim 1, wherein the
plurality of fiducials are active light emitting diodes.

8. The robotic surgical system of claim 1, wherein the
plurality of sensors are disposed on the robot arm.

9. The robotic surgical system of claim 1, wherein the
plurality of fiducials are disposed on the laparoscopic port.

10. The robotic surgical system of claim 1, wherein the
plurality of fiducials are disposed on the robot arm.

11. The robotic surgical system of claim 1, wherein the
plurality of sensors are disposed on the laparoscopic port.

12. The robotic surgical system of claim 1, wherein the
plurality of drive motors are configured to drive the at least
one instrument.

13. A method for guiding a robot arm and/or instrument
toward a laparoscopic port, the method comprising:

determining a position of each fiducial among a plurality

of fiducials disposed around the laparoscopic port;
determining a port plane of the laparoscopic port based on
the position of each fiducial;

determining a vector normal to the port plane passing

through a center of the laparoscopic port based on the
position of each fiducial,

determining a position of the robot arm and the instrument

relative to the vector; and

controlling a plurality of drive motors associated with the

robot arm and the instrument to align the robot arm or
the instrument with the vector.

14. The method of claim 13, further comprising:

obtaining a predetermined distance between each fiducial

among the plurality of fiducials; and

obtaining a predetermined distance between each fiducial

and the center of the laparoscopic port.

15. The method of claim 14, further comprising deter-
mining the vector based on the position of each fiducial
among the plurality of fiducials, the predetermined distance
between each fiducial among the plurality of fiducials, and
the predetermined distance between each fiducial and center
of the laparoscopic pott.

16. The method of claim 15, further comprising obtaining
a length of the instrument.

17. The method of claim 16, further comprising obtaining
a length of the robot arm.

18. The method of claim 17, wherein controlling the
plurality of drive motors is based on the position of the robot
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arm and the instrument relative to the vector, the length of
the instrument, and the length of the robot arm.

19. The method of claim 13, wherein determining the
position of each fiducial among a plurality of fiducials
includes determining a distance between each sensor of a
plurality of sensors and each fiducial of the plurality of
fiducials.
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