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SYSTEMS AND METHODS FOR REAL-TIME WINDING ANALYSIS FOR KNOT

DETECTION

CROSS-REFERENCES TO RELATED APPLICATION

This application claims priority to U.S. Patent Application No. 12/031,642 entitled

"Systems and Methods for Real-Time Winding Analysis for Knot Detection," filed February

14, 2008, the entirety of which is hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to knot detection. The present invention

relates more specifically to systems and methods for real-time winding analysis for knot

detection.

BACKGROUND

To close a wound, or during a surgery, a doctor or nurse may need to tie a knot to

complete a suture. Typically, a standard array of knots is used to close a suture, and a doctor

or nurse would learn some or all of these knots in school or training. Part of the training

process may include supervision by a trained doctor or nurse who may watch the trainee tie

the knot, and may examine the completed knot to ensure that the correct knot type was used,

and that the knot was tied correctly. When the knot is tied using string, and the trainer is

available to watch the trainee tie the knot, it is relatively straightforward for the trainer to

recognize the knot used. However, knot detection by a computer is significantly more

difficult.

Knot detection, in general, is an NP-complete problem, which means that it takes an

exponential amount of time, computationally, to recognize a knot based on the knot

presented. The use of general-purpose knot-detection algorithms in a simulation tool may

impair the speed and effectiveness of the simulation tool as a training device, as they require

a significant amount of time to execute. Existing knot detection algorithms also impose

constraints on the definition of knots input into the algorithm that may render those

algorithms less desirable for use in a simulation system.

SUMMARY

Embodiments of the present invention comprise systems, methods, and computer-

readable media for real-time winding analysis for knot detection. For example, one

embodiment of the present invention is a method comprising receiving a first wrapping signal

indicating a first wrapping of the simulated thread around a second tool to create a first loop.



The method further comprises determining a first wrapping direction based at least in part on

the first wrapping signal; receiving a first tightening signal indicating a pulling of a first end

of the simulated thread through the first loop; determining a first half-hitch based at least in

part on the first winding direction and the first tightening signal; and outputting the first half-

hitch. In another embodiment, a computer-readable media comprises code for a carrying out

such a method.

These illustrative embodiments are mentioned not to limit or define the invention, but

to provide examples to aid understanding thereof. Illustrative embodiments are discussed in

the Detailed Description, and further description of the invention is provided there.

Advantages offered by various embodiments of this invention may be further understood by

examining this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention are better

understood when the following Detailed Description is read with reference to the

accompanying drawings, wherein:

Figure 1 shows an illustrative system for real-time winding analysis for knot detection

according to one embodiment of the present invention;

Figure 2 is a flowchart showing a method for real-time winding analysis for knot

detection according to one embodiment of the present invention;

Figure 3 is an illustration of a simulated thread wrapped around a laparoscopic tool

according to one embodiment of the present invention;

Figure 4 is a diagram of normal forces rotating about a center point on a pair of axes

according to one embodiment of the present invention;

Figure 5 is an illustration of a system for winding analysis for knot detection

according to one embodiment of the present invention; and

Figure 6 is a block diagram of a software application for winding analysis for knot

detection according to one embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention provide systems, methods, and computer-

readable media for real-time winding analysis for knot detection.

Illustrative Real-Time Winding Analysis for Knot Detection

Figure 1 shows an illustrative system for real-time winding analysis for knot detection

according to one embodiment of the present invention. According to the illustrative



embodiment shown in Figure 1, a system for real-time winding analysis comprises a

laparoscopy simulation system 100. The laparoscopy simulation system 100 comprises a

computer 110, an integrated display 120, and two laparoscopy simulation tools 130, 131. The

computer 110 executes a laparoscopic surgery simulation application (not shown). The

laparoscopy simulation tools 130, 131 are in communication with the computer 110 and are

used by a user to interact with the simulation application. The simulation tools 130, 131

comprise sensors which are capable of detecting manipulation of the tools, and transmitting

sensor data to the computer 110. The simulation tools 130, 131 also comprise actuators

capable of outputting haptic effects to the simulation tools 130, 131.

During a simulated surgery, the simulation application may display a view of the

simulated surgery on the display 120 for the user to view. The user manipulates the

simulation tools 130, 131 to provide signals to the simulation application, which interprets

the signals as movements of the simulated tools. The simulation application may then update

the display 120 based on the user's manipulation of the simulation tools 130, 131.

During a surgery, a doctor may need to suture an incision. A doctor typically sutures

an incision by using a thread to stitch the incision closed, and then tying the thread off, which

will hold the two flaps of skin or organic material together to allow them to rejoin and heal.

In a laparoscopic surgery, the process of suturing a wound is typically more difficult than

during a more invasive surgery, or when suturing a wound or incision on the patient's skin.

Laparoscopic surgery is performed by inserting special laparoscopic tools into a patient via

one or more small incisions. The surgery is performed by a surgeon who watches video

images on a screen transmitted by a camera inserted into one of the incisions, and

manipulates the tools to perform the surgery based on the video images. During a

laparoscopic surgery, internal incisions within the patient may be made, which are sutured at

the end of the surgery to allow the patient to heal properly. Training for a laparoscopic

surgery, including suturing a wound using laparoscopic instruments, typically requires

significant training, often with simulation systems.

To train for making sutures in a laparoscopic surgery, a doctor or medical student may

use a laparoscopy simulation system. In such an event, the user uses the simulation tools

130, 131 to suture the incision with a simulated thread, and then ties a simulated knot. To tie

the knot, the user grasps one end of the simulated thread (the first end) with one of the

simulation tools (the first tool) 130, and winds the other end of the thread (the second end)

around the other simulation tool (the second tool) 131 . It should be noted that the first end



and second end need not be the actual terminal parts of the thread, and are not used in such a

limited fashion herein. Rather, the ends simply refer to two different locations on the thread

that are sufficiently far apart to allow a knot to be tied - for some sutures, the two "ends"

need not be very far apart at all. In a surgery simulation, the first end may refer to the portion

of the thread extending from one side of the incision, while the second end may refer to the

portion of the thread extending from the other side of the incision.

The computer 110 detects the winding of the thread around the second tool 131, and

determines the direction of the winding. Once the winding is completed, the user grasps the

first end of the thread with the second tool 131, and pulls the first end of the simulated thread

through the winding, and pulls the winding tight. The computer 110 detects the movement of

the first end of the simulated thread through the winding, and the tightening of the winding as

a half-hitch. The user then ties additional, successive half-hitches having the same or

different winding directions. The computer 110 tracks each of the half-hitches and the

direction of the winding in each of the half-hitches.

Once the user releases the thread with the first tool 130, the computer 110 determines

that the user has completed the knot. The computer 110 then determines the type of knot the

user has tied by analyzing the sequence of half-hitches and winding directions. For example,

in this illustrative embodiment, if the user has tied a knot with two half-hitches, each of

which having the same winding direction, the computer 110 detects the knot as a "granny"

(or slip) knot. Or, if the user has tied a knot with two half-hitches, each with a different

winding direction, the computer 110 detects the knot as a square knot. By detecting the half-

hitches and windings in real-time as the user is tying the knot, the illustrative system 100 is

able to correctly identify the type of knot, and to provide real-time feedback to the user, such

as whether the user is correctly tying the desired knot.

According to this illustrative embodiment, the system 100 may also output haptic

effects to the first and/or second tools 130, 131 to provide feedback to the user. For example,

the computer 110 may detect the tightening of a winding and output a resistive force on one

or both tools 130, 13 1 to indicate that the half-hitch is being tightened. The computer may

also output haptic effects to the second tool 131 while the user is wrapping the thread around

the tool to emulate forces the user might experience during a real surgery, such as contact

between the tool 131 and a part of the patient's body, or movement of the tool resulting from

force on the thread. Still further haptic effects could be output to provide a more realistic

simulation environment.



Systems and Methods for Real-Time Winding Analysis for Knot Detection

Figure 2 is a flowchart showing a method 200 for real-time winding analysis for knot

detection according to one embodiment of the present invention. The method 200 shown in

Figure 2 will be discussed in terms of the components shown in the system 100 in Figure 1.

In block 210, the computer 110 receives a grasping signal. The grasping signal

indicates that the first tool 130 has grasped one end of a simulated thread (referred to as the

first end). For example, according to one embodiment of the present invention, a user may

view an image of a thread shown in the display 120 that has been used to suture an incision.

The user may also view images of the position and orientation of the simulation tools 130,

131 on the display 100. The user may manipulate the first tool 130 to be in proximity to the

simulated thread, which sends signals to the computer 110 to indicate that the user has moved

the first tool 130. The user may then manipulate the first tool 130 to grasp one end of the

thread. When the user grasps the thread with the first tool 130, the computer receives a signal

indicating a grasping of the simulated thread with the first tool 130.

In one embodiment of the present invention, when the user grasps the first end of the

simulated thread with the first tool 130, the computer also determines a relative position of

the first end of the simulated thread relative to the second end of the simulated thread, and a

position and orientation of the first tool 130 with respect to the second tool 131. In some

embodiments of the present invention, the relative positions of the first end of the thread and

the second end of the thread may be used to determine when a wrapping of the simulated

thread is occurring, or a direction of the wrapping (described below). However, determining

the relative positions may not be necessary. Accordingly, some embodiments may not

determine the relative positions of the first end of the simulated thread and the second end of

the simulated thread. Further, some embodiments may not determine a relative position and

orientation of the first tool 130 with respect to the second tool 131.

In block 220, the computer 110 receives a wrapping signal. The wrapping signal

indicates that the user is wrapping, or has wrapped, the other end of the simulated thread

(referred to as the second end) around the second simulation tool 131. To wrap the thread

around the second tool 131, the user may manipulate the second tool to interact with the

simulated thread. By viewing the movement of the second tool 131 on the display, and the

second tool's interaction with the thread, the user may be able to wrap the thread around the

tool to create a loop. While the user is manipulating the second tool 131 to wrap the

simulated thread, the computer 110 receives a first wrapping signal indicating a first



wrapping of the simulated thread around the second tool to create a first loop. Alternatively,

in one embodiment, the computer 110 may receive a first wrapping signal after the user has

completed a loop.

According to one embodiment of the present invention, a wrapping signal may

comprise data indicative of a contact between a thread and a simulation tool. For example,

the wrapping signal may comprise a vector indicating the normal force between a simulated

thread and the second tool 131 at a location. In another embodiment, the wrapping signal

may comprise a plurality of vectors indicating normal forces between a simulated thread and

the second tool 131 at a plurality of locations. In some embodiments, the wrapping signal

may be sent in real-time, i.e. as the user wraps a simulated thread around a simulation tool.

Additionally, a plurality of wrapping signals may be received by the computer 110 as the user

wraps the thread around the tool. In some embodiments, the wrapping signal may be sent at

an interval, or after a minimum length of thread has been wrapped, or after a wrapping is

complete.

In block 230, the computer determines the wrapping direction. According to one

embodiment of the present invention, as the user wraps the simulated thread around the

second tool 131, the computer 110 determines the direction of the wrapping or winding. For

example, the computer may define a set of axes 320 based on the position and orientation of

the second tool 131, as may be seen in Figure 3. Figure 3 is an illustration of a simulated

thread 330 wrapped around a laparoscopic tool 131. In this embodiment of the present

invention, the axes 320 are fixed with respect to the second tool 131, and move and rotate as

the second tool 131 moves and rotates. Since the thread wraps around the tools, the thread

will also tend to move about the axes. However, in some embodiments, the thread may wrap

around the tool without contacting the tool. In such embodiments, a thread in proximity to

the tool, such was within a threshold distance, may be detected as a winding.

As the simulated thread 330 is wrapped around the second tool 13 1, the computer

may calculate normal forces exerted by the second tool 131 on the simulated thread 330 at

one or more points along the length of the thread 330. The normal forces may be represented

as vectors by the computer 101, and the vectors may be defined having directions relative to

the axes 320. After the computer 101 has calculated normal vectors along the length of the

thread, the computer 101 may then determine the direction of the winding. For example, the

computer 101 may analyze the normal vectors in sequence beginning at the first end 331 of

the thread 330, and continuing to the second end 332 of the thread 330. As the computer 101



analyzes the normal vectors, the normal vectors will tend to change direction in a clockwise

or counter-clockwise direction with respect to the axes, as the thread 330 wraps around the

second tool 131, which may be seen in Figure 4 .

In one embodiment of the present invention, the computer 110 may determine a

direction of a wrapping in real-time. For example, as the computer 110 receives wrapping

signals, the computer 110 may compute changes in direction of normal forces between the

thread and the second tool 131. The computer 110 may use the changes in direction to

determine a direction of the wrapping as the user wraps the thread around the second tool

131.

Figure 4 is a diagram of normal forces rotating about a center point on a pair of axes.

The axes 320 in Figure 4 are the axes 320 shown in Figure 3. The normal vectors 410a-d

represent normal vectors for a portion of the simulated thread 330 as it wraps around the

second tool 131. Normal vector 410a, the right-most vector, represents the normal vector at a

point on the simulated thread 330 nearer to the first end 310, which is grasped by the first tool

130, than normal vectors 410b-d. As the simulated thread 330 wraps around the second tool

131, the computer calculates the normal vectors 410a-d in succession. The curved arrow 420

indicates the direction of winding around the second tool 310. Thus, by analyzing the

changes in direction of each successive normal vector 410a-d, the computer may determine

the direction of winding of the thread 330 around the second tool 131.

In some embodiments of the present invention, a computer may determine the

direction of a first wrapping based at least in part on how the thread was initially grasped.

For example, a user may grasp a first end of a thread such that, in order to pull the first end

through a loop, the tools must cross (referred to as a scissor's move). In such a case, the

direction of the wrapping is opposite to the apparent direction. This results from the crossing

maneuver, which effectively reverses the direction of the wrapping. Thus, in one

embodiment of the present invention, a computer may determine that a scissor's move has

occurred, and will determine the direction of the wrapping based at least in part on the

scissor's move.

In one embodiment of the present invention, the thread 330 is represented as a series

of discrete pieces, such as pieces 330a and 330b. Each of these pieces has a single normal

vector associated with it. By breaking the thread into pieces and only calculating one normal

per piece, the number of calculations needed may be significantly reduced. In other



embodiments, each pieces may have a plurality of normal vectors associated with its contact

with the second tool 131.

In one embodiment of the present invention, a thread is represented by a series of

discrete pieces referred to as nodes. To determine a winding direction, the computer makes

calculations based on the thread's nodes. The computer 101 can calculate a wrap angle based

on the angles formed by the thread nodes as they wind about the tool axis In such an

embodiment, the computer 101 may compute the wrap angle, θ, according to the following

equation:

for nodes i in contact set C, where each is the four quadrant arctangent evaluation

of 1 = tan 1(n -x/n -z). n is the vector from the closest point on the second tool 131 to node

i, and x , z are the axes 320 perpendicular to the longitudinal axis of the second tool 131. By

definition, an overhand wrap angle has a positive sign, and an underhand wrap angle has a

negative sign. Thus, the computer 101 may determine the direction of a wrapping based on

the sign of the angle resulting from equation (1).

In block 240, the computer 101 receives a tightening signal indicating a pulling of the

first end 33 1 of the simulated thread through the first loop. Once a user has created a loop or

winding, the user may close a knot or half-hitch by pulling the first end of the thread through

the loop. According to one embodiment of the present invention, a user may close a half-

hitch by manipulating the second tool 131 to pull the first end of the thread through the loop

made by wrapping the thread around the second tool 131.

In block 250, the computer determines that the user has completed a half-hitch. After

pulling the first end 331 of the thread 330 through the first loop, the user may pull the half-

hitch tight, which may cause the computer 110 to receive a signal indicating that the half-

hitch has been completed. Alternatively, the computer 110 may determine that the half-hitch

has been completed based on the user's manipulation of the tools, such as by a motion made

to tighten the half-hitch.

In block 260, the computer outputs a signal indicating that a half-hitch has been made.

According to one embodiment of the present invention, the system may generate a haptic

effect when the user pulls the half-hitch tight. For example, the system shown in Figure 1

may output a force to resist motion of one or both tools 130, 131 to indicate to a user that the

half-hitch has been pulled tight. In addition, the system may output a visual and/or audible



indication that the half-hitch has been completed. For example, the system may briefly

change the color of the thread to green when a half-hitch has been successfully completed.

The change in color may be accompanied by a bell or beep sound, or the audible indication

may accompany a different or additional visual indication.

The system may also output the half-hitch by storing an information describing the

half-hitch to a computer-readable medium. For example, in one embodiment of the present

invention, a system for winding analysis for knot detection may execute a simulation to test a

user's ability to tie one or more knots. In such an embodiment, when the user completes a

half-hitch, the system may store information relating to the half-hitch to a computer-readable

medium, such as a hard disk, to be used when grading the user's performance. Information

relating to the half-hitch may include the direction of the winding, a number of windings, an

indication of a quality of the half-hitch, a number of attempts needed to complete the half-

hitch, or a time to complete the half-hitch.

In block 270, the computer may receive a releasing signal indicating that the user has

released both ends of the thread. Such a signal may indicate that the knot has been

completed. If a releasing signal is received, it is an indication that the user has completed the

knot, and the method progresses to step 280. However, the user may not have completed the

knot at this point, and so the user may elect to begin another winding. In such a case the

system may receive a wrapping signal. If no releasing signal is received, and a wrapping

signal is received, the method returns to step 220. In such a case, the user is mostly likely

attempting to tie another half-hitch.

In block 280, the computer 101 determines the type of knot the user has tied. In one

embodiment of the present invention, the computer 101 may determine that the user has tied a

"granny" or slip knot if the knot includes two half-hitches, both of which having the same

winding direction. In one embodiment, the computer 101 may determine that the user has

tied a square knot if the knot includes two half-hitches, each of which having different

winding directions. In one embodiment, the computer 101 may determine that the user has

tied a surgeon's knot if the knot includes a half-hitch having a plurality of windings. Other

embodiments can detect knots based on a sequence of half-hitches.

In block 290, the computer 101 outputs the knot type. In one embodiment, the

computer 101 may generate output similar to the outputs generated for completing a half-

hitch. For example, the system may output a visual and/or audible indication that the knot

has been completed. For example, the system may briefly change the color of the thread to



green when the knot has been successfully completed, or to red if the knot was incorrectly

tied. The change in color may be accompanied by a bell or beep sound, or the audible

indication may accompany a visual indication.

The computer may also output the knot by storing an information describing the knot

to a computer-readable medium. For example, in one embodiment of the present invention, a

system for winding analysis for knot detection may execute a simulation to test a user's

ability to tie one or more knots. In such an embodiment, when the user completes a knot, the

system may store information relating to the knot to a computer-readable medium, such as a

hard disk, to be used when grading the user's performance. Information relating to the knot

may include the type of knot attempted, the type of knot completed, the number of attempts

to tie the knot, the time needed to tie the knot, the number and type of half-hitches used to

make the knot, or a quality of the knot.

Referring now to Figure 5 which is an illustration of a system 500 for winding

analysis for knot detection according to one embodiment of the present invention. The

system 500 comprises a computer 510, a display 520, and two laparoscopy tools 530, 531.

The computer 510 comprises a processor (not shown) in communication with the display 520

and the laparoscopy tools 530, 53 1. The processor is configured to receive a grasping signal,

receive a first wrapping signal, and determine a first winding direction based at least in part

on the first wrapping signal. The processor is also configured to receive a first tightening

signal, determine a first half-hitch based at least in part on the first winding direction and the

first tightening signal, and to output the first half-hitch. In one embodiment of the present

invention, the processor is configured to execute the methods described above with respect to

Figures 2-4.

In the embodiment shown in Figure 5, the simulation tools 530, 531 comprise

laparoscopic simulation tools. The tools 530, 53 1 are coupled to a device which generally

confines the movement of the tools to a limited number of degrees of freedom. For example,

in the embodiment shown in Figure 1, the tools are rotatably coupled to housing. The tools

range of motion in the embodiment of Figure 1 is limited to three degrees of rotational

freedom, and one degree of freedom in translation. In the embodiment shown in Figure 1, the

tools are coupled to the housing at a pivot point. The tools can pivot in two degrees of

freedom at the pivot point, which may be a ball and socket type joint, a linkage mechanism,

or other joint that allows two degrees of rotational freedom. The tools are also capable of

twisting about their longitudinal axis in a third degree of rotational freedom. Lastly, the tools



can be moved linearly along their longitudinal axis, to allow the ends of the tools within the

housing to be moved into or out of the housing. Other embodiments of the present invention

may allow for greater or fewer degrees of freedom. For example, in one embodiment of the

present invention, the tools 530, 531 are configured to rotate about two axes - an x-axis and a

y-axis - to provide a full range of rotary motion to a user. In still a further embodiment, the

simulation tools 530, 531 may be moveable in six degrees of freedom - three rotary and three

translatory.

In addition, in some embodiments of the present invention, the simulation tools may

not be bounded by a coupling to a housing. For example, according to one embodiment of

the present invention, the user may wear special gloves with sensors, where the gloves are

capable of transmitting their position and orientation to a computer. In another embodiment,

the system may comprise video cameras or other remote sensors that are able to capture a

user's movements in space without requiring the user to wear special gloves or other

equipment.

Some embodiments of the present invention may provide haptic feedback to a user.

For example, in one embodiment of the present invention, the laparoscopy tools 530, 53 1

comprise actuators configured to output haptic effects. In one such embodiment, each of the

haptic tools 530, 531 comprise actuators in communication with the computer 510.

Examples of suitable actuators may be found in co-pending U.S. Patent Application No.

10/1 96,7 17 entitled "Pivotable Computer Interface" filed July 15, 2002, the entirety of which

is incorporated herein by reference. Other actuators may be suitable as well. In such an

embodiment, the haptic tools 530, 531 are configured to receive one or more actuator signals

from the computer 510, the actuator signals configured to cause the actuators to output a

haptic effect. In some embodiments, only one of the simulation tools 530, 531 may comprise

an actuator. In some embodiments, the simulations tools 530, 531 may comprise a plurality

of actuators.

Haptically-enabled embodiments of the present invention may be capable of

outputting a variety of haptic effects. For example, one embodiment of the present invention

is configured to output haptic effects intended to replicate forces encountered during a

laparoscopic surgery, such as resistance to movement of the tools within incisions, effects

indicating contact with parts of a patient's body, vibrations or movements associated with a

patient's movement (e.g. heartbeats, breathing, etc.), or other forces encountered during a

simulated surgery.



Some embodiments may output other haptic effects intended to signal the user to a

status or message. For example, one embodiment of the present invention may provide a

haptic effect to a simulation tool 530, 531 to indicate that the user is incorrectly tying a knot.

Suitable effects may be vibrations or resistance to movement of the tools.

Referring again to Figures 1 and 5, embodiments of the present invention can be

implemented in digital electronic circuitry, or in computer hardware, firmware, software, or

in combinations of them. In one embodiment, a computer may comprise a processor or

processors. The processor comprises a computer-readable medium, such as a random access

memory (RAM) coupled to the processor. The processor executes computer-executable

program instructions stored in memory, such as executing one or more computer programs

for editing an image. Such processors may comprise a microprocessor, a digital signal

processor (DSP), an application-specific integrated circuit (ASIC), field programmable gate

arrays (FPGAs), and state machines. Such processors may further comprise programmable

electronic devices such as PLCs, programmable interrupt controllers (PICs), programmable

logic devices (PLDs), programmable read-only memories (PROMs), electronically

programmable read-only memories (EPROMs or EEPROMs), or other similar devices.

Such processors may comprise, or may be in communication with, media, for

example computer-readable media, that may store instructions that, when executed by the

processor, can cause the processor to perform the steps described herein as carried out, or

assisted, by a processor. Embodiments of computer-readable media may comprise, but are

not limited to, an electronic, optical, magnetic, or other storage or transmission device

capable of providing a processor, such as the processor in a web server, with computer-

readable instructions. Other examples of media comprise, but are not limited to, a floppy

disk, CD-ROM, magnetic disk, memory chip, ROM, RAM, ASIC, configured processor, all

optical media, all magnetic tape or other magnetic media, or any other medium from which a

computer processor can read. Also, various other devices may include , such as a router,

private or public network, or other transmission device. The processor, and the processing,

described may be in one or more structures, and may be dispersed through one or more

structures. The processor may comprise code for carrying out one or more of the methods (or

parts of methods) described herein.

For example, program code for a software application to perform methods according

to one embodiment of the present invention may comprise a series of interconnected software

modules. For example, Figure 6 is a block diagram of a software application for winding



analysis for knot detection according to one embodiment of the present invention. The

software application will be described in relation to the system shown in Figure 1. The

software application 600 comprises a transmit/receive block 610, a half-hitch detection block

630, a knot detection block 650, and a winding direction determination block 640. The

application also includes a memory allocation 620 for data that can be accessed by any of the

blocks 610, 630, 640, 650 of the software application 600.

In the embodiment shown in Figure 6, the transmit/receive block 610 is configured to

receive signals from and transmit signals to the first and second tools 130, 131. For example,

transmit/receive block 610 is configured to receive a grasping signal, a wrapping signal, a

tightening signal, and a releasing signal. The transmit/receive block is configured to store

data associated with the signals it receives into data block 620 for use by other components of

the application. Transmit/receive block 610 is also configured to output signals to the first

and second tools 130, 131, such as an actuator signal to cause an actuator to output a haptic

effect to the first and/or second tools 130, 131. In the embodiment shown, the

transmit/receive block can receive information for generating haptic effects from the haptic

effect generation block 660.

Half-hitch detection block 630 is configured to read data from the data block 620 and

to determine if a half-hitch has been made. Half-hitch detection block 630 employs winding

direction determination block 640 to determine the direction of a winding, and then is able to

determine when a half-hitch is made based on data read from the data block 620. Such data

may comprise data parameters or information received from signals received by the

transmit/receive block. For example, the half-hitch detection block 630 may perform half-

hitch detection as described in relation to Figure 2. Winding direction determine block 640

determines the winding direction of a thread as described relative to other embodiments of

the present invention.

Knot detection block 650 is configured to determine when a knot has been completed,

and to determine a knot type based on data read from data block 620. Such data may

comprise data parameters or information received by the transmit/receive block 610. Knot

determination employs the method of knot detection described with respect to Figure 2, but

other embodiments may comprise other methods of knot determination.

Haptic effect generation block 660 is configured to generate haptic effects to be

output to the first and/or second tools 130, 131. The information for generating the haptic

effects may be gained from the data block 620, or from information received from the



transmit/receive block 610. The haptic effect generation block 660 transmits haptic effect

information to the transmit/receive block 610, which then transmits an actuator signal based

at least in part on the haptic effect information to the first and/or second tools 130, 131 .

While the embodiment described with respect to Figure 6 describes one embodiment

of the present invention with a particular architecture and particular functional divisions,

other architectures and functionality are possible and are intended to be within the scope of

the present invention. For example, in one embodiment of the present invention, the software

application comprises a single process. In another embodiment, the software application

comprises a plurality of process in communication with each other. Still further

embodiments, such as client-server embodiments are possible.

General

The foregoing description of the embodiments of the invention has been presented

only for the purpose of illustration and description and is not intended to be exhaustive or to

limit the invention to the precise forms disclosed. Numerous modifications and adaptations

thereof will be apparent to those skilled in the art without departing from the spirit and scope

of the invention.



CLAIMS

That which is claimed is:

1. A method, comprising:

receiving a first wrapping signal indicating a first wrapping of a simulated thread

around a second tool to create a first loop;

determining a first wrapping direction based at least in part on the first wrapping

signal;

receiving a first tightening signal indicating a pulling of a first end of the

simulated thread through the first loop;

determining a first half-hitch based at least in part on the first winding direction

and the first tightening signal; and

outputting the first half-hitch.

2. The method of claim 1, further comprising:

receiving a second wrapping signal indicating a second wrapping of the simulated

thread around the second tool to create a second loop;

determining a second winding direction based at least in part on the second

wrapping signal;

receiving a second tightening signal indicating a pulling of the first end of the

simulated thread through the second loop;

determining a second half-hitch based at least in part on the second winding

direction and the second tightening signal;

determining a knot type based at least in part on the first half-hitch and the second

half-hitch; and

outputting the knot type.

3 . The method of claim 2, further comprising:

receiving a third wrapping signal indicating a third wrapping of the simulated

thread around the second tool to create a third loop;

determining a third winding direction based at least in part on the third wrapping

signal;

receiving a third tightening signal indicating a pulling of the first end of the

simulated thread through the third loop;



determining a third half-hitch based at least in part on the third winding direction

and the third tightening signal; and

wherein determining a knot type is further based at least in part on the third half-

hitch.

4 . The method of claim 1, further comprising receiving a releasing signal indicating

a releasing of the simulated thread by a first tool.

5 . The method of claim 2, wherein the knot type comprises one of a granny knot, a

square knot, or a surgeon's knot.

6 . The method of claim 1, further comprising transmitting an actuator signal to cause

an actuator to output a haptic effect to a first tool or the second tool.

7 . The method of claim 1, further comprising receiving a grasping signal indicating

a grasping of a simulated thread with a first tool.

8. A computer-readable medium comprising program code configured to cause a

processor to execute a method comprising:

receiving a first wrapping signal indicating a first wrapping of a simulated thread

around a second tool to create a first loop;

determining a first wrapping direction based at least in part on the first wrapping

signal;

receiving a first tightening signal indicating a pulling of a first end of the

simulated thread through the first loop;

determining a first half-hitch based at least in part on the first winding direction

and the first tightening signal; and

outputting the first half-hitch.

9 . The computer-readable medium of claim 8, further comprising:

receiving a second wrapping signal indicating a second wrapping of the simulated

thread around the second tool to create a second loop;

determining a second winding direction based at least in part on the second

wrapping signal;

receiving a second tightening signal indicating a pulling of the first end of the

simulated thread through the second loop;



determining a second half-hitch based at least in part on the second winding

direction and the second tightening signal;

determining a knot type based at least in part on the first half-hitch and the second

half-hitch; and

outputting the knot type.

10. The computer-readable medium of claim 8, further comprising transmitting an

actuator signal to cause an actuator to output a haptic effect to a first tool or the second

tool.

11. The computer-readable medium of claim 8, further comprising receiving a

grasping signal indicating a grasping of a simulated thread with a first tool.

12. A system, comprising:

a first simulation tool;

a second simulation tool;

a display; and

a processor in communication with the first simulation tool, the second

simulation tool, and the display, the processor configured to:

receiving a first wrapping signal;

determining a first winding direction based at least in part on the first

wrapping signal;

receiving a first tightening signal;

determining a first half-hitch based at least in part on the first winding

direction and the first tightening signal; and

outputting the first half-hitch.

13. The system of claim 12, wherein the processor is further configured to:

receiving a second wrapping signal;

determining a second winding direction based at least in part on the second

wrapping signal;

receiving a second tightening signal;

determining a second half-hitch based at least in part on the second winding

direction and the second tightening signal;



determining a knot type based at least in part on the first half-hitch and the second

half-hitch; and

outputting the knot type.

14. The system of claim 12, wherein

the first simulation tool comprises a first actuator,

the second simulation tool comprises a second actuator, and

the processor is further configured to:

output a first actuator signal to the first actuator to cause the first actuator

to output a haptic effect to the first simulation tool, and

output a second actuator signal to the second actuator to cause the second

actuator to output a haptic effect to the second simulation tool.

15. The system of claim 12, wherein the processor is further configured to receive a

grasping signal.
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