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(54) VIRTUAL TOOL MANIPULATION SYSTEM

(57) In the field of virtual reality, virtual tool manipu-
lation systems and related methods and software are de-
scribed in the present disclosure. One implementation of
a virtual tool manipulation system, among others, com-
prises a motion tracking system configured to generate
motion information related to the position of a part of a

user’s body. The virtual tool manipulation system also
comprises a haptic feedback system configured to pro-
vide a haptic sensation to the user based on the motion
information, the position of a virtual tool, and character-
istics of the virtual tool.



EP 3 346 372 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to vir-
tual reality and more particularly relates to simulating
tools that can be manipulated in a virtual environment.

BACKGROUND

[0002] During training, an apprentice learns how to use
tools associated with a particular trade. Usually, the train-
ing process involves the apprentice, under supervision,
practicing with the actual tools to conduct a specific action
upon a subject. For example, the subject in this respect
can be a living organism or an inanimate object, partic-
ularly dependent upon the type of tool being used. Tool
manipulation skills can be developed, for instance, until
the apprentice can become adequately proficient at the
trade. Even in the medical field, for example, a medical
student or surgeon-in-training learns the skills of handling
specialized tools for performing different types of surgical
or interventional procedures.
[0003] In medical training, the surgeon-in-training typ-
ically learns the art of tool handling on a cadaver, animal,
or box-type trainer. However, in recent years, systems
have been developed that allow a trainee to practice sur-
gical procedures in a virtual environment where no real
bodies are needed. In some virtual reality systems, the
actual handle of a surgical tool is removed from the rest
of the tool. Sensors are then attached to the surface of
the handle to detect the position and orientation of the
tool in a three-dimensional space. An interface allows
the sensors to communicate with a computer and infor-
mation related to how the handle is manipulated is trans-
ferred to the computer for further processing. Images of
the tool in a virtual realm are displayed on a visual display
device to simulate, in a visual sense, how an actual tool
might affect the subject in reality.
[0004] One disadvantage of the conventional virtual re-
ality system, in which sensors are attached to the surface
of a handle of the tool, is that specific simulation hardware
is required for each tool. Thus, it can be very expensive
to configure the appropriate sensing hardware and soft-
ware for a large number of different tools. In order to
overcome these and other deficiencies of conventional
systems, and to more realistically simulate tool-handling
procedures, further improvements can still be made in
the field of virtual reality involving the manipulation of
tools. Not only can improved systems provide a trainee
with more realistic training, but also improvements can
be made to provide additional benefits, as well as im-
proved tool design methodologies and rapid prototyping
of new instruments.

SUMMARY

[0005] The present disclosure describes systems,

methods, and associated software applications for sim-
ulating virtual tools and for virtually handling the virtual
tools. According to one embodiment among many de-
scribed herein, a virtual tool manipulation system com-
prises a motion tracking system configured to generate
motion information related to the position of a part of a
user’s body. The virtual tool manipulation system further
comprises a haptic feedback system configured to pro-
vide a haptic sensation to the user based on the motion
information, the position of a virtual tool, and character-
istics of the virtual tool.
[0006] Other features, advantages, and implementa-
tions of the present disclosure, not expressly disclosed
herein, will be apparent to one of ordinary skill in the art
upon examination of the following detailed description
and accompanying drawings. It is intended that such im-
plied implementations of the present disclosure be in-
cluded herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The components in the following figures are not
necessarily drawn to scale. Instead, emphasis is placed
upon clearly illustrating the general principles of the
present disclosure. Reference characters designating
corresponding components are repeated as necessary
throughout the figures for the sake of consistency and
clarity.

FIG. 1 is a block diagram of a virtual tool manipulation
system according to one embodiment.
FIG. 2 is an illustration showing a view of a human
hand positioned to grip a virtual tool.
FIG. 3 is a block diagram of the processing system
shown in FIG. 1 according to one embodiment.
FIG. 4 is a block diagram of the memory shown in
FIG. 3 according to one embodiment.
FIG. 5 is a block diagram illustrating the simulation
files shown in FIG. 4 according to one embodiment.
FIG. 6 is a block diagram illustrating the interaction
modules shown in FIG. 4 according to one embodi-
ment.
FIG. 7 is a block diagram illustrating the output
processing modules shown in FIG. 4 according to
one embodiment.
FIG. 8 is an illustration showing a virtual image pre-
sented by the visual feedback system shown in FIG.
1.

DETAILED DESCRIPTION

[0008] Virtual training for surgical procedures has pro-
vided a means for visually displaying images of what a
surgery might actually look like in reality. In conventional
systems, the handle of an actual surgical tool is removed
from the tool and a number of sensors are placed on the
handle to detect the position and orientation of the sur-
gical tool in a virtual realm. However, the cost involved
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in creating a handle sensor device and associated soft-
ware for interpreting movement of the device can be very
expensive, especially when sensor devices and associ-
ated hardware and software is needed for each tool.
[0009] The present disclosure provides a lower cost
alternative to the conventional systems by allowing any
tool design, even new tool designs, to be simulated. More
particularly, the design of a tool - either an existing tool
or a design of a new tool ~ can be entered into memory
using a computer-aided design (CAD) program. Using
the design of a tool in additional to other relevant char-
acteristics of the tool, e.g. weight, weight distribution,
center of gravity, degrees of freedom, sharpness, resil-
iency, etc., the present system can provide haptic or ki-
nesthetic feedback to the user to give the user the sen-
sation of the tool’s characteristics, as if the user were
actually holding a real tool. The haptic feedback gives
the user the sensation of position, movement, tension,
etc. of the virtual tool.
[0010] By simulating the tool in the virtual world, there
is no need to actually manufacture a prototype of the tool
during design development. According to the teachings
of the present disclosure, the user can experience in the
virtual world how a tool functions and how it can be han-
dled, while receiving feedback confirming the user’s con-
trol of the virtual tool. With the ability to simulate tools in
this way, a plurality of different types and designs of tools
can be simulated and stored. The simulated virtual tools
can have different handles, different sizes, shapes,
forms, textures, etc. Also, depending on the type of tool
being simulated, the tool can be virtually "gripped" in any
suitable manner according to the particular design. As a
result of either eliminating the need to manufacture a
prototype or dramatically reducing the number of proto-
types during the R&D phase, and eliminating the need
to create associated sensing devices and software for
each individual tool, the cost of including numerous tools
in a training environment can be greatly reduced com-
pared to systems in which sensing structure and related
software for each physical tool must be configured.
[0011] Regarding new tool design according to the
present disclosure, designs of tools can be entered into
a computer and virtually manipulated. With haptic feed-
back provided to the user, the user is able to experience
the sensation of actually holding the tool. Based on the
ease of use and the feel of the tool for accomplishing its
intended purpose, the design of the tool can then be al-
tered as necessary without the need to manufacture the
tool from inception. In this sense, since no physical ma-
terial is needed, example embodiments described herein
can avoid wasting manufacturing and material costs. The
iterative process of designing a tool, utilizing the tool in
the virtual realm, and tweaking the design of the tool, can
result in a better tool design and can be accomplished in
a shorter amount of time.
[0012] FIG. 1 is a block diagram of an embodiment of
a virtual tool manipulation system 10. In this embodiment,
virtual tool manipulation system 10 includes a motion

tracking system 12, a processing system 14, a haptic
feedback system 16, and a visual feedback system 18.
In some embodiments, virtual tool manipulation system
10 may also include an audio feedback system (not
shown) to provide audio to the user, if desired. For in-
stance, audio feedback may be beneficial to enhance the
virtual experience, especially for tools having parts that
produce certain sounds, e.g. motors, joint movement,
friction, vibration, activation of an instrument, etc.
[0013] Virtual tool manipulation system 10, according
to the teachings herein, can be configured for simulating
any type of operation involving human movement, e.g.
computer gaming, surgery, and involving any occupa-
tion, e.g. surgeon, aircraft pilot, astronaut, scientist, con-
struction worker, factory worker, etc. Virtual tool manip-
ulation system 10 can be used for training purposes to
allow a specialist to practice a procedure in a safe training
setting.
[0014] Motion tracking system 12 may include sensing
devices for tracking the kinematics or position of certain
points in three-dimensional space over time. The sensing
device can also track the position or angle of these points
with respect to each other, or using other motion tracking
techniques. In particular, motion tracking system 12 is
capable of making several measurements of position
every second to simulate continual movement. In some
embodiments, motion tracking system 12 does not in-
clude a corresponding physical element that the user can
hold or touch in reality. Instead, in this case, the virtual
tool exists only in the virtual realm and is completely vir-
tual. In other embodiments, motion tracking system 12
includes a physical prop that the user can touch. The
physical prop in this case can be, for example, a handle
having the approximate size and shape as the virtual tool.
[0015] Motion tracking system 12, for example, may
include a data glove, such as a CyberGlove™, which can
be worn on the hand of a user. The data glove can include
sensors for measuring the bending angles of several
joints of the user’s hand, wrist, and fingers. In some im-
plementations, motion tracking system 12 may be capa-
ble of measuring x, y, and z positions in three-dimension-
al space with respect to a reference point and may further
be capable of measuring orientation in space relative to
a fixed reference frame. In other embodiments, motion
tracking system 12 may include an optical motion capture
device for tracking images of the user and calculating the
positions and orientations of various user body parts,
such as the hand or hands of a user, wrists, arms, shoul-
ders, head, legs, feet, etc., if necessary.
[0016] Processing system 14 may include any suitable
processing and storage components for managing the
motion information measured by motion tracking system
12. FIG. 3 depicts processing system 14 according to
one embodiment, as described in more detail below. Us-
ing specific software applications, processing system 14
can analyze the motion information to determine how the
user’s motion corresponds to a human manipulator in the
virtual world. The movement of the human manipulator
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with respect to virtual tools stored in processing system
14 can be determined. As the human manipulator ma-
nipulates the virtual tool, the processing system 14 can
also determine the result of an interaction between the
virtual tool and a virtual subject. Based on calculations
of the interaction between the manipulator and the virtual
tool, processing system 14 calculates haptic feedback
signals to be applied to haptic feedback system 16. Also,
processing system 14 calculates video signals that are
applied to visual feedback system 18 to display to the
user the virtual image of the interactions among the virtual
manipulator, virtual tool, and virtual subject.
[0017] Haptic feedback system 16 may include any
suitable device that provides any type of forced feedback,
vibrotactile feedback, and/or tactile feedback to the user.
This feedback is able to provide the user with the sensa-
tion of actually holding the simulated tool. Haptic feed-
back system 16 simulates the physical texture, pres-
sures, forces, resistance, vibration, etc. of the tool, which
can be related in some respects to responses to the tool’s
movement in space and including the interaction of the
tool with the subject. Haptic feedback system 16 may
include mechanisms such as the CyberGrasp™, Cyber-
Force™, CyberTouch™, etc., for example, which can ap-
ply at least the sensations of force, weight, resistance,
and vibration to the user.
[0018] Visual feedback system 18 may include any
suitable virtual reality display device, such as virtual gog-
gles, display screens, etc. Visual feedback system 18
can show the appearance of the tool and how the tool
performs when handled by the virtual manipulator. Visual
feedback system 18 may also show how the tool reacts
to various forces or actions applied to the tool, and how
the subject is affected by the virtual tool’s movements or
operations.
[0019] Generally, virtual tool manipulation system 10
operates as follows. Motion tracking system 12 tracks
the motion of one or more parts, e.g. hands, of a user’s
body. The motion information is sent to processing sys-
tem 14, which processes the motion information and de-
termines how the motion affects a virtual tool. Also,
processing system 14 determines how the virtual tool
interacts with a particular subject. In response to these
processing procedures, processing system 14 provides
haptic feedback signals to haptic feedback system 16
based on interactions between the user and the virtual
tool depending on the particular motion of the user and
characteristics of the virtual tool. Also, processing system
14 provides virtual reality information to visual feedback
system 18 to provide real-time visual simulation of the
user’s hand, tool being manipulated, and the effect of the
tool’s movement on the subject. In addition, processing
system 14 may also create audio signals related to the
interactions among the virtual manipulator, virtual tool,
and virtual subject.
[0020] FIG. 2 illustrates a view of a real human hand
of a user 20 who is using virtual tool manipulation system
10 of FIG. 1. In this view, user 20 has his or her hand

positioned in a "Palmar" grip or "dinner knife" grip, which
may be used for handling certain tools, e.g. scalpels, lan-
cets, etc. In other embodiments, the hand of user 20 could
be positioned in another grip, e.g. a pencil grip, depend-
ing on the type of virtual tool being handled. User 20 can
represent any human practicing or training in the use of
tools or other manipulatable objects. User 20 can be, for
example, a surgeon, medical student, pilot in training,
scientist, astronaut in training, construction worker, ma-
chine operator, factory worker, etc. In the medical field,
for example, the tools that may be virtually gripped by
user 20 may include forceps, clamps, scalpels, lancets,
trocars, retractors, dermatomes, endoscopes, laparo-
scopic tools, etc. Depending on the particular field, user
20 may virtually manipulate other types of tools.
[0021] In some embodiments, user 20 does not actu-
ally grasp an actual tool or even a handle of an actual
tool, which is unlike conventional systems that normally
require the use of a tool handle altered to include sensors
thereon. In other embodiments, user 20 may grasp a
physical prop that resembles the size and/or shape of an
actual tool handle. Although not specifically shown in this
figure, motion tracking system 12 (FIG. 1) tracks the mo-
tion of user 20 to determine the positioning of the hand,
fingers, thumbs, wrist, etc. In some embodiments, motion
tracking system 12 may include a data glove, such as a
CyberGlove™ or CyberForce™ for sensing positional
and/or rotational characteristics of the hand of user 20.
In many embodiments, tool manipulation involves a hu-
man’s hand, but, in other implementations, both hands
may be used or even other parts of the human, such as
the wrists, arms, head, legs, feet, etc. For example, the
positioning of the head of the human can be tracked to
determine the angle and line of sight of the human’s eyes
upon the virtual scene, thereby affecting how the visual
signals are displayed by visual feedback system 18.
[0022] Also, although not specifically shown, user 20
and/or a data glove worn on the hand of user 20 can
receive haptic feedback from haptic feedback system 16
(FIG. 1). For example, haptic feedback system 16 may
include any suitable force feedback mechanisms, such
as the CyberGrasp™, CyberForce™, CyberTouch™,
etc., which can operate in conjunction with a data glove.
Particularly, haptic feedback system 16 may include var-
ious actuators for simulating the feel of the virtual tool as
if it were an actual tool. Also, based on other character-
istics of the virtual tool, such as weight, resilience, de-
grees of freedom, etc., haptic feedback system 16 can
provide the sensation of manipulating the virtual tool and
provide sensory feedback based on how the tool interacts
with the subject. Therefore, haptic feedback system 16,
depending on the type of tool is being simulated, can
provide the sensation of pressure, forces, tendency to
resist movement, gravity, vibration, inertia, etc.
[0023] FIG. 3 is a block diagram of an embodiment of
processing system 14 shown in FIG. 1. In this embodi-
ment, processing system 14 includes a microprocessor
22, memory 24, input/output devices 26, motion tracker

5 6 



EP 3 346 372 A1

5

5

10

15

20

25

30

35

40

45

50

55

interface 28, haptic device interface 30, virtual display
interface 32, each interconnected by an internal bus 34
or other suitable communication mechanism for commu-
nicating information. Processing system 14 may also in-
clude other components and/or circuitry associated with
processing and computing digital or analog electrical sig-
nals. Processing system 14 may be configured as a com-
puter that is capable of processing motion control signals
detected from a user and providing feedback to the user
to simulate the experience of a virtual encounter.
[0024] Microprocessor 22 may be a general-purpose
or specific- purpose processor or microcontroller. Mem-
ory 24 may include internally fixed storage and/or remov-
able storage media for storing information, data, and/or
instructions. The storage within the memory components
may include any combination of volatile memory, such
as random access memory (RAM), and/or non-volatile
memory, such as read only memory (ROM). Memory 24
can also store a software program enabling microproc-
essor 22 to execute a virtual tool manipulation program
or procedure. Various logical instructions or commands
may be included in the software program for analyzing
the user’s movements and regulating feedback to the
user based on the virtual interactions among the virtual
human manipulator, the virtual tool, and the virtual sub-
ject. The virtual tool manipulation program of the present
disclosure can be implemented in hardware, software,
firmware, or a combination thereof. When implemented
in software or firmware, the virtual tool manipulation pro-
gram can be stored in memory 24 and executed by mi-
croprocessor 22. When implemented in hardware, the
virtual tool manipulation program can be implemented,
for example, using discrete logic circuitry, an application
specific integrated circuit (ASIC), a programmable gate
array (PGA), a field programmable gate array (FPGA),
etc., or any combination thereof.
[0025] In the embodiment of FIG. 3, memory 24 is il-
lustrated as being part of processing system 14. In other
embodiments, parts or all of the memory components
associated with processing system 14 may be configured
in other processing systems or incorporated on a remov-
able storage device. Also, memory 24 may also include
remote storage that is accessible via a modem or other
network communication device.
[0026] Memory 24 includes files that include informa-
tion for simulating various portions of the virtual tool en-
vironment. For example, the simulation files may include
a simulation of the tool itself, a simulation of the manip-
ulator of the virtual tool, and a simulation of the subject
that is impacted by the tool’s operation. Memory 24 can
also include software programs or code for defining how
the virtual tool interacts with other things. For example,
the interaction between the manipulator and tool as well
as the interaction between the tool and the subject can
be defined.
[0027] Input/output (I/O) devices 26 include input
mechanisms such as keyboards, keypads, cursor control
devices, e.g. computer mice, or other data entry devices.

Output devices may include a computer monitor, display
device, printer, or other peripheral devices. The I/O de-
vices 26 may also include a device for communicating
with a network, such as a modem, for allowing access to
the network, such as the Internet. The I/O devices 26 can
communicate with internal bus 34 via wired or wireless
transmission.
[0028] Motion tracker interface 28 receives information
received by motion tracking system 12 (FIG. 1). This in-
formation may be stored temporarily or long term in mem-
ory 24 and processed to determine the position and/or
orientation of user 20. Microprocessor 22 executes the
virtual tool manipulation program by analyzing the motion
detection information of user 20 and determining the ef-
fect of this movement on a virtual tool and the effect of
the tool on the virtual subject. Based on these movements
and interactions, microprocessor 22 determines feed-
back signals intended to be applied to user 20. Haptic
device interface 30 transfers haptic feedback signals to
haptic feedback system 16 to simulate for the user 20
the tactile sensation of handling and controlling the virtual
tool. Virtual display interface 32 transfers video signals
to visual feedback system 18 to simulate for the user 20
the virtual reality images of the virtual manipulator using
the virtual tool on the virtual subject.
[0029] FIG. 4 is a block diagram of an embodiment of
memory 24 shown in FIG. 3. In this embodiment, memory
24 includes, among other things, a virtual tool manipula-
tion program 38, an operating system (O/S) 40, and a
computer-aided design (CAD) program 42. The virtual
tool manipulation program 38 includes, among other
things, simulation files 44, interaction modules 46, and
output processing modules 48. In some embodiments,
memory 24 may include other software applications,
such as an Internet browser, word processing program,
etc. The CAD program 42 can be installed in memory 24
to enable a tool designer to enter the features of a tool
design, which can be stored as the simulation flies. In-
formation pertaining to virtual tool manipulator simulation
and virtual subject can also be entered using CAD pro-
gram 42 or other input mechanism. In addition to the tool
design, simulation files 44 may also include physical and
operational parameters of the tools. In other embodi-
ments, CAD program 42 may be omitted and existing
tool design files can be loaded into memory 24 from an
external source. Also, tool design files can be download-
ed from the Internet and stored in memory 24.
[0030] The virtual tool manipulation program 38 man-
ages the simulation of the virtual tool, the simulation of
the tool’s manipulator, and the subject of the tool’s oper-
ation, each stored as simulation files 44. The virtual tool
manipulation program 38 also manages how the tool in-
teracts with the manipulator and subject, depending on
characteristics and properties of the manipulator, tool,
and subject defined in simulation files 44. The manner in
which they interact can be modeled and defined using
software code and stored as interaction modules 46. Out-
put processing modules 48 of virtual tool manipulation
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program 38 includes software code relating to how infor-
mation is fed back to the user 20. Based on the virtual
interactions of the manipulator, tool, and subject from
interaction modules 46, output processing modules 48
provide at least haptic and visual feedback for simulating
the virtual tool manipulation experience. Virtual tool ma-
nipulation program 38 and any other programs or soft-
ware code including executable logical instructions as
described herein can be embodied in any suitable com-
puter-readable medium for execution by any suitable
processing device. The computer-readable medium can
include any physical medium that can store the programs
or software code for a measurable length of time.
[0031] FIG. 5 is a block diagram of an embodiment of
the simulation files 44 shown in FIG. 4. In this embodi-
ment, the simulation files 44 include a manipulator sim-
ulation file 50, a tool simulation file 52, and a subject
simulation file 54. Manipulator simulation file 50 includes
information defining a virtual human operator. Specifical-
ly, since most tools are manipulated by a user’s hands,
the hands, wrists, and forearms can be simulated with
respect to shape, movement, rotation, bending, kinemat-
ics, etc. Manipulator simulation file 50 includes various
ranges of motion of joints and bones that exist in a hu-
man’s hand, fingers, wrists, arms, etc. Also included are
relative movement information with respect to different
joints of a finger and relative movement of one finger with
respect to another. Manipulator simulation file 50 can
model the human hand and wrist to allow six or more
degrees of freedom tracking information to position the
virtual hand(s) at any point in the virtual space and ori-
ented at any reasonable angle.
[0032] In other embodiments, manipulator simulation
file 50 may include other information defining other parts
of the human body. For example, if a tool to be simulated
involves the manipulator pressing a pedal with his or her
foot, then manipulator simulation file 50 includes infor-
mation regarding various foot positions and orientations.
In this respect, manipulator simulation file 50 may include
data defining two or more parts of the human body. For
some tools, two hands may be needed to utilize the tool
properly. In this case, two files, one for each hand, can
be modeled. Other implementations of manipulator sim-
ulation file 50 can account for variations in the size of the
user. For example, the manipulation simulation file 50
may allow modifying the simulation information for a ma-
nipulator with large hands, for example.
[0033] Tool simulation file 52 stores information or data
regarding the parameters, characteristics, and functions
of the particular tool being simulated. The information in
tool simulation file 52 can be downloaded from an exter-
nal source or can be produced locally using the CAD
program 40. The information includes simulation data of
all parts of the virtual tool, including the manipulated
parts, e.g. handles, buttons, switches, pulls, etc., and oth-
er parts of the structure of the tool, e.g. blades, clamping
jaws, tool head, etc. Tool simulation file 52 also includes
information regarding the characteristics of the tool, such

as size, shape, form, sharpness, texture, force impact,
vibration, inertia, center of gravity, weight, weight distri-
bution, degrees of freedom, angles of motion, etc. Other
characteristics such as resistance to movement, flexibil-
ity, inertia, etc. can also be used to define the tools.
[0034] Depending on the type of tool being simulated,
tool simulation file 52 may differ significantly from one
type to another. For example, virtual surgical tools could
include scalpels, lancets, clamps, forceps, retractors, he-
mostats, dermatomes, endoscopes, laparoscopy tools,
etc. Carpentry and construction tool simulated in the tool
simulation file may include, for example, hammers, saws,
drills, picks, crowbars, etc. Machine operation controls,
such as machines for controlling construction equipment,
vehicles, factory equipment, etc. can also be simulated
and stored as a tool simulation file 52. It should be un-
derstood that tool simulation file 52 can include any
amount of information for a number of simulated tools.
For instance, for surgical training, a surgeon may need
certain types of tools for certain procedures. These tools
can be stored in related tool simulation files for access
as needed. The characteristics of existing tools can be
loaded in tool simulation file 52, or, as suggested above,
new tools can be designed using appropriate software,
such as CAD program 42 (FIG. 4). The physical design
as well as the functional design of each of the tools can
be stored in tool simulation file 52.
[0035] Subject simulation file 54 includes information
or data defining the virtual subject that receives the ac-
tions of the virtual tool. The subject can be animate or
inanimate, depending on the types of tools being simu-
lated. For surgical tools, the subject would normally be
animate, such as a human or, in the case of veterinary
medicine, an animal. The anatomy and physiology of the
human or animal can be modeled and stored in subject
simulation file 54. The anatomy may include the body,
skin, tissues, organs, bones, muscles, ligaments, ten-
dons, etc. Other parts of the anatomy may also be incor-
porated in subject simulation file 54 as needed, depend-
ing on the type of virtual procedure the user is performing.
Subject simulation file 54 may include characteristics of
the subject, such as flexibility, strength, resistance to
movement, inertia, resilience, ability to be cut or punc-
tured, etc. Also, subject simulation file 54 can be imple-
mented having a range of characteristics as needed. For
example, differences in size, shape, age, sex, etc. of a
patient can be modeled to better match the type of sur-
gical procedure with an appropriate body type.
[0036] In some embodiments, a model can be adapted
or derived from CAT scans, CT scans, x-rays, etc. of a
specific patient to simulate a virtual representation of the
patient to be operated on. In this sense, a surgeon could
practice a surgical procedure on the virtual patient to bet-
ter understand the real conditions of the patient and any
risks or complications that may be involved. Also, subject
simulation file 54 can include the differences in anatomy
between a male patient and female patient if applicable
to the particular surgical procedure.
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[0037] In the fields of building construction or machine
operation, the tools would normally be used on inanimate
objects, such as lumber, drywall, beams, girders, nails,
screws, rivets, or other building materials. Other subjects
may include earth, dirt, rocks, concrete, etc. The charac-
teristics of the subjects can be modeled to define the
subject’s size, shape, weight, flexibility, etc. In other fields
in which virtual tools can be simulated and manipulated
in a virtual world, other specific subjects receiving the
action of the tools can be simulated to reflect a similar
subject in reality.
[0038] FIG. 6 is a block diagram of an embodiment of
interaction modules 46 shown in FIG. 4. In this embodi-
ment, interaction modules 46 include a manipulator/tool
interaction module 60 and a tool/subject interaction mod-
ule 62. In some embodiments, the interaction modules
44 may also include a manipulator/subject interaction
module 64, if the condition may apply in which the ma-
nipulator actually contacts the subject. Manipulator/sub-
ject interaction module 64 may help to simulate a real
environment in which the manipulator can directly sense
the subject to perceive an understanding of the position
of the subject with respect to another hand that may be
holding the tool.
[0039] Manipulator/tool interaction module 60 includes
software programs or code for defining how the manip-
ulator and tool interact with each other. Manipulator/tool
interaction module 60 retrieves information from the ma-
nipulator simulator file 50 and tool simulation file 52 to
determine the characteristics of each. Based on the
movements of the manipulator and the characteristics of
the tool, manipulator/tool interaction module 60 deter-
mines how the tool will move in the virtual realm and what
types of haptic feedback the tool might provide to the
manipulator. If a tool is grasped in an awkward manner,
the haptic feedback can be helpful to the user in that it
can be sensed whether or not the grip needs to be cor-
rected. Also, the user might be able to better understand
the feel of a tool from the haptic feedback. Also, depend-
ing on the flexibility of the manipulator with respect to the
tool, certain forces or pressures may be determined to
simulate the actual sensation of handling the tool. The
movement and orientation of the tool depend on the forc-
es applied by the manipulator and may also react to other
forces such as gravity and inertia.
[0040] Tool/subject interaction module 62 includes
software programs and/or code for defining how the tool
and the subject interact with each other. Tool/subject in-
teraction module 62 retrieves information from tool sim-
ulation file 52 and subject simulation file 54 to determine
the characteristics of each. The interaction of the tool and
subject may be based, for example, on the position, ori-
entation, and movement of the tool. Also, based on the
strength and other characteristics of the subject, the tool
may experience some resistance in its movement. In
some situations, this resistance can be applied to ma-
nipulator/tool interaction module 60 to translate this re-
sistance to the manipulator. If this is the case, the ma-

nipulator may be required to apply additional force or
change his or her movement as needed. The reaction of
the subject to certain tool functions is also determined
by tool/subject interaction module 62. For instance, when
the subject is a virtual surgery patient, the use of a tool
may result in bleeding or other reactions dependent upon
the type of procedure performed on the subject and the
portion of the subject encountering the effects of the tool.
In a virtual construction setting, the subject may be virtual
wood, for example, and the virtual tool may create virtual
sawdust as a result of the tool interaction with the wood.
These and other interactions between the tool and the
subject can be programmed into tool/subject interaction
module 62 to simulate a realistic reaction of the subject
to the tool and any feedback that the subject may impose
on the tool.
[0041] FIG. 7 is a block diagram of an embodiment of
the output processing modules 46 shown in FIG. 4. In
this embodiment, the output processing modules 46 in-
clude a haptic feedback processing module 70 and an
audio/video processing module 72. For the embodiments
in which virtual tool manipulation system 10 includes the
optional audio feedback system for providing an audio
feature, the output processing modules 46 may include
an audio processing module. In this respect, the audio
processing module can generate sound effects based on
the various interactions among the manipulator, tool, and
subject.
[0042] As a result of determining the interactions
among the manipulator, tool, and subject, haptic feed-
back processing module 70 can provide feedback of cer-
tain forces, pressures, vibrations, etc. to the manipulator.
Not only does haptic feedback processing module 70 de-
rive haptic signals from manipulator/tool interaction mod-
ule 60 and manipulator/subject interaction module 64,
but also haptic feedback processing module 70 can de-
rive indirect haptic signals from tool/subject interaction
module 62 that may result from the interaction between
the tool and the subject. Haptic signal processed in haptic
feedback processing module 70 can be transmitted to
haptic feedback system 16 (FIG. 1) via haptic device in-
terface 30 (FIG. 3). Based on the type of haptic feedback
system 16 in use, haptic feedback processing module 70
alters the haptic signals to enable haptic feedback sys-
tem 16 to provide appropriate feedback to the user.
[0043] The output processing modules 46 also include
the video processing module 72, which generates the
virtual reality video image signals. The video processing
module 72 may include a graphics processing device for
rendering the objects in the three-dimensional virtual
world to a two-dimensional display screen. The video im-
age signals generated by the video processing module
72 are transmitted to visual feedback system 18 (FIG. 1)
via virtual display interface 32 (FIG. 3).
[0044] FIG. 8 illustrates a snapshot of a real-time virtual
view 80 in accordance with one example. This virtual
view 80 includes images of a virtual manipulator 82, a
virtual tool 84, and a virtual subject 86. In particular, the
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virtual manipulator 82 is the human hand of a virtual sur-
geon. Also, the virtual manipulator 82 is shown handling
the virtual tool 84 in such a way to impose the virtual tool
84 on the virtual subject 86. In this example, the virtual
subject 86 is the anatomy of a virtual patient. Because
of the tool’s interaction with the virtual subject 86, the
effect of the virtual tool 84 on the virtual patient can be
illustrated as well. In this case, the virtual tool 84 is a
scalpel used to cut through the skin of the virtual patient.
[0045] It should be understood that the steps, process-
es, or operations described herein may represent any
module or code sequence that can be implemented in
software or firmware. In this regard, these modules and
code sequences can include commands or instructions
for executing specific logical steps, processes, or oper-
ations within physical components. It should further be
understood that one or more of the steps, processes,
and/or operations described herein may be executed
substantially simultaneously or in a different order than
explicitly described, as would be understood by one of
ordinary skill in the art.
[0046] The embodiments described herein merely rep-
resent examples of implementations and are not intend-
ed to necessarily limit the present disclosure to any spe-
cific embodiments. Instead, various modifications can be
made to these embodiments as would be understood by
one of ordinary skill in the art. Any such modifications are
intended to be included within the spirit and scope of the
present disclosure and protected by the following claims.
[0047] The invention also comprises the following as-
pects:

1. A virtual tool manipulation system comprising: a
motion tracking system configured to generate mo-
tion information related to the position of a part of a
user’s body; and a haptic feedback system config-
ured to provide a haptic sensation to the user based
on the motion information, the position of a virtual
tool, and characteristics of the virtual tool.

2. The virtual tool manipulation system of aspect 1,
further comprising a processing system configured
to process the motion information to generate haptic
feedback signals, the processing system transmit-
ting the haptic feedback signals to the haptic feed-
back system, wherein the haptic feedback signals
are related to the haptic sensation.

3. The virtual tool manipulation system of aspect 2,
wherein the processing system comprises a micro-
processor, memory, a first interface device, and a
second interface device, the first interface device
configured to communicate with the motion tracking
system and the second interface device configured
to communicate with the haptic feedback system.

4. The virtual tool manipulation system of aspect 1,
further comprising a visual feedback system config-

ured to provide video images to the user based on
the motion information, the position of the virtual tool,
the design of the virtual tool, and a virtual subject
that receives the effect of the virtual tool.

5. The virtual tool manipulation system of aspect 1,
wherein the motion tracking system comprises a da-
ta glove.

6. The virtual tool manipulation system of aspect 1,
wherein the motion tracking system comprises an
optical motion capture system.

7. The virtual tool manipulation system of aspect 1,
wherein the motion tracking system is configured to
track the motion of a human in training and the haptic
feedback system is configured to provide haptic
feedback to the human in training.

8. The virtual tool manipulation system of aspect 7,
wherein the human in training is a surgeon-in-train-
ing, the virtual tool is a virtual surgical tool, and a
subject experiencing the actions of the virtual surgi-
cal tool is a virtual patient.

9. The virtual tool manipulation system of aspect 1,
wherein the virtual tool does not include a corre-
sponding physical structure in reality.

10. The virtual tool manipulation system of aspect 1,
further comprising a physical prop corresponding to
the virtual tool.

11. A processing device comprising: a memory de-
vice adapted to store a virtual tool manipulation pro-
gram; a microprocessor adapted to execute the vir-
tual tool manipulation program; a motion tracker in-
terface adapted to receive motion information rep-
resenting motion of a user; and a haptic device in-
terface adapted to generate haptic feedback signals
for controlling a haptic feedback device; wherein the
virtual tool manipulation program is adapted to sim-
ulate a surgical procedure.

12. The processing device of aspect 11, further com-
prising input/output (I/O) devices allowing a tool de-
signer to enter a tool design into the memory device.

13. The processing device of aspect 11, further com-
prising a virtual display interface adapted to generate
video signals to a visual feedback system.

14. The processing device of aspect 11, wherein the
virtual tool manipulation program is implemented on
a computer-readable medium.

15. The processing device of aspect 14, wherein:
the virtual tool manipulation program comprises sim-
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ulation files, interaction modules, and output
processing modules; the simulation files simulate a
virtual manipulator, a virtual tool, and a virtual sub-
ject; the interaction modules simulate a first interac-
tion between the virtual manipulator and the virtual
tool and a second interaction between the virtual tool
and the virtual subject; and the output processing
modules generate signals to stimulate at least one
sense of the user.

16. The processing device of aspect 15, wherein the
output processing modules generate haptic feed-
back signals and virtual reality image signals.

17. A virtual tool manipulation program stored on a
computer-readable medium, the virtual tool manip-
ulation program comprising: simulation data config-
ured to define characteristics of a virtual tool, a virtual
tool manipulator, and a virtual subject; logic config-
ured to define the interaction among the virtual tool
and at least one of the virtual tool manipulator and
the virtual subject; and logic configured to generate
output information for controlling a haptic feedback
system to induce haptic sensations on a user.

18. The virtual tool manipulation program of aspect
17, wherein: the simulation data defining the virtual
tool is configured to define a virtual surgical tool; the
simulation data defining the virtual tool manipulator
is configured to define a virtual surgeon; and the sim-
ulation data defining the virtual subject is configured
to define a virtual patient.

19. The virtual tool manipulation program of aspect
17, wherein the interaction modules comprise a ma-
nipulator/tool interaction module for analyzing the in-
teraction between the virtual tool manipulator and
the virtual tool and a tool/subject interaction module
for analyzing the interaction between the virtual tool
and the virtual subject.

20. The virtual tool manipulation program of aspect
19, wherein the interaction modules further comprise
a manipulator/subject interaction module for analyz-
ing the interaction between the virtual tool manipu-
lator and the virtual subject.

21. The virtual tool manipulation program of aspect
17, wherein: the logic configured to generate output
information comprises a haptic feedback processing
module and a virtual reality processing module; the
haptic feedback processing module is configured to
generate haptic feedback signals for controlling the
haptic feedback system; and the virtual reality
processing module is configured to generate video
signals to a visual feedback system that displays im-
ages to the user.

22. The virtual tool manipulation program of aspect
17, wherein the output processing modules further
comprise an audio processing module configured to
generate audio signals for providing audio output to
the user.

23. The virtual tool manipulation program of aspect
17, wherein the virtual tool exists exclusively in a
virtual realm.

Claims

1. A processing device (14), comprising:

a memory (24); and
a processor (22), coupled to the memory (24),
configured to:

receive head position and orientation meas-
urements and hand position and orientation
measurements from a motion tracking sys-
tem (12) that includes an optical motion cap-
ture device to measure the head position
and orientation of a user in a three dimen-
sional space over time, and a plurality of
sensors, disposed in a glove, to measure
the hand position and orientation of the user
in the three dimensional space over time,
generate video image signals related to a
view (80) of a virtual scene based on the
head position and orientation measure-
ments in the three dimensional space over-
time, each head position and orientation
measurement defining a particular angle
and line of sight of the view (80) of the virtual
scene at a particular time, the virtual scene
including a virtual hand (82), a virtual tool
(84), and a virtual subject (86),
generate haptic feedback signals, related
to a haptic sensation that simulates holding
the virtual tool, moving the virtual tool, and
interactions between the virtual tool and the
virtual subject, based on the hand position
and orientation in the three dimensional
space over time, characteristics of the vir-
tual tool, and characteristics of the virtual
subject,
transmit the video image signals to a visual
feedback system (18) that includes a virtual
reality display device to display the view (80)
of the virtual scene to the user, and
transmit the haptic feedback signals to a
haptic feedback system (16) that includes
a plurality of actuators, disposed in the
glove, to provide the haptic sensation to the
user.
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2. The processing device (14) of claim 1, further com-
prising a motion tracker interface coupled to the mo-
tion tracking system, a virtual display interface cou-
pled to the visual feedback system, and a haptic de-
vice interface coupled to the haptic feedback system.

3. The processing device (14) of claim 2, further com-
prising an input device to receive virtual tool design
parameters from a tool designer.

4. The processing device (14) of claim 3, wherein the
virtual tool design parameters are stored in the mem-
ory.

5. The processing device (14) of claim 1, further com-
prising:

an audio feedback system to provide sound ef-
fects based on the characteristics of the virtual
tool, the movements of the virtual tool, or the
interactions between the virtual tool and the vir-
tual subject.

6. The processing device (14) of claim 1, wherein the
virtual tool corresponds to a physical prop in the three
dimensional space.

7. The processing device (14) of claim 1, wherein:

the motion tracking system includes an addition-
al plurality of sensors, disposed in an additional
glove, to measure position and orientation of an
additional hand of the user in the three dimen-
sional space over time,
the virtual scene includes an additional virtual
hand,
the haptic feedback system includes an addi-
tional plurality of actuators, disposed in the ad-
ditional glove, to provide an additional haptic
sensation to the user that simulates interactions
between the additional virtual hand and the vir-
tual subject, and
the processor generates additional haptic feed-
back signals related to the additional haptic sen-
sation based on the additional hand position and
orientation in the three dimensional space over
time and characteristics of the virtual subject,
and transmits the additional haptic feedback sig-
nals to the haptic feedback system.

8. The processing device (14) of claim 1, wherein:

the virtual tool is a virtual surgical tool;
the virtual subject is a virtual patient;
the characteristics of the virtual tool include an
ability to cut or puncture the virtual subject; and
the characteristics of the virtual subject include
flexibility, strength and an ability to be cut or

punctured.

9. A method, comprising:

receiving head position and orientation meas-
urements and hand position and
orientation measurements from a motion track-
ing system (12) that includes an optical motion
capture device to measure the head position and
orientation of a user in a three dimensional
space over time, and a plurality of sensors, dis-
posed in a glove, to measure the hand position
and orientation of the user in the three dimen-
sional space over time,
generating video image signals related to a view
(80) of a virtual scene based on the head position
and orientation measurements in the three di-
mensional space overtime, each head position
and orientation measurement defining a partic-
ular angle and line of sight of the view of the
virtual scene at a particular time, the virtual
scene including a virtual hand (82), a virtual tool
(84), and a virtual subject (86),
generating haptic feedback signals, related to a
haptic sensation that simulates holding the vir-
tual tool, moving the virtual tool, and interactions
between the virtual tool and the virtual subject,
based on the hand position and orientation in
the three dimensional space over time, charac-
teristics of the virtual tool, and characteristics of
the virtual subject,
transmitting the video image signals to a visual
feedback system (18) that includes a virtual re-
ality display device to display the view (80) of
the virtual scene to the user, and transmitting
the haptic feedback signals to a haptic feedback
system (16) that includes a plurality of actuators,
disposed in the glove, to provide the haptic sen-
sation to the user.

10. The method of claim 9, further comprising:

receiving, through an input device, virtual tool
design parameters from a tool designer.

11. The method of claim 10, further comprising:

storing the virtual tool design parameters in a
memory.

12. The method of claim 9, further comprising:

providing sound effects, though an audio feed-
back system, based on the characteristics of the
virtual tool, the movements of the virtual tool, or
the interactions between the virtual tool and the
virtual subject.
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13. The method of claim 9, wherein the virtual tool cor-
responds to a physical prop in the three dimensional
space.

14. The method of claim 9, wherein:

the motion tracking system includes an addition-
al plurality of sensors, disposed in an additional
glove, to measure position and orientation of an
additional hand of the user in the three dimen-
sional space over time,
the virtual scene includes an additional virtual
hand,
the haptic feedback system includes an addi-
tional plurality of actuators, disposed in the ad-
ditional glove, to provide an additional haptic
sensation to the user that simulates interactions
between the additional virtual hand and the vir-
tual subject, and
the method further comprises generating addi-
tional haptic feedback signals related to the ad-
ditional haptic sensation based on the additional
hand position and orientation in the three dimen-
sional space over time and characteristics of the
virtual subject, and transmits the additional hap-
tic feedback signals to the haptic feedback sys-
tem.

15. The method of claim 9, wherein:

the virtual tool (84) is a virtual surgical tool;
the virtual subject (86) is a virtual patient;
the characteristics of the virtual tool (84) include
an ability to cut or puncture the virtual subject;
and
the characteristics of the virtual subject (86) in-
clude flexibility, strength and an ability to be cut
or punctured.
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