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Fig. 1B
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load initial data packet in graphics
target (graphically render sceneas [ 115
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transmit first acknowledgement
signal from graphics target re initial ——— 117
data packet

update adjustable parameter(s) for
scene to create updated adjustable ———— 119
parameter(s)
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Fig. 1C

update virtual scene to include
updated adjustable parameter(s) ——— 121
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Fig. 2B
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Fig. 2C

update virtual scene to include
updated adjustable parameter(sy [—— 321
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—— 323
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METHOD AND SYSTEM FOR
HAPTO-VISUAL SCENE DEVELOPMENT
AND DEPLOYMENT

This application claims the benefit of U.S. Provisional
Application No. 60/644,968, filed Jan. 21, 2005.

FIELD OF THE INVENTION

This invention is related to a method and a system for
haptically and graphically rendering one or more scenes.

BACKGROUND OF THE INVENTION

Three-dimensional visual scenes are, using one or more
computers, rendered haptically (i.e., to provide a tactile sen-
sation) by a scene owner and graphically (i.e., to provide a
visual representation) by a scene displayer and used in a
hapto-visual system in various design, testing, and other con-
texts. A scene typically includes one or more elements (or
objects) which are to be rendered haptically and graphically.
A scene may include an object which is only to be rendered
haptically but not graphically, and/or there may also objects
which are only graphically rendered. Due to limited processor
computation capacity, complex hapto-visual systems may
require the separation of scene owners and scene displayers
onto different computer systems that are interconnected via a
network. The scenes contain a large amount of haptic and
visual information, and typically, dedicated high bandwidth
networks are required to allow information to pass from the
scene owner to the scene displayer.

In addition, only unidirectional communication from the
scene owner to the scene displayer is permitted in the prior art.
Also, the communication is typically one-to-one or one-to-
many.

Accordingly, known systems which render scenes hapti-
cally and graphically suffer from a number of disadvantages.

Certain applications require real-time capabilities for cer-
tain components of a system, e.g., a haptic rendering algo-
rithm that calculates the force to be applied, or network
latency compensation. However, many haptic device manu-
facturers provide drivers that only support the major operat-
ing system providers, who provide non-real-time operating
systems. Accordingly, in the prior art, it is generally very
difficult to find driver support for areal-time operating system
(RTOS).

In addition to the requirement for real-time capabilities for
certain components of the system, however, other parts of the
system typically act only as observatory or supervisory parts
of'the overall system (e.g., parameter updates). Accordingly,
in the prior art systems which include haptic and graphic
components, the haptic components tend to be real-time sen-
sitive, and the graphic components do not tend to be real-time
sensitive.

In the prior art, in order to try to make real-time applica-
tions to run in a non-RTOS, a significant amount of work is
required. For example, a real-time kernel is installed under-
neath an existing non-RTOS. This allows the real-time appli-
cation process to have higher priority in using the CPU than
any other processes that the non-RTOS has, even the non-
RTOS itself. In this approach, a real-time application is
allowed to be “run” on a non-RTOS, or more accurately, to
appear to do so. However, the application is not truly running
on the non-RTOS,; rather, it is merely going through a back-
door to the real-time kernel underneath the non-RTOS.
Because ofthis, a third party software development kit cannot
be used in a real-time application, because any real-time
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application has to be run in a specialized environment under-
neath the non-RTOS. In addition, real-time kernels typically
require run-time licenses from the kernel developers for each
target that the application would run on, thus increasing the
cost of application deployment.

There is therefore a need for method and a system that will
overcome or mitigate one or more of the disadvantages of the
prior art.

SUMMARY OF THE INVENTION

In its broad aspect, the invention provides a computer-
usable medium having computer readable instructions stored
thereon for execution by a processor to perform a method.
The method includes generating one or more haptic targets
for haptically rendering one scene as one or more virtual
scenes, each having one or more adjustable parameters. Next,
the scene is rendered as the virtual scene. Also, one or more
graphics targets for graphically rendering the scene as one or
more graphical scenes is provided. One or more initial data
packets comprising an identifier of the virtual scene and iden-
tifying said at least one adjustable parameter is generated.
Next, the initial data packet is transmitted to the graphics
target. Finally, the method includes loading the initial data
packet on the graphics target to create the graphical scene,
which includes the adjustable parameter.

In another aspect, the method additionally includes updat-
ing the adjustable parameter to create one or more updated
adjustable parameters. The updated adjustable parameter is
used to update the virtual scene. Next, an update data packet
comprising said at least one updated adjustable parameter is
generated. Finally, the method also includes updating the
graphical scene to include the updated adjustable parameter.

In another aspect, the method of the invention additionally
includes using one or more soft real time processes in hapti-
cally rendering the scene, and using one or more non-real
time processes in graphically rendering the scene.

Inyet another aspect, the method of the invention addition-
ally includes generating one or more quit data packets with
instructions to close the graphics target. The quit data packet
is transmitted to the graphics target, and the graphics target is
then closed.

In another aspect, the method of the invention includes
haptically rendering a plurality of scenes, each scene being
discretely haptically rendered as a discrete virtual scene, and
graphically rendering said plurality of scenes, each scene
being discretely graphically rendered as a discrete graphical
scene corresponding to each virtual scene respectively.

According to another of its aspects, the method includes
updating the adjustable parameter(s) for a preselected virtual
scene to create an updated adjustable parameter therefor, the
preselected virtual scene having a corresponding graphical
scene. Also, the method includes using the updated adjustable
parameter to update the preselected virtual scene. The update
data packet for the preselected virtual scene is transmitted to
the graphics target, and if the preselected corresponding
graphical scene is inactive, then the corresponding graphical
scene is set as active. Finally, the method includes updating
said corresponding graphical scene (i.e., the active scene) to
include the updated adjustable parameter.

Inyet another aspect, the method of the invention addition-
ally includes, if the preselected corresponding graphical
scene is already the active scene, updating the corresponding
graphical scene to include the updated adjustable parameter.

In another aspect, the invention provides a computer-us-
able medium having computer readable instructions stored
thereon for execution by a processor to perform a method
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which includes generating a haptic target for haptically ren-
dering a plurality of virtual scenes respectively, and discretely
haptically rendering each scene as each virtual scene. The
method also includes providing a graphics target for graphi-
cally rendering each virtual scene as a corresponding graphi-
cal scene respectively. In addition, the method includes gen-
erating an initial data packet for each virtual scene
respectively, each initial data packet having an identifier of
each virtual scene respectively and one or more adjustable
parameters in each virtual scene respectively. Also, each ini-
tial data packet is respectively transmitted to the graphics
target. Finally, the method includes loading each initial data
packet on the graphics target to create each corresponding
graphical scene respectively, each graphical scene including
the adjustable parameter respectively.

In another of its aspects, the method additionally includes,
upon loading each graphical scene on the graphics target
respectively, sequentially setting each graphical scene as
active respectively. Each graphical scene is set as an inactive
scene upon another graphical scene subsequently being set as
active. Hach active scene is graphically rendered discretely.

In yet another aspect, the invention includes updating the
adjustable parameter for a preselected virtual scene to create
the updated adjustable parameter for the preselected virtual
scene, the preselected virtual scene having a corresponding
graphical scene. The method also includes using the updated
adjustable parameter for the preselected virtual scene to
update the preselected virtual scene. Next, an update data
packet having the updated adjustable parameter for updating
the corresponding graphical scene is generated, and transmit-
ted to the graphics target. Also, in the method, if the corre-
sponding graphical scene is inactive, then the method
includes setting the corresponding graphical scene as active
upon receipt of the update data packet, following which, the
method also includes updating corresponding graphical
scene to include the updated adjustable parameter.

In yet another aspect of the invention, if the corresponding
graphical scene is already the active scene, then the corre-
sponding graphical scene is updated to include the updated
adjustable parameter.

In another of its aspects, the invention provides a system
for haptically and graphically rendering a plurality of scenes.
The system includes a haptic target for haptically rendering
the scenes discretely as virtual scenes respectively utilizing
one or more soft real time processes. The system also includes
a graphics target for graphically rendering the scenes dis-
cretely as graphical scenes respectively utilizing one or more
non-real time processes, each graphical scene corresponding
to each virtual scene respectively. The system also includes
means for generating a plurality of initial data packets, each
initial data packet being provided for each virtual scene
respectively, each initial data packet having an identifier of
each virtual scene respectively and at least one adjustable
parameter in each virtual scene respectively. In addition, the
system includes means for transmitting the initial data pack-
ets sequentially to the graphics target, the graphics target
being adapted to load the initial data packets thereon sequen-
tially to create each graphical scene respectively. Each
graphical scene corresponds to each virtual scene respec-
tively, and each graphical scene has the adjustable parameter
for each corresponding virtual scene respectively.

In yet another of its aspects, the system includes means for
updating each adjustable parameter to create at least one
updated adjustable parameter for each virtual scene respec-
tively, and means for discretely updating each virtual scene to
include the updated adjustable parameter for each virtual
scene respectively. Also, the system includes means for gen-
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4

erating update data packets for each virtual scene respec-
tively, each update data packet having one or more updated
adjustable parameters for each virtual scene respectively. In
addition, the system has means for transmitting each update
data packet respectively to the graphics target. The system
also includes means for discretely updating each graphical
scene to include the updated adjustable parameter for each
graphical scene corresponding to each virtual scene respec-
tively.

In another aspect, the invention provides a computer-us-
able medium having computer readable instructions stored
thereon for execution by a processor to perform a method
including, first, using one or more haptic targets to haptically
render one or more scenes as one or more virtual scenes
utilizing one or more soft real time processes. The method
also includes, next, generating one or more initial data pack-
ets having an identifier of the scene and one or more adjust-
able parameters in the virtual scene. An initial data packet for
each scene is transmitted to one or more graphics targets
adapted for graphically rendering the virtual scene as one or
more graphical scenes. Finally, the method also includes
using the graphical target to graphically render the scene as
the graphical scene utilizing one or more non-real time pro-
cesses. Each graphical scene includes the adjustable param-
eter(s) for each scene respectively.

In another of its aspects, the method of the invention addi-
tionally includes, where the adjustable parameters are to be
adjusted, updating each adjustable parameter to create an
updated adjustable parameter respectively. Each updated
adjustable parameter is used to update each virtual scene
affected thereby respectively. The method additionally
includes generating one or more update data packets for each
updated scene, with the updated adjustable parameter(s) for
the scene(s). Next, each update data packet is transmitted to
the graphics target(s). Finally, the method also includes
updating the graphical scene for each updated scene to
include the updated adjustable parameter.

In yet another aspect, the invention provides a computer-
usable medium having computer readable instructions stored
thereon for execution by a processor to perform a method
including generating one or more haptic targets for haptically
rendering one or more scenes as one or more virtual scenes.
Each scene includes one or more adjustable parameters. The
method also includes, next, haptically rendering each scene
as a virtual scene respectively, the haptic rendering utilizing
one or more soft real time processes. Each adjustable param-
eter is updated, to create one or more corresponding updated
adjustable parameter. Finally, the method includes using the
updated adjustable parameter to update the corresponding
virtual scene.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood with reference to
the drawings, in which:

FIG. 1A is a computer system architecture diagram sche-
matically illustrating a computer system utilized in and pro-
vided by an embodiment of the invention;

FIG. 1B is a flow diagram illustrating a portion of an
embodiment of a process of the invention;

FIG. 1Cis a flow diagram illustrating another portion of the
process of FIG. 1B;

FIG. 2A is a computer system architecture diagram sche-
matically illustrating a computer system utilized in and pro-
vided by an embodiment of the invention;

FIG. 2B is a flow diagram illustrating a portion of an
embodiment of a process of the invention;



US 7,477,250 B2

5

FIG.2C1is a flow diagram illustrating another portion of the
process of FIG. 2B;

FIG. 3 is a computer system architecture diagram sche-
matically illustrating a computer system utilized in and pro-
vided by an embodiment of the invention;

FIG. 4 is a computer system architecture diagram sche-
matically illustrating a computer system utilized in and pro-
vided by an embodiment of the invention;

FIG. 5 is a computer system architecture diagram sche-
matically illustrating a computer system utilized in and pro-
vided by an embodiment of the invention;

FIG. 6 is a computer system architecture diagram sche-
matically illustrating a computer system utilized in and pro-
vided by an embodiment of the invention;

FIG. 7 is a screen diagram showing a screen display pro-
vided by a graphics target in one embodiment of the inven-
tion;

FIG. 8 is a software architecture diagram illustrating
aspects of various software components utilized in an
embodiment of the invention;

FIG. 9A is a software architecture diagram illustrating
aspects of various software components utilized in an
embodiment of the invention;

FIG. 9B is a software architecture diagram illustrating
aspects of various software components utilized in an
embodiment of the invention;

FIG. 10 is a functional block diagram schematically rep-
resenting an embodiment of the invention;

FIG. 11 is a functional block diagram schematically rep-
resenting another embodiment of the invention;

FIG. 12 is a functional block diagram schematically rep-
resenting another embodiment of the invention; and

FIG. 13 is a flow diagram illustrating an embodiment of a
process of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

The present invention may be understood more readily by
reference to the following detailed description of the inven-
tion and the examples provided herein. It is to be understood
that the aspects described below are not limited to specific
methods or apparatus, and as such may, of course, vary. It is
also to be understood that the terminology used herein is for
the purpose of the describing particular aspects only and is not
intended to be limiting.

Reference is first made to FIGS. 1A and 1B to describe an
embodiment of a system in accordance with the invention
indicated generally by the numeral 20. The system 20
includes a hapto-visual development tool 22 for creating a
hapto-visual application which generates a haptic target 24.
The haptic target 24 is adapted for haptically rendering a
scene (which includes one or more haptic objects) as a virtual
scene. Preferably, a graphics target 26 is also provided, for
graphically rendering the scene as a graphical scene 27 (as
shown in FIG. 7). In one embodiment, an initial data packet
28 is generated (FIG. 13), and transmitted to the graphics
target 26 (FIG. 1B). As indicated in FIG. 1B, the graphics
target 26 then graphically renders the scene, to create the
graphical scene 27 (FIG. 7).

The configuration shown in FIG. 1A schematically illus-
trates the relationships between the development tool 22 and
other components of the system 20 during the development of
the hapto-visual application, in a preferred development con-
figuration. The hapto-visual development tool 22 is the envi-
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ronment where the logic for the application is defined and/or
programmed by a user (not shown) of the development tool
22.

Once the hapto-visual application has been created, the
development tool 22 preferably is removed, as will be
described. The configuration schematically illustrated in FIG.
2 A shows the application which was created as illustrated in
FIG. 1A, with the hapto-visual development tool 22 removed
(i.e., FIG. 2A illustrates a preferred deployment configura-
tion, and FIG. 1A illustrates the preferred development con-
figuration). Similarly, FIG. 2B shows the method of hapti-
cally rendering and graphically rendering one or more scenes,
and updating such scenes, in the deployment configuration of
the invention.

Referring again to FIG. 1A, the haptic target 24 preferably
is built as a separate entity. It is also preferred that the haptic
target 24 is operatively connected to one or more haptic
devices 30, as will be described. Also, the haptic target 24
preferably resides on the same computer 31 as the develop-
ment tool 22, but this is not necessary. For example, a second
haptic target 32 generated by the development tool 22 may be
moved to a different computer which is networked to the
computer via a standard wired or wireless communication
medium.

As can be seen in FIG. 1, the graphics target 26 is adapted
for communication with the development tool 22 or the haptic
target 24. The graphics target 26 can also run on a separate
networked computer, if desired.

The system 20 can comprise a plurality of haptic targets
and graphics targets. For example, as illustrated in FIG. 1A,
the system 20 comprises haptic targets 24, 32, 34 and graphics
targets 26, 36, and 38. As shown in FIG. 1A, in the preferred
embodiment, the haptic targets 32, 34 also have haptic
device(s) 40, 42 operatively connected thereto. The haptic
targets are connected for communication with either or both
the graphics targets and the development tool. For conve-
nience, FIG. 1A does not show all the possible communica-
tion paths from the haptic targets and the graphics targets to
the other haptic and graphics targets.

As will be understood by those skilled in the art, the haptic
device(s) 40, 42 are for interfacing with a user (not shown) in
real space. The haptic targets preferably are operatively con-
nected to haptic devices. In the development of most hapto-
visual applications, a haptic device is needed to assist in
adjusting parameters and otherwise to develop the applica-
tions. Although a hapto-visual application could, in theory, be
developed in the absence of a haptic device, these situations
are rare. In most cases, development in the absence of a haptic
device would probably not be feasible.

FIG. 1B is a flow chart of a method of creating the hapto-
visual application according to one embodiment of the inven-
tion. It will be understood that the hapto-visual application is
adapted for haptically and graphically rendering a plurality of
scenes. However, for clarity, FIG. 1B refers to rendering only
one scene, and also refers to only one haptic and graphics
target each. The method begins at block 105 where the devel-
opment tool 22 generates the haptic target 24. The method
proceeds to block 107, where the haptic target 24 haptically
renders a scene as the virtual scene. It will be understood that
the scene includes one or more adjustable parameters. In
block 109, the development tool provides the graphics target
26. The graphics target 26 is started (or provided) by the
development tool 22. It will be evident to those skilled in the
art that, in general, the sequence in which haptic targets are
generated and graphics targets are provided is not particularly
important—i.e., graphics targets may be provided prior to the
generation of haptic targets, and vice versa.
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Inblock 111, the initial data packet 28 for a particular scene
is generated. The initial data packet 28 is transmitted to the
graphics target 26, in block 113. The initial data packet 28
includes a scene identifier (i.e., to identify the particular
scene), an identification of one or more adjustable param-
eters, and the data required for graphically rendering the
scene (FIG. 1B). The initial data packet 28 is next loaded in
the graphics target 26—i.e., the graphics target graphically
renders the scene as a graphical scene (block 115).

Preferably, and as can be seen in block 117, a first acknowl-
edgement signal is transmitted from the graphics target 26 in
respect of the initial data packet 28, to confirm receipt of the
initial data packet 28. Next, if desired, the adjustable param-
eter(s) for a particular scene is (are) updated to create updated
adjustable parameter(s), as shown in block 119.

Next, the relevant virtual scene is updated to include the
updated adjustable parameter(s), as set out in block 121 in
FIG. 1C. Anupdate data packet 44 (FIG. 13) is then generated
(as shown in block 123), which includes the scene identifier
and also the updated adjustable parameter(s). The update data
packet 44 is transmitted to the graphics target 26, as shown in
block 125. At the graphics target 26, the relevant graphical
scene 27 is updated to include the updated adjustable param-
eter(s) (block 127). Preferably, a second acknowledgement is
transmitted from the graphics target 26, to acknowledge
receipt of the update data packet (block 129).

When the graphics target 26 is to be closed, as shown in
block 131, a quit data packet 46 (FIG. 13) is generated. The
quit data packet 46 is transmitted to the graphics target 26
(block 133). The graphics target 26 is then closed (block 135).

Referring again to FIG. 1A, the invention provides for
bidirectional transmission of information between haptic tar-
gets 24, 32, 34 (i.e. the scene owner/maintainer in each case,
for a particular scene) to the graphics targets 26, 36, 38 (i.e.
the scene displayer/renderer in each case) over any standard
wired or wireless communication medium (e.g., Ethernet
UDP communications) in real-time. This is in contrast to
existing graphics communication networks for hapto-graphic
applications of the prior art, which provide a unidirectional
one-to-one or a one-to-many relationship from the scene
owner to the scene displayer. The invention allows for the
aforementioned relationships plus adds the many-to-one and
many-to-many relationship possibilities. The addition of
these two new relationships between the scene owner and
displayer allow for bidirectional communication to be devel-
oped.

FIG. 2A schematically illustrates an embodiment of a
hapto-visual system 220 of the invention, i.e., after develop-
ment of the system 220. FIG. 2A illustrates a preferred
deployment configuration. Because the system 220 has been
developed, the development tool is no longer included in the
system 220. It will be understood that the system 220 can
include many haptic targets (with many haptic devices
attached thereto), and many graphics targets. For the purposes
ofillustration, the system 220 includes haptic targets 224,232
with haptic devices 240, 242 operatively connected therewith
and graphics targets 226, 236. As is represented schemati-
cally, the haptic and graphics targets are adapted for bidirec-
tional communication with each other over a standard wired
or wireless communication medium.

As shown in FIG. 28, in the system 220, an embodiment of
the method of the invention is performable which corre-
sponds to part of the method illustrated in FIG. 1B. It will be
understood that the hapto-visual system 220 is adapted for
haptically and graphically rendering a plurality of scenes.
However, for clarity, FIG. 2B refers to rendering only one
scene, and also refers to only one haptic and graphics target

10

15

20

25

30

35

40

45

50

55

60

65

8

each. The method begins at 307, where the haptic target 224
haptically renders a scene as the virtual scene. It will be
understood that the scene includes one or more adjustable
parameters.

Inblock 311, the initial data packet 28 for a particular scene
is generated. The initial data packet 28 is transmitted to the
graphics target 226, in block 313. The initial data packet 28
includes a scene identifier (i.e., to identify the particular
scene), an identification of one or more adjustable param-
eters, and the data required for graphically rendering the
scene (FIG. 2B). The initial data packet 28 is next loaded in
the graphics target 226—i.e., the graphics target graphically
renders the scene as a graphical scene (block 315).

Preferably, and as can be seen in block 317, a first acknowl-
edgement signal is transmitted from the graphics target 226 in
respect of the initial data packet 28, to confirm receipt of the
initial data packet 28. Next, if desired, the adjustable param-
eter(s) for a particular scene is (are) updated to create updated
adjustable parameter(s), as shown in block 319.

Next, the relevant virtual scene is updated to include the
updated adjustable parameter(s), as set out in block 321 in
FIG. 2C. Anupdate data packet 44 (FIG. 13) is then generated
(as illustrated in block 323), which includes the scene iden-
tifier and also the updated adjustable parameter(s). The
update data packet 44 is transmitted to the graphics target 226,
as shown in block 325. Atthe graphics target 226, the relevant
graphical scene 27 is updated to include the updated adjust-
able parameter(s) (block 327). Preferably, a second acknowl-
edgement is transmitted from the graphics target 226, to
acknowledge receipt of the update data packet (block 329).

When the graphics target 226 is to be closed, as shown in
block 331, a quit data packet 46 (FIG. 13) is generated. The
quit data packet 46 is transmitted to the graphics target 226
(block 333). The graphics target 226 is then closed (block
135).

Additional embodiments of the invention are shown in
FIGS. 3-6 and 8-13. In FIGS. 3-6 and 8-13, elements are
numbered so as to correspond to like elements shown in
FIGS. 1A, 1B, 1C, 2A, 2B, 2C, and 7.

FIGS. 3-5 show configurations which may be used, for
example, where a relatively large-scale application is being
developed. FIG. 3 shows a system 420 of the invention which
includes only a development tool 422 and a haptic target 424,
with a haptic device 440 operatively connected therewith.
This embodiment does not include a graphics target. This
configuration may be used, for example, where the user is
working on developing only one (or more) haptic target(s),
and others are developing the graphics target(s) separately.

FIG. 4 discloses a system 520 which includes only a devel-
opment tool 522 and graphics target 526. This configuration
may be used, for example, where the user is developing the
graphics target(s) separately from the development of the
haptic target(s).

In another embodiment, illustrated in FIG. 5, a system 620
of the invention includes a development tool 622, a single
haptic target 624 and a single graphics target 626. The system
620 also includes a haptic device 640 operatively connected
to the haptic target 624. This configuration may be used, for
example, in large-scale application development, after sepa-
rate development of the haptic target(s) and the graphics
target(s) has proceeded to the point where the graphics
target(s) and the haptic target(s) of the system 620 are to be
put together, to result in the system 620.

FIG. 6 illustrates another embodiment of the system 720,
which is an example of the system after development thereof
has been completed, and the development tool has been
removed—i.e., FIG. 6 illustrates another possible deploy-
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ment configuration. The system 720 includes a haptic target
724 and a graphics target 726. Preferably, a haptic device 740
is operatively connected with the haptic target 724.

It will be understood that the development tool 22 can be
stored on a computer-usable medium for execution by a pro-
cessor, to perform the method of the invention. The computer-
usable medium could be any suitable medium, for example,
the tool may simply be stored on a computer’s memory and
downloaded, or it may be stored on a cd-rom or any other
suitable medium, as would be appreciated by those skilled in
the art. Similarly, once created, the hapto-visual application
created by the development tool 22 is preferably stored on any
suitable computer-usable medium.

The technology of the invention is generally based on a
custom data packet. Preferably, the invention includes one or
more transmission modules 48 (FIGS. 10-12). (For simplic-
ity, the following discussion regarding FIGS. 10-12 is limited
to a small number of haptic and graphics targets. It will be
understood that the systems disclosed in FIGS. 10-12 could
include pluralities of haptic and graphics targets.) The trans-
mission module 48 used to communicate with the graphics
target 26 is embedded into the haptic target 24 by including a
block/module in the development tool 22 that the user of the
tool 22 can include into any desired application.

FIG. 10 is a functional block diagram schematically illus-
trating a configuration in which the haptic target 24 and
graphics targets 26, 36 are adapted for communication with
each other regarding a plurality of scenes. As illustrated, a
plurality of transmission modules 48 reside on the haptic
target 24, and the scenes are graphically rendered on the
graphics targets 26, 36, two scenes on one graphics target, and
the other two on the other graphics target.

FIG. 11 shows that the same scene may be rendered graphi-
cally at two graphics targets 26, 36. The transmission module
transmits data packets to the graphics targets 26, 36. If the
scene (identified as “scene 17) is “inactive”, it is made
“active” upon receipt of the data packets at the graphics
targets 26, 26. The data packets are then loaded at the graphics
targets 26, 36 respectively.

In FIG. 12, two haptic targets 24, 32 are adapted for com-
munication with the graphics target 26. Only one scene is
active at any given time. Accordingly, as illustrated, the scene
which is designated “scene 1” is active, and the scene which
is designated “scene 2” is inactive.

The haptic target 24 is responsible for maintaining control
over the 3D scene being rendered on the graphics target 26.
Any changes to objects in the scene occur through the haptic
target. The graphics target is responsible for visually display-
ing the 3D scene. The graphics target can request to make
changes in the scene. All requests from the graphics target are
submitted back to the haptic target for it to make the changes
to the scene.

The number of transmission modules/blocks used in a
single application is not limited to one. Multiple instances of
the transmission block/module can reside on the haptic target
which allows that one haptic target to communicate with
multiple graphic targets (FIGS. 10-12).

Moreover, a single graphics target can manage multiple
scenes, as shown in FIGS. 10 and 11. This is accomplished by
having multiple instances of the transmission block/module
in the haptic engine that all point to a single graphics target
(FIG. 10). Each transmission block/module contains the
information for a single scene. Only one transmission block/
module can be active at one time since the graphics target will
only render one 3D scene, namely the active scene. The user
should define logic to ensure that only one scene is active, but
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if the user fails to do so, the graphics target chooses one scene
and provides a warning to indicate that multiple scenes have
been selected.

Inthe development configuration (i.e., in which the system
includes the development tool, as shown in FIGS. 1A, 3, 4,
and 5), the haptic target needs to be re-built every time a
structural change (i.e., a change involving more than adjust-
able parameter updates) is made to the user’s application. In
contrast, the graphics target is an auxiliary software program
that is an executable which operates based on information
which it receives via a communication channel. Multiple
instances of the auxiliary software program can be spawned
on a single computer allowing for one-to-one, one-to-many,
many-to-one or many-to-many communication paths to be
formed between the haptic targets and graphics targets. In
addition, the communication is not restricted to be between
one haptic and one graphics target. Multiple haptic targets can
transmit information to one graphics target or visa versa. One
haptic target can transmit information to multiple graphics
targets. The haptic and graphics targets can also reside on the
same computer.

The invention can be applied to various applications
including, but not limited to, remote monitoring and control,
online computer games, simulation visualization, broadcast
media events and 3D CAD modelling.

In the prior art, the capability to form graphical communi-
cation networks between one scene owner and one scene
displayer or between one scene owner and many scene dis-
players. However, the invention adds the capability to connect
many scene owners to one scene displayer or many scene
owners to many scene displayers. The invention also allows
the scene displayer(s) to seamlessly communicate back to the
scene owner(s) which is something that is not possible within
the prior art.

As described above, in the invention herein, communica-
tion between multiple scene owners and one or more display-
er(s) is possible. Each displayer also has the ability to send
data back to the scene owner. This facilitates interaction with
the user, both in the development configuration and in the
deployment configuration. As indicated above, the data sent
to the scene owner (i.e., the haptic target) by the displayer
(i.e., the graphics target) may result in a corresponding
change to a scene. In effect, the displayer, by sending the data,
requests the change. The owner makes the requested change
to the scene if it is a change to an adjustable parameter and is
otherwise acceptable. Subsequently, an update data packet is
sent to the displayer by the owner, so that the displayer can
load the update data packet and include the updated adjust-
able parameter in the graphically rendered scene.

The custom data packet allows new scene owners to be
added relatively easily to an existing system. If scene owners
are removed, the scene displayers continue to communicate
with the remaining scene owners. In particular, the invention
provides the ability to view and request changes to objects in
a 3D scene from a remote (i.e., physically remote) location.

The current embodiment of the transmission module soft-
ware is built into the haptic targets and the development tool.
If the haptic targets are built using the development tool, then
the appropriate transmission code is also built into the targets.
However, if the user chooses not to build one or more haptic
targets, then the transmission code remaining on the devel-
opment tool can communicate directly to the graphics target
(FIG. 4).

As indicated above, multiple blocks (i.e., transmission
modules) can be used to create many-to-one or many-to-
many network relationships between the haptic target(s) and
graphic target(s) (FIGS. 10-12). When the haptic target starts,
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each haptic target sends a unique identifier to its graphics
target using the custom data packet, e.g., over UDP. As indi-
cated above, once the graphics target receives the data packet,
it responds back to the haptic target to indicate that it is
present and that the communication has been received suc-
cessfully. The graphics target communicates to the haptic
target using a second custom data packet (e.g., over UDP) as
well.

During the initial communication between the haptic and
graphics targets, the haptic target notifies the graphic target
which 3D scene it will be referring to during the following
communication, as well as which parameters in the 3D scene
may be adjusted. Preferably, all 3D scenes are encapsulated in
a VRML file. Adjustable parameters within a scene include,
but are not limited to, size scaling, orientation change, posi-
tion change, lights turned on/off, colour change, texture map-
ping change, transparency change, camera viewpoint change.

While the haptic target is running, any time that there is a
change to be made in the 3D scene, it will send all the changed
parameters using the custom data packet to the graphics tar-
get.

It the graphics target has any changes to be made to the 3D
scene, it will send a custom data packet back to the haptic
target indicating the changes to be made (FIG. 13). The haptic
target always keeps control of the 3D scene. The haptic target
will make all the changes and then send a confirmation data
packet (i.e., an update data packet) to the graphics target to
indicate that the changes have been accepted (FIG. 13).

The auxiliary software program (graphics target) prefer-
ably exists as a stand-alone Windows application. Preferably,
when the program is started, it is put into a waiting state where
it continually polls the UDP port for communication data that
will come from either a haptic target or the development tool.
When the graphics target receives a data packet from a haptic
target, it loads the 3D scene that the graphics target will be
referring to and displays the scene, preferably using an
OpenGL rendering device. The loaded scene becomes the
active scene. After the scene is loaded the graphics target
sends a confirmation data packet back to the haptic target to
confirm receipt.

Preferably, the graphics target can do one of three things. If
it receives no other communication information then it will
continue to render the active 3D scene. If it receives an update
for the active scene from the previously connected haptic
target or development tool, then the active scene is updated
and the change is rendered on the screen. (If the update is for
a scene which is inactive, then such scene becomes the active
scene.) Lastly, if a new haptic target begins to communicate
with the graphics target then the graphics target will load the
new desired 3D scene and set it as the active scene to be
rendered. When more then one haptic target is communicat-
ing with the graphics target then the graphics target manages
which scene is active and renders it on the screen, as described
above. That is, the most recent communication determines
which scene is currently active. When changes to a scene
occur and an update data packet is sent to the graphics target
accordingly, then that scene becomes the active scene.

In the preferred embodiment, the process carried out by
each graphics target is that which is illustrated in FIG. 13. At
block 805, the graphics target makes the start-up screen the
active screen. Next, and as indicated above, the graphics
target continually polls the UDP port for communication data
(block 807). If a packet is available (block 809), then the type
of data packet is determined (block 810). As previously
described, if the custom data packet which is available is the
initial data packet 28 for a particular scene, the scene is loaded
(block 813), and it is also set as the active scene (block 815).
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Next, the active scene is rendered (block 817). An acknowl-
edgement signal is sent, preferably to the transaction module
which had transmitted the data packet 28 (block 819).

The graphics target then checks again for a data packet
(block 807). If, after checking, no data packet is available,
then the scene which was the active scene remains the active
scene (step 819).

However, if a data packet is available and it is determined
(in step 811) to be an update data packet 44, then the graphics
target determines whether the update data packet 44 is related
to the scene which is currently the active scene (block 821). If
the update packet does relate to the current active scene (step
823), then the current active scene is updated with the update
packet information (block 825).

However, if the update data packet 44 is not related to the
current active scene (step 827), then the graphics target deter-
mines whether the scene to which the update data packet is
related has been loaded previously (block 831). If the scene in
question has been loaded previously (step 833), then such
scene is set as the active scene (block 835), and the scene is
then updated with the update data packet information (block
825).

However, if the scene to which the update data packet is
related has not been loaded previously (step 837), then a
display error results (block 839). The graphics target then
returns to the current active scene, and renders the current
active scene (block 817).

Once again, the graphics target checks for a data packet
(block 807) and, if a packet is available (block 809), deter-
mines the type of data packet (block 811). If the data packet is
the quit data packet 46, then the graphics target is closed
(block 841).

The user has the ability to make changes to the scene from
the graphics target end with the use of GUI sliders and buttons
54 (FIG. 7). When these GUI controls change state, the graph-
ics target will send a custom data packet containing the
changes back to the appropriate haptic target that owns the 3D
scene.

The communication data packet embodies all of the activi-
ties in the haptic target(s)-to-graphics target(s) network(s).
During the start-up phase of the haptic target, a data packet
(i.e., the initial data packet 28) is constructed containing the
information about the 3D scene (which file to load and where
to find the file) and a list of all adjustable items in the scene
that can be changed. The initialization data packet is con-
structed this way so that subsequent data packets from the
haptic target can be minimized in size. If objects are known
notto change in the scene then their state information does not
need to be sent on following update commands because the
default/initial state can be used when rendering.

The confirmation data packet (i.e., the acknowledgement)
sent from the graphics target to the haptic target contains a
unique identifier from the graphics target so that the haptic
target can confirm that the correct graphics target received its
signal.

Data packets (i.e., update data packets 44) sent from the
haptic target to the graphics target that contain updated state
changes contain the 3D scene filename and a listing of all the
changed values. The 3D scene filename is used by the graph-
ics target to identify which scene to update. If the filename is
not recognized as one that was previously received from a
haptic target then no changes are made. If the filename is valid
then all the state values are updated in the 3D scene on the
graphics target. Identifiers are not required to associate the
changed state values with objects in the 3D scene since the
graphics target already knows which items in the scene will
be changed based on the initial communication data packet
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received from the haptic target. This optimization reduces the
amount of data being sent across the network.

When a user wants to change objects in the 3D scene from
the graphics target side using the GUI controls 54 (FIG. 7), a
new data packet is constructed on the graphics target contain-
ing the filename of the active scene and the values of the
changed states. The graphics target sends this data packet to
the appropriate haptic target so that the haptic target can make
the appropriate changes (block 121, FIG. 1C, and block 321,
FIG. 2C). However, the haptic target also generates an update
data packet (block 123, FIG. 1C and block 323, FIG. 2C)
which is transmitted to the relevant graphics target(s) in order
to update the corresponding graphical scene (blocks 127,
FIG. 1C; and 327, FIG. 2C; and step 825, in FIG. 13).

Important aspects of the invention are the custom designed
data packet and the communication logic handling between
the scene owner and the scene displayer. The custom data
packet contains key information that allows many-to-one and
many-to-many network relationships to be formed in addition
to the standard one-to-one and one-to-many relationships, in
contrast to the prior art.

Also, in the invention, detailed 3D scenes can be rendered
on the graphics targets without the need of dedicated high
bandwidth networks. This is possible though the use of the
custom data packet. Bidirectional communication between
the scene owner and displayer is required to allow the dis-
player to control the owner (i.e., request changes to the
scene), and represents a significant improvement over the
prior art. Additions and/or subtractions of owners and/or dis-
players are relatively easy through the logic handling per-
formed on both sides of the network. An easy to use graphical
user interface allows the user to create communication net-
works between the scene owner(s) and displayer(s). The sys-
tem is cross platform compatible, meaning that the scene
owner and displayer do not need to reside on the same com-
puter nor on the same operating system family. For example,
a scene owner on a Windows computer can communicate to a
scene displayer on a Linux computer.

Inuse, as shown in FIGS. 1A, 1B, and 1C, the haptic target
24 is generated using the development tool 22. The haptic
target 24 haptically renders the scene as a virtual scene in
which one or more parameters is adjustable. The graphics
target 26 is also provided, for graphically rendering the scene.
The initial data packet 28 (including a scene identifier and
other data necessary for graphically rendering the scene,
including an identification of the adjustable parameter(s)) is
generated. The initial data packet is transmitted to the graph-
ics target 26. Next, the graphics target 26 loads the initial data
packet, thereby graphically rendering the scene as a graphical
scene. Preferably, a first acknowledgement signal is then
transmitted from the graphics target to confirm receipt of the
initial data packet (block 117, FIG. 1B, and block 317, FIG.
2B).

If an adjustable parameter is to be updated, then the virtual
scene is updated to include the updated adjustable
parameter(s). Next, the update data packet is generated. The
update data packet is transmitted to the graphics target. The
relevant graphical scene is updated to include the updated
adjustable parameters. A second acknowledgement is trans-
mitted from the graphics target to confirm receipt of the
update data packet.

Ifitis desired to close the graphics target, a quit data packet
is generated. The quit data packet is transmitted to the graph-
ics target. The graphics target is then closed.

Referring to FIGS. 8 and 9A, an embodiment of the inven-
tion also allows applications developed by the development
tool 22 to be run as soft real-time (soft-RT) applications
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without the use of a true real-time operating system (RTOS).
As is known in the art, a RTOS is an operating system that
guarantees accurate sample time. The execution time of any
OS activities are bounded (i.e., the time it takes a certain task
to be done is a known constant). RTOS also has the capability
to allow developers to have exact control over the execution
order of its processes and threads so that higher priority
processes or threads will always get their tasks done before
lower priority ones. Also, RTOS has a relatively high fault
tolerance—i.e., RTOS is able to recover from threads getting
hung up or terminated unexpectedly. (By “hung up” is meant
temporarily halting progress of a thread.) On the other hand,
non-RT essentially means that there are no guarantees about
OS operation times, and priority of processes and threads can
only be controlled to the best capability of the OS. However,
an application developed for the non-RTOS can be run as a
soft-RT application. A soft-RT application means that the
application can run close to a RT application. There might be
occasional times that the task execution time might exceed
the allocated time but the effect of these misses is minimal to
the overall system. For soft-RT application, processes and
threads would tend to follow the order as specified by the
developer, and only in rare cases does the non-RTOS inter-
vene and raise the priority of some lower priority tasks to be
higher, but again these cases are rare. Also, soft real-time is
relatively robust because it is able to recover from threads
getting hung up or terminated unexpectedly, i.e., soft real-
time is relatively fault tolerant. The invention provides soft-
RT applications running on a non-RTOS so that the applica-
tions can behave as closely to RT applications running on
RTOS as possible.

The areas in which this technology can be used are those
which, as in the system 20, require real-time capability for
certain components of the system (e.g., the haptic rendering
algorithm that calculates the force to be applied, or the net-
work latency compensation), whereas some other parts of the
system merely act as observatory or supervisory parts of the
overall system (e.g., parameters updates).

In one embodiment of the invention, the work of the hapto-
visual application is divided into one or more real-time sen-
sitive parts and one or more non-real-time sensitive parts. The
real-time sensitive parts of the system are processed within
soft-RT threads that are given the highest priority in the non-
RTOS. The non-real-time sensitive components are made to
work only when the real-time components relinquish their
time when their tasks are finished. This allows the applica-
tions to be able to execute the real-time sensitive components
to the greatest accuracy, while the non-real-time sensitive
components can also get their work done in complementing
the real-time components.

By using the invention, it is possible to use any software
development kit (SDK) that is developed for the main stream
non-RTOS  (including manufacturer’s supplied drivers,
which tend to have better control of the [haptic] device) in an
application that runs at near real-time performance using
main stream non-RTOS. This allows the application develop-
ers to be able to develop and test applications using the
development tool 22 in much faster pace as well as having the
ability to use the most up to date implementations of the
supporting SDK. This also allows the developers to concen-
trate on developing the core algorithms that make the real-
time applications work e.g., instead of concentrating their
time re-writing third party SDKs so that the SDKs would
work on the RTOS.
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Because there is no special real-time kernel that must be
running on the haptic target in the invention, no special licens-
ing cost is needed for application deployment using the inven-
tion.

An example of the invention is provided in using the devel-
opment tool to generate a soft-RT (haptic) target application
that can run on a Windows environment computer (FIGS. 8,
9A). The main idea is to divide the soft-RT application into
components that must be run in soft-RT and ones that can be
run in non-real-time. Soft-RT components are the tasks that
implement the algorithm designed using the development
tool, whereas the non-real-time components are the param-
eters updating and the data monitoring of the real-time tasks.

FIG. 8 illustrates the basic structure of the soft real-time
application as is generated by the toolbox. Each sample time
is handled by a separate thread 56. All these threads 56 are
specified to be soft real-time threads 56 in which they have
priority over other processes on the same computer. Further-
more, these soft real-time threads 56 are organized so that
threads with faster sample time have priority over threads
with slower sample time. This ensures that the faster threads
get run before the slower ones. All of the soft real-time threads
56 would update a memory pool (“Upload Memory Buffer”
58) that holds information about the data of all the blocks in
the system. This update is done in soft real-time at a rate that
is supplied by the development tool 922, as will be described.
A separate upload thread 60 that runs continuously but at
much lower priority than any of the real-time threads 56
would check the Upload Memory Buffer 58 to see if there is
any data, and if so, will upload them to the development tool
922. This upload thread 60 is run totally separate from the
real-time threads 58, so therefore would never hold up the
execution of the soft real-time threads 56. This guarantees
that the soft real-time threads 56 will be executed even if the
upload thread 60 gets hung up for whatever reason (e.g. the
development tool might be hung up by the user changing a
block’s parameters). For example, if the development tool
failed to communicate for a certain time period, the haptic
target would recognize this as a failure mode and take actions
accordingly, such as stopping communicating data. Accord-
ingly, the soft real-time application is relatively fault tolerant.

On the download side, the reverse situation happens. When
a user changes the parameters of a certain block, the devel-
opment tool 922 will send a message to the haptic target 924
to indicate a change of parameters has been done, along with
the changed data. The haptic target 924 preferably has a
download thread 62 that runs continuously which has a lower
priority than any of the soft real-time threads 56 for the same
reason that the upload thread 60 has lower priority than the
soft real-time threads 56. The download thread 62 will get the
message, interpret the message and update the memory pool
(“Download Memory Buffer” 64) that holds all the param-
eters for the system. Preferably, at the start of each sample
time, the soft real-time threads 56 look into the Download
Memory Butfer 64 for the blocks parameters that they would
need to perform the task. This approach ensures that the
parameters used by the threads 56 would not get changed in
the middle of the soft real-time threads’ execution. Each soft
real-time thread 56 only gets parameter values at the start of
its sample time, and then use the same parameter throughout
the execution step. Accordingly, the process described above
ensures data consistency within an execution step.

Another aspect of the invention is the ability of the devel-
opment tool 922 to communicate the time it takes to consume
the data uploaded from the haptic target 924. The develop-
ment tool 922 needs time to process the data sent from the
haptic target 924, and to decide what to do with them (e.g., to
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render a VRML viewer using the uploaded data). This com-
munication is important so that the soft real-time threads 56
on the haptic target 924 know they only need to pass infor-
mation to the Upload Memory Buffer 58 fast enough for the
development tool 922 to consume, instead of using up time to
update the memory buffer 58 when the development tool 922
cannot even use the data. Another reason to match the upload
rate and the time that the development tool 922 can consume
the data is that there would not be any backlog of data in the
development tool 922 because the upload thread 60 on the
haptic target 924 would keep sending data as long as it sees
that there is data in the Upload Memory Buffer 58. If there is
no flow control, the development tool buffer (not shown) will
get filled up with upload data and might corrupt the develop-
ment tool 922.

Proper thread management is the key to ensure the multi-
threaded soft real-time application runs at its full capability.
Different thread synchronization techniques are used to
ensure that all the threads are behaving properly. For example,
in order to make sure the Upload thread would only send data
when there is data in the Upload Memory Buffer 58, sema-
phores are used to hold up the upload thread 60 until the soft
real-time threads 56 release it, indicating that data is available
for upload. Critical sections are used to make sure messages
sent between development tool 922 and haptic target 924 are
intact so as to avoid problems when multiple threads are
sending information on the same communication channel,
and might corrupt the information from other threads.

An accurate way of generating a repeating clock signal is
required for the accurate execution of the target application.
In this embodiment, the Windows multimedia timer is used as
the time source that can generate an accurate timing signal
down to 1 millisecond (i.e. 1 kHz). This level of accuracy is
acceptable for most haptic application which requires a 1 kHz
sampling rate for good results. Other non-RTOS have similar
timing services that can be used in generating accurate timing
signals to drive the real-time application. No matter what OS
is being used, the computer’s internal crystal is used as the
time source, however each crystal’s frequency can be affected
by temperature, thus will slowly drift from the actual time.
One way to resynchronize the computer clock is by using
Global Positioning System (GPS) to realign the clock signal
used in the application. A block in the toolbox that can inter-
face with GPS is used for this purpose.

Another embodiment of the invention, illustrated in FIG.
9A, is to create a separate graphics thread 66 that would feed
information to an external graphics renderer (i.e., a graphics
target 1026). The upload thread 60 is used to return datato a
development tool 1022 so that it can display real-time data.
However, the separate graphics target 1026 can be used to
display some graphical intensive operation (e.g. to render 3D
objects), and the graphics target 1026 can get data directly
from a haptic target 1024 without going through the develop-
ment tool 1022. This allows the application to be run without
the development tool 1022 running, but at the same time
allows data monitoring capability of the system 1020. A
graphics thread 66 is run as non-real-time thread because the
operation of the graphics target 1026 is not jeopardized if
there are occasional missed data from the graphics thread 66.
Also, if, for some reason, the graphics thread 66 gets hung up,
it would not cause the other soft-real-time threads 56 to not
function properly.

The ability to provide a soft real-time application to run on
a non-RTOS can also be used in developing applications that
require real-time execution but also require the use of other
third-party SDKs. For example, real-time distributed com-
puting, real-time image processing, and real-time network
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congestion control algorithm are some of the areas in which
there are a vast majority of existing SDKs that researchers can
make use of to improve on their own work. However many of
the existing SDKs are only available for non-RTOS environ-
ments, thus limiting the ability of the researchers to use the
SDKs in a real-time situation. By using the invention, it is
therefore possible to develop soft real-time applications in the
non-RTOS environment for which the third party SDKs were
developed.

To help understand what type of information is passing
between the non-real time host (i.e. the development tool), the
non RTOS target (i.e. the haptic target) and the non-RT graph-
ics renderer (i.e. the graphics target), an example is provided.
Assuming that the development configuration shown in FI1G.
5 is used, the application where the user is to interact with a
virtual cube 50 using a haptic device is considered. The tip of
the device is represented by a sphere 52 and the position of the
sphere tracks the movements of the haptic device tip position
(FIG. 7). When the sphere 52 collides with the cube 50, the
user feels a force (via the haptic device) and the position of the
cube 50 will change in a natural manner.

An example of communication between the development
tool 1022 (or 922, as the case may be) and the haptic target
1024 (or 924) involves the parameter that defines the size of
the cube 50. The parameter does not change as a function of
the application, but the developer may wish to “tweak™ (i.e.,
iteratively adjust one or more parameters) the size of the cube
50 to suit the application. When the size is changed, this
information is passed to the haptic target 1024 (or 924) so that
both haptic and graphic rendering can be performed appro-
priately.

An example of communication between the haptic target
1024 (or 924, as the case may be) and the development tool
1022 (or 922) is the force signals calculated to provide the
appropriate force feedback. The developer would use this to
debug and modify the algorithm used to calculate the force
feedback. Note that this activity is only monitoring of signals
and does not require real time reporting (namely, data can be
stored in memory and later accessed in a non-real time man-
ner).

An example of communication between the haptic target
and the graphics target would be the position of the cube after
it has been moved by the user. (This communication occurs in
the development mode and in the deployment mode.)

An example of communication between the graphics target
and the haptic target would be the mass and damping param-
eters that are read from the graphics target GUI (FIG. 7). (This
communication occurs in the development mode and in the
deployment mode.)

In summary, in one embodiment, the invention provides
the ability to control the information flow between the non-
real-time and soft real-time components without affecting the
stable and robust execution of the soft real-time components.

The invention also provides the ability to make use of the
non-RTOS services to allow proper threads execution prior-
ity. For example, the invention facilitates the use of sema-
phores and critical sections to serialize the order in which all
the real-time threads execute as well as when the non-real-
time threads can execute.

Also, in the invention, GPS is used to resynchronize the
clock as to prevent time drifting due to imperfection in any
computer clocks.

FIGS. 8 and 9A show how soft real-time threads and non-
RTOS are utilized in the development configuration. FIG. 9B
schematically illustrates the utilization of soft real-time
threads and non-RTOS in the deployment configuration.
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InFIG. 9B, a system 1120 includes a haptic target 1124 and
a graphics target 1126. A change in the adjustable parameters
can be requested by the user via the GUI on the graphics target
1126. The requested change is transmitted to the haptic target
1124. The requested change is processed within the graphic
thread 66 (i.e., non-RTOS), and the requested change is com-
municated to the soft real-time threads of the haptic target for
processing therein, i.e., if the requested change is for an
adjustable parameter and otherwise acceptable.

Any element in a claim that does not explicitly state
“means for” performing a specified function, or “step for”
performing a specific function, is not to be interpreted as a
“means” or a “step” clause as specified in 35 U.S.C. §112,
paragraph 6. In particular, the use of “step of” in the claims
herein is not intended to invoke the provisions of 35 U.S.C.
§112, paragraph 6.

It will be appreciated by those skilled in the art that the
invention can take many forms, and that such forms are within
the scope of the invention as claimed. Therefore, the spiritand
scope of the appended claims should not be limited to the
descriptions of the preferred version contained herein.

We claim:
1. A computer-usable medium having computer readable
instructions stored thereon for execution by a processor to
perform a method comprising:
generating at least one haptic target for haptically render-
ing at least one scene as at least one virtual scene, said at
least one scene having at least one adjustable parameter;

haptically rendering said at least one scene as said at least
one virtual scene;

providing at least one graphics target for graphically ren-

dering said at least one scene as at least one graphical
scene;

generating at least one initial data packet comprising an

identifier of said at least one scene and identifying said at
least one adjustable parameter;

transmitting said at least one initial data packet to said at

least one graphics target; and

loading said at least one initial data packet on said at least

one graphics target to create said at least one graphical
scene, said at least one graphical scene comprising said
at least one adjustable parameter.

2. A computer-usable medium according to claim 1 in
which said method additionally comprises transmitting a first
acknowledgement signal from said at least one graphics tar-
get for confirming receipt of said at least one initial data
packet.

3. A computer-usable medium according to claim 1 in
which said method additionally comprises:

updating said at least one adjustable parameter to create at

least one updated adjustable parameter;

using said at least one updated adjustable parameter to

update said at least one virtual scene;

generating at least one update data packet comprising said

at least one updated adjustable parameter; and
updating said at least one graphical scene to include said at
least one updated adjustable parameter.

4. A computer-usable medium according to claim 3 in
which said method additionally comprises transmitting a sec-
ond acknowledgement signal from said at least one graphics
target for confirming receipt of said at least one update data
packet.

5. A computer-usable medium according to claim 1 in
which said method additionally comprises:

using at least one soft real time process in haptically ren-

dering said at least one scene; and
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using at least one non-real time process in graphically

rendering said at least one scene.

6. A computer-usable medium according to claim 1 in
which said method additionally comprises:

generating at least one quit data packet comprising instruc-

tions to close said at least one graphics target;
transmitting said at least one quit data packet to said at least
one graphics target; and

closing said at least one graphics target.

7. A computer-usable medium according to claim 3 in
which said method additionally comprises:

using said at least one graphics target to generate graphical

data for updating said at least one adjustable parameter;
transmitting said graphical data to said at least one haptic
target;

using said graphical data to update said at least one adjust-

able parameter, to create said at least one updated adjust-
able parameter;

using said at least one updated adjustable parameter to

update said at least one virtual scene;

generating said at least one update data packet comprising

said at least one updated adjustable parameter;
transmitting said at least one update data packet to said at
least one graphics target; and

using said at least one updated adjustable parameter to

update said at least one graphical scene.

8. A computer-usable medium according to claim 7 in
which said method additionally comprises transmitting said
second acknowledgement signal from said at least one graph-
ics target for confirming receipt of said at least one update
data packet.

9. A computer-usable medium according to claim 3 in
which said method additionally comprises:

providing a haptic device for interfacing with a user in real

space operatively connected to said at least one haptic
target;

using the haptic device to generate haptic device data for

updating said at least one adjustable parameter;

using said haptic device data to update said at least one

adjustable parameter, to create said at least one updated
adjustable parameter;

using said at least one updated adjustable parameter to

update said at least one virtual scene;

generating said at least one update data packet comprising

said at least one updated adjustable parameter;
transmitting said at least one update data packet to said at
least one graphics target; and

using said at least one updated adjustable parameter to

update said at least one graphical scene.

10. A computer-usable medium according to claim 1 in
which said method comprises generating a plurality of haptic
targets.

11. A computer-usable medium according to claim 1 in
which said method comprises providing a plurality of graph-
ics targets.

12. A computer-usable medium according to claim 1 in
which said method comprises:

haptically rendering a plurality of scenes, each said scene

being discretely haptically rendered as a discrete virtual
scene; and

graphically rendering said plurality of scenes, each said

scene being discretely graphically rendered as a discrete
graphical scene corresponding to each said virtual
scene.
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13. A computer-usable medium according to claim 12 in
which said method additionally comprises:

updating said at least one adjustable parameter for a pre-

selected virtual scene to create at least one updated
adjustable parameter therefor, said preselected virtual
scene having a corresponding graphical scene;

using said at least one updated adjustable parameter to

update said preselected virtual scene;

transmitting said at least one update data packet for said

preselected virtual scene to said at least one graphics
target;

if said preselected corresponding graphical scene is inac-

tive, setting said corresponding graphical scene as
active; and

updating said corresponding graphical scene to include

said at least one updated adjustable parameter.

14. A computer-usable medium according to claim 12 in
which said method additionally comprises:

updating said at least one adjustable parameter for a pre-

selected virtual scene to create at least one updated
adjustable parameter therefor, said preselected virtual
scene having a corresponding graphical scene;

using said at least one updated adjustable parameter to

update said preselected virtual scene;

transmitting said at least one update data packet for said

preselected virtual scene to said at least one graphics
target; and

if said preselected corresponding graphical scene is active,

updating said corresponding graphical scene to include
said at least one updated adjustable parameter.

15. A computer-usable medium having computer readable
instructions stored thereon for execution by a processor to
perform a method comprising:

generating at least one haptic target for haptically render-

ing a plurality of virtual scenes respectively;

discretely haptically rendering each said scene as each said

virtual scene;

providing at least one graphics target for graphically ren-

dering each said virtual scene as a corresponding graphi-
cal scene respectively;

generating an initial data packet for each said virtual scene

respectively, each said initial data packet comprising an
identifier of each said virtual scene respectively and at
least one adjustable parameter in each said scene respec-
tively;

transmitting each said initial data packet respectively to

said at least one graphics target; and

loading each said initial data packet on said at least one

graphics target to create each said corresponding graphi-
cal scene respectively, each said graphical scene com-
prising said at least one adjustable parameter respec-
tively.

16. A computer-usable medium according to claim 15 in
which said method additionally comprises:

upon loading each said graphical scene on said at least one

graphics target respectively, sequentially setting each
said graphical scene as active respectively, each said
graphical scene being set as an inactive scene upon
another graphical scene subsequently being set as active;
and

discretely rendering each said active scene graphically.

17. A computer-usable medium according to claim 15 in
which said method additionally comprises:

generating at least one quit data packet for said at least one

graphics target, said at least one quit data packet com-
prising instructions to close said at least one graphics
target;
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transmitting said at least one quit data packet to said at least

one graphics target; and
closing said at least one graphics target.
18. A computer-usable medium according to claim 15 in
which said method additionally comprises:
updating said at least one adjustable parameter for at least
one preselected virtual scene to create at least one
updated adjustable parameter for said at least one pre-
selected virtual scene, said at least one preselected vir-
tual scene having a corresponding graphical scene;

using said at least one updated adjustable parameter for
said at least one preselected virtual scene to update said
at least one preselected virtual scene;

generating at least one update data packet comprising said

at least one updated adjustable parameter for updating
said corresponding graphical scene;

transmitting said at least one update data packet to said at

least one graphics target;
if said corresponding graphical scene is inactive, setting
said corresponding graphical scene as active upon
receipt of said at least one update data packet; and

updating said corresponding graphical scene to include
said at least one updated adjustable parameter.
19. A computer-usable medium according to claim 15 in
which said method additionally comprises:
updating said at least one adjustable parameter for at least
one preselected virtual scene to create at least one
updated adjustable parameter for said at least one pre-
selected virtual scene, said at least one preselected vir-
tual scene having a corresponding graphical scene;

using said at least one updated adjustable parameter for
said at least one preselected virtual scene to update said
at least one preselected virtual scene;

generating at least one update data packet comprising said

at least one updated adjustable parameter for updating
said corresponding graphical scene;

transmitting said at least one update data packet to said at

least one graphics target; and

if said corresponding graphical scene is active, updating

said corresponding graphical scene to include said at
least one updated adjustable parameter.

20. A method of creating a system for haptically and
graphically rendering at least one scene, the method compris-
ing:

generating at least one haptic target for haptically render-

ing said at least one scene as at least one virtual scene;
haptically rendering said at least one scene as said at least
one virtual scene;

providing at least one graphics target for graphically ren-

dering said at least one scene as at least one graphical
scene;
generating at least one initial data packet comprising an
identifier of said at least one scene and at least one
adjustable parameter in said at least one scene;

transmitting said at least one initial data packet to said at
least one graphics target; and

loading said at least one initial data packet on said at least

one graphics target to create said at least one graphical
scene, said at least one graphical scene comprising said
at least one adjustable parameter.

21. A method according to claim 20 additionally compris-
ing:

updating said at least one adjustable parameter to create at

least one updated adjustable parameter;

using said at least one updated adjustable parameter to

update said at least one virtual scene;
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generating at least one update data packet comprising said
at least one updated adjustable parameter;
transmitting said at least one update data packet to said at
least one graphics target; and
updating said at least one graphical scene to include said at
least one updated adjustable parameter.
22. A method according to claim 20 additionally compris-
ing:
generating at least one quit data packet comprising instruc-
tions to close said at least one graphics target;
transmitting said at least one quit data packet to said at least
one graphics target; and
closing said at least one graphics target.
23. A system for haptically and graphically rendering a
plurality of scenes, the system comprising:
at least one haptic target for haptically rendering said
scenes discretely as virtual scenes respectively utilizing
at least one soft real time process;
at least one graphics target for graphically rendering said
scenes discretely as graphical scenes respectively utiliz-
ing at least one non-real time process, each said graphi-
cal scene corresponding to each said virtual scene
respectively;
means for generating a plurality of initial data packets,
each said initial data packet being provided for each said
virtual scene respectively, each
said initial data packet comprising an identifier of each said
scene respectively and at least one adjustable parameter
in each said scene respectively;
means for transmitting said initial data packets sequen-
tially to said at least one graphics target;
said at least one graphics target being adapted to load said
initial data packets thereon sequentially to create each
said graphical scene respectively, each said graphical
scene corresponding to each said virtual scene respec-
tively, each said graphical scene comprising said at least
one adjustable parameter for each said corresponding
virtual scene respectively.
24. A system according to claim 23 additionally compris-
ing:
means for updating each said adjustable parameter to cre-
ate at least one updated adjustable parameter for each
said virtual scene respectively;
means for discretely updating each said virtual scene to
include said at least one updated adjustable parameter
for each said virtual scene respectively;
means for generating update data packets for each said
virtual scene respectively, each said update data packet
comprising said at least one updated adjustable param-
eter for each said virtual scene respectively;
means for transmitting each said update data packet
respectively to said at least one graphics target; and
means for discretely updating each said graphical scene to
include said at least one updated adjustable parameter
for each said graphical scene corresponding to each said
virtual scene respectively.
25. A system according to claim 23 additionally compris-
ing:
means for generating at least one quit data packet compris-
ing instructions to close said at least one graphics target;
means for transmitting said at least one quit data packet to
said at least one graphics target; and
means for closing said at least one graphics target upon
receipt thereby of said at least one quit data packet.
26. A computer-usable medium having computer readable
instructions stored thereon for execution by a processor to
perform a method comprising:
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using at least one haptic target to haptically render at least
one scene as at least one virtual scene utilizing at least
one soft real time process;

generating at least one initial data packet comprising an
identifier of said at least one scene and at least one
adjustable parameter in said at least one virtual scene;

transmitting said at least one initial data packet to at least
one graphics target adapted for graphically rendering
said at least one virtual scene as at least one graphical
scene; and

using said at least one graphical target to graphically render
said at least one scene as said at least one graphical scene
utilizing a plurality of non-real time processes, said at
least one graphical scene comprising said at least one
adjustable parameter.

27. A computer-usable medium according to claim 26 in

which said method additionally comprises:
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updating said at least one adjustable parameter to create at
least one updated adjustable parameter;

using said at least one updated adjustable parameter to
update said at least one virtual scene;

generating at least one update data packet comprising said
at least one updated adjustable parameter;

transmitting said at least one update data packet to said at
least one graphics target; and

updating said at least one graphical scene to include said at
least one updated adjustable parameter.

28. A computer-usable medium according to claim 27 in

which said method additionally comprises:

generating at least one quit data packet comprising instruc-
tions to close said at least one graphics target;

transmitting said at least one quit data packet to said at least
one graphics target; and

closing said at least one graphics target.
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