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(57) ABSTRACT 

A system and process for directing a laser beam Within a 
space is presented. The system includes a pointing device 
Which periodically outputs orientation data indicative of the 
direction it is pointing and a cursor device Which projects a 
laser beam. The orientation data is used to compute the 
direction the pointing device is pointing in terms of yaW and 
pitch angles. The laser beam is directed to locations in the 
space relative to the amount of movement of the pointing 
device. In an absolute mode, the pointed device and the laser 
beam of the cursor device are pointed at the same location 
in the space, Whereas in a relative mode, the pointing device 
does not point at the same location as the laser beam. The 
position of the laser can be used to select a variety of 
hardWare devices known to be in a room for future control 
actions. 
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POINTING DEVICE AND CURSOR FOR USE IN 
INTELLIGENT COMPUTING ENVIRONMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of a prior appli 
cation entitled “A POINTING DEVICE AND CURSOR 
FOR USE IN INTELLIGENT COMPUTING ENVIRON 
MENTS” Which Was assigned Ser. No. 10/461,646 and ?led 
Jun. 13, 2003. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] The invention is related to cursor devices, and 
more particularly to a system and process for directing a 
laser beam Within a space to act as a cursor in an intelligent 
computing environment. 

[0004] 2. BackgroundArt 

[0005] Ubiquitous (i.e., intelligent) computing promises to 
blur the boundaries betWeen traditional desktop computing 
and the everyday physical World. A popular vision of tomor 
roW’s computing pushes computational abilities into every 
day objects, each participating in a complex and powerful 
integrated intelligent environment. TomorroW’s home and 
of?ce environments, for example, may include a variety of 
small and large networked displays and smart controllable 
devices. For instance, the modern living room typically 
features a television, ampli?er, DVD player, lights, comput 
ers, and so on. In the near future, these devices Will become 
more inter-connected, more numerous and more specialiZed 
as part of an increasingly complex and poWerful integrated 
intelligent environment. 

[0006] This migration aWay from the desktop and “into the 
Walls” presents several challenges for user interface design. 
For example, hoW does the user of tomorroW’s intelligent 
environment select one of many devices? Today, this prob 
lem is most often addressed by maintaining a separate 
interface, such as an IR remote control, for each device. 

[0007] TomorroW’s intelligent environment presents the 
opportunity to present a single intelligent user interface (U I) 
to control many such devices When they are netWorked. This 
UI device should provide the user a natural interaction With 
intelligent environments. For example, people have become 
quite accustomed to pointing at a piece of electronic equip 
ment that they Want to control, oWing to the extensive use of 
IR remote controls. It has become almost second nature for 
a person in a modern environment to point at the object he 
or she Wants to control, even When it is not necessary. Take 
the small radio frequency (RF) key fobs that are used to lock 
and unlock most automobiles in the past feW years as an 
example. Inevitably, a driver Will point the free end of the 
key fob toWard the car While pressing the lock or unlock 
button. This is done even though the driver could just have 
Well pointed the fob aWay from the car, or even pressed the 
button While still in his or her pocket, oWing to the RF nature 
of the device. Thus, a single UI device, Which is pointed at 
electronic components or some extension thereof (e.g., a 
Wall sWitch to control lighting in a room) to control these 
components, Would represent an example of the aforemen 
tioned natural interaction that is desirable for such a device. 
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[0008] There are some so-called “universal” remote con 
trols on the market that are preprogrammed With the knoWn 
control protocols of a litany of electronic components, or 
Which are designed to learn the command protocol of an 
electronic component. Typically, such devices are limited to 
one transmission scheme, such as IR or RF, and so can 
control only electronic components operating on that 
scheme. HoWever, it Would be desirable if the electronic 
components themselves Were passive in that they do not 
have to receive and process commands from the UI device 
directly, but Would instead rely solely on control inputs from 
the aforementioned netWork. In this Way, the UI device does 
not have to di?cerentiate among various electronic compo 
nents, say by recognizing the component in some manner 
and transmitting commands using some encoding scheme 
applicable only to that component, as is the case With 
existing universal remote controls. 

[0009] Of course, a common control protocol could be 
implemented such that all the controllable electronic com 
ponents Within an environment use the same control proto 
col and transmission scheme. HoWever, this Would require 
all the electronic components to be customiZed to the 
protocol and transmission scheme, or to be modi?ed to 
recogniZe the protocol and scheme. This could add consid 
erably to the cost of a “single UI-controlled” environment. 
It Would be much more desirable if the UI device could be 
used to control any netWorked group of neW or existing 
electronic components regardless of remote control proto 
cols or transmission schemes the components Were intended 
to operate under. 

[0010] It is noted that in the remainder of this speci?ca 
tion, the description refers to various individual publications 
identi?ed by a numeric designator contained Within a pair of 
brackets. For example, such a reference may be identi?ed by 
reciting, “reference [1]” or simply “[1]”. A listing of refer 
ences including the publications corresponding to each 
designator can be found at the end of the Detailed Descrip 
tion section. 

SUMMARY 

[0011] The present invention involves a system and pro 
cess for directing a laser beam Within a space to act as a 
cursor. This cursor device, Which Will be referred to as the 
WorldCursor, is analogous to the mouse and cursor used in 
traditional graphic user interfaces. Namely, a user may select 
and interact With a physical device by positioning the cursor 
on the device and clicking. HoWever, the WorldCursor goes 
much further. It is a solution to providing a natural, expres 
sive interface for interaction in ubiquitous computing envi 
ronments, Where it is often a requirement to interact With 
devices beyond the desktop, and often in scenarios in Which 
the traditional mouse and keyboard are inappropriate or 
unavailable. For example, the WorldCursor alloWs the user 
to point at and select items Within a room, much as a mouse 
alloWs a user to point at objects on a computer display. 

[0012] The WorldCursor device itself includes a small 
platform that is typically installed on the ceiling. It has tWo 
small servo motors of the kind used in radio-controlled 
airplanes, and a laser, such as the red lasers used in laser 
pointing devices currently employed to give presentations. 
The ?rst of the servos is con?gured so as to move the laser 
in a manner that controls the yaW direction of the laser beam 
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and the other servo is con?gured so as to move the laser in 
a manner that controls the pitch direction of the laser beam. 
Thus, under computer control, the motors may be steered to 
point the laser almost anyWhere in the room. 

[0013] One embodiment of the system employs control 
inputs from a conventional device such as a computer 
mouse, trackball, gamepad, or the like to dictate the move 
ment of the WorldCursor laser. In this embodiment the 
computer controlling the movement of the laser receives 
movement control commands generated by one of the afore 
mentioned movement control devices Which speci?es the 
direction the laser beam is to be pointed. The computer then 
provides commands to the WorldCursor device that direct 
the laser beam to move about the space as speci?ed by the 
movement control commands. 

[0014] In another embodiment of the WorldCursor system, 
a pointing device is included that periodically outputs ori 
entation data indicative of the direction it is pointing. In 
addition, the WorldCursor and pointing devices are both in 
communication With the aforementioned computer Which 
runs a program that receives the orientation data output by 
the pointing device and computes the direction the pointing 
device is pointing from the received orientation data in terms 
of yaW and pitch angles. The program then directs the laser 
beam generated by the WorldCursor to a particular location 
in the space as determined by the direction the pointing 
device is pointing. 

[0015] The present system can ?lrther be employed to 
implement a process for selecting an object Within a space. 
In general, this involves a user causing the laser beam to 
shine on a selectable object by manipulating the pointing 
device and then using the device to select the object. 

[0016] In tested versions of the WorldCursor system, the 
pointing device took the form of a hardWare device referred 
to as the XWand, Which is the subject of a co-pending US. 
patent application entitled “A SYSTEM AND PROCESS 
FOR SELECTING OBJECTS IN A UBIQUITOUS COM 
PUTING ENVIRONMENT” Which Was ?led on May 31, 
2002 and issued Ser. No. 10/160,692. The XWand is a 
hardWare device and softWare system Which alloWs the user 
to point at and operate various objects in the room. For 
example, the user may point the XWand at a knoWn light, 
push a button on the XWand, and the light may turn on. 

[0017] More particularly, the XWand device contains 
onboard sensors to support the computation of orientation 
information and gesture recognition. These sensors include 
a pair of accelerometers. When motionless, these acceler 
ometers sense the acceleration due to gravity, and each can 
be used to sense either the pitch or roll angle of the device. 
Another of the sensors is a 3-axis magnetoresistive permal 
loy magnetometer. This senses the direction of the Earth’s 
magnetic ?eld in 3 dimensions, and can be used to compute 
the yaW angle of the device. The values from the acceler 
ometer and magnetometer are relayed to a host computer by 
radio link. These values are combined to ?nd the absolute 
orientation of the device With respect to the room. This 
orientation is updated in real time at a rate of about 50 HZ, 
and is accurate to a feW degrees in each of yaW, pitch and roll 
axes. 

[0018] The XWand system determines Which device the 
user is pointing at by combining the orientation and 3-D 
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position of the XWand With a 3-D model of the room and the 
devices Within it. Orientation of the XWand is determined as 
explained above from the onboard sensors, While XWand 
position is determined With stereo computer vision. The 3-D 
model of the room and devices is entered into the system by 
pointing With the XWand itself in a special training mode. 
With the orientation, position and model of the room, it is 
easy to determine Which if any object in the World model the 
XWand is pointing at. Audio feedback is provided to indi 
cate to the user that the object is knoWn to the system and 
can be controlled by the XWand, but in general little 
feedback is necessary since the pointing is absolute in 
nature. 

[0019] The WorldCursor improves upon the XWand sys 
tem by not requiring an external position sensing technol 
ogy. There are a number of draWbacks to using the external 
computer vision system. First, the system involves installing 
multiple cameras in the room. Part of the installation 
requires a rather precise calibration of the cameras against 
the geometry of the room. Secondly, the acquisition of the 
geometric model of the room and its devices requires a 
further calibration phase. Thirdly, computer vision tech 
niques rely on having a clear line of sight to the device. 
Although this can be alleviated someWhat by installing more 
cameras, this approach can be prohibitively expensive and 
complex to install. Finally, installation of cameras inevitably 
raises privacy objections. The combination of the World 
Cursor With the XWand eliminates the need for the external 
camera setup. 

[0020] In a ?rst mode of operation of the WorldCursor, the 
laser beam is directed in an absolute pointing mode Where 
the location that the laser beam is pointed is substantially the 
same location that the pointing device (e.g., the XWand) is 
pointing. The process that accomplishes this absolute point 
ing mode involves ?rst computing a set of offset angles for 
the laser made up of respective yaW and pitch angles that 
de?ne the angular distance betWeen the origin of a spherical 
coordinate system associated With the WorldCursor and a 
prescribed origin of the spherical coordinate system for the 
space. LikeWise, a set of offset angles for the pointing device 
are computed that represent the respective yaW and pitch 
angles de?ning the angular distance betWeen the origin of a 
spherical coordinate system associated With the pointing 
device and the prescribed origin of the spherical coordinate 
system for the space. Next, aligning pitch and yaW angles are 
computed that de?ne hoW far the laser must be moved in 
order to point the laser beam at the approximately the same 
point in the space that the pointing device is pointing. The 
aligning pitch angle is de?ned as the sum of the offset pitch 
angle of the laser and the computed pitch angle of the 
pointing device less its offset pitch angle, and the aligning 
yaW angle is de?ned as the sum of the offset yaW angle of 
the laser and the computed yaW angle of the pointing device 
less its offset yaW angle. Once the aligning angles are 
computed, the laser is moved to these angles so as to point 
the laser beam at approximately the same location in the 
space that the pointing device is pointing. 

[0021] It is noted that the offset angles computed above are 
initial angle values Which are typically only valid for a part 
of the space. If the pointing device and WorldCursor are very 
close to each other, the angle values Would remain valid no 
matter Where the pointing device is directed. HoWever, this 
Will not be the usual case because the WorldCursor Will 
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typically be mounted on the ceiling of the space. If the 
pointing device is pointed outside the part of the space where 
the initial o?fset values are valid, the correspondence 
between the location the pointing device is pointing and the 
location the laser beam is shining is lost. Thus, the corre 
spondence must be maintained in order to continue operat 
ing in the absolute pointing mode. If the user desires that the 
laser spot appear where the pointing device is pointed, or if 
the user would like to have the spot at least be in the ?eld 
of the view of the user as they use the pointing device, a 
“clutching” procedure can be employed. To clutch the 
WorldCursor, the user momentarily activates a switch on the 
pointing device (e.g., pushes its button) whose state is 
included in each orientation data message sent by the 
pointing device. When the switch is activated, the laser stops 
moving with the pointing device and the user then reorients 
the pointing device, lining it up so that it points directly at 
the laser spot. When ready to resume WorldCursor control, 
the user reactivates the switch and the laser spot beings 
moving again in correspondence with the pointing device. 

[0022] It is noted that the user could also orient the 
pointing device during a clutching operation such that it 
does not point at the laser spot. If so, this creates a relative 
pointing condition where the laser mimics the movements of 
the pointing device (e.g., moving the XWand left or right 
produces the same direction of movement in the laser beam), 
but not in correspondence with it. It is not clear if users 
require even approximate correspondence for successful use 
of the device. Experience with computer mice suggests that 
this is not necessary. Thus, this relative pointing mode may 
be of no consequence to the user, or even preferred. 

[0023] One desirable feature of this system is that it does 
not require the 3D position of the pointing device to be 
known, nor a 3D model of the room or of the devices within 
the room. Active devices such as lights, displays, etc., need 
only be known to the system by their spherical (yaw, pitch) 
coordinates which are used to set the position of the two 
motors on the WorldCursor device. This can be accom 
plished using outside methods or by using the WorldCursor 
to generate a model of the space. In general, a model of the 
space can be accomplished by pointing the laser beam at an 
object in the space and recording the pitch and yaw angles 
of the laser as its location. The user can then enter its extent 
in the form of a radius de?ning a circle that is used represent 
the object. Altemately, objects, such as walls, can be repre 
sented by polygons. In this case, the laser beam is made to 
shine on each vertex of the polygon representing an object 
and the spherical coordinates of the laser are recorded for 
each point. In either the circle or polygon cases, the user can 
also enter information about the object, such as its identity 
that can be used to control the object once it is selected. 

[0024] Once the space has been modeled as described 
above, it is possible to determine whether the laser beam is 
shining on a modeled object so that it can be selected for 
future control actions. In the case of a circle representing an 
object in the space, the laser beam is considered to be on the 
object if the WorldCursor’s laser pitch and yaw angles are 
within the speci?ed radius of the circle. In the case of a 
polygon representing an object, a conventional point-in 
polygon technique can be use to determine if the laser beam 
is on the object. Still further, it is possible to determine the 
point on a polygon representing an object in the space that 
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the laser beam is shining on using a transform that maps the 
pitch and yaw angle coordinates of the laser to orthogonal 
coordinates of the polygon. 

[0025] It is even possible to use the WorldCursor and the 
pointing device to generate a 3D model of the space where 
objects are modeled as 3D points with extents or as poly 
gons. More particularly, given the 3D location of the point 
ing device and its orientation in combination with the 3D 
location of the WorldCursor and the orientation of its laser 
(which is assumed to be directed at the same point as the 
pointing device), then, it is possible to solve for unknown 3D 
point coordinates for any location the laser is shining on. 

[0026] A procedure that can be employed to establish and 
maintain a reasonable correspondence between the pointing 
device and WorldCursor without clutching involves exploit 
ing the geometry of the space in which the WorldCursor 
system is operating. If the geometry of the room is known 
in terms of a 3D coordinate system, whether obtained from 
an outside source or generated as described above, as well 
as the 3D positions of the WorldCursor, and the pointing 
device, then the WorldCursor may be controlled such that 
the pointing device always points directly at the laser spot. 
It is noted that a reasonable correspondence between the 
laser beam and the pointing device can be maintained even 
if the 3D location of the pointing device is not known 
absolutely but is assumed to be at a location that it generally 
can be found. 

[0027] However, if the approximate 3D geometry of the 
space is known or generated as described above, then there 
is also a technique to compute the precise 3D position of the 
pointing device (assuming it is unknown to the system) by 
exploiting the above mentioned clutching operation. In this 
way a more precise correspondence can be maintained as 
explained above. If the user is clutching so that the pointing 
device points at the laser spot, each of these clutching 
operations provide information that can be related math 
ematically to the 3D position of the pointing device. After a 
few such clutching operations, it is possible to compute the 
3D position of the device. The advantage in doing so is that 
no more clutching operations are necessary to maintain 
pointing device-WorldCursor correspondence, so long as the 
actual position of the pointing device does not change 
dramatically. It is noted that this online calibration requires 
no more clutching operations than the system which does 
not exploit the approximate room geometry. Further in the 
long run it requires fewer clutching operations if the user 
does not move about the room often. 

[0028] In addition to the just described bene?ts, other 
advantages of the present invention will become apparent 
from the detailed description which follows hereinafter 
when taken in conjunction with the drawing ?gures which 
accompany it. 

DESCRIPTION OF THE DRAWINGS 

[0029] The speci?c features, aspects, and advantages of 
the present invention will become better understood with 
regard to the following description, appended claims, and 
accompanying drawings where: 

[0030] FIG. 1 is a diagram depicting a general purpose 
computing device constituting an exemplary system for 
implementing the present invention. 
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[0031] FIG. 2 is a diagram depicting a system for direct 
ing a laser beam Within a space to act as a cursor according 
to the present invention. 

[0032] FIG. 3 is an image depicting one prototype version 
of the WorldCursor device employed in the system of FIG. 
2. 

[0033] FIGS. 4A and B are a How chart diagramming a 
process for modeling objects in a space using the World 
Cursor system of FIG. 2, Wherein the objects are modeled 
as circles using spherical coordinates. 

[0034] FIGS. 5A and B are a How chart diagramming a 
process for modeling objects in a space using the World 
Cursor system of FIG. 2, Wherein the objects are modeled 
as polygons using spherical coordinates. 

[0035] FIG. 6 is a How chart diagramming a process for 
automatically sWitching betWeen sloW and fast ?lters to 
adjust the relative cursor movement-to-pointing device 
movement speed. 

[0036] FIGS. 7A and B are a How chart diagramming a 
clutching process for aligning the WorldCursor laser beam 
and XWand by making the laser beam shine on approxi 
mately the same location in the space that the XWand is 
pointed. 

[0037] FIG. 8 is a How chart diagramming one version of 
a process for establishing and maintain a reasonable align 
ment betWeen the pointing device and WorldCursor involv 
ing computing the 3D location of the pointing device and 
using this along With a knowledge of the rest of the geometry 
of the space to compute the pitch and yaW angles that When 
applied to the WorldCursor laser Will make it point at 
approximately the same location as the pointing device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] In the folloWing description of the preferred 
embodiments of the present invention, reference is made to 
the accompanying draWings Which form a part hereof, and 
in Which is shoWn by Way of illustration speci?c embodi 
ments in Which the invention may be practiced. It is under 
stood that other embodiments may be utiliZed and structural 
changes may be made Without departing from the scope of 
the present invention. 

1.0 The Computing Environment 

[0039] Before providing a description of the preferred 
embodiments of the present invention, a brief, general 
description of a suitable computing environment in Which 
the invention may be implemented Will be described. FIG. 
1 illustrates an example of a suitable computing system 
environment 100. The computing system environment 100 
is only one example of a suitable computing environment 
and is not intended to suggest any limitation as to the scope 
of use or functionality of the invention. Neither should the 
computing environment 100 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. 

[0040] The invention is operational With numerous other 
general purpose or special purpose computing system envi 
ronments or con?gurations. Examples of Well knoWn com 
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puting systems, environments, and/or con?gurations that 
may be suitable for use With the invention include, but are 
not limited to, personal computers, server computers, hand 
held or laptop devices, multiprocessor systems, micropro 
cessor-based systems, set top boxes, programmable con 
sumer electronics, netWork PCs, minicomputers, mainframe 
computers, distributed computing environments that include 
any of the above systems or devices, and the like. 

[0041] The invention may be described in the general 
context of computer-executable instructions, such as pro 
gram modules, being executed by a computer. Generally, 
program modules include routines, programs, objects, com 
ponents, data structures, etc. that perform particular tasks or 
implement particular abstract data types. The invention may 
also be practiced in distributed computing environments 
Where tasks are performed by remote processing devices that 
are linked through a communications netWork. In a distrib 
uted computing environment, program modules may be 
located in both local and remote computer storage media 
including memory storage devices. 

[0042] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a computer 110. Compo 
nents of computer 110 may include, but are not limited to, 
a processing unit 120, a system memory 130, and a system 
bus 121 that couples various system components including 
the system memory to the processing unit 120. The system 
bus 121 may be any of several types of bus structures 
including a memory bus or memory controller, a peripheral 
bus, and a local bus using any of a variety of bus architec 
tures. By Way of example, and not limitation, such archi 
tectures include Industry Standard Architecture (ISA) bus, 
Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(V ESA) local bus, and Peripheral Component Interconnect 
(PCI) bus also knoWn as MeZZanine bus. 

[0043] Computer 110 typically includes a variety of com 
puter readable media. Computer readable media can be any 
available media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By Way of example, and not limita 
tion, computer readable media may comprise computer 
storage media and communication media. Computer storage 
media includes both volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information such as computer readable 
instructions, data structures, program modules or other data. 
Computer storage media includes, but is not limited to, 
RAM, ROM, EEPROM, ?ash memory or other memory 
technology, CD-ROM, digital versatile disks (DVD) or other 
optical disk storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium Which can be used to store the desired 
information and Which can be accessed by computer 110. 
Communication media typically embodies computer read 
able instructions, data structures, program modules or other 
data in a modulated data signal such as a carrier Wave or 
other transport mechanism and includes any information 
delivery media. The term “modulated data signal” means a 
signal that has one or more of its characteristics set or 
changed in such a manner as to encode information in the 
signal. By Way of example, and not limitation, communi 
cation media includes Wired media such as a Wired netWork 
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or direct-Wired connection, and Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of the any of the above should also be included Within 
the scope of computer readable media. 

[0044] The system memory 130 includes computer stor 
age media in the form of volatile and/or nonvolatile memory 
such as read only memory (ROM) 131 and random access 
memory (RAM) 132. A basic input/output system 133 
(BIOS), containing the basic routines that help to transfer 
information betWeen elements Within computer 110, such as 
during start-up, is typically stored in ROM 131. RAM 132 
typically contains data and/or program modules that are 
immediately accessible to and/or presently being operated 
on by processing unit 120. By Way of example, and not 
limitation, FIG. 1 illustrates operating system 134, applica 
tion programs 135, other program modules 136, and pro 
gram data 137. 

[0045] The computer 110 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. By Way of example only, FIG. 1 illustrates a hard 
disk drive 141 that reads from or Writes to non-removable, 
nonvolatile magnetic media, a magnetic disk drive 151 that 
reads from or Writes to a removable, nonvolatile magnetic 
disk 152, and an optical disk drive 155 that reads from or 
Writes to a removable, nonvolatile optical disk 156 such as 
a CD ROM or other optical media. Other removable/non 
removable, volatile/nonvolatile computer storage media that 
can be used in the exemplary operating environment 
include, but are not limited to, magnetic tape cassettes, ?ash 
memory cards, digital versatile disks, digital video tape, 
solid state RAM, solid state ROM, and the like. The hard 
disk drive 141 is typically connected to the system bus 121 
through an non-removable memory interface such as inter 
face 140, and magnetic disk drive 151 and optical disk drive 
155 are typically connected to the system bus 121 by a 
removable memory interface, such as interface 150. 

[0046] The drives and their associated computer storage 
media discussed above and illustrated in FIG. 1, provide 
storage of computer readable instructions, data structures, 
program modules and other data for the computer 110. In 
FIG. 1, for example, hard disk drive 141 is illustrated as 
storing operating system 144, application programs 145, 
other program modules 146, and program data 147. Note 
that these components can either be the same as or different 
from operating system 134, application programs 135, other 
program modules 136, and program data 137. Operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147 are given different numbers 
here to illustrate that, at a minimum, they are different 
copies. Auser may enter commands and information into the 
computer 110 through input devices such as a keyboard 162 
and pointing device 161, commonly referred to as a mouse, 
trackball or touch pad. Other input devices (not shoWn) may 
include a microphone, joystick, game pad, satellite dish, 
scanner, or the like. These and other input devices are often 
connected to the processing unit 120 through a user input 
interface 160 that is coupled to the system bus 121, but may 
be connected by other interface and bus structures, such as 
a parallel port, game port or a universal serial bus (USB). A 
monitor 191 or other type of display device is also connected 
to the system bus 121 via an interface, such as a video 
interface 190. In addition to the monitor, computers may 
also include other peripheral output devices such as speakers 
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197 and printer 196, Which may be connected through an 
output peripheral interface 195. Of particular signi?cance to 
the present invention, a camera 163 (such as a digital/ 
electronic still or video camera, or ?lm/photographic scan 
ner) capable of capturing a sequence of images 164 can also 
be included as an input device to the personal computer 110. 
Further, While just one camera is depicted, multiple cameras 
could be included as input devices to the personal computer 
110. The images 164 from the one or more cameras are input 
into the computer 110 via an appropriate camera interface 
165. This interface 165 is connected to the system bus 121, 
thereby alloWing the images to be routed to and stored in the 
RAM 132, or one of the other data storage devices associ 
ated With the computer 110. HoWever, it is noted that image 
data can be input into the computer 110 from any of the 
aforementioned computer-readable media as Well, Without 
requiring the use of the camera 163. 

[0047] The computer 110 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as a remote computer 180. The 
remote computer 180 may be a personal computer, a server, 
a router, a netWork PC, a peer device or other common 
netWork node, and typically includes many or all of the 
elements described above relative to the computer 110, 
although only a memory storage device 181 has been 
illustrated in FIG. 1. The logical connections depicted in 
FIG. 1 include a local area netWork (LAN) 171 and a Wide 
area netWork (WAN) 173, but may also include other 
networks. Such networking environments are commonplace 
in of?ces, enterprise-Wide computer netWorks, intranets and 
the Internet. 

[0048] When used in a LAN netWorking environment, the 
computer 110 is connected to the LAN 171 through a 
netWork interface or adapter 170. When used in a WAN 
netWorking environment, the computer 110 typically 
includes a modem 172 or other means for establishing 
communications over the WAN 173, such as the Internet. 
The modem 172, Which may be internal or external, may be 
connected to the system bus 121 via the user input interface 
160, or other appropriate mechanism. In a netWorked envi 
ronment, program modules depicted relative to the computer 
110, or portions thereof, may be stored in the remote 
memory storage device. By Way of example, and not limi 
tation, FIG. 1 illustrates remote application programs 185 as 
residing on memory device 181. It Will be appreciated that 
the netWork connections shoWn are exemplary and other 
means of establishing a communications link betWeen the 
computers may be used. 

[0049] The exemplary operating environment having noW 
been discussed, the remaining part of this description section 
Will be devoted to a description of the program modules 
embodying the invention. 

2.0 The XWand System 

[0050] In a co-pending US. patent application entitled “A 
SYSTEM AND PROCESS FOR SELECTING OBJECTS 
IN A UBIQUITOUS COMPUTING ENVIRONMENT” 
Which Was ?led on May 31, 2002 and issued Ser. No. 
10/160,692, a system and process Was introduced that pro 
vides a remote control UI device that is capable of control 
ling a group of netWorked electronic components. More 
particularly, the UI device, Which Will herein be referred to 
as the XWand, is able to control the electronic components 
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Without having to directly differentiate among the compo 
nents or employ a myriad of different control protocols and 
transmission schemes. And in order to provide a natural 
interaction experience, the present system is operated by 
having the user point at the electronic component (or an 
extension thereof) that he or she Wishes to control. In 
particular, the XWand provides a remote control UI device 
that can be simply pointed at objects in an ubiquitous 
computing environment that are associated in some Way 
With controllable, netWorked electronic components, so as to 
select that object for controlling via the netWork. This can 
for example involve pointing the UI device at a Wall sWitch 
and pressing a button on the device to turn a light operated 
by the sWitch on or off“. The idea is to have a UI device so 
simple that it requires no particular instruction or special 
knowledge on the part of the user. 

[0051] The XWand system includes the aforementioned 
remote control UI device in the form of a Wireless RF 
pointer, Which includes a radio frequency (RF) transceiver 
and various orientation sensors. The outputs of the sensors 
are periodically packaged as orientation messages and trans 
mitted using the RF transceiver to a base station, Which also 
has a RF transceiver to receive the orientation messages 
transmitted by the pointer. There is also a pair of digital 
video cameras each of Which is located so as to capture 
images of the environment in Which the pointer is operating 
from different vieWpoints. A computer, such as a PC, is 
connected to the base station and the video cameras. Ori 
entation messages received by the base station from the 
pointer are forWarded to the computer, as are images cap 
tured by the video cameras. The computer is employed to 
compute the orientation and location of the pointer using the 
orientation messages and captured images. The orientation 
and location of the pointer is in turn used to determine if the 
pointer is being pointed at an object in the environment that 
is controllable by the computer via a netWork connection. If 
it is, the object is selected. 

[0052] The pointer speci?cally includes a case having a 
shape With a de?ned pointing end, a microcontroller, the 
aforementioned RF transceiver and orientation sensors 
Which are connected to the microcontroller, and a poWer 
supply (e.g., batteries) for poWering these electronic com 
ponents. In the tested versions of the pointer, the orientation 
sensors included at least, an accelerometer that provides 
separate x-axis and y-axis orientation signals, and a mag 
netometer that provides separate x-axis, y-axis and z-axis 
orientation signals. These electronics Were housed in a case 
that resembled a Wandihence the XWand name. 

[0053] The pointer’s microcontroller packages and trans 
mits orientation messages at a prescribed rate. While the 
microcontroller could be programmed to accomplish this 
task by itself, a command-response protocol Was employed 
in tested versions of the system. This entailed the computer 
periodically instructing the pointer’s microcontroller to 
package and transmit an orientation message by causing the 
base station to transmit a request for the message to the 
pointer at the prescribed rate. This prescribed rate could for 
example be approximately 50 times per second as it Was in 
tested versions of the system. 

[0054] As indicated previously, the orientation messages 
generated by the pointer include the outputs of the sensors. 
To this end, the pointer’s microcontroller periodically reads 
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and stores the outputs of the orientation sensors. Whenever 
a request for an orientation message is received (or it is time 
to generate such a message if the pointer is programmed to 
do so Without a request), the microcontroller includes the 
last-read outputs from the accelerometer and magnetometer 
in the orientation message. 

[0055] The pointer also includes other electronic compo 
nents such as a user activated sWitch or button, and a series 

of light emitting diodes (LEDs). The user-activated sWitch, 
Which is also connected to the microcontroller, is employed 
for the purpose of instructing the computer to implement a 
particular function. To this end, the state of the sWitch in 
regard to Whether it is activated or deactivated at the time an 
orientation message is packaged is included in that message 
for transmission to the computer. The series of LEDs 
includes a pair of differently-colored, visible spectrum 
LEDs, Which are connected to the microcontroller, and 
Which are visible from the outside of the pointer’s case When 
lit. These LEDs are used to provide status or feedback 
information to the user, and are controlled via instructions 
transmitted to the pointer by the computer. 

[0056] The foregoing system is used to select an object by 
having the user simply point to the object With the pointer. 
This entails the computer ?rst inputting the orientation 
messages transmitted by the pointer. For each message 
received, the computer derives the orientation of the pointer 
in relation to a prede?ned coordinate system of the envi 
ronment in Which the pointer is operating using the orien 
tation sensor readings contained in the message. In addition, 
the video output from the video cameras is used to ascertain 
the location of the pointer at a time substantially contem 
poraneous With the generation of the orientation message 
and in terms of the prede?ned coordinate system. Once the 
orientation and location of the pointer are computed, they 
are used to determine Whether the pointer is being pointed at 
an object in the environment that is controllable by the 
computer. If so, then that object is selected for future control 
actions. 

[0057] The computer derives the orientation of the pointer 
from the orientation sensor readings contained in the orien 
tation message as folloWs. First, the accelerometer and 
magnetometer output values contained in the orientation 
message are normalized. Angles de?ning the pitch of the 
pointer about the x-axis and the roll of the device about the 
y-axis are computed from the normalized outputs of the 
accelerometer. The normalized magnetometer output values 
are then re?ned using these pitch and roll angles. Next, 
previously established correction factors for each axis of the 
magnetometer, Which relate the magnetometer outputs to the 
prede?ned coordinate system of the environment, are 
applied to the associated re?ned and normalized outputs of 
the magnetometer. The yaW angle of the pointer about the z 
axis is computed using the re?ned magnetometer output 
values. The computed pitch, roll and yaW angles are then 
tentatively designated as de?ning the orientation of the 
pointer at the time the orientation message Was generated. It 
is next determined Whether the pointer Was in a right-side up 
or up-side doWn position at the time the orientation message 
Was generated. If the pointer Was in the right-side up 
position, the previously computed pitch, roll and yaW angles 
are designated as the de?ning the ?nalized orientation of the 
pointer. HoWever, if it is determined that the pointer Was in 
the up-side doWn position at the time the orientation mes 
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sage Was generated, the tentatively designated roll angle is 
corrected accordingly, and then the pitch, yaW and modi?ed 
roll angle are designated as de?ning the ?nalized orientation 
of the pointer. In the foregoing description, it is assumed that 
the accelerometer and magnetometer of the pointer are 
oriented such that their respective ?rst axis corresponds to 
the x-axis Which is directed laterally to a pointing axis of the 
pointer and their respective second axis corresponds to the 
y-axis Which is directed along the pointing axis of the 
pointer, and the third axis of the magnetometer correspond 
to the Z-axis Which is directed vertically upWard When the 
pointer is positioned right-side up With the x and y axes lying 
in a horiZontal plane. 

[0058] The computer derives the location of the pointer 
from the video output of the video cameras as folloWs. There 
is an infrared (IR) LED connected to the microcontroller that 
is able to emit IR light outside the pointer’s case When lit. 
The microcontroller causes the IR LEDs to ?ash. In addi 
tion, the aforementioned pair of digital video cameras each 
have an IR pass ?lter that results in the video image frames 
capturing only IR light emitted or re?ected in the environ 
ment toWard the camera, including the ?ashing from the 
pointer’s IR LED Which appears as a bright spot in the video 
image frames. The microcontroller causes the IR LED to 
?ash at a prescribed rate that is approximately one-half the 
frame rate of the video cameras. This results in only one of 
each pair of image frames produced by a camera having the 
IR LED ?ashes depicted in it. This alloWs each pair of 
frames produced by a camera to be subtracted to produce a 
difference image, Which depicts for the most part only the IR 
emissions and re?ections directed toWard the camera Which 
appear in one or the other of the pair of frames but not both 
(such as the ?ash from the IR LED of the pointing device). 
In this Way, the background IR in the environment is 
attenuated and the IR ?ash becomes the predominant feature 
in the difference image. The image coordinates of the pixel 
in the difference image that exhibits the highest intensity is 
then identi?ed using a standard peak detection procedure. A 
conventional stereo image technique is then employed to 
compute the 3D coordinates of the ?ash for each set of 
approximately contemporaneous pairs of image frames gen 
erated by the pair of cameras using the image coordinates of 
the ?ash from the associated di?ference images and prede 
termined intrinsic and extrinsic camera parameters. These 
coordinates represent the location of the pointer (as repre 
sented by the location of the IR LED) at the time the video 
image frames used to compute them Were generated by the 
cameras. 

[0059] The orientation and location of the pointing device 
at any given time is used to determine Whether the pointing 
device is being pointed at an object in the environment that 
is controllable by the computer. In order to do so the 
computer must knoW What objects are controllable and 
Where they exist in the environment. This requires a model 
of the environment. In the XWand system, the location and 
extent of objects Within the environment that are control 
lable by the computer are modeled using 3D Gaussian blobs 
de?ned by a location of the mean of the blob in terms of its 
environmental coordinates and a covariance. TWo different 
methods have been developed to model objects in the 
environment. 

[0060] The ?rst involves the user inputting information 
identifying the object that is to be modeled. The user then 
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activates the sWitch on the pointing device and traces the 
outline of the object. Meanwhile, the computer is running a 
target training procedure that causes requests for orientation 
messages to be sent to the pointing device a prescribed 
request rate. The orientation messages are input as they are 
received, and for each orientation message, it is determined 
Whether the sWitch state indicator included in the orientation 
message indicates that the sWitch is activated. Whenever it 
is initially determined that the sWitch is not activated, the 
sWitch state determination action is repeated for each sub 
sequent orientation message received until an orientation 
message is received Which indicates that the sWitch is 
activated. At that point, each time it is determined that the 
sWitch is activated, the location of the pointing device is 
ascertained as described previously using the digital video 
input from the pair of video cameras. When the user is done 
tracing the outline of the object being modeled, he or she 
deactivates the sWitch. The target training process sees this 
as the sWitch has been deactivated after having been acti 
vated in the immediately preceding orientation message. 
Whenever such a condition occurs, the tracing procedure is 
deemed to be complete and a 3D Gaussian blob representing 
the object is established using the previously ascertained 
pointing device locations stored during the tracing proce 
dure. 

[0061] The second method of modeling objects once again 
begins by the user inputting information identifying the 
object that is to be modeled. HoWever, in this case the user 
repeatedly points the pointer at the object and momentarily 
activates the sWitch on the device, each time pointing the 
device from a different location Within the environment. 
Meanwhile, the computer is running a target training pro 
cedure that causes requests for orientation messages to be 
sent to the pointing device at a prescribed request rate. Each 
orientation message received from the pointing device is 
input until the user indicates the target training inputs are 
complete. For each orientation message input, it is deter 
mined Whether the sWitch state indicator contained therein 
indicates that the sWitch is activated. Whenever it is deter 
mined that the sWitch is activated, the orientation of the 
pointing device is computed as described previously using 
orientation sensor readings also included in the orientation 
message. In addition, the location of the pointing device is 
ascertained using the inputted digital video from the pair of 
video cameras. The computed orientation and location val 
ues are stored. Once the user indicates the target training 
inputs are complete, the location of the mean of a 3D 
Gaussian blob that Will be used to represent the object being 
modeled is computed from the pointing device’s stored 
orientation and location values. The covariance of the Gaus 
sian blob is then obtained in one of various Ways. For 
example, it can be a prescribed covariance, a user input 
covariance, or the covariance can be computed by adding a 
minimum covariance to the spread of the intersection points 
of rays de?ned by the pointing device’s stored orientation 
and location values. 

[0062] With a Gaussian blob model of the environment in 
place, the orientation and location of the pointing device can 
be is used to determine Whether the pointing device is being 
pointed at an object in the environment that is controllable 
by the computer. In one version of this procedure, for each 
Gaussian blob in the model, the blob is projected onto a 
plane Which is normal to either a line extending from the 
location of the pointing device to the mean of the blob or a 
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ray originating at the location of the pointing device and 
extending in a direction de?ned by the orientation of the 
device. The value of the resulting projected Gaussian blob at 
a point Where the ray intersects the plane is computed. This 
value represents the probability that the pointing device is 
pointing at the object associated With the blob under con 
sideration. Next, the probability representing the largest 
value computed for the Gaussian blobs, if any, is identi?ed. 
At this point, the object associated With the Gaussian blob 
from Which the largest probability value Was derived could 
be designated as being the object that the pointing device is 
pointing at. HoWever, an alternate thresholding procedure 
could be employed instead. In this alternate version, it is ?rst 
determined Whether the probability value identi?ed as the 
largest exceeds a prescribed minimum probability threshold. 
Only if the threshold is exceeded is the object associated 
With the projected Gaussian blob from Which the largest 
probability value Was derived designated as being the object 
that the pointer is pointing at. The minimum probability 
threshold is chosen to ensure the user is actually pointing at 
the object and not just near the object Without an intent to 
select it. 

[0063] In an alternate procedure for determining Whether 
the pointing device is being pointed at an object in the 
environment that is controllable by the computer, for each 
Gaussian blob, it is determined Whether a ray originating at 
the location of the pointing device and extending in a 
direction de?ned by the orientation of the device intersects 
the blob. Next, for each Gaussian blob intersected by the ray, 
it is determined What the value of the Gaussian blob is at a 
point along the ray nearest the location of the mean of the 
blob. This value represents the probability that the pointing 
device is pointing at the object associated With the Gaussian 
blob. The rest of the procedure is similar to the ?rst method 
in that the object associated With the Gaussian blob from 
Which the largest probability value Was derived could be 
designated as being the object that the pointing device is 
pointing at. Or alternately, it is ?rst determined Whether the 
probability value identi?ed as the largest exceeds the pre 
scribed minimum probability threshold. If the threshold is 
exceeded, only then is the object associated With the pro 
jected Gaussian blob from Which the largest probability 
value Was derived designated as being the object that the 
pointing device is pointing at. 

[0064] Users of the XWand are often impressed With the 
immediate and natural feel of absolute pointing. HoWever, 
the pure geometry-based approach Which enables absolute 
pointing also has a number of important drawbacks. First, 
tWo or more cameras must be permanently mounted in the 
room. Besides the dif?culty of installation, such cameras 
inevitably draW objections related to privacy. In addition, the 
cameras must be carefully calibrated to the room geometry 
upon installation, and recalibrated if they are moved. Fur 
ther, at least tWo cameras must have clear sight-lines to the 
Wand at all times. Finally, the three dimensional position of 
each active device in the room must be knoWn, and small 
errors in the orientation and position information translate to 
inaccuracy in pointing, possibly disrupting the interaction. 

[0065] Given these objections, alternatives to absolute 
pointing Would be advantageous With the goal of eliminating 
the three dimensional positioning system. One general 
approach is to place tags in the environment, but they have 
drawbacks as Well. By design tags require installation on 
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every active device. Active tags such as IR beacons, for 
example, require their oWn poWer, While passive tags such as 
RF ID tags tend to have limited range, and tags based on 
visual features rely on rather sophisticated onboard process 
ing. 

3 .0 WorldCursor System 

[0066] The foregoing XWand system issues are resolved 
by the present system, Which Will be referred to herein as the 
WorldCursor system. The WorldCursor system uses the 
XWand device (or similar pointing device) but does not rely 
on a geometric model of pointing that requires the three 
dimensional position of the XWand, nor on tags placed in the 
environment, nor on any external sensing in general. 
Instead, a laser beam projected in the space gives the user 
feedback as to Where the system believes the user is point 
ing, much in the same Way that the cursor icon in “WindoWs, 
icons, menus and pointing” (WIMP) interfaces provides 
feedback to indicate Where the user is pointing With the 
mouse. In fact, the WorldCursor is analogous to the mouse 
and cursor used in traditional GUIs in that the user may 
select and interact With a physical device by positioning the 
cursor on the device and clicking. 

[0067] In the foregoing context, the XWand is employed 
as a physical pointing mechanism, and it is coupled With the 
WorldCursor Which projects a cursor on the physical envi 
ronment. The WorldCursor improves upon the XWand by 
removing the need for external positioning technology such 
as video cameras or any other external position sensing 
technology, and by enabling the user to point With a high 
degree of precision. 

[0068] Referring to FIG. 2, the WorldCursor system 
includes a small tele-operated motion platform 200 upon 
Which is mounted a laser pointer. This device is controlled 
via a Wired connection 202 to a host computer 204, Which 
is also connected to the XWand RF base station 206. The 
WorldCursor platform 200 can be programmed to folloW the 
motion of the XWand 208, such that When the user points the 
XWand to the left, for example, the WorldCursor moves a 
corresponding amount to the left in real time. The user 
attends to the projected laser spot (the cursor) in the envi 
ronment. By moving the XWand the user is then able to 
place the cursor on any object in the room, as they Would 
place the cursor on an onscreen object With the mouse. 
Because only the orientation information from the XWand is 
used, and not the XWand’ s 3-D position, the original XWand 
system’s requirement of the external computer vision system 
is eliminated. 

[0069] Interacting With active devices in the intelligent 
environment proceeds much as in the original XWand sys 
tem. For example, to turn a household lamp on or off, instead 
of pointing directly at the lamp, the user moves the laser spot 
onto the lamp and clicks the XWand button. The system 
determines that the cursor is on the lamp by comparing the 
current cursor position With the recorded cursor position 
associated With the lamp, collected beforehand. 

3.1 The WorldCursor Device 

[0070] In general, the WorldCursor device simply needs to 
take yaW and pitch commands in some form and in response 
move the laser spot to any desired place (Within line of sight 
of the laser) in the space in Which it is operating. Any device 
having this capability Will suf?ce for use in the overall 
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WorldCursor system. In tested embodiments of the World 
Cursor system the aforementioned device took the form of 
a motion platform that is mounted on the ceiling, typically 
near the center of the room. A prototype of this device is 
shoWn in FIG. 3. It consisted of tWo high speed miniature 
servos 300, 302, such as the type used on radio-controlled 
model airplanes. Speci?cally, in tested embodiments of the 
WorldCursor, Expert Electronic’s SL451 High Speed Mini 
Servos (Model EXRSL451) Were used. One of the servos 
300 Was mounted for yaW and a second of the servos 302 for 
pitch control. In one embodiment of the device, both servos 
300, 302 Were controlled by a PIC microcontroller, Which 
takes yaW and pitch commands from the host computer via 
a RS-232 connection and converted them to standard servo 
motor commands. In an alternate embodiment, an API on the 
aforementioned host computer takes yaW and pitch values 
from the XWand, and converts then to standard servo motor 
commands. These commands are then sent to the servos 300, 
302. It is noted that this latter scenario has the advantage of 
sending motor commands that are typically in integer form, 
rather than ?oating point data such as Would be the case With 
pitch and yaW values. 

[0071] Mounted on the servo assembly is a red laser 304 
similar to those used in conventional laser pointers. By 
controlling the servos 300, 302, the platform is able to steer 
the laser spot to most points in the room beloW the ceiling, 
provided there exists a sight line to that point. In tested 
versions of the present system and process, effective reso 
lution in steering the laser using the aforementioned servos 
is about 0.25 degrees or about one half inch at a distance of 
9 feet. The servos Were each capable of moving over nearly 
a 170 degree range at a speed of 333 degrees per second. 
Generally, this con?guration resulted in the motion of the 
laser being smooth and responsive. HoWever, in the case 
When the laser must move from pointing to a location in 
front of the platform to a location behind the platform, the 
pitch motor must move to the back and the yaW motor must 
re?ect about the vertical plane separating the front and rear 
hemispheres. Because the servos employed in the tested 
embodiments had a 170 degree range limitation, there Was 
a discontinuity in this movement of the laser spot from front 
to back (i.e., a 20 degree gap at the sides). While the 
aforementioned pointing inaccuracy and discontinuity Were 
not found to be a problem in the tested embodiments, ideally, 
servos With a full 180 degree range and higher accuracy 
could be employed to resolve these minor de?ciencies. 

[0072] It is noted that the connection betWeen the World 
Cursor base unit and the host computer could also be of a 
Wireless type. HoWever, if this is the case care must be taken 
to ensure there is no interference With the XWand system. 

3.2 World Model for the WorldCursor System 

[0073] The WorldCursor points at a given object in the 
room by changing the pitch and yaW of the laser With its 
motors. It is therefore possible to uniquely associate a given 
object in the room With the yaW and pitch value used to point 
the WorldCursor at the object. The yaW and pitch values of 
each object of interest in the space are the basis for a 
convenient World model for the WorldCursor system based 
on spherical coordinates. 

[0074] The spherical coordinate World model is easier to 
construct than the full three dimensional model of the 
original XWand system as described previously. For 
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example, Whereas in the three dimensional model the user 
had to either hold the XWand over the object, or provide 
several pointing examples used to triangulate the position of 
the object, the WorldCursor system need only record the 
current yaW and pitch values of the device once the user has 
put the cursor on the object. One limitation of this approach 
is that the spherical coordinate World model must be re 
leamed if the WorldCursor device is moved to a neW 
location. 

[0075] Given this, a model of the space that the World 
Cursor system is to operate in can be established as folloWs. 
Referring to FIGS. 4A and B, the user initiates a training 
mode that is part of a WorldCursor control process running 
on the host computer (process action 400). The training 
mode has the same purpose as a similar process used in the 
XWand systeminamely to learn Where objects of interest 
are in the space. More particularly, the user directs the laser 
at an object of interest by pointing the XWand so that the 
laser spot appears on the approximate center of the object 
being modeled and presses the button on the XWand (pro 
cess action 402). The control process causes periodic 
requests to be sent to the XWand directing it to provide an 
orientation message in the manner described previously 
(process action 404). Any incoming orientation message 
transmitted by the pointer is input (process action 406), and 
it is determined Whether the button state indicator included 
in the message indicates that the pointer’ s button is activated 
(process action 408). If not, process actions 406 and 408 are 
repeated. When it is discovered that the button state indica 
tor indicates the button is activated, then in process action 
412, the control process accepts input from the user Who 
enters information into the host computer that identi?es the 
object being modeled, including its approximate siZe (pro 
cess action 410). Since it Was the control process running on 
the host computer that received the pitch and yaW data from 
the XWand and moved the laser of the WorldCursor to the 
target location as described previously, the pitch and yaW 
associated With the target spot are knoWn. The process 
associates the spherical coordinates of the target location to 
the information entered by the user about the corresponding 
object (process action 414). In addition, the user-provided 
siZe data is used to establish a circle in spherical coordinates 
about the direction the laser is pointed that models the extent 
of the object (process action 416). Any incoming orientation 
message transmitted by the pointer continues to be input 
(process action 418) and a determination is made as to 
Whether the button state indicator included in the messages 
?rst indicates that the pointer’s button becomes deactivated 
and then activated again, thereby indicating that the user has 
pushed the XWand button again (process action 420). If it is, 
process actions 418 and 420 are repeated. If it is not, in 
process action 424, it is determined if the user has deacti 
vated the training mode (process action 422), thus indicating 
all the objects it is desired to model in the space have been 
modeled. If the user has not deactivated the training mode, 
then process actions 402 through 424 are repeated to “learn” 
the next object the user chooses to identify to the system. 
OtherWise the process ends. 

[0076] Once the objects in the space have been modeled as 
described above, user can direct the laser of the WorldCursor 
to the modeled objects and act upon them as Was done in the 
XWand system. More particularly, the user shines the 
WorldCursor’s laser beam on the object he or she Wants to 
select. It is then determined Whether the laser beam is on an 














