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3D POINTING DEVICES WITH
ORIENTATION COMPENSATION AND

IMPROVED USABILITY

RELATED APPLICATIONS

This application is a continuation of application Ser. No.
11/640,677, filed Dec. 18, 2006, which is a continuation of
application Ser. No. 11/119,719, filed May 2,2005 and which
issued on Jan. 2, 2007 as U.S. Pat. No. 7,158,118, which is
related to, and claims priority from, U.S. Provisional Patent
Application Ser. No. 60/566,444 filed on Apr. 30, 2004,
entitled "Freespace Pointing Device", the disclosure ofwhich
is incorporated here by reference. This application is also
related to, and claims priority from, U.S. Provisional Patent
Application Ser. No. 60/612,571, filed on Sep. 23, 2004,
entitled "Free Space Pointing Devices and Methods", the
disclosure of which is incorporated here by reference. This
application is also related to, and claims priority from, U.S.
Provisional Patent Application Ser. No. 60/641,410, filed on
Jan. 5, 2005, entitled "Freespace Pointing Devices and Meth­
ods for Using Same", the disclosure ofwhich is incorporated
here by reference. This application is also related to U.S.
patent applications Ser. Nos. 11/119,987, 11/119,688, and
11/119,663, entitled "Methods and Devices for Removing
Unintentional Movement in 3D Pointing Devices", "Methods
and Devices for IdentifYing Users Based on Tremor", and
"3D Pointing Devices and Methods", all ofwhich were filed
concurrently with application Ser. No. 11/119,719 on May 2,
2005, and all ofwhich are incorporated here by reference.

BACKGROUND

The present invention relates generally to handheld, point­
ing devices and, more specifically to three-dimensional (here­
inafter "3D") pointing devices and techniques for tilt com­
pensation and improved usability associated therewith.

Technologies associated with the communication of infor­
mation have evolved rapidly over the last several decades.
Television, cellular telephony, the Internet and optical com­
munication techniques (to name just a few things) combine to
inundate consumers with available information and entertain­
ment options. Taking television as an example, the last three
decades have seen the introduction ofcable television service,
satellite television service, pay-per-view movies and video­
on-demand. Whereas television viewers of the 1960s could
typically receive perhaps four or five over-the-air TV chan­
nels on their television sets, today's TV watchers have the
opportunity to select from hundreds, thousands, and poten­
tially millions of channels of shows and information. Video­
on-demand technology, currently used primarily in hotels and
the like, provides the potential for in-home entertainment
selection from among thousands of movie titles.

The technological ability to provide so much information
and content to end users provides both opportunities and
challenges to system designers and service providers. One
challenge is that while end users typically prefer having more
choices rather than fewer, this preference is counterweighted
by their desire that the selection process be both fast and
simple. Unfortunately, the development of the systems and
interfaces by which end users access media items has resulted
in selection processes which are neither fast nor simple. Con­
sider again the example oftelevision programs. When televi­
sion was in its infancy, determining which program to watch
was a relatively simple process primarily due to the small
number ofchoices. One would consult a printed guide which
was formatted, for example, as series of colunms and rows

2
which showed the correspondence between (1) nearby tele­
vision chaunels, (2) programs being transmitted on those
channels and (3) date and time. The television was tuned to
the desired channel by adjusting a tuner knob and the viewer
watched the selected program. Later, remote control devices
were introduced that permitted viewers to tune the television
from a distance. This addition to the user-television interface
created the phenomenon known as "channel surfing"
whereby a viewer could rapidly view short segments being

10 broadcast on a number of channels to quickly learn what
programs were available at any given time.

Despite the fact that the number ofchannels and amount of
viewable content has dramatically increased, the generally
available user interface, control device options and frame-

15 works for televisions has not changed much over the last 30
years. Printed guides are still the most prevalent mechanism
for conveying programming information. The multiple button
remote control with up and down arrows is still the most
prevalent channel/content selection mechanism. The reaction

20 of those who design and implement the TV user interface to
the increase in available media content has been a straight­
forward extension of the existing selection procedures and
interface objects. Thus, the number of rows in the printed
guides has been increased to accommodate more channels.

25 The number ofbuttons on the remote control devices has been
increased to support additional functionality and content han­
dling, e.g., as shown in FIG. 1. However, this approach has
significantly increased both the time required for a viewer to
review the available information and the complexity of

30 actions required to implement a selection. Arguably, the cum­
bersome nature of the existing interface has hampered com­
mercial implementation of some services, e.g., video-on-de­
mand, since consumers are resistant to new services that will
add complexity to an interface that they view as already too

35 slow and complex.
In addition to increases in bandwidth and content, the user

interface bottleneck problem is being exacerbated by the
aggregation of technologies. Consumers are reacting posi­
tively to having the option ofbuying integrated systems rather

40 than a nnmber of segregable components. An example ofthis
trend is the combination television/VCR/DVD in which three
previously independent components are frequently sold
today as an integrated unit. This trend is likely to continue,
potentially with an end result that most ifnot all of the com-

45 munication devices currently found in the household will be
packaged together as an integrated unit, e.g., a television!
VCR/DVD/internet access/radio/stereo unit. Even those who
continue to buy separate components will likely desire seam­
less control of, and interworking between, the separate com-

50 ponents. With this increased aggregation comes the potential
for more complexity in the user interface. For example, when
so-called "universal" remote units were introduced, e.g., to
combine the functionality of TV remote units and VCR
remote units, the nnmber ofbuttons on these universal remote

55 units was typically more than the number ofbuttons on either
the TV remote unit or VCR remote unit individually. This
added number of buttons and functionality makes it very
difficult to control anything but the simplest aspects of a TV
or VCR without hunting for exactly the right button on the

60 remote. Many times, these universal remotes do not provide
enough buttons to access many levels of control or features
unique to certain TVs. In these cases, the original device
remote unit is still needed, and the original hassle ofhandling
multiple remotes remains due to user interface issues arising

65 from the complexity of aggregation. Some remote units have
addressed this problem by adding "soft" buttons that can be
programmed with the expert commands. These soft buttons
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SUMMARY

Systems and methods according to the present invention
describe 3D pointing devices which enhance usability by
transforming sensed motion data from a first frame of refer­
ence (e.g., the body of the 3D pointing device) into a second
frame of reference (e.g., a user's frame of reference). One
exemplary embodiment of the present invention removes
effects associated with a tilt orientation in which the 3D
pointing device is held by a user.

According to an exemplary embodiment of the present
invention, a handheld, pointing device includes a first rota­
tional sensor for determining rotation of the pointing device
about a first axis and generating a first rotational output asso­
ciated therewith, a second rotational sensor for determining
rotation of the pointing device about a second axis and gen­
erating a second rotational output associated therewith, an
accelerometer for determining an acceleration ofthe pointing
device and outputting an acceleration output associated there­
with and a processing unit for receiving the first and second
rotational outputs and the acceleration output and for: (a)
converting the first and second rotational outputs and the
acceleration output from a body frame ofreference associated
with the handheld pointing device into a user's frame of
reference in order to remove the effects oftilt associated with

which use a surface, e.g., a desk surface or mousepad, as a
proxy surface from which relative movement of the mouse is
translated into cursor movement on the computer display
screen. An example of a 3D pointing device can be found in
U.S. Pat. No. 5,440,326.

The '326 patent describes, among other things, a vertical
gyroscope adapted for use as a pointing device for controlling
the position ofa cursor on the display ofa computer. A motor
at the core of the gyroscope is suspended by two pairs of

10 orthogonal gimbals from a hand-held controller device and
nominally oriented with its spin axis vertical by a pendulous
device. Electro-optical shaft angle encoders sense the orien­
tation ofa hand-held controller device as it is manipulated by
a user and the resulting electrical output is converted into a

15 format usable by a computer to control the movement of a
cursor on the screen of the computer display.

However, the freedom of use associated with 3D pointers
creates additional challenges. For example, since there is
generally no proxy surface on which a 3D pointing device

20 rests, the orientation ofthe handheld control device may vary
considerably from user to user or even use to use. If a 3D
pointing device is used to, for example, control the movement
of a cursor displayed on a screen, then some mapping is
performed between the detected movement of the handheld

25 device and the movement of the cursor on the screen.
One technique for performing this mapping is to use the

body frame of the device as the frame of reference for map­
ping detected motion ofthe 3D pointing device into intended
motion ofthe cursor. The term "body frame" refers to a set of

30 axes associated with the body of the object being moved as
described in more detail below. Using the body frame of
reference to perform the mapping, however, has certain draw­
backs. For example, it requires the user to hold the device in
a certain orientation in order to obtain the cursor movement

35 he or she desires. For example, if the user holds the device on
its side and moves the device left to right, the cursor will move
vertically, not horizontally, on the screen.

Accordingly, the present invention describes methods and
devices for processing the data received from sensor(s) in a

40 manner which addresses these and other problems associated
with conventional 3D pointing devices.

sometimes have accompanying LCD displays to indicate
their action. These too have the flaw that they are difficult to
use without looking away from the TV to the remote control.
Yet another flaw in these remote units is the use ofmodes in
an attempt to reduce the number ofbuttons. In these "moded"
universal remote units, a special button exists to select
whether the remote should communicate with the TV, DVD
player, cable set-top box, VCR, etc. This causes many usabil-
ity issues including sending commands to the wrong device,
forcing the user to look at the remote to make sure that it is in
the right mode, and it does not provide any simplification to
the integration of multiple devices. The most advanced of
these universal remote units provide some integration by
allowing the user to program sequences of commands to
multiple devices into the remote. This is such a difficult task
that many users hire professional installers to program their
universal remote units.

Some attempts have also been made to modernize the
screen interface between end users and media systems. How­
ever, these attempts typically suffer from, among other draw­
backs, an inability to easily scale between large collections of
media items and small collections of media items. For
example, interfaces which rely on lists of items may work
well for small collections of media items, but are tedious to
browse for large collections ofmedia items. Interfaces which
rely on hierarchical navigation (e.g., tree structures) may be
speedier to traverse than list interfaces for large collections of
media items, but are not readily adaptable to small collections
of media items. Additionally, users tend to lose interest in
selection processes wherein the user has to move through
three or more layers in a tree structure. For all of these cases,
current remote units make this selection processor even more
tedious by forcing the user to repeatedly depress the up and
down buttons to navigate the list or hierarchies. When selec­
tion skipping controls are available such as page up and page
down, the user usually has to look at the remote to find these
special buttons or be trained to know that they even exist.
Accordingly, organizing frameworks, techniques and sys­
tems which simplifY the control and screen interface between
users and media systems as well as accelerate the selection
process, while at the same time permitting service providers
to take advantage of the increases in available bandwidth to
end user equipment by facilitating the supply ofa large num­
ber of media items and new services to the user have been
proposed in U.S. patent application Ser. No. 10/768,432, filed 45

on Jan. 30, 2004, entitled "A Control Framework with a
Zoomable Graphical User Interface for Organizing, Selecting
and Launching Media Items", the disclosure of which is
incorporated here by reference.

Of particular interest for this specification are the remote 50

devices usable to interact with such frameworks, as well as
other applications and systems. As mentioned in the above­
incorporated application, various different types of remote
devices can be used with such frameworks including, for
example, trackballs, "mouse"-type pointing devices, light 55

pens, etc. However, another category ofremote devices which
can be used with such frameworks (and other applications) is
3D pointing devices. The phrase "3D pointing" is used in this
specification to refer to the ability ofan input device to move
in three (or more) dimensions in the air in front of, e.g., a 60

display screen, and the corresponding ability ofthe user inter­
face to translate those motions directly into user interface
commands, e.g., movement ofa cursor on the display screen.
The transfer of data between the 3D pointing device may be
performed wirelessly or via a wire connecting the 3D point- 65

ing device to another device. Thus "3D pointing" differs
from, e.g., conventional computermouse pointing techniques



US 7,414,611B2
5 6

15

respectto FIG. 2. Thoseskilled in the art will appreciate,
however,thatthepresentinventionis not restrictedto imple­
mentationin this typeofmediasystemandthatmoreor fewer
componentscanbeincludedtherein.Therein,aninput!output
(I/O) bus210 connectsthe systemcomponentsin themedia
system200 together.The I/O bus 210 representsany of a
numberof differentof mechanismsandtechniquesfor rout­
ing signals betweenthe media system components.For
example,theI/O bus210mayincludeanappropriatenumber

10 of independentaudio"patch"cablesthatrouteaudiosignals,
coaxialcablesthat routevideo signals,two-wire serial lines
or infraredor radio frequencytransceiversthat routecontrol
signals,optical fiber or any otherrouting mechanismsthat
routeothertypesof signals.

In this exemplary embodiment,the media system200
includesa television/monitor212, a video cassetterecorder
(VCR) 214, digital video disk (DVD) recorder/playback
device216, audio/videotuner218 andcompactdisk player
220coupledto theI/O bus210.TheVCR 214,DVD 216and

20 compactdiskplayer220maybesinglediskor singlecassette
devices,or alternativelymay be multiple disk or multiple
cassettedevices.Theymaybeindependentunitsor integrated
together.In addition,themediasystem200includesamicro­
phone/speakersystem222,video camera224 anda wireless

25 I/O control device 226. According to exemplaryembodi­
mentsofthepresentinvention,thewirelessI/O controldevice
226is a3Dpointingdeviceaccordingto oneoftheexemplary
embodimentsdescribedbelow. The wireless I/O control
device226 cancommunicatewith the entertainmentsystem

30 200using,e.g.,anIR or RF transmitteror transceiver.Alter­
natively,theI/O controldevicecanbeconnectedto theenter­
tainmentsystem200via a wire.

Theentertainmentsystem200alsoincludesa systemcon­
troller 228.Accordingto oneexemplaryembodimentof the

35 presentinvention,thesystemcontroller228operatesto store
anddisplayentertainmentsystemdataavailablefrom a plu­
rality of entertainmentsystemdatasourcesandto control a
wide variety of featuresassociatedwith eachof the system
components.As shownin FIG. 2, systemcontroller228 is

40 coupled,eitherdirectly or indirectly, to eachof the system
components,asnecessary,throughI/O bus210.In oneexem­
plary embodiment,in additionto or in placeofI/O bus210,
systemcontroller228 is configuredwith a wirelesscommu­
nicationtransmitter(or transceiver),whichis capableofcom-

45 municatingwith thesystemcomponentsvia IR signalsor RF
signals.Regardlessof the control medium,the systemcon­
troller 228 is configuredto control themediacomponentsof
themediasystem200via agraphicaluserinterfacedescribed
below.

As further illustratedin FIG. 2, mediasystem200maybe
configured to receive media items from various media
sourcesand serviceproviders. In this exemplaryembodi­
ment, media system200 receivesmedia input from and,
optionally, sendsinfonnationto, any or all of the following

55 sources:cablebroadcast230,satellitebroadcast232(e.g.,via
a satellite dish), very high frequency (VHF) or ultra high
frequency (UHF) radio frequency communicationof the
broadcast television networks 234 (e.g., via an aerial
antenna),telephonenetwork236 andcablemodem238 (or

60 anothersourceofIntemetcontent).Thoseskilled in the art
will appreciatethatthemediacomponentsandmediasources
illustratedand describedwith respectto FIG. 2 are purely
exemplaryandthatmediasystem200 may includemoreor
fewerofboth.Forexample,othertypesofinputsto thesystem

65 includeAM/FM radio andsatelliteradio.
More detailsregardingthis exemplaryentertainmentsys­

temandframeworksassociatedtherewithcanbefoundin the

DETAILED DESCRIPTION

BRIEF DESCRIPTIONOF THE DRAWINGS

The following detaileddescriptionof the inventionrefers
to theaccompanyingdrawings.Thesamereferencenumbers
in different drawingsidentify the sameor similar elements.
Also, the following detaileddescriptiondoesnot limit the
invention.Instead,thescopeoftheinventionis definedby the
appendedclaims.

In orderto provide somecontext for this discussion,an
exemplaryaggregatedmediasystem200in whichthepresent
invention can be implementedwill first be describedwith

themannerin whichauseris holdingthehandheld,pointing
device; and (b) determiningdata associatedwith x and y
coordinateswhicharein tumassociatedwith movementof a
screencursor,thedatabasedontheconvertedfirst andsecond
rotational outputs and the convertedaccelerationoutput,
whereinthe stepof convertingrendersthemovementof the
screencursorsubstantiallyindependentof an orientationin
which a userholdsthehandhelddevice.

According to another exemplary embodiment of the
presentinvention, a methodfor usinga 3D pointing device
includesthestepsof detectingmovementof the3D pointing
deviceandcompensatingthe detectedmovementby trans­
forming thedetectedmovementfrom a body frameof refer­
enceassociatedwith the 3D pointing deviceinto an inertial
frameof reference.

According to yet anotherexemplaryembodimentof the
presentinvention,a3D, handhelddeviceincludesat leastone
sensorfor detectingmovementofthe3D pointingdeviceand
aprocessingunit for compensatingthedetectedmovementby
transfonningthe detectedmovementfrom a body frame of
referenceassociatedwith the 3D pointing device into an
inertial frameof reference.

Theaccompanyingdrawingsillustrateexemplaryembodi­
mentsof thepresentinvention,wherein:

FIG. 1 depictsa conventionalremotecontrol unit for an
entertainmentsystem;

FIG. 2 depictsanexemplarymediasystemin whichexem­
plary embodimentsof the presentinvention canbe imple­
mented;

FIG. 3 showsa 3D pointingdeviceaccordingto anexem­
plary embodimentof thepresentinvention;

FIG. 4 illustratesacutawayview ofthe3D pointingdevice
in FIG. 4 including two rotationalsensorsandone acceler­
ometer;

FIG. 5 is a block diagramillustrating processingof data
associatedwith 3D pointing devicesaccordingto an exem­
plary embodimentof thepresentinvention;

FIGS.6(a)-6(d) illustratetheeffectsof tilt;
FIG. 7 depictsa hardwarearchitectureof a 3D pointing

deviceaccordingto anexemplaryembodimentofthepresent
invention;

FIG. 8 is a statediagramdepictinga stationarydetection
mechanismaccordingto an exemplaryembodimentof the
presentinvention;

FIG. 9 is a block diagramillustrating transfonnationof
sensedmotion data from a first frame of referenceinto a
second frame of reference according to an exemplary 50

embodimentof thepresentinvention;and
FIG. 10graphicallyillustratesthetransfonnationofsensed

motion data from a first frame of referenceinto a second
frameofreferenceaccordingto anexemplaryembodimentof
thepresentinvention.
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with rotationalongthesensingaxis.Iftherotationalsensors
502 and504 havea single sensingaxis (as for examplethe
ADXRSI50s),thenthey canbemountedin the3D pointing
device400 suchthat their sensingaxesarealignedwith the
rotationsto bemeasured.Forthis exemplaryembodimentof
thepresentinvention,this meansthatrotationalsensor504is
mountedsuchthatits sensingaxis is parallelto they-axisand
thatrotationalsensor502ismountedsuchthatits sensingaxis
is parallelto thez-axisasshownin FIG. 4.Note,however,that
aligning the sensingaxesof the rotational sensors502 and
504parallelto thedesiredmeasurementaxesis not required
sinceexemplaryembodimentsof the presentinventionalso
provide techniquesfor compensatingfor offsetbetweenaxes.

Onechallengefacedin implementingexemplary3D point­
ing devices400in accordancewith thepresentinventionis to
employ components,e.g., rotational sensors502 and 504,
which arenot too costly,while at the sametime providing a
high degreeof correlationbetweenmovementof the 3D
pointing device400, a user'sexpectationregardinghow the
userinterfacewill reactto thatparticularmovementofthe3D
pointing device and actual user interface performancein
responseto thatmovement.For example,if the 3D pointing
device400 is not moving, theuserwill likely expectthatthe
cursoroughtnot to bedrifting acrossthescreen.Likewise,if
theuserrotatesthe3D pointingdevice400purelyaroundthe
y-axis, sheor hewould likely not expectto seetheresulting
cursormovementon display 408 containany significantX 2
axiscomponent.To achievethese,andother,aspectsofexem­
plaryembodimentsofthepresentinvention,variousmeasure­
mentsandcalculationsareperformedby thehandhelddevice
400whichareusedto adjusttheoutputsofoneormoreofthe
sensors502,504 and506 and/oraspartof the input usedby
a processorto determinean appropriateoutput for the user
interfacebasedon the outputsof the sensors502, 504 and
506.Thesemeasurementsandcalculationsareusedto com­
pensatefor factorswhichfall broadlyinto two categories:(1)
factorswhichareintrinsic to the3D pointingdevice400,e.g.,
errorsassociatedwith theparticularsensors502,504and506
usedin the device400 or the way in which the sensorsare
mountedin the device 400 and (2) factors which are not
intrinsic to the3D pointingdevice400,but areinsteadasso-
ciatedwith themaunerin whichauseris usingthe3D point­
ing device 400, e.g., linear acceleration,tilt and tremor.
Exemplarytechniquesfor handlingeachof theseeffectsare
describedbelow.

A processmodel 600 which describesthe generalopera­
tion of 3D pointingdevicesaccordingto exemplaryembodi­
mentsof the presentinvention is illustratedin FIG. 5. The
rotationalsensors502 and504, aswell astheaccelerometer

50 506,produceanalogsignalswhich aresampledperiodically,
e.g.,200samples/second.Forthepurposesofthisdiscussion,
a setof theseinputsshallbereferredto usingthenotation(x,
y, z, ay, az),whereinx, y, z arethesampledoutputvaluesof
theexemplarythree-axisaccelerometer506 which areasso­
ciatedwith accelerationof the 3D pointing device in the
x-axis, y-axis andz-axisdirections,respectively,ay is a the
sampledoutputvaluefrom rotationalsensor502 associated
with the rotationof the 3D pointing deviceaboutthe y-axis
andazis thesampledoutputvaluefrom rotationalsensor504
associatedwith rotationof the3D pointingdevice400about
thez-axis.

Theoutputfrom theaccelerometer506is providedand,if
theaccelerometer506providesanalogoutput,thentheoutput
is sampledanddigitizedby anAID converter(not shown)to
generatesampledaccelerometeroutput 602. The sampled
outputvaluesareconvertedfrom raw units to units of accel-
eration,e.g.,gravities(g), asindicatedbyconversionfunction

above-incorporatedby referenceu.s.PatentApplication"A
Control Frameworkwith a ZoomableGraphicalUserInter­
facefor Organizing,SelectingandLaunchingMediaItems".
Alternatively,remotedevicesin accordancewith thepresent
inventioncanbeusedin conjunctionwith othersystems,for
examplecomputersystemsincluding, e.g.,a display,a pro­
cessoranda memorysystemor with variousothersystems
andapplications.

As mentionedin the Backgroundsection,remotedevices
whichoperateas3D pointersareofparticularinterestfor the 10

presentspecification.Suchdevicesenablethe translationof
movement,e.g.,gestures,into commandsto a userinterface.
An exemplary3D pointingdevice400 is depictedin FIG. 3.
Therein,usermovementof the 3D pointing canbe defined,
for example, in terms of a combinationof x-axis attitude 15

(roll), y-axis elevation(pitch) and/orz-axis heading(yaw)
motion of the 3D pointing device 400. In addition, some
exemplaryembodimentsof the presentinvention can also
measurelinear movementof the 3D pointing device 400
along the x, y, and z axesto generatecursormovementor 20

otheruser interfacecommands.In the exemplaryembodi­
ment of FIG. 3, the 3D pointing device 400 includestwo
buttons402 and404 aswell asa scroll wheel406, although
other exemplaryembodimentswill include other physical
configurations.Accordingto exemplaryembodimentsof the 25

presentinvention, it is anticipatedthat 3D pointing devices
400will beheldby a userin front of a display408 andthat
motionofthe3Dpointingdevice400will betranslatedby the
3Dpointingdeviceinto outputwhichis usableto interactwith
the informationdisplayedon display408, e.g., to movethe 30

cursor410onthedisplay408.Forexample,rotationofthe3D
pointingdevice400aboutthey-axiscanbesensedby the3D
pointing device400 andtranslatedinto an outputusableby
thesystemto movecursor410alongthey2 axisofthedisplay
408. Likewise, rotationof the 3D pointing device408 about 35

the z-axiscanbe sensedby the 3D pointing device400 and
translatedinto anoutputusableby thesystemto movecursor
410alongtheX 2 axisofthedisplay408.It will beappreciated
that the output of 3D pointing device 400 can be usedto
interactwith thedisplay408 in anumberofwaysotherthan 40

(or in additionto) cursormovement,for exampleit cancon­
trol cursorfading, volume or mediatransport(play, pause,
fast-forward and rewind). Input commandsmay include
operationsin additionto cursormovement,for example,a
zoomin or zoom out on a particularregionof a display.A 45

cursormayormaynotbevisible. Similarly, rotationofthe3D
pointing device400 sensedaboutthex-axis of 3D pointing
device400 canbeusedin additionto, or asanalternativeto,
y-axis and/orz-axisrotationto provideinput to a userinter­
face.

According to one exemplaryembodimentof the present
invention,two rotationalsensors502and504andoneaccel­
erometer506 can be employedas sensorsin 3D pointing
device400asshownin FIG. 4. Therotationalsensors502and
504 can,for example,be implementedusingADXRS150or 55

ADXRS40l sensorsmade by Analog Devices. It will be
appreciatedby those skilled in the art that other types of
rotationalsensorscanbeemployedasrotationalsensors502
and504andthattheADXRSI50andADXRS401arepurely
used as an illustrative example.Unlike traditional gyro- 60

scopes,theADXRSI50 rotationalsensorsuseMEMS tech­
nology to providea resonatingmasswhich is attachedto a
frame so that it canresonateonly alongonedirection. The
resonatingmassis displacedwhen the body to which the
sensoris affixed is rotatedaroundthe sensor'ssensingaxis. 65

This displacementcanbemeasuredusingtheCoriolis accel­
eration effect to determinean angularvelocity associated
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(5)arad/F(a'-offset(I)*scale+dOffset

wherein aT refers to the value being converted/calibrated,
offset(T) refers to an offset value associatedwith tempera­
ture,scalerefersto theconversionfactorbetweenthesampled
unit valueandrad/s,anddOffsetrefersto a dynamicoffset
value.Equation(5) maybeimplementedasamatrixequation
in which caseall variablesare vectorsexceptfor scale.In
matrix equationform, scalecorrectsfor axis misaligument
androtationaloffset factors.Eachof thesevariablesis dis­
cussedin moredetailbelow.

Theoffsetvaluesoffset(T)anddOffsetcanbedetermined
in a numberof differentways.Whenthe3D pointingdevice
400 is not beingrotatedin, for example,they-axisdirection,
the sensor502 shouldoutput its offset value. However,the
offset canbe highly affectedby temperature,so this offset
valuewill likely vary. Offsettemperaturecalibrationmaybe

35 perfonnedat thefactory, in whichcasethevalue(s)for offset
(T) canbepreprogrammedinto thehandhelddevice400 or,
alternatively, offset temperaturecalibration may also be
learneddynamically during the lifetime of the device. To
accomplishdynamic offset compensation,an input from a

40 temperaturesensor619 is usedin rotationcalibrationfunc­
tion 618 to computethe current value for offset(T). The
offset(T)parameterremovesthemajority of offsetbiasfrom
thesensorreadings.However,negatingnearlyall cursordrift
at zeromovementcanbeusefulfor producingahigh-perfor-

45 mancepointingdevice.Therefore,theadditionalfactordOff­
set, can be computeddynamically while the 3D pointing
device400 is in use.The stationarydetectionfunction 608
determineswhenthehandheldis most likely stationaryand
whentheoffsetshouldberecomputed.Exemplarytechniques

50 for implementingstationarydetectionfunction608,aswell as
otherusestherefore,aredescribedbelow.

An exemplary implementationof dOffset computation
employscalibratedsensoroutputswhich are low-passfil­
tered.The stationaryoutputdetectionfunction 608provides

55 an indicationto rotationcalibrationfunction 618 to trigger
computationof, for example,themeanof the low-passfilter
output.Thestationaryoutputdetectionfunction608canalso
control whenthenewly computedmeanis factoredinto the
existingvaluefor dOffset.Thoseskilledin theartwill recog-

60 nizethat a multitudeof different techniquescanbeusedfor
computingthenewvaluefor dOffsetfrom theexistingvalue
of dOffsetandthe new meanincluding, but not limited to,
simple averaging,low-passfiltering and Kalman filtering.
Additionally, those skilled in the art will recognizethat

65 numerousvariationsfor offsetcompensationoftherotational
sensors502 and 504 can be employed.For example,the
offset(T) function canhavea constantvalue (e.g., invariant

andA is the calibratedlinear acceleration.Similarly, linear
accelerationcompensationfor thesampledrotationaldataaz
from rotationalsensor504canbeprovidedatblock614.The
gain matrices,C, vary betweenrotational sensorsdue to
manufacturingdifferences.C may be computedusing the
averagevaluefor manyrotationalsensors,or it may be cus­
tom computedfor eachrotationalsensor.

Like the accelerometerdata, the sampledrotationaldata
10 612 is thenconvertedfrom a sampledunit valueinto a value

associatedwith a rateof angularrotation,e.g., radians/s,at
function 616. This conversionstepcanalso includecalibra­
tion providedby function 618 to compensatethe sampled
rotationaldatafor, e.g.,scaleandoffset.Conversion/calibra-

15 tion for both ay and az can be accomplishedusing, for
example,the following equation:

(4)

(3)

(2) 30

(1)

�a�y�'�~�a�y�-�C�*�A

�p�~�(�R�1�+�R�2�)�/�2

604.Theaccelerationcalibrationblock 606providestheval­
uesusedfor theconversionfunction 604.This calibrationof
theaccelerometeroutput602caninclude,for example,com­
pensationfor oneor moreof scale,offsetandaxismisalign­
menterrorassociatedwith theaccelerometer506.Exemplary
conversionsfor the accelerometerdata can be performed
usingthe following equation:

�A�~�S�*�(�(�M�-�P�)�.�*�G�(�I�)

whereinC is the I x3 row vectorof rotationalsensorsuscep­
tibility to linearaccelerationalongeachaxisgivenin units/g

whereinM is a 3xl colunmvectorcomposedof the sampled
outputvalues (x, y, z), P is a 3xl colunmvectorof sensor
offsets,andS is a 3x3 matrix that containsboth scale,axis
misalignment,and sensorrotationcompensation.G(T) is a
gainfactorthatis a functionoftemperature.The"*,, operator
representsmatrix multiplicationandthe".*" operatorrepre­
sentselementmultiplication. The exemplaryaccelerometer
506 hasanexemplaryfull rangeof +/-2 g. Sensoroffset, P,
refersto thesensoroutput,M, for anaccelerometer measure­
mentof 0 g. Scalerefersto theconversionfactorbetweenthe
sampledunit value and g. The actual scale of any given 20

accelerometersensormay deviatefrom thesenominal scale
valuesdueto, e.g.,manufacturingvariances.Accordinglythe
scalefactorin theequationsabovewill beproportionalto this
deviation.

Accelerometer506scaleandoffsetdeviationscanbemea- 25

suredby, for example,applyingI g offorcealongoneanaxis
andmeasuringthe result, RI. Thena -I g force is applied
resultinginmeasurementR2.Theindividualaxisscale,s,and
the individual axis offset,p, canbecomputedasfollows:

�s�~�(�R�1�-�R�2�)�/�2

In this simplecase,P is the columnvectorof the p for each
axis, andS is thediagonalmatrix of the lis for eachaxis.

However, in additionto scaleandoffset, readingsgener­
atedby accelerometer506 may also suffer from cross-axes
effects. Cross-axeseffects include non-alignedaxes, e.g.,
whereinoneormoreofthesensingaxesoftheaccelerometer
506 as it is mountedin the 3D pointing device400 arenot
alignedwith the correspondingaxis in the inertial frame of
reference,or mechanicalerrorsassociatedwith themachin­
ing oftheaccelerometer506itself, e.g.,whereineventhough
the axesare properly aligned, a purely y-axis acceleration
force may result in a sensorreadingalongthe z-axis of the
accelerometer506.Bothoftheseeffectscanalsobemeasured
andaddedto thecalibrationperformedby function 606.

The accelerometer506 serves severalpurposesin exem­
plary 3D pointing devicesaccordingto exemplaryembodi­
ments of the presentinvention. For example, if rotational
sensors502 and504 are implementedusing the exemplary
Coriolis effect rotational sensorsdescribedabove,then the
outputof the rotationalsensors502 and504will vary based
onthelinearaccelerationexperiencedby eachrotationalsen­
sor. Thus,oneexemplaryuseof the accelerometer506 is to
compensatefor fluctuationsin thereadingsgeneratedby the
rotationalsensors502and504whicharecausedby variances
in linearacceleration.Thiscanbeaccomplishedby multiply­
ing theconvertedaccelerometerreadingsby againmatrix610
andsubtracting(or adding)theresultsfrom (or to) thecorre­
spondingsampledrotationalsensordata612. For example,
thesampledrotationaldataayfrom rotationalsensor502can
becompensatedfor linearaccelerationat block 614 as:
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(8)

(7)

[
cos8sinB ] [a:y ]

R = _ sinBcosB . CYZ

Thevalue8 canbenumericallycomputedasatan2(y,z)to
preventdivision by zero and give the correct sign. Then,
function 620 canperform the rotation R of the converted/
calibratedinputsay andazusingtheequation:

to rotatethe converted/calibratedinputs ay andaz to com­
pensatefor the tilt 8. Tilt compensationasdescribedin this
exemplaryembodimentis a subsetof a more generaltech­
niquefor translatingsensorreadingsfrom thebody frameof
referenceinto a user's frame of referenceaccording to
another exemplary embodimentof the present invention
which is describedbelow.

Oncethe calibratedsensorreadingshavebeencompen­
satedfor linearacceleration,processedinto readingsindica­
tive of angularrotationof the 3D pointing device400, and
compensatedfor tilt, post-processingcan be performedat
blocks626 and628. Exemplarypost-processingcaninclude
compensationfor various factors such as human tremor.
Although tremor may be removedusing severaldifferent
methods,oneway to removetremor is by usinghysteresis.
The angularvelocity producedby rotation function 620 is
integratedto producean angularposition. Hysteresisof a
calibratedmagnitudeis thenappliedto theangularposition.
Thederivativeis takenoftheoutputofthehysteresisblockto
againyield anangularvelocity. The resultingoutput is then
scaledat function 628 (e.g., basedon the samplingperiod)
andusedto generatearesultwithin theinterface,e.g.,move­
mentof a cursor410 on a display408.

Having provideda processdescriptionof exemplary3D
pointing devicesaccordingto the presentinvention, FIG. 7
illustrates an exemplaryhardwarearchitecture.Therein, a
processor800 communicateswith otherelementsof the 3D
pointing device including a scroll wheel 802, JTAG 804,
LEDs 806, switch matrix 808, IR photodetector810, rota­
tional sensors812, accelerometer814 andtransceiver816.
The scroll wheel802 is an optional input componentwhich
enablesauserto provideinputto theinterfaceby rotatingthe
scroll wheel802 clockwiseor counterclockwise.JTAG 804
providesthe programmingand debugginginterfaceto the
processor.LEDs 806 providevisual feedbackto a user, for
example, when a button is pressed.Switch matrix 808
receivesinputs,e.g.,indicationsthatabuttononthe3D point-

to exemplaryembodimentsofthepresentinventiontranslates
thereadingsoutputfrom rotationalsensors502and504back
into the inertial frameof referenceaspartof processingthe
readingsfrom thesesensorsinto information indicative of
rotationalmotionof the3D pointingdevice400.

According to exemplary embodimentsof the present
invention, returningto FIG. 5, this canbe accomplishedby
determiningthe tilt of the 3D pointing device400 usingthe
inputsy andz receivedfrom accelerometer506 at function

10 622.Morespecifically,aftertheaccelerationdatais converted
andcalibratedasdescribedabove,it canbelow passfiltered
atLPF 624to provideanaverageacceleration(gravity)value
to the tilt determinationfunction 622. Then, tilt 8 can be
calculatedin function 622 as:

with temperature),morethantwo offsetcompensationvalues
canbeusedand/oronlyasingleoffsetvaluecanbecomputed/
usedfor offsetcompensation.

After conversion/calibrationat block 616,the inputsfrom
therotationalsensors502and504canbefurtherprocessedto
rotatethoseinputsinto aninertial frameof reference,i.e., to
compensatefor tilt associatedwith themannerin which the
useris holding the 3D pointingdevice400, at function 620.
Tilt correctionis anothersignificant aspectof someexem­
plaryembodimentsofthepresentinventionasit is intendedto
compensatefor differencesin usagepatternsof 3D pointing
devicesaccordingto thepresentinvention.More specifically,
tilt correctionaccordingto exemplaryembodimentsof the
presentinventionis intendedto compensatefor the fact that
userswill hold pointing devicesin their handsat different 15

x-axis rotationalpositions,but that the sensingaxesof the
rotationalsensors502and504in the3D pointingdevices400
arefixed. It is desirablethatcursortranslationacrossdisplay
408 is substantiallyinsensitiveto theway in which the user
gripsthe3D pointingdevice400,e.g.,rotatingthe3D point- 20

ing device400 backandforth in a mannergenerallycorre­
spondingto thehorizontaldimension(x2-axis)of thedisplay
508shouldresultin cursortranslationalongthex2-axis,while
rotating the 3D pointing device upand down in a manner
generallycorrespondingto theverticaldimension(y2-axis)of 25

the display508 shouldresult in cursortranslationalongthe
y2-axis, regardlessof the orientationin which the user is
holdingthe3D pointingdevice400.

To betterunderstandtheneedfor tilt compensationaccord­
ing to exemplaryembodimentsofthepresentinvention,con- 30

sider the exampleshownin FIG. 6(a). Therein, the useris
holding 3D pointing device 400 in an exemplaryinertial
frameof reference,whichcanbedefinedashavinganx-axis
rotationalvalueof0 degrees,e.g.,theinertial frameof refer­
encecanthat in whichthe3D devicehasits bottomsubstan- 35

tially parallelto a floor of a room in which, e.g.,a television
is located.The inertial frame of referencecan,purely as an
example,correspondto theorientationillustratedin FIG. 6(a)
or it canbedefinedasany otherorientation.Rotationof the
3D pointing device400 in eitherthe y-axis or z-axis direc- 40

tionswill besensedbyrotationalsensors502and504,respec­
tively. For example,rotationof the 3D pointing device400
aroundthez-axisby anamount!:lzasshowninFIG. 6(b) will
resultin a correspondingcursortranslation!:lx2 in theX2axis
dimensionacrossthe display408 (i.e., thedistancebetween 45

thedottedversionof cursor410 andtheundottedversion).
If, ontheotherhand,theuserholdsthe3D pointingdevice

400 in a different orientation, e.g., with some amountof
x-axisrotationrelativeto theinertial frameofreference,then
the informationprovidedby the sensors502 and504 would 50

not (absenttilt compensation)provideanaccuraterepresen­
tationof the user'sintendedinterfaceactions.For example,
referringto FIG. 6(c), considera situationwhereinthe user
holdsthe3D pointingdevice400with anx-axisrotationof45
degreesrelativeto the exemplaryinertial frameof reference 55

asillustratedin FIG. 6(a).Assumingthesamez-axisrotation
!:lz is impartedto the3Dpointingdevice400byauserasin the
exampleofFIG. 6(b), thecursor410will insteadbetranslated
in both the x2-axis direction and the Y2-axis direction as
shownin FIG. 6(d). Thisis dueto thefactthatthesensingaxis 60

of rotationalsensor502 is now orientedbetweenthe y-axis
andthez-axis(becauseof theorientationofthedevicein the
user'shand). Similarly, the sensingaxis of the rotational
sensor504is alsoorientedbetweenthey-axis andthez-axis
(althoughin a different quadrant).In order to provide an 65

interfacewhich is transparentto theuserin termsofhow the
3D pointingdevice400 is held, tilt compensationaccording
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In addition, the parasitic accelerationeffects that are not
measuredby a rotational sensorshould also be removed.
Theseeffectsincludeactuallinearacceleration,acceleration
measureddueto rotationalvelocity androtationalaccelera­
tion, andaccelerationdueto humantremor.

Stationary detection function 608, mentioned briefly
above, can operateto determinewhetherthe 3D pointing
device400 is, for example,eitherstationaryor active(mov­
ing). This categorizationcanbe performedin a numberof
differentways.Oneway, accordingto anexemplaryembodi­
mentof the presentinvention, is to computethevarianceof
the sampledinput dataof all inputs (x, y, z, ay, az) over a
predeterminedwindow, e.g.,everyquarterof a second.This
varianceis thencomparedwith a thresholdto classifYthe3D
pointingdeviceaseitherstationaryor active.

Anotherstationarydetectiontechniqueaccordingto exem­
plary embodimentsof the presentinvention involves trans­
forming the inputs into the frequencydomainby, e.g., per­
forming a FastFourierTransform(FFT) on the input data.
Then, the datacan be analyzedusing, e.g., peakdetection
methods,to determineif the3D pointingdevice400 is either
stationaryor active. Additionally, a third categorycan be
distinguished,specificallythecasewhereauserisholdingthe
3D pointingdevice400but is notmoving it (alsoreferredto
hereinasthe"stable"state.This third categorycanbedistin­
guishedfrom stationary(notheld)andactiveby detectingthe
smallmovementofthe3D pointingdevice400introducedby
a user'shandtremor when the 3D pointing device 400 is

ing device400 hasbeendepressedor released,thatarethen
passedon to processor800. The optional IR photodetector
810 canbe providedto enablethe exemplary3D pointing
deviceto learn IR codesfrom otherremotecontrols.Rota­
tional sensors812providereadingsto processor800regard­
ing, e.g., the y-axis and z-axis rotation of the 3D pointing
deviceasdescribedabove.Accelerometer814providesread­
ingsto processor800regardingthelinearaccelerationof the
3D pointing device 400 which can be used as described
above,e.g.,to performtilt compensationandto compensate
for errorswhich linearaccelerationintroducesinto the rota­
tional readingsgeneratedby rotational sensors812. Trans­
ceiver816 is usedto communicateinformationto andfrom
3D pointingdevice400,e.g.,to thesystemcontroller228 or
to a processorassociatedwith a computer.The transceiver
816 canbe a wirelesstransceiver,e.g., operatingin accor­
dancewith the Bluetoothstandardsfor short-rangewireless
communicationor an infraredtransceiver.Alternatively, 3D
pointing device 400 can communicatewith systemsvia a
wireline connection.

In the exemplaryembodimentof FIG. 4, the 3D pointing
device400 includestwo rotationalsensors502 and504, as
well asanaccelerometer506.However,accordingto another
exemplaryembodimentof thepresentinvention,a 3D point­
ing devicecanalternativelyincludejustonerotationalsensor,
e.g., for measuringangularvelocity in the z-axis direction,
andan accelerometer.For suchan exemplary embodiment,
similarfunctionality to thatdescribedabovecanbeprovided
by usingtheaccelerometerto determinetheangularvelocity
alongtheaxiswhichis notsensedbytherotationalsensor.For
example,rotationalvelocity aroundthe y-axis canbe com­
putedusingdatageneratedby the accelerometerandcalcu­
lating:

Wy = aey
= �~�t�a�n�-�l�(�~�)at at z

(9)
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being held by a user. Peakdetectioncan also be usedby
stationarydetectionfunction608to makethis determination.
Peakswithin the rangeof humantremor frequencies,e.g.,
nominally8-12Hz,will typically exceedthenoisefloor ofthe
device (experiencedwhen the device is stationaryand not
held)by approximately20 dB.

In the foregoingexamples,thevariancesin the frequency
domain were sensedwithin a particular frequency range,
howevertheactualfrequencyrangeto bemonitoredandused

10 to characterizethe statusof the3D pointingdevice400may
vary. Forexample,thenominaltremorfrequencyrangemay
shift basedon e.g., the ergonomicsand weight of the 3D
pointingdevice400, e.g., from 8-12 Hz to 4-7 Hz.

According to another exemplary embodiment of the
15 presentinvention, stationarydetectionmechanism608 can

include a state machine.An exemplary state machine is
shown in FIG. 8. Therein, the ACTIVE state is, in this
example, the default state during which the 3D pointing
device400ismovingandbeingusedto, e.g.,provideinputsto

20 a userinterface.The 3D pointing device400 canenterthe
ACTIVE stateonpower-upof thedeviceasindicatedby the
resetinput.Ifthe3Dpointingdevice400stopsmoving,it may
thenentertheINACTIVE state.Thevariousstatetransitions
illustratedin FIG. 8 canbe triggeredby any of a numberof

25 different criteria including, but not limited to, data output
from oneor bothof therotationalsensors502 and504, data
output from the accelerometer506, time domaindata, fre­
quencydomaindataor any combinationthereof.Statetran­
sition conditionswill begenericallyreferredto hereinusing

30 theconvention"ConditionstateA stateE".Forexample,the3D
pointingdevice400will �t�r�a�n�s�i�t�i�~�n from theACTIVE stateto
theINACTIVE statewhenconditionactiveinactiveoccurS.For
the sole purpose of illustration: consider that
condition . inactivecan,in anexemplary3D pointingdevice

35 400, �o�c�c�~�~�h�e�n meanand/orstandarddeviationvaluesfrom
boththerotationalsensor(s)andtheaccelerometerfall below
first predeterminedthresholdvaluesfor a first predetermined
time period.

Statetransitionscanbedeterminedby a numberof differ-
40 ent conditions basedupon the interpretedsensoroutputs.

Exemplary condition metrics include the variance of the
interpretedsignalsoveratimewindow,thethresholdbetween
a referencevalueandthe interpretedsignalovera time win­
dow, thethresholdbetweenareferencevalueandthefiltered

45 interpretedsignal over a time window, and the threshold
betweena referencevalueandthe interpretedsignal from a
start time canbe usedto determinestatetransitions.All, or
any combination,of theseconditionmetricscanbe usedto
triggerstatetransitions.Alternatively,othermetricscanalso

50 be used.According to one exemplaryembodimentof the
presentinvention, a transitionfrom the INACTIVE stateto
the ACTIVE stateoccurseitherwhen (1) a meanvalue of
sensoroutput(s) overa timewindow is greaterthanpredeter­
mined threshold(s)or (2) a varianceof values of sensor

55 output(s)overa time window is greaterthanpredetermined
threshold(s)or (3) an instantaneousdelta betweensensor
valuesis greaterthana predeterminedthreshold.

The INACTIVE state enablesthe stationary detection
mechanism608 to distinguishbetweenbrief pausesduring

60 whichthe3D pointingdevice400 is still beingused,e.g.,on
the orderof a tenthof a second,andan actualtransitionto
eithera stableor stationarycondition.This protectsagainst
the functionswhich areperformedduring the STABLE and
STATIONARY states,describedbelow, from inadvertently

65 beingperformedwhenthe3D pointingdeviceis beingused.
The 3D pointing device 400 will transition back to the
ACTIVE statewhenconditioninactive_aCtiveoccurs,e.g.,if the
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�W�u�'�~�R�o�t�a�t�e�(�W�b�'�, Q)

�W�u�~�R�o�t�a�t�e�(�W�b�, Q)

�P�u�"�~�R�o�t�a�t�e�(�P�b�"�, Q)

�P�u�~�R�o�t�a�t�e�(�P�b�, Q)+Pdelta

�P�u�'�~�R�o�t�a�t�e�(�P�b�'�, Q)

65 where:
Rotaterepresentsthequaternionrotationoperatorsuchthat

Rotate(A,Q) is equalto Q* A Q whereQ* is thequaternion

sor(s)in the3D pointingdeviceto convertthis datafrom the
frame of referenceof the 3D pointing device'sbody into
anotherframeofreference,e.g.,theuser'sframeofreference.
In theexemplaryapplicationofa 3D pointingdeviceusedto
control a userinterfacedisplayedon a screen,e.g.,a televi­
sion, the user'sframe of referencemight be a coordinate
systemassociatedwith the television screen.Regardless,
translationof thedatafrom thebody frameof referenceinto
anotherframeofreferenceimprovestheusabilityofthehand-

10 helddeviceby resultingin anoperationthatis from theuser's
perspectiveratherthanthedevice'sperspective.Thus,when
theusermoveshis or herhandfrom left to right in front of a
displaywhile holdingthe3D pointingdevice,thecursorwill
movein theleft to right directionregardlessoftheorientation

15 of the3D pointingdevice.
To simplify this discussionan exemplaryprocessingsys­

temassociatedwith a 3D pointingdeviceis shownin FIG. 9,
e.g.,asdescribedin moredetailabove.Therein,thehandheld
systemsensesmotion using one or more sensors901, e.g.,

20 rotationalsensor(s),gyroscopes(s),accelerometer(s),magne­
tometer(s),optical sensor(s),camera(s)or any combination
thereof. The sensorsare then interpretedin block 902 to
produceanestimateofthemotionthatoccurred.Theprocess­
ing block 903 thentranslatesthemeasuredmotionfrom the

25 natural(body)referenceframeofthedeviceinto thereference
frame of the user.The movementis then mapped904 into
meaningful actions that are interpretedat block 905 for­
wardedto thesystemto produceameaningfulresponse,such
asmovinganon-screencursor.

Block 903 convertsdetectedmovementinto thereference
frameoftheuserinsteadofthereferenceframeofthedevice.
Orientationmay be representedby many different math­
ematicallysimilar methodsincluding Euler angles,a direc­
tion cosinematrix (DCM), or a unit quaternion.Positionis

35 generallyrepresentedasanoffsetfrom thecoordinatesystem
origin in aconsistentunit includingbutnot limited to meters,
centimeters, feet, inches, and miles. In one exemplary
embodimentdescribedabove,a3D pointingdevicemeasures
inertial forcesincludingaccelerationandrotationalvelocity.

40 Theseforcesaremeasuredrelativeto thebodyof thedevice
by sensorsmountedtherein.In orderto convertthemeasured
data into the userframe of reference,the deviceestimates
bothits positionandits orientation.

In this exemplary embodiment,it is assumedthat theuser
45 frame of referenceis stationaryand has fixed orientation,

althoughthoseskilled in theartwill appreciatethatthis tech­
niquein accordancewith thepresentinventioncanbereadily
extendedto the caseswherethe user'sframeof referenceis
non-stationaryby either directly transfonningto the time-

50 varyingframeorby first convertingto a stationary frameand
thenconvertingto themovingframe.Forthestationary,fixed­
orientationuserframeofreferenceexample,conversionfrom
thebody frameto theuserframecanbeperfonnedby useof
the following equations:

3D pointing device 400 startsmoving again suchthat the
measuredoutputsfrom therotationalsensor(s)andtheaccel­
erometerexceedsthe first thresholdbeforea secondprede­
terminedtime periodin the INACTIVE state elapses.

The 3D pointing device400 will transitionto either the
STABLE stateor the STATIONARY stateafter the second
predetermined timeperiodelapses.As mentionedearlier,the
STABLE statereflectsthecharacterizationofthe3D pointing
device400 asbeingheldby a personbut beingsubstantially
unmoving,while the STATIONARY statereflectsa charac­
terizationof the 3D pointing deviceas not beingheld by a
person.Thus, an exemplarystatemachineaccordingto the
presentinventioncanprovidefor a transitionto theSTABLE
stateafterthe secondpredetenninedtime periodhaselapsed
if minimal movementassociatedwith handtremoris present
or, otherwise,transitionto the STATIONARY state.

The STABLE andSTATIONARY statesdefinetimesdur­
ing which the 3D pointing device400 canperformvarious
functions.Forexample,sincetheSTABLE stateis intendedto
reflecttimeswhentheuseris holdingthe3D pointingdevice
400but is notmovingit, thedevicecanrecordthemovement
ofthe3D pointingdevice400whenit is in theSTABLE state
e.g., by storingoutputsfrom the rotationalsensor(s)and/or
the accelerometerwhile in this state.Thesestoredmeasure­
mentscanbe usedto determinea tremorpatternassociated
with a particularuseror usersasdescribedbelow. Likewise,
whenin theSTATIONARY state,the3D pointingdevice400
cantakereadingsfrom therotationalsensorsand/ortheaccel­
erometerfor use in compensatingfor offset as described
above.

If the3D pointingdevice400startsto movewhile in either 30

theSTABLE or STATIONARY state,this cantriggerareturn
to the ACTIVE state. Otherwise, after measurementsare
taken,thedevicecantransitionto the SLEEPstate.While in
the sleep state, the device can enter a power down mode
wherein power consumptionof the 3D pointing device is
reducedand,e.g.,the samplingrateof therotationalsensors
and/orthe accelerometeris also reduced.The SLEEPstate
canalsobeenteredvia anexternalcommandsothattheuser
oranotherdevicecancommandthe3Dpointingdevice400to
enterthe SLEEPstate.

Upon receiptof anothercommand,or if the 3D pointing
device400beginsto move,thedevicecantransitionfrom the
SLEEP stateto the WAKEUP state. Like the INACTIVE
state, the WAKEUP stateprovides an opportunity for the
device to confinn that a transitionto the ACTIVE stateis
justified, e.g.,that the3D pointingdevice400wasnot inad­
vertentlyjostled.

Theconditionsfor statetransitionsmaybesymmetricalor
may differ. Thus, the threshold associated with the
condition . inactive may be the sameas (or different from)
the thresI1';Srd(s)associatedwith the conditioninactive active'

This enables3D pointing devicesaccordingto the present
inventionto moreaccuratelycaptureuserinput.Forexample,
exemplary embodimentswhich include a state machine
implementationallow, amongotherthings, for thethreshold
for transitioninto a stationaryconditionto bedifferent than 55

thethresholdfor the transitionout of a stationarycondition.
Entering or leaving a statecan be usedto trigger other

devicefunctionsaswell. For example,theuserinterfacecan
be poweredup basedon a transitionfrom any stateto the
ACTIVE state.Conversely,the3D pointingdeviceand/orthe
userinterfacecanbeturnedoff (or entera sleepmode)when 60

the3D pointingdevicetransitionsfromACTIVE or STABLE
to STATIONARY or INACTIVE. Alternatively, the cursor
410canbedisplayedorremovedfrom thescreenbasedonthe
transitionfrom or to the stationarystateof the 3D pointing
device400.

As mentioned above, exemplary embodimentsof the
presentinventionprocessmovementdatareceivedfrom sen-
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�A�b�o�d�y�~�A�a�c�c�e�l�e�r�o�m�e�t�e�r�+�U�l�'�x�R�+�U�l�x�( UlxR)

AuseFRotate(Abody,Q)

whereQ is the rotationfrom the body frameof referenceto
theaccelerometerframeof reference.

Unfortunately,differentusershavedifferentvaluesfor R.
Forexample,oneusermayusethehandhelddeviceby rotat­
ing theirelbowwhile anothermayusethedeviceby rotating
theirwrist. In addition,peoplehavedifferentsizedwristsand
forearms.Forimprovedusabilitythisexemplaryembodiment
ofthehandhelddynamicallycomputesR andmovesthebody
origin suchthat it hasminimal accelerationcomponentsdue
to angularmotion. The exemplaryembodimentestimatesR
by defining R as [Rx, 0, 0] and solving for Rx using and
minimizingAbody-Rotate[Ag, Q]. Notethatmanynumerical
methodsexist including recursiveleastsquaresandKalman
filtering thatmayperform minimizationto computeRx.

Basedon the foregoing, it will be appreciatedthat the
presentinventiondescribesvarioustechniquesfor mapping
sensedmotionofahandhelddevicefrom oneframeof refer-

Where* representsmultiplicationand** representsquater­
nion multiplication.Additional stability canbeprovidedby
constantfield vectorsincludinggravity andtheearth'smag­
netic field andcombinedwith the resultsabove.Thecombi­
nationcanbeachievedusingseveralnumericalandfiltering
methodsincluding,but not limited to, Kalmanfiltering.

A varietyofdifferentsensorscouldbeemployedaslongas
theymeasuremotionwith respectto the body of thedevice.
Exemplary sensorsinclude accelerometers,rotational sen­
sors, gyroscopes,magnetometersand cameras.The user
frame does not needto be stationary.For example,if the
user'sframeofreferenceis selectedto betheuser'sforearm,
thenthedevicewouldonly respondto wrist andfingermove­
ment.

Oneskilledin theartwill recognizethecommutativeprop­
erty applies to the frame of reference transformations
describedin this invention.Therefore,theorderof themath­
ematicaloperationscanbealteredwithout materiallyaffect­
ing theinventiondescribedherein.In addition,manymotion
processingalgorithmscanoperatein either frame of refer­
enceequivalently,especiallywhentheuserframeis chosento
be stationarywith a constantorientation.

In addition to providing easeof use, frame of reference
transformationsaccordingto this exemplaryembodimentof

25 thepresentinventioncanalsobeusedto addressotherchal­
lengesin handhelddeviceimplementations.Forexample,if a
sensor(suchasanaccelerometer)is not locatedpreciselyat
the centerof rotation in the body frame of reference,the
measuredaccelerationwill includeboth the accelerationof
theframeandaccelerationcomponentsdueto therotationof
the frame. Therefore,themeasuredaccelerationcanfirst be
transformedto a different target location within the body
frameof thedeviceusingthe following relationship:

65

whereR is the vector from the accelerometerto the target
location, w is the angularvelocity of the body frame of ref­
erenceandWI is theangularaccelerationofthebodyframeof

40 reference.Ifthebodyframeofthedeviceis constructedsuch
that it lies at R from the accelerometer,thenit shouldhave
zeroangularaccelerationeffectsandmaybemoreeasilyused
to computethe device movementin the user frame. This
compensatesfor intentional or unintentionalmisaligument

45 betweentheaccelerometerandthecenterofthebodyframeof
reference.In addition, the estimateof the gravity vector
becomesmuchsimplersincetherearefewerforcesactingat
thecenterof rotation.Then,

�W�b�A�n�g�l�e�~�I�W�b�I�*�p�e�r�i�o�d

�V�~�I�I�A�b�l�l�x�l�V�l�g�l�l (crossproductofunit vectors)

�Q�~�Q�u�a�t�e�r�n�i�o�n�[�q V, �a�J�~ [q V*sin(al2), cos(al2)]

�Q�D�E�L�T�A�~�Q�u�a�t�e�r�n�i�o�n�[�W�b�, �W�b�A�n�g�l�e�]�~�[�I�I�W�b�l�l�*�s�i�n

(WbAngle/2),cos(WbAngle/2)]

Positionis thencomputedasthedoubleintegraloftheaccel­
erationin theuserframe.Theaccelerationin theuserframeis
theaccelerationofthebodyframerotatedinto theuserframe 50

by Q above.Normally, theorigin is assumedto bezerowhen
thedeviceis first activated,buttheoriginmayberesetduring
normaloperationeithermanuallyor automatically.

Generally,whenthe deviceis not moving, Pul
, Pu", Wu,

andWu" areall 0. In thisexemplary embodiment,Pb"andWb 55

are measured.Although an infinite numberof rotationsQ
exist, theminimal rotationcanbeselectedfrom theavailable
setandusedto estimateWu basedon Wb. Alternatively, Q
maybecomputedusinganassumedstartingoffsetorientation
Qo, by integratingWb overtime asshownusingthediscrete 60

time integralbelow:

conjugateandthevectorA is a quaternionwith thecomplex
componentequalto A andthereal componentequalto 0;

Pu is thepositionin theuserframeof reference;
Pb is thepositionin thedeviceframeof reference;
I representsthederivative.Therefore,Pul is thederivativeof

thepositionin theuserframeofreferencewhichis theveloc­
ity in theuserframeof reference;

Wu is theangularvelocity of thedevicein bodyanglesin
theuserframeof reference;

Wb is theangularvelocity of thedevicein bodyanglesin 10

thebody frameof thedevice;
Pdeltais thedifferencebetweentheoriginoftheuserframe

ofreferenceandthebodyframeofreferencein theuserframe
of referencecoordinatesystem;

Q is thenormalizedrotationquaternionthatrepresentsthe 15

rotation from the body frame to the userframe. Since the
rotationquaternionto rotatefrom theuserframeto thebody
frame is Q*, we could replaceQ with R* where R is the
rotationfrom theuserframeto thebody frame.Note thatQ
canberepresentedin anumberofequivalentforms including 20

Euleranglesandthedirectioncosinematrix (DCM), andthe
aboveequationsmayvary slightly in their equivalentforms
basedupondifferent representationsof Q. FIG. 10 graphi­
cally illustrates the transformationfrom a body frame of
referenceto a user'sframeof reference.

During operation,thedeviceestimatesQ in animplemen­
tationdependentmannerto performthis transformation.One
exemplaryimplementation describedabove involves com­
pensatingfor tilt (i.e., variations in x-axis roll of the 3D
pointingdevicebasedon themannerin which it is heldby a 30

user). The orientation is computedby first estimatingthe
accelerationcomponentdueto gravity in thebodyframe,Ab.
By definition,theaccelerationvectordueto gravity in theuser
frame,Ag, is setto [0, 0, -I]. Sincegravity cannotestimate
theheading(rotationaboutthe z-axis), the body frameesti- 35

matefor headingis used.Therefore,the rotationquaternion
hasanaxisof rotationin thez=O plane.Thefollowing is one
of severalmathematicallyequivalentmethodsfor computing
therotationquaternion:
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sionalrotationaltransfonnonsaidfirst outputto gen­
erateanoutputwhich is substantiallyindependentof
saidorientation.

2. The systemof claim 1, wherein said systemfurther
comprises:

meansfor controlling; and
meansfor transmittingdata, disposedin said handheld

device, from saidhandheld deviceto saidmeansfor
controlling,

whereinsaidmeansfor processingis disposedwithin one
of saidhandhelddeviceandsaidmeansfor controlling.

3. The systemof claim 1, wherein said first sensoris a
camera.

4. The systemof claim 1, wherein said first sensoris a
rotationalsensor.

5. The systemof claim 1, wherein said first sensoris a
magnetometer.

6. The systemof claim 1, whereinsaidfirst sensoris an
optical sensor.

7. The systemof claim 1, whereinsaidsecondsensoris a
multi-axisaccelerometerandwhereinsaidat leastonesecond
outputincludesavaluey generatedby saidmulti-axisaccel­
erometer associatedwith accelerationof said handheld
devicein a y-axis directionanda valuez generatedby said
multi-axisaccelerometerassociatedwith accelerationof said
handhelddevicein a z-axisdirection.

8. Thesystemof claim 7, whereinsaidmulti-axis acceler­
ometeris a 3-axisaccelerometer.

9. The systemof claim 1, whereinsaidfirst outputis gen­
eratedat a samplingrateof 200 samples/second.

10. The systemof claim 1, whereinsaidmeansfor trans­
mitting datais a Bluetooth®transceiver.

11. The systemof claim 1, furthercomprising:
a plurality of buttonsdisposedon a housingof saidhand­

helddevice;and
at leastoneLED disposedon saidhousing.
12. The system of claim 1, wherein said first output

includespositiondatavalues.
13.Thesystemofclaim1,whereinsaidmeansfor process­

ing perfonnssaidtwo-dimensionalrotationaltransfonnation
on translationalmotiondetectedby saidfirst sensor.

14.Thesystemofclaim1,whereinsaidmeansfor process­
ing perfonnssaid two-dimensionalrotational transformon
rotationalmotiondetectedby saidfirst sensor.

15.Thesystemofclaim1,whereinsaidmeansfor process­
ing perfonnssaid two-dimensionalrotational transformon
bothtranslationalmotion androtationalmotiondetectedby
saidfirst sensor.

16.Thesystemofclaim1, whereinat leastoneof saidfirst
outputandsaidat leastonesecondoutputareprocessedprior
to saidcompensating.

17.Thesystemof claim 16,whereinsaidprocessingprior
to saidcompensatingincludescompensatingsaidat leastone
of said first output and said at leastone secondoutput for

55 offsetbias.
18.Thesystemof claim 16,whereinsaidprocessingprior

to compensatingincludesconvertingsaidat leastoneof said
first outputandsaidat leastonesecondoutputinto different
units.

19.Thesystemofclaim1,whereinsaidhandhelddeviceis
a 3D pointingdevice.

20.A methodfor usinga free spacepointingdevicecom­
prisingthe stepsof:

detectingmovementof said free spacepointing device
usinganaccelerometerandat leastoneothersensor;

detennininganorientationin which saidfree spacepoint­
ing deviceis held; and

ence(e.g., a body frame of reference)to anotherframe of
reference(e.g.,auser'sframeofreference).Thesemappings
canbeindependentfrom othermappingsassociatedwith the
use of the handhelddevice, e.g., the mapping of sensed
motion to cursormovementor canbe combinedtherewith.
Moreover,transfonnationsaccordingto thepresentinvention
canbeperfonnedto transformthesensedmotionin all three
dimensions,for translationalmotionandrotationalmotionor
any subsetthereof, from the perspectiveof eitherthe input
sideof themotionequationor the outputside.Additionally, 10

the selectionof the frameof referenceinto which the sensed
motionis mappedor transfonnedcanbemadein anumberof
differentways.Oneexampleprovidedaboveshowsthe sec­
ond frame of referencebeing a user'sframe of reference
associatedwith the tilt of the device,howevermany other 15

variationsarepossible.For example,theusermay selecthis
orherdesiredframeofreference,which settingcanbestored
in thehandheldasoneof a plurality of userpreferencesand
usedto perfonn the transformation.The secondframe of
referencecanbeselectedbasedonanynumberoftechniques. 20

Thesecondframeofreferencecanbeselectedbaseduponan
explicit command(e.g.,buttonoruserinterfaceselection)or
automaticallythroughuserrecognitiondetenninedby device
usepatterns,tremor,andotherbiometrics.

Additionally, although some of the exemplaryembodi- 25

mentsdescribeaboveoperateondatain thevelocity domain,
the presentinventionis not so limited. Mappingor transfor­
mationaccordingto thepresentinventioncanalternativelyor
additionallybeperformedon, for example,positionor accel­
erationdataand canbe for translationalmotion, rotational 30

motionorboth.Also theorderofprocessingisnotcritical. For
example,if thehandhelddeviceis beingusedto outputges­
turecommands,themappingcanbeperfonnedfirst andthen
thegesturedeterminedor thegesturecanbedetenninedfirst
andthenthemappingcanbeperfonned.

The above-described exemplary embodiments are
intendedto be illustrative in all respects,ratherthanrestric­
tive, of the presentinvention.Thus the presentinventionis
capableof manyvariationsin detailedimplementationthat
can be derivedfrom the descriptioncontainedhereinby a 40

personskilledin theart. Forexample,althoughtheforegoing
exemplaryembodimentsdescribe,amongother things, the
useof inertial sensorsto detectmovementof a device,other
typesof sensors(e.g.,ultrasound,magneticoroptical)canbe
usedinsteadof, or in additionto, inertial sensorsin conjunc- 45

tion with the afore-describedsignal processing.All such
variationsandmodificationsareconsideredto bewithin the
scopeand spirit of the presentinvention as definedby the
following claims.No element,act, or instructionusedin the
descriptionof thepresentapplicationshouldbeconstruedas 50

critical or essential to the invention unless explicitly
describedas such.Also, as usedherein, the article "a" is
intendedto includeoneor moreitems.

What is claimedis:
1. A systemcomprising:
meansfor generating,from a first sensor,a first output

associatedwith motionof a handhelddevice;
meansfor detecting,by a secondsensor,accelerationof

saidhandhelddeviceandoutputtingat leastonesecond
output;and

meansfor processingsaidfirst outputandsaidat leastone
secondoutput,saidprocessingmeansincluding:
meansfor determining an orientation in which said

handhelddeviceis heldusingsaidat leastonesecond
output;and

meansfor compensatingsaidfirst outputbasedon said
detenninedorientationby perfonninga two-dimen-
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andaprocessingunit for receivingandprocessingsaidfirst

output from said sensorand said at least one second
outputfrom said accelerometer,

saidprocessingincluding:
determining an orientation in which said handheld

deviceis heldusingsaidat leastonesecondoutput;
and

compensatingsaidfirst outputbasedonsaiddetermined
orientationby perfonning a two-dimensionalrota­
tional transformon said first output to generatean
outputwhichis substantiallyindependentof saidori-
entation.

40.Thehandhelddeviceofclaim39,whereinsaidsensoris
a camera.

41. Thehandhelddeviceofclaim39,whereinsaidsensoris
a rotationalsensor.

42.Thehandhelddeviceofclaim39,whereinsaidsensoris
a magnetometer.

43.Thehandhelddeviceofclaim39,whereinsaidsensoris
20 anoptical sensor.

44. Thehandhelddeviceof claim 39, whereinsaidaccel­
erometeris a multi-axis accelerometerandwhereinsaidat
leastonesecondoutputincludesa valuey generatedby said
multi-axisaccelerometerassociatedwith accelerationof said

25 handhelddevicein ay-axisdirectionandavaluez generated
by saidmulti-axisaccelerometerassociatedwith acceleration
of saidhandhelddevicein a z-axisdirection.

45. Thehandhelddeviceof claim 44, whereinsaidmulti­
axis accelerometeris a 3-axisaccelerometer.

46. The handhelddeviceof claim 39, whereinsaid first
outputis generatedata samplingrateof200samples/second.

47.Thehandhelddeviceofclaim39, furthercomprising:a
wirelesstransceiverfor receivingdatafrom saidprocessing
unit andwirelesslytransmittingsaiddata.

48.Thehandhelddeviceofclaim47,whereinsaidwireless
transceiveris a Bluetooth®transceiver.

49. Thehandhelddeviceof claim 39, furthercomprising:
a plurality of buttonsdisposedon a housingof saidhand­

helddevice;and
at leastoneLED disposedon saidhousing.
50. The handhelddeviceof claim 39, whereinsaid first

outputincludespositiondatavalues.
51.Thehandhelddeviceofclaim39,whereinsaidprocess­

ing perfonnssaid two dimensionalrotational transformon
45 detectedtranslationalmotionof saidhandhelddevice.

52.Thehandhelddeviceofclaim39,whereinsaidprocess­
ing perfonnssaid two dimensionalrotational transformon
detectedrotationalmotionof saidhandhelddevice.

53.Thehandhelddeviceofclaim39,whereinsaidprocess­
50 ing perfonnssaid two dimensionalrotational transformon

both detectedtranslationalmotion and detectedrotational
motionof saidhandhelddevice.

54. Thehandhelddeviceof claim 39, whereinsaidhand­
helddeviceis a 3D pointingdevice.

55.Thedeviceofclaim39,whereinat leastoneofsaidfirst
outputandsaidat leastonesecondoutputareprocessedprior
to saidcompensating.

56. The deviceof claim 55, whereinsaidprocessingprior
to saidcompensatingincludescompensatingsaidat leastone

60 of said first output and said at leastone secondoutput for
offsetbias.

57. The deviceof claim 55, whereinsaidprocessingprior
to saidcompensatingincludesconvertingsaidat leastoneof
said first output and said at least one secondoutput into

65 differentunits.
58.A systemcomprising:
(a) a handhelddeviceincluding:

compensatingsaid at least one other sensor'sdetected
movementbasedon saiddeterminedorientationby per­
forming atwo-dimensionalrotationaltransfonnon said
at leastoneothersensor'sdetectedmovementto gener­
ateanoutputwhich is substantiallyindependentof said
orientation.

21. Themethodof claim 20, furthercomprising:transmit­
ting datafrom saidhandhelddeviceto a systemcontroller,
whereinsaiddetenniningandcompensatingare performed
within oneofsaidhandhelddeviceandsaidsystemcontroller. 10

22.Themethodofclaim20,whereinsaidat leastoneother
sensorIS a camera.

23.Themethodofclaim20,whereinsaidat leastoneother
sensoris a rotationalsensor.

24.Themethodofclaim20,whereinsaidat leastoneother 15

sensoris a magnetometer.
25.Themethodofclaim20,whereinsaidat leastoneother

sensoris anoptical sensor.
26.Themethodofclaim20,whereinsaidaccelerometeris

a multi-axis accelerometerand wherein an output of said
accelerometerincludesavaluey generatedby saidmulti -axis
accelerometerassociatedwith accelerationof saidhandheld
devicein a y-axis directionanda valuez generatedby said
multi-axisaccelerometerassociatedwith accelerationof said
handhelddevicein a z-axisdirection.

27.Themethodofclaim26,whereinsaidmulti-axisaccel­
erometeris a 3-axisaccelerometer.

28. Themethodof claim 20, whereinanoutputof saidat
leastoneothersensoris generatedat a samplingrateof 200
samples/second. 30

29.Themethodofclaim21,whereinsaidstepoftransmit­
ting further comprises:wirelesslytransmittingsaid datain
accordancewith Bluetooth®.

30.Themethodofclaim20, furthercomprising:disposing
apluralityofbuttonsandatleastoneLED onahousingofsaid 35

handhelddevice.
31. Themethodof claim 20, whereinanoutputof saidat

leastoneothersensorincludespositiondatavalues.
32. The methodof claim 20, whereinsaidcompensating40

performssaidtwo-dimensionalrotationaltransfonnontrans­
lationalmotiondetectedby saidat leastoneothersensor.

33. The methodof claim 20, whereinsaidcompensating
performssaidtwo-dimensionalrotationaltransformonrota­
tional motiondetectedby saidat leastoneothersensor.

34. The methodof claim 20, whereinsaidcompensating
performssaidtwo-dimensionalrotationaltransformon both
translationalmotionandrotationalmotiondetectedby saidat
leastoneothersensor.

35. Themethodof claim 20, furthercomprising:process­
ing at leastone of an output of said accelerometerand an
outputof saidat leastoneotherprior to saidcompensating.

36.Themethodofclaim35, whereinsaidprocessingprior
to saidcompensatingincludescompensatingsaidat leastone
of saidoutputof saidaccelerometerandsaidoutputof saidat 55

leastoneothersensorfor offsetbias.
37.Themethodofclaim35, whereinsaidprocessingprior

to saidcompensatingincludesconvertingsaidat leastoneof
saidoutputof saidaccelerometerandsaidoutputof saidat
leastoneothersensorinto differentunits.

38.Themethodofclaim20,whereinsaidhandhelddevice
is a 3D pointing device.

39.A handhelddevicecomprising:
a sensorfor generatinga first output associatedwith

motionof saidhandhelddevice;
an accelerometerfor detectingaccelerationof saidhand­

helddeviceandoutputtingat leastonesecondoutput;
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74. Thesystemof claim 73, whereinsaidprocessingprior
to saidcompensatingincludescompensatingsaidat leastone
of said first output and said at leastone secondoutput for
offsetbias.

75. Thesystemof claim 73, whereinsaidprocessingprior
to compensatingincludesconvertingsaidat leastoneof said
first outputandsaidat leastonesecondoutputinto different
units.

76. Thesystemof claim 58, whereinsaidhandhelddevice
10 is a 3D pointingdevice.

77.A methodcomprising:
generating,from afirst sensor,afirst outputassociatedwith

motionof a handhelddevice;
detecting,by a secondsensor,accelerationof saidhand­

held deviceandoutputtingat leastone secondoutput;
and

processingsaid first output and said at leastone second
output,saidprocessingincluding:
determining an orientation in which said handheld

deviceis heldusingsaidat leastonesecondoutput;
and

compensatingsaidfirst outputbasedonsaiddetermined
orientationby perfonning a two-dimensionalrota­
tional transformon said first output to generatean
outputwhichis substantiallyindependentof saidori­
entation.

78. Themethodof claim77, furthercomprising:transmit­
ting datafrom saidhandhelddeviceto a systemcontroller,
wherein said processingis performedwithin one of said

30 handhelddeviceandsaidsystemcontroller.
79. Themethodof claim 77, whereinsaidfirst sensoris a

camera.
80. Themethodof claim 77, whereinsaidfirst sensoris a

rotationalsensor.
81. Themethodof claim 77, whereinsaidfirst sensoris a

magnetometer.
82.Themethodofclaim77,whereinsaidfirst sensoris an

optical sensor.
83.Themethodofclaim77,whereinsaidsecondsensoris

40 amulti-axisaccelerometerandwhereinsaidat leastonesec­
ond output includesa valuey generatedby saidmulti-axis
accelerometerassociatedwith accelerationof saidhandheld
devicein a y-axis directionanda valuez generatedby said
multi-axisaccelerometerassociatedwith accelerationof said

45 handhelddevicein a z-axisdirection.
84.Themethodofclaim83,whereinsaidmulti-axisaccel­

erometeris a 3-axisaccelerometer.
85. The methodof claim 77, whereinsaid first output is

generatedat a samplingrateof 200 samples/second.
86.Themethodofclaim78,whereinsaidstepoftransmit­

ting further comprises:wirelessly transmittingsaid data in
accordancewith Bluetooth®.

87.Themethodofclaim77, furthercomprising:disposing
apluralityofbuttonsandatleastoneLED onahousingofsaid

55 handhelddevice.
88. The methodof claim 77, wherein said first output

includespositiondatavalues.
89. Themethodof claim 77, whereinsaidprocessingper­

forms saidtwo-dimensionalrotationaltransfonnon transla­
60 tional motiondetectedby saidfirst sensor.

90. Themethodof claim 77, whereinsaidprocessingper­
forms said two-dimensionalrotational transform on rota­
tional motiondetectedby saidfirst sensor.

91. Themethodof claim 77, whereinsaidprocessingper­
65 forms said two-dimensionalrotational transform on both

translationalmotion androtationalmotion detectedby said
first sensor.

a sensorfor generatinga first output associatedwith
motionof saidhandhelddevice;and

anaccelerometerfor detectingaccelerationofsaidhand­
helddeviceandoutputtingat leastonesecondoutput;
and

(b) aprocessingunit for receivingandprocessingsaidfirst
output from said sensorand said at least one second
outputfrom saidaccelerometer,saidprocessinginclud­
ing:
determining an orientation in which said handheld

deviceis heldusingsaidat leastonesecondoutput;
and

compensatingsaidfirst outputbasedonsaiddetermined
orientationby perfonning a two-dimensionalrota­
tional transfonnon said first output to generatean 15

outputwhich is substantiallyindependentof saidori­
entation.

59. The systemof claim 58, whereinsaidsystemfurther
comprises:

a systemcontroller;
a wirelesstransceiver,disposedin saidhandhelddevice,

for transmittingdatafrom saidhandhelddeviceto said
systemcontroller;

whereinsaidprocessingunit is disposedwithin oneof said
handhelddeviceandsaidsystemcontroller. 25

60. The systemof claim 58, whereinsaidsensoris a cam­
era.

61. The systemof claim 58, whereinsaidsensoris a rota­
tional sensor.

62. Thesystemof claim 58, whereinsaidsensoris amag­
netometer.

63. The systemof claim 58, wherein said sensoris an
optical sensor.

64. Thesystemof claim58,whereinsaidaccelerometeris 35

amulti-axisaccelerometerandwhereinsaidat leastonesec­
ond output includesa valuey generatedby saidmulti-axis
accelerometerassociatedwith accelerationof saidhandheld
devicein a y-axis directionanda valuez generatedby said
multi-axisaccelerometerassociatedwith accelerationof said
handhelddevicein a z-axisdirection.

65.Thesystemofclaim 64,whereinsaidmulti-axisaccel­
erometeris a 3-axisaccelerometer.

66. The systemof claim 58, whereinsaid first output is
generatedat a samplingrateof 200 samples/second.

67. The systemof claim 59, whereinsaidwirelesstrans­
ceiveris a Bluetooth®transceiver.

68. The systemof claim 58, furthercomprising:
a plurality of buttonsdisposedon a housingof saidhand-

helddevice;and 50

at leastoneLED disposedon saidhousing.
69. The systemof claim 58, wherein said first output

includespositiondatavalues.
70. The systemof claim 58, whereinsaidprocessingunit

performssaidtwo-dimensionalrotationaltransformationon
translationalmotiondetectedby saidsensor.

71. The systemof claim 58, whereinsaidprocessingunit
performssaidtwo-dimensionalrotationaltransformonrota­
tional motiondetectedby saidsensor.

72. The systemof claim 58, whereinsaidprocessingunit
performssaidtwo-dimensionalrotationaltransformon both
translationalmotion androtationalmotion detectedby said
sensor.

73.Thesystemofclaim58,whereinatleastoneofsaidfirst
outputandsaidat leastonesecondoutputareprocessedprior
to saidcompensating.
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92. Themethodof claim 77, furthercomprising:process­
ing at leastoneofsaidfirst outputandsaidat leastonesecond
outputprior to saidcompensating.

93. Themethodofclaim92, whereinsaidprocessingprior
to saidcompensatingincludescompensatingsaidat leastone
of said first output and said at leastone secondoutput for
offsetbias.

26
94.Themethodofclaim92,whereinsaidprocessingprior

to saidcompensatingincludesconvertingsaidat leastoneof
said first output and said at least one secondoutput into
differentunits.

95.Themethodofclaim77,whereinsaidhandhelddevice
is a 3D pointingdevice.

* * * * *


