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(57) ABSTRACT 

A system used With a virtual device inputs or transfers 
information to a companion device, and includes tWo optical 
systems OS1, OS2. In a structured-light embodiment, OS1 
emits a fan beam plane of optical energy parallel to and 
above the virtual device. When a user-object penetrates the 
beam plane of interest, OS2 registers the event. Triangula 
tion methods can locate the virtual contact, and transfer 
user-intended information to the companion system. In a 
non-structured active light embodiment, OS1 is preferably a 
digital camera Whose ?eld of vieW de?nes the plane of 
interest, Which is illuminated by an active source of optical 
energy. Preferably the active source, OS1, and OS2 operate 
synchronously to reduce effects of ambient light. A non 
structured passive light embodiment is similar except the 
source of optical energy is ambient light. A subtraction 
technique preferably enhances the signal/noise ratio. The 
companion device may in fact house the present invention. 
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QUASI-THREE-DIMENSIONAL METHOD AND 
APPARATUS TO DETECT AND LOCALIZE 

INTERACTION OF USER-OBJECT AND VIRTUAL 
TRANSFER DEVICE 

RELATION TO PREVIOUSLY FILED 
APPLICATION 

[0001] Priority is claimed from applicants’ co-pending 
US. provisional patent application Ser. No. 60/287,115 ?led 
on 27 Apr. 2001 entitled “Input Methods Using Planar 
Range Sensors”, from co-pending US. Provisional patent 
application Ser. No. 60/272,120 ?led on 27 Feb. 2001 
entitled “Vertical Triangulation System for a Virtual Touch 
Sensitive Surface”, and from co-pending US. provisional 
patent application Ser. No. 60/231,184 ?led on 7 Sep. 2000 
entitled “Application of Image Processing Techniques for a 
Virtual Keyboard System”. Further, this application is a 
continuation-in-part from co-pending US. patent applica 
tion Ser. No. 09/502,499 ?led on 11 Feb. 2000 entitled 
“Method And Apparatus for Entering Data Using A Virtual 
Input Device”. Each of said applications is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to sensing proxim 
ity of a stylus or user ?nger relative to a device to input or 
transfer commands and/or data to a system, and more 
particularly to such sensing relative to a virtual device used 
to input or transfer commands and/or data and/or other 
information to a system. 

BACKGROUND OF THE INVENTION 

[0003] It is often desirable to use virtual input devices to 
input commands and/or data and/or transfer other informa 
tion to electronic systems, for example a computer system, 
a musical instrument, even telephones. For example, 
although computers can noW be implemented in almost 
pocket-siZe, inputting data or commands on a mini-keyboard 
can be time consuming and error prone. While many cellular 
telephones can today handle e-mail communication, actually 
inputting messages using the small telephone touch pad can 
be dif?cult. For example, a PDA has much of the function 
ality of a computer but suffers from a tiny or non-existent 
keyboard. If a system could be used to determine When a 
user’s ?ngers or stylus contacted a virtual keyboard, and 
What ?ngers contacted What virtual keys thereon, the output 
of the system could perhaps be input to the PDA in lieu of 
keyboard information. (The terms “?nger” or “?ngers”, and 
“stylus” are used interchangeably herein.) In this example a 
virtual keyboard might be a piece of paper, perhaps that 
unfolds to the siZe of a keyboard, With keys printed thereon, 
to guide the user’s hands. It is understood that the virtual 
keyboard or other input device is simply a Work surface and 
has no sensors or mechanical or electronic components. The 

paper and keys Would not actually input information, but the 
interaction or interface betWeen the user’s ?ngers and por 
tions of the paper, or if not paper, portions of a Work surface, 
Whereon keys Would exist, could be used to input informa 
tion to the PDA. A similar virtual device and system might 
be useful to input e-mail to a cellular telephone. A virtual 
piano-type keyboard might be used to play a real musical 
instrument. The challenge is hoW to detect or sense Where 
the user’s ?ngers or a stylus are relative to the virtual device. 
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[0004] US. Pat. No. 5,767,848 to Korth (1998) entitled 
“Method and Device For Optical Input of Commands or 
Data” attempts to implement virtual devices using a tWo 
dimensional TV video camera. Such optical systems rely 
upon luminance data and require a stable source of ambient 
light, but unfortunately luminance data can confuse an 
imaging system. For example, a user’s ?nger in the image 
foreground may be indistinguishable from regions of the 
background. Further, shadoWs and other image-blocking 
phenomena resulting from a user’s hands obstructing the 
virtual device Would seem to make implementing a Korth 
system someWhat imprecise in operation. Korth Would also 
require examination of the contour of a user’s ?ngers, ?nger 
position relative to the virtual device, and a determination of 
?nger movement. 

[0005] US. Pat. No. to Bamji et al. (2001) entitled 
“CMOS-Compatible Three-Dimensional Image Sensor IC”, 
application Ser. No. 09/406,059, ?led 22 Sep. 1999, dis 
closes a sophisticated three-dimensional imaging system 
usable With virtual devices to input commands and data to 
electronic systems. In that patent, various range ?nding 
systems Were disclosed, Which systems could be used to 
determine the interface betWeen a user’s ?ngertip and a 
virtual input device, e.g., a keyboard. Imaging Was deter 
mined in three-dimensions using time-of-?ight measure 
ments. Alight source emitted optical energy toWards a target 
object, e.g., a virtual device, and energy re?ected by portions 
of the object Within the imaging path Was detected by an 
array of photodiodes. Using various sophisticated tech 
niques, the actual time-of-?ight betWeen emission of the 
optical energy and its detection by the photodiode array Was 
determined. This measurement permitted calculating the 
vector distance to the point on the target object in three 
dimensions, e.g., (x,y,Z). The described system examined 
re?ected emitted energy, and could function Without ambient 
light. If for example the target object Were a layout of a 
computer keyboard, perhaps a piece of paper With printed 
keys thereon, the system could determine Which user ?nger 
touched What portion of the target, e.g., Which virtual key, in 
What order. Of course the piece of paper Would be optional 
and Would be used to guide the user’s ?ngers. 

[0006] Three-dimensional data obtained With the Bamji 
invention could be softWareprocessed to localiZe user ?ngers 
as they come in contact With a touch surface, e.g., a virtual 
input device. The softWare could identify ?nger contact With 
a location on the surface as a request to input a keyboard 
event to an application executed by an associated electronic 
device or system (e.g., a computer, PDA, cell phone, Kiosk 
device, point of sale device, etc.). While the Bamji system 
Worked and could be used to input commands and/or data to 
a computer system using three-dimensional imaging to 
analyZe the interface of a user’s ?ngers and a virtual input 
device, a less complex and perhaps less sophisticated system 
is desirable. Like the Bamji system, such neW system should 
be relatively inexpensive to mass produce and should con 
sume relatively little operating poWer such that battery 
operation is feasible. 

[0007] The present invention provides such a system. 

SUMMARY OF THE PRESENT INVENTION 

[0008] The present invention localiZes interaction betWeen 
a user ?nger or stylus and a passive touch surface (e.g., 
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virtual input device), de?ned above a Work surface, using 
planar quasi-three-dimensional sensing. Quasi-three-dimen 
sional sensing implies that determination of an interaction 
point can be made essentially in three dimensions, using as 
a reference a tWo-dimensional surface that is arbitrarily 
oriented in three-dimensional space. Once a touch has been 
detected, the invention localiZes the touch region to deter 
mine Where on a virtual input device the touching occurred, 
and What data or command keystroke, corresponding to the 
localiZed region that Was touched, is to be generated in 
response to the touch. Alternatively, the virtual input device 
might include a virtual mouse or trackball. In such an 
embodiment, the present invention Would detect and report 
coordinates of the point of contact With the virtual input 
device, Which coordinates Would be coupled to an applica 
tion, perhaps to move a cursor on a display (in a virtual 
mouse or trackball implementation) and/or to lay so-called 
digital ink for a draWing or Writing application (virtual pen 
or stylus implementation). In the various embodiments, 
triangulation analysis methods preferably are used to deter 
mine Where user-object “contact” With the virtual input 
device occurs. 

[0009] In a so-called structured-light embodiment, the 
invention includes a ?rst optical system (OS1) that generates 
a plane of optical energy de?ning a fanbeam of beam angle 
4) parallel to and a small stand-off distance AY above the 
Work surface Whereon the virtual input device may be 
de?ned. In this embodiment, the plane of interest is the plane 
of light produced by OS1, typically a laser or LED light 
generator. The tWo parallel planes may typically be hori 
Zontal, but they may be disposed vertically or at any other 
angle that may be convenient. The invention further includes 
a second optical system (OS2) that is responsive to optical 
energy of the same Wavelength as emitted by OS1. Prefer 
ably OS2 is disposed above OS1 and angled With offset 0, 
relative to the fan-beam plane, toWard the region Where the 
virtual input device is de?ned. OS2 is responsive to energy 
emitted by OS1, but the Wavelength of the optical energy 
need not be visible to humans. The invention may also be 
implemented using non-structured-light con?gurations that 
may be active or passive. In a passive triangulation embodi 
ment, OS1 is a camera rather than an active source of optical 
energy, and OS2 is a camera responsive to the same optical 
energy as OS1, and preferably disposed as described above. 
In such embodiment, the plane of interest is the projection 
plane of a scan line of the OS1 camera. In a non-structured 
light embodiment such as an active triangulation embodi 
ment, OS1 and OS2 are cameras and the invention further 
includes an active light source that emits optical energy 
having Wavelengths to Which OS1 and OS2 respond. 
Optionally in such embodiment, OS1 and OS2 can each 
include a shutter mechanism synchroniZed to output from 
the active light source, such that shutters in OS1 and OS2 are 
open When optical energy is emitted, and are otherWise 
closed. An advantage of a non-structured light con?guration 
using tWo cameras is that bumps or irregularities in the Work 
surface are better tolerated. The plane de?ned by OS1 may 
be selected by choosing an appropriate roW of OS1 sensing 
piXel elements to conform to the highest y-dimension point 
(e.g., bump) of the Work surface. 

[0010] In the structured-light embodiment, OS2 Will not 
detect optical energy until an object, e.g., a user ?nger or 
stylus, begins to touch the Work surface region Whereon the 
virtual input device is de?ned. HoWever, as soon as the 
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object penetrates the plane of optical energy emitted by OS1, 
the portion of the ?nger or stylus intersecting the plane Will 
be illuminated (visibly or invisibly to a user). OS2 senses the 
intersection With the plane of interest by detecting optical 
energy re?ected toWards OS2 by the illuminated object 
region. Essentially only one plane is of interest to the present 
invention, as determined by con?guration of OS1, and all 
other planes de?nable in three-dimensional space parallel to 
the virtual input device can be ignored as irrelevant. Thus, 
a planar three-dimensional sensor system senses user inter 
actions With a virtual input device occurring on the emitted 
fan-beam plane, and ignores any interactions on other 
planes. 

[0011] In this fashion, the present invention detects that an 
object has touched the virtual input device. Having sensed 
that a relevant touch-intersection is occurring, the invention 
then localiZes in tWo-dimensions the location of the touch 
upon the plane of the virtual device. In the preferred 
implementation, localiZed events can include identifying 
Which virtual keys on a virtual computer keyboard or 
musical keyboard are touched by the user. The user may 
touch more than one virtual key at a time, for eXample the 
“shift” key and another key. Note too that the time order of 
the touchings is determined by the present invention. Thus, 
if the user touches virtual keys for “shift” and “t”, and then 
for the letters “h” and then “e”, the present invention Will 
recogniZe What is being input as “T” then “h” and then “e”, 
or “The”. It Will be appreciated that the present invention 
does not rely upon ambient light, and thus can be fully 
operative even absent ambient light, assuming that the user 
knoWs the location of the virtual input device. 

[0012] Structured-light and/or non-structured light passive 
triangulation methods may be used to determine a point of 
contact (X,Z) betWeen a user’s hand and the sense plane. 
Since the baseline distance B betWeen OS1 and OS2 is 
knoWn, a triangle is formed betWeen OS1, OS2 and point 
(X,Z), Whose sides are B, and projection rays R1 and R2 from 
OS1, OS2 to (X,Z). OS1 and OS2 alloW determination of 
triangle angular distance from a reference plane, as Well as 
angles (x1 and (x2 formed by the projection rays, and trigo 
nometry yields distance Z to the surface point (X,Z), as Well 
as projection ray lengths. 

[0013] Aprocessor unit associated With the present inven 
tion eXecutes softWare to identify each intersection of a 
user-controlled object With the virtual input device and 
determines therefrom the appropriate user-intended input 
data and/or command, preferably using triangulation analy 
sis. The data and/or commands can then be output by the 
present invention as input to a device or system for Which 
the virtual input device is used. If desired the present 
invention may be implemented Within the companion device 
or system, especially for PDAs, cellular telephones, and 
other small form factor device or systems that often lack a 
large user input device such as a keyboard. 

[0014] Other features and advantages of the invention Will 
appear from the folloWing description in Which the preferred 
embodiments have been set forth in detail, in conjunction 
With their accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1A depicts a planar quasi-three-dimensional 
detection structured-light system used to detect user input to 
a virtual input device, according to the present invention; 
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[0016] FIG. 1B depicts a planar quasi-three-dimensional 
detection non-structured active light system used to detect 
user input to a virtual input device, according to the present 
invention; 
[0017] FIG. 1C depicts a planar quasi-three-dimensional 
detection non-structured passive light system used to detect 
user input to a virtual input device, according to the present 
invention; 
[0018] FIG. 2A depicts geometry associated With location 
determination using triangulation, according to the present 
invention; 
[0019] FIG. 2B depicts use of a spaced-apart optical 
emitter and re?ector as a ?rst optical system, according to 
the present invention; 

[0020] FIGS. 3A-3E depict design tradeoffs associated 
With varying orientations of OS2 sensor, OS2 lens, and 
detection plane upon effective ?eld of vieW and image 
quality, according to the present invention; 

[0021] FIG. 4 is a block diagram depicting functions 
carried out by a processor unit in the exemplary system of 
FIG. 1B, according to an embodiment of the present inven 
tion; 
[0022] FIG. 5A depicts an embodiment Wherein the vir 
tual device has ?ve userselectable regions and the compan 
ion device is a monitor, according to the present invention; 

[0023] FIG. 5B depicts an embodiment Wherein the vir 
tual device is a computer keyboard and the companion 
device is a mobile transceiver, according to the present 
invention; 
[0024] FIG. 5C depicts an embodiment Wherein the vir 
tual device is mounted or projected on a Wall and the 
companion device is a monitor, according to the present 
invention; 
[0025] FIG. 6 depicts planar range sensing, according to 
the present invention; and 

[0026] FIG. 7 depicts coordinate distance measurements 
used in an exemplary calculation of touch location for use in 
outputting corresponding information or data or command, 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0027] FIG. 1A depicts a preferred embodiment of a 
quasi-planar three-dimensional sensing system 10 compris 
ing, in a structured-light system embodiment, a ?rst optical 
system (OS1) 20 that emits a fan-beam plane 30 of optical 
energy parallel to a planar Work surface 40 upon Which there 
is de?ned a virtual input device 50 and/or 50‘ and/or 50“. 
Preferably the fan-beam de?nes a fan angle 4), and is 
spaced-apart from the Work surface by a-small stand-off 
distance AY. Any object (e.g., a user ?nger or stylus) 
attempting to touch the Work surface must ?rst contact the 
fan-beam and Will thereby be illuminated (visibly or not 
visibly) With emitted optical energy. While fan-beam plane 
30 and the Work surface plane 40 are shoWn horiZontally 
disposed in FIG. 1A, these tWo planes may be disposed 
vertically or indeed at any other angle that may be desired 
for a system. Note that, Without limitation, Work surface 40 
could be a portion of a Work desk, a table top, a portion of 
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a vehicle, e.g., a tray in an airplane, a Windshield or 
dashboard, a Wall, a display including a projected image, or 
a display such as a CRT, an LCD, etc. As used herein, the 
term “plane” Will be understood to include a subset of a full 
plane. For example, fan-beam plane 30 Will be termed a 
plane, even though it has ?nite Width and does not eXtend 
in?nitely in all directions. 

[0028] By “virtual input device” it is meant that an image 
of an input device may be present on Work surface 40, 
perhaps by placing a paper bearing a printed image, or 
perhaps system 10 projects a visible image of the input 
device onto the Work surface, or there literally may be no 
image Whatsoever visible upon Work surface 40. As such, 
virtual input device 50, 50‘, 50“ requires no mechanical parts 
such as Working keys, and need not be sensitive to a touch 
by a ?nger or stylus; in short, the virtual input device 
preferably is passive. 

[0029] In the eXample of FIG. 1A, virtual input device 50 
is a computer-type keyboard that may be full siZed or scaled 
up or doWn from an actual siZed keyboard. If desired the 
virtual input device may comprise or include a virtual 
trackball 50‘ and/or a virtual touchpad 50“. When system 10 
is used With a virtual keyboard input device 50, or virtual 
trackball 50‘ or virtual touchpad 50“, a fan angle 4) of about 
50° to 90° and preferably about 90° Will ensure that fan 
beam 30 encompasses the entire virtual input device at 
distances commonly used. Further, for such a virtual input 
device, a stand-off distance AY of up to a feW mm Works 
Well, preferably about 1 mm. 

[0030] System 10 further includes a second optical system 
(OS2) 60, typically a camera With a planar sensor, that is 
preferably spaced apart from and above 0S1 20, and inclined 
toWard Work surface 40 and plane 30 at an angle 0, about 10° 
to about 90°, and preferably about 250°. System 10 further 
includes an electronic processing system 70 that, among 
other tasks, supervises OS1 and OS2. System 70 preferably 
includes at least a central processor unit (CPU) and associ 
ated memory that can include read-only-memory (ROM) 
and random access memory 

[0031] In FIG. 1A, system 10 elements OS1 20, OS2 60, 
and processor unit 70 are shoWn disposed on or in a device 
80. Device 80 may be a stand-alone implementation of 
system 10 or may in fact be a system or device for Which 
virtual input device 50 is used to input data or commands. 
In the latter case, device 80 may, Without limitation, be a 
computer, a PDA (as shoWn in FIG. 1A), a cellular tele 
phone, a musical instrument, etc. If system or device 80 is 
not being controlled by the virtual input device, the device 
90 being so controlled can be coupled electrically to system/ 
device 80 to receive data and/or commands input from 
virtual device 50. Where the virtual device is a trackball (or 
mouse) 50‘ or touchpad 50“, user interaction With such 
virtual device can directly output raW information or data 
comprising touch coordinates (X,Z) for use by device 80. For 
eXample, user interaction With virtual input device 50‘ or 
50“might reposition a cursor 160 on a display 140, or 
otherWise alter an application eXecuted by device 80, or lay 
doWn a locus of so-called digital ink 180 that folloWs What 
a user might “Write” using a virtual mouse or trackball 50‘, 
or using a stylus 120‘ and a virtual touchpad 50“. System/ 
device 90 can be electrically coupled to system 80 by a 
medium 100 that may Without limitation include Wire(s) or 
be Wireless, or can be a netWork including the internet. 
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[0032] In a structured-light embodiment, 051 20 emits 
optical energy in fan-beam 30, parallel to the X-Z plane 30. 
051 may include a laser line generator or an LED line 
generator, although other optical energy sources could be 
used to emit plane 30. A line generator 051 is so called 
because it emits a plane of light that When intersected by a 
second plane illuminates what 052 Would vieW as a line on 
the second plane. For eXample if a cylindrical object inter 
sected plane 30, 052 Would see the event as an illuminated 
portion of an elliptical arc Whose aspect ratio Would depend 
upon distance of 052 above plane 30 and surface 40. Thus, 
excluding ambient light, detection by 052 of an elliptical arc 
on plane 30 denotes a touching event, e.g., that an object 
such as 120R has contacted or penetrated plane 30. Although 
a variety of optical emitters may be used, a laser diode 
outputting perhaps 3 mW average poWer at a Wavelength of 
betWeen 300 nm to perhaps 1,000 nm could be used. While 
ambient light Wavelengths (e. g., perhaps 350 nm to 700 nm) 
could be used, the effects of ambient light may be minimiZed 
Without ?ltering or shutters if such Wavelengths are avoided. 
Thus, Wavelengths of about 600 nm (visible red) up to 
perhaps 1,000 nm (deep infrared) could be used. A laser 
diode outputting 850 nm Wavelength optical energy Would 
represent an economical emitter, although 052 Would pref 
erably include a ?lter to reduce the effects of ambient light. 

[0033] While 051 preferably is stationary in a structured 
light embodiment, it is understood that a fan-beam 30 could 
be generated by mechanically sWeeping a single emitted line 
of optical energy to de?ne the fan-beam plane 30. As shoWn 
in FIG. 2B, 051 may in fact include an optical energy 
emitter 20-A that emits a fan beam, and a re?ecting mirror 
20-B that directs the fan beam 30 substantially parallel to 
surface 40. For purposes of the present invention, in a 
structured light embodiment, optical energy emitted by 051 
20 may be visible to humans or not visible. 052 60 
preferably includes a camera system responsive to optical 
energy of the Wavelength emitted by 051 20. By “respon 
sive” it is meant that 052 recogniZes energy of the same 
Wavelength emitted by 051, and ideally Will not recogniZe 
or respond to energy of substantially differing Wavelength. 
For example, 052 may include a ?lter system such that 
optical energy of Wavelength other than that emitted by 051 
is not detected, for eXample a color ?lter. 

[0034] If desired, 052 could be made responsive substan 
tially solely to optical energy emitted from 051 by synchro 
nously sWitching OS1 and 052 on and off at the same time, 
e.g., under control of unit 70. 051 and 052 preferably 
Would include shutter mechanisms, depicted as elements 22, 
that Would functionally open and close in synchroniZed 
fashion. For eXample, electronic processing system 70 could 
synchronously sWitch-on O51, 052, or shutter mechanisms 
22 for a time period t1 With a desired duty cycle, Where t1 is 
perhaps in the range of about 0.1 ms to about 35 ms, and then 
sWitch-off OS1 and 052. If desired, 051 could be operated 
at all times, Where plane 30 is permitted to radiate only When 
shutter 22 in front of 051 20 is open. In the various shutter 
con?guration, repetition rate of the synchronous sWitching is 
preferably in the range of 20 HZ to perhaps 300 HZ to 
promote an adequate rate of frame data acquisition. To 
conserve operating poWer and reduce computational over 
head, a repetition rate of perhaps 30 HZ to 100 HZ represents 
an acceptable rate. Of course other devices and methods for 
ensuring that 052 responds substantially only to optical 
energy emitted by 051 may also be used. For ease of 
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illustration shutters 22 are depicted as mechanical elements, 
but in practice the concept of shutters 22 is understood to 
include turning on and off light sources and cameras in any 
of a variety of Ways. 

[0035] If desired, source(s) of optical energy used With the 
present invention could be made to carry a so-called signa 
ture to better enable such energy to be discerned from 
ambient light energy. For eXample and Without limitation, 
such sources might be modulated at a ?Xed frequency such 
that cameras or other sensor units used With the present 
invention can more readily recogniZe such energy While 
ambient light energy Would, by virtue of lacking such 
signature, be substantially rejected. In short, signature tech 
niques such as selecting Wavelengths for optical energy that 
differ from ambient light, techniques that involve synchro 
niZed operation of light sources and camera sensors, and 
modulating or otherWise tagging light source energy can all 
improve the signal/noise ratio of information acquired by the 
present invention. 

[0036] Note that there is no requirement that Work surface 
40 be re?ective or nonre?ective With respect to the Wave 
length emitted by 051 since the fan-beam or other emission 
of optical energy does not reach the surface per se. Note too 
that preferably the virtual input device is entirely passive. 
Since device 50 is passive, it can be scaled to be smaller than 
a full-siZed device, if necessary. Further, the cost of a passive 
virtual input device can be nil, especially if the “device” is 
simply a piece of paper bearing a printed graphic image of 
an actual input device. 

[0037] In FIG. 1A, assume initially that the user of system 
10 is not in close proximity to virtual input device 50. In a 
structured-light embodiment, although 051 may emit opti 
cal energy fan-beam plane 30, 052 detects nothing because 
no object intersects plane 30. Assume noW that a portion 110 
of a ?nger of a user’s left or right hand 120L, 120R moves 
doWnWard to touch a portion of the area of Work surface 40 
Whereon the virtual input device 50 is de?ned. Alternatively, 
portion 110‘ of a user-controlled stylus 120‘ could be moved 
doWnWard to touch a relevant portion of Work surface 40. 
Within the conteXt of the present invention, a touch is 
interpreted by softWare associated With the invention as a 
request to send a keyboard event to an application running 
on a companion device or system 80 or 90, e.g., notebook, 
PDA, cell phone, Kiosk device, point of sale device, etc. 

[0038] In FIG. 1A, as the user’s ?nger moves doWnWard 
and begins to intersect optical energy plane 30, a portion of 
the ?nger tip facing 051 Will noW re?ect optical energy 130. 
At least some re?ected optical energy 130 Will be detected 
by 052, since the Wavelength of the re?ected energy is the 
same as the energy emitted by 051, and 052 is responsive 
to energy of such Wavelength. Thus, planar quasi-three 
dimensional sense system 10 detects optical energy re?ected 
by the interaction of a user controlled object (e.g., a ?nger, 
a stylus, etc.) occurring at a plane of interest de?ned by 
fan-beam plane 30. Any interaction(s) that may occur on any 
other plane are deemed not relevant and may be ignored by 
the present invention. 

[0039] Thus, until an object such as a portion of a user’s 
hand or perhaps of a stylus intersects the optical energy 
plane 30 emitted by 051 20, there Will be no re?ected 
optical energy 130 for 052 60 to detect. Under such 
conditions, system 10 knoWs that no user input is being 
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made. However as soon as the optical energy plane is 
penetrated, the intersection of the penetrating object (e.g., 
?ngertip, stylus tip, etc.) is detected by OS2 60, and the 
location (X,Z) of the penetration can be determined by 
processor unit 70 associated With system 10. In FIG. 1A, if 
the user’s left fore?nger is touching the portion of virtual 
input device 50 de?ned as co-ordinate (X7, Z3), then soft 
Ware associated With the invention can determine that the 
letter “t” has been “pressed”. Since no “shift key” is also 
being pressed, the pressed letter Would be understood to be 
loWer case “t”. 

[0040] In the embodiment shoWn, system 10 can generate 
and input to system 80 or 90 keystrokes representing data 
and/or commands that a user Would have entered on an 
actual keyboard. Such input to system 80 or 90 can be used 
to shoW information 140 on display 150, as the information 
is entered by the user on virtual input device 50. If desired, 
an enlarged cursor region 160 could be implemented to 
provide additional visual input to aid the user Who is 
inputting information. If desired, processor unit 70 could 
cause system 80 and/or 90 to emit audible feedback to help 
the user, e.g., electronic keyclick sounds 170 corresponding 
With the “pressing” of a virtual key on virtual input device 
50. It is understood that if system 80 or 90 Were a musical 
instrument rather than a computer or PDA or cellular tele 
phone, musical sounds 170 Would be emitted, and virtual 
input-device 50 could instead have the con?guration similar 
to a piano keyboard or keyboards associated With synthetic 
music generators. 

[0041] FIG. 1B depicts a non-structured active light sys 
tem 10, in Which a camera 20‘ in a ?rst optical system OSl 
de?nes a plane of interest 30‘ that in essence replaces plane 
30 de?ned by optical emitter OSl in the embodiment of 
FIG. 1A. Camera 20‘ OSl preferably is similar to camera 60 
OS2, Which may be similar to camera 60 OS2 in the 
embodiment of FIG. 1A. For example, OSl 20‘ may have a 
sensor array that comprises at least one line and preferably 
several lines of piXel detector elements. The embodiment of 
FIG. 1B is active in that one or more light sources 190, 
disposed intermediate OSl 20‘ and OS2 60 generate optical 
energy of a Wavelength that is detectable by camera OSl 20‘ 
and by camera OS2 60. To reduce the effects of ambient light 
upon detection by cameras OS1 and OS2, preferably each 
camera and each optical energy emitter 190 operates in 
cooperation With a shutter mechanism, preferably synchro 
niZed, e.g., by unit 70. Thus, during the times that shutters 
22 permit optical energy from emitter 190 to radiate toWards 
the virtual input device 50, 50‘, 50“, similar shutters 22 Will 
permit cameras OS1 and OS2 to detect optical energy. The 
interaction of user-object, e.g., 120L With plane 30‘ is 
detected by OS1 and by OS2. The location of the point of 
intersection is then calculated, e.g., using triangulation 
methods described later herein. 

[0042] In FIG. 1B, a bump or irregularity in the plane of 
Work surface 40 is shoWn near the point of contact 110 With 
the user-object 120L. An advantage of the presence of 
second camera OSl 20‘ is that the plane of interest 30‘ may 
be selected, perhaps by unit 70, to lie just above the highest 
irregular portion of Work surface 40. If irregularities Were 
present in Work surface 40 in the embodiment of FIG. 1A, 
it Would be necessary to somehoW reposition the laser plane 
30 relative to the Work surface. But in FIG. 1B, the effect of 
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such repositioning is attained electronically simply by 
selecting an appropriate line of piXels from the detector 
array With OSl 20‘. 

[0043] Note that the con?guration of FIG. 1B lends itself 
to various methods to improve the signal/noise ratio. For 
eXample, shutters 22 can permit cameras OCl and OS2 to 
gather image data during a time that emitters 190 are turned 
off, e.g., by control unit 70. Any image data then acquired by 
OSl and/or OS2 Will represent background noise resulting 
from ambient light. (Again it is understood that to minimiZe 
effects of ambient light, emitters 190 and cameras OSl, OS2 
preferably operate at a Wavelength regime removed from 
that of ambient light.) Having acquired What might be 
termed a background noise signal, cameras OS1 and OS2 
can noW be operated normally and in synchronism With 
emitter(s) 190. Image data acquired by cameras OS1 and 
OS2 in synchronism With emitter(s) 190 Will include actual 
data, e.g., user-object interface With plane 30‘, plus any 
(undesired) effects due to ambient light. Processor unit 70 
(or another unit) can then dynamically subtract the back 
ground noise signal from the actual data plus noise signal, to 
arrive at an actual data signal, thus enhancing the signal/ 
noise ratio. 

[0044] FIG. 1C depicts a non-structured passive embodi 
ment of the present invention. System 10 in FIG. 1C is 
passive in that Whatever source 195 of ambient light is 
present provides optical energy used during imaging. Simi 
lar to system 10 in FIG. 1B, OSl is a camera 20‘ that de?nes 
a plane of interest 30‘, and OS2 is a camera 60. Typically 
plane 30‘ Will be de?ned a distance AY‘ above Work surface 
40, typically a distance of a feW mm. User-object interaction 
With plane 30‘ is detected by OS1 and OS2, using optical 
energy from ambient light source 195. Triangulation meth 
ods may then be used to localiZe the point of interaction or 
intersection With plane 30‘, as described elseWhere herein. 

[0045] FIG. 2A depicts the geometry With Which location 
(X,Z) of the intercept point betWeen a user’s ?nger or object 
12OR and plane 30 may be determined using triangulation. 
FIG. 2A and FIG. 2B may be used to describe analysis of 
the various embodiments shoWn in FIGS. 1A-1C. 

[0046] As used herein, triangulation helps determine the 
shape of surfaces in a ?eld of vieW of interest by geometric 
analysis of triangles formed by the projection rays, e.g., R1, 
R2 of tWo optical systems, e.g., OSl 20, OS2 60. Abaseline 
B represents the knoWn length of the line that connects the 
centers of projection of the tWo optical systems, OSl, OS2. 
For a point (X,Z) on a visible surface in the ?eld of vieW of 
interest, a triangle may be de?ned by the location of the 
point and by locations of OS1, and OS2. The three sides of 
the triangle are B, R1, and R2. OS1 and OS2 can determine 
the angular distance of the triangle from a reference plane, 
as Well as the angles (x1 and (x2 formed by the projection rays 
that connect the surface point With the centers of projection 
of the tWo optical systems. Angles (x1 and (x2 and baseline B 
completely determine the shape of the triangle. Simple 
trigonometry can be used to yield the distance to the surface 
point (X,Z), as Well as length of projection ray R1 and/or R2. 

[0047] It is not required that OSl 20 be implemented as a 
single unit. For eXample FIG. 2B depicts a structured-light 
embodiment in Which the ?rst optical system is bifurcate: 
one portion OS1-A20-A is a light emitter disposed distance 
B from OS2 and from the second portion OSl-B 20-B, a 
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light re?ecting device such as a mirror. An incoming fan 
beam generated by OS1-A is de?ected by mirror 20-B to 
form the plane 30. In the orientation of FIG. 2B, mirror 20-B 
is inclined about 45° relative to the horizontal plane, and 
de?ection is from a substantially vertical plane to a substan 
tial horiZontal plane. In FIG. 2B and indeed in a passive 
light embodiment, OS2 60 Will be a camera aimed at angle 
4) generally toWard the ?eld of vieW of interest, namely 
Where a user’s ?nger or stylus Will be to “use” a virtual input 
device disposed beneath fan plane 30. 

[0048] Triangulation according to the present invention 
preferably uses a standard camera With a planar sensor as 
OS2 60. The nature of OS1 20 distinguishes betWeen tWo 
rather broad classes of triangulation. In a structured-light 
triangulation, OS1 20 is typically a laser or the like Whose 
beam may be shaped as a single line that is moved to project 
a moving point onto a surface. Alternatively the laser beam 
may be planar and moved to project a planar curve. As 
noted, another class of triangulation system may be termed 
passive triangulation in Which a camera is used as OS1 20. 
Structured-light systems tend to be more complex to build 
and consume more operating poWer, due to the need to 
project a plane of light. Passive systems are less expensive, 
and consume less poWer. HoWever passive system must 
solve the so-called correspondence problem, e.g., to deter 
mine Which pairs of points in the tWo images are projections 
of the same point in the real World. As Will be described, 
passive non-structured-light triangulation embodiments may 
be used, according to the present invention. 

[0049] Whether system 10 is implemented as a structured 
light system in Which OS1 actively emits light and OS2 is a 
camera, or as a passive system in Which OS1 and OS2 are 
both cameras, information from OS2 and OS1 Will be 
coupled to a processing unit, e.g., 70, that can determine 
What events are occurring. In either embodiment, When an 
object such as 120R intersects the projection plane 30 
associated With OS1 20, the intersection is detectable. In a 
structured-light embodiment in Which OS1 emits optical 
energy, the intersection is noted by optical energy re?ected 
from the intersected object 120R and detected by OS2, 
typically a camera. In a passive light embodiment, the 
intersection is seen by OS1, a camera, and also by OS2, a 
camera. In each embodiment, the intersection With plane 30 
is detected as though the region of surface 40 underlying the 
(X,Z) plane intersection Were touched by object 120R. Sys 
tem 10 preferably includes a computing system 70 that 
receives data from OS1, OS2 and uses geometry to deter 
mine the plane intersection position (x,Z) from re?ected 
image coordinates in a structured-light embodiment, or from 
camera image coordinates in a passive system. As such, the 
dual tasks of detecting initial and continuing contact and 
penetration of plane 30 (e.g., touch events), and determining 
intersection coordinate positions on the plane may be thus 
accomplished. 

[0050] To summariZe thus far, touch events are detected 
and declared When OS1 recogniZes the intersection of plane 
30 With an intruding object such as 120R. In a tWo-camera 
system, a correspondence is established betWeen points in 
the perceived image from OS1 and from those in OS2. 
Thereafter, OS2 camera coordinates are transformed into 
touch-area (x-axis, Z-axis) coordinates to locate the (X,Z) 
coordinate position of the event Within the area of interest in 
plane 30. Preferably such transformations are carried out by 
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processor unit 70, Which executes algorithms to compute 
intersect positions in plane 30 from image coordinates of 
points visible to OS2. Further, a passive light system must 
distinguish intruding objects from background in images 
from OS1 and OS2. Where system 10 is a passive light 
system, correspondence-needs to be established betWeen the 
images from camera OS1 and from camera OS2. Where 
system 10 is a structured-light system, it is desired to 
minimiZe interference from ambient light. 

[0051] Consider noW computation of the (X,Z) intersec 
tion or tip position on plane 30. In perspective projection, a 
plane in the World and its image are related by a transfor 
mation called a homography. Let a point (X,Z) on such plane 
be represented by the column vector P=(X, Z, 1)T, Where the 
superscript T denotes transposition. Similarly, let the corre 
sponding image point be represented by p=(x, Z, 1)T. 
[0052] A homography then is a linear transformation 
P=Hp, Where H is a 3x3 matrix. 

[0053] This homography matrix may be found using a 
calibration procedure. Since the sensor rests on the surface, 
sensor position relative to the surface is constant, and the 
calibration procedure need be executed only once. For 
calibration, a grid of knoWn pitch is placed on the ?at surface 
on Which the sensor is resting. The coordinates pi of the 
image points corresponding to the grid vertices Pi are mea 
sured in the image. A direct linear transform (DLT) algo 
rithm can be used to determine the homography matrix H. 
Such DLT transform is knoWn in the art; see for example 
Richard Hartley and AndreW Zisserman. Multiple Wew 
Geometry in Computer Wsion, Cambridge University Press, 
Cambridge, UK, 2000. 

[0054] Once H is knoWn, the surface point P correspond 
ing to a point p in the image is immediately computed by the 
matrix-vector multiplication above. Preferably such compu 
tations are executed by system 70. 

[0055] Image correspondence for passive light embodi 
ments Will noW be described. Cameras OS1 20 and OS2 60 
see the same plane in space. As a consequence, mapping 
betWeen the line-scan camera image from OS1 and the 
camera image from OS2 Will itself be a homography. This is 
similar to mapping betWeen the OS2 camera image and the 
plane 30 touch surface described above With respect to 
computation of the tip intercept position. Thus a similar 
procedure can be used to compute this mapping. 

[0056] Note that since line scan camera OS1 20 essentially 
sees or graZes the touch surface collapsed to a single line, 
homography betWeen the tWo images is degenerate. For 
each OS2 camera point there is one OS1 line-scan image 
point, but for each OS1 line-scan image point there is an 
entire line of OS2 camera points. Because of this degen 
eracy, the above-described DLT algorithm Will be (trivially) 
modi?ed to yield a point-to-line correspondence. By de? 
nition, a passive light embodiment of the present invention 
has no control over ambient lighting, and it can be chal 
lenging to distinguish intruding intersecting objects or tips 
from the general background. In short, hoW to tell Whether 
a particular image pixel in an OS1 image or OS2 image 
represents the image of a point on an object such as 120R, 
or is a point in the general background. An algorithm 
executable by system 70 Will noW be described. 

[0057] Initially, assume one or more background images 
11, . . . , In With only the touch surface portion of plane 30 
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in vieW. Assume that cameras 051 and 052 can respond to 

color, and let Rbi(x, Z), Gbi(x, Z), Bbi(x, Z) be the red, green, 
and blue components of the background image intensity li at 
pixel position (x, Z). Let sb(x, Z) be a summary of Rbi(x, Z), 
Gbi(x, Z), Bbi(x, Z) over all images. For instance, Sb(x, Z) can 
be a three-vector With the averages, medians, or other 
statistics of Rbi(x, Z), Gbi(x, Z), Bbi(x, Z) at pixel position (X, 
Z) over all background images I1, . . . , In, possibly normal 
iZed to de-emphasiZe variations in image brightness. 

[0058] Next, collect a similar summary st for tip pixels 
over a neW sequence of images J1, . . . , Jm. This second 

summary is a single vector, rather than an image of vectors 
as for Sb(x, Z). In other Words, st does not depend on the 
pixel position (x, Z). This neW summary can be computed, 
for instance, by asking a user to place ?nger tips or stylus in 
the sensitive area of the surface, and recording values only 
at pixel positions (x, Z) Whose color is very different from the 
background summary sb(x, Z) at (x, Z), and computing 
statistics over all values of j, x, Z. 

[0059] Then, given a neW image With color components 
c(x, Z)=(R(x, Z), G(x, Z), B(x, Z)), a particular pixel at (x, Z) 
is attributed to either tip or background by a suitable 
discrimination rule. For instance, a distance d(c1, c2) can be 
de?ned betWeen three-vectors (Euclidean distance is one 
example), and pixels are assigned based on the folloWing 
exemplary rule: 

[0060] Background if d(c(x,Z), sb(x, Z))<<d(c(x,Z), 
st). 

[0062] UnknoWn otherWise. 

[0063] Techniques for reducing ambient light interference, 
especially for a structured-light triangulation embodiment 
Will noW be described. In such embodiment, 0S2 needs to 
distinguish betWeen ambient light and light produced by the 
line generator and re?ected back by an intruding object. 

[0064] Using a ?rst method, 051 emits energy in a region 
of the light spectrum Where ambient light has little poWer, 
for instance, in the near infrared. An infrared ?lter on camera 
052 can ensure that the light detected by the 052 sensor is 
primarily re?ected from the object (e.g., 120R) into the lens 
of camera 052. 

[0065] In a second method, 051 operates in the visible 
part of the spectrum, but is substantially brighter than 
ambient light. Although this can be achieved in principle 
With any color of the light source, for indoor applications it 
may be useful to use a blue-green light source for 051 (500 
nm to 550 nm) because standard ?uorescent lights have 
relatively loW emission in this band. Preferably 052 Will 
including a matched ?lter to ensure that response to other 
Wavelengths are substantially attenuated. 

[0066] A third method to reduce effects of ambient light 
uses a standard visible laser source for 051, and a color 
camera sensor for 052. This method uses the same back 

ground subtraction algorithm described above. Let the fol 
loWing combination be de?ned, using the same terminology 
as above: 

C(x, Z)=min{d(c(x,Z), sb(x, Z)), d(c(x,Z), s‘)}. 
[0067] This combination Will be exactly Zero When c(x,Z) 
is equal to the representative object tip summary st (since 
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d(st, st)=0) and for the background image sb(x, Z) (since 
d(sb(x, Z), sb(x, Z))=0), and close to Zero for other object tip 
image patches and for visible parts of the background. In 
other Words, object tips and background Will be hardly 
visible in the image C(x,Z). By comparison, at positions 
Where the projection plane 30 from laser emitter OSl 
intersects object tips 120R, the term d(c(x,Z), s) will be 
signi?cantly non-Zero, Which in turn yields a substantially 
non-Zero value for C(x,Z). This methodology achieves the 
desired goal of identifying essentially only the object tip 
pixels illuminated by laser (or other emitter) 051. This 
method can be varied to use light emitters of different colors, 
to use other distance de?nitions for the distance d, and to use 
different summaries Sb(x, Z) and st. 

[0068] In FIG. 1A, if device 80 is a compact system such 
as a PDA or cell telephone, it becomes especially desirable 
to reduce the siZe needed to implement the present inven 
tion. A smaller overall form fact can result if 052 is inclined 
at some angle 0, as shoWn in FIGS. 1A-1C, 2A, 2B, With 
respect to plane 30 or surface 40. But as angle Gdecreases, 
camera 052 sees plane 30 from a shalloWer angle. For a 
?xed siZe for the sensitive area of plane 30, i.e., the surface 
rectangle that is to be “touched” by a user object to manipu 
late an underlying virtual input device, as distance B and 
angle 0 decrease, the effective area subtended by the ?eld of 
vieW decreases. The result is to decrease effective 052 
resolution and thus to decrease accuracy of Z-depth mea 
surements as shoWn in FIG. 3A, Where L denotes a camera 
lens associated with 082, whose plane of pixel detectors is 
shoWn as a straight line labeled 052. 

[0069] As noted in FIG. 3A, moving 0S2 closer to plane 
30 results in a shalloWer vieWpoint and in a smaller, less 
accurately perceived, camera image. These adverse side 
effects may be diminished as shoWn in FIG. 3B by tilting the 
plane of pixel detectors in camera 052, indeed tilting almost 
parallel to plane 30. With the tilted con?guration of FIG. 
3B, note that a substantially greater number of image scan 
lines intersect the cone of rays from the sensitive area on 
plane 30, Which increases depth resolution accordingly. 
Compare, for example, the relatively small distance Dx in 
FIG. 3A With the larger distance Dx‘ in FIG. 3B, represent 
ing the larger number of image scan lines noW in use. 
Further, as the 052 camera sensor plane becomes more 
parallel to the plane of the touch surface or to plane 30, less 
distortion of the touch surface image results. This implies 
that parallel lines on the touch surface (or on plane 30) Will 
remain parallel in the 052 camera image. An advantage is 
the simpli?cation of the homography H to an af?ne trans 
formation (a shift and a scale). Further, image resolution is 
rendered more uniform over the entire sensitive area Within 
the ?eld of vieW of interest. 

[0070] Consider noW the con?guration of FIG. 3C. It is 
apparent that different points on the touch sensitive area of 
interest on plane 30 are at different distances from lens L of 
camera 052. This means that one cannot focus the entire 
sensitive area of interest precisely if lens L is positioned as 
shoWn in FIG. 3A or in FIG. 3B. While closing the camera 
iris could increase the depth of ?eld, resultant images Would 
become dimmer, and image signal-to-noise ratio Would be 
degraded. 

[0071] Accordingly the con?guration of FIG. 3C may be 
employed in Which lens L is repositioned relative to FIG. 
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3B. In this con?guration, touch surface 30, the camera 052 
sensor, and camera lens L are said to satisfy the so-called 
Scheimp?ug condition, in Which their respective planes 
intersect along a common line, a line that is at in?nity in 
FIG. 3C. Further details as to the Scheimp?ug condition 
may be found at The Optical Society of America. Handbook 
of Optics, Michael Bass, Editor in Chief, McGraW-Hill, Inc., 
1995. In FIG. 3C, When the relevant optical system satis?es 
this condition, all points on touch surface 30 Will be in focus. 
Thus, by using an appropriately tilted sensor 052, an 
appropriately positioned lens S that satisfy the Scheimp?ug 
condition, the image seen by 052 of points of interest on 
surface plane 30 Will be in focus, and Will exhibit high 
resolution With little distortion. But meeting the Sche 
imp?ug condition can result in loss of image brightness 
because the angle that the lens subtends When vieWed from 
the center of the sensitive area on plane 30 is reduced With 
respect to the con?guration of FIG. 3B. As a consequence, 
it may be preferable in some applications to reach a com 
promise betWeen sharpness of focus and image brightness, 
by placing 0S2 camera lens in an orientation intermediate 
betWeen those of FIG. 3B and FIG. 3C. FIG. 3D depicts 
one such intermediate con?guration, in Which lens L is 
purposely tilted slightly aWay from a Scheimp?ug-satisfying 
orientation With respect to planes of 052 and 30. 

[0072] Such intermediate orientations do not satisfy the 
Scheimp?ug condition, but by a lesser degree and therefore 
still exhibit good focusing than a con?guration Whose lens 
axis points directly toWards the center of the sensitive area 
of plane 3. FIG. 3E depicts another alternative intermediate 
con?guration, one in Which the Scheimp?ug condition is 
exactly veri?ed, but the camera sensor 052 is tilted aWay 
from horiZontal. The con?guration of FIG. 3E can achieve 
exact focus but With someWhat loWer image resolution and 
more distortion than the con?guration of FIG. 3C. 

[0073] FIG. 4 is a block diagram depicting operative 
portions of processor unit 70 Within system 10, Which 
processor unit preferably carries out the various triangula 
tion and other calculations described herein to sense and 
identify (x,Z) intercepts With the plane of interest 30. As the 
left portion of FIG. 4, information from 051 20 and 052 30 
is input respectively to pixel maps 200-1, 200-2. In FIG. 4, 
051 and 052 inputs refer to a stream of frames of digitiZed 
images are generated by optical system 1 (20) and optical 
system 2 (60) in a planar range sensor system 10, according 
to the present invention. In a preferred embodiment, optical 
system generates at least about 30 frames per second (fps). 
Higher frame rates are desirable in that at 30 fps, the tip of 
the user’s ?nger or stylus can move several pixels While 
“typing” on virtual input device betWeen tWo frames. Pixel 
map modules 200-1, 200-2 construct digital frames from 
051 and 052 in memory associated With computational unit 
70. SynchroniZer module 210 ensures that the tWo optical 
systems produce frames of digitiZed images at approxi 
mately the same time. If desired, a double-buffering system 
may be implemented to permit construction of one frame 
While the previous frame (in time) is being processed by the 
other modules. Touch detection module 220 detects a touch 
(e.g., intersection of a user ?nger or stylus With the optical 
plane sensed by 051) When the outline of a ?ngertip or 
stylus appears in a selected roW of the frame. When a touch 
is detected, tip detection module 230 records the outline of 
the corresponding ?ngertip into the appropriate pixel map, 
200-1 or 200-2. In FIG. 4, in a structured-light embodiment 
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Where 051 is a light beam generator, no pixel map is 
produced, and touch detection Will use input from 052 
rather than from 051. 

[0074] Touch position module 240 uses tip pixel coordi 
nates from tip detection module 230 at the time a touch is 
reported from touch detection module 220 to ?nd the (x-Z) 
coordinates of the touch on the touch surface. As noted, a 
touch is tantamount to penetration of plane 30 associated 
With an optical emitter 051 in a structured-light embodi 
ment, or in a passive light embodiment, associated With a 
plane of vieW of a camera 051. Mathematical methods to 
convert the pixel coordinates to the X-Z touch position are 
described elseWhere herein. 

[0075] Key identi?cation module 260 uses the X-Z posi 
tion of a touch and maps the position to a key identi?cation 
using a keyboard layout table 250 preferably stored in 
memory associated With computation unit 70. Keyboard 
layout table 250 typically de?nes the top/bottom/left and 
right coordinates of each key relative to a Zero origin. As 
such, a function of key identi?cation module 260 is to 
perform a search of table 250 and determine Which key 
contains the (x,Z) coordinates of the touch point. When the 
touched (virtual) key is identi?ed, translation module 270 
maps the key to a predetermined KEYCODE value. The 
KEYCODE value is output or passed to an application that 
is being executed on the companion device or system 80 
(executing on a companion device) that is Waiting to 
receive-a noti?cation of a keystroke event. The application 
under execution interprets the keystroke event and assigns a 
meaning to it. For instance, a text input application uses the 
value to determine What symbol Was typed. An electronic 
piano application determines What musical note Was pressed 
and plays that note, etc. 

[0076] Alternatively, as shoWn in FIG. 4, the X-Z touch 
coordinates can be passed directly to application 280. Appli 
cation 280 could use the coordinate data to control the 
position of a cursor on a display in a virtual mouse or virtual 

trackball embodiment, or to control a source of digital ink 
Whose locus is shoWn on a display for a draWing or hand 
Writing type application in a virtual pen or virtual stylus 
embodiment. 

[0077] FIG. 5A is a simpli?ed vieW of system 10 in Which 
virtual device 50 is noW a control With ?ve regions, and in 
Which the companion device 80, 90 includes a monitor. In 
this embodiment, companion device 80 or 90 is shoWn With 
a display 150 that may include icons 140, one of Which is 
surrounded by a cursor 310 and a user can move using 
virtual device 50‘, here a virtual trackball or mouse. For 
example, Within virtual device 50‘, if a portion of the user’s 
hand 120R (or stylus) presses virtual region 300-1, the 
displayed cursor 310 on companion device 80, 90 Will be 
commanded to move to the left. If virtual region 300-2 is 
pressed, the cursor should move upWard. If virtual region 
300-3 is pressed, the cursor should move to the right, e.g., 
to “select” the icon of a loaf of bread, and if virtual region 
300-4 is pressed, the cursor should move toWards the bottom 
of the display on device 80, 90. If user presses the ?fth 
region 300-5, a “thumbs up” region, companion device 80, 
90 knoWs that the user-selection is noW complete. In FIG. 
5A, if the user noW presses region 300-5, the “hotdog” icon 
is selected. If device 80, 90 Were a kiosk in a supermarket, 
for example, selecting the “hotdog” icon might bring up a 










