
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

10 March 2011 (10.03.2011) WO 2011/026227 Al
PCT

(51) International Patent Classification: 0Z5 (CA). DUNCALF , Jamie [CA/CA]; 148 Tuscany
G06F 3/042 (2006.01) Valley Drive, N.W ., Calgary, Alberta T3L 2C1 (CA).

(21) International Application Number: (74) Agents: POWELL , Matthew , D . et al; Sim & McBur-
PCT/CA20 10/00 1356 ney, 330 University Avenue 6th Floor, Toronto, Ontario

M5G 1R7 (CA).
(22) International Filing Date:

1 September 2010 (01 .09.2010) (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

61/239,057 1 September 2009 (01 .09.2009) US KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(71) Applicant (for all designated States except US): SMART ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

TECHNOLOGIES ULC [CA/CA]; 3636 Research Road NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

N.W ., Calgary, Ontario T2L 1Y1 (CA). SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors; and
(75) Inventors/Applicants (for US only): McGIBNEY , (84) Designated States (unless otherwise indicated, for every

Grant [CA/CA]; 511 Edgemont Bay N.W ., Calgary, Al kind of regional protection available): ARIPO (BW, GH,

berta T3A 2K7 (CA). MORRISON , Gerald [CA/CA]; GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

32 Arbour Vista Way N.W ., Calgary, Alberta T3G 4R1 ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(CA). UNG , Charles [CA/CA]; 283 Citadel Way N .W., TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

Calgary, Alberta T3G 5A7 (CA). AKITT , Trevor EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

[CA/CA]; 217 Edgebrook Grove N.W ., Calgary, Alberta LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,T3A 5T9 (CA). TSE , Ed [CA/CA]; 28 Sherwood Cr .
GW, ML, MR, NE, SN, TD, TG).N.W ., Calgary, Alberta T3R OG1 (CA). BENNER , Erik

[CA/CA]; 4727 23 Avenue N.W ., Calgary, Alberta T3B Declarations under Rule 4.17 :

[Continued on next page]

(54) Title: INTERACTIVE INPUT SYSTEM WITH IMPROVED SIGNAL-TO-NOISE RATIO (SNR) AND IMAGE CAP
TURE METHOD

FIG. 1

o (57) Abstract: An input panel for an interactive input system comprises an optical waveguide; a first radiation source directing ra
diation into said optical waveguide, said radiation undergoing total internal reflection within said optical waveguide; a diffusion
layer adjacent to and on one side of the optical waveguide, totally internally reflected light being frustrated and escaping the opti

o cal waveguide in response to pointer contacts on the diffusion layer; a second radiation source directing radiation towards another
side of the optical waveguide that is opposite the one side; and at least one imaging device having a field of view looking at the

o optical waveguide and capturing image frames, wherein said first and second radiation sources are turned on and off in succession
and wherein said first radiation source is turned off when said second radiation source is on and wherein said first radiation source
is turned on when said second radiation source is off.



WO 2011/026227 Al III I I I II I I 11 I I 111 11III III Hill I I I I I I 11 1 III II 11 II

as to applicant's entitlement to apply for and be granted Published.



INTERACTIVE INPUT SYSTEM WITH IMPROVED SIGNAL-TO-NOISE
RATIO AND IMAGE CAPTURE METHOD

Field of the Invention

[0001] The present invention relates generally to interactive input systems and

in particular, to an interactive input system with improved signal-to-noise ratio and to

an image capture method.

Background of the Invention

[0002] Interactive input systems that allow users to inject input (eg. digital

ink, mouse events etc.) into an application program using an active pointer (eg. a

pointer that emits light, sound or other signal), a passive pointer (eg. a finger, cylinder

or other suitable object) or other suitable input device such as for example, a mouse or

trackball, are known. These interactive input systems include but are not limited to:

touch systems comprising touch panels employing analog resistive or machine vision

technology to register pointer input such as those disclosed in U.S. Patent Nos.

5,448,263; 6,141,000; 6,337,681; 6,747,636; 6,803,906; 7,232,986; 7,236,162; and

7,274,356 assigned to SMART Technologies ULC of Calgary, Alberta, Canada,

assignee of the subject application, the entire contents of which are incorporated by

reference; touch systems comprising touch panels employing electromagnetic,

capacitive, acoustic or other technologies to register pointer input; tablet personal

computers (PCs); laptop PCs; personal digital assistants (PDAs); and other similar

devices.

[0003] Above-incorporated U.S. Patent No. 6,803,906 to Morrison et al.

discloses a touch system that employs machine vision to detect pointer interaction with a

touch surface on which a computer-generated image is presented. A rectangular bezel or

frame surrounds the touch surface and supports imaging devices in the form of digital

cameras at its corners. The digital cameras have overlapping fields of view that

encompass and look generally across the touch surface. The digital cameras acquire

images looking across the touch surface from different vantages and generate image

data. Image data acquired by the digital cameras is processed by on-board digital signal

processors to determine if a pointer exists in the captured image data. When it is

determined that a pointer exists in the captured image data, the digital signal processors

convey pointer characteristic data to a master controller, which in turn processes the



pointer characteristic data to determine the location of the pointer in (x,y) coordinates

relative to the touch surface using triangulation. The pointer coordinates are conveyed to

a computer executing one or more application programs. The computer uses the pointer

coordinates to update the computer-generated image that is presented on the touch

surface. Pointer contacts on the touch surface can therefore be recorded as writing or

drawing or used to control execution of application programs executed by the computer.

[0004] Multi-touch interactive input systems that receive and process input

from multiple pointers using machine vision are also known. One such type of multi-

touch interactive input system exploits the well-known optical phenomenon of

frustrated total internal reflection (FTIR). According to the general principles of

FTIR, the total internal reflection (TIR) of light traveling through an optical

waveguide is frustrated when an object such as a pointer touches the optical

waveguide surface, causing some light to escape from the touch point. In a multi-

touch interactive input system, the machine vision system captures images including

the point(s) of escaped light, and processes the images to identify the position of the

pointers on the optical waveguide surface based on the point(s) of escaped light for

use as input to application programs.

[0005] One example of an FTIR multi-touch interactive input system is

disclosed in U.S. Patent Application Publication No. 2008/0029691 to Han. Han

discloses an optical waveguide in the form of a clear acrylic sheet, directly against a

side of which multiple high-power infrared light emitting diodes (LEDs) are placed.

The infrared light emitted by the LEDs into the acrylic sheet is trapped between the

upper and lower surfaces of the acrylic sheet due to total internal reflection. A

diffuser display surface is positioned over the non-contact side of the acrylic sheet

with a small gap between the two in order to keep the diffuser display surface from

frustrating the total internal reflection. According to one embodiment, a compliant

surface overlay is disposed adjacent the contact surface of the acrylic sheet, with

another small gap between the two layers in order to prevent the compliant surface

overlay from frustrating the total internal reflection unless it has been touched. When

touched, the compliant surface overlay in turn touches the acrylic sheet and frustrates

the total internal reflection.



[0006] As will be appreciated, in interactive input systems that employ

imaging devices to acquire images that are processed to detect pointer input, lighting

is an important factor. In order for pointer contacts to be quickly and accurately

determined while avoiding false pointer contacts, pointers must appear clearly in

captured image frames. To facilitate pointer detection, illumination sources are often

used with interactive input systems that employ imaging devices. These illumination

sources emit radiation that is either occluded by pointers so that pointers appear as

dark regions in an otherwise light image frame, or reflected by the pointers so that

pointers appear as light regions in an otherwise dark image frame.

[0007] For example, U.S. Patent No. 6,972,401 to Akitt et al. issued on

December 6, 2005 and assigned to SMART Technologies ULC, discloses an

illuminated bezel for use in a touch system such as that described in above-

incorporated U.S. Patent No. 6,803,906. The illuminated bezel emits infrared or other

suitable radiation over the touch surface that is visible to the digital cameras. As a

result, in the absence of a passive pointer in the fields of view of the digital cameras,

the illuminated bezel appears in captured images as a continuous bright or "white"

band. When a passive pointer is brought into the fields of view of the digital cameras,

the passive pointer occludes emitted radiation and appears as a dark region

interrupting the bright or "white" band in captured images allowing the existence of

the pointer in the captured images to be readily determined and its position

determined using triangulation.

[0008] In interactive input systems that employ illumination sources, ideally

only illumination emitted by the illumination sources is detected by the imaging

devices during image frame capture so that any pointer in the captured image frame

can be clearly identified. Unfortunately, in most environments, during image frame

capture detrimental light such as for example sunlight, light emitted by external

sources, glare etc. is also detected by the imaging devices. This detrimental light can

have a negative impact on the quality of captured image frames making it more

difficult to identify pointers in captured image frames. Improvements are therefore

desired.



[0009] It is therefore an object of the present invention to provide a novel

interactive input system with improved signal-to-noise ratio and a novel image

capture method.

Summary of the Invention

[00010] In accordance with one aspect there is provided an input panel for an

interactive input system comprising: an optical waveguide; a first radiation source

directing radiation into said optical waveguide, said radiation undergoing total

internal reflection within said optical waveguide; a diffusion layer adjacent to and on

one side of the optical waveguide, totally internally reflected light being frustrated

and escaping the optical waveguide in response to the pointer contacts on the

diffusion layer; a second radiation source directing radiation towards another side of

the optical waveguide that is opposite the one side; and at least one imaging device

having a field of view looking at the optical waveguide and capturing image frames,

wherein said first and second radiation sources are turned on and off in succession and

wherein said first radiation source is turned off when said second radiation source is

on and wherein said first radiation source is turned on when said second radiation

source is off.

[00011] In one embodiment, the exposure time of the at least one imaging

device is selected to be less than the total image frame capture time, and wherein

either the first or second illumination source is caused to emit radiation at a higher

intensity during the shortened exposure time. By reducing the amount of ambient, or

detrimental, light captured during the shortened exposure times while relatively

increasing the amount of desired light captured by increasing radiation emitted during

the shortened exposure times, the signal to noise ratio is increased thereby facilitating

improved pointer detection.

[00012] According to another aspect there is provided an interactive input

system comprising: at least one imaging device capturing image frames of a region of

interest, wherein the exposure time of said at least one imaging device is less than a

total image frame capture time; at least one radiation source emitting radiation into

the region of interest during the exposure time; and processing structure processing



images captured by said at least one imaging device to determine the presence of any

pointers within the region of interest.

[00013] According to another aspect there is provided a method of inputting

information into an interactive input system comprising at least one imaging device

capturing image frames of a region of interest, the method comprising: causing the at

least one imaging device to its exposure time to be less than the total image frame

capture time; emitting radiation from by at least one radiation source into the region

of interest during the exposure time; and processing images captured by the at least

one imaging device to determine presence of any pointers within the region of

interest.

[00014] According to another aspect there is provided an imaging assembly for

an interactive input system comprising: at least one imaging device capturing image

frames of a region of interest, wherein the exposure time of said at least one imaging

device is less than a total image frame capture time; and at least one radiation source

emitting radiation into the region of interest substantially only during the exposure

time.

Brief Description of the Drawings

[00015] Embodiments will now be described more fully with reference to the

accompanying drawings in which:

[00016] Figure 1 is a perspective view of an interactive input system;

[00017] Figure 2 is a front elevational view of the interactive input system of

Figure 1;

[00018] Figure 3 is a block diagram of an imaging assembly forming part of the

interactive input system of Figure 1;

[00019] Figure 4 is a block diagram of a digital signal processor forming part of

the interactive input system of Figure 1;

[00020] Figure 5 shows image sensor and IR light source timing diagrams;

[00021] Figure 6a is an image frame captured by the imaging assembly of

Figure 3 in the absence of a pointer within its field of view;

[00022] Figure 6b is an image frame captured by the imaging assembly of

Figure 3 with a pointer within its field of view;



[00023] Figure 7 is a perspective view of another embodiment of an interactive

input system;

[00024] Figure 8 is a side sectional view of the interactive input system of

Figure 7;

[00025] Figure 9 is a sectional view of a table top and touch panel forming part

of the interactive input system of Figure 7;

[00026] Figure 10 is a sectional view of a portion of the touch panel of Figure

9, having been contacted by a pointer;

[00027] Figures 11a and 11b are images captured by an imaging device

forming part of the interactive input system of Figure 7;

[00028] Figure 12 shows imaging device and IR light source timing diagrams

of the interactive input system of Figure 7;

[00029] Figure 13 shows imaging device and IR light source timing diagrams

for an alternative operation of the interactive input system of Figure 7;

[00030] Figure 4 shows imaging device and IR light source timing diagrams

for yet another alternative operation of the interactive input system of Figure 7;

[00031] Figures 15 is a side sectional view of yet another embodiment of an

interactive input system;

[00032] Figure 16 is a sectional view of a table top and touch panel forming

part of the interactive input system of Figure 15;

[00033] Figure 7 is a sectional view of a portion of the touch panel of Figure

16, having been contacted by a pointer;

[00034] Figure 18 shows imaging device and IR light source timing diagrams

for the interactive input system of Figure 15; and

[00035] Figure 19 is a side elevational view of still yet another embodiment of

an interactive input system.

Detailed Description of the Embodiments

[00036] Turning now to Figures 1 and 2, an interactive input system that allows a

user to inject input such as digital ink, mouse events etc. into an application program is

shown and is generally identified by reference numeral 20. In this embodiment,

interactive input system 20 comprises an assembly 22 that engages a display unit (not



shown) such as for example, a plasma television, a liquid crystal display (LCD) device, a

flat panel display device, a cathode ray tube etc. and surrounds the display surface 24 of

the display unit. The assembly 22 employs machine vision to detect pointers brought

into a region of interest in proximity with the display surface 24 and communicates with

a digital signal processor (DSP) unit 26 via communication lines 28. The

communication lines 28 may be embodied in a serial bus, a parallel bus, a universal

serial bus (USB), an Ethernet connection or other suitable wired connection.

Alternatively, the assembly 22 may communicate with the DSP unit 26 over a wireless

connection using a suitable wireless protocol such as for example Bluetooth, WiFi,

ZigBee, ANT, IEEE 802.15.4, Z-Wave etc. The DSP unit 26 in turn communicates with

processing structure, in this embodiment a general purpose computing device 30

executing one or more application programs via a USB cable 32. Alternatively, the DSP

unit 26 may communicate with the computing device 30 over another wired connection

such as for example, a parallel bus, an RS-232 connection, an Ethernet connection, an

IEEE 1394 connection etc. or may communicate with the computing device 30 over a

wireless connection using a suitable wireless protocol such as for example Bluetooth,

WiFi, ZigBee, ANT, IEEE 802.15.4, Z-Wave etc. Computing device 30 processes the

output of the assembly 22 received via the DSP unit 26 and adjusts image data that is

output to the display unit so that the image presented on the display surface 24 reflects

pointer activity. In this manner, the assembly 22, DSP unit 26 and computing device 30

allow pointer activity proximate to the display surface 24 to be recorded as writing or

drawing or used to control execution of one or more application programs executed by

the computing device 30.

[00037] Assembly 22 comprises a frame assembly that is mechanically attached

to the display unit and surrounds the display surface 24. The frame assembly comprises

a bezel having three bezel segments 40, 42 and 44, four corner pieces 46 and a tool tray

segment 48. Bezel segments 40 and 42 extend along opposite side edges of the display

surface 24 while bezel segment 44 extends along the top edge of the display surface 24.

The tool tray segment 48 extends along the bottom edge of the display surface 24 and

supports one or more pen tools P. The corner pieces 46 adjacent the top left and top

right corners of the display surface 24 couple the bezel segments 40 and 42 to the bezel

segment 44. The corner pieces 46 adjacent the bottom left and bottom right corners of



the display surface 24 couple the bezel segments 40 and 42 to the tool tray segment 48.

In this embodiment, the corner pieces 46 adjacent the bottom left and bottom right

corners of the display surface 24 accommodate imaging assemblies 60 that look

generally across the entire display surface 24 from different vantages. The bezel

segments 40, 42 and 44 are oriented so that their inwardly facing surfaces are seen by the

imaging assemblies 60.

[00038] In this embodiment, the inwardly facing surface of each bezel segment

40, 42 and 44 comprises a single longitudinal strip or band of retro-reflective material.

To take best advantage of the properties of the retro-reflective material, the bezel

segments 40, 42 and 44 are oriented so that their inwardly facing surfaces extend in a

plane generally normal to that of the display surface 24.

[00039] Turning now to Figure 3, one of the imaging assemblies 60 is better

illustrated. As can be seen, the imaging assembly 60 comprises an imaging device, or

image sensor 70, such as that manufactured by Micron under model No. MT9V022

fitted with an 880nm lens of the type manufactured by Boowon under model No.

BW25B. The lens has an IR-pass/visible light blocking filter thereon (not shown) and

provides the image sensor 70 with approximately a 98 degree field of view so that the

entire display surface 24 is seen by the image sensor 70. The image sensor 70 is

connected to a connector 72 that receives one of the communication lines 28 via an I C

serial bus. The image sensor 70 is also connected to an electrically erasable

programmable read only memory (EEPROM) 74 that stores image sensor calibration

parameters as well as to a clock (CLK) receiver 76, a serializer 78 and a current control

module 80. The clock receiver 76 and the serializer 78 are also connected to the

connector 72. Current control module 80 is also connected to an infrared (IR) light

source 82 comprising a plurality of IR light emitting diodes (LEDs) and associated lens

assemblies as well as to a power supply 84 and the connector 72.

[00040] The clock receiver 76 and serializer 78 employ low voltage, differential

signaling (LVDS) to enable high speed communications with the DSP unit 26 over

inexpensive cabling. The clock receiver 76 receives timing information from the DSP

unit 26 and provides clock signals to the image sensor 70 that determine the rate at

which the image sensor 70 captures and outputs image frames, where the reciprocal of

the image frame capture rate is defined as the total image frame capture time. Each



image frame output by the image sensor 70 is serialized by the serializer 78 and output to

the DSP unit 26 via the connector 72 and communication lines 28.

[00041] Turning now to Figure 4, the DSP unit 26 is better illustrated. As can be

seen, DSP unit 26 comprises a controller 120 such as for example, a microprocessor,

microcontroller, DSP, other suitable processing structure etc. having a video port VP

connected to connectors 122 and 124 via deserializers 126. The controller 120 is also

connected to each connector 122, 124 via an I C serial bus switch 128. 12C serial bus

switch 128 is connected to clocks 130 and 132, each clock of which is connected to a

respective one of the connectors 122, 124. The controller 120 communicates with a

USB connector 140 that receives USB cable 32, and memory 142 including volatile and

non-volatile memory. The clocks 130 and 132 and deserializers 126 similarly employ

low voltage, differential signaling (LVDS).

[00042] The general purpose computing device 30 in this embodiment is a

personal computer or other suitable processing device comprising, for example, a

processing unit, system memory (volatile and/or non-volatile memory), other non

removable or removable memory (eg. a hard disk drive, RAM, ROM, EEPROM, CD-

ROM, DVD, flash memory, etc.) and a system bus coupling the various computer

components to the processing unit. The computing device 30 may also comprise

networking capabilities using Ethernet, WiFi, and/or other network format, to enable

connection to shared or remote drives, one or more networked computers, or other

networked devices.

[00043] The interactive input system 20 is able to detect passive pointers such as

for example, a user's fmger, a cylinder or other suitable object as well as active pen tools

P that are brought into proximity with the display surface 24 and within the fields of

view of the imaging assemblies 60. For ease of discussion, the operation of the

interactive input system 20, when a passive pointer is brought into proximity with the

display surface 24, will be described.

[00044] During operation, the controller 120 conditions the clocks 130 and 132 to

output clock signals that are conveyed to the imaging assemblies 60 via the

communication lines 28. The clock receiver 76 of each imaging assembly 60 uses the

clock signals to set the frame rate of the associated image sensor 70. The controller 120

also signals the current control module 80 of each imaging assembly 60 over the I2C



serial bus. In response, each current control module 80 connects the IR light source 82

to the power supply 84 so that each IR light source 82 turns on when its associated

image sensor is capturing an image frame.

[00045] As mentioned previously, typically during image frame capture, each

image sensor 70 picks up the beneficial light emitted by its associated IR light source 82

that is reflected off of the bezel segments 40, 42 and 44 as well as detrimental light

including for example, sunlight, light from external light sources, light emitted by the

display unit, glare etc. As will be appreciated, this detrimental light interferes with

image frame processing and may result in "false-positive" pointer detections. In this

embodiment, to improve the signal-to-noise ratio of the interactive input system 20, an

illumination/exposure balancing scheme is employed as will now be described.

[00046] To reduce the amount of detrimental light picked up by each image

sensor 70 during image frame capture, the exposure time/period of each image sensor 70

is selected to be less than the total image frame capture time. As will be appreciated,

although selecting the image frame exposure time to be less than the total image frame

capture time reduces the amount of detrimental light picked up by each image sensor 70

during image frame capture, it also reduces the amount of beneficial light picked up by

each image sensor 70. To increase the amount of beneficial light picked up by each

image sensor 70 during the selected exposure period without a corresponding increase in

the amount of detrimental light being picked up by the image sensor 70, the current

control modules 80 are conditioned by the controller 120 to supply power to the IR light

sources 82 in synchronization with the selected exposure periods of the image sensors

70. The IR light intensity is increased in accordance with the increase in power supplied.

[00047] In particular, the selected exposure period for each image sensor 70 is set

to equal approximately forty percent (40%) of the typical total image frame. Thus, for

each image sensor 70, during each image frame, the image sensor 70 is exposing for a

period equal to 40% of the total image frame and remains off for the remainder of the

image frame. During capture of image frames, when each image sensor 70 is turned on,

its associated IR light source 82 is also turned on and when each image sensor 70 is

turned off, its associated IR light source is turned off. Figure 5 shows the image sensor

and IR light source timing diagrams. Synchronizing the operation of the IR light source

82 to the selected exposure period of the image sensor 70 is achieved using the "flash"



control signal from the image sensor, which is applied to the current control module 80

and used to activate the IR light source 82. During the selected exposure period, the

amount of current supplied to the IR light source 82 is increased so that the IR light

source is brighter than it would be during normal operation. Normal current refers to the

manufacturers recommended current for continuous operation of the IR light source

(100% duty-cycle, or non-pulsed). In order to achieve the higher current requirements

for the pulses of light, charge is continually stored and replenished in one or more

capacitors within the current control module 80, and is released to the light source upon

receipt of the flash control signal from the image sensor 70. Pulsing is turned off

automatically within the current control module in order to protect against running too

much current for too long through the light sources.

[00048] For example, a hypothetical configuration may be considered in which

the maximum current through an IR LED (light emitting diode) light source is 00

milliAmperes (roA) when the current stays constant (duty cycle = 1, or 100%), and in

which an image sensor 70 has an integration (exposure) time of 1 millisecond for a

frame rate of 100 frames per second. The image sensor in this configuration would

receive radiation from an IR LED and ambient light resulting in a base signal level of S

and a base noise level of N, rendering the signal to noise ratio (SNR) to be S/N.

[00049] However, with this configuration, one is able to, according to

manufacturer's recommended current for non-continuous, or "pulsed" operation of the

IR LED, increase the peak current to the IR LED to 450mA for a duty cycle of 0.1. This

would, according to manufacturer's specifications, result in an increase in light intensity

during integration of about four (4) times, resulting in a signal level of 4S. More

particularly, the duty cycle of the IR LED could be reduced simply because it is only

during exposure of the image sensor that illumination is required. With this

configuration, because the ambient light, all other things being equal, will not have

changed, the SNR will have increased by 4 .

[00050] Further reducing the integration (exposure) time of the image sensor to

0.1 milliseconds would reduce the requirements of the IR LED duty cycle to 0.01, and

thus, according to manufacturer's recommended current for non-continuous operation,

the IR LED could receive a pulsed current at . 35A to produce ten (10) times the base

level of light intensity. The exposure having been reduced by a factor of 10 would result



in a signal level of S. However, the noise picked up during the reduced exposure time

would be accordingly reduced by a factor of 10. Thus, the SNR would be improved by a

factor of 10.

[00051] In general, as a result of the increased brightness of the IR light source 82

during exposure time, the associated image sensor 70 detects more illumination emitted

by the IR light source (i.e. more beneficial light) and less detrimental light thereby

increasing the signal-to-noise ratio and allowing for more robust and reliable image

frame processing. Although increasing the brightness of the IR light source too much

and for too long can reduce the lifetime of the IR light source, by cycling or pulsing IR

LED operation, the IR light source specification on pulse handling capabilities is met to

preserve the lifetime of the IR light source.

[00052] It will be understood that the IR light source is not required to provide a

higher intensity of radiation precisely only during the selected exposure period. For

example, the IR light source may be pulsed for longer than the exposure period.

However, since the increased radiation is detected only during the exposure period, as a

matter of efficiency and longevity of the IR light source, the exposure period and pulse

period are preferably closely matched.

[00053] When the IR light sources 82 are on, the LEDs of the IR light sources

flood the region of interest over the display surface 24 with infrared illumination.

Infrared illumination that impinges on the retro-reflective bands of the bezel segments

40, 42 and 44 is returned to the imaging assemblies 60. As a result, in the absence of a

pointer, each imaging assembly 60 sees a bright band 160 having a substantially even

intensity over its length as shown in Figure 6a. When a pointer is brought into proximity

with the display surface 24 and is sufficiently distant from the IR light sources 82, the

pointer occludes infrared illumination reflected by the retro-reflective bands of the bezel

segments 40, 42 and 44. As a result, the pointer appears as a dark region 66 that

interrupts the bright band 160 in captured image frames as shown in Figure 6b.

[00054] As mentioned above, each image frame output by the image sensor 70 of

each imaging assembly 60 is conveyed to the DSP unit 26. When the DSP unit 26

receives image frames from the imaging assemblies 60, the controller 120 processes the

image frames to detect the existence of a pointer therein and if a pointer exists, to

calculate the position of the pointer in (x,y) coordinates relative to the display surface 24



using well known triangulation in a manner similar to that described in

above-incorporated U.S. Patent No. 6,803,906 to Morrison et al. The calculated pointer

coordinate is then conveyed by the controller 120 to the computing device 30 via the

USB cable 32. The computing device 30 in turn processes the received pointer

coordinate and updates the image output provided to the display unit, if required, so that

the image presented on the display surface 24 reflects the pointer activity. In this

manner, pointer interaction with the display surface 24 can be recorded as writing or

drawing or used to control execution of one or more application programs running on the

computing device 30.

[00055] In the above embodiments, each bezel segment 40 to 44 is shown as

comprising a single strip of band of retro-reflective material. If desired, the bezel

segments may comprise multiple bands having different reflective properties, such as for

example retro-reflective and IR radiation absorbing bands or reflective and R radiation

absorbing bands.

[00056] Those of skill in the art will appreciate that the frame assembly may take

other configurations. For example, the assembly 22 may comprise its own panel to

overlie the display surface 24. In this case it is preferred that the panel of the assembly

22 be formed of substantially transparent material so that the image presented on the

display surface 24 is clearly visible through the panel. The assembly 22 can of course be

used with a front or rear projection device and surround a substrate on which the

computer-generated image is projected.

[00057] Although the imaging assemblies are described as being accommodated

by the corner pieces 46 adjacent the bottom corners of the display surface 24, those of

skill in the art will appreciate that the imaging assemblies may be placed at different

locations relative to the display surface. Also, the tool tray segment is not required and

may be replaced with a bezel segment.

[00058] Turning now to Figures 7 and 8, an alternative interactive input system

is shown and is generally identified by reference numeral 210. In this embodiment,

the interactive input system is in the form of a touch table. Touch table 210

comprises a table top 212 mounted atop a cabinet 216. In this embodiment, cabinet

216 sits atop wheels, castors or the like 218 that enable the touch table 210 to be

easily moved from place to place as desired. Integrated into table top 212 is a



coordinate input device in the form of a frustrated total internal refraction (FTIR)

based touch panel 214 that enables detection and tracking of one or more pointers,

such as fingers, pens, hands, cylinders, or other objects, brought into proximity of the

touch panel.

[00059] Cabinet 216 supports the table top 12 and touch panel 2 14, and

houses processing structure 220 that executes a host application and one or more

application programs. Image data generated by the processing structure 220 is

displayed on the touch panel 214 allowing a user to interact with the displayed image

via pointer contacts on the display surface of the touch panel 214. The processing

structure 220 interprets pointer contacts as input to the running application program

and updates the image data accordingly so that the image displayed on the display

surface of the touch panel 214 reflects the pointer activity. In this manner, the touch

panel 214 and processing structure 220 allow pointer interactions with the touch panel

214 to be recorded as handwriting or drawing or used to control execution of the

application program.

[00060] Processing structure 220 in this embodiment is a general purpose

computing device in the form of a computer. The computer comprises for example, a

processing unit, system memory (volatile and/or non-volatile memory), other non

removable or removable memory (a hard disk drive, RAM, ROM, EEPROM, CD-

ROM, DVD, flash memory etc.) and a system bus coupling the various computer

components to the processing unit.

[00061] During execution of the host software application/operating system run

by the processing structure, a graphical user interface comprising a canvas page or

palette (i.e. a background), upon which graphic widgets are displayed, is presented on

the display surface of the touch panel 214. In this embodiment, the graphical user

interface enables freeform or handwritten ink objects and other objects to be input and

manipulated via pointer interaction with the display surface of the touch panel 214.

[00062] The cabinet 216 also houses a projector 222 and an imaging device

232. The projector 222 is aimed to project an image directly onto the bottom surface

of the touch panel 214 that is visible through the touch panel 214 from above. The

imaging device 232 is similarly oriented so that its field of view encompasses the

bottom surface of the touch panel 214. Two infrared (IR) light sources 234, in this



example IR LEDs, are housed within the cabinet 2 16 at laterally spaced locations and

operate at 60Hz to illuminate the bottom surface of the touch panel 214.

[00063] The projector 222 and the imaging device 232 are each connected to

and managed by the processing structure 220. A power supply (not shown) supplies

electrical power to the electrical components of the touch table 210. The power

supply may be an external unit or, for example, a universal power supply within the

cabinet 216 for improving portability of the touch table 210. The cabinet 216 fully

encloses its contents in order to restrict the levels of ambient visible and infrared light

entering the cabinet 216 thereby to improve signal to noise performance. Doing this

can compete with various techniques for managing heat within the cabinet 216. The

touch panel 214, the projector 222, and the processing structure 220 are all sources of

heat, and such heat if contained within the cabinet 216 for extended periods of time

can reduce the life of components, affect performance of components, and create heat

waves that can distort the optical components of the touch table 210. As such, the

cabinet 216 houses heat managing provisions (not shown) to introduce cooler ambient

air into the cabinet while exhausting hot air from the cabinet. For example, the heat

management provisions may be of the type disclosed in U.S. Patent Application No.

12/240,953 to Sirotich et a . filed on September 29, 2008 entitled "Touch Panel for an

Interactive Input System, and Interactive System Incorporating the Touch Panel",

assigned to SMART Technologies ULC of Calgary, Alberta, assignee of the subject

application, the entire content of which is incorporated herein by reference.

[00064] As set out above, the touch panel 214 of touch table 210 operates based

on the principles of frustrated total internal reflection (FTIR). Figure 9 is a sectional

view of the table top 212 and touch panel 214. Table top 212 comprises a frame 320

formed of plastic supporting the touch panel 214.

[00065] Touch panel 214 comprises an optical waveguide 344 that, according

to this embodiment, is a sheet of acrylic. A resilient diffusion layer 346, in this

embodiment a layer of V-CARE® V-LITE® barrier fabric manufactured by Vintex

Inc. of Mount Forest, Ontario, Canada, or other suitable material, is applied to the

upper surface of the optical waveguide 344 using a vacuum table to inhibit wrinkling

and ensure a flush mount to the optical waveguide. The diffusion layer 346 diffuses



the visible light projected onto it by the projector 222 so that the projected image is

clearly displayed thereon.

[00066] Overlying the resilient diffusion layer 346 on the opposite side of the

optical waveguide 344 is a clear, protective layer 348 having a smooth touch surface.

In this embodiment, the protective layer 348 is a thin sheet of polycarbonate material

over which is applied a hardcoat of Marnot® material, produced by Tekra

Corporation of New Berlin, Wisconsin, U.S.A. While the touch panel 214 may

function without the protective layer 348, the protective layer 348 permits use of the

touch panel 14 without undue discoloration, snagging or creasing of the underlying

diffusion layer 346, and without undue wear on users' fingers. Furthermore, the

protective layer 348 provides abrasion, scratch and chemical resistance to the overall

touch panel 214, as is useful for panel longevity.

[00067] An IR light source 342 comprising a bank of IR light emitting diodes

(LEDs) is positioned along at least one side surface of the optical waveguide layer

344 (into the page in Figure 9). Each IR LED is operated at 60Hz and emits infrared

light into the optical waveguide layer 344. In this embodiment, the side surface along

which the IR LEDs 342 are positioned is flame-polished to facilitate reception of light

from the IR LEDs 342. An air gap of 1-2 millimetres (mm) is preferably maintained

between the IR LEDs and the side surface of the optical waveguide 344 in order to

reduce heat transmittance from the IR LEDs 342 to the optical waveguide 344, and

thereby mitigate heat distortions in the acrylic optical waveguide 344. Bonded to the

other side surfaces of the optical waveguide 344 is reflective tape 343 to reflect light

back into the optical waveguide 344 thereby saturating the optical waveguide 344

with infrared illumination.

[00068] In operation, IR light emitted by the LEDs of the IR light source 342 is

introduced into the optical waveguide 344 via its flame-polished side surface in a

direction generally parallel to its upper and lower surfaces. The IR light does not

escape through the upper or lower surfaces of the optical waveguide 344 due to total

internal reflection (TIR) because its angle of incidence at the upper and lower surfaces

is not sufficient to allow for its escape. The IR light reaching other side surfaces of

the optical waveguide is generally reflected entirely back into the optical waveguide

344 by the reflective tape 343 at the other side surfaces.



[00069] As shown in Figure 10, when a user contacts the display surface of the

touch panel 214 with a pointer P, the pressure of the pointer P against the protective

layer 348 compresses the resilient diffusion layer 346 against the optical waveguide

344, causing a change in the index of refraction at the contact point or "touch point".

This change "frustrates" the TIR at the touch point causing IR light to escape from the

optical waveguide 344. The escaping IR light reflects off of the diffusion layer 346

where depressed by the pointer P, scatters locally downward through the optical

waveguide 344 and exits the optical waveguide 344 through its bottom surface. This

occurs for each pointer P as it contacts the display surface of the touch panel 214 at a

respective touch point.

[00070] As each touch point is moved along the display surface of the touch

panel 214, compression of the resilient diffusion layer 346 against the optical

waveguide 344 occurs and thus escaping of IR light tracks the touch point movement.

During touch point movement or upon removal of the touch point, decompression of

the diffusion layer 346 where the touch point had previously been due to the resilience

of the diffusion layer 346, causes escape of IR light from optical waveguide 344 to

once again cease. As such, IR light escapes from the optical waveguide 344 only at

touch point location(s) allowing the IR light to be captured in image frames acquired

by the imaging device 232.

[00071] The imaging device 232, which operates at a frame rate double that of

the IR light source 342 and the IR light sources 234, is synchronized with the IR light

source 342 and the IR light sources 234 such that every even image frame is captured

while the IR light source 342 is on and the IR light sources 234 are off and every odd

image frame is captured while the IR light source 342 is off and the IR light sources

234 are on. When the display surface of the touch panel 214 is contacted by one or

more pointers as described above, the even image frames captured by imaging device

232 comprise one or more bright points corresponding to respective touch points as a

result of the IR light that escapes the optical waveguide 344, which indicates that a

contact with the touch panel has occurred. The processing structure 220 receives the

captured image frames and performs image processing to detect the coordinates and

characteristics of the one or more bright points in the captured images, as described in

U.S. Patent Application No. 12/240,963 to Holmgren et a . filed on September 29,



- -

oo entitled "Method for Calibrating an Interactive Input System Executing the

Calibration Method" and assigned to SMART Technologies ULC, assignee of the

subject application, the entire content of which is incorporated herein by reference.

The detected coordinates are then mapped to display coordinates provided to the host

application.

[00072] The host application tracks each touch point based on the received

touch point data, and handles continuity processing between image frames. More

particularly, the host application receives touch point data from image frames and

based on the touch point data determines whether to register a new touch point,

modify an existing touch point, or cancel/delete an existing touch point. Thus, the

host application registers a Contact Down event representing a new touch point when

it receives touch point data that is not related to an existing touch point, and accords

the new touch point a unique identifier. Touch point data may be considered

unrelated to an existing touch point if it characterizes a touch point that is a threshold

distance away from an existing touch point, for example. The host application

registers a Contact Move event representing movement of the touch point when it

receives touch point data that is related to an existing pointer, for example by being

within a threshold distance of, or overlapping an existing touch point, but having a

different focal point. The host application registers a Contact Up event representing

removal of the touch point from the display surface 215 of the touch panel 214 when

touch point data that can be associated with an existing touch point ceases to be

received from subsequent image frames. The Contact Down, Contact Move and

Contact Up events are passed to respective elements of the user interface such as

graphical objects, widgets, or the background/canvas, based on the element with

which the touch point is currently associated, and/or the touch point's current

position.

[00073] As mentioned above, the odd image frames captured by the imaging

device 232 are captured when the IR light sources 234 are on and the IR light source

342 is off resulting in the table top being illuminated from below. As a result, these

image frames comprise light reflected from pointers that are near to or in contact with

the table top as shown in Figures 1l a and 1lb. Objects closer to the table top will

appear brighter in captured image frames than objects further from the table top. The



processing structure 220 receives the captured odd image frames and performs image

processing using blob detection and object recognition to determine the location of

each object relative to the table top and to determine the shape of each object. The

direct illumination from the IR light sources 234 also enables objects above the touch

surface that carry markers such as bar codes that can be read to be identified through

processing of the image frames captured by the imaging device 232. Furthermore, in

case there are tracing artifacts as a result of portions of the diffusion layer being

slower to decompress after a pointer has been removed from contact therewith, the

odd and even image frames can be compared in order to filter out the tracing artifacts

and ascertain the location of the actual current touch points.

[00074] Similar to the previous embodiment, to reduce the amount of

detrimental light picked up by the imaging device 232 during image frame capture,

the exposure time of the imaging device is selected to be less than the total image

frame capture time and the current supplied to the IR light sources 234 and 342 in

synchronization with the selected exposure period is increased. As a result, during the

exposure period of the imaging device 232 during image frame capture, either the IR

light sources 234 or the IR light source 342, which ever is being operated for the

current image frame emits increased illumination so that more beneficial illumination

and less detrimental illumination is captured by the imaging device increasing the

signal-to-noise level. Figure 12 shows timing diagrams for the imaging device and IR

light sources to achieve this operation.

[00075] In an alternative embodiment, rather than operating the IR light

sources at 60Hz, the IR light sources are operated at 30Hz. In this case, imaging

device 232 still captures image frames at the same frame rate. As a result for each

successive pair of captured odd image frames, one odd image frame is captured while

the IR light sources are on and one odd image frame is captured while the IR light

sources are off. Prior to processing the image frames using blob detection and object

recognition, a difference image frame is firstly formed by subtracting the two odd

image frames to cancel the effects of ambient light. The resultant difference image

frame is then processed using blob detection and object recognition to determine the

location of each object relative to the table top and to determine the shape of each

object.



[00076] Figure 13 shows timing diagrams for an alternate operation of the

interactive input system. In this embodiment, the imaging device captures image

frames at the same rate and in synch with IR light source 342. When the processing

structure 220 detects an object(s) it wants to recognize through processing of image

frames that were captured while the IR light source 342 was on, the normal image

capture process is interrupted for two image frames (frames n+3 and n+4). During

this period the IR light source 342 remains off, and one image frame of the two image

frames is captured while the IR light source 234 is off and the other image frame is

captured while the IR light source 234 is on. Thus, the object(s) are captured through

a direct illumination from below of the objects by light source 234 and may be

distinguished from features in a background image captured with no direct

illumination. The interactive input system then resumes its normal operation.

[00077] Figure 14 shows timing diagrams for an alternative operation of the

interactive input system. In this embodiment, the frame rate of the imaging device is

increased to 240 Hz, while the frequency of the IR light sources 234 and 342 remains

at 60 Hz. The illumination period during operation of each IR light source 234 and

342 is set to equal l/240Hz = 4.167 milliseconds. During this illumination period, the

current driving the IR light sources is increased to 4 times the normal current to

further improve the SNR as described above, but requires a more complex imaging

device.

[00078] Turning now to Figures 15 to 1 , another embodiment of an interactive

input system similar to that of Figures 7 to 0 is shown. In this embodiment, the

cabinet 216 houses two imaging devices 232a and 232b. Each imaging device is

positioned on an opposite side of the projector 222. The touch panel is similar to that

of Figures 7 to 10 except that an IR reflective film 450 is positioned between the

diffusion layer 346 and the protective layer 348. In this embodiment, the protective

layer 348 is an optical film coating produced by Tekra Corporation of New Berlin,

Wisconsin, U.S.A. in the Terrapin family of materials. In this embodiment, the IR

reflective film 450 contains a small amount of clear IR reflective material known as

Near Infrared (NIR) reflective film. Certain of the ambient IR light coming from

above the IR reflective film 450 and reaching the clear IR reflective material reflects

off of the material and therefore does not reach the imaging devices 232a and 232b.



Similarly, IR light escaping from the optical waveguide 344 at a touch point that

reaches the IR reflective material in the IR reflective film above the optical

waveguide 344 will, instead of being lost into the ambient, reflect off of the material

and downwards towards the imaging devices. Unlike the embodiment of Figures 7 to

10, instead of a weave material for the resilient diffusion layer 346, a flat projection

vinyl screen material produced by the Da-Lite Screen Company of Warsaw, Indiana,

U.S.A. is used to produce a sharper projected display image compared to the weave

material due to its improved transmission characteristics over the weave material.

[00079] The imaging device 232a has an IR filter on its lens to only pass IR

illumination of a first wavelength. The IR LED 342 emits infrared radiation into the

optical waveguide 344 at this first wavelength. The IR reflective film 450 blocks

ambient IR illumination at this first wavelength and thus allows the imaging device

232a to pick up only light emitted by the IR LED 342 thereby significantly reducing

ambient light (background noise). The imaging device 232b has an IR filter on its

lens to only pass IR illumination of a second wavelength different from the first

wavelength. The IR light sources 234 emits infrared radiation at the second

wavelength. This allows the imaging device 232b to detect light emitted only by the

IR light sources 234, along with any ambient light finding its way into the cabinet 216

at the second wavelength.

[00080] Figure 18 shows the imaging device and IR light source timing

diagrams for the interactive input system of Figures 15 to 17. It can be seen that the

exposure times of imaging device 232a are opposite those of imaging device 232b,

such that imaging device 232a is exposed when IR light source 342 is on and IR light

sources 234 are off. Similarly, imaging device 232b is exposed when IR light source

342 is off, and is also exposed when IR light sources 234 are both on and off. Thus,

imaging device 232b captures image frames of both the background and directly

illuminated pointers or objects on or near to the touch surface, which can be processed

to remove background features thereby correctly identify the location of objects on or

proximate to the touch surface that reflect the IR light from IR light sources 234. In

this embodiment, correct identification of objects includes distinguishing between

tracing artifacts and actual touch points. For example, the flat vinyl screen projection

material may not decompress as quickly as a weave material from the optical



waveguide 344 after a pointer is lifted or moved from an earlier touch point. Because

of this, R light will tend to escape from the optical waveguide 344, reflect off of the

IR reflective film 450, and down towards the imaging devices 232a, 232b. While the

projection material will eventually decompress, its relative reluctance to do so,

compared with the weave material, may leave apparent tracing artifacts, or streaks,

that are captured by the imaging device 232a. Therefore, in order to filter out the

tracing artifacts so as to correctly locate a pointer, the FTIR images captured by

imaging device 232a are compared with directly illuminated images captured by

imaging device 232b and the tracing artifacts identified and removed.

[00081] The table top 212 may be made of any rigid, semi-rigid or combination

of rigid and malleable materials such as plastics, resins, wood or wood products,

metal, or other suitable material or materials. For example, the table top 212 could be

made of plastic and coated with malleable material such as closed cell neoprene. This

combination would provide rigidity while offering a padded surface for users.

[00082] In alternative embodiments, processing structure 220 may be located

external to cabinet 216, and may communicate with the other components of the touch

table 210 via a wired connection such as Ethernet, RS-232, or USB, and the like,

and/or a wireless connection such as Bluetooth™, or WiFi, and the like. It will also

be understood that the optical waveguide 344 may be formed from a transparent or

semi-transparent material other than acrylic, such as glass.

[00083] If desired, rather than orienting the projector and/or imaging device(s)

so that they are aimed directly at the bottom surface of the optical waveguide 344, if

desired, the orientation of the projection and/or imaging device(s) may be altered and

one or more reflecting surfaces used to aim the projector and/or imaging devices at

the bottom surface of the optical waveguide.

[00084] While a generally planar touch panel 214 has been described, it will be

understood that the principles set out above may be applied to create non-planar touch

panels or touch panels having multiple intersection planes or facets where total

internal reflection of a non- or multi-planar optical waveguide layer is frustrated by

compression of a resilient diffusion layer that is against and follows the surface

contour of the optical waveguide layer. Examples of non-planar shapes include arcs,

semi-circles, or other regular or irregular shapes.



[00085] Turning now to Figure , yet another embodiment of an interactive

input system is shown and is generally identified by reference numeral 420. n this

embodiment, interactive input system includes a whiteboard 422 mounted on a wall or

other suitable surface. A projector 424 is spaced from the whiteboard 422 and

projects an image that is displayed on the front surface of the whiteboard. An

imaging device 426 is positioned above the projector 424 and is oriented so that its

field of view encompasses the front surface of the whiteboard. A light pen or a laser

pointer 430 that emits pulsed radiation is used to interact with the front surface of the

whiteboard.

[00086] When the imaging device 426 captures image frames of the front

surface of the whiteboard 422 and the pointer 430 is being used to interact with the

whiteboard 422, image frames captured by the imaging device 426 include bright

spots corresponding to the pulsed radiation emitted by the pointer 430. A processor

432 in communication with the imaging device 426 processes the image frames to

determine the coordinates of the bright spots and to use the coordinates to update the

image data provided to the projector 424, if appropriate. The pointer 430

communicates with the imaging device 426 over a wireless communication channel

(e.g. Bluetooth etc.) to synchronize the timing of emitted radiation pulses to the

exposure time of the imaging device 426. In this manner, an illumination/exposure

scheme similar to that of the previous embodiments is employed. Advantageously,

the current level of the pulses powering the light source of the pointer 430 can be

increased above the maximum current level for the light source of the pointer 430

under non-pulsed, or constant, operation. The pulses being synchronized to shortened

exposure times of the imaging device 426 reduces the amount of ambient light

captured but does not decrease the amount of signal light captured, thus increasing the

SNR compared to non-pulsed operation.

[00087] Although the illumination/exposure balancing scheme has been

described with reference to specific interactive input systems, those of skill in the art

will appreciate that the illumination/exposure balancing scheme can be employed in

other interactive input systems that employ imaging devices and illumination sources.

[00088] Furthermore, although the illumination/exposure balancing scheme has

been described having an imaging device signal a light source to emit a pulse of



radiation during imaging device exposure, alternatives are possible in which the

imaging device is preconfigured to be synchronized with the light source pulsing such

that continual signaling is not required, or in which the imaging device is signaled to

expose and the light source is signaled to emit radiation simultaneously with the

exposure, by an external controller. Other alternatives may be contemplated.

[00089] In the above-described embodiments, the light sources are described as

emitting radiation at an increased intensity determined by a current higher than the

normal current. Those of skill in the art will however appreciate that in an alternative

embodiment, the light sources may be driven by a normal current, in which case, the

light sources are used with image devices having exposure times shorter than the total

image capture times to obtain improved signal-to-noise ratios.

[00090] Although embodiments have been described with reference to the

drawings, those of skill in the art will appreciate that variations and modifications

may be made without departing from the spirit and scope thereof as defined by the

appended claims.



What is claimed is:

1. An input panel for an interactive input system comprising:

an optical waveguide;

a first radiation source directing radiation into said optical waveguide,

said radiation undergoing total internal reflection within said optical waveguide;

a diffusion layer adjacent to and on one side of the optical waveguide,

totally internally reflected light being frustrated and escaping the optical waveguide in

response to pointer contacts on the diffusion layer;

a second radiation source directing radiation towards another side of

the optical waveguide that is opposite the one side; and

at least one imaging device having a field of view looking at the

optical waveguide and capturing image frames, wherein said first and second

radiation sources are turned on and off in succession and wherein said first radiation

source is turned off when said second radiation source is on and wherein said first

radiation source is turned on when said second radiation source is off.

2 . The input panel of claim 1, wherein said at least one imaging device is

timed to capture image frames when said first radiation source is on and is timed

capture image frames when said first radiation source is off.

3 . The input panel of claim 1, wherein a first of said at least one imaging

device is timed to capture image frames when said first radiation source is on and a

second of said at least one imaging device is timed to capture image frames when said

second radiation source is on.

4 . The input panel of claim 3, wherein the second of said at least one

imaging device is timed to also capture image frames when both said first and said

second radiation sources are off.



5. The input panel of claim 2 further comprising processing structure

processing the image frames captured by said at least one imaging device to identify

the location of touch input on the input panel.

6 . The input panel of claim 5, further comprising a projector receiving

image data from said processing structure and projecting images for presentation on a

display surface.

7. The input panel of claim 1, wherein the exposure time of the at least

one imaging device is shorter than a total image frame capture time, and wherein

either the first or second radiation source is caused to emit radiation during the

exposure time.

8. The input panel of claim 1, wherein said first and second radiation

sources comprise infrared light emitting diodes.

9 . The input panel of claim 8, wherein the first radiation source is

associated with the first imaging device and emits a pulse of radiation during the

exposure times of the first imaging device, and wherein the second radiation source is

associated with the second imaging device and emits a pulse of radiation during the

exposure times of the second imaging device.

10. The input panel of claim 1, wherein the compliant layer is a weave

material against the optical waveguide that, when depressed, frustrates the total

internal reflection of radiation within the optical waveguide and thereby causes

radiation within the optical waveguide to escape.

· The input panel of claim 1, wherein the diffusion layer is formed of a

projection screen material

2 . The input panel of claim 1, further comprising an infrared reflective

film above the diffusion layer.



. The input panel of claim 4, wherein the first radiation source emits

radiation at a first wavelength and the second radiation source emits radiation at a

second wavelength different from the first wavelength.

14. The input panel of claim 13, wherein the first of said at least one

imaging device captures radiation only at said first wavelength and the second of said

at least one imaging device captures radiation only at said second wavelength.

15. The input panel of claim 13, wherein the processing structure

compares images captured by the first of said at least one imaging device with images

captured by the second of said at least one imaging device to filter out tracing artifacts

from touch points within the region of interest thereby to correctly locate one or more

pointers within the region of interest.

16. An interactive input system comprising:

at least one imaging device capturing image frames of a region of

interest, wherein the exposure time of said at least one imaging device is less than a

total image frame capture time;

at least one radiation source emitting radiation into the region of

interest during the exposure time; and

processing structure processing images captured by said at least one

imaging device to determine the presence of any pointers within the region of interest.

17. The interactive input system of claim 16, wherein the exposure time of

said at least one imaging device is 40% of the total image frame capture time.

1 The interactive input system of claim 16, wherein the at least one

radiation source comprises at least a first radiation source and a second radiation

source, and wherein the at least one imaging device comprises at least a first imaging

device and a second imaging device.



19 . The interactive input system of claim 18, wherein the first radiation

source is associated with the first imaging device and emits a pulse of radiation during

the exposure times of the first imaging device, and wherein the second radiation

source is associated with the second imaging device and emits a pulse of radiation

during the exposure times of the second imaging device.

20. The interactive input system of claim 19, wherein the processing

structure triangulates the position of the one or more pointers using triangulation

based on images captured by the first and second imaging devices.

2 1. The interactive input system of claim 19, wherein the first and second

radiation sources each comprise a current control module that receives a control signal

from a respective one of the associated first and second imaging devices to emit

radiation during respective exposure times.

22. The interactive input system of claim 16, further comprising a

projector receiving image data from said processing structure and projecting images

for presentation on a display surface.

23. The interactive input system of claim 16, further comprising one or

more reflective bezel segments associated with the region of interest for reflecting

radiation emitted by the at least one radiation source back to the at least one imaging

device.

24. The interactive input system of claim 23, wherein the processing

structure detects presence of a pointer within the region of interest based on detecting

occlusion of reflected radiation in captured images.

25. The interactive input system of claim 16, wherein the processing

structure detects presence of one or more pointers within the region of interest based

on detecting one or more bright spots corresponding to the pulsed radiation emitted by

the one of more pointers.



26. A method of inputting information into an interactive input system

comprising at least one imaging device capturing image frames of a region of interest,

the method comprising:

causing the at least one imaging device to establish its exposure time to

be less than the total image frame capture time;

emitting radiation from at least one radiation source into the region of

interest during the exposure time; and

processing images captured by the at least one imaging device to

determine the presence of any pointers within the region of interest.

27. The method of claim 26, wherein the at least one imaging device

signals the at least one radiation source to emit its radiation during the exposure time.

28. The method of claim 26, wherein a first of the at least one radiation

source is associated with a first of the at least one imaging device and a second of the

at least one radiation source is associated with a second of the at least one imaging

device, wherein the first radiation source emits a pulse of radiation during the

exposure times of the first imaging device and the second radiation source emits a

pulse of radiation during the exposure times of the second imaging device.

29. The method of claim 28, wherein:

the first illumination source emits the pulse of radiation at a first

wavelength and the second illumination source emits the pulse of radiation at a

second wavelength different from the first wavelength.

30. The method of claim 29, wherein the first of said at least one imaging

device captures radiation only at said first wavelength and the second of said at least

one imaging device captures radiation only at said second wavelength.



31. The method of claim 30, further comprising:

comparing images captured by the first of said at least one imaging

device with images captured by the second of said at least one imaging device to filter

out tracing artifacts from touch points within the region of interest thereby to correctly

locate one or more pointers within the region of interest.

32. An imaging assembly for an interactive input system comprising:

at least one imaging device capturing image frames of a region of

interest, wherein the exposure time of said at least one imaging device is less than a

total image frame capture time; and

at least one radiation source emitting radiation into the region of

interest substantially only during the exposure time.

33. The imaging assembly of claim 32, wherein the exposure time of said

at least one imaging device is 40% of the total image frame capture time.

34. The imaging assembly of claim 32, wherein the at least one radiation

source comprises at least a first radiation source and a second radiation source, and

wherein the at least one imaging device comprises at least a first imaging device and a

second imaging device.

35. The imaging assembly of claim 34, wherein the first radiation source is

associated with the first imaging device and emits a pulse of radiation during the

exposure times of the first imaging device, and wherein the second radiation source is

associated with the second imaging device and emits a pulse of radiation during the

exposure times of the second imaging device.

36. The imaging assembly of claim 35, wherein the first and second

radiation sources each comprise a current control module that receives a control signal

from a respective one of the associated first and second imaging devices to emit

radiation during respective exposure times.
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