Office de la Proprieté Canadian CA 2699695 C 2014/12/30

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 699 695
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2008/10/22 (51) CLInt./Int.Cl. GO6F 3/042(2006.01),
(87) Date publication PCT/PCT Publication Date: 2009/04/30 GO6F 5/041(2000.01)
- . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2014/12/30 MASALKAR. PRAFULLA US
(85) Entréee phase nationale/National Entry: 2010/03/15 L
) o (73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2008/080/779 MICROSOFT CORPORATION, US

(87) N® publication PCT/PCT Publication No.: 2009/055464 (74) Agent: SMART & BIGGAR
(30) Priorité/Priority: 2007/10/26 (US11/924,633)

(54) Titre : DETECTION DE NIVEAUX DE LUMIERE AMBIANTE DANS UN SYSTEME DE VISION
(54) Title: DETECTING AMBIENT LIGHT LEVELS IN A VISION SYSTEM

600 ’\

CAPTURE IMAGE OF DISPLAY SCREEN 610
DETERMINE IF AMBIENT LIGHT LEVEL IS ACCEPTABLE 620
DISPLAY VISUAL REPRESENTATION OF WHETHER AMBIENT 630

LIGHT LEVEL IS ACCEPTABLE

(57) Abréegée/Abstract:

The detection of ambient light on an optical touch-sensitive device is disclosed. For example, one disclosed embodiment
comprises capturing an image of at least a portion of a display screen with a camera located within the display device, and
determined If ambient light in the image I1s at an acceptable level for display screen operation. Then, a visual representation Is
displayed representing whether the ambient light level is acceptable for display screen operation.

SoaoRRE f /[
TR - e St
R S N « w_® .-y
I ALY ""
[N

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

- SRR RO S 2 A\-‘
OPIC - CIPO 191 s




009/055464 A3 |1 NI A YO0 1 00 O 00O T

CA 02699695 2010-03-15

Intcrnauonal Burcau

(43) International Publication Date

30 April 2009 (30.04.2009)

(51) International Patent Classilication:
GO6F 3/042 (2006.01) GOGF 3/041 (2006.01)

(21) International Application Number:
| PCT/US2008/080779

(22) International Filing Date: 22 October 2008 (22.10.2008)

(25) Filing l.anguage: English

(26) Publication L.anguage: English

(30) Priority Data:

11/924.633 26 Octlober 2007 (26.10.2007) US

(71) Applicant (for all designated States except /5): MI-
CROSOFT CORPORATION [US/US]; One Microsoll

Way, Redmond, Washington 98052-6399 (US).

Inventor: MASALKAR, Pralulla; c/o Microsoll Corpo-
ration Intemational Patents, One Microsolt Way, Redmond,
Washington 98052-6399 (US). .

(72)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW,BY, BZ, CA,
CH, CN, CO,CR, CU, CZ,DE, DK, DM, DO, DZ, EC, ELE,
EG, ES, F1, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

IL,IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

(10) International Publication Number

WO 2009/055464 A3

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, P1,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, §T, SV, 8Y, 11,
™, IN, TR, T'I,'I'Z, UA, UG, US, UZ, VC, VN, ZA, ZM,
7ZW.
Designatled States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, 'S, I'],
FR, GB, GR, HR, I1U, 1K, IS, I'l, LT, LU, LV, MC, Ml NL,
NQO, P1., PT, RO, SE, SI, SK, TR), OAPI (BF, B, CF, CG,
CI, CM, GA, GN, GQ, GW, MI., MR, NE, SN, TD, TG).

(84)

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a

patent (Rule 4.17(ii))
as to the applicant’s entitlement to claim the priority of the

earlier application (Rule 4.17(iii))

Published:
with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

—

(88) Date of publication of the international search report:

23 July 2009

(54) Title: DECTECTING AMBILENT LIGHT LEVELS IN A VISION SYSTEM

T MEMCRY

= . 127
LLCD Lﬁ”{f {24
PN,
18
120

PROCESSOH

FIG. 1

&N (57) Absiract: The detection of ambient light on an optical touch-sensitive device is disclosed. For example, one disclosed em-

bodiment comprises capturing an image of at least a portion ol a display screen with a camera located within the display devicee,
and determined if ambient light in the image is at an acceptable level for display screen operation. Then, a visual representation is
displayed representing whether the ambient. light level is acceptable for display screen operation.
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DETECTING AMBIENT LIGHT LEVELS IN A VISION SYSTEM

BACKGROUND

[0001] Touch-sensitive devices may detect touch via several different mechanisms,
including but not limited to optical, resistive, and capacitive mechanisms. Some optical
touch-sensitive devices detect touch by capturing an 1image of a backside of a touch screen
via an 1mage sensor, and then processing the image to detect objects located on the screen.
Such devices may include an illuminant within the device to 1lluminate the backside of the
display screen such that objects on the screen reflect the incident light toward the 1mage
sensor, thereby allowing the object to be detected.

[0002] One difficulty that may be encountered with optical touch screen devices
involves differentiating between external (ambient) light and light reflected from the
illuminant within the device. In general, the higher the ambient light level, the more
difficult 1t may be to detect objects of interest. The ambient light forms a background noise
floor that reduces contrast and makes 1t difficult to 1solate the signal from the object.
Correcting an 1mage for ambient light may pose difficulties, as camera-based ambient light
detection may be a fairly complex function depending on such factors as the ambient light
source, size, distance from the camera, angle of incidence, spectral distribution, etc.
Further, gauging the effect of ambient light on such a system may be difficult to do with a
photometer or other such light meter in many cases.

SUMMARY

[0003] Accordingly, various methods for detecting ambient light 1n an optical
touch-sensitive device are disclosed below in the Detailed Description. For example, one
disclosed embodiment comprises capturing an image of at least a portion of a display
screen with a camera located within the display device, and determined if ambient light in

the 1mage 1s at an acceptable level for display screen operation. Then, a visual
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representation is displayed representing whether the ambient light level is acceptable for

display screen operation.

[0003a] According to one aspect of the present invention, there is provided a method of
detecting ambient light in an optical touch-sensitive display device, the optical touch-sensitive
display device comprising a display screen, an i1lluminant and an image sensor, the method
comprising: capturing an image of at least a portion of the display screen with the image
sensor; determining whether an ambient light level in the image i1s at an acceptable level for
display screen operation; and displaying a visual representation of whether the ambient light
level 1s acceptable for display screen operation, the visual representation further indicating, it
the ambient light level 1s an unacceptable ambient light level, a direction to move the display

device.

[0003b] According to another aspect of the present invention, there is provided a
method of installing an optical touch-sensitive device, the optical touch-sensitive device
comprising a display screen, an illuminant configured to illuminate a backside of the display
screen, and an 1mage sensor configured to capture an image of a backside of the display
screen, the method comprising: 1lluminating the display screen with the 1lluminant while
measuring a first gray level value with a black screen located on the display screen, and while
measuring a second gray level value with a white screen located on the display screen;
computing a threshold level value using the first and second gray level values; capturing an
image of the display screen; determining a level of ambient light in the image; comparing the
level of ambient light on the screen with the threshold level value; and providing a visual

representation of whether the ambient light level 1s acceptable for display screen operation

based upon the comparison with the threshold level value.

[0003¢] According to still another aspect of the present invention, there 1s provided a
computer-readable storage medium having stored thereon computer-executable instructions

that, when executed by a computer, cause the computer to implement the method as described

above or below.
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10003d] According to yet another aspect of the present invention, there 1s provided a
method ot detecting ambient light in an optical touch-sensitive display device, the optical touch-
sensitive display device comprising a display screen, a controller, an infrared illuminant and an
Image sensor, the method comprising: 1lluminating a backside of the display screen with
infrared light via the infrared illuminant; capturing an image of at least a portion of the display
screen with the image sensor; determining via the controller whether an ambient light level in
the image 1s at an acceptable level for optical touch-detection system operation by comparing
the ambient light level to a threshold value, the threshold value being based upon the dynamic
range of the image sensor; and displaying a controller output including a visual representation of

whether the ambient light level 1s acceptable for optical touch-detection system operation.

[0003¢] According to a further aspect of the present invention, there 1s provided an
optical touch-sensitive device, comprising: a display screen having a touch surface and a
backside; an image sensor configured to capture an image of the backside of the screen; an
infrared illuminant configured to illuminate the backside of the screen; and a controller
configured to: operate the infrared illuminant to illuminate the backside of the display screen
with infrared light; operate the image sensor to capture an image of the display screen;
determine via the controller an ambient light level in the image; compare the ambient light level
in the image to a threshold value based upon the dynamic range of the image sensor; and display
a controller output including a visual representation of whether the ambient light level is

acceptable tor optical touch-detection system operation.

[00031] According to yet a further aspect of the present invention, there is provided a
method of detecting ambient light 1n an optical touch-sensitive display device, the optical touch-
sensitive display device comprising a display screen, an infrared illuminant, and an image
sensor, the method comprising: illuminating a backside of the display screen with infrared light
via the infrared illuminant; capturing an 1image of at least a portion of the display screen with the
image sensor; determining whether an ambient light level in the image 1s at an acceptable level
for optical touch-detection system operation by comparing the ambient light level to a threshold
value; and displaying a visual representation of whether the ambient light level is acceptable for
optical touch-detection system operation, the visual representation comprising a map of relative

ambient light intensities across the display screen.
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[0004] . This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. .This
Summary is not intended to identify key features or essential features of the claimed subject
matter, nor is it intended to be used to limit the scope of the claimed subject matter.
Furthermore, the claimed subject matter 1s not limited to implementations that solve any or

all disadvantages noted in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Fig. 1 shows an embodiment of an optical touch-sensitive device. -

[0006] Fig. 2 shows one example of a source of ambient light shining on an
embodiment of an optical touch-sensitive device.

[0007] Fig. 3 shows another example of a source of ambient light shining on an
embodi'ment of an optical touch-sensitive device.

[0008] Fig. 4 shows an embodiment of a visual indicator for providing visual
feedback regarding ambient light incident on an optical touch-sensitive device.

[0009] Fig. 5 shows another embodiment of a visual indicator for providing
feedback regarding ambient light incident on an optical touch-sensitive device.

[0010] Fig. 6 shows a flow diagram illustrating an embodiment of a method for

gauging vision system performance related to ambient light conditions.

[0011] Fig. 7 shows a flow diagram illustrating!another embodiment of a method
for gauging vision system performance related to ambient light conditions.

DETAILED DESCRIPTION

[0012] _ Prior to discussing the detection of ambient light acceptability in an optical
touch-sensitive device, an embodiment of a suitable use environment is described. Fig. 1

shows a schematic depiction of an embodiment of an optical touch-sensitive device in the
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form of an interactive display device 100. The optical touch-sensitive display device 100
comprises a projection display system having an tmage source 102, and a display screen
106 onto which images are projected. While shown 1n the context of a projection display
system, 1t will be appreciated that the embodiments described herein may also be
implemented with other suitable display systems, including but not limited to LCD panel
Systems.

[0013] The 1mage source 102 includes a light source 108 such as a lamp (depicted),
an LED array, or other suitable light source. The tmage source 102 also includes an 1mage-
producing element 110 such as the depicted LCD (liquid crystal display), an LCOS (liquid
crystal on silicon) display, a DLP (digital light processing) display, or any other suitable
image-producing element.

[0014] The display screen 106 includes a clear, transparent portion 112, such as
sheet of glass, and a diffuser screen layer 114 disposed on top of the clear, transparent
portion 112. As depicted, the diffuser screen layer 114 acts as a touch surface. In other
embodiments, an additional transparent layer (not shown) may be disposed over diffuser
screen layer 114 as a touch surface to provide a smooth look and feel to the display surface.
Further, in embodiments that utilize a LCD panel rather than a projection 1image source to
display images on display screen 106, the diffuser screen layer 114 may be omitted.

[0015] Continuing with Fig. 1, the display device 100 further includes an electronic
controller 116 comprising memory 118 and a microprocessor 120. Controller 116 may
further include any other suitable electronic components, including application-specific
integrated circuits (ASICs) (not shown), digital signal processors (DSPs) (not shown),
ficld-programmable gate arrays (FPGASs), ctc. configured to conduct one or more
acceptable ambient light detection or feedback operations, as described below. It will

further be understood that memory 118 may comprise instructions stored thercon that are
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executable by the processor 120 to control the various parts of device 100 to effect the
methods and processes described herem.

[0016] To sense objects placed on display screen 106, the display device 100
includes an 1mage sensor 124 configured to capture an image of the entire backside of
display screen 106, and to provide the image to electronic controller 116 for the detection
of objects appearing 1n the 1image. The diffuser screen layer 114 helps to avoid the imaging
of objects that are not 1n contact with or positioned within a few millimeters of display
screen 106, and therefore helps to ensure that only objects that are touching or 1n close
proximity to display screen 106 are detected by image sensor 124.

[0017] The image sensor 124 may include any suitable 1mage sensing mechanism.
Examples of suitable 1image sensing mechanisms include but are not limited to CCD and
CMOS 1mage sensors. Further, the 1mage sensing mechanisms may capture 1mages of
display screen 106 at a sufficient frequency to detect motion of an object across display
screen 106. While the embodiment of Fig. 1 shows one 1image sensor, 1t will be appreciated
that more than one 1mage sensor may be used to capture images of display screen 106.
[0018] The 1mage sensor 124 may be configured to detect light of any suitable
wavelength, including but not limited to infrared and visible wavelengths. To assist in
detecting objects placed on display screen 106, the image sensor 124 may further include
an 1lluminant 126 such as one¢ or more light emitting diodes (LEDs) 126 configured to
produce infrared or visible light to 1lluminate a backside of display screen 106. Light from
illuminant 126 may be reflected by objects placed on display screen 106 and then detected
by image sensor 124. The use of infrared LEDs as opposed to visible LEDs may help to
avold washing out the appearance of 1images projected on display screen 106. Further, an
infrared bandpass filter 127 may be utilized to pass light of the frequency emitted by the

illuminant 126 but prevent light at frequencies outside of the bandpass frequencies from
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reaching the image sensor 124, thereby reducing the amount of ambient light that reaches

the 1mage scnsor 124,
[0019] Fig. 1 also depicts an object 130 placed on display screen 106. Light from

the illuminant 126 reflected by object 130 may be detected by image sensor 124, thereby
allowing the object 130 to be detected on the screen. Object 130 represents any object that
may be in contact with display screcn 106, including but not hmited to fingers, brushes,
optically readable tags, ctc.

[0020] In some use cnvironments, ambient light sources may emit light in the band
passcd by bandpass filter 127. The term “ambicent light” is used herein to describe light
other than light from the illuminant 126. Examples of such ambient light sources include
but are not limited to broad-spectrum light sources such as sunlight, incandescent lamp
light, halogen lamp light, etc. Such light may have a sufficient intensity at the bandpass
frequencies that the ambient light is difficult to distinguish from reflected light from the
illuminant 126. Thercfore, such ambient light may cause the display device 100 to

mistakenly identify ambient light as an object on the display screen 106.

[0021] For example, some usc environments, such as the example environment 200
depicted 1n Fig. 2, may comprise ambient light 220 from an overhead incandescent or
halogen light bulb 210. In such an environment, performance of the display device 100
may be affected by the location of the display device 100 relative to the light bulb 210. As
such, the performance of the display device 100 may be improved by moving the display
device 100 to a location at which less ambient light 220 from the light bulb 210 reaches the
display screcn, as indicated by the arrow 230.

[0022] Likewisc, in other use environments, such as the example use environment
300 depicted in Fig. 3 ambient light 320 from the sun 310 or other external source may shine on

the display device 100. As depicted in this figure, such ambient light may reach the display

device 100 by passing through a window 325, a door, or the like. As described above with
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reference to Fig. 2, the performance of the display device in environment 300 may be
improved by moving the display device to a location where less external ambient light 320
reaches the display device, as indicated by arrow 330, which represents one direction that
the display device 100 may be moved to avoid the ambient light 320.

[0023] To assist a user or installer in determining a suitable location to place the
display device 100 to avoid excess ambient light 1n a specific use environment, the display
device 100 may be configured to determine a level of ambient light and then provide
feedback to a user regarding whether the determined level of ambient light 1s
unsatisfactory, and/or how to move the display device 100 to a location within the use
environment with lower ambient light levels. Fig. 4 shows one embodiment of a visual
indicator 405 that may be displayed on the display device 100 to provide feedback
regarding ambient light levels, and also a direction to move the display device to reduce the
ambient light exposure. Visual indicator 405 comprises four direction arrows, wherein one
of the arrows 1s a highlighted arrow 430 with a different appearance than the other arrows.
Highlighted arrow 430 indicates to a user of the display device 100 a direction in which the
display device 100 may be moved to avoid ambient light determined to be of an
unacceptable level.

[0024] The visual indicator 405 also comprises a plurality of intensity bars, to of
which are shown at 412 and 414, configured to provide feedback related to the intensity of
the detected ambient light. For example, Fig. 4 1s shown with three shorter bars
illuminated, up through bar 412, indicating a level of detected ambient light, and two taller
bars, up through bar 414, not illuminated that indicate potentially higher levels of ambient
light. The height of the bars may also represent an intensity of the rate of change (i.c.
oradient) of the ambient light levels across the display screen 106. As the display device
100 1s moved, the number of intensity bars illuminated may be updated in real-time to

provide feedback of ambient light levels as the device 1s moved. The intensity bars may
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represent an average ambient level across the display screen 106, a highest ambient level
detected, or any other suitable measurement of ambient light intensity. It will be
appreciated that other embodiments may use other symbols or visual feedback methods,
including but not limited to sounds, etc., to indicate levels of acceptable light and actions
that may be taken to reduce ambient light exposure.

[0025] Fig. 5 shows a second embodiment of a visual indicator 555 for providing
feedback regarding levels of ambient light incident on the display device 100. The depicted
visual indicator 555 comprises a graphical representation 560 of the display screen 106.
The graphical representation 560 of the display screen 106 shows a depiction of the
ambient light intensity across the display device 100 as a simple representation of ambient
light intensity regions 570, 580 and 590 separated by contour lines 565 and 585. The
regions of ambient light intensity 570, 580 and 590 represent regions of the display device
100 that are exposed to acceptable, unacceptable or unfavorable but acceptable (or
threshold), levels of ambient light. In this manner, a user or installer can determine a
direction to move the display device 100 to reduce the amount of ambient light reaching the
device. While three regions of light intensity are shown in Fig. 5, it will be appreciated that
cither more or fewer regions of light intensity may be shown.

[0026] Fig. 6 shows a flow diagram 1illustrating an embodiment of a method 600 for
gauging vision system performance related to ambient light conditions. It will be
appreciated that method 600 and other methods disclosed herein may be performed, for
example, via software comprising instructions stored in memory 118 or other suitable
machine rcadable medium that are executable by the processor 120 to implement the
method 600.

[0027] Method 600 first comprises using at least one camera within a display
device to capture images of ambient light 1lluminating at Ieast a portion of a display screen,

as indicated 1n block 610. Next, as indicated 1n block 620, a determination 1s made 1f the



CA 02699695 2010-03-15
WO 2009/055464 PCT/US2008/080779

ambient light 18 at an acceptable level for display screen operation. Then, as indicated at
block 630, a visual representation related to an acceptability of the determined ambient
light level displayed on the display device. The visual representation may, for example,
visually express whether a detected ambient light level 1s too high or suitably low for
proper display device performance. Further, the visual representation may indicate a
direction 1n which the display device may be moved to reduce the amount of ambient light
incident on the display device. In this manner, the display device 100 may be moved to a
location with a suitably low ambient light level. Alternatively or additionally, the ambient
light source may be dimmed to a more suitable level.

[0028] Fig. 7 shows a flow diagram illustrating another embodiment of a method
700 for gauging vision system performance related to ambient light conditions. Method
700 may be used, for example, when mstalling the display device 100 in a use environment.
As mdicated 1 block 710, method 700 first comprises calibrating the display device 100 by
illuminating display screen 106 with the illuminant 126, measuring a first gray level value
via a black screen positioned over the display screen 106, and measuring a second gray
level value via a white screen positioned over the display screen 106.

[0029] Next, as mdicated 1n block 720 a threshold ambient light level 1s determined
using the first and second gray level values. This may be performed in any suitable
manner. For example, the threshold value may be selected to be a set amount, including
but not limited to a value within a range of 15-25 percent, above the determined black level
value by dividing the dynamic range appropriately. Further, more than one threshold may
be used to generate a contour map representation of the ambient light levels across the
display screen 106. It will be appreciated that this method of determining a threshold
ambient light level 1s merely an example of one suitable method of determining a threshold
level, and that other methods may be used in other embodiments. For example, in some

embodiments a vision system may have an active ambient light cancellation scheme. These
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active ambient light cancellation scheme embodiments may operate correctly at ambient
levels that do not saturate the image sensor used in the system, but may not operate
correctly in ambient light levels sufficient to saturate the 1mage sensor. Therefore, in some
embodiments a threshold may be set for ambient light levels at or near 1image sensor
saturation.

[0030] Continuing with Fig. 7, method 700 next comprises capturing one or more
images of the display screen with the image sensor or sensors within the display device 100
while no object of interest 1s positioned on the display screen 106 to determine the level of
ambient light, as indicated 1in block 730. After capturing the image of the display, method
700 next comprises comparing the level of ambient light on the screen with the threshold
value, as illustrated in block 740. Then 1n block 750, the method provides a visual
representation of whether the ambient light level 1s acceptable based upon the comparison
with the threshold value. For example, as shown in Fig. 4, a highest measured ambient
level or average ambient level may be displayed 1n a simple bar-graph, pie-graph,
thermometer-style graph, etc. that shows whether the ambient level 1s above or below the
threshold level, or in a map, as indicated 1n Fig. 5. Such intensity representations may be
gencrated 1n any suitable manner. For example, in one embodiment, a gradient of the
ambient light level 1s calculated for each pixel, for groups of pixels, etc., such that a
plurality of gradients are calculated. A resultant directional vector 1s then be generated
from the gradients. The general direction of the directional vector may be indicated with a
highlighted arrow (such as arrow 430 1n Fig. 4), and the magnitude of the directional vector
may be generated by the length of the arrow, by the height of one or more graphical bars
displayed on the screen, etc. Alternatively, the gradients or relative ambient light levels
may be displayed 1n a map such as that shown 1n Fig. 5. Further, some embodiments may
provide the visual representation 1n real-time to provide feedback while a vision system 1s

being moved, for example during installation, etc.
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[0031] In another embodiment, the comparison of the level of ambient light on the
screen with the threshold value may comprise determining whether the ambient light level
1s more than a selected amount above the threshold value or more than a selected amount
below the threshold value. The selected amounts may have any value, including but not
limited to percentages within a range of +/- 5-15 percent. In one specific embodiment, a
first visual representation of an ambient light level 1s provided for levels more than 10
percent above the threshold value, a second visual representation 1s provided for ambient
light levels more than 10 percent below the threshold wvalue, and a third visual
representation 18 provided for ambient light levels within 10 percent of the threshold value.
An example of such a representation 18 shown 1n Fig. 5, where region 570 may represent
ambient light intensities more than 10 percent below the threshold, region 580 may
represent ambient light intensities within 10 percent above or below the threshold, and
region 590 may represent ambient light intensities more than 10 percent above the
threshold. Such a calculation may be carried out on individual pixels, or on blocks of
pixels (such as 16x16 or 32x32 pixel blocks) for efficiency.

[0032] In another wvariation of the present embodiment, the first wvisual
representation may be red, the second visual representation may be green, and the third
visual representation 1s yellow. Other embodiments may use different colors to reflect
different levels of detected ambient light. In some embodiments, the colors may
correspond to other well known color-coded intensity ranges or scales.

[0033] While disclosed herein in the context of an optical touch-sensitive display
device, 1t will be appreciated that the disclosed embodiments may also be used 1n any other
suitable optical touch-sensitive device, as well as 1n any other machine vision device in
which a background signal correction may be performed to improve device performance.
[0034] It will further be understood that the configurations and/or approaches

described herein are exemplary 1n nature, and that these specific embodiments or examples
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are not to be considered 1n a limiting sense, because numerous variations are possible. The
specific routines or methods described herein may represent one or more of any number of
processing strategies. As such, various acts illustrated may be performed 1n the sequence
illustrated, in other sequences, in parallel, or in some cases omitted. Likewise, the order of
any of the above-described processes 1s not necessarily required to achieve the features
and/or results of the embodiments described herein, but 1s provided for ease of illustration
and description.

[0035] The subject matter of the present disclosure includes all novel and
nonobvious combinations and subcombinations of the various processes, systems and
configurations, and other features, functions, acts, and/or properties disclosed herein, as

well as any and all equivalents thereof.
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CLAIMS:
I, A method of detecting ambient light in an optical touch-sensitive display

device, the optical touch-sensitive display device comprising a display screen, an illuminant

and an image sensor, the method comprising:

- capturing an image of at least a portion of the display screen with the image

Sensor;

determining whether an ambient light level in the image is at an acceptable

level for display screen operation; and

displaying a visual representation of whether the ambient light level 1s
acceptable for display screen operation, the visual representation further indicating, if the
ambient light level is an unacceptable ambient light level, a direction to move the display

device.

2. The method of claim 1, wherein the visual representation of whether the

ambient light level is acceptable for display screen operation is updated in real-time.

3. The method of claim 1, wherein the visual representation comprises a map of

relative ambient light intensities across the display screen.

4. The method of claim 3, wherein the visual representation is color-coded, and

wherein a color in the visual representation represents a relative ambient light level.

5. The method of claim 1, further comprising providing a visual indicator of the

direction to move the display device to correct for the unacceptable ambient light level.

6. The method of claim 5, wherein the direction to move the display device is
determined by determining a plurality of gradients of ambient intensities on the display

screen, and generating a directional vector from the gradients.

7. - A method of installing an optical touch-sensitive device, the optical

touch-sensitive device comprising a display screen, an illuminant configured to illuminate a
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backside of the display screen, and an image sensor configured to capture an image of a

backside of the display screen, the method comprising:

~illuminating the display screen with the illuminant while measuring a first gray
level value with a black screen located on the display screen, and while measuring a second

gray level value with a white screen located on the display screen;
computing a threshold level value using the first and second gray level values;
capturing an image of the display screen;
determining a level of ambient light in the image;

comparing the level of ambient light on the screen with the threshold level

value; and

- providing a visual representation of whether the ambient light level is
acceptable for display screen operation based upon the comparison with the threshold level

value.

8. The method of claim 7, wherein the image of the display screen 1s captured

while the display screen is free of objects located on the screen.

9. . The method of claim 7, wherein comparing the level of ambient light on the

screen with the threshold level value further comprises:

comparing if the ambient light level is more than a selected amount above the

threshold level value or more than a selected amount below the threshold level value; and

- displaying a first visual representation of an ambient light level more than the
selected amount above the threshold level value, a second visual representation of an ambient
light level more than the selected amount below the threshold level value, and a third visual
representation if the ambient light level is not more than the selected amount above the

threshold level value and not more than the selected amount below the threshold level value.
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10. The method of claim 9, wherein the selected amount above the threshold level

value comprises a percentage within a range ot 5-15 percent.

11. The method of claim 7, wherein capturing an image of the display screen

comprises capturing an image of the display screen while the illuminant 1s illuminating the

display screen.

12. The method of claim 7, wherein the visual representation is displayed via a
map of ambient light levels on the display screen or a bar graph of an ambient light level on

the display screen.

13. The method of claim 7, wherein the visual representation i1s configured to

update in real-time.

14, The method of claim 7, wherein the threshold level value comprises a value

within a range of 15-25 percent above the gray level value measured with the black screen.

135. The method of claim 7, wherein computing the threshold level value comprises

setting the threshold level value to a saturation ambient light level for the image sensor.

16. A computer-readable storage medium having stored thereon computer-
executable instructions that, when executed by a computer, cause the computer to implement

the method of any one of claims 1 to 15.

17. A method of detecting ambient light in an optical touch-sensitive display
device, the optical touch-sensitive display device comprising a display screen, a controller, an

infrared 1lluminant and an image sensor, the method comprising:

illuminating a backside of the display screen with infrared hight via the infrared

1iluminant;

capturing an image of at least a portion of the display screen with the image

SENnsor;
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determining via the controller whether an ambient light level in the image 1s at
an acceptable level for optical touch-detection system operation by comparing the ambient
light level to a threshold value, the threshold value being based upon the dynamic range ot the

Image sensor; and

displaying a controller output including a visual representation of whether the

ambient light level 1s acceptable for optical touch-detection system operation.

18. The method of claim 17, wherein the visual representation of whether the
ambient light level 1s acceptable for optical touch-detection system operation 1s updated in

real-time.

19. The method of claim 17, wherein the visual representation 1s color-coded, and

wherein a color 1n the visual representation represents a relative ambient light level.

20. The method of claim 17, turther comprising providing a visual indicator of a

direction to move the display device to correct for an unacceptable ambient light level.

21. The method of claim 20, wherein the direction to move the display device is
determined by determining a plurality of gradients of ambient intensities on the display

screen, and generating a directional vector from the gradients.

22. The method of claim 17, wherein the threshold value 1s a percentage of a

dynamic range of the image sensor.

23. The method of claim 22, wherein the threshold value 1s calculated using a

calibrated first gray-scale level and a second gray-scale level.

24. The method of claim 17, wherein the threshold value i1s determined by an

ambient light level sufficient to saturate the image sensor.

25. An optical touch-sensitive device, comprising:

a display screen having a touch surface and a backside;
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an 1mage sensor configured to capture an image of the backside of the screen;
an infrared 1lluminant configured to illuminate the backside ot the screen; and

a controller configured to:

operate the infrared illuminant to illuminate the backside of the display screen

5  with infrared light;
operate the image sensor to capture an image of the display screen;
determine via the controlier an ambient light level in the image;

compare the ambient light level in the image to a threshold value based upon

the dynamic range of the image sensor; and

10 display a controlier output including a visual representation of whether the

ambient light level 1s acceptable for optical touch-detection system operation.

26. The device of claim 235, wherein the visual representation comprises a map of

ambient light intensity levels on the display screen.

27. The device of claim 25, wherein the controller 1s configured to update the

15  wvisual representation 1n real-time.

28. The device of claim 25, wherein the visual representation comprises an

indicator of a direction to move the display screen to reduce the ambient light level.

29. The device of claim 28, wherein the controller 1s configured to determine the
direction to move the display screen by determining a plurality of gradients of ambient

20 1ntensities on the display screen, and determining a directional vector from the gradients.

30. A method of detecting ambient light in an optical touch-sensitive display
device, the optical touch-sensitive display device comprising a display screen, an infrared

illuminant, and an 1image sensor, the method comprising:
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illuminating a backside of the display screen with infrared light via the infrared
illuminant;
capturing an image of at least a portion of the display screen with the image
Sensor;

determining whether an ambient light level in the image 1s at an acceptable

level for optical touch-detection system operation by comparing the ambient light level to a

threshold value; and

displaying a visual representation of whether the ambient light level 1s
acceptable for optical touch-detection system operation, the visual representation comprising a

map of relative ambient light intensities across the display screen.

31. A computer-readable storage medium having stored thereon computer-
executable instructions that, when executed by a computer, cause the computer to implement

the method of any one of claims 17 to 24 and 30.
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