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OPTICAL TOUCHSCREEN WITH IMPROVED ILLUMINATION

PRIORITY CLAIM

[0001] This application claims priority to New Zealand Provisional Patent

Application No. 561,037, filed on August 30, 2007, and entitled OPTICAL

TOUCHSCREEN WITH IMPROVED ILLUMINATION, which is hereby incorporated by

reference herein in its entirety.

TECHNICAL FIELD

[0002] The present subject matter generally pertains to touch display systems that

allow a user to interact with one or more processing devices by touching on or near a surface.

BACKGROUND

[0003] Digitizers and tablets can be incorporated as a coordinate input apparatus in

processing units. For instance, the digitizer or tablet can be used alongside one or more

display devices (e.g. CRT, LCD, or other display technology) in a touch enabled display

system. Generally speaking, various systems for detecting an angle (direction) or a position

of an object relative to the display area can be used, such as pressure sensitive resistance

membrane systems, capacitance systems, electromagnetic induction systems, and the like.

As another example, optical systems capable of detecting the angle or the position of the

object can be used. More particularly, touch screen input devices include resistive, surface

capacitive, surface acoustic wave (SAW), infrared (IR), Frustrated Total Internal Reflection

(FTIR), Projected capacitive, optical and bending wave. Often, the foregoing touch screen

devices (aside from some optical and infrared technologies) require use of a touch enabled

transparent cover layer that adds height to the display assembly.

[0004] Certain optical and infrared systems rely on detection of light traveling in

optical paths that lie in one or more detection planes above the touched surface. For

example, optical imaging for touch screens can use a combination of line-scan or area image

cameras, digital signal processing, front or back illumination, and algorithms to determine a

point or area of touch. Components used to emit and detect light in the detection plane(s)

can be positioned along one or more edges of the touch screen area as part of a bezel

surrounding the touch screen area.



[0005] Optical touch technology often uses line-scanning or area cameras orientated

along one or more edges of the touch surface to image the bezel and track the movement of

any object close to the surface of the touch screen by detecting the interruption of an infrared

light source. For example, the light can be emitted across the surface of the touch screen by

IR-LED emitters aligned along the optical axis of the camera to detect the intensity of light

reflected by a retro-reflective border. Light can be projected from each of two optical units

in a fan shape above the touch surface, with a linear photoreceptive sensor in each optical

unit measuring the intensity of light detected by the optical units. If a finger, pen, or other

object interrupts a portion of the light, the system can detect the direction of the shadow.

Since the optical units are at known positions, the coordinates of the finger or pen can be

calculated based on the triangulation principle.

SUMMARY

[0006] Objects and advantages of the present subject matter will be apparent to one of

ordinary skill in the art upon careful review of the present disclosure and/or practice of one

or more embodiments of the claimed subject matter.

[0007] In accordance with one or more aspects of the present subject matter, the

performance of an optical touch display system can be improved through refinements to the

light emitted across a touch surface bounded by a touch area. In a system that detects objects

based on the intensity of light from a primary light source retroreflected to a detection

system, accuracy can be improved for detection of an object close to the detection system by

adjusting detected light to remove a component representative of light that reached the

detector directly from the object. This can be achieved in some embodiments through the

use of an error signal generated based on detected light that ultimately originated from a

secondary light source positioned off-axis relative to the detection system.

[0008] For example, in some embodiments, a touch detection system comprises a

light detection system having an optical center, a retroreflector positioned along at least one

edge of a touch area, a primary illumination system, and a secondary illumination system.

The primary illumination system can be positioned remote from the retroreflector, such as at

a different edge of the touch area. The primary illumination system can be configured to



emit light across the touch area so that, in the absence of an object in the touch area, at least

some light originating from the primary illumination system is retroreflected to the detection

system. For instance, the light may be emitted in a fan-shaped pattern having an apex, with

the apex of the fan from the primary illumination system aligned with the optical center of

the detection system. Perfect alignment would be desirable, but generally the alignment

should be as close to the optical center of the detection system as is feasible.

[0009] In the absence of an object in the touch area (i.e. an object on or near the touch

surface), light travels across the touch surface and is returned by the retroreflector to the light

detection system. If an object is present, a shadow cast by the object can be detected as a

variance in the pattern of detected light.

[0010] The secondary illumination system can also be positioned remote from the

retroreflector and is also configured to emit light across the touch surface in a fan-shaped

pattern having an apex. The secondary illumination system is configured so that, in

comparison to the primary illumination system, less light (or even no light) from the

secondary illumination system reaches the detection system in the absence of an object. For

example, in some embodiments, the apex of the fan from the secondary illumination system

is not aligned with the optical center of a detection system.

[001 1] The touch detection system can comprise one or more computing devices

interfaced with the primary illumination system, secondary illumination system, and light

detection system. At least one computing device can be configured to determine the position

at which an object has interfered with light traveling across the touch surface based on

evaluating the patterns of light detected by the light detection system.

[0012] The pattern of light detected by the light detection system can be due to light

that ultimately originated from either or both the primary and secondary illumination

systems. The phrase "ultimately originated" is meant to refer to the ultimate source of the

light prior to retroreflection of the light by the edges of the touch area, reflection of the light

by an object in the touch area, or other interference that results in the light reaching the

detection system.



[0013] In certain embodiments, a computing device or other components are

configured to separate a pattern of detected light that ultimately originated from a primary

illumination system from a pattern of detected light that ultimately originated from the

secondary illumination system. For example, the patterns can be separated by phasing the

secondary illumination system and primary illumination system and correlating the detected

patterns to the particular time at which an illumination system is active.

[0014] By separating the detected patterns, the computing device(s) can adjust the

pattern of light used in triangulating or otherwise determining the position at which an object

has interfered with light traveling across the touch surface. If an object is interfering with

light relatively close to the point at which the primary pattern of light is emitted, the

magnitude of the detected signal due to light reflected or otherwise scattered to the detector

by the object could skew the results. Namely, light from the object can lead to a reduction or

elimination of the shadow effect of the object relative to the retroreflected light returned to

the detection system.

[001 5] However, the pattern of detected light that ultimately originated from the

secondary illumination system can be used to account for some or all of the light from the

primary illumination system that is reflected by the object. For example, the computing

device(s) may be configured to subtract the detected pattern of light that ultimately

originated from the secondary illumination system from the detected pattern of light that

ultimately originated from the primary illumination system. The pattern of light that is

subtracted features little to no retroreflected component due to the positioning of the

secondary illumination system. Therefore, it is possible to "correct" the measured pattern of

light that ultimately originated from the primary illumination system to remove components

representing light reflected from the object without removing components properly returned

due to retroreflection. The correction can result in complete or partial removal of the

components due to direct reflection or other scattering by the object.

[0016] Phasing of the light sources and/or other separation operations may be carried

out by the same computing device(s) that ultimately perform the triangulation operations or

may be carried out by separate computing device or devices. For instance, a microcontroller,



DSP, or other suitable components or circuitry may control phasing of the sources and

adjusting the detected pattern, with triangulation performed by a computer interfaced to the

microcontroller, DSP or other components.

[0017] In some embodiments, the light detection system and primary illumination

system are incorporated into a single optical unit. The touch detection system can comprise

two or more of the combined optical units, with each optical unit positioned remote from the

retroreflector and each other. Each optical unit may include a secondary illumination system

in some embodiments, while in other embodiments, one or more secondary illumination

systems are included in the touch detection system but are separate from the optical units

used for primary illumination and detection.

[0018] Either or both the primary and secondary illumination systems can comprise

any suitable type or arrangement of light sources. In some embodiments, an illumination

system includes a plurality of light sources configured to emit light as if they were a point

source. An illumination system can include diffuser optics, such as a light-shaping diffuser,

to better obtain a fan-like distribution of light from a discrete number of sources. In some

embodiments, use of the diffuser allows fewer sources to be used in the illumination system.

[0019] Certain embodiments of a method of detecting the position of an object in a

touch area are discussed herein. For instance, some such methods can comprise emitting

light in a primary pattern across a touch surface towards one or more edges of a touch area

bounding the surface. The primary pattern can be centered on an optical axis of a detection

system positioned to detect a retroreflected pattern of light. Multiple primary patterns can be

emitted, each from a corresponding location and each centered on an optical axis of a

corresponding detection system.

[0020] The method can also comprise emitting light in a secondary pattern across the

touch surface, with the secondary pattern off-center relative to the optical axis of the

detection system or systems, or otherwise emitted so that, in the absence of an object, less

light ultimately originating from the secondary pattern is received by the detection system

relative to the amount of light from the primary pattern . The method can comprise detecting

light detected by the detection system(s) and generating a detected light signal. If multiple



detection systems are used, each detection system generates a respective detected light

signal.

[0021] The method can further comprise adjusting a detected light signal to yield a

corrected light signal, with the corrected light signal representing detected light adjusted to

partially or completely remove one or more components due to reflection or other scattering

of light from an object in the touch area. The method can comprise determining the location

of an object interfering with transmission of light in the touch area.

[0022] For example, multiple primary patterns may be emitted, and the location of an

object can be determined by determining the direction of a shadow cast by an object

interfering with light in the touch area relative to two or more detection systems. The

method can comprise triangulating the location of the object in the touch area based on the

direction of the shadow and spatial arrangement of the detection systems.

[0023] In some embodiments, adjusting the detected light signal comprises

subtracting a detected light signal representing detected light that originated from the

secondary pattern from a detected light signal representing detected light that originated from

the primary pattern. This may be facilitated in some embodiments by phasing the primary

and secondary patterns so that, for at least part of a time during which the primary pattern is

emitted, a secondary pattern is not emitted. The detected light that originated from the

respective primary and secondary illumination patterns can be separated by correlating the

detected light signal to the time during which the illumination patterns were emitted.

[0024] In some embodiments, the system includes one or more display devices, the

display device(s) having a surface positioned parallel to or corresponding to the touch

surface. For example, an LCD display or a protective covering on the display may

correspond to the touch surface. The display device can, in some embodiments, be

interfaced with at least one computing device. Accordingly, the computing device(s), in

conjunction with the touch detection system and displays, can provide a touch-enabled

display for use in operating and/or otherwise interacting with the computing device(s).

[0025] In some embodiments, a computer system is configured to be interfaced with a

touch detection system, the computer system comprising at least one computing device



configured to direct a primary illumination source and a secondary illumination source to

emit light across a touch surface having a touch area. The computing device(s) can further

be configured to receive, from each of at least two detectors, data representing a pattern of

light impinging on the detector from the touch area. The computing device(s) can be

configured to perform a correction operation on the data representing the patterns of light

from the touch area and, based on the data from the correction operation, determine the

location of an object relative to the touch area if an object is present.

[0026] In some embodiments, the correction operation can comprise removing a

component of light representative of light directly reflected from an object in the touch area.

Of course, in some instances, such as when an object is not present or the object is remote

from the detectors receiving the light, it will be understood that the correction operation will

yield data representing a pattern of light that is the same as, or nearly the same as, the

initially received pattern.

[0027] In certain implementations, the computing device(s) are configured to separate

(a) a pattern of light received from the touch area that ultimately originated from the primary

source and (b) a pattern of light received from the touch area and that ultimately originated

from the secondary source. In performing the correction operation, pattern (b) can be

subtracted from pattern (a). Patterns (b) and (a) may be identified in some embodiments

based on the time at which a pattern is detected relative to the operation of the illumination

sources. For instance, the primary and secondary illumination sources can be directed to

emit light in a phased manner so that, for at least part of the time a primary source is active, a

secondary source is not active, and vice-versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] A full and enabling disclosure including the best mode of practicing the

appended claims and directed to one of ordinary skill in the art is set forth more particularly

in the remainder of the specification. The specification makes reference to the following

appended figures, in which use of like reference numerals in different features is intended to

illustrate like or analogous components:



[0029] Figure 1 is a diagram illustrating an exemplary touch detection system

comprising primary and secondary illumination sources in a touch detection system

according to some embodiments.

[0030] Figure 2 is an exploded view illustrating the behavior of light from the primary

and secondary illumination sources of Figure 1 in closer detail.

[0031] Figures 3 and 4 are diagrams showing hypothetical signals representative of

light received by a detection system in certain embodiments.

[0032] Figure 5 is a diagram illustrating an exemplary optical unit comprising an

illumination system and a detection system.

[0033] Figure 6 is a flowchart showing exemplary steps in a method of touch

detection.

[0034] Figure 7 is a flowchart showing exemplary steps in a method for correcting a

signal representing light received by a detector.

[0035] Figure 8 is a block diagram illustrating an exemplary touch panel display

system interfaced with an exemplary computing device.

DETAILED DESCRIPTION

[0036] Reference will now be made in detail to various and alternative exemplary

embodiments and to the accompanying drawings, with like numerals representing

substantially identical structural elements. Each example is provided by way of explanation,

and not as a limitation. It will be apparent to those skilled in the art that modifications and

variations can be made without departing from the scope or spirit of the disclosure and

claims. For instance, features illustrated or described as part of one embodiment may be used

on another embodiment to yield a still further embodiment. Thus, it is intended that the

instant disclosure includes modifications and variations as come within the scope of the

appended claims and their equivalents.

[0037] Figure 1 is a diagram illustrating an exemplary touch detection system 10. In

this example, a touch area 31 is bounded by edges 32. For instance, touch area 31 may

correspond to a touch surface, such as the top of a display or protective layer on a display to



be used in a touch-enabled display system. Edges 32 may correspond to a bezel that

surrounds the display area.

[0038] Figure 1 further illustrates two optical units 30A and 30B; in practice, optical

units 30A and 30B may be smaller than illustrated in Figure 1 and may be mounted in or

under a bezel at the edges of touch area 31. In this example, optical units 30A and 30B are

positioned remote from one another and edges 32, for instance, at or near the upper corners

of touch area 31. Of course, optical units 30A and 30B could be positioned elsewhere, and

more optical units could be used in other embodiments.

[0039] Each optical unit 30 includes a primary illumination system 34 (comprising a

set of diodes 43 in a fan-shaped arrangement in this example) and detection system 42, with

light relayed to detection system 42 via lens 44. Primary illumination system 34 emits light

in a fan-shaped pattern 36 (a "primary illumination pattern") having an apex 38. It will be

understood that each illumination system 34 is configured to emit light in a fan-shaped

pattern, and pattern 36 is shown solely in conjunction with unit 30B in Figure 1 only for

purposes of clarity. The apex 38 of the pattern from each primary illumination system is

aligned with the optical center 40 of the respective detection system 42.

[0040] Figure 1 further illustrates a secondary illumination system 46 which is also

configured to emit light in a fan-shaped pattern 48 (a "secondary illumination pattern")

having an apex 50. In contrast to the apex of light from a primary illumination system 34,

light from a secondary illumination system 46 is not aligned with the optical center 40 of a

detection system 42.

[0041] Either illumination system can comprise any suitable type or number of

illumination components. For example, LEDs or diodes may be used, and in some

embodiments, the illumination sources comprise infrared (IR) sources. Detection system 42

can comprise any suitable type or arrangement of components suitable for detecting light

detected by the optical unit and thereby imaging the edges of the touch area. For example,

detection system 42 may comprise a photodetector or photodiode. As another example, a

line detector or area detector based on CMOS or other technology may be used.



[0042] Light from a primary illumination source can be emitted across touch area 31

and retroreflected so that the light returns to the point of origin. For example, primary

illumination system 34 can be configured to emit light as if the light were from a point

source. The returning light is then directed via an aperture to detection system 42. For

example, two optical paths 52 and 54 are shown in Figure 1. In the absence of an object on

or near the touch surface, light travels from source 34, across touch area 31, and is then

reflected by retroreflective components positioned along edges 32. The pattern of the light is

then detected by detection system 42 and converted into a signal.

[0043] If an object interferes with the transmission of light across touch area 31, the

object's location can be determined from changes in the characteristics of the light detected

by detection systems 42. For example, if an object is positioned on or near the touch surface

at location 33, then both exemplary optical paths 52 and 54 will be interrupted. Specifically,

light from primary illumination systems 34 will reach the object at location 33, but will not

be retroreflected. Put another way, the object at location 33 will cast a shadow in the

retroreflected light. The optics associated with detection systems 42 are configured so that

the location of the shadow relative to the detector geometry corresponds to a particular

direction for the shadow. Based on the direction of the shadow as detected by detection

systems 42A and 42B and the known spatial relationship between detection systems 42A and

42B, location 33 can be identified through triangulation.

[0044] Turning ahead to Figure 3, the effect of the object on received light can be

observed in signal diagram 62. In this example, signal diagram 62 represents a pattern of

light received at a detection system 42 that ultimately originated from a primary illumination

source. For example, diagram 62 can represent the intensity of detected light (vertical axis of

62) along the length of the detector (horizontal axis of 62). Variance 64 indicates where the

intensity of the light is decreased due to the shadow of an object.

[0045] Certain problems may arise, however, depending on the position of an object

relative to a detection system. Figure 2 is an exploded view illustrating the behavior of light

in some exemplary touch detection systems. In this example, an optical unit 30 comprising a

primary illumination system 34 and a detection system 42 is shown, along with a generalized



view of a secondary illumination system 46 and a retroreflector positioned along edges 32.

Ray trace 56 indicates an optical path followed by light emitted from primary illumination

source 34 as it travels across the touch area and is returned to detection system 42. As was

noted above, if this path is interrupted by an object, then the shadow of the object can be

used to determine the object's location within the touch area.

[0046] Figure 2 illustrates an object 33 interrupting another optical path, with the

results of the interruption illustrated as ray trace 58. Object 33 prevents retroreflection of

light originating from primary illumination system and traveling along ray trace 58.

However, in this example, object 33 is relatively close to optical unit 30, which can introduce

additional complications. Because object 33 ' s location is closer to primary illumination

system 34, object 33 may itself reflect light from primary illumination system 34 as shown

by the return path of ray trace 58. Thus, although retroreflected light is blocked by object 33,

its shadow effect on detection system 42 may be reduced or eliminated. The shadow may be

"filled in" by light directly reflected from the closely-positioned object. Although in this

example, light is reflected from the closely-positioned object, the light may be refracted or

otherwise scattered by the object so that the light is received by detection system 42. Loss of

the ability to accurately identify and/or track the shadow can lead to a loss in accuracy for the

touch detection system.

[0047] Turning again to Figure 3, this effect can be seen in signal diagrams 66 and 70.

Diagram 66 represents primary illumination received at the detection system when an object

is closer to the illumination source/detection system than that illustrated in signal diagram 62.

In diagram 66, the reduction in intensity due to object 33 is shown at 68. Although still

visible in Figure 3, intensity variance 68 is not as pronounced as variance 64 of diagram 62.

Diagram 70 represents an even more extreme case, with the object moved even closer than in

diagram 66. In this example, the variance illustrated at 72 is barely perceptible relative to the

remainder of the signal.

[0048] Turning back to Figure 2, the role of secondary illumination system 46 can be

described in further detail. As was noted above, secondary illumination system 46 can be

configured to emit light in a fan-shaped pattern with an apex not aligned with the optical



center of a detection system 42. This configuration can advantageously allow for secondary

illumination system 46 to be used to generate an error signal. Since secondary illumination

system 46 is not aligned with a detection system 42, light retroreflected from edges 32 does

not return to detection system 42 as light from primary illumination system 34 does. Rather,

in the absence of an object in the touch area, less light from the secondary illumination

system reaches the detection system than from the primary illumination system. In some

embodiments, in the absence of an object in the touch area, little or no light from secondary

illumination system 46 will reach detection system 42. Instead, the light will be

retroreflected towards its origin, secondary illumination system 46.

[0049] However, if an object is in the touch area, light from secondary illumination

system 46 nonetheless may be detected. Ray trace 60 in Figure 2 represents an example of

an optical path followed by light emitted from secondary illumination system 46. In this

example, light is emitted from illumination system 46 and is detected by detection system 42

after being reflected from object 33. This effect is also shown in signal diagram 74 of Figure

4. In this example, variance 76 represents an increase in signal intensity due to the reflected

light from object 33 ultimately originating from secondary source 46.

[0050] The signal representing detected light that ultimately originated from the

secondary illumination system can be used to correct the signal representing light that

ultimately originated from the primary illumination system. For example, signal diagram 78

represents the outcome of a correction operation in which the detected pattern of light that

ultimately originated from the secondary illumination system is subtracted from the detected

pattern of light that ultimately originated from the primary illumination system.

[0051] In this example, signal diagram 74 has been subtracted from signal diagram 70

to yield signal diagram 78. Variance 80 of signal diagram 78 more accurately represents the

shadow cast by object 33 in the retroreflected light from primary illumination system 34.

Due to the correction, the shadow is no longer overwhelmed. However, since the detected

pattern based on light ultimately originating from the secondary illumination system has a

negligible retroreflected component, the subtraction operation has minimal or no impact on



the remainder of the pattern of detected light that ultimately originated from the primary

illumination system.

[0052] Detected patterns of light representing light ultimately originating from the

primary and secondary sources can be isolated in any suitable manner. In some

embodiments, the primary illumination system 34 and secondary illumination system 46 can

be phased so that, for at least part of the time that light is emitted from primary illumination

system 34, light is not emitted from secondary illumination system 46, and vice versa. The

patterns representing detected light ultimately originating from the respective sources can be

identified by reference to the time at which a measurement was made. The phasing can

occur at any suitable rate, and may be a part of another phasing scheme (i.e. if multiple

primary illumination systems are phased relative to one another, all primary illumination

may be phased relative to one or more secondary illumination systems, and so on).

[0053] In some embodiments, phasing of the illumination sources and correction of

the detected patterns is carried out through the use of a computer system comprising one or

more computing devices. The use of the term "computing device" is meant to not only

include processor-based devices, but also other arrangements of hardware (including analog

components) that can provide an output signal from one or more inputs.

[0054] The computing device(s) can direct the primary and secondary illumination

sources to emit light and can receive data representing a pattern of light detected by the light

detectors of the system. It should be understood that the data may be in any suitable form,

including, but not limited to, digital representations of the light patterns and analog signals.

The computing devices can separate the signals resulting from light from the primary and

secondary illumination sources and perform a correction operation on the data representing

the patterns of light detected by each detector. For instance, the correction operation can

comprise the subtraction operation noted above.

[0055] In some circumstances, the "correction" may have little or no effect on the

actual signal used to triangulate an object's position. For instance, when an object is

relatively far from an illumination/detection system, the effect of light reflected from the

object on the pattern of detected light from the primary illumination system will usually be



minimal or nonexistent. If the secondary illumination system is properly positioned, the

amount of detected light that ultimately originated from the secondary illumination system

should also be minimal or nonexistent, resulting in a "correction" of little to no magnitude

where none is needed.

[0056] Figure 5 is a diagram illustrating an exemplary optical unit 130 comprising an

illumination system 134 and a detection system 142. Optical unit 130 may be suitable for

use in some embodiments of the present subject matter. Light is returned via an aperture in

wall 145 via lens 144. Optical unit 130 includes a set of diffuser optics 147 which may

advantageously reduce the number of sources required to obtain the fan-shaped pattern.

Diffuser optics 147 may comprise, for example, a light shaping diffuser, such as a diffuser

available from Luminit LLC, 20600 Gramercy Place Building 203 Torrance, CA, USA.

Similar diffuser optics could be used in a secondary illumination system, as well.

[0057] Figure 6 is a flowchart showing exemplary steps in a method 200 for

determining location of an object relative to a touch area. At step 202, a primary pattern of

light is emitted across a touch surface and centered on an optical axis of a detection system.

In some embodiments, step 202 represents emitting a primary pattern of light from each of a

plurality of primary illumination systems, each primary illumination system emitting a

pattern centered on an optical axis of a respective detection system.

[0058] At step 204, a secondary pattern of light is emitted across the touch surface,

with the secondary pattern emitted so as to be off-center relative to the detection axis of a

detection system. If multiple primary illumination systems and associated detection systems

are used, the secondary pattern may be off-center relative to the optical axis of all the

detection systems for which the secondary pattern will be used to generate a pattern of

detected light for use in error correction. Multiple secondary patterns may be emitted or a

single secondary pattern may be used for purposes of multiple detection systems.

[0059] As was noted above, in some embodiments, light in the primary pattern(s) and

secondary pattern or patterns can be phased to facilitate separation of patterns of detected

light. Thus, steps 202 and 204 may be carried out so that light in the primary and secondary

patterns are emitted at different times from one another.



[0060] At step 206, light received by the detection system(s) is detected and one or

more detected light signals is generated. As was noted above, multiple detection systems

may be used for triangulation purposes; in such cases, a detected light signal is generated

from each respective detection system.

[0061] Each detected light signal represents the pattern of light detected by the

detection system, and may be in any suitable form. For instance, an analog or digital

intensity signal may be provided. If a linear detector is used, the signal can represent the

intensity of light detected along the length of the detector. Although several examples herein

relate to a line detector, it will be understood that area detectors/cameras could be used as

well.

[0062] Step 208 represents adjusting each detected light signal to obtain a corrected

light signal. Use of the term "corrected" and "adjust" is not meant to imply that the detected

light signal must always be changed. Instead, as was mentioned previously, a "corrected"

light signal may not vary significantly or at all from the detected light signal in some

circumstances, such as when an object is positioned in the touch area but far from the

detector optics.

[0063] Ultimately, the degree of change will depend on factors including the

positioning of the object (if any) in the touch area and its resulting effect on transmission of

light across the touch area. Moreover, in some embodiments, each detection system has its

own detected light signal that is adjusted based on an error signal generated by the same

detection system. For instance, in a system comprising multiple detection systems, if an

object is much closer to a first detector than a second detector, the correction to a pattern of

light detected at the first detector may be much larger than the correction to a pattern of light

detected at the second detector.

[0064] At step 210, the location of an object (if any) interfering with transmission

across the touch area is determined using the corrected light signals from one or more

detection systems. For example, the triangulation principle may be used to determine the

location of an object based on the direction of at least two shadows cast by the object due to

the object blocking or preventing retroreflection of light emitted from the primary



illumination systems. Since the triangulation is based on the corrected signals, accuracy is

improved as compared to signals that include a component of light reflected from the object

itself.

[0065] Figure 7 is a flowchart showing exemplary steps in a method 212 for adjusting

a detected light signal to obtain a corrected light signal. At 214, a first pattern is detected,

the first pattern comprising light received by a detection system while the primary

illumination system emits light. At 216, a second pattern is detected, the second pattern

comprising light received by the detection system while the secondary illumination system

emits light. At 218, the second pattern is subtracted from the first pattern. For example, if

the patterns are represented as intensity signals, the intensity signals for corresponding areas

of the detector are subtracted. If the patterns are represented as rows or grids of pixels, then

the pixel values for the second pattern can be subtracted from the pixel values for the first

pattern.

[0066] Figure 8 is a block diagram illustrating an exemplary touch detection system

310 as interfaced to an exemplary display and computing device 301 to yield a touch screen

system 300. Computing device 301 may be functionally coupled to touch screen system 310,

by hardwire and/or wireless connections. Computing device 301 may be any suitable

computing device, including, but not limited to a processor-driven device such as a personal

computer, a laptop computer, a handheld computer, a personal digital assistant (PDA), a

digital and/or cellular telephone, a pager, a video game device, etc. These and other types of

processor-driven devices will be apparent to those of skill in the art. As used in this

discussion, the term "processor" can refer to any type of programmable logic device,

including a microprocessor or any other type of similar device.

[0067] Computing device 301 may include, for example, a processor 302, a system

memory 304, and various system interface components 306. The processor 302, system

memory 304, a digital signal processing (DSP) unit 305 and system interface components

306 may be functionally connected via a system bus 308. The system interface components

306 may enable the processor 302 to communicate with peripheral devices. For example, a

storage device interface 310 can provide an interface between the processor 302 and a



storage device 3 11 (e.g., removable and/or non-removable), such as a disk drive. A network

interface 312 may also be provided as an interface between the processor 302 and a network

communications device (not shown), so that the computing device 301 can be connected to a

network.

[0068] A display screen interface 314 can provide an interface between the processor

302 and display device of the touch screen system. For instance, interface 314 may provide

data in a suitable format for rendering by the display device over a DVI, VGA, or other

suitable connection.

[0069] In this example, touch screen 100 is bounded by edges 332A, 332B, 332C, and

332D. For instance, a bezel may be positioned along each edge to protect the edges of the

screen. In this example, the edges of touch area 331 correspond to edges 332. As was noted

above, a touch surface may correspond to the outer surface of the display or may correspond

to the outer surface of a protective material positioned on the display.

[0070] Figure 8 further illustrates a plurality of optical units 330, in this example units

330A and 330B, positioned in the corners of the display along edge 332D. Optical units

330A and 330B comprise a primary illumination system configured to emit a fan-shaped

pattern of light centered on an optical axis of a detection system for each respective optical

unit. Figure 8 also illustrates a secondary illumination system 346 positioned along edge

332D between optical units 330A and 330B.

[0071] One or more input/output ("I/O") port interfaces 316 may be provided as an

interface between the processor 302 and various input and/or output devices. For example,

the detection systems and primary illumination systems of each optical unit 330 may be

connected to the computing device 301 and may provide input signals representing patterns

of light detected by the detectors to the processor 302 via an input port interface 316.

Similarly, the primary illumination systems of the optical units 330 and the secondary

illumination system 346 may be connected to the computing device 301 and may receive

output signals from the processor 302 via an output port interface 316.

[0072] A number of program modules may be stored in the system memory 304, any

other computer-readable media associated with the storage device 3 11 (e.g., a hard disk



drive), and/or any other data source accessible by computing device 301 . The program

modules may include an operating system 317. The program modules may also include an

information display program module 319 comprising computer-executable instructions for

displaying images or other information on a display screen. Other aspects of the exemplary

embodiments of the invention may be embodied in a touch screen control program module

321 for controlling the primary and secondary illumination systems, detector assemblies,

and/or for calculating touch locations and discerning interaction states relative to the touch

screen based on signals received from the detectors.

[0073] In some embodiments, a DSP unit is included for performing some or all of

the functionality ascribed to the Touch Panel Control program module 321. As is known in

the art, a DSP unit 305 may be configured to perform many types of calculations including

filtering, data sampling, and triangulation and other calculations and to control the

modulation and/or other characteristics of the illumination systems. The DSP unit 305 may

include a series of scanning imagers, digital filters, and comparators implemented in

software. The DSP unit 305 may therefore be programmed for calculating touch locations

and discerning other interaction characteristics as known in the art.

[0074] The processor 302, which may be controlled by the operating system 317, can

be configured to execute the computer-executable instructions of the various program

modules. Methods in accordance with one or more aspects of the present subject matter may

be carried out due to execution of such instructions. Furthermore, the images or other

information displayed by the information display program module 319 may be stored in one

or more information data files 323, which may be stored on any computer readable medium

associated with or accessible by the computing device 301.

[0075] When a user touches on or near the touch screen, a variation will occur in the

intensity of the energy beams that are directed across the surface of the touch screen in one

or more detection planes. The detectors are configured to detect the intensity of the energy

beams reflected or otherwise scattered across the surface of the touch screen and should be

sensitive enough to detect variations in such intensity. Information signals produced by the

detector assemblies and/or other components of the touch screen display system may be used



by the computing device 301 to determine the location of the touch relative to the touch area

331 . Computing device 301 may also determine the appropriate response to a touch on or

near the screen.

[0076] In accordance with some implementations, data from the detection system may

be periodically processed by the computing device 301 to monitor the typical intensity level

of the energy beams directed along the detection plane(s) when no touch is present. This

allows the system to account for, and thereby reduce the effects of, changes in ambient light

levels and other ambient conditions. The computing device 301 may optionally increase or

decrease the intensity of the energy beams emitted by the primary and/or secondary

illumination systems as needed. Subsequently, if a variation in the intensity of the energy

beams is detected by the detection systems, computing device 301 can process this

information to determine that a touch has occurred on or near the touch screen.

[0077] The location of a touch relative to the touch screen may be determined, for

example, by processing information received from each detection system and performing one

or more well-known triangulation calculations. The location of the area of decreased energy

beam intensity relative to each detection system be determined in relation to the coordinates

of one or more pixels, or virtual pixels, of the display screen. The location of the area of

increased or decreased energy beam intensity relative to each detector may then be

triangulated, based on the geometry between the detection systems to determine the actual

location of the touch relative to the touch screen. Any such calculations to determine touch

location can include algorithms to compensation for discrepancies (e.g., lens distortions,

ambient conditions, damage to or impediments on the touch screen or other touched surface,

etc.), as applicable.

[0078] The above examples referred to various illumination sources and it should be

understood that any suitable radiation source can be used. For instance, light emitting diodes

(LEDs) may be used to generate infrared (IR) radiation that is directed over one or more

optical paths in the detection plane. However, other portions of the EM spectrum or even

other types of energy may be used as applicable with appropriate sources and detection

systems.



[0079] Several of the above examples were presented in the context of a touch-

enabled display. However, it will be understood that the principles disclosed herein could be

applied even in the absence of a display screen when the position of an object relative to an

area is to be tracked.

[0080] The various systems discussed herein are not limited to any particular

hardware architecture or configuration. As was noted above, a computing device can include

any suitable arrangement of components that provide a result conditioned on one or more

inputs. Suitable computing devices include multipurpose microprocessor-based computer

systems accessing stored software, but also application-specific integrated circuits and other

programmable logic, and combinations thereof. Any suitable programming, scripting, or

other type of language or combinations of languages may be used to implement the teachings

contained herein in software.

[0081] Embodiments of the methods disclosed herein may be executed by one or

more suitable computing devices. Such system(s) may comprise one or more computing

devices adapted to perform one or more embodiments of the methods disclosed herein. As

noted above, such devices may access one or more computer-readable media that embody

computer-readable instructions which, when executed by at least one computer, cause the at

least one computer to implement one or more embodiments of the methods of the present

subject matter. When software is utilized, the software may comprise one or more

components, processes, and/or applications. Additionally or alternatively to software, the

computing device(s) may comprise circuitry that renders the device(s) operative to

implement one or more of the methods of the present subject matter.

[0082] Any suitable computer-readable medium or media may be used to implement

or practice the presently-disclosed subject matter, including, but not limited to, diskettes,

drives, magnetic-based storage media, optical storage media, including disks (including CD-

ROMS, DVD-ROMS, and variants thereof), flash, RAM, ROM, and other memory devices,

and the like.

[0083] While the present subject matter has been described in detail with respect to

specific embodiments thereof, it will be appreciated that those skilled in the art, upon



attaining an understanding of the foregoing may readily produce alterations to, variations of,

and equivalents to such embodiments. Accordingly, it should be understood that the present

disclosure has been presented for purposes of example rather than limitation, and does not

preclude inclusion of such modifications, variations and/or additions to the present subject

matter as would be readily apparent to one of ordinary skill in the art.



WHAT IS CLAIMED:

1. A touch detection system, comprising:

a light detection system having an optical center;

a retroreflector positioned along at least one edge of a touch surface in a touch area;

a primary illumination system configured to emit light across the touch surface so that

at least some of the light from the primary illumination system is retroreflected to the light

detection system in the absence of an object in the touch area; and

a secondary illumination system configured to emit light across the touch surface so

that, in the absence of an object in the touch area, less light from the secondary illumination

system is retroreflected to the detection system than from the primary illumination system;

wherein the light detection system is configured to detect a pattern of light received

by the light detection system from the touch area.

2 . The touch detection system set forth in claim 1, wherein:

the primary illumination system is positioned remote from the retroreflector and emits

light in a fan-shaped pattern having an apex, the apex of the fan from the primary

illumination system aligned with the optical center of the detection system; and

the secondary illumination system is positioned remote from the retroreflector and

configured to emit light across the touch surface in a fan-shaped pattern having an apex, the

apex of the fan from the secondary illumination system not aligned with the optical center of

the detection system.

3. The touch detection system set forth in claim 1, wherein the light detection system and

primary illumination system are incorporated into a single optical unit and the system

comprises two of the optical units, each optical unit positioned remote from the retroreflector

and each other.

4 . The touch detection system set forth in claim 3, further comprising at least one computing

device interfaced with the optical units and secondary illumination system, the at least one



computing device configured to determine a position at which an object has interfered with

light traveling across the touch surface based on evaluating patterns of detected light.

5 . The touch detection system set forth in claim 3, wherein, for each optical unit, the at least

one computing device is configured to:

identify a detected pattern representing light that ultimately originated from a primary

illumination system; and

identify a detected pattern representing light that ultimately originated from the

secondary illumination system.

6. The touch detection system set forth in claim 5, wherein the at least one computing device

is configured to identify a patterns of light based on the time the pattern was detected relative

to the time at which the primary and secondary illumination systems were emitting light.

7 . The touch detection system set forth in claim 4, wherein, the at least one computing

device is configured to determine the position at which an object has interfered with light

traveling across the touch surface by subtracting the detected pattern representing light that

ultimately originated from the secondary illumination system from the detected pattern

representing light that ultimately originated from the primary illumination system.

8. The touch detection system set forth in claim 1, wherein the primary illumination system

comprises a plurality of light sources configured to mimic the light emission of a point

source.

9 . A method of detecting the position of an object in a touch area, the method comprising:

emitting light in a primary pattern towards one or more edges defining a touch area of

a touch surface, the primary pattern emitted so that, in the absence of an object in the touch

area, at least some of the light will be retroreflected to a detection system;



emitting light in a secondary pattern across the touch surface, the secondary pattern

emitted so that, in the absence of an object in the touch area, at least some of the light from

the secondary pattern will not be retroreflected to the detection system;

detecting light received by the detection system and generating a detected light signal;

adjusting the detected light signal to yield a corrected light signal based on the

intensity of detected light that ultimately originated from the secondary pattern; and

determining, from the corrected light signal, if an object is interfering with the

transmission of light in the touch area and a location of the object relative to the touch area.

10. The method set forth in claim 9, wherein adjusting the detected light signal comprises

subtracting a detected light signal representing light ultimately originating in the secondary

pattern from a detected light signal representing light ultimately originating in the primary

pattern.

11. The method set forth in claim 9, wherein, for at least part of a time a primary pattern is

emitted, a secondary pattern is not emitted.

12. The method set forth in claim 9, wherein determining the location of the object relative

to the touch area comprises:

identifying the direction of a shadow cast by the object at first and second detector

locations; and

triangulating the location of the object based on the direction of the shadow relative to

each detector and the spatial arrangement of the first and second detector locations.

13. The method set forth in claim 9, wherein the step of emitting light in a primary pattern

comprises emitting light in a primary pattern from a plurality of primary sources, each source

associated with a respective detection system so that, in the absence of an object in the touch

area, at least some of the light from each source will be retroreflected its associated detection

system.



14. A computer system configured to be interfaced with a touch detection system, the

computer system comprising at least one computing device configured to:

direct a primary illumination source and a secondary illumination source to emit light

across a touch surface having a touch area;

receive, from each of at least two detectors, data representing a pattern of light

received from the touch area by each detector;

perform a correction operation on the data representing each pattern of received light;

and

based on the data resulting from the correction operation, determine a location of an

object relative to the touch area.

15. The computer system set forth in claim 14, wherein the correction operation comprises

removing a component of light representative of light directly reflected from an object in the

touch area.

16. The computer system set forth in claim 14, wherein the at least one computing device is

configured to direct the primary illumination source and secondary illumination source to

emit light in a phased manner.

17. The computer system set forth in claim 16, wherein the at least one computing device is

configured to:

separate (a) a pattern of light returned from the touch area while the primary

illumination source is emitting light, and (b) a pattern of light returned from the touch area

while the secondary illumination source is emitting light; and

in performing a correction operation, subtract pattern (b) from pattern (a).
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