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(54) Abstract Title: Optical navigation device configured to operate through a transparent layer and to have

skating functionality

(57) An optical navigation device, such as an optical mouse,
is configured to generate navigation information
through a transparent layer. Specifically, the optical
navigation device includes a light source 120
configured to illuminate a reflective surface 160 through
a layer 150 that is optically transparent to light from the
source. A sensor 130, such as an image sensor, is
configured to generate navigation information in
response to light reflected from the reflective surface.
The sensor is configured to have an appropriate depth
of field to account for the distance between the sensor
and the reflective surface. A contact sensor (figures 2
and 3) is also included to indicate when the optical
navigation device is no longer in contact with the
transparent layer. The contact sensor allows for skating
functionality for the optical navigation device by
suspending tracking when the navigation device is not
in contact with the transparent layer.
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SYSTEM AND METHOD FOR AN OPTICAL NAVIGATION DEVICE
CONFIGURED TO GENERATE NAVIGATION INFORMATION THROUGH AN
OPTICALLY TRANSPARENT LAYER AND TO HAVE SKATING
FUNCTIONALITY

[0001} This Application is related to U.S. Patent Application, Serial Number
10/680,525, by Tong Xie and Marshall T. DuPue, filed on October 6, 2003, entitled
“"Method and Device for Optical Navigation" with attomey docket no. 10031303-1, and

assigned to the assignee of the present invention, which is hereby incorporated herein by

reference in its entirety.

[0002] This Application is related to U.S. Patent Application, Serial Number

10/977,720 by Tong Xie, Marshall T. DuPue, and Susan Hunter, filed on October 30, 2004,
entitled "Tracking Separation Between an Object and a Surface Using a Reducing Structure"
with attomey docket no. 10031575-1, and assigned to the assignee of the present invention,

which is hereby incorporated herein by reference in its entirety.

[0003) The various embodiments of the present invention relate to the field of
motion sensing devices. More specifically, various embodiments of the present invention

relate to a system and method for an optical navigation device having skating functionality

that is capable of operating over a transparent layer.

[0004] Optical relative motion detection devices (hereinafter referred to as the
“optical navigation device”) typically utilize image correlation techniques to determine
relative motion between the navigation device and a surface by capturing images of the

surface as the navigation device passes over the surface or as the surface moves past the



navigation device. Both the displacement and the direction of the relative motion of the

navigation device with respect to the surface are determined by comparing one image with

the following image.

[0005] Typically, light emitted by a source (e.g., light emitting diode or laser) within
the optical relative motion detection device is reflected off a surface and is captured by a
light-sensitive imager within the optical navigation device. As the optical navigation device
is moved, the optical pattern detected (e.g., direct image of the surface, interferogram,
speckle pattern, etc.) changes correspondingly between frames. From the changes observed

between successively captured frames, the changing positions of the mouse over the surface

can be determined.

[0006] For instance, existing optical navigation devices obliquely illuminate the
surface to be navigated. Height variations on the surface cast shadows described by
geometrical ray optics. The size and contrast of the shadow pattern images depends in part
on the type of surface over which the optical navigation device is tracked. However, in
some cases where a surface that would normally have sufficient surface variability or texture
(on an optical scale) for use with an optical navigation device is covered with second,
ransparent material (e.g., glass or similar material), the optical navigation device is unable to
track variations in a surface that is essentiallj.( featureless on an optical scale. That is, light
reflected off the top surface of this overlying material would not show the spatial variations

that can be used for optical tracking. As a result, optical navigation devices operating over a

transparent layer present operational challenges.



[0007] According to embodiments of the invention, there are provided a method
and system for an optical navigation device configured to generate navigation
information through a transparent layer. Specifically, the optical navigation device
includes a light source that is configured to illuminate a reflective surface through a
layer that is optically transparent to the light from the light source. A sensor is
configured to generate navigation information in response to light reflecting off the
reflective surface. The sensor is configured with a depth of field to support a
distance between the sensor and the reflective surface. In some embodiments, a
contact sensor is also included to indicate when the optical navigation device is no
longer in contact with the transparent layer. The contact sensor allows for skating

functionality for the optical navigation device.
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DESCRIPTION OF D G

[0008] The above and other objects and advantages of the present invention will
be more readily appreciated from the following detailed description when read in

conjunction with the accompanying drawings, wherein:

[0009] Figure 1 is a diagram illustrating the path that light travels between a light
source and a sensor of an optical navigation device over a transparent Jayer and a reflective

surface, in accordance with one embodiment of the present invention.

[00810] Figure 2A is a diagram of a cross-section of an optical navigation device
illustrating a contact sensor for determining when the optical navigation device is lifted off

a surface, in accordance with one embodiment of the present invention.

[0011] Figure 2B is a diagram of a bottom perspective of an optical navigation
device illustrating a contact sensor for determining when the optical navigation device is

lifted off a surface, in accordance with one embodiment of the present invention.

[0012] Figure 3A is a diagram of a contact sensor indicating when an optical

navigation device is in contact with a surface, in accordance with one embodiment of the

present invention.

[0013] Figure 3B is a diagram of a contact sensor indicating when an optical

navigation device is not in contact with, or lifted off, a surface, in accordance with one

embodiment of the present invention.

[0014] Figure 4 is a flow chart illustrating steps in a method for generating
navigation information through a transparent layer with skating functionality, in

accordance with one embodiment of the present invention.



DESCRIPTION OF PREFERRED EMBODIMENTS

[0015] Reference will now be made in detail to embodiments of the present
invention, a system and method for an optical navigation device configured to generate
navigation information through a transparent layer with skating functionality, examples of
which are illustrated in the accompanying drawings. While the invention will be described
in conjunction with the preferred embodiments, it will be understood that they are not
intended to limit the invention to these embodiments. On the contrary, the invention is
intended to cover alternatives, modifications and equivalents, which may be included within

the spirit and scope of the invention as defined by the appended claims.

[0016] Furthermore, in the following detailed description of the present invention,
numerous specific details are set forth in order to provide a thorough understanding of the
present invention. However, it will be recognized by one of ordinary skill in the art that the
present invention may be practiced without these specific details. In other instances, well
known methods, procedures, components, and circuits have not been described in detail as

not to unnecessarily obscure aspects of the present invention.

[0017] Embodiments of the present invention can be implemented in hardware
running on a computer system that is an electronic imaging system, such as an optical
navigation device or optical mouse for use with a computing system. This program is
operable for processing image data for navigation purposes over a surface. In one
embodiment, the imaging system includes a processor coupled to a bus and memory storage

coupled to the bus. The memory storage can be volatile or non-volatile,

[0018) Some portions of the detailed descriptions that follow are presented in terms
of procedures, steps, logic blocks, processing, and other symbolic representations of
operations on data bits that can be performed on computer memory. These descriptions

and representations are the means used by those skilled in the data processing arts to most



effectively convey the substance of their work to others skilled in the art. A procedure,
computer executed step, logic block, process, etc., is here, and generally, conceived to be a
self-consistent sequence of steps or instructions leading to a desired result. The steps are
those requiring physical manipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or magnetic signals capable of being
stored, transferred, combined, compared, and otherwise manipulated in a computer system.
It has proven convenient at times, principally for reasons of common usage, to refer to

these signals as bits, values, elements, symbols, characters, terms, numbers, or the like.

[0019] It should be borne in mind, however, that all of these and similar terms are to
be associated with the appropriate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated otherwise as apparent from the
following discussions, it is appreciated that throughout the present invention, discussions
utilizing terms such as “illuminating,” or "detecting," or "generating,” or “skating,” or the
like, refer to the action and processes of a computer system, or similar electronic computing
device, that manipulates and transforms data represented as physical (electronic) quantities
within the computer system's registers and memories into other data similarly represented
as physical quantities within the computer system memories or registers or other such

information storage, transmission or display devices.

[0020] Accordingly, embodiments of the present invention provide a method and
system for generating navigation information through' a transparent layer by an optical
navigation device with skating functionality. As a result, other embodiments of the present
invention serve the above purpose and provide for an optical navigation device having a
greater depth of field and a contact sensor to allow for continuous tracking and skating

functionality over reflective surfaces that may be covered by an optically transparent layer,

such as glass.



[0021] Referring now to Figure 1, a diagram illustrating an optical navigation device
110 that js capable of providing navigation information through a transparent layer is
shown, in accordance with one embodiment of the present invention. The optical

navigation device 110 provides continuous tracking and skating functionality, in accordance

with embodiments of the present invention.

[0022] The optical navigation device 110 of Figure 1 includes a light source 120, and
a sensor 130. For purposes of clarity and brevity, only the light source 120 and the sensor

130 is included for the optical navigation device 110, however it is understood that other
components (e.g., digital signal processor, imager, complementary metal oxide
semiconductor [CMOS] imager, etc.) of the optical navigation device may be needed to

provide imaging capability.

[0023] The light source 120 is configured to illuminate a reflective surface 160 that
is underneath the optical navigation device 110. In some embodiments, the light source 120
is a light emitting diode (LED). In. other embodiments, the light source is a laser (eg.,
vertical cavity surface emitting laser [V CSEL)).

[0024] Further, the light source 120 illuminates the reflective surface through a layer
150 that is optically transparent to the light generated by-the light source. That is, the
transparent layer 150 (e.g., glass) does not reflect the light generated by the light source 120.
For instance, the surface 155 of the transparent layer 150 is so smooth that there are no

significant textual, surface features to produce optical reflections..

[0025] In addition, the sensor 130 is configured to generate navigation information in
respoase to light from the light source 120 that is reflected off the reflective surface 160.
For purposes of illustration, the sensor 130 may be a 1-dimensional (1-D) or 2-dimensional

(2-D) sensor array that includes an array of individual photosensors that generate navigation



information such as image information or spatial filtering information. Additionally, in one

embodiment the sensor 130 may be a single sensor, such as a single photodiode.

[0026] Figure 1 also depicts the path that the light from the light source 120 travels
to reach the sensor 130. For instance, ray 125 is shown emanating from the light source
120, traveling through the transparent layer 150, reflecting off the reflective surf;'—lcc 160 and
being received at the center of the sensor 130. In addition, ray 127 is shown emanating from
the light source 120, traveling through the transparent layer 150, reflecting off the reflective '
surface 160 and being received at the center of the sensor 130. For purposes of illustration,
* rays 125 and 127 illustrate the illuminated boundaries of the light generated by the light
source 120. That is, the light emanating from the light source is confined within the rays
125 and 127, for example. Correspondingly, the réflected light from the light source is
confined between the rays 125 and 127 and define a collection angle 8 (theta) of light

received by the sensor 130.

[0027] The optical navigation device 110 includes one or more lenses 170 that act as
collectors of the reflective light from the reflective surface 160. For example, the lenses act
to focus the reflective light to the center of the sensor for further processing. More
specifically, the sensor 130 is capable of forming an image of a portion of the reflective
surface 160. The sensor continuously takes pictures or images of the reflective surface as

the optical navigation device moves across the fransparent layer and relative to the reflective

surface.

{0028) The optical navigation device 110 is able to take pictures of the reflective
surface quickly enough (e.g., 1500 pictures or frames per second is a typical rate) so that
sequential pictures overlap. In this way, textual features of the reflective surface 160 are
identified and tracked as the optical navigation device is moved relative to the reﬂ'ective

surface 160. The sensor is able to identify common features between two or more frames



and determine the distance between them. This information is translated into X and Y

coordinates to indicate mouse movement.

[0029] Additionally, Figure 1 also illustrates a reducing structure 140 that includes
an aperture 145 that is located in the optical path between the light source 120 and the
sensor 130. The reducing structure 140 is configured to adjust the collection angle of the

light that reflects off of the reflective surface 160.

[0030] In accordance with one embodiment, the optical navigation device 110 is
configured with a depth of field that supports a distance between the sensor and the
reflective surface 160. The depth of field is defined approximately as the range of distances
at which the reflective surface 160 may be positioned and still give rise to a usable iiage at
the receiving plane of the sensor 130. More specifically, one or more lenses in conjunction
with the aperture 145 are designed to accommodate and support the depth of field of the
optical navigation device 110. As such, the sensor is able to receive and process the light
that is reflected off the reflective surface when the depth of field of optical navigation device
110, as influenced by the lenses and aperture 145, is great enough to accommodate the
position of the reflective surface 160 in relation to the position of the sensor 130. In this
way, the optical navigation device is able to accommodate the range of thicknesses of the

smooth, transparent layer 150 (e.g., several millimeters in thickness).

[0031] For example, the appropriate size and position of the aperture 145, or even
the removal of the aperture 145 provides the proper depth of field of the optical navigation
device, in accordance with embodiments of the present invention. In other embodiments,
the appropriate lens design in conjunction with the selected aperture design provides the
proper depth of field. In this case, the light emitted from the mouse is able to pass through
the transparent layer 150, reflect off the surface 160 and return through the transparent
layer 150 to be captured and imaged at the plane of the sensor within the optical navigation



device 110, so that the optical navigation device is able to provide continuous tracking over

the reflective surface 160.

[0032] In addition, embodiments of the present invention are well suited to
supporting a depth of field for the optical navigation device 110 that provides navigation

information when the transparent layer 160 is not present. That is, the transparent layer

150 has a thickness of zero.

[0033] Figures 2A, 2B are diagrams of the optical navigation device 110 that
includes a contact sensor for providing skating functionality to the optical navigation device
110 of Figure 1, in accordance with one embodiment of the present invention. The skating
feature of the optical navigation device allows for tracking by the optical navigation device
to be suspended when the optical navigation device is lifted off a corresponding surface. In
the conventional art, skating of the optical navigation device is achieved by having a short,
effective optical depth of field, so that optical signals of interest are lost when the optical
navigation device is lifte& off, for even a short distance, of the corresponding surface.
However, the transparent layer poses a problem since the short, effective depth of field
falls within the transparent layer, the surface beneath the transparent layer is no longer
“seen”, and as such, the conventional optical mouse with an insufficient depth of field is
rendered useless. However, embodiments of the present invention are able to provide the

skating functionality through the use of a contact or proximity sensor, as will be described

below.

[0034] Figure 2A is a diagram of a cross-section of an optical navigation device
110 jllustrating a contact sensor 210 for determining when the optical navigation device is
lifted off a surface, in accordance with one embodiment of the present invention. As
shown in Figure 2A, the contact sensor 210 is incorporated into the design of the optical

navigation device to indicate when the optical navigation device is lifted off a

10



corresponding surface. In addition, the contact sensor 210 is able to indicate when the
optical navigation device is in contact with the corresponding surface. For instance, the
position of the mechanical linkage 230 in relation to the bottom face 220 of the optical

navigation device 110 indicates whether the optical navigation device is in contact with the

corresponding surface.

[0035) Figure 2B is a diagram of a bottom perspective of the optical navigation
device 110 illustrating the contact sensor 210, in accordance with one embodiment of the
present invention. The bottom face 220 is exposed in Figure 2B and illustrates an
exemplary position of the contact sensor 210. It is understood that the position of the
contact sensor can be located at any point on the bottom face 220 of the optical

navigation device, in accordance with embodiments of the present invention.

[0036] While embodiments of the present invention are discussed within the
context of determining whether the contact sensor 210 indicates when the optical
navigation device is in contact with a corresponding surface, other embodiments of the
present invention are well suited to a contact sensor 210 that indicates whether the optical
navigation device is in the proximity of the corresponding surface. In this case, the

optical navigation device need not be in physical contact with the corresponding surface.

[0037] Figure 3A is a cross sectional diagram of the contact sensor 210 of F igures
2A and 2B, in accordance with embodiments of the present invention. The contact sensor
is incorporated into the design of the optical navigation device to provide skating
functionality. The contact sensor includes a mechanical switch, in one embodiment. In
another embodiment, the contact sensor includes an optical switch. In still another

embodiment, the contact sensor includes an electronic switch.

11



[0038] As shown in Figure 3A, the contact sensor 210 indicates when the optical
navigation device is in contact with the corresponding surface (e.g., the transparent layer
150) to provide continuous tracking functionality for the optical navigation device 110 of
Figure 1. For instance, the position of the mechanical linkage within the body of the
optical navigation device 110, such that the mechanical linkage 230 does not extend
beyond the bottom face 220, indicates that the optical navigation device 110 is in contact

with the cormresponding surface (e.g., transparent surface).

[0039] The contact sensor 210 includes an optical sensor 210 within the body of
the optical navigation device, in accordance with one embodiment. For instance, the
optical sensor 210 includes an optical transmitter 310 for transmitting an optical signal.
In addition, the optical sensor 210 also includes an optical detector 320 for receiving the

optical signal over an optical path between the transmitter 310 and the detector 320.

[0040] Also, an opaque element (e.g., a vane) 330 is shown blocking the optical
path between the transmitter 310 and the detector 320. The vane 330 blocks the optical
path when the optical navigation device is in contact with corresponding surface (e.g.,
transparent layer). That is, the mechanical linkage is forced upwards into the body of the
contact sensor 210 and optical navigation device 110 through contact with the transparent
layer, for example. Since the mechanical linkage is coupled to the vane 330, the vane is
also forced upwards and thus blocks the optical path between the transmitter 310 and the
detector 320. In this position, an enable signal is generated that indicates the optical

navigation device should continue racking across the reflective surface.

[0041] As shown in Figure 3B, the contact sensor 210 indicates when the optical
navigation device is not in contact with the corresponding surface (e.g., the transparent

layer 150) to provide skating functionality for the optical navigation device 110 of Figure
1. For instance, the position of the mechanical linkage 230 extruding outside of the body

12



of the optical navigation &evice 110, such that the mechanical ﬂnkage 230 extends partly
or fully beyond the bottom face 220, indicates that the optical navigation device 110 is
not in contact with the corresponding surface (e.g., transparent surface). That is, the
mechanical linkage is forced into a position that extends beyond the bottom face 220 of
the optical navigation device (e.g., through a spring, spring arm, etc.) when no upward
force into the body of the optical navigation device 110 on the mechanical linkage 230 is
applied. In this position, a disable signal is generated that indicates the optical navigation
device should hold the previous navigational data output constant and not generate any
new navigational data as long as the disable signal is present. This allows the device to be

skated across the reflective surface.

[0042] In Figure 3B, the vane 330 is not-blocking the optical path 350 between the
transmitter 310 and the detector 320. That is, the vane 330 does not block the optical
path 350 when the optical navigation device is not in contact with corresponding surface
(e.g., transparent layer). More specially, the mechanical linkage is forced downwards out
beyond the bottom face 220 of the optical navigation device 110, for example. Since the
mechanical linkage is coupled to the vane 330, the vane is also forced downwards and thus

opens the optical path between the transmitter 310 and the detector 320.

[0043] Alternatively, lift of the optical navigation device from a corresponding
surface is detected from a capacitive change between two electrodes within the optical
sensor 210, in accordance with one embodiment of the present invention. That is, the
optical sensor includes a capacitance switch that includes a first electrode and a second
electrode. Figures 3A and 3B can be used to illustrate the capacitance switch, in which
the first electrode is represented at 310 and the second electrode is represented at 320. A
capacitive sensor measures the capacitance between the two electrodes 310 and 320. The
capacitive sensor will measure different capacitance values depending on the influence of

the vane 330. As such, the capacitive sensor is able to determine when a capacitance

13



change occurs between the first electrode and the second electrode. Depending on the
type of change, based on the capacitance values measured, the capacitive sensor is able to
determine when the optical navigation device is in contact with the transparent layer, for

example, and when the optical navigation device is no longer in contact with the

transparent layer, for example.

[0044] In still another embodiment, the optical navigation device 110 includes a
mechanical switch for indicating when there is contact with the corresponding surface

(e.g., the transparent surface), or when there is no contact with-the corresponding surface.

[0’045] Figure 4 is a flow chart 400 illustrating steps in a computer implemented
method for generating navigation information by an optical navigatioﬁ device through a
transparent layer, in accordance with one embodiment of the present invention. The
present embodiment is able to incorporate an optical navigation device with a longer depth
of field with an auxiliary contact or proximity sensor to allow continuous hack;'.ng and
skating functionality over any intermediary optically transparent surface that separates a

reflective surface from the aptical navigation device.

[0046] At 410, the present embodiment illuminates a reflective surface with light
through a layer that is optically transparent to the light. More specifically, a light source
(e.g., LED or laser) emits a light that passes through the transparent layer and reflects off
the reflective surface. As such, the optical navigation device is configured such that a
depth of field associated with the optical navigation device accommodates a desired range .
of pasitions for the reflective surface relative to a sensor receiving the light that is
reflected. In one embodiment, the aperture of the optical navigation device is configured
so that light reflected off reflective surface is able to reach the sensor. In another
embodiment, lenses are configured to focus reflective light from the correct range of

positions that includes the reflective surface.
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[0047] At 420, the present embodiment detects light that is reflected off the
reflective surface. The light is detected at an imaging sensor. As such, successive images

of the reflective surface can be generated as the optical navigation device is moved across

the second, transparent surface.

[0048] At 430, the present embodiment generates navigation information in
response to the light reflected off the reflective surface by tracking movement of the
optical navigation device in relation to the reflective surface. More specifically, the
imaging sensor of the present embodiment is able to identify common textual features
between successive frames and calculate a distance between the features in order to

indicate corresponding movement of the optical navigation device.

[0049] At 440, the present embodiment is able to allow the optical navigation
device to be skated over the underlying surfaces. For instance, the present embodiment is
able to detect when the optical navigation device is lifted off the transparent layer, and in

response, disable the continuous tracking movement of the optical navigation device.

That is, the skating function is enabled.

[0050] In one embodiment, a change.in capacitance between a first electrode and a
second electrode in the optical navigation device indicates that the optical navigation
device has been lifted off the corresponding surface. In this case, the capacitance has one
constant value when the optical navigation device is in contact with the corresponding

surface (e.g., the transparent layer) but changes to a new value or range of values when the

device is lifted.
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[0051] Correspondingly, the present embodiment is also able to detect when the
optical navigation device is in contact with the transparent layer, and in response enable

the continuous tracking of the optical navigation device in relation to the reflective surface.

[0052) Accordingly, embodiments of the present invention provide for an optical
navigation device having a greater depth of field and a contact sensor to allow for continuous
tracking and skating functionality over reflective surfaces that are separated from the optical

navigation device by a layer of smooth, transparent material, such as glass.

[0053) While the methods of the embodiment illustrated in flow chart 400 show
specific sequences and quantity of steps, the present invention is suitable to alternative
embodiments. For example, not all the steps provided for in the methods are required for
the present invention. Furthermore, additional steps can be added to the steps presented

in the present embodiment. Likewise, the sequences of steps can be modified depending

upon the application.

[0054] A system and method for an optical navigation device configured to generate
navigation information through a transparent layer with skating functionality is thus
described. While the invention has been illustrated and described by means of specific
embodiments, it is to be understood that numerous changes and modifications may be made
therein without departing from the spirit and scope of the invention as defined in the
appended claims and equivalents thereof, Furthermore, while the present invention has
been described in particular embodiments, it should be appreciated that the present

invention should not be construed as limited by such embodiments, but rather construed

according to the below claims.
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Prior art mice are typically provided with support means, such as low friction
plastic feet, to enable a mouse to slide over a surface. The optical sensor of such
prior art mice is typically arranged to form an image of a plane, wherein the plane
being imaged is the same plane on which the support means rest. In contrast, in
some embodiments of the present invention, the optical sensor is arranged to form an
image of a plane below (the distance below corresponding to the thickness of a

transparent layer 150) the plane on which the support means rest.

The disclosures in United States patent application no. US 11/204,913, from
which this application claims priority, and in the abstract accompanying this

applications are incorporated herein by reference.



CLAIMS

1. Anoptical navigation device, comprising:
a light source configured to illuminate a reflective surface through a layer that is

optically transparent to said light source;

a sensor configured to generate navigation information in response to light from
said light source that reflects off said reflective surface, wherein said sensor is configured

with a depth of field to support a distance between said sensor and said reflective surface;

and

a contact sensor to indicate when said optical navigation device is no longer in

contact with said Jayer to provide skating functionality for said optical navigation device.

2. The optical navigation device of Claim 1, wherein said light source is

configured to be transparent to said layer that comprises glass.

3. The optical navigation device of Claim | or 2, wherein said light

source comprises a laser.

4. The optical navigation device of Claim 3, wherein said light source comprises a

VCSEL.

5. The optical navigation device of Claim 1,2, 3 or 4, wherein said

sensor comprises a CMOS imager.

6. The optical navigation device of Claim 1, 2, 3. 4 or 5, wherein said

contact sensor comprises:



an optical transmitter for transmitting an optical signal;
an optical detector for receiving said optical signal over an optical path; and

a vane that blocks said optical path only when said optical navigation device is in

contact with said layer.

7. The optical navigation device of Claim |, 2, 3, 4 or 5, wherein said

contact sensor comprises a mechanical switch.

8. The optical navigation device of Claim 1, 2, 3, 4 or 5, wherein said

contact sensor comprises a capacitance switch comprising:

a first electrode;

a second electrode;

a capacitive sensor that determines a capacitance change between said first
electrode and said second electrode indicating when said optical navigation device is no

longer in contact with said layer.

9. An optical navigation device, comprising: )
means for illuminating a reflective surface with light through a layer that is

optically transparent to said light;
means for detecting said light that is reflected off said reflective surface;

means for generating navigation information in response to said light that is
reflected off said reflective surface by tracking movement of said optical navigation device

in relation to said reflective surface; and

means for skating said optical navigation device in relation to said reflective surface

when said optical navigation device is lifted off said layer.

10. The optical navigation device of Claim 9, wherein said means for illuminating

areflective surface comprises a laser.



I'l.  The optical navigation device of Claim 9 or 10, wherein said means
tor skating further comprises:
means for detecting when said optical navigation device is lifted off said layer; and
means for disabling said tracking movement of said optical navigation device when

said optical navigation device is lifted off said layer.

12. The optical navigation device of Claim 9, 10 or 11, wherein said

means for skating further comprises:

detecting when said optical navigation device is in contact with said layer; and

enabling said tracking of said optical navigation device when said optical navigatian
device is in contact with said layer

13.  The optical navigation device of Claim 9, 10, U1 or 12, further
comprising:

means for configuring a depth of field associated with said optical navigation
device to accommodate a desired range of distances between said reflective surface and a

sensor receiving said light that is reflected.

14.  The optical navigation device of Claim 9, 10, 11, 12 or 13, further
comprising:

means for configuring an aperture of said optical navigation device so that said
light reflected off said reflective surface is able to reach a sensor receiving said light that is

reflected.

15. A method of generating navigation information by an optical navigation
device through a transparent layer, comprising:

illuminating a reflective surface with light through a layer that is transparent to
said light;

detecting said light that is reflected off said reflective surface;



generating navigation information in response to light reflected off said reflective

surface by tracking movement of said optical navigation device in relation to said reflective

surface; and

skating said optical navigation device in relation to said reflective surface when

said optical navigation device is lifted off said layef.

16. The method of Claim 15, further comprising:
configuring a depth of field associated with said optical navigation device to

accommodate a desired range of distances between said reflective surface and a sensor

receiving said light that is reflected,

17. The method of Claim 15 or 16, further comprising:

configuring an aperture of said optical navigation device so that said light reflected

off said reflective surface is able to reach a sensor receiving said light that is reflected.

18.  The method of Claim 15, 16 or 17, wherein said skating said optical
navigation device further comprises:
detecting when said optical navigation device is lifted off said layer; and

disabling said tracking movement of said optical navigation device when said

optical navigation device is lifted off said layer.

19. The method of Claim 185, 16, 17 or 18, wherein said skating said
optical navigation device further comprises:
detecting when said optical navigation device is in contact of said layer; and

enabling said tracking of said optical navigation device when said optical navigation

device is in contact of said layer.



20. The method of Claim 18, wherein said detecting when said optical navigation

device is lifted off further comprises:

determining a change in capacitance between a first and second electrode, wherein

said capacitance is constant when said optical navigation device is in contact with said

layer.

. 21. An optical navigation device as herein disclosed and/or as shown by

any one of Figures | to 3B.

22. A method of generating navigation information as herein disclosed

and/or as shown by Figure 4.

22
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