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Optical Positioning Device Using Telecentric Imaging

Inventors: Jahja L. Trisnadi; Clinton B. Carlisle; Charles B. Roxlo; and David A. LeHoty

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of U.S. provisional application no.
60/573,316, entitled “Optical position sensing device using telecentric imaging,” filed
May 21, 2004, by inventors Jahja I. Trisnadi, Clinton B. Carlisle, Charles B. Roxlo, and
David A. LeHoty. The disclosure of the aforementioned U.S. provisional application is
hereby incorporated by reference in its entirety.

The present application also claims the benefit of U.S. provisional application no.
60/573,075, entitled “Optical position sensing device having a detector array using
different combinations of shared interlaced photosensitive elements,” filed May 21,
2004,<by inventors David A. LeHoty, Douglas A. Webb, Charles B. Roxlo, Clinton B.
Carlisle, and Jahja I. Trisnadi. The disclosure of the aforementioned U.S. provisional

application is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates generally to an Optical Positioning Device (OPD),

and to methods of sensing movement using same.

BACKGROUND OF THE INVENTION

Pointing devices, such as computer mice or trackballs, are utilized for inputting
data into and interfacing with personal computers and workstations. Such devices allow
rapid relocation of a cursor on a monitor, and are useful in many text, database and
graphical programs. A user controls the cursor, for example, by moving the mouse over
a surface to move the cursor in a direction and over distance proportional to the
movement of the mouse. Alternatively, movement of the hand over a stationary device

may be used for the same purpose.
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Computer mice come in both optical and mechanical versions. Mechanical mice
typically use a rotating ball to detect motion, and a pair of shaft encoders in contact with
the ball to produce a digital signal used by the computer to move the cursor. One
problem with mechanical mice is that they are prone to inaccuracy and malfunction after
sustained use due to dirt accumulation, and such. In addition, the movement and resultant
wear of the mechanical elements, particularly the shaft encoders, necessarily limit the
useful life of the device.

One solution to the above-discussed with mechanical mice problems has been the
development of optical mice. Optical mice have become very popular because they are
more robust and may provide a better pointing accuracy.

The dominant conventional technology used for optical mice relies on a light
emitting diode (LED) illuminating a surface at grazing incidence, a two-dimensional
CMOS (complementary metal-oxide-semiconductor) detector which captures the
resultant images, and software that correlates successive images to determine the
direction, distance and speed the mouse has been moved. This technology typically
provides good accuracy but suffers from low optical efficiency and relatively high image
processing requirements.

Another approach uses one-dimensional arrays of photo-sensors or detectors,
such as photodiodes. Successive images of the surface are captured by imaging optics,
translated onto the photodiodes, and compared to detect movement of the mouse. The
photodiodes may be directly wired in groups to facilitate motion detection. This reduces
the photodiode requirements, and enables rapid analog processing. An example of one
such a mouse is disclosed in U.S. Pat. No. 5,907,152 to Dandliker et al.

The mouse disclosed in Dandliker et al. differs from the standard technology also
in that it uses a coherent light source, such as a laser. Light from a coherent source
scattered off of a rough surface generates a random intensity distribution of light known
as speckle. The use of a speckle-based pattern has several advantages, including
efficient laser-based light generation and high contrast images even under illumination at
normal incidence. This allows for a more efficient system and conserves current
consumption, which is advantageous in wireless applications so as to extend battery life.

Although a significant improvement over the conventional LED-based optical
mice, these speckle-based devices have not been wholly satisfactory for a number of

reasons. In particular, mice using laser speckle have not demonstrated the accuracy
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typically demanded in state-of-the-art mice today, which generally are desired to have a
path error of less than 0.5% or thereabout.
The present disclosure discusses and provides solutions to certain problems with

prior optical mice and other similar optical pointing devices.

SUMMARY OF THE INVENTION

One embodiment relates to an optical displacement sensor for sensing movement
of a data input device across a surface by determining displacement of optical features in
a succession of frames. The sensor includes at least an illuminator, telecentric imaging
optics, and an array of photosensitive elements. The illuminator is configured to
illuminate a portion of the surface. 'The telecentric imaging optics is configured to image
the optical features emanating from the illuminated portion of the surface, and the array
of photosensitive elements is configured to detect intensity data relating to the optical
features imaged by the telecentric imaging optics.

Another embodiment relates to a method of sensing movement of a data input
device across a surface. A portion of the surface is illuminated and images of the
illuminated portion of the surface are focused to an array of photosensitive elements
. using telecentric imaging optics. Displacement of optical features emanating from the
illuminated portion of the surface are determined in a succession of frames to sense
movement of the data input device across the surface in at least one dimension.

Another embodiment relates to an optical positioning device which includes at
least a laser configured to illuminate a portion of a surface, an array of photosensitive
elements; telecentric imaging optics, and a signal processor. The telecentric imaging
optics is configured to map a speckle pattern generated by the illuminated portion of the
surface along with finite aperture imaging optics to the array of photosensitive elements,
and the signal processor is configured to determine. displacement of the speckle pattern in
a succession of frames.

Other embodiments are also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and various other features and advantages of the present disclosure are
understood more fully from the detailed description that follows and from the
accompanying drawings, which however, should not be taken to limit the appended

3
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claims to the specific embodiments shown, but are for explanation and understanding
only, where:

FIGS. 1A and 1B illustrate, respectively, a diffraction pattern of light reflected
from a smooth surface and speckle in an interference pattern of light reflected from a
rough surface;

FIG. 2 is a functional block diagram of a speckle-based OPD in accordance with
an embodiment of the invention;

FIG. 3 is a block diagram of an array having interlaced groups of photosensitive
elements in accordance with an embodiment of the invention;

FIG. 4 is a ray diagram which shows an example non-telecentric imaging system;

FIG. 5A is a ray diagram showing an example telecentric imaging system with
chief rays normal to a surface according to an embodiment of the present invention;

FIG. 5B is a ray diagram showing an example telecentric imaging system with
chief rays at a non-normal angle to a surface according to an embodiment of the present
invention,

FIG. 6 is an optical diagram of a non-telecentric imaging system in which the
aperture is placed at the lens location;

FIG. 7 is an optical diagram of an imaging system which is telecentric on the
object side with chief rays normal to a surface according to an embodiment of the present
invention;

FIG. 8 is an optical diagram of an imaging system which is telecentric on the
image side;

FIG 9 is an optical diagram of an imaging system which is telecentric on both
object and image sides according to an embodiment of the present invention; and

FIG. 10 is a ray diagram of a system including illumination optics and imaging

optics for a sensor according to an embodiment of the present invention.
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DETAILED DESCRIPTION

Speckle “Boiling” Problem

One problem with prior speckle-based OPDs relates to the changing of the
speckle pattern, or speckle “boiling”. In general, the speckle pattern from a surface
moves as the surface is moved, and in the same direction with the same velocity.
However, in many optical systems there will be additional changes in the phase front
coming off of the surface. For example, if the set of rays that p;articipate in the speckle
pattern formation at the detector changes as the system is moved relative to the surface,
then the detected speckle pattern will change (or "boil") in a somewhat random manner
instead of simply shift. This degrades the signal used to detect the surface motion (from

the shift), leading to decreases in the accuracy and sensitivity of the system.

As discussed in detail below, one aspect of the present invention provides an

OPD with negligible or reduced speckle boiling.

OPD Embodiments Disclosed Herein

The present disclosure relates generally to a sensor for an Optical Positioning
Device (OPD), and to methods for sensing relative movement between the sensor and a
surface based on displacement of a random intensity distribution pattern of light, known
as speckle, reflected from the surface. OPDs include, but are not limited to, optical mice
or trackballs for inputting data to a personal computer.

Reference in the specification to “one embodiment” or “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the invention. The appearances of
the phrase “in one embodiment” in various places in the specification do not necessarily
all refer to the same embodiment.

Generally, the sensor for an OPD includes an illuminator having a light source
and illumination optics to illuminate a portion of the surface, a detector having a number
of photosensitive elements and imaging optics, and signal processing or mixed-signal
electronics for combining signals from each of the photosensitive elements to produce an
output signal from the detector.

In one embodiment, the detector and mixed-signal electronics are fabricated

using standard CMOS processes and equipment. Preferably, the sensor and method of

SUBSTITUTE SHEET (RULE 26)



WO 2005/114643 PCT/US2005/017462

the present invention provide an optically-efficient detection architecture by use of
structured illumination that produces uniform phase-front and telecentric speckle-
imaging as well as a simplified signal processing configuration using a combination of
analog and digital electronics. This architecture reduces the amount of electrical power
dedicated to signal processing and displacement-estimation in the sensor. It has been
found that a sensor using the speckle-detection technique, and appropriately configured
in accordance with the present invention can meet or exceed all performance criteria
typically expected of OPDs, including maximum displacement speed, accuracy, and %

path error rates.

Introduction to Speckle-Based Displacement Sensors

This section discusses operating principles of speckle-based displacement sensors
as understood and believed by the applicants. While these operating principles are useful
for purposes of understanding, it is not intended that embodiments of the present
disclosure be unnecessarily limited by these principles.

- Referring to FIG. 1A, laser light of a wavelength indicated is depicted as a first
incident wave 102 and second incident wave 104 to a surface, each making an angle of
incidence © with respect to the surface normal. A diffraction pattern 106 results which
has a periodicity of 4/ 2sin0.

In contrast, referring to FIG. 1B, any general surface with morphological
irregularities of dimensions greater than the wavelength of light (i.e. roughly > 1 pm)
will tend to scatter light 114 into a complete hemisphere in approximately a Lambertian
fashion. If a coherent light source, such as a laser is used, the spatially coherent,
scattered light will create a complex interference pattern 116 upon detection by a square-
law detector with finite aperture. This complex interference pattern 116 of light and dark
areas is termed speckle. The exact nature and contrast of the speckle pattern 116
depends on the surface roughness, the wavelength of light and its degree of spatial-
coherence, and the light-gathering or imaging optics. Although often highly complex, a
speckle pattern 116 is distinctly characteristic of a section of any rough surface that is
imaged by the optics and, as such, may be utilized to identify a location on the surface as
it is displaced transversely to the laser and optics-detector assembly.

Speckle is expected to come in all sizes up to the spatial frequency set by the

effective aperture of the optics, conventionally defined in term of its numerical aperture
6
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NA = sinfas shown FIG. 1B. Following Goodman [J. W. Goodman, “Statistical
Properties of Laser Speckle Patterns” in “Laser Speckle and Related Phenomena” edited
by J. C. Dainty, Topics in Applied Physics volume 9, Springer-Verlag (1984) —in
particular, see page 39-40.], the size statistical distribution is expressed in terms of the

speckle intensity auto-correlation. The “average” speckle diameter may be defined as

A A
siné NA

a (Equation 1)

It is interesting to note that the spatial frequency spectral density of the speckle
intensity, which by Wiener-Khintchine theorem, is simply the Fourier transform of the
intensity auto-correlation. The finest possible speckle, a,, = //2NA4, is set by the
unlikely case where the main contribution comes from the extreme rays 118 of FIG. 1B
(i.e. rays at +6), and contributions from most “interior” rays interfere destructively. The
cut-off spatial frequency is therefore f., = 1/(A/2NA) or 2NA/A .

Note that the numerical aperture may be different for spatial frequencies in the
image along one dimension (say “x”) than along the orthogonal dimension (“y”). This
may be caused, for instance, by an optical aperture which is longer in one dimension than
another (for example, an ellipse instead of a circle), or by anamorphic lenses. In these
cases, the speckle pattern 116 will also be anisotropic, and the average speckle size will
be different in the two dimensions.

One advantage of a laser speckle-based displacement sensor is that it can operate
with illumination light that arrives at near-normal incidence angles. Sensors that employ
imaging optics and incoherent light arriving at grazing incident angles to a rough surface
also can be employed for transverse displacement sensing. However, since the grazing
incidence angle of the illumination is used to create appropriately large bright-dark
shadows of the surface terrain in the image, the system is inherently optically inefficient,
as a significant fraction of the light is reflected off in a specular manner away from the
detector and thus contributes nothing to the image formed. In contrast, a speckle-based
displacement sensor can make efficient use of a larger fraction of the illumination light
from the laser source, thereby allowing the development of an optically efficient

displacement sensor.

Disclosed Design for Speckle-Based Displacement Sensor

7
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The detailed description below describes an architecture for one such laser-
speckle-based displacement sensor using CMOS photodiodes with analog signal
combining circuitry, moderate amounts of digital signal processing circuitry, and a low-
power light source, such as, for example, a 850 nm Vertical Cavity Surface Emitting
Laser (VCSEL). While certain implementational details are discussed in the detailed
description below, it will be appreciated by those skilled in the art that different light
sources, detector or photosensitive elements, and/or different circuitry for combining
signals may be utilized without departing from the spirit and scope of the present
invention.

A speckle-based mouse according to an embodiment of the present invention will
now be described with reference to FIGS. 2 and 3.

FIG. 2 is functional diagram of a speckle-based system 200 according to an
embodiment of the invention. The system 200 includes a laser source 202, illumination
optics 204, imaging optics 208, at least two sets of multiple CMOS photodiode arrays
210, front-end electronics 212, signal processing circuitry 214, and interface circuitry
216. The photodiode arrays 210 may be configured to provide displacement
measurements along two orthogonal axes, x and y. Groups of the photodiodes in each
array may be combined using passive electronic components in the front-end electronics
212 to produce group signals. The group signals may be subsequently algebraically
combined by the signal processing circuitry 214 to produce an (x, y) signal providing
information on the magnitude and direction of displacement of the OPD in x and y
directions. The (x,y) signal may be converted by the interface circuitry 218 to x,y data
220 which may be output by the OPD. Sensors using this detection technique may have
arrays of interlaced groups of linear photodiodes known as “differential comb arrays.”

FIG. 3 shows a general configuration (along one axis) of such a photodiode array
302, wherein the surface 304 is illuminated by a coherent light source, such as a Vertical
Cavity Surface Emitting Laser (VCSEL) 306 and illumination optics 308, and wherein
the combination of interlaced groups in the array 302 serves as a periodic filter on spatial
frequencies of light-dark signals produced by the speckle images.

Speckle generated by the rough surface 304 is mapped to the detector plane with
imaging optics 310. Preferably, the imaging optics 310 are telecentric for optimum

performance.
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In one embodiment, the comb array detection is performed in two independent,
orthogonal arrays to obtain estimations of displacements in x and y. A small version of
one such array 302 is depicted in FIG. 3.

Each array in the detector consists of a number, N, of photodiode sets, each set
having a number, M, of photodiodes (PD) arranged to form an MN linear array. In the
embodiment shown in FIG. 3, each set consists of four photodiodes (4 PD) referred to as
1,2,3,4. The PD1s from every set are electrically connected (wired sum) to form a group,
likewise PD2s, PD3s, and PD4s, giving four signal lines coming out from the array.
Their corresponding currents or signals are [}, I, I3, and Ls. These signals (I1, I, I5, and
1;) may be called group signals. Background suppression (and signal accentuation) is
accomplished by using differential analog circuitry 312 to generate an in-phase
differential current signal 314 (I)3) = I; — I; and differential analog circuitry 316 to
generate a quadrature differential current signal 318 (Iz4) = I — Is. These in-phase and
quadrature signals may be called line signals. Comparing the phase of I;3 and I4 permits
detection of the direction of motion.

Preferably, to suppress the introduction of phase errors, which can translate
directly into displacement error, the sensor of the present invention uses multiple comb
arrays. Moreover, although the embodiments described herein use “4N” scheme for the
individual arrays, the system design rationale is applicable (with appropriate
modifications) for other array configurations or schemes, such as 3N, 5N, 6N, 7N, 8N,
and so on. The terminology “4N” refers to a detector array in which every fourth detector
is wired together, and the resulting four photocurrent signals are subtracted from each
other as described in Dandliker, et al. (U.S. Patent No. 5,907,152). However, many other

groupings are possible with appropriate schemes for combining the signals.

Telecentric imaging to reduce speckle boiling problem

The speckle pattern, such as the example shown in FIG. 1, may be use as the

basis for displacement measurement where a surface undergoes a displacement relative
to the measuring device, such as a speckle mouse. The displacement may be deduced
from the displacement of the speckle pattern on the detector (after taking into account the
effective optical magnification factor). Therefore, one factor for a successful
measurement is that the speckle pattern undergo a nearly pure translation for small

displacements [i.e. small compared to the detector field-of-view (FOV)], with only
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relatively minor changes in the pattern itself. In such situations, correlation or other
signal-processing algorithms may be used to determine the physical displacement.

The change in speckle pattern comes from at least two sources. A first source of
change is due to part of the surface leaving the detector FOV, while a new part is
entering the detector FOV, as the detector system is displaced with respect to the surface.
This source of speckle pattern change is unavoidable, but its effect be minimized by
estimating the displacement in a time which is much faster than it takes the detector to
move across its FOV.

A second source of speckle pattern change is due to changes of viewing angle
with respect to points on the rough surface as the surface is displaced. As discussed in
the present patent application, applicants note that this second source of change occurs if
the imaging optics is non-telecentric on the object side (the scattering surface), meaning
that the angular extent of ray depends on the field point — see FIG. 4, for example.

The illustration in FIG. 4 shows an angular extent of several (five) illustrative
contributing rays being emitted from each of several points on a surface 402 under the
lens 404 of an imaging system which is non-telecentric on the object side. Consider that
the rays illustrated pass through a system aperture (not illustrated) of the non-telecentric
image system, and further consider that the middle ray of each set of contributing rays is
a chief ray in that it passes through the center of the system aperture. As seen from FIG.
4, the angle of the chief ray with respect to the surface at each image point depends on
the location of that point in the field of view. In other words, the angular extent of the
contributing rays at each image point is field-point dependent.

As the detector of an object-side non-telecentric imaging system is displaced, the
set of rays from a given field point that contributes to the image changes. At an
undesirable extreme, a completely uncorrelated speckle would occur when the angular
change is greater than or equal to twice the lens numerical aperture. In order to maintain
relatively translation-invariant speckle patterns, the angular change should be less than
the lens numerical aperture (NA).

Imaging systems which are telecentric on the object side are illustrated in FIGS.
5A and 5B. In object-side telecentric imaging, the angular-extent of the contributing
rays at each image point is substantially field-point independent, and the speckle pattern
is substantially translation invariant for displacements small compared to the imaging

system FOV. In other words, the chief rays from each image point are parallel.
10
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The first example in FIG. 5A shows a lens 502 for an object-side telecentric
imaging system configured such that the chief rays are normal to the surface 402.

The second example in FIG. 5B shows a lens 504 of an object-side telecentric
imaging system configured such that the chief rays are at a non-normal angle to the
surface 402. This embodiment permits the use of the same lens 504 for illumination and
imaging functions. In such a configuration, in addition to the imaging function, the lens
may be used to direct illuminating rays 506 at the field of view from a different angle.

Chief rays are rays that go through the center of the system aperture. As used in
the present disclosure, an imaging system is telecentric on the object side if all or a
substantial majority of the chief rays coming from the object (or surface) are parallel or
practically parallel. Similarly, an imaging system is telecentric on the image side if all or
a substantial majority of the chief rays going toward the image (or detector) are parallel
or substantially parallel.

In an object-side telecentric system, moving the object axially (along the z-axis
such that the object surface moves closer to or farther from the imaging system) should
result in no or little change in the magnification of the image. This is because of the
chief rays being parallel, as discussed above. Moving the object axially may defocus the
image, but such defocus should not be problematic when tracking movement based on
movement of the speckle pattern.

In accordance with an embodiment of the invention, an optical position sensing
system may be adapted to have substantially reduced speckle boiling if it is telecentric on
the object side and if its illumination beam has a substantially planar phase front before it
strikes the surface. In contrast, substantial speckle boiling occurs without object-side
telecentric optics and/or without a uniform phase front of the illumination beam. A non-
uniform phase front may be, for example, divergent.

The imaging system that is telecentric on the object side and that has a
substantially planar (i.e. has a substantially uniform) phase front before it impinges the
surface results in reduced speckle boiling during translation. On the other hand, the
imaging system that is telecentric on the imaging side, but not on the object side, does
not reduce speckle boiling during translation.

FIGS. 6 and 7 show that telecentricity may be determined by the choice of
aperture location in an imaging system.

FIG. 6 shows an imaging system configured such that the system aperture 604 is

located immediately behind the lens 602. This is a non-telecentric system, as the chief
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ray (the thicker ray) goes through the lens 602 at an angle, which is different for every
image point on the surface 402.

FIG. 7 shows an imaging system which is telecentric on the object side of the
lens 702. In the configuration of FIG. 7, the system aperture 704 is located at the back
focal plane, and all or substantially all of the chief rays are parallel (normal in this case)
at the object surface 402. The back focal plane is located an optical distance away from
the lens 702 equal to the focal length f of the lens. The optical distance equals the actual
distance between the lens 702 and the back focal plane in a case where the medium is air
or vacuum, as depicted in FIG. 7, but that if a material with an index of refraction
different from one is used, then the actual distance between the lens 702 and the system
aperture 704 is to be adjusted accordingly.

The object-side telecentric system illustrated in FIG. 7 has an aperture located at
the back focal plane. Hence, a collimated beam from the object side should be focused
and passed by the aperture efficiently. In other words, a substantial majority of the
collimated beam should pass through the back focal plane aperture of the object-side
telecentric system, but that is not necessarily true for a non-telecentric system.

While FIG. 7 shows an embodiment of an object-side telecentric system
configured such that the chief rays are normal to the surface 402, alternate embodiments
may be configured such that chief rays are at angles non-normal to the surface 402, for
example, as discussed above in relation to FIG. 5B.

While FIG. 7 shows an imaging system which is telecentric on the object side,
FIG. 8 shows an imaging system which is telecentric on the image side. In FIG. 8, the
aperture 804 is located at the front focal plane of the lens 802. The system in Fig. 8 does
not reduce speckle boiling during translation.

A system which is telecentric on both the object and image sides is shown in FIG.
9. Here f1 and f2 are the focal lengths of the left-hand (object-side) lens 902 and right-
hand lens 904, respectively. The focal length of the front lens 902 is /7, and the focal
length of the back lens 904 is /2. In this configuration, the aperture 906 is located at the
back focal point of the front lens 902, which coincides with the front focal point of the
back lens 904, The focal lengths may be chosen such that the magnification = f2/f1 is as
desired, and to meet any size constraint on the total length f7+/2.

In accordance with an embodiment of the invention, inorder to maintain a speckle
image which translates without changing or with very little change, an image point at the

detector may be formed from the same bundle of rays as the object (surface) is translated.
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In other words, the angular extent of the contributing rays should be invariant or near
invariant as the surface translation occurs. Such invariance is present if the optical
system 1is telecentric on the object side, for example, as in FIGS. 7 or 9. Because the
aperture and lenses move with the detector, telecentricity on the image side may have
some advantages but is not required.

In the above discussion, the plane of the system aperture is located where the
numerical aperture of the image is defined. The aperture may comprise a purposely
introduced opaque structure with transparent sections, for example, as depicted in FIGS.
7 and 9. Alternatively, the aperture may comprise a lens in the system or may comprise

other means for defining such an aperture.

Optics layout
As discussed above, telecentric imaging optics (for example, as shown in FIGS. 7

or 9) may be used to produce robust speckle signals that translate substantially without
changing. Such imaging optics may be combined with illumination optics to form a
complete system.

One embodiment of this combination of illumination optics 1002 and imaging
optics 1004 is shown in FIG. 10. In this embodiment the illumination optics 1002 is
configured such that the illumination 1006 comes at a non-zero incident angle 8 with

respect to the normal vector for the surface 402.

The foregoing description of specific embodiments and examples of the invention
have been presented for the purpose of illustration and description, and although the
invention has been described and illustrated by certain of the preceding examples, it is
not to be construed as being limited thereby. They are not intended to be exhaustive or
to limit the invention to the precise forms disclosed, and many modifications,
improvements and variations within the scope of the invention are possible in light of the
above teaching. It is intended that the scope of the invention encompass the generic area

as herein disclosed, and by the claims appended hereto and their equivalents.
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IN THE CLAIMS

WHAT IS CLAIMED IS:

1. An optical displacement sensor for sensing movement of a data input
device across a surface by determining displacement of optical features in a succession
of frames, the sensor comprising:

an illuminator configured to illuminate a portion of the surface;

object-side telecentric imaging optics configured to image the optical features
emanating from the illuminated portion of the surface; and

an array of photosensitive elements configured to detect intensity data relating to

the optical features imaged by the object-side telecentric imaging optics.

2. The optical displacement sensor according to claim 1, wherein the optical
features imaged by the object-side telecentric imaging optics are substantially invariant

during translation of the surface with respect to the data input device.

3. The optical displacement sensor ‘according to claim 2, wherein the
illuminator comprises a coherent light source, and wherein the optical features comprise

a speckle pattern.

4, The optical displacement sensor according to claim 3, wherein the
coherent light source comprises a Vertical Cavity Surface Emitting Laser (VCSEL), and

wherein the photosensitive elements comprise photodiodes.

5. The optical displacement sensor according to claim 1, wherein the object-
side telecentric imaging optics is configured such that chief rays from points on the

surface in a field of view are substantially parallel when the chief rays leave the surface.

6. The optical displacement sensor aécording to claim 5, wherein the chief

rays are normal to the surface when the chief rays leave the surface.

7. The optical displacement sensor according to claim 5, wherein the chief
rays leave the surface at an angle which is not normal to the surface.
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8. The optical displacement sensor according to claim 1, wherein the object-
side telecentric imaging optics comprises:
an aperture; and

a first lens located between the aperture and the illuminated portion of the surface

9. The optical displacement sensor according to claim 8, wherein the first
lens has a focal length substantially equal to an optical distance between the first lens and

the aperture.

10.  The optical displacement sensor according to claim 9, further comprising
image-side telecentric imaging optics which comprises:

a second lens located between the aperture and the photosensitive elements,

wherein the second lens has a focal length substantially equal to the optical

distance between the second lens and the aperture.

11.  The optical displacement sensor according to claim 8, wherein the
aperture comprises an optical element which defines a numerical aperture of light which

is detected by the photosensitive elements.

12. The optical displacement sensor according to claim 11, wherein the
aperture further comprises an optical element which has both a substantially transparent

section and a substantially opaque section

13. The optical displacement sensor according to claim 12, wherein the

aperture has a substantially transparent section which is circular in shape.

14.  The optical displacement sensor according to claim 1, wherein the optical
features comprise speckle, a complex interference pattern created by light reflected from
the surface, and wherein the optical displacement sensor comprises a speckle-based
displacement sensor adapted to sénse movement of the data input device across the

surface based on displacement of the speckle pattern.
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15. A method of sensing movement of a data input device across a surface,
the method comprising:

illuminating a portion of the surface;

mapping images of the illuminated portion of the surface to an array of
photosensitive elements using telecentric imaging optics on an object side; and

determining displacement of optical features emanating from the illuminated
portion of the surface in a succession of frames to sense movement of the data input

device across the surface in at least one dimension.

16.  The method according to claim 15, wherein the telecentric imaging optics
images the optical features emanating from the surface with reduced speckle boiling

during the movement of the data input device across the surface.

17.  The method according to claim 15, wherein the illuminating is performed
by using a laser, and wherein the optical features emanating from the illuminated portion

comprise a speckle pattern.

18.  An optical positioning device comprising:

a laser conﬁgured to illuminate a portion of the surface;

an array of photosensitive elements;

telecentric imaging optics on an object side configured to focus a speckle pattern
from the illuminated portion of the surface to the array of photosensitive elements; and

a signal processor configured to determine displacement of the speckle pattern in

a succession of frames.

19.  The optical positioning device of claim 18, wherein the telecentric
imaging optics on the object side comprises:
an aperture; and

a lens located between the aperture and the illuminated portion of the surface.

20.  The optical positioning device of claim 18, wherein the illumination has a

substantially uniform wave front before impinging upon the surface.

16

SUBSTITUTE SHEET (RULE 26)



WO 2005/114643 PCT/US2005/017462
1/5

Fla. 1A
104 106

102

FlG. 1B

118 176

FlG. 2
204 200
206 202
/\ H | Front-end| | Signal Interface |— %Y
l >/ electronics processing data
208 210 212 214 T_T 218 220

Algorithm

)

216



PCT/US2005/017462

WO 2005/114643

2/5

¥ad
£0d PN

2ad - yO£
10d 7

9l£

~— uooyy

0

l

4

84n)pIpDNYH

7l jua.Liny
[oryusaiiq

95Dy —Uy

cls




FIG. 4

lece. Ty

i«

Non—

FIG. 5A FIG. 5B

- le

Telecentric
W

Telece

» - 508

FIG. 6
Objecz‘ Lens
602




WO 2005/114643 PCT/US2005/017462
4/5
FIG. 7
. Lens Aperture
Object 702 704 Image
.
Ny
FIG. 8
) Aperture Lens
Ob ject 804 802  Image
N
f I f
FIG. 9
. Lens Aperture Lens
Object  gp2 906 904  Image
I =T =" T . i
402; f1 o f; o fa o fo




WO 2005/114643 PCT/US2005/017462
5/5

FlG. 10

1004

Image /\/\ Ob ject

402

Light

Source / 1006
1 ‘

002



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

