[Claim 5]
A splitting step of dividing light from a condensing optical system collecting light
from an object into 2 by 2 separator lenses, and & mask arranged between the
condensing optical system and the separator lens or hetween the separator lens and an
imaging element, and having an encoding cpening having a shape self-interphase
function approximated to a delta function. A distance measuring method comprising : a
light receiving step of individually receiving light separated by 2 separator lenses
and collected ; and a step of determining a distance between the object and the
image pickup element based on a distance befween centers of gravity of 2 lmages
obtained by the Z image pickup elements, the light receiving step being individually
received by the 1 dimensionsl or 2 dimensional image pickup element 2,

[Claim B]
The distance weasuring method according to claim b, wherein the processing step
includes the step of detecting the center of gravity of the 2 images obtained by the
2 imaging elements. Based on the detectiion result of the image centroid position
detecting step, a center-of-gravity interval calculating step of calculating an
interval between the centroids of the 2 images obiained by the 2 lwaging devices and
a storage means of storing the distance between the center of gravity of the 2 images
and the distance between the object and the focal position of the condensing optical
system in advance are referred to. A distance measuring method comprising :
obtaining from the storage means a value of a distance between an cbject and & focal
point of a condensing optical system corresponding to an interval of a center of
gravity calenlated in the center-of-gravity interval calculating step ; and
determining a distance between an object and an imaging element,

[Claim 7]

The distance measuring method according to claim D or 6, further comprising the step
of projecting light into & monitoring space in which an object of interest is
supposed to be present,

[Claim 8]

in the distance measuring method according to any one of claims 5 to further, the
condensing optical system includes a variable focus mechanism, and the storing means
stores a relationship between a distance between the centers of gravity of the 2
images and a distance between the object and the focal point in advance for each
focal length of the condensing optical system, and the distance determining step
includes the step of determining the distance. The distance measuring method
according to claim 1, wherein a distance corresponding to an interval of the center
of gravity caleulated in the center of gravity interval calculating step is
determined by using a relationship corresponding to a current Tocal length of the
condensing optical system among the relationships stored in the storing means for
each focal length of the condensing optical system,
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[Document NamelAbstract

[Abstract]

{Problem]To reduce the amount of calculation by making it difficult to be affected hy
the sirface state of an object.

[Means Tor solvingld distance sensor includes a condensing opiical system 1 for

collecting light from an ohject 10 2 separator lenses 2 a, 2 b for separately forming
the light from the condensing eptical system 1 into 2 light heams, and 1 dimensional
or 2 dimensional imaging elements 3 a, 3 b divided by the separator lenses 2 a, 2 b

and individually receiving the collected light., 2 This device is provided with a mask
4 which is arranged between a condensing optical system 1 and a separator lens 2 a,

2 b and has an eocoding opening in which a sell-interphase [funciion in the shape of

ah opening through which light passes is approximated to a delta function, and a

processing device 5 which determines a distance between an object 10 and the imaging
elements 3 -a, 3 b on the basis of an interval between the centers of gravity of 2
images obtained by the imsging elements 3 a, 3 b,

{Selected drawing]Fig. 1
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OPTOELECTRONIC MODULES OPERABLE TO RECOGNIZE SPURIOUS
REFLECTIONS AND TO COMPENSATE FOR ERRORS CAUSED BY
SPURIOUS REFLECTIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of the following U.S. Provisional
Patent Applications: Serial No. 61/953,089 filed on March 14, 2014; Serial No.
61/981,235 filed on April 18, 2014; Serial No. 61/987,045, filed on May 1, 2014; Serial
No. 62/001,858, filed on May 22, 2014; and Serial No. 62/006,989, filed on June 3, 2014.

The contents of the prior applications are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to modules that provide optical signal detection.

BACKGROUND

[0003] Some handheld computing devices such as smart phones can provide a varicty of
different optical functions such as onc-dimensional (1D) or three-dimensional (3D)
gesture detection, 3D imaging, time-of-flight or proximity detection, ambient light

sensing, and/or front-facing two-dimensional (2D) camera imaging.

[0004] Time-of-flight (TOF) sensors, for example, can be used to detect the distance to
an object. In general, TOF systems are based on the phase-measurement technique of
emitted intensity-modulated light, which is reflected by a scene. The reflected light is
imaged onto a sensor, and the photo-generated electrons are demodulated in the sensor.
Based on the phase information, the distance to a point in the scene for each pixel is

determined by processing circuitry associated with the sensor.

[0005] Additionally, TOF-based systems can provide depth and/or distance information
via a pulse-measurement technique. The pulse-measurement technique employs an
emitter and sensor as above; however, distance is determined by tallying the time for

emitted light to reflect back onto the sensor.
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[0006] In some cases, however, a smudge (e.g., a fingerprint or dirt) on the transmissive
window (e.g., cover glass) of the host device can produce spurious signals, which may
compromise the accuracy of the distance calculations. For example, light reflected by the
cover glass and/or the smudge may be incident on the sensor. Such light typically will
have a phase shift that differs from the phase shift of light reflected by the object of
interest. The different phase shifts can result in an inaccurate determination of the

distance to the object.

SUMMARY

[0007] The present disclosure describes optoelectronic modules operable to distinguish
between signals indicative of reflections from an object of interest and signals indicative
of a spurious reflection. In particular, as described below, various modules are operable
to recognize spurious reflections and, in some cases, also to compensate for errors caused

by spurious reflections.

[0008] For example, in one aspect, an optoclectronic module includes a light emitter to
generate light to be emitted from the module, spatially distributed light sensitive clements
arranged to detect light from the emitter that is reflected by an object outside the module,
and one or more dedicated spurious-reflection detection pixels. In some
implementations, the optoelectronic module further includes circuitry operable to use a
signal from the one or more dedicated spurious-reflection detection pixels to correct for a
spurious reflection. For example, in some cases, the circuitry can use a signal from the
one or more dedicated spurious-reflection detection pixels to factor out a component of
light reflected by a smudge present on a transmissive cover from a component of light

detected by the spatially distributed light sensitive clements.

[0009] In some instances, the modules includes a reflector to direct a spurious light
reflected by a smudge, a transmissive cover or other component to the dedicated
spurious-reflection detection pixels. Likewise, in some cases, the module includes a light
guide to direct light from a transmissive cover of a host device within which the module

is disposed to the dedicated spurious-reflection detection pixels.
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[0010] In accordance with another aspect, an optoclectronic module includes a light
emission chamber and a light detection chamber. A first passive optical element is
disposed over the light emission chamber, and a second passive optical element is
disposed over the light detection chamber. A light emitter in the light emission chamber
is operable to emit light toward the first passive optical element. Demodulation pixels in
the light detection chamber are arranged to detect light from the emitter that is reflected
by an object outside the module. Further, one or more spurious-reflection detection
pixels also are in the light detection chamber. One or more light absorbing regions are
provided in or on the second passive optical element and are substantially non-transparent

to light at a wavelength emitted by the light emitter.

[0011] In some implementations, the light absorbing regions define a narrow straight
path from a predefined area on a surface of a transmissive cover of a host device to the
one or more spurious-reflection detection pixels. In some instances, the light absorbing
regions are arranged to block emitter light reflected from one or more pre-defined arcas
of the transmissive cover from reaching the demodulation pixels. Further, in some
implementations, there may be one or more light redirecting eclements in or on the second
passive optical element arranged to redirect at least some light impinging on the second
passive optical element toward the spurious-reflection detection pixels and away from the
demodulation pixels. In some cases, there may be one or more light redirecting elements
in or on the first passive optical element arranged to redirect at least some emitter light

impinging on the first passive optical element toward a pre-defined are.

[0012] In another aspect, an optoelectronic module includes a light emitter operable to
emit light out of the module and demodulation pixels arranged to detect emitter light that
is reflected by an object outside the module back into the module. The module further
includes one or more combined spurious-reflection detection-reference pixels, as well as
processing circuitry to correct for spurious reflections and to compensate for thermal drift
based on signals from the one or more combined spurious-reflection detection-reference

pixels. For example, in some implementations, the processing circuitry is configured to
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correct for spurious reflections based at least in part on signals from the one or more
combined spurious-reflection detection-reference pixels and also is configured to
compensate for thermal drift based at least in part on phase shifts in the signals from the

one or more combined spurious-reflection detection-reference pixels.

[0013] Another aspect describes a method of operating an optoelectronic module
comprising demodulation pixels. The method includes emitting light from the module
toward an object outside the module at a first modulation frequency, detecting, in the
demodulation pixels, light reflected from the object at the first modulation frequency,
emitting light from the module toward the object outside the module at a second
modulation frequency and detecting, in the demodulation pixels, light reflected from the
object at the second modulation frequency. The method further includes identifying a
component in the signals detected by the demodulation pixels, wherein the component is
caused by a reflection from a smudge on a cover glass, or a reflection from the cover
glass, from a filter, or from another optical or non-optical element in the optoclectronic
module or host device in which the optoelectronic module is disposed. The method
includes subtracting out the component so as to determine a phase shift and amplitude

resulting from light reflected by the object.

[0014] Other aspects, features and advantages will be readily apparent from the

following detailed description, the accompanying drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 illustrates an example of a TOF sensor module.

[0016] FIG. 2 is a flow chart showing a method of compensating for spurious reflections.
[0017] FIG. 3 is another example of a TOF sensor module.

[0018] FIG. 4 is yet another example of a TOF sensor module.

[0019] FIG. 5 illustrates a further example of a TOF sensor module.

[0020] FIG. 6 illustrates an example of a TOF sensor module.

[0021] FIG. 7 illustrates another example of a TOF sensor module.

[0022] FIG. 8 illustrates a further example of a TOF sensor module.

4
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[0023] FIG. 9 illustrates yet another example of a TOF sensor module.
[0024] FIG. 10 illustrates a further example of a TOF sensor module.
[0025] FIG. 11 is an example of a phasor diagram based on TOF measurements using

two different modulation frequencies.

DETAILED DESCRIPTION

[0026] FIG. 1 illustrates an example of an optoelectronic module 100 that includes a
light emission channel 102 and a light detection channel 104. A light emitter 106 (i.c., an
illumination source) and a TOF sensor 108 are mounted on a first side of a printed circuit
board (PCB) 110, which forms the bottom side of the module housing. The light emitter
106 can be operable to generate coherent, directional, spectrally defined light emission
with minimal divergence relative to the emission axis (e.g., in the range of 10 to 20
degrees). Examples of the light emitter 106 are a laser diode or a vertical cavity surface
emitting laser (VCSEL).

[0018] A spacer 114 is attached to the first side of the PCB 110 and separates the PCB
110 from an optics member 116. The spacer 114 can be composed of a material (e.g.,
epoxy resin) and have a thickness such that it is substantially non-transparent to
wavelengths of light detectable by the TOF sensor 108. An interior wall 115 of the
spacer 114 provides optical isolation between the module’s two chambers (i.c., the light

emission chamber (channel) 102 and the light detection chamber (channel) 104).

[0019] The optics member 116 includes a respective passive optical element (e.g., a lens)
120A, 120B for each channel 102, 104. Light from the emitter 106 is directed out of the
module 100 and, if reflected by an object back toward the module’s detection channel
104, can be sensed by the TOF sensor 108.

[0020] The TOF sensor 108 includes an array of spatially distributed light sensitive
clements (e.g., pixels), as well as logic and other electronics to read and process the pixel
signals. The pixels can be implemented, for example, in a single integrated

semiconductor chip (e.g., a CCD or CMOS sensor). The emitter 106 and the TOF sensor
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108 can be connected electrically to the PCB 110, for example, by conductive pads or
wire bonds. The PCB 110, in turn, can be connected electrically to other components
within a host device (e.g., a smart phone). The TOF sensor 108 is operable to resolve
distance based on the known speed of light by measuring the time-of-flight of a light
signal between the sensor and the subject for each point of an object. The circuitry in the
TOF sensor 108 can use signals from the pixels to calculate, for example, the time the
light has taken to travel from the emitter to an object of interest and back to the focal

plane array.

[0021] The TOF sensor 108 can be implemented, for example, as an integrated sensor
chip. As shown in FIG. 1, the TOF sensor 108 includes active demodulation detection
pixels 124, one or more dedicated “spurious reflection detection™ pixels 126 and one or
more reference pixels 128, Although the number and arrangement of the demodulation
detection pixels 124 can vary depending on the implementation, in some
implementations, the demodulation detection pixels are in a 3x3 array. In some cases, the
spurious-reflection detection pixels may be referred to as smudge detection pixels. Each
spurious-reflection detection pixel 126 can be implemented, for example, as a CCD pixel
or a photodiode. The demodulation detection pixels 124 provide the primary signals for
determining the proximity of an object outside the module. The demodulation detection
pixels 124 preferably are centered below the light detection channel lens 120B. The
center optical emission axis of the emitter 106 preferably is aligned with the emitter
channel lens 120A. Signals sensed by the spurious-reflection detection pixel(s) 126 can
be used to correct for spurious reflections such as from a smudge (i.c., a blurred or
smeared mark such as a fingerprint or dirt) 130 on the transmissive cover (e.g., a cover
glass) 132 of a host device (e.g., a smart phone or other handheld computing device). In
some implementations, signals sensed by the spurious-reflection detection pixel(s) 126
can be used to correct for spurious reflections resulting from other direct reflections such
as from the cover glass, from a filter, or from other optical/non-optical components in the
optoelectronic module or host device. If such corrections are not performed, the TOF
sensor may produce a spurious output signal, which can compromise the accuracy of the

proximity data collected. A small amount of light from the emitter 106 can be reflected,

792



WO 2015/136100 PCT/EP2015/055358

for example, by the lens 120A back toward the reference pixel(s) 128. Signals from the
reference pixel(s) 128 can be used to compensate for thermal drift and/or to provide a

zero distance measurement.,

[0027] The sensor’s processing circuitry can be implemented, for example, as one or
more integrated circuits in one or more semiconductor chips with appropriate digital logic
and/or other hardware components (e.g., read-out registers; amplifiers; analog-to-digital
converters; clock drivers; timing logic; signal processing circuitry; and/or a
microprocessor). The processing circuitry may reside in the same semiconductor chip as

the sensor 108 or in one or more other semiconductor chips.

[0028] In the example of FIG. 1, an interior wall 115 of the spacer 114 provides optical
isolation between the module’s two chambers (i.c., the light emission channel 102 and the
light detection channel 104). The reference pixel(s) 128 are located in the emitter
chamber 102, whereas the demodulation detection pixels 124 and the dedicated spurious-
reflection detection pixel(s) 126 are located in the detection chamber 104. The interior
wall 115 prevents emitter light, which is reflected, for example, back into the emission
chamber 102 by the lens 120A, from impinging on the demodulation detection pixels

124,

[0029] In some of the examples described here, it is assumed that spurious reflections
may be caused by a smudge on the cover glass of the host device. However, the modules
and techniques described below also can be applicable to spurious reflections resulting
from other direct reflections such as from the cover glass, from a filter, or from other

optical/non-optical components in the optoelectronic module or host device.

[0030] Preferably, the spurious-reflection detection pixel(s) 126 should be positioned

relative to the demodulation detection pixels 124 such that, in the absence of a smudge on
cover 132 of the host device, the spurious-reflection detection pixel 126 senses, at most, a
signal representing only a relatively low optical intensity of light reflected by an object in

a scene outside the module 100. In contrast, when a smudge 130 is present on the surface
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of the cover 132 of the host device, the smudge may redirect some of the light reflected
by the external object toward the spurious-reflection detection pixel(s) 126 such that they
sense a significantly higher optical intensity. For example, the spurious-reflection
detection pixel 126 can be positioned on the sensor 108 a sufficient lateral distance (d)
from the demodulation detection pixels 124 such that, in the absence of a smudge on
cover 132 of the host device, the spurious-reflection detection pixel 126 senses, at most,
only a relatively low optical intensity of light reflected by an object in a scene outside the
module 100. On the other hand, a smudge 130 on the surface of the cover 132 of the host
device can cause some of the light reflected by the external object to be redirected toward
the spurious-reflection detection pixel 126 such that it senses a significantly higher

optical intensity.

[0031] The optical intensity sensed by the spurious-reflection detection pixel 126 can be
used by the sensor’s processing circuitry to determine whether a smudge is present on
the cover glass 132 and to determine how much light (i.e., amplitude and phase) collected
by the active pixels 124 is due to the smudge rather than the object of interest. For
example, as illustrated by FIG. 2, during each TOF frame, the sensor’s control circuitry
can initiate an intensity (DC) measurement of the light sensed by the spurious-reflection
detection pixel 126 (block 200). Based at least in part on the output of the spurious-
reflection detection pixel, the sensor’s processing circuitry then can determine whether a
smudge is present on the cover glass 132 (block 202). In particular, in some
implementations, a high intensity sensed by the spurious-reflection detection pixel 126 in
combination with a TOF sensor output of about zero (i.e., cover glass level) indicates the
presence of an object on the surface of the cover glass 132. On the other hand, a high
intensity sensed by the spurious-reflection detection pixel 126 in combination with a TOF
measurement greater than zero indicates the presence of a smudge. Further, the intensity
sensed by the spurious-reflection detection pixel 126 is proportional to the magnitude of
the smudge vector. As the phase of the smudge vector is available to the sensor’s
processing circuitry, the processing circuitry can use vector subtraction to compensate for
the distance error caused by the smudge (block 204). For example, the intensity of the

light reflected by the smudge 130 can be measured by the spurious reflection pixel 126.
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Assuming that the path length to the smudge 130 is known to the sensor’s processing
circuitry, the phase also can be determined (e.g., as part of a calibration process). If the
magnitude of the light on the spurious-reflection detection pixel 126 is known, the
magnitude of the light component incident on the active pixels 124 that is a result of
reflection from the smudge 130 can be inferred by the sensor’s processing circuitry. The
phase of the light component that is a result of the reflection from the smudge 130 can be

factored out of the measured signals obtained from the active pixels 124,

[0032] In some implementations, as indicated by FI1G. 3, the optoelectronic module
includes a reflector 140 to direct light reflected by a smudge 130 toward the spurious-
reflection detection pixel(s) 126. The reflector 140 can be positioned, for example, in the
vicinity of the spurious-reflection detection pixel 126 just below the transmissive cover
132 of the host device. The presence of the reflector 140 can enhance sensing by the
spurious-reflection detection pixel 126 by controlling the specific reflection angles at
which reflected light is detected. Thus, in the absence of a smudge 130, light 134 from
the emitter 106 can reach an object 135 outside the module and can be reflected by the
object 135 for sensing by the demondulation detection pixels 124. The presence of a
smudge 130 can cause some of the emitter light 136 to be reflected back into the module.
The reflector 130 can re-direct some of that reflected light toward the spurious-reflection
detection pixel 126. The sensor’s processing circuitry can use the change (i.c., increase)
in intensity sensed by the spurious-reflection detection pixel 126 to determine that there
is a smudge 130 on the transmissive cover 132 and/or to compensate for a distance error

caused by the smudge.

[0033] In some cases, emitter light reflected by a smudge 130 on the transmissive cover
132 results in multiple internal reflections 142 off opposing inner surfaces 132A, 132B of
the cover as shown in FIG. 4. Such light 142 may be reflected, for example, by internal
reflection within the transmissive cover 132. Some of the reflected light 142, however,
will pass, for example, through the sensor-side surface 132A of the cover 132. This light
144 can be directed to the spurious-reflection detection pixel(s) 126 by a light guide 146

coupled between the surface 132A and the pixel 126. Thus, in the absence of a smudge

9
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130, light 134 from the emitter 106 can reach an object 135 outside the module and can
be reflected by the object 135 for sensing by the demondulation detection pixels 124,
The presence of a smudge 130 can cause some of the emitter light 136, 142 to be
reflected back into the module. The light guide 146 can guide such light 144 to the
spurious-reflection detection pixel 126. The sensor’s processing circuitry can use the
change (i.e., increase) in intensity sensed by the spurious-reflection detection pixel 126 to
determine that there is a smudge 130 on the transmissive cover 132 and/or to compensate

for a distance error caused by the smudge.

[0034] FIG. 5 illustrates another implementation of an optoelectronic module that can
facilitate enhanced detection of a smudge 130, for example, on the cover glass 132 of the
host device. In this example, a smudge detection area 160 is defined on the object-side
(i.c., exterior) surface 162 of the cover glass 132. The pre-specified smudge detection
arca 160 lies, for example, near the edge of the field of illumination (FOI) of the light
emitter 106 (e.g., a VCSEL), outside the field of view (FOV) of the TOF’s demodulation
detection pixels 124. As further illustrated in FIG. 5, one or more light absorbing regions
164 are provided in or on the material of the detection channel passive optical element
120B so as to leave only a relatively narrow straight path 166 from the smudge detection
arca 160 of the cover glass 132 to the spurious-reflection detection pixel(s) 126. The
light absorbing regions are substantially non-transparent (i.c., opaque) to light at a
wavelength emitted by the light emitter Although the example of FIG. 5 shows two such
light absorbing regions 164, other implementations may include only a single light
absorbing region, whereas some implementations may have more than two light
absorbing regions in the material of the detection channel passive optical element 120B.
If the light emitter 106 emits, for example, light in the infra-red (IR) range, each light
absorbing region 164 can be formed as an IR-absorbing region, for example, by laser
blackening specified regions of the passive optical element 120B or by depositing a thin

coating of black chrome on the specified areas of the passive optical element 120B.

[0035] FIG. 6 illustrates an optoelectronic module 200 that can help block at least some
light 170 reflected by a smudge 130 on the cover glass 132 of the host device, or light

10
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172 reflected by the cover glass itself, and prevent the reflected light from impinging on
the demodulation detection pixels 124. The module 200 includes a passive optical
clement (e.g., a lens) 120A that intersects the optical emission path 174, and a passive
optical clement 120B (e.g., a lens) that intersects the optical detection path 176. In the
illustrated example, both passive optical clements 120A, 120B rest on the surface of a
transparent substrate 178. In other implementations, the passive optical elements 120A,

120B may be part of an optics member as shown, for example, in FIG. 1.

[0036] As further illustrated in FIG. 6, the passive optical element 120B for the detection
channel includes one or more light absorbing regions 180 that absorb light at the
wavelength(s) emitted by the emitter 106. In some instances, each light absorbing region
180 is formed as an IR-absorbing region, for example, by laser blackening specified
regions of the passive optical element 120B or by depositing a thin coating of black
chrome on specified arcas of the passive optical element 120B. The light absorbing
regions 180 can be positioned on the passive optical element 120B so as to intersect, and
effectively block, light 170 reflected by the smudge and/or light 172 reflected by the
cover glass 132 that otherwise would impinge on the demodulation detection pixels 124,
On the other hand, the passive optical element 120B can direct some parts 182 of the
light reflected by the smudge 130 toward the spurious-reflection detection pixels 126.
Likewise, light reflected by an object 135 in a scene outside the module 200 can be
reflected along paths (e.g., path 176) that pass through the passive optical element 120B

and impinge on the demodulation detection pixels 124.

[0037] FIG. 7 illustrates an optoelectronic module 202 that includes one or more light
redirecting elements 190 that can redirect some of the light 192, 194 impinging on the
detection channel’s passive optical element 120B toward the spurious-reflection detection
pixels 126 and away from the sensor 108 (i.c., away from the demodulation detection
pixels 124). In particular, as shown in FIG. 7, the surface of the optical clement 120B for
the detection channel can have one or more passive optical elements 190, such as
refractive or diffractive lenses, that redirect the light 192, 194 toward the spurious-

reflection detection pixels 126. In some implementations, the passive optical elements

11
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190 are integrated within the optical element 120B. The light redirecting elements 190
can be positioned on the passive optical element 120B so as to intersect light 192
reflected by the smudge and/or light 194 reflected by the cover glass 132 that otherwise
might impinge on the demodulation detection pixels 124. On the other hand, light
reflected by an object 135 in a scene outside the module 200 can be reflected along paths
(e.g., path 176) that pass through the passive optical element 120B and impinge on the

sensor’s demodulation detection pixels 124,

[0038] FIG. 8 illustrates another optoelectronic module 204 in which the emitter
channel’s passive optical element 120A has one or more light redirecting clements 196
that can redirect some of the emitter light 174 toward a particular region 133 on the outer
surface 132B of the cover glass 132. Each light redirecting element 196 can be, for
example, a passive optical element such as a refractive or diffractive clement. In some
implementations, the light directing elements 190 are integrated within the optical
clement 120B. If a smudge 130 is present on the surface 132B of the cover glass 132,
light 198 reflected by the smudge 130 at the particular region 133 of the cover glass
surface passes through the passive optical element 120B, which directs the light 198
toward the spurious-reflection detection pixels 126. Preferably, the spurious-reflection
detection pixel(s) 126 arc located at a sufficiently large lateral distance from the sensor
108 such that the light incident on the spurious-reflection detection pixel(s) 126 is based
only (or at least primarily) on light reflected by the smudge 130 and not light reflected by
the object 135. The detection channel’s passive optical element 120B should be designed
to direct the light 198 from the smudge 130 at the proper angle so that the light 198

impinges on the spurious-reflection detection pixel(s) 126.

[0039] In some instances, one or more of the features described in the foregoing
examples may be combined in a single module. FIG. 9 illustrates one such example of a
module 206 in which the emitter channel optical element 122A includes a light directing
clement 196 as described in connection with FIG. 8 and the detection channel optical
element 122B includes a light absorbing region 180 as described in connection with FIG.

7. Modules includes other combinations of the various features described in this

12
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disclosure can be provided to improve the modules” ability to distinguish between signals
indicative of reflections from an object interest and signals indicative of a spurious

reflections.

[0040] As described above, the modules can include one or more dedicated spurious-
reflection detection pixels 126 that are separate from the demodulation detection pixels
124. As also described, the modules also may include one or more dedicated reference
pixels 128 that can be used to compensate for thermal drift/or and to provide a zero
distance measurement (see, e.g., FIG. 1). In some implementations, however, the module
can include pixels that serve as combined reference and spurious-reflection detection
pixels. An example is illustrated in FIG. 10, which includes one or more pixels 126A
whose output can be used by the sensor’s processing circuitry to correct for spurious
reflections such as from a smudge and also to compensate for thermal drift/or and to
provide a zero distance measurement. For example, signals from the pixels 126 A can be
used to determine both amplitude and phase during calibration of the module. During
subsequent operation, changes in amplitude of the detected signals of the pixels 126A can
indicate the presence of the smudge and can be used to correct for spurious reflections
caused by the smudge. Likewise, phase shifts in the detected signals of the pixels 126A

can be used to compensate for thermal drift.

[0041] In some implementations, instead of, or in addition to, dedicated smudge pixels,
signals obtained from the demodulation detection pixels 124 can be used to determine the
wave component (i.e., amplitude, phase) that is caused by reflection from a smudge 130
on the surface of the cover glass 132. To do so, the wave component caused by the
smudge reflection can be estimated, for example, by repeating measurements at two
different modulation frequencies. Assuming the distance between the smudge 130 and
the emitter 106 is known to the module’s processing circuity (c.g., based on a previously
stored value in memory and/or calibration of the module), the additional wave component
resulting from the presence of the smudge 130 can be determined by the processing
circuity. Any such additional wave component would be common to signals detected by

the demodulation detection pixels 124 at both modulation frequencies. The additional

13

799



WO 2015/136100 PCT/EP2015/055358

wave component caused by the smudge 130 can be eliminated (i.e., subtracted out)
through known vector manipulation techniques, and the wave components resulting from
light reflected by the object of interest outside the module can be calculated. The

resulting phase shift then can be used to calculate the distance to the object 135.

FIG. 11 is an example of a phasor diagram 300 illustrating the various light components
in which two different modulation frequencies are used as described above. In FIG. 11,
302 is the wave component (i.¢., vector representing amplitude, phase) caused by
reflection from the smudge, 304 is the wave component caused by light reflected from
the object at the low modulation frequency, 306 is the wave component that represents
the sum of the light reflected both by the object and by the smudge at the low modulation
frequency, 308 is the wave component caused by light reflected from the object at the
high modulation frequency, and 310 is the wave component that represents the sum of the
light reflected both by the object and by the smudge at the high modulation frequency.
The wave components (i.c., phasors) 302, 304, 306, 308, and 310 in FIG. 11 are rotated
by a phase corresponding to the known distance of the smudge measured at the respective
modulation frequency. In the phasor diagram 300, the two phasors 306, 310
(representing the received light signal at low and high demodulation frequencics,
respectively) lie on a circle whose center corresponds to the amplitude of the smudge
component. Thus, vector manipulation can be used to eliminate the wave component

caused by the smudge.

[0042] In some implementations, it can be advantageous to increase the difference
between the applied modulation frequencies. Further, it some cases, the lower frequency
can be replaced by two DC measurements (i.e., switching the illumination on and off,

respectively).

[0043] As previously described, the foregoing modules and techniques can be applicable
to correction of errors caused by spurious reflections resulting from reflections from the
cover glass, from a filter, or from other optical/non-optical components in the

optoelectronic module or host device.
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[0044] The modules described here can be integrated advantageously into devices such

as smart phones, tablets, and other host devices in which space is at a premium.
[0045] Various modifications can be made to the foregoing examples. Further, features

from the different examples can, in some instances, be integrated in the same module.

Other implementations are within the scope of the claims.
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What is claimed is:
1. An optoclectronic module comprising:

a light emitter to generate light to be emitted from the module;

a plurality of spatially distributed light sensitive elements arranged to detect light
from the emitter that is reflected by an object outside the module; and

one or more dedicated spurious-reflection detection pixels.

2. The optoclectronic module of claim 1 wherein the light emitter is disposed in a first
chamber of the module and the spatially distributed light sensitive elements and one or
more dedicated spurious-reflection detection pixels are disposed on a second chamber of

the module.

3. The optoclectronic module of claim 1 including circuitry operable to use a signal from
the one or more dedicated spurious-reflection detection pixels to correct for a spurious

reflection.

4. The optoelectronic module of claim 3 including circuitry operable to use a signal from
the one or more dedicated spurious-reflection detection pixels to factor out a component
of light reflected by a smudge present on a transmissive cover from a component of light

detected by the spatially distributed light sensitive elements.

5. The optoelectronic module of claim 1 including circuitry operable to use output
signals from the one or more dedicated spurious-reflection detection pixels to determine
whether a smudge is present on a glass cover of a host device in which the module is

disposed.

6. The optoclectronic module of any one of claims 1-5 wherein the spatially distributed
light sensitive elements are demodulation pixels, the module further including processing
circuitry operable to determine a distance to an object outside the module based at least in

part on signals from the demodulation pixels.
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7. The optoelectronic module of claim 1 further including a reflector to direct a spurious
light reflected by a smudge, a transmissive cover or other component to the one or more

dedicated spurious-reflection detection pixels.

8. The optoelectronic module of claim 7 wherein the module is disposed within a host
device that includes a transmissive cover, and wherein the reflector is disposed so to
direct light reflected by a smudge on the transmissive cover to the one or more dedicated

spurious-reflection detection pixels.

9. The optoelectronic module of claim 1 further including a light guide to direct light
from a transmissive cover of a host device within which the module is disposed to the one

or more dedicated spurious-reflection detection pixels.

10. The optoelectronic module of claim 9 wherein the light guide is disposed to receive
light reflected by a smudge on a surface of the transmissive cover and reflected internally
within the transmissive cover, and to guide the received light to the one or more

dedicated spurious-reflection detection pixels.

11. An optoelectronic module comprising:

a light emission chamber and a light detection chamber;

a first passive optical element disposed over the light emission chamber and a
second passive optical element disposed over the light detection chamber;

a light emitter in the light emission chamber operable to emit light toward the first
passive optical element;

a plurality of demodulation pixels in the light detection chamber arranged to
detect light from the emitter that is reflected by an object outside the module;

one or more spurious-reflection detection pixels in the light detection chamber;
and

one or more light absorbing regions in or on the second passive optical element
for defining a narrow straight path from a predefined area on a surface of a transmissive

cover of a host device to the one or more spurious-reflection detection pixels, wherein the
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one or more light absorbing regions are substantially non-transparent to light at a

wavelength emitted by the light emitter.

12. The optoelectronic module of claim 11 including a plurality of the light absorbing

regions in or on the second passive optical element.

13. The optoelectronic module of claim 12 wherein a first one of the light absorbing
regions is on a surface of the second passive optical element facing the demodulation
pixels, and a second one of the light absorbing regions is on a surface of the second

passive optical element facing away the demodulation pixels.

14. The optoelectronic module of claim 11 wherein the light emitter is operable to emit
infra-red light and wherein the one or more light absorbing regions are substantially non-

transparent to the infra-red light.

15. The optocelectronic module of claim 11 wherein each of the one or more light

absorbing regions comprises a black chrome coating.

16. The optoelectronic module of claim 11 wherein each of the one or more light

absorbing regions is a laser blackened region of the second passive optical clement.

17. An optoelectronic module comprising:

a light emission chamber and a light detection chamber;

a first passive optical element disposed over the light emission chamber and a
second passive optical element disposed over the light detection chamber;

a light emitter in the light emission chamber operable to emit light toward the first
passive optical element;

a plurality of demodulation pixels in the light detection chamber arranged to
detect light from the emitter that is reflected by an object outside the module;

one or more spurious-reflection detection pixels in the light detection chamber;

and
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one or more light absorbing regions in or on the second passive optical element
arranged to block emitter light reflected from one or more pre-defined areas of a

transmissive cover of a host device from reaching the demodulation pixels.

18. The optoclectronic module of claim 17 wherein the one or more light absorbing
regions are disposed so as to allow emitter light reflected by an object outside the module
back toward the module to pass through the second passive optical clement to the

demodulation pixels.

19. The optoelectronic module of claim 17 wherein each of the one or more light

absorbing regions comprises a black chrome coating.

20. The optoelectronic module of claim 17 wherein cach of the one or more light

absorbing regions is a laser blackened region of the second passive optical element.

21. An optoelectronic module comprising:

a light emission chamber and a light detection chamber;

a first passive optical element disposed over the light emission chamber and a
second passive optical element disposed over the light detection chamber;

a light emitter in the light emission chamber operable to emit light toward the first
passive optical element;

a plurality of demodulation pixels in the light detection chamber arranged to
detect emitter light that is reflected by an object outside the module back into the module;

one or more spurious-reflection detection pixels in the light detection chamber;
and

one or more light redirecting elements in or on the second passive optical element
arranged to redirect at least some light impinging on the second passive optical element
toward the one or more spurious-reflection detection pixels and away from the

demodulation pixels.
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22. The optoelectronic module of claim 21 wherein each of the light redirecting elements

is a diffractive or refractive element.

23. An optoclectronic module comprising:

a light emission chamber and a light detection chamber;

a first passive optical element disposed over the light emission chamber and a
second passive optical element disposed over the light detection chamber;

a light emitter in the light emission chamber operable to emit light toward the first
passive optical element;

a plurality of demodulation pixels in the light detection chamber arranged to
detect emitter light that is reflected by an object outside the module back into the module;

one or more spurious-reflection detection pixels in the light detection chamber;
and

one or more light redirecting elements in or on the first passive optical element
arranged to redirect at least some emitter light impinging on the first passive optical

clement toward a pre-defined are.

24. The optoclectronic module of claim 23 wherein each of the light redirecting elements
is arranged to redirect at least some of the emitter light toward a particular respective

region of a transmissive cover of a host device in which the module is disposed.

25. The optoelectronic module of claim 23 wherein each of the light redirecting elements

is a refractive or diffractive element.

26. An optoelectronic module comprising:

a light emitter operable to emit light out of the module;

a plurality of demodulation pixels arranged to detect emitter light that is reflected
by an object outside the module back into the module;

one or more combined spurious-reflection detection-reference pixels; and
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processing circuitry to correct for spurious reflections and to compensate for
thermal drift based on signals from the one or more combined spurious-reflection

detection-reference pixels.

27. The optoelectronic module of claim 26 wherein the processing circuitry is configured
to:

correct for spurious reflections based at least in part on signals from the one or
more combined spurious-reflection detection-reference pixels; and

compensate for thermal drift based at least in part on phase shifts in the signals

from the one or more combined spurious-reflection detection-reference pixels.

2&8. A method of operating an optoclectronic module comprising demodulation pixels,
the method comprising:

emitting light from the module toward an object outside the module at a first
modulation frequency;

detecting, in the demodulation pixels, light reflected from the object at the first
modulation frequency;

emitting light from the module toward the object outside the module at a second
modulation frequency;

detecting, in the demodulation pixels, light reflected from the object at the second
modulation frequency;

identifying a component in the signals detected by the demodulation pixels,
wherein the component is caused by a reflection from a smudge on a cover glass, or a
reflection from the cover glass, from a filter, or from another optical or non-optical
element in the optoelectronic module or host device in which the optoclectronic module
is disposed; and

subtracting out the component so as to determine a phase shift and amplitude

resulting from light reflected by the object.

29. The method of claim 28 including using vector manipulation to subtract out the phase

shift caused by the reflection from the smudge or by the reflection from the cover glass,
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from the filter, or from the other optical or non-optical element in the optoelectronic

module or host device in which the optoelectronic module is disposed.

30. The method of claim 28 further including determining a distance to the object based

at least in part on the phase shift resulting from light reflected by the object.
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Patents and U.S. Patent Application Publications are not provided. Copies of the references are
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As provided for by 37 CFR §1.97(g) and (h), no inference should be made that the
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representation is being made that a search has been conducted or that this statement encompasses
all the possible relevant information.

This Information Disclosure Statement is being filed before the mailing date of the first
Office Action on the merits.

Applicant believes that no fee is required for submission of this statement. However, if
any additional fees are due for the submission of this Information Disclosure Statement, please
deduct those fees from Deposit Account No. 20-1430.

Respectfully submitted,
/ William L. Shaffer /

William L. Shaffer
Registration No. 37,234
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KILPATRICK TOWNSEND & STOCKTON LLP

By: La Renda Mever-Johnson

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 1720

Angus Pacala Examiner: Not yet assigned

Application No.: 16/046,643 Technology Center/Art Unit: 2414

Filed: July 26,2018

For: OPTICAL IMAGING SYSTEM WITH INFORMATION DISCLOSURE
A PLURALITY OF SENSE STATEMENT
CHANNELS

Customer No.: 20350

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

The references cited on attached form PTO/SB/08A are being called to the attention of
the Examiner. In accordance with the provisions of 37 CFR §1.98(a)(2), copies of any cited U.S.
Patents and U.S. Patent Application Publications are not provided. Copies of the remaining cited
references are provided.

It is respectfully requested that the cited references be expressly considered during the
prosecution of this application, and the references be made of record therein and appear among
the “references cited” on any patent to issue therefrom.

As provided for by 37 CFR §1.97(g) and (h), no inference should be made that the

information and references cited are prior art merely because they are in this statement and no
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representation is being made that a search has been conducted or that this statement encompasses
all the possible relevant information.
This Information Disclosure Statement is being filed before the mailing date of the first

Office Action on the merits.

Applicant believes that no fee is required for submission of this statement. However, if
any additional fees are due for the submission of this Information Disclosure Statement, please
deduct those fees from Deposit Account No. 20-1430.

Respectfully submitted,
/David B. Raczkowski/

David Raczkowski
Registration No. 52,145

KILPATRICK TOWNSEND & STOCKTON LLP
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PCT/US2017/015683 17.04.2017

PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

To: | ESTER J. VINCENT

LLP
1279 OAKMEAD PARKWAY
SUNNYVALE, CA 94085

BLAKELY SOKOLOFF TAYLOR & ZAFMAN

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

@aymorinivear) | 7 APR 2017

Applicant’s or agent’s file reference

FOR FURTHER ACTION

10176P002PCT See paragraph 2 below
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2017/015683 30 January 2017 29 January 2016

International Patent Classification (IPC) or both national classification and IPC
IPC(8) - G01Q 40/00; GO1N 21/01; GO1N 21/17; G11B 7/125 (2017.01)

CPC-  G01Q 40/00; GO1N 21/01; GO1N 21/17; G11B 7/125 (2017.02)

Applicant o)STER, INC.

Box MNo. 11 Priority

000 XOOOKX

2. FURTHER ACTION

1. This opinion contains indications relating to the following items:

Box No. [ Basis of the opinion

Box No. 11l Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box No. IV Lack of unity of invention

Box No. V. Reasoned statement under Rule 43bis. 1 (a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl Certain defects in the international application

Box No. VIII Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

MName and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.0. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Date of completion of this opinion Authorized officer

Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

15 March 2017
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WRITTEN OPINION OF THE International application Mo.

INTERNATIONAL SEARCHING AUTHORITY

PCT/US2017/015683
Box No. 1 Basis of this opinion
. With regard to the language, this opinion has been established on the basis of:
E the international application in the language in which it was filed.
D a translation of the international application into which is the language of a translation

furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. El This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 43bis. 1(a)).

3. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing;

a. D forming part of the international application as filed:
l:l in the form of an Annex C/ST.25 text file.
|:| on paper or in the form of an image file.

b. I:] furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
[] in the form of an Annex C/ST.25 text file (Rule 13ter. 1(a)).

D on paper or in the form of an image file (Rule 13ser.1(b) and Administrative Instructions, Section 713).

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (January 2015)

830



PCT/US2017/015683 17.04.2017

WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2017/015683

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1.  Statement

Novelty (N) Claims §i<t YES
Claims None NO
Inventive step (IS) Claims 12-15 YES
Claims 1-11, 16-26 NO
Industrial applicability (1A) Claims 1-26 YES
Claims None NO

2. Citations and explanations:

Claims 1-3, 6, 7, and 10 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of
SHARP (hereinafter Sharp).

Regarding claim 1, Border discloses a calibration system (col. 1, lines 56-67, col. 7, lines 30-67, discussing a calibration system for an
active or a dual lens rangefinder system) comprising:

an aperture layer defining a first calibration aperture (col. 12, lines 51-67, col. 22, lines 1-9, discussing an adjustable aperture [calibration
apertures] and shutter assembly [not shown] in each lens 3, 4 is used to control the exposure to image sensors 12 and 14, wherein either
of the apertures may be considered a calibration aperture);

a lens layer comprising a first calibration lens substantially axially aligned with the first calibration aperture (col. 23, lines 54-57, Fig. 16B,
wherein each lens 612 and 616 [creating a lens layer wherein one of the lenses is a first calibration lenses] and each associated image
sensor 614 and 618 [pixels] are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the incidence of IR
radiation on the image pixels; see Fig. 16B illustrating a layered structure having a lens layer, a filter layer, and a pixel layer),

an optical filter adjacent the lens layer opposite the aperture layer (col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 and each
associated image sensor 614 and 618 are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the
incidence of IR radiation on the image pixels);

a pixel layer adjacent the optical filter opposite the lens layer(col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [the lens layer]
and each associated image sensor 614 and 618 [first and second pixels] are mounted to a substrate 620 with an IR cut filter 622 [optical
filter] in between to reduce the incidence of IR radiation on the image pixels), the pixel layer comprising a first calibration pixel substantially
axially aligned with the first calibration lens (see Fig. 16B illustrating the alignment of the lens, filter and pixel), wherein the first calibration
pixel is constructed to detect light power of an illumination source configured to output a band of wavelengths of light as a function of a
parameter (col. 2, lines 20-47, wherein it is known in the art that an analog photoelectric signal is generated by each optical sensor
corresponding to the light intensity at the portion of the image which is incident on the sensor and the offset information x is used to
calculate the distanced to the scene by triangulation. The calculated distance d to the scene is used to guide the positioning [i.e.,
calibration] of an adjustable focus lens to produce the best image quality). Border also discusses environmental conditions such as
temperature and humidity can cause the distance portion of a distance sensor, such as a rangefinder, to change by a significant
percentage (col. 2, lines 58-67).

Border, however, lacks teaching using a first regulator configured to modify the parameter of the illumination source based on a light
power detected by the first calibration pixel.

Sharp, however, discusses an optical sensing device (para. 14, 32, 33, Figs. 4, 7, discussing optical sensor system 1 including a light
emitting laser 10 and a photodiode detector 40, wherein the laser 10 has a front surface 20 for emitting a second front light and a rear
surface for emitting a first rear light and wherein the lights are detected by photodiode light detectors) and teaches using a first regulator
configured to modify the parameter of the illumination source based on a light power detected by the first calibration element (para. 14-15,
29, 32-37, discussing the system includes an environmental parameter calculation unit that calculates an environmental parameter, as an
index of an environment around the light emitting device, by employing a value of one or both of the first and second emission lights
detected by the emission light detectors such that when the environmental parameter, such as temperature, humidity or gas concentration,
has changed, a change rate of intensity of the first emission light is smaller than a change rate of intensity of the second emission light;
paras. 161-162, 166, wherein a temperature regulator regulates a temperature of the optical system and keeps it at a preset temperature).
It would have been obvious to one of ordinary skill in the art at the time of the invention to use a temperature regulator as taught by Sharp
in the system of Border in order to maintain the temperature of the system at a preset temperature to ensure accuracy of sensor readings
is maintained (Sharp, paras. 166, 218).
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INTERNATIONAL SEARCHING AUTHORITY PCTNIS2017/015683

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of?

Regarding claim 2, Border discloses the calibration system of claim 1 further comprising a sensing circuit, the sensing circuit comprising:
a sense aperture defined in the aperture layer (col. 12, lines 51-67, col. 22, lines 1-9, discussing an adjustable aperture and shutter
assembly [not shown] in each lens 3, 4 is used to control the exposure to image sensors 12 and 14, wherein one of the apertures may be
considered a calibration aperture and the other a sense aperture);

a sense lens substantially axially aligned with the sense aperture (col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [creating
a lens layer wherein one of the lenses is a first calibration lens and the other is a sensor lens aligned with a corresponding sense
aperture [not shown)] and each associated image sensor 614 and 618 [one a calibration pixel, the other a sense pixel] are mounted to a
substrate 620 with an IR cut filter 622 [optical filter layer for both lens components] in between to reduce the incidence of IR radiation on
the image pixels; see Fig. 16B illustrating a layered structure having a lens layer, a filter layer, and a pixel layer); and

a sense pixel substantially aligned with the sense lens(col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [creating a lens
layer wherein one of the lenses is a first calibration lens and the other is a sensor lens aligned with a corresponding sense aperture [not
shown]] and each associated image sensor 614 and 618 [one a calibration pixel, the other a sense pixel] are mounted to a substrate 620
with an IR cut filter 622 [optical filter layer for both lens components] in between to reduce the incidence of IR radiation on the image
pixels; see Fig. 168 illustrating a layered structure having a lens layer, a filter layer, and a pixel layer).

Regarding claim 3, Border discloses the calibration system of claim 2 wherein the sensing circuit shares the optical filter that is adjacent
the lens layer opposite the aperture layer (see Fig. 16B, wherein the filter layer is between the pixel layer and the lens layer).

Regarding claim 6, Border lacks teaching the calibration system of claim 1 wherein the first regulator comprises a temperature regulator,
the temperature regulator being configured to modify a temperature of the illumination source based on the light power detected by the
first calibration pixel.

Sharp, however, discusses an optical sensing device (para. 14, discussing optical sensor system including a light emitting device that
generates first emission light for use in a predetermined application, the light emitting device further generating second emission light,
wherein the optical sensor system further includes an emission light detector that detects the second emission light) and teaches the first
regulator comprises a temperature regulator, the temperature regulator being configured to modify a temperature of the illumination
source based on the light power detected by the first calibration pixel (para. 14-15, 29, discussing the system includes an environmental
parameter calculation unit that calculates an environmental parameter, as an index of an environment around the light emitting device, by
employing a value of one or both of the first and second emission lights detected by the emission light detectors such that when the
environmental parameter, such as temperature, humidity or gas concentration, has changed, a change rate of intensity of the first
emission light is smaller than a change rate of intensity of the second emission light; paras. 161-162, 166, wherein a temperature
regulator regulates a temperature of the optical system and keeps it at a preset temperature; para. 237, wherein the oscillation threshold
[duty cycle] of the source can be reduced and power saving can be realized). It would have been obvious to one of ordinary skill in the art
at the time of the invention to use a temperature regulator as taught by Sharp in the system of Border in order to maintain the
temperature of the system at a preset temperature to ensure accuracy of sensor readings is maintained (Sharp, paras. 166, 218).

Regarding claim 7, Border lacks teaching the calibration system of claim 1 wherein the first requlator modifies a duty cycle of the
ilumination source.

Sharp, however, discusses an optical sensing device (para. 14, discussing optical sensor system including a light emitting device that
generates first emission light for use in a predetermined application, the light emitting device further generating second emission light,
wherein the optical sensor system further includes an emission light detector that detects the second emission light) and teaches the first
regulator modifies a duty cycle of the illumination source (para. 237, wherein the oscillation threshold [duty cycle] of the source can be
reduced and power saving can be realized). It would have been obvious to one of ordinary skill in the art at the time of the invention to
use a temperature regulator to modify the duty cycle of the source as taught by Sharp in the system of Border in order to maintain the
temperature of the system at a preset temperature fo ensure accuracy of sensor readings is maintained (Sharp, paras. 166, 218).

Regarding claim 10, Border discloses the calibration system of claim 1 wherein the aperture layer further defines a second calibration
aperiure (col. 12, lines 51-67, col. 22, lines 1-9, discussing an adjustable aperture [calibration apertures] and shutter assembly [not
shown] in each lens 3, 4 is used to control the exposure to image sensors 12 and 14, wherein either of the apertures may be considered
a calibration aperture), the lens layer comprises a second calibration lens axially offset from the second calibration aperture(col. 23, lines
54-57, Fig. 16B, wherein each lens 612 and 616 [creating a lens layer with first and second calibration lenses] and each associated
image sensor 614 and 618 [pixels] are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the
incidence of IR radiation on the image pixels; see Fig. 16B illustrating a layered structure having a lens layer, a filter layer, and a pixel
layer), the pixel layer comprises a second calibration pixel aligned with a ray extending through the second aperture and the second
calibration lens(col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [the lens layer] and each associated image sensor 614 and
618 [first and second pixels) are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the incidence of
IR radiation on the image pixels).

Border lacks teaching the first regulator is configured to modify the parameter of the illumination source based on a light power detected
by the first calibration pixel and the second calibration pixel.

Sharp, however, discusses an optical sensing device (para. 14, 32, 33, Figs. 4, 7, discussing optical sensor system 1 including a light
emitting laser 10 and a photodiode detector 40, wherein the laser 10 has a front surface 20 for emitting a second front light and a rear
surface for emitting a first rear light and wherein the lights are detected by photodiode light detectors) and teaches using a first regulator
configured to modify the parameter of the illumination source based on a light power detected by the first and second calibration
elements (para. 14-15, 29, 32-37, discussing the system includes an environmental parameter calculation unit that calculates an
environmental parameter, as an index of an environment around the light emitting device, by employing a value of one or both of the first
and second emission lights detected by the emission light detectors such that when the environmental parameter, such as temperature,
humidity or gas concentration, has changed, a change rate of intensity of the first emission light is smaller than a change rate of intensity
of the second emission light; paras. 161-162, 166, wherein a temperature regulator regulates a temperature of the optical system and
keeps it at a preset temperature). It would have been obvious to one of ordinary skill in the art at the time of the invention to use a
temperature regulator as taught by Sharp in the system of Border in order to maintain the temperature of the system at a preset
temperalture to ensure accuracy of sensor readings is maintained (Sharp, paras. 166, 218).
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

Claims 4 and 9 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of SHARP
(hereinafter Sharp) and Loong et al (hereinafter Loong).

Regarding claim 4, Border lacks teaching the calibration system of claim 1 further comprising:

a bulk transmitting optic and a bulk receiving optic, wherein the illumination source is offset behind the bulk transmitting optic.

LOONG, however, discusses an optical sensor system having a plurality of optoelectronic devices {abstract) and teaches a bulk
transmitting optic and a bulk receiving optic (para. 12, 19, discussing a master lens 12 [bulk transmitting and receiving optic] positioned to
observe, for example, a panoramic field of view of an area and is configured to focus an image 16 of an object 18 in the field of view 14
onto a focal plane 20. In other words, the master lens 12 may be characterized as defining the focal plane 20). It would have been
obvious to one of ordinary skill in the art at the time of the invention to include a bulk transmitting and receiving optic as taught by Loong
in the system of Border to define a focal plane (Loong, para. 12, 19).

Modified Border lacks teaching wherein the illumination source is offset behind the bulk transmitting optic.

Sharp, however, teaches an illumination source is offset behind a transmitting surface (see Figs. 4, 7, wherein laser illumination source
10 is positioned behind a transmitting surface 20 so as to illuminate the target in front thereof). It would have been obvious to one of
ordinary skill in the art at the time of the invention to position the light as taught by Sharp in the device of modified Border in order to
enable illumination of both a front and back area, relative to the illumination source (Sharp, para. 34).

Regarding claim 9, modified Border lacks teaching the calibration system of claim 1 further comprising a diffuser adjacent the optical filter
opposite the lens layer.

Loong, however, discusses an optical sensor system having a light source and a light sensor (para. 14, 32, 33, discussing optical sensor
systemn 1 including a light emitting laser 10 and a photodiode detector 40, wherein the laser 10 has a front surface 20 for emitting a
second light and a rear surface for emitting a first light and wherein the light is detected by the photodiode light detector) and teaches a
diffuser adjacent the optical filter opposite the lens layer (para. 20, wherein an optical diffuser 22 located at or proximate to the focal
plane 20 of the master lens 12. In general, the diffuser 22 is configured to display the image 16 of the object 18 in the field of view 14 that
comes from the master lens 12 so a plurality of optoelectronic devices 24 can each be arranged to view all or part of a viewing area 26
defined by the diffuser 22). It would have been obvious to one of ordinary skill in the art at the time of the invention to use a diffuser as
taught by Loong in conjunction with the lens of modified Border so a plurality of optoelectronic devices such as pixels, can each be
arranged to view all or part of a viewing area defined by the diffuser (Loong, para. 20).

Claims 5 and 11 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of
SHARP (hereinafter Sharp) and Sesko.

Regarding claim 5, Border lacks teaching the calibration system of claim 1 further comprising an optical bypass extending from the
illumination source to the first calibration aperture.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches an optical bypass
extending from an illumination source to a first calibration aperture (col. 8, lines 1-46, discussing FIG. 1, the bypass mechanism 135
comprises a bypass reflector 136 [e.g., a mirror]. During normal operation, the bypass reflector 136 is positioned out of the optical path,
e.g., at the position "N". For certain error compensation factor determination operations described further below, or other calibration
operations, the bypass reflector 136 is positioned in the optical path, e.g., at the position "B", to reflect broadband light output from the
aperture 195 back through the aperture 195, nominally without altering the relative intensities of the various wavelengths included within
the broadband light). It would have been obvious to one of ordinary skill in the art at the time of the invention to use an optical bypass as
taught by Sesko in the system of Border in order to determine an error compensation factor needed to ensure accuracy of the sensor
readings (Sesko, col. 8, lines 1-46).

Regarding claim 11, Border lacks teaching the method of claim 1o further comprising an optical bypass extending from the illumination
source to the first calibration aperture and the second calibration aperture.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11} and teaches an optical bypass
extending from the illumination source to an calibration aperture (col. 8, lines 1-46, discussing FIG. 1, the bypass mechanism 135
comprises a bypass reflector 136 [e.g., a mirror]. During normal operation, the bypass reflector 136 is positioned out of the optical path,
e.g., at the position "N". For certain error compensation factor determination operations described further below, or other calibration
operations, the bypass reflector 136 is positioned in the optical path, e.g., at the position "B", to reflect broadband light output from the
aperture 195 back through the aperture 195, nominally without altering the relative intensities of the various wavelengths included within
the broadband light). It would have been obvious to one of ordinary skill in the art at the time of the invention to use an optical bypass as
taught by Sesko in the system of Border in order to determine an error compensation factor needed to ensure accuracy of the sensor
readings (Sesko, col. B, lines 1-46).
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Claim 8 lacks an inventive step under PCT Article 33(3) as being obvious over Barder et al. (hereinafter Border) in view of SHARP
(hereinafter Sharp) and Pence, IV (hereinafter Pence).

Regarding claim 8, modified Border lacks teaching the calibration system of claim 1 wherein the first regulator modifies the parameter of
the illumination source based on piezoelectric effects.

Pence, however, discusses temperature regulators (abstract) and teaches a first regulator modifies the parameter of the illumination
source based on piezoelectric effects (col. 2, lines 25-31, discussing expansion of a material produced by heat is employed to produce a
stress on a piezoelectric on the material and the resulting signal from the piezoelectric is employed in control of a thermoelectric cooler
for the material; col. 5, lines 62-67, wherein FIG. 7, the difference in expansion of the active and passive substrate materials 60 and 63
provides piezoelectric signals for control of a single or plurality of thermoelectric coolers which in turn regulate the cooling). It would have
been obvious to one of ordinary skill in the art at the time of the invention to use a piezoelectric material as taught by Pence in the system
of modified Border so as to produce an immediate cooling change in the device proportional to the signal from the piezoelectric material
(Pence, col. 2, line 60-col. 3, line 10).

Claims 16 and 26 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of
Sesko.

Regarding Claim 16, Border discloses a calibration method (col. 1, lines 56-67, col. 7, lines 30-67, discussing a calibration system for an
active or a dual lens rangefinder system) comprising: obtaining a first light power detected by a first calibration pixel axially aligned with a
first calibration lens axially aligned with a first calibration aperture(col. 2, lines 20-47, wherein it is known in the art that an analog
photoelectric signal is generated by each optical sensor corresponding to the light intensity at the portion of the image which is incident
on the sensor and the offset information x is used to calculate the distanced to the scene by triangulation. The calculated distance d to
the scene is used to guide the positioning [i.e., calibration] of an adjustable focus lens to produce the best image quality; col. 23, lines
54-57, Fig. 16B, wherein each lens 612 and 616 [the lens layer] and each associated image sensor 614 and 618 [first and second pixels]
are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the incidence of IR radiation on the image
pixels; see Fig. 16B illustrating the alignment of the lens, filter and pixel); obtaining more light detected by one or more additional
calibration pixels, respectively(col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [the lens layer] and each associated image
sensor 614 and 618 [first and second pixels) are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce
the incidence of IR radiation on the image pixels), each additional calibration pixel being axially offset from a corresponding calibration
lens axially offset from a corresponding calibration aperture by a unique offset distance(col. 23, lines 54-57, Fig. 16B, wherein each lens
612 and 616 [the lens layer] and each associated image sensor 614 and 618 [first and second pixels] are mounted to a substrate 620
with an IR cut filter 622 [optical filter] in between to reduce the incidence of IR radiation on the image pixels; see Fig. 16B wherein the
first lens with associated pixels and filters are offset from the second lens association) and based on the first light power and the
additional light powers, tuning an illumination source configured to output a band of wavelengths of light as a function of a parameter by
actuating a regulator coupled to the illumination source, or tuning an optical filter (col. 12, lines 1-13, discussing using the data collected
to reduce exposure issues introduced by use of a flash; col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 and each
associated image sensor 614 and 618 are mounted to a substrate 620 with an IR cul filter 622 [optical filter] in between to reduce the
incidence of IR radiation on the image pixels; col. 13, lines 43-45, wherein the size, resolution, color filter array, spectral sensitivity and
aspect ratio of the image sensors 12 and 14 can be different [i.e., tuning the optical filter]).

Border lacks teaching more than one light power.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164' may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Regarding claim 26, Border discloses the calibration method of claim 16 further comprising tuning a center wavelength of the optical filter
by angle tuning (col. 12, lines 1-13, discussing using the data collected to reduce exposure issues introduced by use of a flash; col. 23,
lines 54-57, Fig. 168, wherein each lens 612 and 616 and each associated image sensor 614 and 618 are mounted to a substrate 620
with an IR cut filter 622 [optical filter] in between to reduce the incidence of IR radiation on the image pixels; col. 13, lines 43-45, wherein
the size, resolution, color filter array, spectral sensitivity and aspect ratio of the image sensors 12 and 14 can be different [i.e., angle
tuning the optical filter]). .
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Claims 17, 18, and 22-24 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view
of Sesko and Majima.

Regarding claim 17, Border lacks teaching the calibration method of claim 16 wherein the illumination source is configured to output the
band of wavelengths of light in a distribution pattern centered at a central wavelength, and wherein the central wavelength is varied by
changing the temperature of the illumination source based on the first light power and the additional light powers.

Majima, however, discusses a laser light source and temperature regulator (col. 3, lines 45-55) and teaches an illumination source is
configured to output the band of wavelengths of light in a distribution pattern centered at a central wavelength, and wherein the central
wavelength is varied by changing the temperature of the illumination source based on the first light power and the additional light powers
(col. 3, lines 45-55, discussing to use the temperature control in, for example, a laser, which controls its lasing wavelength by the current
control, not only for suppression of influences of a change in the ambient or environmental temperature due to heat generation in the
laser and a change in the exterior temperature but also for a control of changing the lasing wavelength and that hence the wavelength
control can be flexibly performed). It would have been obvious to one of ordinary skill in the art at the time of the invention to vary
wavelength relalive to temperature as taught by Majima in the method of Border in order for suppression of influences of a change in the
ambient or environmental temperature due to heat generation in the laser and a change in the exterior temperature (Majima, col. 3, lines
45-65).

Regarding Claim 18, modified Border lacks teaching the calibration method of claim 17 further comprising determining whether a central
wavelength of the illumination source during an active period is greater than a central wavelength of the illumination source during a
sampling period based on the first light power and the additional light powers, and wherein the regulator maintains, decreases or
increases the temperature of the illumination source based on the determination.

Majima, discussing a wavelength-changeable light source (col. 5, lines 50-60) teaches a central wavelength of the illumination source
during an active period is greater than a central wavelength of the illumination source during a sampling period based on the light
powers, and wherein the regulator maintains, decreases or increases the temperature of the illumination source based on the
determination (col. 13, lines 55-67, wherein the module has characteristics that the wavelength shifs to a longer wavelength

side as the current increases and as the temperature rises and wherein the lasing wavelength before and after the wavelength shift
control is set at a center of the wavelength-changeable range which can be obtained by the current, but this lasing wavelength may be
set at any place in the wavelength changeable range; col. 6, lines 41-44, wherein the wavelength of the DFB-LD module 201 shifts
toward a longer [greater] wavelength side as the current increases and as the temperature rises; col. 6, line 61-col. 7, line 38, wherein a
temperature controller [regulator] controls the temperature of the module to a set temperature). It would have been obvious to one of
ordinary skill in the art at the time of the invention to vary wavelength relative to temperature as taught by Majima in the method of Border
in order for suppression of influences of a change in the ambient or environmental temperature due to heat generation in the laser and a
change in the exterior temperature (Majima, col. 3, lines 45-65).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits {col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164’ may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164’ may be acquired and compared, as a means of calibrating the light source 164,
andlor the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Regarding claim 22, Border lacks teaching the calibration method of claim 18 wherein if the first light power is greater than one of the
additional light powers, it is determined that the central wavelength of the illumination source during the active period is either matched to
or is greater than the central wavelength of the illumination source during the sampling period.

Majima, discussing a wavelength-changeable light source (col. 5, lines 50-60) teaches the central wavelength of the illumination source
during the active period is either matched to or is greater than the central wavelength of the illumination source during the sampling
period (col. 13, lines 55-67, wherein the module has characteristics that the wavelength shifts to a longer wavelength side as the current
increases [i.e., increased power] and as the temperature rises and wherein the lasing wavelength before and after the wavelength shift
control is set at a center of the wavelength-changeable range which can be obtained by the current; this lasing wavelength may be set at
any place in the wavelength changeable range; col. 6, lines 41-44, wherein the wavelength of the DFB-LD module 201 shifts toward a
longer [greater] wavelength side as the current increases and as the temperature rises; col. 6, line 61-col. 8, line 40, wherein a
temperature controller [regulator] controls the temperature of the module to a set temperature). It would have been obvious to one of
ordinary skill in the art at the time of the invention to vary wavelength relative to temperature as taught by Majima in the method of Border
in order for suppression of influences of a change in the ambient or environmental temperature due to heat generation in the laser and a
change in the exterior temperature (Majima, col. 3, lines 45-65).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164’ may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).
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Regarding claim 23, Border lacks teaching the calibration method of claim 18 wherein if the first light power is less than a first threshold
value o1 il a dilference between the first light power and one of the additional light powers is less than a second threshold value, it is
determined that the central wavelength of the illumination source is low and the regulator increases the central wavelength of the
illumination source.

Maijima, discussing a wavelength-changeable light source (col. 5, lines 50-60) teaches the central wavelength of the illumination source
is low and the regulator increases the central wavelength of the illumination source (col. 13, lines 55-67, wherein the module has
characteristics that the wavelength shifts to a longer wavelength side as the current increases [i.e., increased power] and as the
temperature rises and wherein the lasing wavelength before and after the wavelength shift control is set at a center of the
wavelength-changeable range which can be obtained by the current; this lasing wavelength may be set at any place in the wavelength
changeable range; col. 6, lines 41-44, wherein the wavelength of the DFB-LD module 201 shifts toward a longer [greater] wavelength
side as the current increases and as the temperature rises; col. 6, line 61-col. 8, line 40, wherein a temperature controller [regulator]
controls the temperature of the module to a set temperature). It would have been obvious to one of ordinary skill in the art at the time of
the invention to vary wavelength relative to temperature as taught by Majima of one or more light sources in the method of Border in
order for suppression of influences of a change in the ambient or environmental temperature due to heat generation in the source laser(s]
(Majima, col. 3, lines 45-65).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. B, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164' may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
andlor the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious lo one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Regarding claim 24, Border lacks teaching the calibration method of claim 18 wherein if one of the additional light powers is greater than
the first light power, it is determined that the central wavelength of the illumination source during the active period is less than the central
wavelength of the illumination source during the sampling period and the regulator decreases the central wavelength of the illumination
source.

Majima, discussing a wavelength-changeabile light source (col. 5, lines 50-60) teaches the central wavelength of the illumination source
during the active period is less than the central wavelength of the illumination source during the sampling period and the regulator
decreases the central wavelength of the illumination source (col. 13, lines 55-67, wherein the module has characteristics that the
wavelength shifts to a longer wavelength side as the current incr [i.e., incr d power] and as the temperature rises and wherein
the lasing wavelength before and after the wavelength shift control is set at a center of the wavelength-changeable range which can be
obtained by the current; this lasing wavelength may be set at any place in the wavelength changeable range; col. 6, lines 41-44, wherein
the wavelength of the DFB-LD module 201 shifts toward a longer [greater] wavelength side as the current increases and as the
temperature rises; col. 6, line 61-col. 8, line 40, wherein a temperature controller [regulator] controls the temperature of the module to a
set temperature). It would have been obvious to one of ordinary skill in the art at the time of the invention to vary wavelength relative to
temperature as taught by Majima of one or more light sources in the method of Border in order for suppression of influences of a change
in the ambient or environmental temperature due to heat generation in the source laser[s] (Majima, col. 3, lines 45-65).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164’ may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Claims 19, 21, and 25 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of
Sesko and SHARP (hereinafter Sharp).

Regarding claim 19, Border lacks teaching the calibration method of claim 16 wherein the regulator modifies a duty cycle of the
illumination source in order to tune the illumination source.

Sharp, however, discusses an optical sensing device (para. 14, discussing optical sensor system including a light emitting device that
generates first emission light for use in a predetermined application, the light emitting device further generating second emission light,
wherein the optical sensor system further includes an emission light detector that detects the second emission light) and teaches the first
regulator modifies a duty cycle of the illumination source (para. 237, wherein the oscillation threshold [duty cycle] of the source can be
reduced and power saving can be realized). It would have been obvious to one of ordinary skill in the art at the time of the invention to
use a temperature regulator to modify the duty cycle of the source as taught by Sharp in the system of Border in order to maintain the
temperature of the system at a preset temperature to ensure accuracy of sensor readings is maintained (Sharp, paras. 166, 218).
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Regarding Claim 21, modified Border lacks teaching the calibration method of claim 16 wherein the regulator is actuated to maintain a
peak incident photon count per unil lime based on the first light power and the additional light powers.

Sharp, however, teaches regulator is actuated to maintain a peak incident photon count per unit time based on the light power (para.
93-99, discussing when the injection current is larger than the oscillation threshold 80, photons are amplified up to a sufficient number
inside the resonator, and laser oscillation occurs. As a result, laser light is emitted from the semiconductor laser. When the injection
current is larger than the oscillation threshold 80, the light emission intensity of the semiconductor laser is large. When the injection
current is larger than the oscillation threshold 80, the light emission intensity of the semiconductor laser is substantially proportional to the
injection current. The oscillation efficiency is determined by the control and arithmetic device which controls light power or intensity based
on light readings). It would have been obvious to one of ordinary skill in the art at the time of the invention to base the photon count on
the light power as taught by Sharp in the method of modified Border in order to calculate and control environmental parameters of the
device on the basis of the light intensity (Sharp, para. 101).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164’ may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164" may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164’). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Regarding claim 25, Border lacks teaching the calibration method of claim 16 wherein obtaining the first light power comprises calculating
a first photon count of photons and obtaining the one or more additional light powers comprises calculating one or more photon count of
photons, respectively,

Sharp, however, teaches calculating a photon count of photons (para. 93-99, discussing when the injection current is larger than the
oscillation threshold 80, photons are amplified up to a sufficient number inside the resonator, and laser oscillation occurs. As a result,
laser light is emitted from the semiconductor laser. When the injection current is larger than the oscillation threshold 80, the light emission
intensity of the semiconductor laser is large. When the injection current is larger than the oscillation threshold 80, the light emission
intensity of the semiconductor laser is substantially proportional to the injection current. The oscillation efficiency is determined by the
control and arithmetic device which controls light power or intensity based on light readings). It would have been obvious to one of
ordinary skill in the art at the time of the invention to base the photon count on the light power as taught by Sharp in the method of
modified Border in order to calculate and control environmental parameters of the device on the basis of the light intensity (Sharp, para.
101).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164' may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Claim 20 lacks an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of Sesko and
Pence, IV (hereinafter Pence).

Regarding claim 20, Border lacks teaching the calibration method of claim 16 wherein the regulator modifies the parameter of the
illumination source based on piezoelectric effects.

Pence, however, discusses temperature regulators (abstract) and teaches a first regulator modifies the parameter of the illumination
source based on piezoelectric effects (col. 2, lines 25-31, discussing expansion of a material produced by heat is employed to produce a
stress on a piezoelectric on the material and the resulting signal from the piezoelectric is employed in control of a thermoelectric cooler
for the material; col. 5, lines 62-67, wherein FIG. 7, the difference in expansion of the active and passive substrate materials 60 and 63
provides piezoelectric signals for control of a single or plurality of thermoelectric coolers which in turn regulate the cooling). It would have
been obvious to one of ordinary skill in the art at the time of the invention to use a piezoelectric material as taught by Pence in the system
of modified Border so as to produce an immediate cooling change in the device proportional to the signal from the piezoelectric material
(Pence, col. 2, line 60-col. 3, line 10).
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Claims 12-15 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest:

Regarding claim 12, the prior art of record, individually or in combination, does not teach or fairly suggest the calibration system of claim
1 wherein the aperture layer further defines one or more additional calibration apertures including at least a second calibration aperture,
a third calibration aperture and a fourth calibration aperture, wherein the lens layer comprises one or more additional calibration lenses
including at least a second calibration lens, a third calibration lens and a fourth calibration lens, wherein each pair of calibration aperture
and calibration lens is offset by a unique distance with respect to the others such that each calibration lens outputs light toward the
optical filter at a unique nominal angle with respect to the others, wherein the pixel layer further comprises one or more additional
calibration pixels including at least a second calibration pixel aligned with a ray extending through the second aperture and the second
calibration lens, a third calibration pixel aligned with a ray extending through the third aperture and the third calibration lens, and a fourth
calibration pixel aligned with a ray extending through the fourth aperture, and wherein the first regulator is configured to modify the
parameter of the illumination source based on a light power detected by the first calibration pixel and the additional calibration pixels.

Claims 13 and 14 depend from claim 12, and therefore meet the criteria set outin PCT Article 33(2)-(3) for at least the same reasons as
claim 12.

Regarding claim 15, the prior art of record, individually or in combination, does not teach or fairly suggest the calibration system of claim
1 further comprising anocther illumination source, wherein each illumination source is configured to output a different band of wavelengths
of light as a function of the parameter; and a second calibration aperture, a second calibration lens, a second calibration pixel and a
second regulator are provided for the other illumination source, wherein the second regulator is controlled independent of the first
regulator.

Claims 1—2I8 meet the criteria set outin PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can
be made or used in industry.
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. With regard to the language, this opinion has been established on the basis of:
E the international application in the language in which it was filed.
D a translation of the international application into which is the language of a translation

furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).
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this Authority under Rule 91 (Rule 43bis. 1(a)).
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a. D forming part of the international application as filed:
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b. I:] furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
[] in the form of an Annex C/ST.25 text file (Rule 13ter. 1(a)).

D on paper or in the form of an image file (Rule 13ser.1(b) and Administrative Instructions, Section 713).

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial applicability;
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1.  Statement

Novelty (N) Claims §i<t YES
Claims None NO
Inventive step (IS) Claims 12-15 YES
Claims 1-11, 16-26 NO
Industrial applicability (1A) Claims 1-26 YES
Claims None NO

2. Citations and explanations:

Claims 1-3, 6, 7, and 10 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of
SHARP (hereinafter Sharp).

Regarding claim 1, Border discloses a calibration system (col. 1, lines 56-67, col. 7, lines 30-67, discussing a calibration system for an
active or a dual lens rangefinder system) comprising:

an aperture layer defining a first calibration aperture (col. 12, lines 51-67, col. 22, lines 1-9, discussing an adjustable aperture [calibration
apertures] and shutter assembly [not shown] in each lens 3, 4 is used to control the exposure to image sensors 12 and 14, wherein either
of the apertures may be considered a calibration aperture);

a lens layer comprising a first calibration lens substantially axially aligned with the first calibration aperture (col. 23, lines 54-57, Fig. 16B,
wherein each lens 612 and 616 [creating a lens layer wherein one of the lenses is a first calibration lenses] and each associated image
sensor 614 and 618 [pixels] are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the incidence of IR
radiation on the image pixels; see Fig. 16B illustrating a layered structure having a lens layer, a filter layer, and a pixel layer),

an optical filter adjacent the lens layer opposite the aperture layer (col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 and each
associated image sensor 614 and 618 are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the
incidence of IR radiation on the image pixels);

a pixel layer adjacent the optical filter opposite the lens layer(col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [the lens layer]
and each associated image sensor 614 and 618 [first and second pixels] are mounted to a substrate 620 with an IR cut filter 622 [optical
filter] in between to reduce the incidence of IR radiation on the image pixels), the pixel layer comprising a first calibration pixel substantially
axially aligned with the first calibration lens (see Fig. 16B illustrating the alignment of the lens, filter and pixel), wherein the first calibration
pixel is constructed to detect light power of an illumination source configured to output a band of wavelengths of light as a function of a
parameter (col. 2, lines 20-47, wherein it is known in the art that an analog photoelectric signal is generated by each optical sensor
corresponding to the light intensity at the portion of the image which is incident on the sensor and the offset information x is used to
calculate the distanced to the scene by triangulation. The calculated distance d to the scene is used to guide the positioning [i.e.,
calibration] of an adjustable focus lens to produce the best image quality). Border also discusses environmental conditions such as
temperature and humidity can cause the distance portion of a distance sensor, such as a rangefinder, to change by a significant
percentage (col. 2, lines 58-67).

Border, however, lacks teaching using a first regulator configured to modify the parameter of the illumination source based on a light
power detected by the first calibration pixel.

Sharp, however, discusses an optical sensing device (para. 14, 32, 33, Figs. 4, 7, discussing optical sensor system 1 including a light
emitting laser 10 and a photodiode detector 40, wherein the laser 10 has a front surface 20 for emitting a second front light and a rear
surface for emitting a first rear light and wherein the lights are detected by photodiode light detectors) and teaches using a first regulator
configured to modify the parameter of the illumination source based on a light power detected by the first calibration element (para. 14-15,
29, 32-37, discussing the system includes an environmental parameter calculation unit that calculates an environmental parameter, as an
index of an environment around the light emitting device, by employing a value of one or both of the first and second emission lights
detected by the emission light detectors such that when the environmental parameter, such as temperature, humidity or gas concentration,
has changed, a change rate of intensity of the first emission light is smaller than a change rate of intensity of the second emission light;
paras. 161-162, 166, wherein a temperature regulator regulates a temperature of the optical system and keeps it at a preset temperature).
It would have been obvious to one of ordinary skill in the art at the time of the invention to use a temperature regulator as taught by Sharp
in the system of Border in order to maintain the temperature of the system at a preset temperature to ensure accuracy of sensor readings
is maintained (Sharp, paras. 166, 218).
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Regarding claim 2, Border discloses the calibration system of claim 1 further comprising a sensing circuit, the sensing circuit comprising:
a sense aperture defined in the aperture layer (col. 12, lines 51-67, col. 22, lines 1-9, discussing an adjustable aperture and shutter
assembly [not shown] in each lens 3, 4 is used to control the exposure to image sensors 12 and 14, wherein one of the apertures may be
considered a calibration aperture and the other a sense aperture);

a sense lens substantially axially aligned with the sense aperture (col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [creating
a lens layer wherein one of the lenses is a first calibration lens and the other is a sensor lens aligned with a corresponding sense
aperture [not shown)] and each associated image sensor 614 and 618 [one a calibration pixel, the other a sense pixel] are mounted to a
substrate 620 with an IR cut filter 622 [optical filter layer for both lens components] in between to reduce the incidence of IR radiation on
the image pixels; see Fig. 16B illustrating a layered structure having a lens layer, a filter layer, and a pixel layer); and

a sense pixel substantially aligned with the sense lens(col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [creating a lens
layer wherein one of the lenses is a first calibration lens and the other is a sensor lens aligned with a corresponding sense aperture [not
shown]] and each associated image sensor 614 and 618 [one a calibration pixel, the other a sense pixel] are mounted to a substrate 620
with an IR cut filter 622 [optical filter layer for both lens components] in between to reduce the incidence of IR radiation on the image
pixels; see Fig. 168 illustrating a layered structure having a lens layer, a filter layer, and a pixel layer).

Regarding claim 3, Border discloses the calibration system of claim 2 wherein the sensing circuit shares the optical filter that is adjacent
the lens layer opposite the aperture layer (see Fig. 16B, wherein the filter layer is between the pixel layer and the lens layer).

Regarding claim 6, Border lacks teaching the calibration system of claim 1 wherein the first regulator comprises a temperature regulator,
the temperature regulator being configured to modify a temperature of the illumination source based on the light power detected by the
first calibration pixel.

Sharp, however, discusses an optical sensing device (para. 14, discussing optical sensor system including a light emitting device that
generates first emission light for use in a predetermined application, the light emitting device further generating second emission light,
wherein the optical sensor system further includes an emission light detector that detects the second emission light) and teaches the first
regulator comprises a temperature regulator, the temperature regulator being configured to modify a temperature of the illumination
source based on the light power detected by the first calibration pixel (para. 14-15, 29, discussing the system includes an environmental
parameter calculation unit that calculates an environmental parameter, as an index of an environment around the light emitting device, by
employing a value of one or both of the first and second emission lights detected by the emission light detectors such that when the
environmental parameter, such as temperature, humidity or gas concentration, has changed, a change rate of intensity of the first
emission light is smaller than a change rate of intensity of the second emission light; paras. 161-162, 166, wherein a temperature
regulator regulates a temperature of the optical system and keeps it at a preset temperature; para. 237, wherein the oscillation threshold
[duty cycle] of the source can be reduced and power saving can be realized). It would have been obvious to one of ordinary skill in the art
at the time of the invention to use a temperature regulator as taught by Sharp in the system of Border in order to maintain the
temperature of the system at a preset temperature to ensure accuracy of sensor readings is maintained (Sharp, paras. 166, 218).

Regarding claim 7, Border lacks teaching the calibration system of claim 1 wherein the first requlator modifies a duty cycle of the
ilumination source.

Sharp, however, discusses an optical sensing device (para. 14, discussing optical sensor system including a light emitting device that
generates first emission light for use in a predetermined application, the light emitting device further generating second emission light,
wherein the optical sensor system further includes an emission light detector that detects the second emission light) and teaches the first
regulator modifies a duty cycle of the illumination source (para. 237, wherein the oscillation threshold [duty cycle] of the source can be
reduced and power saving can be realized). It would have been obvious to one of ordinary skill in the art at the time of the invention to
use a temperature regulator to modify the duty cycle of the source as taught by Sharp in the system of Border in order to maintain the
temperature of the system at a preset temperature fo ensure accuracy of sensor readings is maintained (Sharp, paras. 166, 218).

Regarding claim 10, Border discloses the calibration system of claim 1 wherein the aperture layer further defines a second calibration
aperiure (col. 12, lines 51-67, col. 22, lines 1-9, discussing an adjustable aperture [calibration apertures] and shutter assembly [not
shown] in each lens 3, 4 is used to control the exposure to image sensors 12 and 14, wherein either of the apertures may be considered
a calibration aperture), the lens layer comprises a second calibration lens axially offset from the second calibration aperture(col. 23, lines
54-57, Fig. 16B, wherein each lens 612 and 616 [creating a lens layer with first and second calibration lenses] and each associated
image sensor 614 and 618 [pixels] are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the
incidence of IR radiation on the image pixels; see Fig. 16B illustrating a layered structure having a lens layer, a filter layer, and a pixel
layer), the pixel layer comprises a second calibration pixel aligned with a ray extending through the second aperture and the second
calibration lens(col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [the lens layer] and each associated image sensor 614 and
618 [first and second pixels) are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the incidence of
IR radiation on the image pixels).

Border lacks teaching the first regulator is configured to modify the parameter of the illumination source based on a light power detected
by the first calibration pixel and the second calibration pixel.

Sharp, however, discusses an optical sensing device (para. 14, 32, 33, Figs. 4, 7, discussing optical sensor system 1 including a light
emitting laser 10 and a photodiode detector 40, wherein the laser 10 has a front surface 20 for emitting a second front light and a rear
surface for emitting a first rear light and wherein the lights are detected by photodiode light detectors) and teaches using a first regulator
configured to modify the parameter of the illumination source based on a light power detected by the first and second calibration
elements (para. 14-15, 29, 32-37, discussing the system includes an environmental parameter calculation unit that calculates an
environmental parameter, as an index of an environment around the light emitting device, by employing a value of one or both of the first
and second emission lights detected by the emission light detectors such that when the environmental parameter, such as temperature,
humidity or gas concentration, has changed, a change rate of intensity of the first emission light is smaller than a change rate of intensity
of the second emission light; paras. 161-162, 166, wherein a temperature regulator regulates a temperature of the optical system and
keeps it at a preset temperature). It would have been obvious to one of ordinary skill in the art at the time of the invention to use a
temperature regulator as taught by Sharp in the system of Border in order to maintain the temperature of the system at a preset
temperalture to ensure accuracy of sensor readings is maintained (Sharp, paras. 166, 218).
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Claims 4 and 9 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of SHARP
(hereinafter Sharp) and Loong et al (hereinafter Loong).

Regarding claim 4, Border lacks teaching the calibration system of claim 1 further comprising:

a bulk transmitting optic and a bulk receiving optic, wherein the illumination source is offset behind the bulk transmitting optic.

LOONG, however, discusses an optical sensor system having a plurality of optoelectronic devices {abstract) and teaches a bulk
transmitting optic and a bulk receiving optic (para. 12, 19, discussing a master lens 12 [bulk transmitting and receiving optic] positioned to
observe, for example, a panoramic field of view of an area and is configured to focus an image 16 of an object 18 in the field of view 14
onto a focal plane 20. In other words, the master lens 12 may be characterized as defining the focal plane 20). It would have been
obvious to one of ordinary skill in the art at the time of the invention to include a bulk transmitting and receiving optic as taught by Loong
in the system of Border to define a focal plane (Loong, para. 12, 19).

Modified Border lacks teaching wherein the illumination source is offset behind the bulk transmitting optic.

Sharp, however, teaches an illumination source is offset behind a transmitting surface (see Figs. 4, 7, wherein laser illumination source
10 is positioned behind a transmitting surface 20 so as to illuminate the target in front thereof). It would have been obvious to one of
ordinary skill in the art at the time of the invention to position the light as taught by Sharp in the device of modified Border in order to
enable illumination of both a front and back area, relative to the illumination source (Sharp, para. 34).

Regarding claim 9, modified Border lacks teaching the calibration system of claim 1 further comprising a diffuser adjacent the optical filter
opposite the lens layer.

Loong, however, discusses an optical sensor system having a light source and a light sensor (para. 14, 32, 33, discussing optical sensor
systemn 1 including a light emitting laser 10 and a photodiode detector 40, wherein the laser 10 has a front surface 20 for emitting a
second light and a rear surface for emitting a first light and wherein the light is detected by the photodiode light detector) and teaches a
diffuser adjacent the optical filter opposite the lens layer (para. 20, wherein an optical diffuser 22 located at or proximate to the focal
plane 20 of the master lens 12. In general, the diffuser 22 is configured to display the image 16 of the object 18 in the field of view 14 that
comes from the master lens 12 so a plurality of optoelectronic devices 24 can each be arranged to view all or part of a viewing area 26
defined by the diffuser 22). It would have been obvious to one of ordinary skill in the art at the time of the invention to use a diffuser as
taught by Loong in conjunction with the lens of modified Border so a plurality of optoelectronic devices such as pixels, can each be
arranged to view all or part of a viewing area defined by the diffuser (Loong, para. 20).

Claims 5 and 11 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of
SHARP (hereinafter Sharp) and Sesko.

Regarding claim 5, Border lacks teaching the calibration system of claim 1 further comprising an optical bypass extending from the
illumination source to the first calibration aperture.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches an optical bypass
extending from an illumination source to a first calibration aperture (col. 8, lines 1-46, discussing FIG. 1, the bypass mechanism 135
comprises a bypass reflector 136 [e.g., a mirror]. During normal operation, the bypass reflector 136 is positioned out of the optical path,
e.g., at the position "N". For certain error compensation factor determination operations described further below, or other calibration
operations, the bypass reflector 136 is positioned in the optical path, e.g., at the position "B", to reflect broadband light output from the
aperture 195 back through the aperture 195, nominally without altering the relative intensities of the various wavelengths included within
the broadband light). It would have been obvious to one of ordinary skill in the art at the time of the invention to use an optical bypass as
taught by Sesko in the system of Border in order to determine an error compensation factor needed to ensure accuracy of the sensor
readings (Sesko, col. 8, lines 1-46).

Regarding claim 11, Border lacks teaching the method of claim 1o further comprising an optical bypass extending from the illumination
source to the first calibration aperture and the second calibration aperture.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11} and teaches an optical bypass
extending from the illumination source to an calibration aperture (col. 8, lines 1-46, discussing FIG. 1, the bypass mechanism 135
comprises a bypass reflector 136 [e.g., a mirror]. During normal operation, the bypass reflector 136 is positioned out of the optical path,
e.g., at the position "N". For certain error compensation factor determination operations described further below, or other calibration
operations, the bypass reflector 136 is positioned in the optical path, e.g., at the position "B", to reflect broadband light output from the
aperture 195 back through the aperture 195, nominally without altering the relative intensities of the various wavelengths included within
the broadband light). It would have been obvious to one of ordinary skill in the art at the time of the invention to use an optical bypass as
taught by Sesko in the system of Border in order to determine an error compensation factor needed to ensure accuracy of the sensor
readings (Sesko, col. B, lines 1-46).
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Claim 8 lacks an inventive step under PCT Article 33(3) as being obvious over Barder et al. (hereinafter Border) in view of SHARP
(hereinafter Sharp) and Pence, IV (hereinafter Pence).

Regarding claim 8, modified Border lacks teaching the calibration system of claim 1 wherein the first regulator modifies the parameter of
the illumination source based on piezoelectric effects.

Pence, however, discusses temperature regulators (abstract) and teaches a first regulator modifies the parameter of the illumination
source based on piezoelectric effects (col. 2, lines 25-31, discussing expansion of a material produced by heat is employed to produce a
stress on a piezoelectric on the material and the resulting signal from the piezoelectric is employed in control of a thermoelectric cooler
for the material; col. 5, lines 62-67, wherein FIG. 7, the difference in expansion of the active and passive substrate materials 60 and 63
provides piezoelectric signals for control of a single or plurality of thermoelectric coolers which in turn regulate the cooling). It would have
been obvious to one of ordinary skill in the art at the time of the invention to use a piezoelectric material as taught by Pence in the system
of modified Border so as to produce an immediate cooling change in the device proportional to the signal from the piezoelectric material
(Pence, col. 2, line 60-col. 3, line 10).

Claims 16 and 26 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of
Sesko.

Regarding Claim 16, Border discloses a calibration method (col. 1, lines 56-67, col. 7, lines 30-67, discussing a calibration system for an
active or a dual lens rangefinder system) comprising: obtaining a first light power detected by a first calibration pixel axially aligned with a
first calibration lens axially aligned with a first calibration aperture(col. 2, lines 20-47, wherein it is known in the art that an analog
photoelectric signal is generated by each optical sensor corresponding to the light intensity at the portion of the image which is incident
on the sensor and the offset information x is used to calculate the distanced to the scene by triangulation. The calculated distance d to
the scene is used to guide the positioning [i.e., calibration] of an adjustable focus lens to produce the best image quality; col. 23, lines
54-57, Fig. 16B, wherein each lens 612 and 616 [the lens layer] and each associated image sensor 614 and 618 [first and second pixels]
are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce the incidence of IR radiation on the image
pixels; see Fig. 16B illustrating the alignment of the lens, filter and pixel); obtaining more light detected by one or more additional
calibration pixels, respectively(col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 [the lens layer] and each associated image
sensor 614 and 618 [first and second pixels) are mounted to a substrate 620 with an IR cut filter 622 [optical filter] in between to reduce
the incidence of IR radiation on the image pixels), each additional calibration pixel being axially offset from a corresponding calibration
lens axially offset from a corresponding calibration aperture by a unique offset distance(col. 23, lines 54-57, Fig. 16B, wherein each lens
612 and 616 [the lens layer] and each associated image sensor 614 and 618 [first and second pixels] are mounted to a substrate 620
with an IR cut filter 622 [optical filter] in between to reduce the incidence of IR radiation on the image pixels; see Fig. 16B wherein the
first lens with associated pixels and filters are offset from the second lens association) and based on the first light power and the
additional light powers, tuning an illumination source configured to output a band of wavelengths of light as a function of a parameter by
actuating a regulator coupled to the illumination source, or tuning an optical filter (col. 12, lines 1-13, discussing using the data collected
to reduce exposure issues introduced by use of a flash; col. 23, lines 54-57, Fig. 16B, wherein each lens 612 and 616 and each
associated image sensor 614 and 618 are mounted to a substrate 620 with an IR cul filter 622 [optical filter] in between to reduce the
incidence of IR radiation on the image pixels; col. 13, lines 43-45, wherein the size, resolution, color filter array, spectral sensitivity and
aspect ratio of the image sensors 12 and 14 can be different [i.e., tuning the optical filter]).

Border lacks teaching more than one light power.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164' may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Regarding claim 26, Border discloses the calibration method of claim 16 further comprising tuning a center wavelength of the optical filter
by angle tuning (col. 12, lines 1-13, discussing using the data collected to reduce exposure issues introduced by use of a flash; col. 23,
lines 54-57, Fig. 168, wherein each lens 612 and 616 and each associated image sensor 614 and 618 are mounted to a substrate 620
with an IR cut filter 622 [optical filter] in between to reduce the incidence of IR radiation on the image pixels; col. 13, lines 43-45, wherein
the size, resolution, color filter array, spectral sensitivity and aspect ratio of the image sensors 12 and 14 can be different [i.e., angle
tuning the optical filter]). .
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Claims 17, 18, and 22-24 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view
of Sesko and Majima.

Regarding claim 17, Border lacks teaching the calibration method of claim 16 wherein the illumination source is configured to output the
band of wavelengths of light in a distribution pattern centered at a central wavelength, and wherein the central wavelength is varied by
changing the temperature of the illumination source based on the first light power and the additional light powers.

Majima, however, discusses a laser light source and temperature regulator (col. 3, lines 45-55) and teaches an illumination source is
configured to output the band of wavelengths of light in a distribution pattern centered at a central wavelength, and wherein the central
wavelength is varied by changing the temperature of the illumination source based on the first light power and the additional light powers
(col. 3, lines 45-55, discussing to use the temperature control in, for example, a laser, which controls its lasing wavelength by the current
control, not only for suppression of influences of a change in the ambient or environmental temperature due to heat generation in the
laser and a change in the exterior temperature but also for a control of changing the lasing wavelength and that hence the wavelength
control can be flexibly performed). It would have been obvious to one of ordinary skill in the art at the time of the invention to vary
wavelength relalive to temperature as taught by Majima in the method of Border in order for suppression of influences of a change in the
ambient or environmental temperature due to heat generation in the laser and a change in the exterior temperature (Majima, col. 3, lines
45-65).

Regarding Claim 18, modified Border lacks teaching the calibration method of claim 17 further comprising determining whether a central
wavelength of the illumination source during an active period is greater than a central wavelength of the illumination source during a
sampling period based on the first light power and the additional light powers, and wherein the regulator maintains, decreases or
increases the temperature of the illumination source based on the determination.

Majima, discussing a wavelength-changeable light source (col. 5, lines 50-60) teaches a central wavelength of the illumination source
during an active period is greater than a central wavelength of the illumination source during a sampling period based on the light
powers, and wherein the regulator maintains, decreases or increases the temperature of the illumination source based on the
determination (col. 13, lines 55-67, wherein the module has characteristics that the wavelength shifs to a longer wavelength

side as the current increases and as the temperature rises and wherein the lasing wavelength before and after the wavelength shift
control is set at a center of the wavelength-changeable range which can be obtained by the current, but this lasing wavelength may be
set at any place in the wavelength changeable range; col. 6, lines 41-44, wherein the wavelength of the DFB-LD module 201 shifts
toward a longer [greater] wavelength side as the current increases and as the temperature rises; col. 6, line 61-col. 7, line 38, wherein a
temperature controller [regulator] controls the temperature of the module to a set temperature). It would have been obvious to one of
ordinary skill in the art at the time of the invention to vary wavelength relative to temperature as taught by Majima in the method of Border
in order for suppression of influences of a change in the ambient or environmental temperature due to heat generation in the laser and a
change in the exterior temperature (Majima, col. 3, lines 45-65).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits {col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164’ may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164’ may be acquired and compared, as a means of calibrating the light source 164,
andlor the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Regarding claim 22, Border lacks teaching the calibration method of claim 18 wherein if the first light power is greater than one of the
additional light powers, it is determined that the central wavelength of the illumination source during the active period is either matched to
or is greater than the central wavelength of the illumination source during the sampling period.

Majima, discussing a wavelength-changeable light source (col. 5, lines 50-60) teaches the central wavelength of the illumination source
during the active period is either matched to or is greater than the central wavelength of the illumination source during the sampling
period (col. 13, lines 55-67, wherein the module has characteristics that the wavelength shifts to a longer wavelength side as the current
increases [i.e., increased power] and as the temperature rises and wherein the lasing wavelength before and after the wavelength shift
control is set at a center of the wavelength-changeable range which can be obtained by the current; this lasing wavelength may be set at
any place in the wavelength changeable range; col. 6, lines 41-44, wherein the wavelength of the DFB-LD module 201 shifts toward a
longer [greater] wavelength side as the current increases and as the temperature rises; col. 6, line 61-col. 8, line 40, wherein a
temperature controller [regulator] controls the temperature of the module to a set temperature). It would have been obvious to one of
ordinary skill in the art at the time of the invention to vary wavelength relative to temperature as taught by Majima in the method of Border
in order for suppression of influences of a change in the ambient or environmental temperature due to heat generation in the laser and a
change in the exterior temperature (Majima, col. 3, lines 45-65).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164’ may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).
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Regarding claim 23, Border lacks teaching the calibration method of claim 18 wherein if the first light power is less than a first threshold
value o1 il a dilference between the first light power and one of the additional light powers is less than a second threshold value, it is
determined that the central wavelength of the illumination source is low and the regulator increases the central wavelength of the
illumination source.

Maijima, discussing a wavelength-changeable light source (col. 5, lines 50-60) teaches the central wavelength of the illumination source
is low and the regulator increases the central wavelength of the illumination source (col. 13, lines 55-67, wherein the module has
characteristics that the wavelength shifts to a longer wavelength side as the current increases [i.e., increased power] and as the
temperature rises and wherein the lasing wavelength before and after the wavelength shift control is set at a center of the
wavelength-changeable range which can be obtained by the current; this lasing wavelength may be set at any place in the wavelength
changeable range; col. 6, lines 41-44, wherein the wavelength of the DFB-LD module 201 shifts toward a longer [greater] wavelength
side as the current increases and as the temperature rises; col. 6, line 61-col. 8, line 40, wherein a temperature controller [regulator]
controls the temperature of the module to a set temperature). It would have been obvious to one of ordinary skill in the art at the time of
the invention to vary wavelength relative to temperature as taught by Majima of one or more light sources in the method of Border in
order for suppression of influences of a change in the ambient or environmental temperature due to heat generation in the source laser(s]
(Majima, col. 3, lines 45-65).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. B, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164' may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
andlor the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious lo one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Regarding claim 24, Border lacks teaching the calibration method of claim 18 wherein if one of the additional light powers is greater than
the first light power, it is determined that the central wavelength of the illumination source during the active period is less than the central
wavelength of the illumination source during the sampling period and the regulator decreases the central wavelength of the illumination
source.

Majima, discussing a wavelength-changeabile light source (col. 5, lines 50-60) teaches the central wavelength of the illumination source
during the active period is less than the central wavelength of the illumination source during the sampling period and the regulator
decreases the central wavelength of the illumination source (col. 13, lines 55-67, wherein the module has characteristics that the
wavelength shifts to a longer wavelength side as the current incr [i.e., incr d power] and as the temperature rises and wherein
the lasing wavelength before and after the wavelength shift control is set at a center of the wavelength-changeable range which can be
obtained by the current; this lasing wavelength may be set at any place in the wavelength changeable range; col. 6, lines 41-44, wherein
the wavelength of the DFB-LD module 201 shifts toward a longer [greater] wavelength side as the current increases and as the
temperature rises; col. 6, line 61-col. 8, line 40, wherein a temperature controller [regulator] controls the temperature of the module to a
set temperature). It would have been obvious to one of ordinary skill in the art at the time of the invention to vary wavelength relative to
temperature as taught by Majima of one or more light sources in the method of Border in order for suppression of influences of a change
in the ambient or environmental temperature due to heat generation in the source laser[s] (Majima, col. 3, lines 45-65).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164’ may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Claims 19, 21, and 25 lack an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of
Sesko and SHARP (hereinafter Sharp).

Regarding claim 19, Border lacks teaching the calibration method of claim 16 wherein the regulator modifies a duty cycle of the
illumination source in order to tune the illumination source.

Sharp, however, discusses an optical sensing device (para. 14, discussing optical sensor system including a light emitting device that
generates first emission light for use in a predetermined application, the light emitting device further generating second emission light,
wherein the optical sensor system further includes an emission light detector that detects the second emission light) and teaches the first
regulator modifies a duty cycle of the illumination source (para. 237, wherein the oscillation threshold [duty cycle] of the source can be
reduced and power saving can be realized). It would have been obvious to one of ordinary skill in the art at the time of the invention to
use a temperature regulator to modify the duty cycle of the source as taught by Sharp in the system of Border in order to maintain the
temperature of the system at a preset temperature to ensure accuracy of sensor readings is maintained (Sharp, paras. 166, 218).
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Regarding Claim 21, modified Border lacks teaching the calibration method of claim 16 wherein the regulator is actuated to maintain a
peak incident photon count per unil lime based on the first light power and the additional light powers.

Sharp, however, teaches regulator is actuated to maintain a peak incident photon count per unit time based on the light power (para.
93-99, discussing when the injection current is larger than the oscillation threshold 80, photons are amplified up to a sufficient number
inside the resonator, and laser oscillation occurs. As a result, laser light is emitted from the semiconductor laser. When the injection
current is larger than the oscillation threshold 80, the light emission intensity of the semiconductor laser is large. When the injection
current is larger than the oscillation threshold 80, the light emission intensity of the semiconductor laser is substantially proportional to the
injection current. The oscillation efficiency is determined by the control and arithmetic device which controls light power or intensity based
on light readings). It would have been obvious to one of ordinary skill in the art at the time of the invention to base the photon count on
the light power as taught by Sharp in the method of modified Border in order to calculate and control environmental parameters of the
device on the basis of the light intensity (Sharp, para. 101).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164’ may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164" may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164’). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Regarding claim 25, Border lacks teaching the calibration method of claim 16 wherein obtaining the first light power comprises calculating
a first photon count of photons and obtaining the one or more additional light powers comprises calculating one or more photon count of
photons, respectively,

Sharp, however, teaches calculating a photon count of photons (para. 93-99, discussing when the injection current is larger than the
oscillation threshold 80, photons are amplified up to a sufficient number inside the resonator, and laser oscillation occurs. As a result,
laser light is emitted from the semiconductor laser. When the injection current is larger than the oscillation threshold 80, the light emission
intensity of the semiconductor laser is large. When the injection current is larger than the oscillation threshold 80, the light emission
intensity of the semiconductor laser is substantially proportional to the injection current. The oscillation efficiency is determined by the
control and arithmetic device which controls light power or intensity based on light readings). It would have been obvious to one of
ordinary skill in the art at the time of the invention to base the photon count on the light power as taught by Sharp in the method of
modified Border in order to calculate and control environmental parameters of the device on the basis of the light intensity (Sharp, para.
101).

Border lacks teaching additional light powers.

Sesko, however, discusses a point sensor having both calibration and sensing circuits (col. 8, lines 20-25) the system having an aperture
195, a lens 150, and light detectors 162 in an array 163 (col. 6, line 50-col. 7, line 7, col. 8, lines 1-11) and teaches using two or more
light powers (col. 14, lines 6-19, wherein alternative light source 164' may be a standardized or reference light source, provided so that
raw intensity profiles from the light sources 164 and 164' may be acquired and compared, as a means of calibrating the light source 164,
and/or the wavelength detector 162; see Fig. 1, light source 164 and 164'). It would have been obvious to one of ordinary skill in the art at
the time of the invention to use two or more light sources as taught by Sesko in the method of Border in order to acquire intensity profiles
and compare them for use in calibration of the device (Sesko, col. 14, lines 6-19).

Claim 20 lacks an inventive step under PCT Article 33(3) as being obvious over Border et al. (hereinafter Border) in view of Sesko and
Pence, IV (hereinafter Pence).

Regarding claim 20, Border lacks teaching the calibration method of claim 16 wherein the regulator modifies the parameter of the
illumination source based on piezoelectric effects.

Pence, however, discusses temperature regulators (abstract) and teaches a first regulator modifies the parameter of the illumination
source based on piezoelectric effects (col. 2, lines 25-31, discussing expansion of a material produced by heat is employed to produce a
stress on a piezoelectric on the material and the resulting signal from the piezoelectric is employed in control of a thermoelectric cooler
for the material; col. 5, lines 62-67, wherein FIG. 7, the difference in expansion of the active and passive substrate materials 60 and 63
provides piezoelectric signals for control of a single or plurality of thermoelectric coolers which in turn regulate the cooling). It would have
been obvious to one of ordinary skill in the art at the time of the invention to use a piezoelectric material as taught by Pence in the system
of modified Border so as to produce an immediate cooling change in the device proportional to the signal from the piezoelectric material
(Pence, col. 2, line 60-col. 3, line 10).
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Claims 12-15 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest:

Regarding claim 12, the prior art of record, individually or in combination, does not teach or fairly suggest the calibration system of claim
1 wherein the aperture layer further defines one or more additional calibration apertures including at least a second calibration aperture,
a third calibration aperture and a fourth calibration aperture, wherein the lens layer comprises one or more additional calibration lenses
including at least a second calibration lens, a third calibration lens and a fourth calibration lens, wherein each pair of calibration aperture
and calibration lens is offset by a unique distance with respect to the others such that each calibration lens outputs light toward the
optical filter at a unique nominal angle with respect to the others, wherein the pixel layer further comprises one or more additional
calibration pixels including at least a second calibration pixel aligned with a ray extending through the second aperture and the second
calibration lens, a third calibration pixel aligned with a ray extending through the third aperture and the third calibration lens, and a fourth
calibration pixel aligned with a ray extending through the fourth aperture, and wherein the first regulator is configured to modify the
parameter of the illumination source based on a light power detected by the first calibration pixel and the additional calibration pixels.

Claims 13 and 14 depend from claim 12, and therefore meet the criteria set outin PCT Article 33(2)-(3) for at least the same reasons as
claim 12.

Regarding claim 15, the prior art of record, individually or in combination, does not teach or fairly suggest the calibration system of claim
1 further comprising anocther illumination source, wherein each illumination source is configured to output a different band of wavelengths
of light as a function of the parameter; and a second calibration aperture, a second calibration lens, a second calibration pixel and a
second regulator are provided for the other illumination source, wherein the second regulator is controlled independent of the first
regulator.

Claims 1—2I8 meet the criteria set outin PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can
be made or used in industry.
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[Document Name]Abstract

[Abstract]

[Purpose]To measure displacement from a reference plane with high resolution.
[Constitution]A projected beam emitted from a light source 1 is deflected by a
vibration mirror 2, and is irradiated onto an inspection object S through a
projection lens 3, thereby scanning a projection spot. A light receiving lens 4 has
an optical axis in a scanning plane of a projected beam, and photosensors Y1, Y2,.
are arranged on an image plane of the light receiving lens 4, Further, the position
of the projected beam is detected by photosensors X I, X 2,. Time when an image
formation spot of as opposed to the thing S to be examined in the distance computing
unit 10 passes one of the photosensors Yi, A time difference between a reference
plane L 0 and a time at which a light beam is passed through a photosensor Xi
corresponding to a photosensor Yi is obtained, and this time difference is converted
into a displacement of the surface of an inspection object S with respect to a
reference plane L 0.

[Selected drawing]Fig. 1
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SYSTEMS AND METHODS FOR CALIBRATING AN OPTICAL DISTANCE
SENSOR

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/289,004 filed January 29, 2016.

TECHNICAL FIELD
[0002] This disclosure relates generally to the field of optical sensors and more
specifically to a new and useful system and method for calibrating an optical

distance sensor in the field of optical sensors.

BRIEF DESCRIPTION OF THE FIGURES

[0003] FIGURE 1 is a schematic representation of a system according to a first
embodiment herein;

[0004] FIGURE 2A is a schematic representation according to a second
embodiment herein;

[0005] FIGURES 2B, 2C, and 2D are graphical representations of the second
embodiment herein ;

[0006] FIGURES 3A and 3B are schematic representations according to a third
embodiment herein.

[0007] FIGURE 4 is a schematic representation according to a fourth embodiment
herein.

SUMMARY

[0008] Disclosed herein is an optical system comprising: a receiver module
comprising a bulk receiver optic, an aperture layer including a plurality of sense
apertures, a lens layer including a plurality of sense lenses and a pixel layer
including a plurality of sense pixels, wherein the aperture layer, the lens layer and
the pixel layer are arranged to form a plurality of sensing circuits with each sensing
circuit in the plurality of sensing circuits defining a discrete, non-overlapping field
of view beyond a threshold distance in a field external to the optical system and
including a sense aperture from the plurality of sense apertures, a sense lens from

the plurality of sense lenses and a sense pixel from the plurality of sense pixels.

1
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[oo09] Also disclosed herein is an optical system for performing distance
measurements, the optical system comprising: an emitter module comprising a
bulk transmitter optic and an illumination source, and wherein the illumination
source comprises a plurality of lasers, each laser in the plurality of lasers configured
to project a discrete illuminating beam at an operating wavelength through the bulk
transmitter optic into a field external to the optical system; and a receiver module
comprising a bulk receiver optic, an aperture layer including a plurality of sense
apertures, a lens layer including a plurality of sense lenses, a pixel layer including a
plurality of sense pixels and an optical filter layer positioned between the bulk
receiver optic and the plurality of sense pixels, the optical filter layer configured to
pass a band of wavelengths of light including the operating wavelength while
blocking light outside the band; wherein the aperture layer, the lens layer, the filter
layer and the pixel layer are arranged to form a plurality of sensing circuits with
each sensing circuit in the plurality of sensing circuits defining a discrete, non-
overlapping field of view beyond a threshold distance in the field external to the
optical system and including a sense aperture from the plurality of sense apertures,
a sense lens from the plurality of sense lenses, an optical filter from the filter layer,
and a sense pixel from the plurality of sense pixels.

[oo010] Also disclosed herein is an optical system for performing distance
measurements, the optical system comprising: a receiver module comprising a bulk
receiver optic, an aperture layer including a plurality of apertures, a lens layer
including a plurality of lenses, a pixel layer including a plurality of pixels and an
optical filter layer positioned between the bulk receiver optic and the pixel layer, the
receiver module further including a plurality of sensing circuits and at least one
calibration channel, wherein each sensing circuit in the plurality of sensing circuits
defines a discrete, non-overlapping field of view beyond a threshold distance in the
field external to the optical system and wherein each sensing circuit in the plurality
of sensing circuits and the at least one calibration channel includes an aperture
from the plurality of apertures, a lens from the plurality of lenses, a filter from the
filter layer and a pixel from the plurality of pixels; and an emitter module
comprising a bulk transmitter optic and an illumination source comprising a
plurality of optical emitters configured to output light at an operating wavelength as

a function of a parameter, project a first portion of the light through the bulk

2
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transmitter optic into a field ahead of the optical system and project a second
portion of the light onto the pixel in the at least one calibration channel; and a
regulator configured to modify the parameter of the plurality of optical emitters
based on a light power detected by the pixel in the calibration channel.

[0009A] Reference to any prior art in the specification is not an acknowledgment or
suggestion that this prior art forms part of the common general knowledge in any
jurisdiction or that this prior art could reasonably be expected to be understood,
regarded as relevant, and/or combined with other pieces of prior art by a skilled

person in the art.

DESCRIPTION OF THE EMBODIMENTS
[0011] The following description of embodiments of the invention is not intended to
limit the invention to these embodiments but rather to enable a person skilled in
the art to make and use this invention. Variations, configurations, implementations,
example implementations, and examples described herein are optional and are not
exclusive to the variations, configurations, implementations, example
implementations, and examples they describe. The invention described herein can
include any and all permutations of these wvariations, configurations,

implementations, example implementations, and examples.

1. System
[0012] As shown in FIGURE 1, in one embodiment, a calibration system 100 (e.g.,

for calibrating an optical distance sensor) includes: a bulk transmitting optic 101
and a bulk receiving optic 102. The system 100 may also include an illumination
source 103 offset behind the bulk transmitting optic and configured to output a
wavelength of light as a function of temperature; an aperture layer 104 arranged
behind the bulk receiving optic and defining a sense aperture 120 and a calibration
aperture 125; an optical bypass 105 extending from the illumination source behind
the bulk transmitting optic to the calibration aperture; a lens layer 106 adjacent the
aperture layer opposite the bulk receiving optic, comprising a sense lens 107
substantially axially aligned with the sense aperture, and comprising a calibration
lens 108 substantially axially aligned with the calibration aperture; an optical filter

109 adjacent the lens layer opposite the aperture layer; a pixel layer 110 adjacent the

3
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optical filter opposite the lens layer, comprising a sense pixel 111 substantially
axially aligned with the sense lens, and comprising a calibration pixel 112
substantially axially aligned with the calibration lens; and a temperature

regulator113 coupled to the illumination source and configured to modify a

16 Oct 2018

temperature of the illumination source based on a light power detected by the
calibration pixel. In the embodiment of FIGURE 1, system 100 may also include
diffuser 170 configured to guide light onto the photodetectors. In one embodiment,

2017212835
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the diffuser may be included in an optional converging lens layer arranged so as to
converge light onto the photodetectors. The converging lens layer may be arranged
between the optical filter and the photodetector. The converging lens layer may
also comprise a micro-lens, a plurality of micro-lenses, a diffuser, or any other
element capable of guiding light onto the photodetectors. In addition, in the
embodiment of FIGURE 1, system 100 may be housed in a housing 135. Although
various layers have been described in the foregoing embodiment as being adjacent
to another layer, it will be appreciated that fewer or additional layers may be
included. For example, it will be understood that additional aperture layers may be
included between any two layers.

[0013] As shown in FIGURE 3A, system 300 is an embodiment of a variation of the
system 100, where the system 300 may include: a bulk transmitting optic 301; a
bulk receiving optic 302; an illumination source offset behind the bulk transmitting
optic and configured to output a wavelength of light as a function of temperature;
an aperture layer 304 defining a first calibration aperture and a second calibration
aperture; an optical bypass 305 extending from the illumination source behind the
bulk transmitting optic to the first calibration aperture and the second calibration
aperture; a lens layer 306 adjacent the aperture layer opposite the optical bypass,
comprising a first calibration lens substantially axially aligned with the first
calibration aperture, and comprising a second calibration lens axially offset from
the second calibration aperture; an optical filter 309 adjacent the lens layer
opposite the aperture layer; a pixel layer adjacent the optical filter opposite the lens
layer, comprising a first calibration pixel substantially axially aligned with the first
calibration lens, and comprising a second calibration pixel aligned with a ray
extending through the second aperture and the second calibration lens; and a
temperature regulator 313 coupled to the illumination source and configured to
modify a temperature of the illumination source based on a light power detected by
the first calibration pixel and the second calibration pixel. System 300 also may

include a second illumination source 350, in addition to illumination source 303.

2, Applications

[0014] In one embodiment, the system 100 functions as an image sensor that, when

rotated about an axis parallel to a column of sense apertures, collects three-

942



1002287044

21 Aug 2018

2017212835

dimensional distance data of a volume occupied by the system 100. Similarly, the
system 100 can function as a static image sensor that collects two- or three-
dimensional distance data of a space or volume in the field of view of the system
100. Generally, the system 100 can scan a volume to collect three-dimensional
distance data that can then be reconstructed into a virtual three-dimensional
representation of the volume, such as based on recorded times between
transmission of an illuminating beam from the illumination source and detection of
photons — likely originating from the illumination source — incident on the sense
pixel, based on phase-based measurement techniques, or based on another distance
measurement technique.

[0015] In one embodiment, the system 100 includes an illumination source, a
calibration circuit 130, and a sensing circuit. The sensing circuit includes a sense
aperture, a sense lens, and an optical filter that cooperate to pass only a relatively
narrow band of wavelengths of light (e.g., a single target wavelength +/- 0.25
nanometers) to a corresponding sense pixel. Because the sensing circuit is
configured to detect light in only a relatively narrow wavelength band, the system
100 can tune the illumination source to output light within this relatively narrow
wavelength band. The illumination source can output a narrow band of wavelengths
of light in a distribution pattern centered at a wavelength. The center frequency of
the light source can be varied by changing the temperature of the illumination
source (the preferred mode), though alternately it can be done by changing the duty
cycle of the source, by using piezo effect, or any other means available. The
calibration circuit can actively control the source temperature by a regulator —
thermally coupled to the illumination source — in order to govern the center
wavelength of light output by the illumination source. In particular, the calibration
circuit can match the center wavelength of light output by the illumination source to
the center wavelength passed and detected by the sensing circuit in order to
substantially maximize the energy efficiency of any receiver system such as the
system 100 (i.e., a ratio of light read by the sensing circuit to light output by the
illumination source).

[0016] The optical filter in the sensing circuit may pass and reject light as a function
of incident angle, and manufacturing defects may yield a lateral and/or longitudinal

offset between the aperture layer and the lens layer such that the sense aperture
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and the sense lens are not axially aligned and such that light output from the sense
lens reaches the optical filter at an angle other than perpendicular to the optical
filter. Misalignment between the aperture layer and the lens layer during
manufacture may therefore yield a sensing circuit that passes and detects a center
wavelength of light other than a nominal wavelength that the optical filter is
configured to pass (i.e., a center wavelength that the optical filter passes for light
incident on the optical filter at 90°), as shown in FIGURE 2B. Furthermore, such
misalignment between aperture layers and lens layers may not be uniform from one
unit of the system 100 to the next and may vary over time within a single unit of the
system 100, such as due to ambient temperature and/or pressure. Similarly,
illumination sources (e.g., bar diode lasers) may exhibit different output
characteristics (e.g., variations in center or primary output wavelength at a
particular operating temperature), even within a single batch of illumination
sources, due to manufacturing defects.

[0017] Therefore, rather than implement an illumination source-specific center
output wavelength versus temperature model and an empirically-determined target
center wavelength for the aperture layer and lens layer stack, the system 100 can
incorporate a calibration circuit — similar to the sensing circuit — and can actively
modify an output of the temperature regulator based on light detected by the
calibration circuit. In particular, the calibration circuit: can include a calibration
aperture integrated in the same aperture layer as the sense aperture; can include a
calibration lens integrated into the same lens layer as the sense lens; can share the
optical filter (e.g., an optical filter layer) with the sensing circuit; and can include a
calibration pixel integrated into the same pixel layer as the sensing circuit. The
calibration circuit can therefore mimic manufacturing defects occurring in the
sensing circuit such that tuning the illumination source to achieve peak incident
light through the calibration circuit similarly tunes the illumination source to the
sensing circuit. In particular, a unit of the system 100 can actively manipulate the
temperature regulator to maintain peak incident photon count per unit time at the
calibration pixel throughout operation, thereby matching the output of the
illumination optic to both the calibration circuit and the sensing circuit and

automatically compensating for substantially unique stacks of manufacturing
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defects in the unit of the system 100 with a closed-loop feedback model common to
a mass of units of the system 100.

[0018] Generally, peak incident photon count recorded by the calibration pixel may
occur when the output wavelength of the illumination source is matched to the bulk
peak-power wavelength of the calibration circuit. The calibration circuit and the
sensing circuit share a common optical filter, include apertures defined by a
common aperture layer, include lenses in a common lens layer, and are subject to
common lateral and longitudinal offsets between apertures and lenses. Therefore,
the bulk peak-power wavelength of the sensing circuit is substantially identical to
the bulk peak-power wavelength of the calibration circuit. In order to increase (or
substantially maximize) efficiency of the system 100 during operation, the system
100 can uniquely calibrate the illumination source to the sensing circuit by tuning
the output wavelength of the illumination source to achieve a peak incident photon
count per unit time at the calibration pixel. For example, the illumination source
can output light at a center wavelength that varies proportionally with the
temperature of the illumination source, and the system 100 can control the center
output wavelength of the illumination source by actively manipulating heat flux of
the temperature regulator coupled to the illumination source. Throughout
operation, the system 100 can implement closed-loop feedback techniques to
actively control the output of the temperature regulator — and therefore the center
output wavelength of the illumination source — based on incident photon counts
read from the calibration pixel such that the illumination source remains tuned to
the sensing circuit over time despite changes in internal temperature, ambient
temperature, ambient pressure, etc.

[0019] As shown in FIGURE 2A, in one embodiment, a system 200 can include
multiple calibration circuits. The system 200 may include a bulk transmitting optic
201, a bulk receiving optic 202, an optical filter 209, a sense aperture 220, a sense
lens 207, a sense pixel 211, illumination sources 203 and 250, and an optical bypass
205. These components may be structured similarly to the components described
above in connection with FIGURE 1. In this variation, each calibration aperture and
calibration lens (e.g., calibration apertures 225 and calibration lenses 208, or
individually as calibration apertures 225-1, 225-2, 225-3, 225-4 and calibration

lenses 208-1, 208-2, 208-3, 208-4) can be offset by a unique distance (e.g., distance

945



1002287044

21 Aug 2018

2017212835

do, di, d», da, etc.) in the set such that the calibration lens outputs light toward the
optical filter at a unique nominal angle (e.g., angle ao, ai, as=, as, etc.) in the set. For
example, the system 100 can include a first calibration aperture and lens set, a
second calibration aperture and lens set, a third calibration aperture and lens set,
and a fourth calibration aperture and lens set assembled at unique offset distances
such that the first, second, third, and fourth calibration lens output light toward the
optical filter at 0°, 1°, 2°, and 3° to the optical filter, respectively, as shown in
FIGURES 2A and 2C. Thus, in one embodiment, calibration apertures can be offset
from the calibration lenses. Of course, in other embodiments, any number of
calibration circuits (e.g., set of calibration aperture, lens, pixel) may be included in
the system. In this variation, the system 200 can read incident photon counts (or
times between consecutive incident photons, etc.) from each of calibration pixels
212 (individually calibration pixels 212-1, 212-2, 212-3, 212-4) during a sampling
period, determine if the center output wavelength of the illumination source is
greater than or less than the center wavelength read by the calibration circuit (and
therefore read by the sensing circuit) during the sampling period based on this set
of incident photon counts, and then increase or decrease the temperature of the
illumination source — via the temperature regulator — accordingly to improve
alignment of center wavelengths output by the illumination source and read by the

calibration circuit.

3, Sensing Circuit

[0020] As shown in FIGURES 1 and 4, in some embodiments, the sensing circuit of
the system 100 (and system 400) may include: a bulk receiving optic (e.g., 102 and
402); an aperture layer arranged behind the bulk receiving optic and defining a
sense aperture and a calibration aperture; a lens layer (e.g., 107 and 407) adjacent
the aperture layer opposite the bulk receiving optic and defining a sense lens
substantially axially aligned with the sense aperture; an optical filter (e.g., 109 and
409) adjacent the lens layer opposite the aperture layer; and a pixel layer (e.g., 111
and 411) adjacent the optical filter opposite the lens layer and including a sense
pixel substantially axially aligned with the sense lens. Generally, the bulk receiving
optic, sense aperture, sense lens, optical filter, and the sense pixel cooperate to

collect light (e.g., ambient light and light output by the illumination source), to
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collimate light, to reject all light outside of a narrow band of wavelengths including
a center output wavelength of the illumination source, and to detect light reaching
the sense pixel. The system 100 (e.g., a processor within the system 100) can thus
transform an incident photon count, a time between incident photons, an incident
photon time relative to an illumination beam output time, etc. into a position of a
surface in a field of view of the sensing circuit. As shown in FIGURE 4, similar to
system 100, system 400 may also include bulk transmitting optic 401, illumination
sources 403 and 450, optical bypass 405, regulator 413 and calibration circuit 430.
These components may be structured similarly to those described in connection
with system 100 of FIGURE 1. As also shown in FIGURE 4, system 400 may
include an aperture pitch distance 44o0.

[0021] In one implementation, the bulk receiving optic functions to project incident
light rays from outside the system 100 toward a focal plane within the system 100.
For example, the bulk receiving optic can define a converging lens and can include
multiple lenses, such as one or more bi-convex lenses (shown in FIGURES 1 and 4)
and/or plano-convex lenses, that cooperate to yield a total bulk focal length at or
near the center wavelength of perpendicular light rays passed by the optical filter
(i.e., the nominal operating wavelength of the system 100). The aperture layer
includes a relatively thin opaque structure coincident the focal plane (i.e., offset
from the bulk receiving optic behind the bulk focal length) and defining the sense
aperture and a stop region around the sense aperture. The stop region of the
aperture layer rejects (e.g., blocks, absorbs, reflects) incident light rays, and the
sense aperture passes incident light rays toward the sense lens. For example, the
aperture layer can define a sense aperture of diameter approaching a diffraction-
limited diameter to maximize geometrical selectivity of the field of view of the
sensing circuit.

[0022] In this implementation, the sense lens is characterized by a sense focal
length, is offset from the focal plane by the sense focal length, collimates lights rays
passed by the sense aperture, and passes collimated light rays into the optical filter.
For example, the sense lens can include a converging lens characterized by a ray
cone substantially matched to a ray cone of the bulk receiving optic and can be
offset from the focal plane of the bulk receiving optic by a relatively short sense

focal length to preserve the aperture of the bulk receiving optic and to collimate
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light passed by the sense aperture. The optical filter receives collimated light — in a
spectrum of wavelengths — from the sense lens, passes a relatively narrow band of
wavelengths of light (e.g., the operating wavelength +/- 0.25 nanometers) to the
sense pixel, and blocks light outside of this narrow wavelength band. For example,
the optical filter can include a narrow optical bandpass filter.

[0023] For example, the illumination source can output light (predominantly) at a
nominal wavelength of 9oo nm, and the optical filter can define a planar optical
bandpass filter configured to pass light (incident on the optical filter at an angle of
90°) between 899.95 nm and 900.05 nm and configured to block substantially all
light (incident on the optical filter at an angle of 90°) outside of this band. The
sense pixel functions to receive light (i.e., “photons”) passed by the optical filter, to
detect these incident photons, and to output a signal corresponding to a number or
rate of detected photons. For example, the sense pixel can include an array of
single-photon avalanche diode detectors (“SPADs”), and the sense pixel can output
a single signal or a stream of signals corresponding to the count of photons incident
on the pixel within a single sampling period picoseconds, nanoseconds,
microseconds, or milliseconds in duration.

[0024] In one variation, the system 300 includes multiple sensing circuits 340 (or
individually 340-1, 340-2, 340-3, and 340-4), including multiple sense aperture,
sense lens, and sense pixel sets, as shown in FIGURES 3A and 3B. For example, the
system 300 can include: a column of offset sense apertures 320 (individually 320-1,
320-2, etc.) arranged behind the single bulk receiving optic and defining discrete
(i.e., non-overlapping beyond a threshold distance from the system 100) fields of
view in a field ahead of the bulk receiving optic. In one embodiment, each of sense
apertures 320 are respectively aligned with a corresponding sense lens. The system
300 may also include an illumination source that projects discrete illuminating
beams at an operating wavelength into the field of view defined by each sense
aperture; a column of sense lenses that collimate light rays passed by corresponding
sense apertures; the optical filter that spans the column of sense lenses and
selectively passes a relatively narrow band of wavelengths of light; and a set of sense
pixels that detect incident photons, such as by counting incident photons or
recording times between consecutive incident photons. In this example, the system

100 can selectively project illuminating beams into a field ahead of the system 100
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according to an illumination pattern that substantially matches — in size and
geometry across a range of distances from the system 100 — the fields of view of the
sense apertures. In particular, the illumination source can illuminate substantially
only surfaces in the field ahead of the system 100 that are within the fields of view
of corresponding sense pixels such that minimal power output by the system 100
via the illumination source is wasted by illuminating surfaces in the field for which
the sense pixels are blind. Therefore, the system 100 can achieve a relatively high
ratio of output signal (i.e., illuminating beam power) to input signal (i.e., photons
passed to an incident on the pixel array), particularly when the center output
wavelength of the illumination source is matched to the center wavelength read by
the sensing circuit.

[0025] In another variation, the system 100 includes a two-dimensional grid array
of sensing circuits (i.e., sense aperture, sense lens, and sense pixel sets) and is
configured to image a volume occupied by the system 100 in two dimensions per
sampling period. In this variation, the system 100 can collect one-dimensional
distance data (e.g., counts of incident photons within a sampling period and/or
times between consecutive photons incident on sense pixels corresponding to
known fields of view in the field) across a two-dimensional grid of sense pixels, and
the system 100 can merge these one-dimensional distance data with known
positions of the fields of view for each sense pixel to reconstruct a virtual three-
dimensional representation of the field ahead of the system 100. For example, the
aperture layer can define a 24-by-24 grid array of 200-pm-diameter sense
apertures offset vertically and laterally by an aperture pitch distance of 300 pm, and
the lens layer can include a 24-by-24 grid array of sense lenses offset vertically and
laterally by a lens pitch distance of 300 pm. In this example, the pixel layer can
include a 24-by-24 grid array of 300-pm-square sense pixels, wherein each sense
pixel includes a 3x3 square array of nine 100-um-square SPADs.

[0026] In one implementation, the bulk receiving optic, the aperture layer, the lens
layer, the optical filter, and the diffuser are fabricated and then aligned with and
mounted onto the pixel layer. In one example, the optical filter is fabricated by
coating a fused silica substrate. Photoactive optical polymer is then deposited over
the optical filter, a lens mold defining an array of lens forms placed over the

photoactive optical polymer, and a UV light source activated to cure the photoactive
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optical polymer into a pattern of lenses across the optical filter. Standoffs are
similarly molded or formed across the optical filter via photolithography
techniques. The aperture layer is separately fabricated by selectively metallizing a
glass wafer and etching apertures into this metallic layer; the glass wafer is then
bonded or otherwise mounted to these standoffs. In this example, the assembly is
subsequently inverted, and a second set of standoffs is similarly fabricated across
the optical filter opposite the lens layer. The pixel layer (e.g., a discrete image
sensor) is aligned with and bonded to the second set of standoffs; the bulk receiving
optic is similarly mounted over the aperture layer to complete the sensing circuit
stack.

[0027] Alternatively, the bulk receiving optic, the aperture layer, the lens layer, and
the optical filter, can be fabricated directly onto an un-diced semiconductor wafer —
containing the sense pixel — via photolithography and wafer-level bonding
techniques. However, the bulk receiving optic, the aperture layer, the lens layer, the
optical filter, and the pixel layer can be fabricated and assembled in any other way

and with any other method or technique.

4. Qutput Circuit

[0028] As shown in FIGURE 1, the system 100 includes an output circuit, including
a bulk transmitting optic and an illumination source. In one implementation, the
bulk transmitting optic: is substantially identical to the bulk receiving optic in
material, geometry (e.g., focal length), thermal isolation, etc.; and is adjacent and
offset laterally and/or wvertically from the bulk receiving optic. In the
implementation, the illumination source includes a monolithic VCSEL array of
optical emitters arranged behind the bulk transmitting optic. In one example, the
illumination source can include a bar diode laser defining a column of optical
emitters characterized by an emitter pitch distance substantially identical to the
sense aperture pitch distance; because the bar diode laser includes optical emitters
fabricated on the same chip, the optical emitters can exhibit substantially similar
output wavelength characteristics as a function of temperature. In this example,
each optical emitter can output an illuminating beam of an initial diameter
substantially identical to (or slightly greater than) the diameter of a corresponding

sense aperture in the aperture layer, and the illumination source can be arranged
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along the focal plane of the bulk transmitting optic such that each illuminating
beam projected from the bulk transmitting optic into the field intersects and is of
substantially the same size and geometry as the field of view of the corresponding
sensing circuit at any distance from a system 400 (e.g., a variation of the system
100), as shown in FIGURE 4. Therefore, the illumination source and the bulk
transmitting optic can cooperate to project substantially all output power into the
fields of view of the sensing circuits with relatively minimal power wasted

illuminating surfaces in space outside of the fields of view of the sensing circuits.

5. Calibration Circuit

[0029] As shown in FIGURE 1, the system 100 further includes a calibration circuit,
including an optical bypass 105, a calibration aperture 125 defined in the aperture
layer 104, a calibration lens 108 incorporated into the lens layer 106, an optical
filter 109 shared with the sensing circuit (e.g., sense aperture 120, sense lens 107,
sense pixel 111), and a calibration pixel 112 incorporated into the pixel layer 110.
Generally, the optical bypass 105 functions to funnel some light rays output by the
illumination source 103 to the calibration aperture 125; like the sense aperture 120,
sense lens 107, and optical filter 109 in the sensing circuit, the calibration aperture
125, calibration lens 108, and optical filter 109 in the calibration circuit pass a
substantially narrow wavelength band of light received from the optical bypass to
the calibration pixel. Based on the number of incident photons, frequency of
incident photons, or incident light power, etc. detected by the calibration pixel
within a sampling period, the system 100 can determine whether and/or to what
extent the center (or primary) output wavelength of the illumination source 103 is
matched to an effective center (or primary) operating wavelength of the calibration
circuit 130, and the system 100 can modify an output of the temperature regulator
accordingly to shift the output wavelength of the illumination source to the effective
operating wavelength of the calibration circuit 130.

[0030] Because the calibration aperture 125, the calibration lens 108, and the
calibration pixel 112 are integrated into the same aperture layer 104, lens layer 106,
and pixel layer 110 as the sense aperture 120, the sense lens 107, and the sense pixel
111 and because the calibration circuit 130 and the sensing circuit (e.g., sense

aperture 120, sense lens 107, sense pixel 111) share the same optical filter 109, the
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calibration circuit 130 can share substantially identical manufacturing defects (e.g.,
alignment defects) and can therefore exhibit substantially identical effective
operating wavelengths. Furthermore, because the optical bypass passes some light
from the same illumination source that illuminates the field of view of the sense
channel, manipulation of the temperature regulator to match the output wavelength
of the illumination source to the effective operating wavelength of the calibration
circuit also matches the output wavelength of the illumination source to the
effective operating wavelength of the sensing circuit, thereby increasing the power
efficiency of the system 100.

[0031] Therefore: the calibration aperture can be formed into the aperture layer at
substantially the same time and with substantially the same positional accuracy as
the sense aperture; the calibration lens can be formed into the lens layer at
substantially the same time and with substantially the same positional accuracy as
the sense lens; and the calibration pixel can be incorporated into the pixel layer at
substantially the same time and with substantially the same positional accuracy as
the sense pixel, such as according to the methods and techniques described above.
The optical filter can also define a singular or unitary structure that spans the
calibration circuit and the sensing circuit, and the aperture layer, the lens layer, the
optical filter, and the pixel layer — including both the calibration and sensing
circuits — can be assembled as described above.

[0032] In one implementation, the bulk transmitting optic is arranged in plane with
and laterally offset from the bulk receiving optic, and the optical bypass “siphons”
light from one end of the illumination source behind the bulk transmitting optic to
an adjacent region behind the bulk receiving optic and into the calibration aperture,
as shown in FIGURES 1 and 4. For example, in the implementation described above
in which the illumination source includes a bar diode laser with multiple optical
emitters, the optical bypass can include a light pipe or an optical waveguide that
extends from one end emitter on the bar diode laser and terminates over the
calibration aperture behind the bulk receiving optic. However, the optical bypass
can include any other structure and can function in any other way to communicate

light from the illumination source into the calibration circuit.
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6. Calibration
[0033] In the embodiment of FIGURE 2A, the system 200 further includes a

temperature regulator 213 coupled to the illumination source and configured to

modify a temperature of the illumination source based on a light power detected by
the calibration pixel. Generally, at startup and/or during operation, the system 200
can read a number of incident photons, a frequency of incident photons, or an
incident light power, etc. detected by the calibration pixel within a sampling period
and can implement closed-loop feedback control techniques to modify the output of
the temperature regulator — and therefore the temperature and the center (or
primary) output wavelength of the illumination source —based on the output of the
calibration pixel.

[0034] In one implementation, the system 200 further includes a temperature
sensor 230 thermally coupled to the illumination source. In this implementation,
upon startup, the system 200: ramps up the duty cycle (e.g., the heat output) of the
temperature regulator and implements closed-loop feedback controls to hold the
illumination source at a low operating temperature (e.g., 80°C); and stores an
incident photon count (or frequency of incident photons, etc.) recorded by the
calibration pixel over a sampling period while the illumination source is held at the
low operating temperature. The system 200 then steps up the duty cycle of the
temperature regulator to achieve discrete temperature steps (e.g., 0.5°C steps) from
the low operating temperature to a high operating temperature (e.g., 85°C) at the
illumination source; and stores an incident photon count recorded by the
calibration pixel over a sampling period each temperature step within the operating
temperature range. (The system 200 can also read incident photon counts from the
calibration pixel over multiple sampling periods per temperature step and record a
median or average photon count for the temperature step.) In this implementation,
the system 200 can then identify a peak incident photon count read from the
calibration pixel across the set of temperature steps, set a corresponding
temperature of the illumination source as an initial target operating temperature,
and adjust the duty cycle of the temperature regulator to achieve the initial target
operating temperature.

[0035] In the foregoing implementation, throughout continued operation, the

system can: read incident photon counts from the calibration pixel; detect
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variations in the incident photon count read by the calibration pixel, such as beyond
a threshold variance (e.g., 5%); and modify the output of the temperature regulator
accordingly. The system can also: read the temperature of the illumination source
from the temperature sensor at corresponding sampling periods; and determine
whether to increase or decrease the duty cycle of the temperature regulator
responsive to changes in the incident photon count on the calibration pixel based
on changes in the temperature of the illumination optic. For example, if the incident
photon count recorded by the calibration pixel drops across two or more sampling
periods and the temperature sensor indicates that the temperature of the
illumination source has also dropped, the system can increase the heat output of the
temperature regulator and store temperatures of the illumination source as the
incident photon count recorded by the configuration pixel increases. As the incident
photon count reaches a peak value and then begins to decrease with increasing
temperature of the illumination source, the system can identify a new target
operating temperature of the illumination source corresponding to a peak incident
photon count recorded by the calibration pixel during the temperature ramp and
then reduce the output of the temperature regulator to achieve this new target
operating temperature.

[0036] In another example, if the incident photon count recorded by the calibration
pixel drops over two or more sampling periods and the temperature sensor
indicates that the temperature of the illumination source increased over the same
sampling periods, the system can reduce the heat output of the temperature
regulator and store temperatures of the illumination source as the incident photon
count recorded by the calibration pixel increases. As the recorded incident photon
count reaches a peak value and then begins to decrease with decreasing
temperature of the illumination source, the system can identify a new target
operating temperature corresponding to a peak incident photon count recorded by
the calibration pixel during the temperature drop and increase the output of the
temperature regulator to achieve this new target operating temperature.

[0037] In yet another example, if the incident photon count recorded by the
calibration pixel drops beyond the threshold variation over two or more sampling
periods but no substantial temperature change is detected at the illumination

source over the sampling periods, the system can ramp up the heat output of the
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temperature regulator to achieve a one-step increase in temperature of the
illumination source. If the incident photon count recorded by the calibration pixel
increases in response to the increase in temperature of the illumination source, the
system can: continue to increase the output of the temperature regulator until the
incident photon begins to drop, determine a new (higher) target operating
temperature corresponding to the new peak incident photon count recorded by the
calibration pixel during this temperature ramp; and reduce the output of the
temperature regulator to achieve this new target operating temperature, as in the
foregoing example. However, if the incident photon count recorded by the
calibration pixel decreases in response to the increase in temperature of the
illumination source, the system can step down the heat output of the temperature
regulator. As the incident photon count increases and then begins to decrease with
the decrease in temperature of the illumination source, the system can: determine a
new (lower) target operating temperature corresponding to a peak incident photon
count recorded by the calibration pixel during this temperature drop; and increase
the output of the temperature regulator to achieve this new target operating
temperature, as in the foregoing example.

[0038] The system can therefore implement closed-loop feedback techniques to
achieve an output of the temperature regulator that maintains the illumination
source at a temperature corresponding to a center (or primary) output wavelength
of the illumination source substantially matched to the effective operating
wavelength of the sensing circuit based on a number of photons (or a frequency of
photons, a time between consecutive photons, etc.) detected by the single
calibration pixel.

[0039] In other implementations, the system can vary the output wavelength of the
illumination source by: actively tuning an internal Fabrey-Perot cavity thickness in
a laser, such as via a MEMS actuator or piezoelectric film within the cavity; actively
tuning an external cavity length of a vertical external-cavity surface-emitting
laser (“VECSEL”), such as with MEMS actuators. In still other implementations,
the system can vary the transmit wavelength (e.g., passband center wavelength) of
the receiver circuit by: actively tuning a center wavelength of a filter within the
receiver circuit by angle tuning, such as by rotating the filter with a MEMS gimbal

actuator; etc. Of course, in some embodiments, the system can vary the output

17

955



1002287044

21 Aug 2018

2017212835

wavelength of the illumination source as discussed above in addition to varying the
transmit wavelength of the receiver circuit. In the foregoing implementations, the
system can implement closed-loop methods and techniques to actively and
dynamically tune the output wavelength of the illumination source and/or the

receiver circuit, as described herein.

7 Extended One-Dimensional Calibration Circuit
[0040] One variation of the system is illustrated in FIGURES 3A AND 3B as system

300. In this embodiment, system 300 includes a set of (e.g., four) calibration

circuits per illumination optic, such as 330-0, 330-1, 330-2, 330-3. In this
variation: calibration apertures (e.g., 325-0, 325-1, etc.) in the set of calibration
circuits can be formed into the aperture layer at substantially the same time and
with substantially the same positional accuracy as the sense aperture; calibration
lenses in the set of calibration circuits can be formed into the lens layer at
substantially the same time and with substantially the same positional accuracy as
the sense lens; and calibration pixels in the set of calibration circuits can be
incorporated into the pixel layer at substantially the same time and with
substantially the same positional accuracy as the sense pixel, such as according to
the methods and techniques described above. The optical filter can also define a
singular or unitary structure that spans the set of calibration circuits and the
sensing circuit, and the aperture layer, the lens layer, the optical filter, and the pixel
layer — including both the calibration and sensing circuits — can be assembled as
described above. Furthermore, in this variation, the optical bypass can siphon light
from the illumination source into each calibration aperture in the set of calibration
circuits, as shown in FIGURES 3A and 3B.

[0041] In this variation, calibration lenses can be positioned in the lens layer such
that, when the aperture layer is assembled over the lens layer, select calibration
aperture and calibration lens pairs are laterally and/or longitudinally offset.
Because a particular calibration lens in the set of calibration circuits is thus
deliberately offset from its paired calibration aperture in the assembly, the
particular calibration lens can pass light — received from the aperture — toward the
optical filter at a corresponding off-axis angle. In one example of a nominal

assembly (i.e., an assembly in which a first calibration aperture and first calibration

18

956



1002287044

21 Aug 2018

2017212835

lens are axially aligned) including four calibration circuits: the first calibration lens
can be axially aligned with the first aperture to output light toward the optical filter
at an angle of 0° from normal to the optical filter; a second calibration lens can be
laterally offset from a second aperture by a first distance in order to output light
toward the optical filter at an angle of 1° from normal to the optical filter; a third
calibration lens can be laterally offset from a third aperture by a second distance
greater than the first distance in order to output light toward the optical filter at an
angle of 2° from normal to the optical filter; and a fourth calibration lens can be
laterally offset from a fourth aperture by a third distance greater than the second
distance in order to output light toward the optical filter at an angle of 3° from
normal to the optical filter, as shown in FIGURES 2A and 2C.

[0042] In this variation, the system can execute a method for calibrating an optical
distance sensor, including: calculating a first photon count of photons detected by a
first calibration pixel axially aligned with a first calibration lens axially aligned with
a first calibration aperture; calculating a second photon count of photons detected
by a second calibration pixel axially offset from a second calibration lens axially
offset from a second calibration aperture by a first offset distance; transforming the
first photon count and the second photon count into a target temperature change at
an illumination source; and actuating a temperature regulator coupled to the
illumination source according to the target temperature change.

[0043] In particular, during operation, the system can read incident photon counts
(or times between consecutive incident photons, etc.) from each calibration pixel,
characterize a difference between the effective operating wavelength of the
calibration circuit and the center (or primary) output wavelength of the
illumination source during a sampling period based on a pattern of incident photon
counts read from the calibration pixels, and then maintain, increase, or decrease
the output of the temperature regulator accordingly, as shown in FIGURE 2C. In
one implementation, if the first calibration circuit records an incident photon count
greater than incident photon counts recorded by the other calibration circuits in the
system, the system can determine that the center output wavelength of the
illumination source is either matched to or is greater than the effective operating
wavelength of the first calibration circuit. The system can then determine that the

output wavelength of the illumination source is too low if the incident photon count
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(or the incident photon frequency, etc.) recorded by the first calibration pixel is less
than a present threshold value, if the incident photon count recorded by the fourth
calibration pixel is less than a present threshold value, or if a difference or ratio
between the incident photon counts read by the first and second calibration pixels is
less than a preset threshold value, etc. and decrease the heat output of the
temperature regulator accordingly, thereby decreasing the output wavelength of the
illumination source. However, in this implementation, if the second calibration
circuit records an incident photon count greater than the incident photon counts
recorded by the other calibration circuits in the system, including the first
calibration circuit, the system can determine that the center output wavelength of
the illumination source is less than the effective operating wavelength of the first
calibration circuit and increase the heat output of the temperature regulator at a
first rate accordingly, thereby increasing the output wavelength of the illumination
source. Furthermore, in this implementation, if the third calibration circuit records
an incident photon count greater than the incident photon counts recorded by the
other calibration circuits in the system, including the first and second calibration
circuits, the system can determine that the center output wavelength of the
illumination source is again less than the effective operating wavelength of the first
calibration circuit and increase the heat output of the temperature regulator at a
second rate greater than the first rate accordingly, thereby more rapidly increasing
the output wavelength of the illumination source. The system can therefore actively
adjust the output of the temperature regulator substantially in real-time based on
incident photon counts recorded by the calibration pixels throughout operation.

[0044] Alternatively, the system can locally store a set of photon count templates (or
lookup tables, etc.), wherein each photon count template includes absolute or
relative incident photon count values for the set of calibration circuits at a
particular absolute or relative difference between the effective operating wavelength
of the sensing circuit and the center (or primary) output wavelength of the
illumination source. The system can thus implement template matching techniques
to match a set of incident photon counts recorded by the set of calibration pixels
during a sampling period to a particular photon count template in the set of photon
count templates and then modify the heat output of the illumination source

accordingly, such as based on a heat output change target associated with the
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matched photon count template. However, the system can implement any other
method or technique to transform incident photon counts read by the set of
calibration circuits during a sampling period into a new heat output target for the
illumination source. The system can repeat this process for each sampling period
(or each set of consecutive sampling periods) throughout operation to maintain
alignment between the center output wavelength of the illumination source and

effective operating wavelength of the sensing circuit.

8. Defect Compensation in Extended Calibration Circuit

[0045] In another example of the system that includes four calibration circuits
realizing different light output angles at the optical filter, the lens layer can be
misaligned with the aperture layer due to manufacturing defects or manufacturing
limitations such that: the first calibration lens is offset from the first aperture by a
first distance and thus outputs light toward the optical filter at an angle of -1° from
normal to the optical filter; the second calibration lens is substantially axially
aligned with the second aperture and thus outputs light toward the optical filter at
an angle of 0° from normal to the optical filter; the third calibration lens is laterally
offset from the third aperture by the first distance and thus outputs light toward the
optical filter at an angle of 1° from normal to the optical filter; and the fourth
calibration lens is laterally offset from the fourth aperture by a second distance
greater than the first distance and thus outputs light toward the optical filter at an
angle of 2° from normal to the optical filter, as shown in FIGURE 2D. In this
example, the system can implement methods and techniques described above to
adjust the heat output of the illumination source in order to substantially maximize
the incident photon count (or incident photon frequency, etc.) recorded by the first
calibration pixel per unit time. As described above, if the first and third calibration
circuits record substantially similar incident photon counts that are also greater
than incident photon counts recorded by the second and fourth calibration circuits,
the system can determine that the center output wavelength of the illumination
source is either matched to or is greater than the effective operating wavelength of
the first calibration circuit, as shown in FIGURE 2D. The system can then
determine that the output wavelength of the illumination source is too low if the

incident photon count (or the incident photon frequency, etc.) recorded by the first
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