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calibration pixel is less than a present threshold value or if a difference (or if a ratio
between 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 fourth calibration
circuit records an incident photon count greater than the 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 less than the
effective operating wavelength of the first calibration circuit and can increase the
heat output of the temperature regulator accordingly, as shown in FIGURE 2D,
thereby increasing the output wavelength of the illumination source. Alternatively,
the system can implement template matching techniques to match incident photon
counts recorded by the set of calibration pixels during a sampling period to a
photon count template and modify the heat output of the temperature regulator
accordingly, as described above.

[0046] In a similar example in which the lens layer is misaligned with the aperture
layer: 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 -0.5° from normal to the
optical filter; the second calibration lens is offset from the second aperture by the
first distance and thus outputs light toward the optical filter at an angle of 0.5° from
normal to the optical filter; the third calibration lens is laterally offset from the
third aperture by a second distance greater than the first distance and thus outputs
light toward the optical filter at an angle of 1.5° from normal to the optical filter;
and the fourth calibration lens is laterally offset from the fourth aperture by a third
distance greater than the second distance and thus outputs light toward the optical
filter at an angle of 2.5° from normal to the optical filter.

[0047] In another example, the system performs an initial calibration by: scanning
the illumination source across a range of output wavelengths (e.g., by varying the
temperature of the illumination source across an operating range); recording
incident photon counts per unit time across the set of calibration pixels in a
calibration template for various output wavelengths of the illumination source
during the scan (or at each discrete temperature of the illumination source during

the scan); recording incident photon counts per unit time across the sense pixels for
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various output wavelength of the illumination source during the scan; identifying a
particular illumination source wavelength (or temperature) yielding a highest
incident photon counts per unit time across the sense pixels; and setting a
particular calibration template — corresponding to the particular illumination
source wavelength — from the scan as a target calibration template. Later, during
operation, the system can vary the output wavelength of the illumination source
(e.g., by varying the temperature of the illumination source) to match incident
photon counts per unit time across the set of calibration pixels to the target
calibration template.

[0048] However, the calibration apertures and calibration lenses can be nominally
offset according to any other schema and can be offset in any other way due to
manufacturing defects, manufacturing limitations, etc. The system can also
implement any other method or technique to characterize alignment between the
effective operating wavelength of the calibration circuit — and therefore the sensing
circuit — and the illumination source and to modify the heat output of the

temperature regulator accordingly.

9. Extended Two-Dimensional Calibration Circuit

[0049] In another implementation, the system includes calibration circuits arranged
along multiple axes. For example, the system can include: a first calibration circuit
arranged at an origin position and configured to pass light toward the optical filter
at an angle of 0° in a nominal system assembly; a second calibration circuit laterally
offset (e.g., offset along an X-axis) from the first calibration circuit and configured
to pass light toward the optical filter at an angle of 1° in the nominal system
assembly; a third calibration circuit laterally offset from the second calibration
circuit and configured to pass light toward the optical filter at an angle of 2° in the
nominal system assembly; a fourth calibration circuit longitudinally offset (e.g.,
offset along a Y-axis) from the first calibration circuit and configured to pass light
toward the optical filter at an angle of 1° in the nominal system assembly; and a fifth
calibration circuit longitudinally offset from the third calibration circuit and
configured to pass light toward the optical filter at an angle of 2° in the nominal
system assembly. This two-dimensional array of calibration circuits can thus collect

incident photon data symptomatic of both a lateral offset and longitudinal offset of

23

961



1002287044

21 Aug 2018

2017212835

the lens layer relative to the aperture layer, and the system can modify the heat
output of the temperature regulator based on absolute or relative differences
between incident photon counts recorded across the five calibration pixels, such as
according to methods and techniques described above, in order to align the center
output wavelength of the illumination source to the effective operating wavelength
of the sensing circuit, thereby compensating for both the lateral offset and the

longitudinal offset of the lens layer relative to the aperture layer.

10. Multiple Illumination Sources

[0050] In one variation, the system further includes multiple discrete illumination
sources. In this variation, each illumination source is paired with: one discrete bulk
transmitting optic; a calibration circuit (or set of calibration circuits) integrated into
the aperture layer, lens layer, the optical filter, and the pixel layer; and an optical
bypass interposed between the illumination source and the calibration aperture(s)
of the corresponding calibration circuit(s). For example, the system can include: a
first bulk transmitting optic and a second bulk transmitting optic on opposing
longitudinal sides of the bulk receiving optic; a first illumination optic behind the
first bulk transmitting optic; and a second illumination optic behind the second
bulk transmitting optic. In this example, each illumination source and its
corresponding bulk transmitting optic can project a set of illuminating beams into
the fields of view of corresponding sensing circuits in the system, thereby achieving
twice the illumination power per field of view of the sensing circuits compared to a
system with a single like illumination source.

[0051] However, in this variation, various illumination sources in the system may
exhibit differences in their outputs during operation, such as different center output
wavelengths for a particular operating temperature and/or different changes in
center output wavelength per change in operating temperature. The system can
therefore include a discrete optical bypass and calibration circuit(s) per
illumination source. In particular, in the foregoing example, the system can include
a first optical bypass extending from the first illumination source to a first
calibration aperture over a first longitudinal side of the aperture layer; a second
optical bypass extending from the second illumination source to a second

calibration aperture over a second longitudinal side of the aperture layer opposite
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the first side of the aperture layer; a first temperature regulator thermally coupled
to the first illumination source; and a second temperature regulator thermally
coupled to the second illumination source and controlled independently of the first
temperature regulator. The system can thus implement the foregoing methods and
techniques to match the center output wavelength of the first illumination source to
the effective operating wavelength of its corresponding calibration -circuit
independently of the second illumination source; and vice versa.

[0052] However, in this variation, the system can include any other number and
configuration of illumination sources, bulk transmitting optics, optical bypasses,
temperature regulators, and calibration circuits in order to illuminate fields of view
defined by the sensing circuits and to match the output wavelength of each
illumination source to the effective operating wavelength of the sensing circuits.
[0053] The systems and methods described herein can be embodied and/or
implemented at least in part as a machine configured to receive a computer-
readable medium storing computer-readable instructions. The instructions can be
executed by computer-executable components integrated with the application,
applet, host, server, network, website, communication service, communication
interface, hardware/firmware/software elements of a user computer or mobile
device, wristband, smartphone, or any suitable combination thereof. Other systems
and methods of the embodiment can be embodied and/or implemented at least in
part as a machine configured to receive a computer-readable medium storing
computer-readable instructions. The instructions can be executed by computer-
executable components integrated by computer-executable components integrated
with apparatuses and networks of the type described above. The computer-readable
medium can be stored on any suitable computer readable media such as RAMs,
ROMs, flash memory, EEPROMsS, optical devices (CD or DVD), hard drives, floppy
drives, or any suitable device. The computer-executable component can be a
processor but any suitable dedicated hardware device can (alternatively or
additionally) execute the instructions.

[0054] The present disclosure further provides a calibration system and method, as
broadly set out in the following clauses:

Clauses

Clause 1. A calibration system comprising:
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an aperture layer defining a first calibration aperture;

a lens layer comprising a first calibration lens substantially axially
aligned with the first calibration aperture;

an optical filter adjacent the lens layer opposite the aperture layer;

a pixel layer adjacent the optical filter opposite the lens layer, the pixel
layer comprising a first calibration pixel substantially axially aligned with the
first calibration lens,

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; and

a first regulator configured to modify the parameter of the
illumination source based on a light power detected by the first calibration

pixel.

Clause 2. The calibration system of clause 1 further comprising a sensing circuit, the
sensing circuit comprising:
a sense aperture defined in the aperture layer;
a sense lens substantially axially aligned with the sense aperture; and

a sense pixel substantially aligned with the sense lens.

Clause 3. The calibration system of clause 2 wherein the sensing circuit shares the

optical filter that is adjacent the lens layer opposite the aperture layer.
Clause 4. The calibration system of clause 1 further comprising:

a bulk transmitting optic; and

a bulk receiving optic,

wherein the illumination source is offset behind the bulk transmitting optic.

Clause 5. The calibration system of clause 1 further comprising an optical bypass

extending from the illumination source to the first calibration aperture.

Clause 6. The calibration system of clause 1 wherein the first regulator comprises a

temperature regulator, the temperature regulator being configured to modify a
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temperature of the illumination source based on the light power detected by the

first calibration pixel.

Clause 7. The calibration system of clause 1 wherein the first regulator modifies a

duty cycle of the illumination source.

Clause 8. The calibration system of clause 1 wherein the first regulator modifies the

parameter of the illumination source based on piezoelectric effects.

Clause 9. The calibration system of clause 1 further comprising a diffuser adjacent

the optical filter opposite the lens layer.

Clause 10. The calibration system of clause 1 wherein the aperture layer further
defines a second calibration aperture, the lens layer comprises a second calibration
lens axially offset from the second calibration aperture, the pixel layer comprises a
second calibration pixel aligned with a ray extending through the second aperture
and the second calibration lens, and 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.

Clause 11. The method of clause 10 further comprising an optical bypass extending
from the illumination source to the first calibration aperture and the second

calibration aperture.

Clause 12. The calibration system of clause 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,
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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.

Clause 13. The calibration system of clause 12, wherein the calibration system
further comprises an optical bypass extending from the illumination source to at

least one calibration aperture of the calibration apertures.

Clause 14. The calibration system of clause 12, wherein the calibration system
further comprises one or more optical bypasses and one or more additional
illumination sources; and

each of the one or more optical bypasses extends from at least one of the

illumination sources to at least one of the calibration apertures.

Clause 15. The calibration system of clause 1 further comprising another
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.

Clause 16. A calibration method 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;
obtaining one or more additional light powers detected by one or more

additional calibration pixels, respectively, each additional calibration pixel being
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axially offset from a corresponding calibration lens axially offset from a
corresponding calibration aperture by a unique offset distance; 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.

Clause 17. The calibration method of clause 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.

Clause 18. The calibration method of clause 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.

Clause 19. The calibration method of clause 16 wherein the regulator modifies a

duty cycle of the illumination source in order to tune the illumination source.

Clause 20. The calibration method of clause 16 wherein the regulator modifies the

parameter of the illumination source based on piezoelectric effects.

Clause 21. The calibration method of clause 16 wherein the regulator is actuated to
maintain a peak incident photon count per unit time based on the first light power
and the additional light powers.

Clause 22. The calibration method of clause 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
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or is greater than the central wavelength of the illumination source during the

sampling period.

Clause 23. The calibration method of clause 18 wherein if the first light power is less
than a first threshold value or if a difference 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.

Clause 24. The calibration method of clause 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.

Clause 25. The calibration method of clause 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.

Clause 26. The calibration method of clause 16 further comprising tuning a center

wavelength of the optical filter by angle tuning.
[o055] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be

made to the embodiments of the invention without departing from the scope of this

invention as defined in the following claims.
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CLAIMS

What is claimed is:

1. 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.

2. The optical system as claimed in claim 1 wherein each sense
pixel is configured to output a signal or stream of signals corresponding to a count
of photons incident on the sense pixel within a single sampling period and wherein
the system further comprises a processor and a computer-readable medium, the
processor configured to execute instructions stored in the computer-readable
medium to transform incident photon counts and photon timing information with
known positions of the fields of view for each sense pixel into a virtual three-

dimensional representation of the field external to the system.

3. The optical system as claimed in claim 1 wherein the system is
configured to function as a static image sensor that collects two- or three-

dimensional distance data of a space or volume in the field external to the system.

4. The optical system as claimed in claim 1 wherein the bulk
receiver optics has a focal plane, the plurality of sense of apertures is coincident
with the focal plane and each sensing circuit in the plurality of sensing circuits is
optically behind the bulk receiver optic and receives light from the bulk receiver

optic.
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5. The optical system as claimed in claim 1 wherein the sense
pixel in each of the plurality of sensing circuits is configured to detect the same
wavelength and further comprises a diffuser that jumbles light received at the

sensing circuit before the light reaches the sensing pixel.

6. The optical system as claimed in claim 1 wherein the system is
configured to function as an image sensor that, when rotated about an axis parallel
to a column of sense apertures, collects three-dimensional distance data of a

volume occupied by the system.

. The optical system as claimed in any one of claims 1 to 6
wherein the sense pixel in each sensing circuit comprises a plurality of single-
photon avalanche diode detectors (SPADs).

8. The optical system as claimed in any one of claims 1 to 7
wherein the optical system further comprising an emitter module comprising a bulk
transmitter optic and an illumination source, and wherein the illumination source
comprises a plurality of emitters, each emitter in the plurality of emitters
configured to project a discrete illuminating beam at an operating wavelength
through the bulk transmitter optic into the field external to the optical system and
wherein each sensing circuit further comprises an optical filter positioned between
the bulk receiver optic and the sense pixel, the optical filter configured to pass a
band of wavelengths of light including the operating wavelength while blocking
light outside the band.

9. The optical system as claimed in claim 8 wherein the optical
filter in each sensing circuit in the plurality of sensing circuits is part of a filter layer
that spans across the plurality of sensing circuits and is configured to pass the same
band of wavelengths of light through each of the plurality of sensing circuits.

10. The optical system as claimed in claim 8 wherein the

illumination source comprises a plurality of lasers.
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11. The optical system as claimed in claim 10 wherein the plurality
of lasers is fabricated on a single chip and exhibit substantially similar output

wavelength characteristics as a function of temperature.

12.  The optical system as claimed in claim 10 wherein the plurality
of lasers are arranged in an array characterized by an emitter pitch distance

substantially identical to a sense aperture pitch distance.

13.  The optical system as claimed in claim 8 wherein the
illumination source comprises a monolithic vertical cavity surface emitting laser

(VCSEL) array of optical emitters.

14.  The optical system as claimed in any one of claims 8 to 13
wherein the bulk receiver optic and the bulk transmitter optic are arranged in plane

and laterally offset from each other.

15.  The optical system as claimed in claim 14 further comprising a

temperature sensor thermally coupled to the illumination source.

16.  The optical system as claimed in any one of claims 8 to 15
further comprising a regulator operatively coupled to the illumination source and

configured to modify a parameter of the illumination source.

17.  The optical system as claimed in claim 16 wherein the regulator
comprises a temperature regulator configured to modify a temperature of the

illumination source.

18.  The optical system as claimed in claim 16 wherein:

the receiver module further comprises a calibration channel including
a calibration aperture from the aperture layer, a calibration lens aligned with the
calibration aperture, a calibration pixel substantially aligned with the calibration

lens, and an optical filter;
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the illumination source is configured to project a first portion of light
into a field ahead of the optical system and project a second portion of light onto the
calibration pixel in the calibration channel; and

the regulator is configured to modify a temperature of the plurality of
emitters based on a light power detected by the calibration pixel in the calibration
channel.

19.  The optical system as claimed in any one of claims 1 to 7
wherein each sensing circuit further comprises an optical filter positioned between
the bulk receiver optic and the sense pixel, the optical filter configured to pass a
narrow band of wavelengths of light while blocking light outside the band; and
wherein the bulk receiving optic, sense aperture, sense lens, optical filter, and the
sense pixel cooperate to collect light, to collimate light, to reject all light outside of a

narrow band of wavelengths, and to detect light reaching the sense pixel.

20.  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
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plurality of sense lenses, an optical filter from the filter layer, and a sense pixel from

the plurality of sense pixels.

oF. The optical system for performing distance measurements as
claimed in claim 20 further comprising a temperature regulator operatively coupled
to the illumination source and configured to modify a temperature of the

illumination source.

22,  The optical system for performing distance measurements as
claimed in claim 21 wherein:

the receiver module further comprises a calibration channel including
a calibration aperture from the aperture layer, a calibration lens aligned with the
calibration aperture, a calibration pixel substantially aligned with the calibration
lens, and an optical filter from the filter layer;

the illumination source is configured to project a first portion of light
into a field ahead of the optical system and project a second portion of light onto the
calibration pixel in the calibration channel; and

the temperature regulator is configured to modify a temperature of
the plurality of lasers based on a light power detected by the calibration pixel in the

calibration channel.

23.  The optical system for performing distance measurements as
claimed in any one of claims 20 to 22 wherein each sense pixel is configured to
output a signal or stream of signals corresponding to a count of photons incident on
the sense pixel within a single sampling period and wherein the system further
comprises a processor and a computer-readable medium, the processor configured
to execute instructions stored in the computer-readable medium to transform
incident photon counts and photon timing information with known positions of the
fields of view for each sense pixel into a virtual three-dimensional representation of

the field external to the system.

24. The optical system for performing distance measurements as

claimed in claim 23 wherein the plurality of lasers is fabricated on a single chip and

35

973



1002473103

26 Feb 2019

2017212835

exhibit substantially similar output wavelength characteristics as a function of

temperature.

25.  The optical system for performing distance measurements as
claimed in any one of claims 20 to 24 wherein the sense pixel in each sensing circuit
comprises a plurality of single-photon avalanche diode detectors (SPADs) and the
illumination source comprises a monolithic vertical cavity surface emitting laser

(VCSEL) array of optical emitters.

26.  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 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.

27.  The optical system for performing distance measurements as

claimed in claim 26 wherein the regulator comprises a temperature regulator
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configured to modify a temperature of the illumination source based on the light

power detected by the pixel in the at least one calibration channel.

28.  The optical system for performing distance measurements as
claimed in claim 26 wherein the regulator modifies a duty cycle of the illumination

source.

29. The optical system for performing distance measurements as
claimed in claim 26 wherein, for each sensing circuit in the plurality of sensing
circuits, the lens in the sensing circuit is aligned with the aperture in the sensing
circuit and the pixel in the sensing circuit is substantially aligned with the lens in
the sensing circuit; and 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.
30. The optical system for performing distance measurements as
claimed in any one of claims 26 to 29 further comprising an optical bypass

extending from the illumination source to at pixel in the at least one calibration

channel.
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A, CLASSIFICATION OF SUBJECT MATTER
GO1S 13/66(2006.01)i, GO1S 13/48(2006.01)i, GO1S 13/88(2006.01)i

According to Interuational Patent Classification {(IPC) or to both national classification and 1PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G018 13/66: GOGF 15/00; GO1B 11/14; GO1B 11/26; GO1C 3/08; GO1S 13/48; GO1S 13/88

Documentation searched other than minimmm documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulled during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keyvwords: LIDAR, source, rotate, lens, detector

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Catepory* Citation of document, with indication, where appropriate, of the relevant passages Relevant o claim No,
¥, IS 2008-0316463 Al (OKADA et al,) 25 December 2008 1-20
See abstract, paragraphs [0032]-[0056]1, [0099]-[0103] and figures 1-3, 8.
Y 1S 20110216304 Al (HALL) 08 September 2011 1-20
See abstract, paragraphs [0030]-[0084], [0041]-[0059], claim 1 and figures
1-9, 14-15.
A U5 2010-0302528 A1 (HALL) 02 December 2010 1-20

See paragraphs [0015]1-[0040], claim 16 and figures 1-3.

A US 2011-0255070 Al (PHILLIPS et al.) 20 October 2011 1-20
See abstract, paragraphs [0036]-[0051] and [igures 1-7,

A US 6115128 A (VANN) 05 September 2000 1-20
See zbstract, claims 1-6 and figures 1A-8.

D Further documents are listed in the continuation of Box C, g See patent family annex.
» Special ics of cited d " later d { published afer the i ional filing date or priosity
A" docwmnent defining the general state of the an which is not considered date and not in conflict with the application but ciled v understand
to be of particular relevance the principle or theory underlylng the invention
"B eardier application or patent but published on or afler the i 1 X" d al’ icul ! ; the claimed i ion cannet be
filing date considered novel or cannot be considered to involve an inventive
LY document which may throw doubts on priocity claim(s) or which is step when the document is taken alone
cited to establish the publicstion date of another citation ar other "Y' d of particular rel the claimed i ion cannot be
special reason (as specified) considered to imvolve an inventive sep when the document is
"or d ing o an oral disc) use, exhibilion or other combined with onc or more other such such irgti
means being obvious to a person skilled in the art
"P* d it published prior to the i ional filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actmal pletion of the i ional search Date of mailing of the inlernational search repon
19 November 2014 (19,11,2014) 19 November 2014 (19.11.2014)
Name and mailing adrcss of the ISA/KR Authorized officer
Imermational Application Divigion
Korean Intellectual Propenty Office KAN
189 Che: Seo-pi, Dagjeon City, 302-701, G, Sung Chul
. Republic of Korea
Facsimile No. 182=42-472-7140 Telephone No.  +82-42-481-8405

Form PCT/ASA/210 (second sheet) (July 2009)

1069



(25)

JP 2016-534346 A 2016.11.4

INTERNATIONAL SEARCH REPORT Intemational application No.
Information on patent family members PCT/US2014/047864
Patent document Publication Patem family Publication
cited in search report date membe(s) date
US 2008-0316463 Al 25/12/2008 CN 101241182 A 13/08/2008
CN 101241182 B 02/11/2011
CN 102178023 A 07/09/2011
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JP 5056362 B2 24/10/2012
US 7580117 B2 25/08/2009
US 2011-021630 Al 08/09/2011 EP 2388615 Al 237/11/2011
US 8767190 B2 01/07/2014
WO 2011-146523 A2 24/11/2011
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Angus Pacala Examiner: Not yet assigned

Application No.: 16/046,643 Technology Center/Art Unit: 2414
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A PLURALITY OF SENSE STATEMENT
CHANNELS

Customer No.: 20350

Commissioner for Patents
P.O. Box 1450
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Commissioner:
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Registration No. 37,234
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Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date
2) [] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 0 Ol:er' ()
Paper No(s)/Mail Date See Continuation Sheet. : 3
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20210205

1092



Continuation Sheet (PTOL-326) Application No. 16/046,643

Continuation of Attachment(s) 2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date: 07/26/2018; 03/21/2019; 01/31/2020; 04/27/2020; 06/18/2020; 07/28/2020; 09/03/
2020; 02/28/2020; 01/14/2021.

1093



Application/Control Number: 16/046,643 Page 2
Art Unit: 2878

Notice of Pre-AlA or AlA Status
The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AlA.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded
in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not
identical, but at least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164
USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the
reference application or patent either is shown to be commonly owned with the examined application,
or claims an invention made as a result of activities undertaken within the scope of a joint research
agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AlA as explained in MPEP § 2159. See MPEP § 2146 et seq. for applications not subject
to examination under the first inventor to file provisions of the AIA. A terminal disclaimer must be

signed in compliance with 37 CFR 1.321(b).
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The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit
www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed
determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meets all requirements is auto-processed and approved immediately upon submission.
For more information about eTerminal Disclaimers, refer to

g IR et e B Banes e Tu s ey ke P Bl oy Fas B B vy ived oy v sy ey 2 -
wwiw uspio.gov/patents/process/file/efs feuidance /et D-info-Lisn.

Claims 35-38 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 22-26 of copending Application No. 15/880,491 (reference application).
Although the claims at issue are not identical, they are not patentably distinct from each other because
of the following reasons.

Regarding claim 35 of the present application, the limitations therein are covered by claim 22 of
the reference application. Note that while the reference application claim 22 does not explicitly recite
“a plurality of discrete apertures coincident with the focal plane” (see claim 35, line 5), persons having
ordinary skill in the art would recognize that the claimed structure would have discrete apertures given
the recitation of discrete channels and a plurality of apertures corresponding thereto. Also, having the
apertures at the focal plane of the bulk imaging optic would have been obvious to persons having
ordinary skill in the art so as to provide for proper optical alignment of the various structures. Also, the
“field external” in line 8 of claim 35 corresponds to the location of “field ahead” in lines 7-8 of claim 22.
Regarding the last line of claim 35, persons having ordinary skill in the art would recognize that
apertures such as those recited in claim 22 of the reference application have fields of view.

Claim 36 of the present application is covered by claim 22, 25, and 26 combined of the reference

application.
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Claim 37 of the present application is covered by claim 22, 23, and 24 combined of the reference
application.

Claim 38 of the present application is covered by claim 22, 25, and 26 combined of the reference
application.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct

claims have notin fact been patented.

Allowable Subject Matter

Claims 1-34 are allowed.

Claims 39 and 40 are objected to as being dependent upon a rejected base claim, but would be
allowable if rewritten in independent form including all of the limitations of the base claim and any
intervening claims.

The following is a statement of reasons for the indication of allowable subject matter:.
Regarding claim 1, the prior art fails to teach or fairly suggest an optical imaging system
comprising: a bulk imaging optic having a focal plane; an array of pixels; and an aperture layer disposed

between the bulk imaging optic and the array of pixels, the aperture layer including a plurality of
discrete apertures coincident with the focal plane, wherein the aperture layer and pixel layer are
arranged to form a plurality of sense channels defining a plurality of discrete, non-overlapping fields of
view beyond a threshold distance in a field external to the optical imaging system, each sense channel in
the plurality of sense channels including a pixel from the array of pixels and an aperture from the

plurality of apertures that defines the field of view for its respective pixel, and wherein a pixel area of
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each pixel in the plurality of sense channels is larger than an area of its corresponding aperture in the
plurality of apertures.

Claims 2-12 are allowed by virtue of their claim dependency upon allowed claim 1.

Regarding claim 13, the prior art fails to teach or fairly suggest an optical imaging system
comprising: a bulk imaging optic having a focal plane; an array of pixels of substantially uniform pixel
area, each pixel in the array of pixels including a plurality of subpixels distributed across its pixel area;
and an aperture layer disposed between the bulk imaging optic and the array of pixels, the aperture
layer including a plurality of discrete apertures of substantially uniform area formed coincident with the
focal plane and stop regions interposed between adjacent apertures in the aperture layer, wherein the
aperture layer and pixel layer are arranged to form a plurality of sense channels defining a plurality of
discrete, non-overlapping fields of view beyond a threshold distance in a field external to the optical
imaging system, each sense channel in the plurality of sense channels including an aperture from the
plurality of apertures and a pixel from the array of pixels with the aperture of each channel defining the
field of view for its respective pixel, and wherein the area of the aperture in each channel is smaller than
the pixel area of its respective pixel.

Claims 14-16 are allowed by virtue of their claim dependency upon allowed claim 13.

Regarding claim 17, the prior art fails to teach or fairly suggest an optical imaging system
comprising: a bulk imaging optic having a focal plane; an optical assembly having a plurality of sense
channels defining a plurality of discrete, non-overlapping fields of view beyond a threshold distance in a
field external to the bulk imaging optic, the optical assembly comprising: an array of pixels of
substantially uniform pixel area, each pixel in the array of pixels including a plurality of subpixels
distributed across its pixel area; an aperture layer disposed between the bulk receiver optic and the
array of pixels, the aperture layer including a plurality of discrete apertures of substantially uniform area

formed coincident with the focal plane and stop regions between adjacent apertures; a lens layer
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including a plurality of lenses arranged to receive light passed through the aperture and pass the
received light towards the array of pixels; and an optical filter layer disposed between the bulk imaging
optic and the array of pixels, the optical filter layer configured to receive light passed through the bulk
imaging optic and pass a narrow band of radiation while blocking radiation outside that band; wherein
each sense channel in the optical assembly includes a pixel from the array of pixels, an aperture from
the aperture layer that defines the field of view for its respective pixel and has an area that is smaller
than a sensing area of its respective pixel, a lens from the lens layer and a filter from the optical filter
layer.

Claims 18-26 are allowed by virtue of their claim dependency upon allowed claim 17.

Regarding claim 27, the prior art fails to teach or fairly suggest an optical imaging system
comprising: a bulk imaging optic having a focal plane; a plurality of pixels arranged in a pixel array in
which adjacent pixels in the array are spaced apart from each other in a first dimension by a pixel pitch;
and an aperture layer disposed between the bulk imaging optic and the plurality of pixels arranged in
the pixel array, the aperture layer including a plurality of discrete apertures of substantially uniform size
coincident with the focal plane and stop regions between adjacent apertures, wherein the plurality of
discrete apertures are arranged in an aperture array in which adjacent apertures in the aperture array
are spaced apart from each other in the first dimension by an aperture pitch and wherein the aperture
array is aligned with the pixel array and a maximum linear dimension of each aperture in the aperture
array is less than the pixel pitch; and wherein the aperture layer and pixel layer are arranged to form a
plurality of sense channels defining a plurality of discrete, non-overlapping fields of view beyond a
threshold distance in a field external to the optical imaging system, each sense channel in the plurality of
sense channels including a pixel from the array of pixels and an aperture from the plurality of apertures
that defines the field of view for its respective pixel.

Claims 28-34 are allowed by virtue of their claim dependency upon allowed claim 27.
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Regarding claim 39, the prior art fails to teach or fairly suggest an optical imaging system
comprising: a bulk imaging optic having a focal plane; an array of pixels; and an aperture layer disposed
between the bulk imaging optic and the array of pixels, the aperture layer including a plurality of
discrete apertures coincident with the focal plane, wherein the aperture layer and pixel layer are
arranged to form a plurality of sense channels defining a plurality of discrete, non-overlapping fields of
view beyond a threshold distance in a field external to the optical imaging system, each sense channel in
the plurality of sense channels including a pixel from the array of pixels and an aperture from the
plurality of apertures that defines the field of view for its respective pixel and wherein the pixel in each
of the plurality of sense channels comprises a plurality of SPADs distributed across a pixel area of the
pixel that is larger than an area of its corresponding aperture.

Claim 40 would be allowed by virtue of their claim dependency upon objected to, but otherwise

allowable claim 39.

Conclusion

The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure. The additional references made of record disclose optical imaging systems of interest.

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to JOHN R. LEE whose telephone number is (571)272-2477. The examiner can
normally be reached on Monday - Friday, 8:00 am - 5 pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use

the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Georgia Epps can be reached on (571) 272- 2328. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR system, contact
the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

J/IOHN R LEE/
Primary Examiner, Art Unit 2878
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