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(57) Abstract: [n one example, a method includes instructing a pattern projector of a distance sensor to project a pattern of light onto the
object, wherein the pattern comprise a plurality of parallel rows of projection artifacts, and wherein a spatial density of the projection
artifacts in a first row of the plurality of parallel rows is different from a spatial density of the projection artifacts in a second row of
the plurality of parallel rows, instructing a camera of the distance sensor to acquire an image of the object, where the image includes
the pattern of light, and calculating a distance from the distance sensor to the object based on an analysis of the image.
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DISTANCE MEASUREMENT USING PROJECTION PATTERNS
OF VARYING DENSITIES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the priority of United States Provisional Patent
Application Serial No. 62/645,185, filed March 20, 2018, which is herein

incorporated by reference in its entirety.

BACKGROUND
[0002] United States Patent Applications Serial Nos. 14/920,246, 15/149,323,

and 15/149,429 describe various configurations of distance sensors. Such

distance sensors may be useful in a variety of applications, including security,
gaming, control of unmanned vehicles, and other applications.

[0003] The distance sensors described in these applications include projection
systems (e.g., comprising lasers, diffractive optical elements, and/or other
cooperating components) which project beams of light in a wavelength that is
substantially invisible to the human eye (e.g., infrared) into a field of view. The
beams of light spread out to create a pattern (of dots, dashes, or other artifacts)
that can be detected by an appropriate light receiving system (e.g., lens, image
capturing device, and/or other components). When the pattern is incident upon
an object in the field of view, the distance from the sensor to the object can be
calculated based on the appearance of the pattern (e.g., the positional
relationships of the dots, dashes, or other artifacts) in one or more images of the
field of view, which may be captured by the sensor’s light receiving system. The
shape and dimensions of the object can also be determined.

[0004] For instance, the appearance of the pattern may change with the
distance to the object. As an example, if the pattern comprises a pattern of dots,
the dots may appear closer to each other when the object is closer to the sensor,
and may appear further away from each other when the object is further away

from the sensor.
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SUMMARY

[0005] In one example, a method includes instructing a pattern projector of a
distance sensor to project a pattern of light onto the object, wherein the pattern
comprise a plurality of parallel rows of projection artifacts, and wherein a spatial
density of the projection artifacts in a first row of the plurality of parallel rows is
different from a spatial density of the projection artifacts in a second row of the
plurality of parallel rows, instructing a camera of the distance sensor to acquire
an image of the object, where the image includes the pattern of light, and
calculating a distance from the distance sensor to the object based on an analysis
of the image.

[0006] In another example, a non-transitory machine-readable storage
medium is encoded with instructions executable by a processor. When executed,
the instructions cause the processor to perform operations including instructing a
pattern projector of a distance sensor to project a pattern of light onto the object,
wherein the pattern comprise a plurality of parallel rows of projection artifacts, and
wherein a spatial density of the projection artifacts in a first row of the plurality of
parallel rows is different from a spatial density of the projection artifacts in a
second row of the plurality of parallel rows, instructing a camera of the distance
sensor to acquire an image of the object, where the image includes the pattern of
light, and calculating a distance from the distance sensor to the object based on
an analysis of the image.

[0007] In another example, a distance sensor includes a pattern projector to
project a pattern of light onto an object, wherein the pattern comprise a plurality
of parallel rows of projection artifacts, and wherein a spatial density of the
projection artifacts in a first row of the plurality of parallel rows is different from a
spatial density of the projection artifacts in a second row of the plurality of parallel
rows, a camera to acquire an image of the object, where the image includes the
pattern of light, and a processing system to calculate a distance from the distance

sensor to the object based on an analysis of the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates an example projection pattern that may be projected
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by a light projection system of a distance sensor;

[0009] FIG. 2 illustrates the pattern of FIG. 1 enlarged to a high density pattern;
[0010] FIG. 3 illustrates another example projection pattern that may be
projected by a light projection system of a distance sensor;

[0011] FIG. 4 illustrates another example projection pattern that may be
projected by a light projection system of a distance sensor;

[0012] FIG. 5 illustrates another example projection pattern that may be
projected by a light projection system of a distance sensor;

[0013] FIG. 6 illustrates another example projection pattern that may be
projected by a light projection system of a distance sensor;

[0014] FIG. 7 is a flow diagram illustrating one example of a method for
distance measurement using projection patterns of varying densities, according
to the present disclosure; and

[0015] FIG. 8 depicts a high-level block diagram of an example electronic

device for calculating the distance from a sensor to an object.

DETAILED DESCRIPTION

[0016] The present disclosure broadly describes an apparatus, method, and
non-transitory computer-readable medium for distance measurement using
projection patterns of varying densities. As discussed above, distance sensors
such as those described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429 determine the distance to an object
(and, potentially, the shape and dimensions of the object) by projecting beams of
light that spread out to create a pattern (e.g., of dots, dashes, or other artifacts)
in a field of view that includes the object. The beams of light may be projected
from one or more laser light sources which emit light of a wavelength that is
substantially invisible to the human eye, but which is visible to an appropriate
detector (e.qg., of the light receiving system). The three-dimensional distance to
the object may then be calculated based on the appearance of the pattern to the
detector.

[0017] If there are a large number of projection beams, then the movement of

the trajectories of the individual projection artifacts may overlap, which makes it
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more difficult to identify individual projection artifacts and their movement. This,
in turn, complicates the distance measurement, since the movement of the
projection artifacts affects their appearance. This problem becomes exacerbated
when the density of the pattern is particularly high (e.g., as might occur when the
object whose distance is being measured is very close to the distance sensor;
typically, the smaller the distance, the greater the pattern density). On the other
hand, high-density patterns are typically desirable as they allow for higher
resolution distance measurements to be made.

[0018] Examples of the present disclosure provide projection patterns whose
densities vary over the pattern. Forinstance, the pattern may comprise a plurality
of lines of dots, where the density (e.g., closeness of the dots) of a first line is
relatively high and the density of an adjacent second line is relatively low (e.qg.,
lower than the first line). The lower density line is less likely to exhibit overlap of
dot trajectories, which makes it easier to identify the individual dots in the lower
density line. Once the dots in the lower density line are identified, this knowledge
can be used to identify and distinguish the trajectories of the dots in the higher
density line, allowing for an accurate, high-resolution distance measurement to
be made.

[0019] FIG. 1 illustrates an example projection pattern 100 that may be
projected by a light projection system of a distance sensor, such as any of the
distance sensors described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429. As illustrated, the pattern comprises a
plurality of dots 1021-102, (hereinafter individually referred to as a “dot 102" or
collectively referred to as “dots 102”) arranged to form a grid. The dots 102 may
take other forms such as dashes, x’s, or the like; thus, FIG. 1 employs dots for
the sake of example. The dots 102 are arranged along the x and y axes of the
grid, so that a plurality of rows 1044-104, (hereinafter individually referred to as
“row 104" or collectively referred to as “rows 104”) and a plurality of columns 106+-
106, (hereinafter individually referred to as “column 106” or collectively referred
to as “columns 106”) are formed. This arrangementis symmetrical about a center
line 108 that is parallel to the y axis (e.g., orthogonal to the rows). The trajectories

of the dots 102 are parallel to (e.g., move along) the x axis.
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[0020] In one example, any set of four adjacent dots 102 may be connected
to form a quadrilateral. In one example, the quadrilateral may take one of six
shapes: a, -a, b, -b, ¢, or-c, as shown by the legend in FIG. 1. Infurther examples,
additional shapes may be possible. When all six quadrilaterals a, -a, b, -b, ¢, and
-Cc are used in succession along the x axis without repeating, they constitute a
“‘unit.” In FIG. 1, each row 104 of the pattern 100 includes one unit on each side
of the center line 108. A unit may comprise any order of the quadrilaterals a, -3,
b, -b, ¢, and -c. In the example illustrated in FIG. 1, two different units are used
in an alternating fashion. For instance, a first unit is used in row 1044, a different
second unit is used in row 1042, and the units repeat in this way in an alternating
fashion until tow 104,. Pu another way, the first and second units alternate along
the y axis.

[0021] It should be noted that the quadrilaterals are illustrated in FIG. 1 only
to show the relative positions or patterns of the dots 102, and do not comprise
actual projection artifacts that are projected by the distance sensor. Forinstance,
FIG. 2 illustrates the pattern 100 of FIG. 1 enlarged to a high density pattern.
[0022] FIG. 3 illustrates another example projection pattern 300 that may be
projected by a light projection system of a distance sensor, such as any of the
distance sensors described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429. As illustrated, the pattern comprises a
plurality of dots 3021-302, (hereinafter individually referred to as a “dot 302" or
collectively referred to as “dots 302") arranged to form a grid. The dots 302 may
take other forms such as dashes, x’s, or the like; thus, FIG. 3 employs dots for
the sake of example. The dots 302 are arranged along the x and y axes of the
grid, so that a plurality of rows 3044-304 (hereinafter individually referred to as
“row 304" or collectively referred to as “rows 304”) and a plurality of columns 306+-
306, (hereinafter individually referred to as “column 306” or collectively referred
to as “columns 306”) are formed. This arrangement is symmetrical about a center
line 308 that is parallel to the y axis. The trajectories of the dots 302 are parallel
to (e.g., move along) the x axis.

[0023] Collectively, the plurality of rows 304 may be referred to as a “line set.”

A line set in this case comprises at least two rows, parallel to each other, where
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the at least two of the rows in the line set exhibit a different pattern density
(distribution or spacing of dots 302). For instance, where the line set is limited to
two rows, one row may have a high-density dot distribution and the other row may
have a low-density dot distribution (relative to each other) In a further example,
the spacing between the at least two rows (e.g., along the y axis) may be smaller
than the spacing between other rows in the overall pattern (e.g., pattern 300).
[0024] In one example, the rows 304 may alternate between a relatively high-
density pattern and a relatively low-density pattern. The relatively low-density
pattern may exhibit larger spacing between dots 302 than the relatively high-
density pattern. Forinstance, the dots 302 of row 304, may be grouped into pairs,
where the spacing between each dot 302 in a pair is d. The spacing between
each pair in the row 3044, in turn, may be 2d. However, the spacing between the
dots 302 of row 3042 may be 3d. Thus, the pattern of row 304; is of low density
relative to the pattern of row 304+.

[0025] The spacing between the dots 302 of row 3043 may be may alternate
between 2d and 4d. Thus, the pattern of row 304; is of low density relative to the
pattern of row 304,. The dots 302 of row 3044 may be grouped sets of three,
where the spacing between each dot 302 in a setis d. The spacing between each
set in the row 3044, in turn, may be 2d. Thus, the pattern of row 3044 is of high
density relative to the patterns of rows 3044, 3042, and 304s.

[0026] Thus the relative pattern density of each row 304 of the pattern 300
may vary. Any number of different densities may be used in the pattern 300. For
instance, the pattern 300 could alternate between low-density and high-density
row. Alternatively, a random arrangement of rows 304 of varying possible
densities could be used.

[0027] In any case, all dots 302 that reside in a common row 304 are collinear.
That is, all dots 302 that reside in a common row do not vary with respect to their
position on the y axis. However, the spacing between rows along the y axis may
be varied. Forinstance, as illustrated in FIG. 3, the spacing between rows 304
and 304;, and between rows 3043 and 3044 is y1. However, the spacing between
rows 304, and 3043, and between rows 3044 and the next row 302 down the y

axis, is y2.
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[0028] Moreover, where there is an adjacent pair comprising a high-density
row and a low-density row, the spacing between the high-density row and the low-
density row may be smaller than the spacing between dots in either of the rows.
For example, looking at the pair of high-density row 3044 and low-density row
304, (also designated by the references al and a2, respectively), the spacing
between row 3041 and row 304, i.e., y1, is smaller than the spacings d, 2d, and
3d between the dots 302 in the rows 3041 and row 304..

[0029] The pattern 300 may be projected by a vertical cavity surface emitting
laser (VCSEL) array 310 in combination with one or more diffractive optical
elements, e.g., as described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429. In one example the arrangement of
the holes on the VCSEL chip (e.g., the cavities that house the lasers) may be
designed to produce the pattern 300. For instance, similar to the pattern 300, the
arrangement of the holes may be designed as a series of rows, where the spacing
between holes in each row may vary.

[0030] For instance, the VCSEL hole alignment of the VCSEL array 310 may
be comprised of a “hole line set.” In this case, a hole line set may comprise a at
least two hole lines (or rows of holes), parallel to each other, which exhibit a
different density (distribution or spacing) of holes. Forinstance, one hole line may
exhibit a high density distribution of holes, while the other hole line exhibits a low
density distribution of holes (relative to each other). In a further example, the
spacing between the at least two hole lines (e.g., along the y axis) may be
narrower than the spacing between the at least two hole lines and other hole lines
of the VCSEL array.

[0031] FIG. 4 illustrates another example projection pattern 400 that may be
projected by a light projection system of a distance sensor, such as any of the
distance sensors described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429. As illustrated, the pattern comprises a
plurality of dots 4021-402, (hereinafter individually referred to as a “dot 402" or
collectively referred to as “dots 402”) arranged to form a grid. The dots 402 may
take other forms such as dashes, x's, or the like; thus, FIG. 4 employs dots for

the sake of example. The dots 402 are arranged along the x and y axes of the
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grid, so that a plurality of rows a-f and a plurality of columns 1-12 are formed. The
trajectories of the dots 402 are parallel to (e.g., move along) the x axis.

[0032] Collectively, the plurality of rows a-f may be referred to as a “line set.”
A line set in this case comprises a plurality of rows, all parallel to each other,
where at least two of the rows in the line set exhibit a different pattern density
(distribution or spacing of dots 402). In a further example, the spacing between
the rows (e.g., along the y axis) is also the same for all rows in the line set.
[0033] In the example of FIG. 4, each of the rows a, b, ¢, d, e, and f may exhibit
a different pattern density in terms of the spacing between the dots 402, as
illustrated. For instance, the pattern density may be greatest in row a, smallest
in row f, and fall somewhere in between the smallest and greatest densities in
rows b, ¢, d, and e. Moreover, the pattern of rows, i.e., the ordering a, b, c, d, e,
f, may repeat a number of times along the y axis. In the example illustrated in
FIG. 4, the pattern of rows repeats four times. That is, there are four groupings
of rows a-f.

[0034] The pattern 400 may be projected by a vertical cavity surface emitting
laser (VCSEL) array 410 in combination with one or more diffractive optical
elements, e.g., as described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429. In one example the arrangement of
the holes on the VCSEL chip (e.g., the cavities that house the lasers) may be
designed to produce the pattern 400. For instance, similar to the pattern 400, the
arrangement of the holes may be designed as a series of rows, where the spacing
between holes in each row may vary.

[0035] For instance, the VCSEL hole alignment of the VCSEL array 410 may
be comprised of a plurality of “hole line sets.” In this case, a hole line set may
comprise a plurality of hole lines (or rows of holes), all parallel to each other,
where at least two lines in the hole line set exhibit a different density (distribution
or spacing) of holes. In a further example, the spacing between the hole lines
(e.g., along the y axis) may be the same for all hole lines.

[0036] FIG. 5 illustrates another example projection pattern 500 that may be
projected by a light projection system of a distance sensor, such as any of the

distance sensors described in United States Patent Applications Serial Nos.
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14/920,246, 15/149,323, and 15/149,429. As illustrated, the pattern comprises a
plurality of dots 5024-502, (hereinafter individually referred to as a “dot 502" or
collectively referred to as “dots 502”) arranged to form a grid. The dots 502 may
take other forms such as dashes, x’s, or the like; thus, FIG. 5 employs dots for
the sake of example. Asin FIG. 4, the dots 502 are arranged along the x and y
axes of the grid, so that a plurality of rows a-f and a plurality of columns 1-12 are
formed. The trajectories of the dots 502 are parallel to (e.g., move along) the x
axis.

[0037] As in FIG. 4, each of the rows a, b, ¢, d, e, and f may exhibit a different
pattern density in terms of the spacing between the dots 502, as illustrated. For
instance, the pattern density may be greatest in row a, smallest in row f, and fall
somewhere in between the smallest and greatest densities inrows b, ¢, d, and e.
Moreover, the pattern of rows, i.e., the ordering a, b, ¢, d, e, f, may repeat a
number of times along the y axis. In the example illustrated in FIG. 5, the pattern
of rows repeats four times. That is, there are four groupings of rows a-f.

[0038] The pattern 500 may be projected by a vertical cavity surface emitting
laser (VCSEL) array 510 in combination with one or more diffractive optical
elements, e.g., as described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429. In one example the arrangement of
the holes on the VCSEL chip (e.g., the cavities that house the lasers) may be
designed to produce the pattern 500. For instance, similar to the pattern 500, the
arrangement of the holes may be designed as a series of rows, where the spacing
between holes in each row may vary.

[0039] FIG. 6 illustrates another example projection pattern 600 that may be
projected by a light projection system of a distance sensor, such as any of the
distance sensors described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429. As illustrated, the pattern comprises a
plurality of dots 6021-602, (hereinafter individually referred to as a “dot 602" or
collectively referred to as “dots 602”) arranged to form a grid. The dots 602 may
take other forms such as dashes, x’s, or the like; thus, FIG. 6 employs dots for
the sake of example. Asin FIGs. 4 and 5, the dots 602 are arranged along the x

and y axes of the grid, so that a plurality of rows a-f and a plurality of columns 1-
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12 are formed. The trajectories of the dots 602 are parallel to (e.g., move along)
the x axis.

[0040] As in FIGs. 4-5, each of the rows a, b, ¢, d, e, and f may exhibit a
different pattern density in terms of the spacing between the dots 602, as
illustrated. For instance, the pattern density may be greatest in row a, smallest
in row f, and fall somewhere in between the smallest and greatest densities in
rows b, ¢, d, and e. Moreover, the pattern of rows, i.e., the ordering a, b, c, d, e,
f, may repeat a number of times along the y axis. In the example illustrated in
FIG. 6, the pattern of rows repeats four times. That is, there are four groupings
of rows a-f.

[0041] The pattern 600 may be projected by a vertical cavity surface emitting
laser (VCSEL) array 610 in combination with one or more diffractive optical
elements, e.g., as described in United States Patent Applications Serial Nos.
14/920,246, 15/149,323, and 15/149,429. In one example the arrangement of
the holes on the VCSEL chip (e.g., the cavities that house the lasers) may be
designed to produce the pattern 600. For instance, similar to the pattern 600, the
arrangement of the holes may be designed as a series of rows, where the spacing
between holes in each row may vary.

[0042] FIG. 7 is a flow diagram illustrating one example of a method 700 for
distance measurement using projection patterns of varying densities, according
to the present disclosure. The method 700 may be performed, for example, by a
processor, such as the processor of a distance sensor or the processor 802
illustrated in FIG. 8. For the sake of example, the method 700 is described as
being performed by a processing system.

[0043] The method 700 may begin in step 702. In step 704, the processing
system may instruct a projection system of the distance sensor (e.g., a set of
optics including laser light sources, diffractive optical elements, lenses, and or
other components) to project a pattern of light into an object in the field of view of
a distance sensor's camera. In one example, the pattern of light may comprise
light that is emitted in a wavelength that is substantially invisible to the human eye
(e.qg., infrared). The pattern may comprise a plurality of parallel rows of dots,

dashes, X’s, or other projection artifacts. The pattern densities of the individual
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rows may vary. In other words, at least two of the rows exhibit different spatial
densities of projection artifacts. Forinstance, some of the rows may have a higher
pattern density (e.g., closer spacing of projection artifacts) relative to others of the
rows.

[0044] In step 706, the processing system may instruct a camera of the
distance sensor to acquire an image of the object, where the image includes the
pattern of light. In one example, the camera may comprise an infrared detector
and a fish eye lens.

[0045] In step 708, the processing system may process the image in order to
determine the distance to the object. Forinstance, any of the methods described
in in United States Patent Applications Serial Nos. 14/920,246, 15/149,323, and
15/149,429 may be used to calculate the distance. In one example, the distance
to the object may be determined based in part on the trajectories of the projection
artifacts in the pattern. In a further example, the trajectory of a projection artifact
in a low-density row of the pattern may be used to determine movement of the
sensor relative to the object. Knowing the movement may, in turn, allow the
trajectory of a projection artifact in a high-density row of the pattern to be
identified. Knowing the trajectory of the artifacts in the high-density rows, may, in
turn, allow high-resolution distance information to be determined. Alternatively,
the processing system may send the first and second images to a remote
processing system for the distance calculation.

[0046] The method 700 may end in step 710.

[0047] It should be noted that although not explicitly specified, some of the
blocks, functions, or operations of the method 700 described above may include
storing, displaying and/or outputting for a particular application. In other words,
any data, records, fields, and/or intermediate results discussed in the method 700
can be stored, displayed, and/or outputted to another device depending on the
particular application. Furthermore, blocks, functions, or operations in FIG. 7 that
recite a determining operation, or involve a decision, do not imply that both
branches of the determining operation are practiced. In other words, one of the
branches of the determining operation may not be performed, depending on the

results of the determining operation.
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[0048] FIG. 8 depicts a high-level block diagram of an example electronic
device 800 for calculating the distance from a sensor to an object. As such, the
electronic device 800 may be implemented as a processor of an electronic device
or system, such as a distance sensor.

[0049] As depicted in FIG. 8, the electronic device 800 comprises a hardware
processor element 802, e.g., a central processing unit (CPU), a microprocessor,
or a multi-core processor, a memory 804, e.g., random access memory (RAM)
and/or read only memory (ROM), a module 805 for calculating the distance from
a sensor to an object, and various input/output devices 806, e.qg., storage devices,
including but not limited to, a tape drive, a floppy drive, a hard disk drive or a
compact disk drive, a receiver, a transmitter, a display, an output port, an input
port, and a user input device, such as a keyboard, a keypad, a mouse, a
microphone, a camera, a laser light source, an LED light source, and the like.
[0050] Although one processor element is shown, it should be noted that the
electronic device 800 may employ a plurality of processor elements.
Furthermore, although one electronic device 800 is shown in the figure, if the
method(s) as discussed above is implemented in a distributed or parallel manner
for a particular illustrative example, i.e., the blocks of the above method(s) or the
entire method(s) are implemented across multiple or parallel electronic devices,
then the electronic device 800 of this figure is intended to represent each of those
multiple electronic devices.

[0051] It should be noted that the present disclosure can be implemented by
machine readable instructions and/or in a combination of machine readable
instructions and hardware, e.g., using application specific integrated circuits
(ASIC), a programmable logic array (PLA), including a field-programmable gate
array (FPGA), or a state machine deployed on a hardware device, a general
purpose computer or any other hardware equivalents, e.g., computer readable
instructions pertaining to the method(s) discussed above can be used to configure
a hardware processor to perform the blocks, functions and/or operations of the
above disclosed method(s).

[0052] In one example, instructions and data for the present module or

process 805 for calculating the distance from a sensor to an object, e.g., machine
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readable instructions can be loaded into memory 804 and executed by hardware
processor element 802 to implement the blocks, functions or operations as
discussed above in connection with the method 700. Furthermore, when a
hardware processor executes instructions to perform “operations”, this could
include the hardware processor performing the operations directly and/or
facilitating, directing, or cooperating with another hardware device or component,
e.g., a co-processor and the like, to perform the operations.

[0053] The processor executing the machine readable instructions relating to
the above described method(s) can be perceived as a programmed processor or
a specialized processor. As such, the present module 805 for calculating the
distance from a sensor to an object of the present disclosure can be stored on a
tangible or physical (broadly non-transitory) computer-readable storage device or
medium, e.g., volatile memory, non-volatile memory, ROM memory, RAM
memory, magnetic or optical drive, device or diskette and the like. More
specifically, the computer-readable storage device may comprise any physical
devices that provide the ability to store information such as data and/or
instructions to be accessed by a processor or an electronic device such as a
computer or a controller of a safety sensor system.

[0054] It will be appreciated that variants of the above-disclosed and other
features and functions, or alternatives thereof, may be combined into many other
different systems or applications. Various presently unforeseen or unanticipated
alternatives, modifications, or variations therein may be subsequently made

which are also intended to be encompassed by the following claims.
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What is claimed is:

1. A method, comprising:

instructing, by a processing system of a distance sensor, a pattern
projector of the distance sensor to project a pattern of light onto the object,
wherein the pattern comprise a plurality of parallel rows of projection artifacts, and
wherein a spatial density of the projection artifacts in a first row of the plurality of
parallel rows is different from a spatial density of the projection artifacts in a
second row of the plurality of parallel rows;

instructing, by the processing system, a camera of the distance sensor to
acquire an image of the object, where the image includes the pattern of light; and

calculating, by the processing system, a distance from the distance sensor

to the object based on an analysis of the image.

2. The method of claim 1, wherein the spatial density of the projection
artifacts in the first row comprises a spacing between the projection artifacts in
the first row, and the spatial density of the projection artifacts in the second row

comprises a spacing between the projection artifacts in the second row.

3. The method of claim 2, wherein the spacing between the projection
artifacts in the first row is greater than the spacing between the projection artifacts

in the second row.

4, The method of claim 2, wherein there is a variation in the spacing between

the projection artifacts in the first row over a length of the first row.

5. The method of claim 4, wherein the variation comprises a repeated pattern.

6. The method of claim 1, wherein the calculating comprises:
identifying, by the processing system, a first trajectory of one of the
projection artifacts in the first row, wherein the spatial density of the projection

artifacts in the first row is smaller than the spatial density of the projection artifacts
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in the second row;

identifying, by the processing system, a movement of the distance sensor
relative to the object, based on the first trajectory;

identifying, by the processor, a second trajectory of one of the projection
artifacts in the second row, based on the movement; and

calculating the distance based on the second trajectory.

7. The method of claim 6, wherein the first trajectory and the second

trajectory are parallel to the plurality of parallel rows.

8. The method of claim 1, wherein the projection artifacts in the first row are
collinear with each other, and the projection artifacts in the second row are

collinear with each other.

9. The method of claim 8, wherein spacings between rows of the plurality of

parallel rows vary over a length of the pattern.

10.  The method of claim 1, wherein the pattern of light comprises light of a
wavelength that is invisible to a human eye.

11.  The method of claim 10, wherein the wavelength is infrared.

12. A non-transitory machine-readable storage medium encoded with
instructions executable by a processor of a distance sensor, wherein, when
executed, the instructions cause the processor to perform operations, the
operations comprising:

instructing a pattern projector of the distance sensor to project a pattern of
light onto the object, wherein the pattern comprise a plurality of parallel rows of
projection artifacts, and wherein a spatial density of the projection artifacts in a
first row of the plurality of parallel rows is different from a spatial density of the
projection artifacts in a second row of the plurality of parallel rows;

instructing a camera of the distance sensor to acquire an image of the

15
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object, where the image includes the pattern of light;, and
calculating a distance from the distance sensor to the object based on an

analysis of the image.

13. A distance sensor, comprising:

a pattern projector to project a pattern of light onto an object, wherein the
pattern comprise a plurality of parallel rows of projection artifacts, and wherein a
spatial density of the projection artifacts in a first row of the plurality of parallel
rows is different from a spatial density of the projection artifacts in a second row
of the plurality of parallel rows;

a camera to acquire an image of the object, where the image includes the
pattern of light; and

a processing system to calculate a distance from the distance sensor to the

object based on an analysis of the image.

14.  The distance sensor of claim 13, wherein the pattern projector comprises
a vertical cavity surface emitting laser configured to emit light that forms the

pattern.

15. The distance sensor of claim 13, wherein the spatial density of the
projection artifacts in the first row comprises a spacing between the projection
artifacts in the first row, and the spatial density of the projection artifacts in the
second row comprises a spacing between the projection artifacts in the second

row.

16.  The distance sensor of claim 13, wherein there is a variation in the spacing

between the projection artifacts in the first row over a length of the first row

17. The distance sensor of claim 16, wherein the variation comprises a

repeated pattern.
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18. The distance sensor of claim 13, wherein spacings between rows of the

plurality of parallel rows vary over a length of the pattern

19.  The distance sensor of claim 13, wherein the pattern of light comprises

light of a wavelength that is invisible to a human eye.

20.  The distance sensor of claim 19, wherein the wavelength is infrared.
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