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(57) Abstract: Embodiments for a depth sensing camera with a wide field of view are disclosed. In one example, a depth sensing
camera comprises an illumination light projection subsystem, an image detection subsystem configured to acquire image data having
a wide angle field of view, a logic subsystem configured to execute instructions, and a data-holding subsystem comprising stored in -
o structions executable by the logic subsystem to control projection of illumination light and to determine depth values from image
data acquired via the image sensor. The image detection subsystem comprises an image sensor and one or more lenses.
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WIDE ANGLE DEPTH DETECTION

BACKGROUND
[0001] Depth cameras may be used in a variety of different environments, and may utilize
various technologies, including but not limited to time-of-flight and structured light depth
sensing technologies, to determine depth from image data. Structured light depth cameras
project a pre-defined light pattern onto a target and then determine depth values for an image
of the target based upon distortions in an image of the light pattern. Time-of-flight depth
cameras project pulses of light onto the target, and then determine depth values based upon
differences in how long it takes for light reflected from different parts of the target to reach
the image sensor.
SUMMARY
[0002] Embodiments are disclosed herein that relate to wide angle depth sensing cameras.
For example, one disclosed embodiment provides a depth sensing camera comprising an
illumination light projection subsystem and an image detection subsystem comprising an
image sensor and one or more lenses and being configured to acquire image data having a
field of view of 100 degrees or greater. The depth sensing camera further comprises a logic
subsystem configured to execute instructions, and a data-holding subsystem comprising
stored instructions executable by the logic subsystem to control the projection of
illumination light and to determine depth values from image data acquired via the image
Sensor.
[0003] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended
to identify key features or essential features of the claimed subject matter, nor is it intended
to be used to limit the scope of the claimed subject matter. Furthermore, the claimed subject
matter is not limited to implementations that solve any or all disadvantages noted in any part
of this disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS
[0004] FIG. 1 schematically shows an example embodiment of a physical environment
including a depth camera.
[0005] FIG. 2 is a block diagram of an embodiment of a depth camera.
[0006] FIG. 3 shows an example embodiment of an illumination projection subsystem for

a time-of-flight depth camera.
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[0007] FIG. 4 shows another example embodiment of an illumination projection
subsystem for a time-of-flight depth camera.
[0008] FIGS. 5A-5B show example embodiments of structured light patterns projected by
a structured light depth camera.
[0009] FIGS. 6A-6B show example embodiments of image sensors within a depth camera.
[0010] FIG. 7 schematically shows an example embodiment of a physical environment
including a depth camera mounted in a light socket.
[0011] FIG. 8 is a flow diagram of an embodiment of a method of acquiring depth image
data with a structured light depth camera.
[0012] FIG. 9 is a block diagram of an embodiment of a scanning line depth camera.
[0013] FIG. 10 is a block diagram of an example embodiment of a computing system.
DETAILED DESCRIPTION
[0014] In some use environments, it may be desirable to acquire depth image data having
a wide field of view. As a non-limiting example, in a health care facility, it may be desirable
to monitor entire rooms (e.g. patient rooms, hallways, etc.) with depth cameras to detect
patient movements that may indicate a health issue. Current depth cameras may have
relatively limited fields of view, for example, on the order of 50-60 degrees. Thus,
monitoring such a space may involve the use of multiple cameras, which may increase a
cost of a monitoring system.
[0015] Thus, embodiments are disclosed herein relating that relate to wide angle depth
cameras. FIG. 1 shows an example embodiment of a physical environment 100 including a
depth camera 102 for imaging objects 104 and people 106 within the physical environment
100. The depth camera 102 is depicted as being mounted on a ceiling of the physical
environment 100, but a depth camera according to the present disclosure may be mounted
in any suitable location within a use environment to capture a desired view of the use
environment. Dashed lines 108 represent a non-limiting example field of view of the depth
camera 102. For example, a ceiling-mounted depth camera may have a field of view of 100
degrees or greater, such that a majority of a room below the depth camera may be imaged.
In some embodiments, the ceiling-mounted depth camera may have a wider field of view,
for example, of 170 degrees or greater (and may even exceed 180 degrees), such that an
entirety of the physical space of the room may be imaged. The depth camera 102 may utilize
virtually any suitable depth sensing technology to provide depth data associated with image
data detected by the depth camera 102, including but not limited to time-of-flight and

structured light depth sensing technologies.
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[0016] FIG. 2 shows a block diagram of an embodiment of a depth camera 202 suitable
for use as depth camera 102 in use environment 100. The depth camera 202 includes an
illumination light projection subsystem 204, an image detection subsystem 206, and a
computing device 208 having a logic subsystem 210 and a data-holding subsystem 212,
described in more detail below. The illumination light projection subsystem 204 is
configured to project suitable illumination light into the use environment 100 for acquiring
depth images. For example, the illumination light projection subsystem 204 may comprise
a projector configured to project light pulses for a time-of-flight depth determination, a
structured light pattern projector for a structured light depth determination, and/or any other
suitable light source.

[0017] The image detection subsystem 206 may be configured to acquire image data
having a wide field of view, for example, of 100 degrees or greater, and includes a wide
angle lens system 214 and an image sensor 216. The wide angle lens system 214 may include
any suitable lenses arranged in any suitable configuration, including but not limited to a
fish-eye lens configuration, lens configurations including aspheric mirrors and/or lenses,
lenslet arrays, etc.

[0018] The logic subsystem 210 and the data-holding subsystem 212 are in
communication with the illumination light projection subsystem 204 and the image sensor
216. Further, the data-holding subsystem 212 may comprise instructions stored thereon that
are executable by the logic subsystem 210, for example, to control the illumination light
projection subsystem 204, receive and interpret image data from the image sensor 216,
correct distortion of the received image data to generate corrected image data, and determine
depth image data from the corrected image data, among other potential tasks.

[0019] In some embodiments, the instructions may be executable to control to the
illumination light projection subsystem 204 to dynamically vary a field of illumination of
the projected light. This may help to reduce power consumption, conserve computational
resources, and/or reduce interference with other light-based communications systems
operating in the same use environment, such as other devices that utilize infrared light
emitters and/or sensors. In some such embodiments, illumination may be directed to a
particular region or regions of interest having a narrower field of illumination than the field
of view of the imaging system. Such a region or regions of interest may be defined in any
suitable manner, and may change dynamically. For example, a region of interest may be
defined as an area surrounding a fixed object, such as a doorway or chair, and/or as an area

surrounding a moving object, such as a person, etc.
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[0020]  Further, in some embodiments, a region of interest may represent a region that
could be disrupted by the illumination and/or projection, such as a region near an optical
communications system, in order to prevent interference. In such embodiments, the
illumination and/or projection may be dynamically altered when directed toward the region
to eliminate or decrease the amount of light emitted and/or projected relative to light emitted
and/or projected in other regions of interest that do not experience interference from the
illumination and/or projection.

[0021] Images acquired via a wide angle lens may be distorted such that imaged objects
appear clongated when sensed along a periphery of the field of view. As such, the
instructions may be executable to correct for such distortion in image data. Any suitable
methods may be used to correct for distortion. For example, in some embodiments,
upsampling and/or downsampling of image data may be performed to decrease an image
resolution in regions adjacent to a periphery of an image compared to regions closer to a
center of the image. Further, in some embodiments, a coordinate transformation may be
performed to transform the image data from radial to Cartesian coordinates. As explained
in more detail below, image distortion may also be mitigated by the use of an image sensor
with non-uniform pixel sizes, and/or the use of a pre-distorted structured light pattern in a
structured light depth camera.

[0022] A wide angle depth camera according to the present disclosure may utilize any
suitable light source arrangement to output illumination light. For example, FIG. 3 shows
an example embodiment of a dome-shaped time-of-flight depth camera 302. The time-of-
flight depth camera 302 includes an illumination light projection subsystem comprising a
plurality of coherent infrared light sources 304 arranged around a periphery of a lens 306.
The light sources may be arranged in any suitable pattern and may be configured to emit
light in any suitable direction to fill a desired depth imaging environment with illumination
light. Each coherent infrared light source 304 may be controlled by a computing device to
emit infrared light pulses at predetermined intervals, as described above. The depth camera
may thereby determine depth values based on a round-trip time-of-flight of light emitted by
the one or more coherent infrared light sources 304 and reflected back to the image sensor.
[0023]  FIG. 4 shows another example of a light source arrangement for a wide angle time-
of-flight depth camera 402, in which a plurality of light sources 404 are arranged behind a
lens 406 with respect to the depth imaging environment such that each infrared light source
404 projects infrared light through the lens 406. The infrared light sources 404 may be

arranged in any suitable configuration to achieve a desired illumination profile within the
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depth imaging environment. Further, in some embodiments, coherent infrared light sources
may be arranged both inside and outside of a lens system relative to an image sensor. It will
be understood that the embodiments of FIGS. 3 and 4 are presented for the purpose of
example, and are not intended to be limiting in any manner, as any suitable arrangement of
light sources may be used to illuminate a depth imaging environment.

[0024] In the instance of a wide angle structured light depth camera, an illumination light
projection subsystem may include one or more projectors each configured to project a
structured light pattern into the depth imaging environment. Any suitable number and
arrangement of projectors and lenses may be used to project a structured light pattern with
a sufficiently wide angle.

[0025] As mentioned above, due to potential image distortion in peripheral regions of
images captured by a wide angle lens system, a structured light pattern may be pre-distorted
such that the pattern elements have a lower resolution (e.g. wider spacing) in peripheral
regions of the pattern as viewed by the wide angle lens system compared to central regions
of the pattern. This may help to compensate for similar distortions in images acquired of
the structured light pattern as reflected from objects in the depth imaging environment. To
form such a pattern, in some embodiments, an initially undistorted structured light image
may be projected through a similar or same wide angle lens system as that used to acquire
images of the depth imaging environment. In other embodiments, a desired distorted
structured light pattern may be determined based upon the distortion of the imaging system,
and one or more projectors may be configured to project the desired distorted pattern. In
yet other embodiments, any other suitable optical arrangements may be employed.

[0026] FIGS. 5A and 5B show schematic representations of example structured light
patterns having wider feature spacing at a periphery than at a center of the pattern. FIG. 5SA
illustrates this concept along a single dimension as a rectangular structured light pattern
500a with feature spacings that widen as a periphery of the pattern is approached in a
horizontal direction. FIG. 5B shows an example circular structured light pattern 500b with
feature spacings that widen as a periphery of the pattern is approached in a radial direction,
and illustrates an example of how such a light pattern may be implemented for a wide angle
depth camera that images a spherical or similar field of view. In FIG. 5B, four generally
concentric rings of structured light features, rather than a full pattern, are illustrated for
clarity. Two inner rings 502b are shown as having a first, closer spacing, and two outer
rings 504b are shown as having a second, wider spacing. It will understand that other

structured light pattern features may be located between the depicted pairs of rings, and that
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the spacings between such features may be configured to vary according to the lens
distortion being corrected. As such, it will be understood that a type and amount of
distortion in a structured light pattern may be based on the particular optics used to collect
imaging light for the image sensor, and that the distortion may or may not be uniform in
different directions from a center of the structured light pattern.

[0027]  Further, in some embodiments, the structured light pattern may have a density of
structured light features that is dynamically controllable. For example, when directed at a
first region of interest, the structured light pattern may be controlled to have feature spacings
that reduce in size as a periphery of the pattern is approached, and when directed at a second
region of interest, may be controlled to have features spacings that remain constant or even
increase in size as the periphery of the pattern is approached.

[0028] As mentioned above, an image sensor used with a wide angle depth camera may
utilize a non-uniform arrangement of sensor pixels to help compensate for distortion caused
by a wide angle lens system. Such an image sensor may have any suitable arrangement of
pixels. For example, such an image sensor may have a lower resolution (e.g. fewer pixels
per unit length) close to a periphery of the image sensor than at a center of the image sensor.
FIG. 6A schematically shows an example embodiment of a rectangular image sensor 600a
with a non-uniform pixel spacing, and FIG. 6B shows a circular image sensor 600b with
such a pixel spacing. Each image sensor includes a plurality of pixels which are non-
uniformly-sized such that pixels 602a, 602b nearer to the center are higher resolution than
pixels 604a, 604b closer to a periphery of the image sensors.

[0029] As discussed above, a wide angle depth camera may be configured to be mounted
on a ceiling in order to detect all or most of a room-based environment. In some
embodiments, such mounting may be facilitated by configuring the depth camera to be
mounted into a standard light socket, such as an incandescent socket, a commercial
fluorescent light socket, and/or any suitable light socket. FIG. 7 shows an example
embodiment of a physical environment 700 including a depth camera 702 mounted in an
overhead incandescent light socket 704. The depth camera 702 may include a threaded metal
base 710 to interface with the matching light socket 704. The depth camera 702 may also
include a power system configured to perform a conversion from the AC power provided
by the light socket 704 to DC power utilized by the depth camera 702. Further, in some
embodiments, the depth camera 702 may include one or more batteries to provide main or
backup power. While shown as being mounted in a ceiling socket, it will be understood that

the depth camera 702 may be mounted in any other suitable location.
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[0030] The depth camera 702 further may include a communication subsystem 712
configured to communicate wirelessly over a network 714 with one or more remote
computing devices 716. For example, the communication subsystem 712 may include a
wireless transceiver capable of transmitting and receiving information on the network 714
utilizing WiFi, WIMAX, and/or any suitable wireless protocol. In additional or alternative
embodiments, the communication subsystem 712 may be configured to communicate via
power line communication through the light socket 704 or via a direct connection with the
remote computing device 716 (e.g., WiFi direct, Bluetooth, etc.). The communication
subsystem 712 enables the depth camera 702 to send image data to the remote computing
device 716 and/or to be controlled by the remote computing device 716.

[0031] FIG. 8 shows a flow diagram illustrating an embodiment of a method 800 for
acquiring depth image data via a wide angle depth camera. At 802, an illumination light
projection subsystem of the depth camera projects light into an environment that is to be
imaged. In one non-limiting example utilizing a structured light depth camera, a structured
light pattern may be projected with an angular field of view of 100 degrees or greater at 804
(and potentially 170-180 degrees or greater). Such a projector may project a distorted
structured light pattern having a plurality of non-uniformly-spaced pattern elements, as
indicated at 806, to pre-compensate for distortion by a wide angle lens of the structured light
depth camera. Further, in some embodiments, a density of structured light features in the
structured light pattern may be dynamically controlled, as described above and as indicated
at 808. As another non-limiting example, light pulses may be projected using a plurality of
light sources, as indicated at 810, for use in a time-of-flight depth camera. As yet another
example, a field of illumination may be controlled by dynamically directing illumination
light to a region of interest, as indicated at 812.

[0032] Next, as indicated at 814, the depth camera acquires image data. The image data
may have any suitable field of view, including but not limited to a field of view of 100
degrees or greater. In some embodiments, the image may be detected via a sensor having
non-uniform pixels and used to generate the image data at 816. Next, at 818, the depth
camera corrects for radial distortion in the image data to generate corrected image data. Such
correction may include, for example converting the image data from polar coordinates to
Cartesian coordinates, as indicated at 820. Distortion correction also may include
upsampling and/or downsampling image data based on regions of the detected image, as

indicated at 818.
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[0033] At 824, method 800 comprises determining depth values for the image data based
upon the corrected image data. For example, as shown at 826, a structured light depth
camera may determine depth values by comparing the image data to the structured light
pattern. As another example, as shown at 828, a time-of-flight camera may determine depth
values based on return infrared light pulse information.

[0034] In other embodiments, a wide field of view may be imaged via a mechanically
scanning image sensor, rather than or in addition to an imaging system that utilizes a wide
angle lens system. In such embodiments, either a one-dimensional image sensor (e.g. one
line of pixels) or a two-dimensional image sensor may be used. Use of a one-dimensional
image sensor may help reduce an amount of time used to read the sensor, and thereby may
allow faster scan speeds.

[0035] FIG. 9 shows a block diagram of an example embodiment of a mechanically
scanning depth camera 902. The mechanically scanning depth camera 902 includes an
illumination light projection subsystem 904, an image detection subsystem 906, a
computing device 908, and a scanning motor 910. The image detection subsystem 906 may
be configured to acquire image data having a field of view of 100 degrees or greater by
scanning one or more of a lens system 912 and an image sensor 914. The image sensor may
comprise a line camera comprising a one-dimensional array of pixels (as schematically
shown in FIG. 9), or a two-dimensional array of pixels.

[0036] The mechanically scanning depth camera 902 may be configured to image a room
by scanning in any suitable manner. For example, the mechanically scanning depth camera
902 may scan the image sensor and lens system together in a circular pattern, capturing
multiple line images during the scanning to generate two dimensional image data for depth
analysis. Further, other optics (e.g. lenses, mirrors, etc.) may be used to allow the
mechanically scanned components to be physically scanned less than a full circle. Further,
in some embodiments, an illumination light subsystem may be configured to scan with
components of the image detection subsystem 906, or may be stationary.

[0037] In some embodiments, the above described methods and processes may be tied to
a computing system including one or more computers. In particular, the methods and
processes described herein may be implemented as a computer application, computer
service, computer API, computer library, and/or other computer program product.

[0038] FIG. 10 schematically shows a non-limiting computing system 1000 that may
perform one or more of the above-described methods and processes. The computing system

1000 is shown in simplified form. It is to be understood that virtually any computer
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architecture may be used without departing from the scope of this disclosure. In different
embodiments, computing system 1000 may take the form of a mainframe computer, server
computer, desktop computer, laptop computer, tablet computer, depth camera, home
entertainment computer, network computing device, mobile computing device, mobile
communication device, gaming device, etc.

[0039] Computing system 1000 includes a logic subsystem 1002 and a data-holding
subsystem 1004. Computing system 1000 may optionally include a display subsystem 1006,
sensor subsystem 1008, communication subsystem 1010, and/or other components not
shown in FIG. 10. Computing system 1000 may also optionally include user input devices
such as keyboards, mice, game controllers, cameras, microphones, and/or touch screens, for
example.

[0040] Logic subsystem 1002 may include one or more physical devices configured to
execute one or more instructions. For example, the logic subsystem may be configured to
execute one or more instructions that are part of one or more applications, services,
programs, routines, libraries, objects, components, data structures, or other logical
constructs. Such instructions may be implemented to perform a task, implement a data type,
transform the state of one or more devices, or otherwise arrive at a desired result.

[0041] The logic subsystem 1002 may include one or more processors that are configured
to execute software instructions. Additionally or alternatively, the logic subsystem may
include one or more hardware or firmware logic machines configured to execute hardware
or firmware instructions. Processors of the logic subsystem may be single core or multicore,
and the programs executed thereon may be configured for parallel or distributed processing.
The logic subsystem may optionally include individual components that are distributed
throughout two or more devices, which may be remotely located and/or configured for
coordinated processing. One or more aspects of the logic subsystem may be virtualized and
executed by remotely accessible networked computing devices configured in a cloud
computing configuration.

[0042] Data-holding subsystem 1004 may include one or more physical, non-transitory,
devices configured to hold data and/or instructions executable by the logic subsystem to
implement the herein described methods and processes. When such methods and processes
are implemented, the state of data-holding subsystem 1004 may be transformed (e.g., to hold
different data).

[0043] Data-holding subsystem 1004 may include removable media and/or built-in

devices. Data-holding subsystem 1004 may include optical memory devices (e.g., CD,
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DVD, HD-DVD, Blu-Ray Disc, etc.), semiconductor memory devices (e.g., RAM,
EPROM, EEPROM, etc.) and/or magnetic memory devices (e.g., hard disk drive, floppy
disk drive, tape drive, MRAM, etc.), among others. Data-holding subsystem 1004 may
include devices with one or more of the following characteristics: volatile, nonvolatile,
dynamic, static, read/write, read-only, random access, sequential access, location
addressable, file addressable, and content addressable. In some embodiments, logic
subsystem 1002 and data-holding subsystem 1004 may be integrated into one or more
common devices, such as an application specific integrated circuit or a system on a chip.
[0044] FIG. 10 also shows an aspect of the data-holding subsystem in the form of
removable computer-readable storage media 1012, which may be used to store and/or
transfer data and/or instructions executable to implement the herein described methods and
processes. Removable computer-readable storage media 1012 may take the form of CDs,
DVDs, HD-DVDs, Blu-Ray Discs, EEPROMs, and/or floppy disks, among others.

[0045] It is to be appreciated that data-holding subsystem 1004 includes one or more
physical, non-transitory devices. In contrast, in some embodiments aspects of the
instructions described herein may be propagated in a transitory fashion by a pure signal
(e.g., an electromagnetic signal, an optical signal, etc.) that is not held by a physical device
for at least a finite duration. Furthermore, data and/or other forms of information pertaining
to the present disclosure may be propagated by a pure signal.

[0046] The term “program” may be used to describe an aspect of the computing system
1000 that is implemented to perform one or more particular functions. In some cases, such
a program may be instantiated via the logic subsystem 1002 executing instructions held by
the data-holding subsystem 1004. It is to be understood that different programs may be
instantiated from the same application, service, code block, object, library, routine, API,
function, etc. Likewise, the same program may be instantiated by different applications,
services, code blocks, objects, routines, APIs, functions, etc. The term “program” is meant
to encompass individual or groups of executable files, data files, libraries, drivers, scripts,
database records, etc.

[0047] It is to be appreciated that a “service”, as used herein, may be an application
program executable across multiple user sessions and available to one or more system
components, programs, and/or other services. In some implementations, a service may run
on a server responsive to a request from a client.

[0048] When included, display subsystem 1006 may be used to present a visual
representation of data held by data-holding subsystem 1004. As the herein described

10
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methods and processes change the data held by the data-holding subsystem, and thus
transform the state of the data-holding subsystem, the state of display subsystem 1006 may
likewise be transformed to visually represent changes in the underlying data. Display
subsystem 1006 may include one or more display devices utilizing virtually any type of
technology. Such display devices may be combined with logic subsystem 1002 and/or data-
holding subsystem 1004 in a shared enclosure, or such display devices may be peripheral
display devices.

[0049] When included, sensor subsystem 1008 may be used to provide observation
information to the logic subsystem 1002 and/or the data-holding subsystem 1004, for
example. As described above, observation information such as image data, depth image
data, and/or any other suitable sensor data may be used to perform such tasks as determining
a particular gesture performed by a person within a room, performing object recognition,
ete.

[0050] When included, communication subsystem 1010 may be configured to
communicatively couple computing system 1000 with one or more other computing devices.
Communication subsystem 1010 may include wired and/or wireless communication devices
compatible with one or more different communication protocols. Asnon-limiting examples,
the communication subsystem may be configured for communication via a wireless
telephone network, a wireless local area network, a wired local area network, a wireless
wide area network, a wired wide area network, ctc. In some cmbodiments, the
communication subsystem may allow computing system 1000 to send and/or receive
messages to and/or from other devices via a network such as the Internet.

[0051] It is to be understood that the configurations and/or approaches described herein
are exemplary in nature, and that these specific embodiments or examples are not to be
considered in a limiting sense, because numerous variations are possible. The specific
routines or methods described herein may represent one or more of any number of
processing strategies. As such, various acts illustrated may be performed in the sequence
illustrated, in other sequences, in parallel, or in some cases omitted. Likewise, the order of
the above-described processes may be changed.

[0052] The subject matter of the present disclosure includes all novel and nonobvious
combinations and subcombinations of the various processes, systems and configurations,
and other features, functions, acts, and/or properties disclosed herein, as well as any and all

equivalents thereof.
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CLAIMS

1. A depth sensing camera, comprising:

an illumination light projection subsystem;

an image detection subsystem configured to acquire image data having a field of
view of 100 degrees or greater, the image detection subsystem comprising an image sensor
and one or more lenses;

a logic subsystem configured to execute instructions; and

a data-holding subsystem comprising stored instructions executable by the logic
subsystem to control projection of illumination light and to determine depth values from

image data acquired via the image sensor.

2. The depth sensing camera of claim 1, wherein the illumination light projection
subsystem comprises one or more coherent infrared light sources, and wherein the
instructions are executable to determine depth values based on a round-trip time-of-flight of
light emitted by the one or more coherent infrared light sources and reflected back to the

image sensor.

3. The depth sensing camera of claim 2, wherein the instructions are executable to
correct for radial distortion by performing one or more of upsampling and downsampling
regions of an image detected by the image detection subsystem and converting image data

to Cartesian coordinates.

4. The depth sensing camera of claim 1, wherein the illumination light projection
subsystem comprises a projector configured to project a structured light pattern, and wherein
the instructions are executable to determine depth values based on an image of the structured

light pattern as reflected from one or more objects.

5. The depth sensing camera of claim 4, wherein the instructions are executable to

control a density of structured light features in the structured light pattern.

6. The depth sensing camera of claim 4, wherein the instructions are further executable

to correct for radial distortion and convert image data to Cartesian coordinates.

7. The depth sensing camera of claim 1, wherein the image detecting subsystem
comprises a mechanically scanning camera and the image sensor comprises a one-

dimensional array of pixels.
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8. The depth sensing camera of claim 1, wherein the illumination light projection
subsystem 1is configured to control a field of illumination by dynamically directing

illumination light to a region of interest.

9. The depth sensing camera of claim 1, wherein the image sensor comprises a plurality

of non-uniformly-sized pixels.

10.  Ina structured light depth camera including a projector, an image sensor, and one or
more lenses, a method of acquiring image data comprising:

projecting a structured light pattern including a plurality of non-uniformly-spaced
pattern elements having a lower resolution at a periphery of the structured light pattern than
at a center of the structured light pattern;

acquiring image data capturing the structured light pattern as reflected from a depth
imaging environment;

correcting for radial distortion in the image data to generate corrected image data;
and

determining depth values from the corrected image data.
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