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DEPTH MAP GENERATION IN STRUCTURED LIGHT SYSTEM

[00601] This apphication claims the benefit of U.S. Provisional Patent Application No.
62/274,600, filed January 4, 2016, the entire content of which is hereby mcorporated

herein by reference.

TECHNICAL FIELD
[8602] This disclosure relates to depth map generation and more particularly {o depth

map generation i a structured hght active sensing system.

BACKGROUND
10603] Structured light active sensing systoms transmit and receive pattermns
corresponding to spatial codes (codewords), to generate a depth map for a scene. The
farther away an object 1s from the transmitier and receiver, the closer the received
spatial code projection is to its original position at the receiver(s), as the outgoing
spatial code projection and reflected incoming spatial code projection arc more paralicl.
Conversely, the closer an object is to the transmitter and receiver, the farther the
received spatial code projection 1s from its original position at the receiver(s). Thus, the
difference between a received and a transmitted codeword position mdicates the depth
of an object in the scene. Structured light active sensing systems use these relative

depths to generate a depth map, or a three dimensional representation of a scene.

SUMBMARY
{0004] This disclosure describes example technigues of determining a depth map of
objects where a transmitter that transouts structured light to the objects is angled
relative to the receiver which receives a reflection of the structured light from the
objects. For mstance, the transmutter has an angle of view relative to a transmitter
optical axis along which the structured light is spread, and the receiver has an angle of
view relative to a receiver optical axis along which the reflected structured hight is
captored. In examples described m this disclosure, the transmitter optical axis and the
receiver optical axis intersect due to the transmitter being angled relative to the receiver.
As described in more detail, having the transoutter and receiver angled relative to one

another may allow for a closer ficld of view and allow for casier design.
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[8603] In onc example, the disclosure describes a method of image processing, the
method comprising transmitting structured light, with an optical fransmitter, the optical
transmitier baving a first angle of view relative to a transmitter optical axis, receiving,
with an optical receiver, a reflection of the structured light, the optical receiver having a
second angle of view relative to a receiver optical axis, wherein the optical transmitter is
angled relative to the optical recetver so that the transmitter optical axis intersects the
receiver optical axis, and wherein a position of the optical transmitter relative to the
optical roceiver is constant, and generating a depth map for one or more images based
on the received reflection of the structured light.

[8606] In onc example, the disclosure describes a device for image processing, the
device comprising an optical transmitter configured to transmit structured hight, the
optical transmitier having a first angle of view relative to a transmitter optical axis, an
optical recetver configured to recetve a reflection of the structured light, the receiver
having a second angle of view relative to a receiver optical axis, wherein the optical
transmitter 1s angled relative to the optical receiver so that the transmitter optical axis
mtersects the receiver optical axis, and wherein a position of the optical transmitter
relative to the optical receiver is constant, and a processing circuit configured to
generate a depth map for one or more images based on the received reflection of the
structured light.

[80607] In one example, the disclosure describes a computer-readable storage medium
including nstructions stored thereon that when executed cause one or more processors
of a device for image processing 1o causc an optical transmiiter to transmit structured
light, the optical transmitter having a first angle of view relative to a transmitter optical
axis, and generate a depth map for one or more images based on a received reflection of
the structured light, wherein the received reflection is received, with an optical receiver,
the optical receiver having a sccond angle of view relative 1o a receiver optical axis,
wherein the optical transmitter is angled relative to the optical receiver so that the
transmitter optical axis intersects the receiver optical ais, and wherein a position of the
optical transmitter relative to the optical receiver is constant.

{8608} In onc example, the disclosure describes a device for image processing, the
device comprising means for transmitting structured light, the means for transmitting
having a first angle of view relative to a transmitier optical axis, means for receiving a
reflection of the structured light, the means for receiving having a second angle of view

relative to a receiver optical axis, wherein the means for transmitting is angled relative
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to the means for receiving so that the transmutter optical axis intersects the receiver
optical axis, and wherein a position of the means for transmitting is constant relative to
the means for receiving, and means for generating a depth map for one or more mages
based on the received reflection of the structured light.

[8009] The detarls of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent

from the description, drawings, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
{8618} FIGS. 1A and 1B are conceptual diagrams illustrating examples of transmitter
ficld and receiver ficld for generating a depth map.
[8611] FIG. 2 15 a block diagram of a device for image processmg configured to
perform one or more example technigues described in this disclosure.
10612] FIG. 3 15 a flow chart of a method of image processing for performing one or
more example techniques described in this disclosure,
[8613] FIG. 415 a block diagram itlustrating a transnutier device and a recetver device
of FI(z. 2 1n greater detail.
{0014] FIG. 5 1s a graph 1llustrating the onset of the near field of view and far field of
view as a function of vaw.
{0015] FIGS. 6A and 6B are graphs illustrating the increase i the near range field of
view overlap.
{0016] FIGS. 7A and 7B are graphs illustrating the increase in near range field of view
overlap as a function of vaw and distance.

18617} FIG. 8 1s a graph illustrating pattern distortion,

DETAILED DESCRIPTION
[B018] To generate stereoscopic images that a user perceives to encompass a three-
dimensional space, a device generates a depth map of the scene or object in the tmages
to be rendered. One way to generate the depth map is in a structured light system, also
referred to as a verged active stereo sysiem. In the structured light system, a transmitier
device projects a known pattern or code on a scene and a recetver device receives the
pattern or code to obtaio a depth map. For instance. the transoiter device transmits a

structured light that includes the pattern or code on to the scene or object, and the

receiver device receives a reflection of the structured hight from the scene or object.
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The receiver device compares the received pattemn or code to a list of known patterns or
codes to confirm that the received pattern or code is vakid,

{8619} Theo, based on a position of where a receiver received the patter or code, the
receiver device may determine an estimate of the distance of the scene or object from
the receiver. Based on the determined distances, the receiver device generates a depth
map. A processing circuit {(which may be a programmable and/or fixed function
processing circuit) may then use the generated depth map to generate graphical data for
one or more 1mages {(¢.g., a graphics processing circuit (GPU) uses the depth map to
generate sierecoscopic 1mages).

[8628] The transmitter device inchudes an optical transmitter to transmit the structured
light and the receiver device includes an optical recetver to receive the structured light.
The optical transmutter and the optical receiver are separated by a distance (B). The
optical transmitter fransmits the structured hght, where the structured light encompasses
a projection field. For instance, the optical transmitter has an angle of view relative to a
transmitter optical axis. The transmatter optical axis is a bing that extends outward from
the optical transmitter and the angle of view defines the arca across which the structured
light spreads.

{0021] Sinularly, the optical receiver has an angle of view relative to a receiver optical
axia. The receiver optical axis is a line that extends outward from the optical receiver
and the angle of view defines the arca across which the optical receiver is able to
capture the reflection of the structured light.

[0622] Because the optical transmitier and optical receiver are separated by distance B,
the area over which the structured hight spreads and the arca over which the optical
recetver can capture light are not the same. This results in areas where the structured
light does not reach or arcas where a reflection of the structured light cannot be
captured. The angle of view of the transmutter and receiver also affects the projection
ficld and the capture field. Accordingly, the optical transmitter and the optical receiver
sach have a respective field of view {e.g., projection fickd for the transmitter and capture
ficld for the receiver), and the field of view overlap defines how much of the projection
field and capture field overlap.

[8623] Designing a structured light system to generate the depth map is complex
because great care may be needed to select components ag characteristics of each
component interplays with other charactenistics of other components resulting in a

careful balance of components. For instance, speckle noise tolerance sets a lower bound
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on aperture size, where an aperture size for the receiver defines the opening through
which light 15 captured and an aperture size of the transmitter defines the opening
through which light 1s projected. The aperture size for the receiver and the transmitier
may be different, bt the techniques are not so limited.

[80624] The depth of field (DoF) defines the focus range and sets the upper bound on the
F-number, which is the ratio of a lens’s focal length (e.g., the pomnt where light
converges from a lens} to the diameter of the aperture. The F-number therefore sets the
lower bound on the focal length, and the focal length sets upper bound on field of view.
The baseline distance (B} between transmitter and receiver sets the upper bound on
system accuracy, and the baseline reduces the field of view overdap.

[0025] The ficld of view overlap sets the near ficld of view. The near field of view
(e.g., how close an object can be within the field of view overlap) is particulardy
affected by all these example characteristics.

10626] In some cases, having a near field of view that is relatively ¢lose may be
desirable. For instance, if the device is a mobile device, the user may desire to generate
a depth map of objects relatively close to the mobile device. However, to achieve a near
field of view that is relatively close to the mobile device may require very precise
seloction of optical components needed to generate the depth map because, as described
above, setting the field of view 1s mterrelated with aperture size, focal length, and
apeckle noise tolerance as a fow examples.

10627} The techniques described in this disclosure provide a way to have a near field of
view that is relatively close to the optical transmitter and optical receiver without
Imtting choices of optical components used for generating the depth map. With the
techmiques described in this disclosure, the setting of the near field of view 1s decoupled
from the specific components allowing for sctting a near field of view for depth map
generation for a wide vanety of optical components and structured light svstems.

[B028] In examples described in this disclosure, the optical transoutter is tilted or
angled relative to the optical receiver. For instance, rather than the optical transmiiter
and the optical receiver being oriented i the same direction (¢.g., facing the same
direction), there 18 an angle of tilt between the optical transmitter and the optical
receiver. The angle of tilt between the optical transmitter and the optical recetver
causes the projection field to tilt and intersect the capture field closer to the device as
compared to the case where the optical transmitter and the optical receiver are oriented

in the same direction. For exampie, if the optical transmitter and the optical receiver
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were oriented in the same direction, then the transnutter optical axis and the receiver
optical axis would be parallel. In the examples described in this disclosure, tilt i the
transmitier relative to the receiver results in the transmitter optical axis and the receiver
optical axis not being parallel but intersecting.

[8829] The recerver device may capture the reflection of the structured light in
examples where the optical transmitter 1s angled relative to the optical receiver. The
receiver device determines the depth map based on the captured reflected structured
hight. However, in this case, the receiver device may need to compensate for the angle
of the tilt in determining the depth map. For example, the receiver device may scale a
position of cach clement in the received reflection of the structured light based on an
angle of tilt of the optical transmitter relative to the optical recciver and a focal length of
the optical receiver. The receiver device may generate the depth map based on the
acaled position of each element in the reccived reflection of the structured light, each
clement in the structared light that corresponds to a respective element in the received
refloction of the structured light, the focal length of the optical receiver, and a distance
between the optical transmitter and the optical receiver {e.g., a baseline distance).
18638] Accordingly, in examples described m this disclosure, the projector (i.¢., optical
transmitier) is intentionally tilted or angled to ncrease near field of view. The tilting or
anghing of the optical transmitter creates a “vaw” in the optical transmitter, and the
techniques modify the caleulations to accommodate for the known vaw. As deseribed
it more detail, the vaw also results in distorting the reflected patterm or code. However,
i some cases, the receiver device may not need to compensate for the yaw to confirm
that the reflected pattern or code 1s a valid pattern or code.

[8631] FIGS. 1A and 1B are conceptual diagrams tllustrating examples of transmitter
field and receiver field for generating a depth map. FIGS. 1A and 1B ilustrate device
10 that includes transmitter device 14 that is coupled to optical transmitter 16 and
receiver device 18 that is coupled to optical recerver 20, Examples of deviee 10 melude
a desktop computer, a laptop computer, a tablet, a wirekess communication device, a
phone, a television, a camera, a display device, a digital media player, a video game
console, a video gaming console, or a video streaming device.

18632} Examples of transmitter device 14 and recetver device 18 mclude a
microprocessor, an mtegrated circuit, a digital signal processor {DSP), a field
progranwnable gate array (FPGA), or application specific integrated circuit {ASIC). In

general, transmitter device 14 and receiver device 18 include processing circuitry
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mchuding programmable circuitry. Examples of optical transmitter 16 include a laser,
and examples of optical receiver 20 mclude one or more optical sensors. In some
examples, the laser outputs light (i ¢, the depth map) in the infrared spectrum and the
sensor receives the light (i.e., the depth map) in the infrared spectrum.

[8633] Although optical transmitter 16 is illustrated as part of transmitter device 14 and
optical recetver 20 1s tllustrated as part of receiver device 18, the technigues described
i this disclosure are not so limited. In some examples, transmitter device 14 and
recetver device 18 may not include respective ones of optical transmitter 16 and optical
receiver 20, In some examples, transmitier device 14 and receiver device 18 may be
formed in the same integrated circuit along with other processing circuits forming a
system on chip (SoC).

[8834] Transmitter device 14 may be configured to cause opiical transmitier 16 to
transmit structured Light that inchudes a pattern or codeword. For instance, transmitter
device 14 may include a local memaory that stores a pattern or codewords used for depth
map gencration. A processing circuit of transmitter device 14 retricves a pattem or
codewords and canses optical transmitter 16 to transmit the pattem or codeword. The
pattern or codeword reflects from objects and is received, through a lens or aperture, as
a pattern or codeword reflection by optical receiver 20

[8835] The reflections of the pattemn or codeword are captured at different locations on
optical recetver 20. For mstance, assume that a first object 1s a first distance away from
device 10, and a second object is a second distance away from device 10, In thig
example, the pattern or codeword that reflects oft of the first object would appearat a
first location on optical receiver 20 and the pattern or codeword that reflects off of the
second object would appear at a second location on optical receiver 20, In this example,
the disparity between the first location and the second location (e.g.. the difference in
the positions of the first location and the second location) indicates the relative depth of
the first and second objects to one another and the positions of the first location and the
second location indicate the absolute depth of the first and second objects.

{0036] 1n some examples, the further away an object 1s from optical transmitter 16 and
optical receiver 20, the closer the received projected patiern or codeword is from its
original position at optical receiver 20 (e.g., the outgoing projection and incoming
projection are more parallely. Conversely, the closer an object is from optical
transmitter 16 and optical receiver 20, the further the received projecied pattern or

codeword s from ifs original position at optical receiver 20. Thus, the difference
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between received and transmitted codeword position may be used as an indicator of the
depth of an object. In one example, such depth (e.g., relative depth) may provide a
depth value for objects depicted by ¢ach pixel or grouped pixels (e.g., regions of two or
more pixels) in an image.

[8837] The pattern or codeword may be considered as including a plurality of elements,
where the elements i the structured light together form the pattem or codeword. Each
clement in the structured light is located at a particular location at the time of
transmission and then located at a particular location on optical receiver 20. Recetver
device 18 may include a local memory that stores patiern or codewords used for depth
map generation. A processing circuit of receiver device 18 compares the elements of
the received pattern or codewords to those stored in the local memory to confinm that
the received pattern or codeword 1s a valid pattern or codeword and determine the depth
map.

103638} For mstance, and element in the structured light is located at a particelar location
as determined and the element received in the reflected structured light is located at a
particular location. The processing circuit within the receiver device 18 then determines
a disparity (e.g., difference) between the location of cach element in the transmitied
structured light and the received reflected structured light, and based on the disparity
determines the depth map.

[6639] Optical transmitter 16 transmits the structured light along optical axis 22 A that
spreads to generate a projected ficld. For instance, optical axis 22A extends outward
perpendicular to optical transmitter 16 and the structured hight spreads along angle of
view 17 relative to optical axis 22A. Optical recetver 20 similarly includes a capture
field that spreads around optical axis 24 along angle of view 19. As one example, angle
of view 17 15 60 and angle of view 19 is 53°, but other angles are contemplated.

[0040] As illustrated 1n FIG. 1A, the projection ficld and the capture field intersect and
where the projection field and the capture field overlap sets the field of view overlap, If
an object is in the field of view overlap, then the object receives the structured light and
optical recetver 20 recetves the reflected structured light. 1f an object is outside the ticld
of view overlap, then the object does not receive the structured light becanse the object
is only in the capture field and not in the projection field or optical receiver 20 does not
recetve the reflected structured hight because the object is only in the projection field.
[00641] In some cases. an object may be in neither the projection field nor the capture

ficld. Formstance, if the object 1s closer than a near field of view, then the object may
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be neither in the projection field or the capture ficld. As lustrated m FIG. 1A, the
projection ficld and the capture field mitersect at a point that is a distance 12A away
from device 10. Distance 12A may define the near field of view. In this case, an object
closer than a distance 12A and in between optical transmitter 16 and optical receiver 20
may not be captured.

{8042] However, a user of deviee 10 may find it desirable to determine depth map for
an image where the object is closer than a distance 1ZA  As described above, designing
device 10 so that the near field of view is closer than distance 12A may require
extensive testing and a specialized number of component options because various
characteristics of optical transmitter 16 and optical recetver 20 interplay with one
another, limiting the number of available components that are usable to create a
structured light sysiem having the desired near field of view and also with mumimal
tmpact on the far field of view.

100643] As iHustrated in FIG. 1B, optical transmitter 16 15 tiled or angled relative to
optical recetver 20, For instance, optical transmitter 16 and optical receiver 20 are not
oriented in the same direction {¢.g., are not facing the same direction). Although optical
transmitter 16 is tlustrated as tilted relative to optical receiver 20, mm general, one of
optical transmitter 16 or optical receiver 20 is paralle! with a face of device 10, and the
other one of optical transmitter 16 or optical receiver 20 1s tilted relative to the face of
device 10. For example, optical transmitter and optical receiver 20 may both be on the
back-face of device 10, where the front-face mcludes the interface with which the user
mteracts. Optical receiver 20 may be parallel with the back-face of device 10, and
optical transmutter 16 may be tilted relative to the back-face of device 10, as ilustrated
i FIG. 1B. However, in some examples, optical transmitter 16 may be parallel with the
back-face of device 10, and optical recetver 20 may be tilted relative to the back-face of
device 10. In these examples, optical transmitter 16 may be considered tilted (angled)
relative to optical receiver 20.

{8044] It may be possible for both optical recetver 20 and optical transmiiter 16 to be
angled relative to the back-face of device 10. For such examples, optical transmitter 16
may be tilted relative to optical receiver 20 because optical transmitier 16 and optical
receiver 20 are not facing the some direction and/or the respective optical axes mtersect.
{0045] Similar to FIG. 1A, optical transmitter 16 transmits the structured light that
spreads at an angle of view 17 along optical axis 22B. Optical axis 228 is

perpendicular to optical transmitter 16 like opiical axis 22A m FIG. 1A, However, m
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FIG. 1B, optical axis 22B and optical axis 24 of optical receiver 20 intersect one
another, unlike in FIG. 1A where optical axis 22A and optical axis 24 are parallel.
Accordingly, i FIG. 1B, optical transmitter 16 is angled relative to optical receiver 20
so that transmitier optical axis 228 intersects receiver optical axis 24. The angle of tilt
of optical transmitter 16 relative to optical receiver 20 1s defined by angle of tilt 46 (e,
angle formed by the micrsection). Angle of tilt 46 may be approximately 1°to 2° but
other angles are contemplated.

[0646] In FIG. 1B, the projection ficld intersects the capture ficld at point 34 thatis a
distance 12B away from device 10, Dhstance 128 is less than distance 12A, and
thercfore, by tilting {angling} optical transmitter 16, the techniques described n this
disclosure may make the near ficld of view closer to device 10 without needing to rely
on specialized components and allowing use of a wide variety of optical component
types.

108647] However, tilting optical transmitter 16 results in extra computations for
generating the depth map. For instance, the location where the reflected pattern or
codeword would appear on optical receiver 20 m the example lustrated in FIG. 1B s
different than the location where the reflected pattern or codeword would appear on
optical recciver 20 in the example tlustrated o FIG. 1A, Accordingly, receiver device
18 may scale the position of each clement 1n the received reflection of the structured
light based on an angle of tilt 46 and a focal length of optical receiver 20, as described
10 more detail.

[0648] In addition, the tilt between optical transmitter 16 and optical receiver 20 causes
distortions m the reflected pattern or codeword. For instance, the reflected pattern that
optical recetver 20 receives in FIG. 1B may be tilted relative to the reflected pattern that
optical receiver 20 receives in FIG. 1A,

[0049] As described above. optical receiver 20 compares the reflected pattern to known
patterns to confirm that the reflected pattern 1s valid. Because the reflected patiemn is
tilied, there could possibly be some errors in reconstructing the pattern or codeword. In
some examples, the tilt may be munimal and therefore the errors are mimimal and no
corrective action 1s needed. In some examples, optical receiver 20 may compensate for
the ult. In some examples, the pattems or codewords stored m local memory of receiver
device 18 are tilted based on angle of tilt 46, and therefore, receiver device 18 may be

able to reconstruct the patterns or codewords with no errors.
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{0059] The projection field 1s defined by lines 28 and 32 i FIG. 1B and the capture
field 18 defined by lines 26 and 30 m FIG. 1B, The equation of ling 28 ig z4 = -
xdcot{p1/2 —v), and the equation of line 32 15 z3 = x3cot{61/2 + vi. The equation of
ling 26 is 22 = -(x2 — Bicot($p2/2), and the cquation of line 30 1s z1 = {(x1 — B)cot{($2/2).
In the above equations, ¢1 is the angle of view 17, ¢2 is the angle of view 19, v is the
angle of ult 46 (also referred to as vaw), and B is the distance between optical
transmitter 16 and optical recerver 20. In the equations, x1, x2, x3, and x4 repregent a
coordinate value along respective lines from which z1, 22, z3, and z4 are detcrmined.
[8651] The xi, x2, x3, and x4 can be seen as setting the field of view overlap. For
mstance, at point 34, the projection field and capture field first intersect. From pomt 34
to point 38, the field of view overlap is defined by lines 26 and 32, which can be
represented as x3-x2, as illustrated by line 40, From point 38 to point 36, the ficld of
view overlap is defined by lines 26 and 30, which can be represented as x1-x2, as
tustrated by line 42. From point 36 and above, the ficld of view overlap is defined by
lines 28 and 30, which can be represented as x1-x4, as illustrated by line 44.

[8652] The location of point 34 is B/{tan{o 1/2 + v) + tan{d2/2))(tan(dp1/2 + v3,1). The
location of point 38 is B/tan{$1/2 + v} - tan{d2/23)(tan{ ¢ 1/2 + v),1). The location of
point 36 is B/ {tan{$2/2) - tan($p1/2 ~ y){(-tan(¢1/2 - v),1).

[B0533] Asillustrated 1o FIGS. 1A and 1B, distance 12B 15 less than distance 12A.
Accordingly, by tilting optical transmitter 16 relative to optical recetver 20, the yaw can
be exploited to reduce the location of the near field of view (¢.g., bring the near field of
view closer to device 10).

[8654] As described above, 1n example techniques, receiver device 18 may need to
compensate for the vaw to determine the depth map. For example, a processing circuit
of recetver device 18 may scale a position of cach ¢lement in the received reflection of
the structured light based on the angle of tilt y and a focal length of optical receiver 20.
The processing circuit may then generate the depth map based on the scaled position of
cach element in the received reflection of the structured light. each element i the
structured light that corresponds to a respective clement i the received reflection of the
structured light, the focal length of optical receiver 20, and a baseline distance (B}
between optical transmitter 16 and optical receiver 20.

{8655 As an example, the processing circuit may uaplement the following equation:

Z = fB/(xT - £ {{fsiny + xRcosy)/{fcosy — xRsiny))).
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[0056] In the equation, Z 1s the depth map, 15 the focal length of optical veceiver 20, B
is the distance between optical transmitter 16 and optical receiver 20, xT 1s a position of
an clement in the transmitted structured hight, and xR is a position of the corresponding
clement in the received reflection of the structured light. For example, xT and xR are
positions for the same element, but xT 1s the location at the time of transmission and xR
is the location in the received reflection of the structured light.

10657} The processing circuitry of recetver device 18 may implement the equation to
determine the depth value (Z2) for cach element. For nstance, £ {(fsiny +
xReosyi/(feosy — xRsiny}} can be considered as the equation that the processing unit
ases to scale a position of cach element in the received reflection of the structured light
{c.g., xR} The scaling is performed based on the angle of tilt v and the focal length £
Also, in the cquation, depth map 1s generated trom the scaled position of each clement
in the received reflection of the structured light (¢ g., xR}, each element in the structured
hight {c.g., xT} that corresponds to a respective element in the received reflection of the
structured light {c.g., xR}, the focal length of optical recetver 20 (c.g., ), and a distance
{c.g., bascline distance B) between optical transmitter 16 and optical receiver 20,

18658] This disclosure describes intentionally tilting optical transmitter 16 to increase
near field of view and to modify disparity calculation to accommodate known vaw.
With the technigues described i this disclosure, there may be 5% gain in useful depth
map size and the svstem components may be decoupled from the performance of depth
map generation {¢.g., allowing for many choices for the optical components). For
example, the near field FOV generated by optical transmitter 16 and optical receiver 20
is closer to device 10 that includes optical transmitier 16 and optical receiver 20 as
compared to the example of FIG. 1A where optical transmitter 16 is not angled relative
to optical receiver 20 and the transmitter optical axis does not intersect the receiver
optical axis.

[B8539] As also described above, the tilt in optical transmitter 16 causes distortion in the
received reflection of the structured map for purposes of pattern detection or codeword
detection. In some examples, the projective distortion s handled 1 a grid detection
algorithm which means that additional corrective actions to compensate for the tilt of
optical transmitter 16 may not be needed. For example, as described above, the
codewords that receiver device 18 stores may already be tiled based on known tilt angle,

and therefore, when the processing cireunit of recetver device 18 performs grid detection
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to determine the codewords, the processing circuit needs to perform no additional
corrective action to compensate for the tilt of optical transmitter 16.

{866%] FIG. 2 is a block diagram of a device for image processing configured to
perform one or more example technigues described in this disclosure. FIG. 2 illustrates
device 10 in more detail. As described above, examples of device 10 include a personal
computer, a desktop computer, a laptop computer, a computer workstation, a video
game platform or console, a wireless communication device (such as, e.g., a mobile
telephone, a cellular telephone, a table computer, a satellite telephone, and/or a mobile
telephone handset), a landline felephone, an Internet telephone, a handheld device such
as a portable video game device or a personal digital assistant (PT}A}, a personal mussic
plaver, a video player, a display device, a camera, a television, a television set-top box,
a server, an intermediate network device, a mainframe computer or any other type of
device that processes and/or displays graphical data.

10061] As itHustrated in the example of FIG. 2, device 10 includes transmutter device 14
that includes optical transmitier 16, receiver device 18 that mcludes optical receiver 20,
a central processing circuit (CPU) 43, a graphical processing circuit (GPU) 48 and local
memory 50 of GPU 48, user interface 52, memory controller 54 that provides access to
system memory 60, and display interface 56 that outputs signals that cause graphical
data to be displaved on display 38,

[8862] Transmitter device 14 and recetver device 18 are similar to those described
above with respect to FIGS. 1A and 1B and are not described further, However, in
some examples, receiver device 18 may also function as a camera for device 10, and in
such examples, receiver device 18 may be used for depth map generation and for
capturing photographic images or device 10 may include a separate camera to capture
photographic images. In this disclosure, receiver device 18 is described as being used
for both generating the depth map and capturing photographic images. The processing
circuit of receiver device 18 may function as a camera processor as well.

10063] Alsc, although the vanous components are itHustrated as separate components, in
some cxamples the components may be combined to form a system on ¢hip (50C). As
an example, the processing circuif of receiver device 18 may be formed with one or
more of CPU 45, GPU 48, and display mnterface 56. In such examples, optical receiver
20 may be separate from receiver device 18, Furthermore, the examples described
above with respect to the processing circuit of receiver device 18 generating the depth

map are provided mercly to ease understanding. In some examples, CPU 45, GPU 48,
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or some other device may be configured to perform the examples described above for
the processing circuit of receiver device 18.

{8664} The various components tlustrated in Fi(z. 2 may be formed in one or more
microprocessors, application specific integrated circuits (ASICs), field programmable
gate arrays {(FPUAs), digital signal processors {(BSPs), or other equivalent integrated or
discrete logic circuitry. Also, transmittter device 14 and receiver device 18 may melude
tocal memory for storage of data such as patterns or codewords. Examples of such local
memory include one or more volatile or non-volatile memorics or storage devices, such
as, e.g., random access memory (RAM), static RAM (SRAM), dvnamic RAM (DRAM),
crasable programmable ROM (EPROM), electrically erasable programmable ROM
{EEPROM), flash memory, a magnetic data media or an optical storage media.

[B865] The various units itlustrated in FIG. 2 communicate with each other using bus
62. Bus 62 may be any of a variety of bus structures, such as a third generation bus
{e.g.. a HyperTransport bus or an InfiniBand bus}, a second generation bus {e.g., an
Advanced Graphics Port bus, a Peripheral Component Interconnect (PCL Express bus,
or an Advanced eXentisible Interface (AX1) bus) or another type of bus or device
mterconnect. It should be noted that the specific configuration of buses and
communication interfaces between the different components shown i FIG. 2 is merely
exemplary, and other configurations of computing devices and/or other image
processing systems with the same or different components may be used to implement
the techniques of this disclosure.

[06666] CPU 45 may comprise a gencral-purpose or a special-purpose processor that
controls operation of device 10, A user may provide mput to computing device 10 to
cause CPU 45 to execute one or more software applications. The software applications
that execute on CPU 45 may mclhude, for example, an operating system, a word
processor application, an email application, a spread sheet application, a media player
application, a video game application, a graphical user interface application or another
program. The user may provide input to computing device 10 via one or more input
devices {not shown) such as a keyboard, a mouse, a microphone, a touch pad or another
input device that is coupled to computing device 10 via user mterface 32,

[8667] As one example, the user may execute an application that generates graphical
data for stereoscopic images. The application may use images captured by optical
receiver 20, In such examples, transmitter device 14 and receiver device 18 may

together perform the example technigues described in this disclosure to generate a depth
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map. The application executing on CPU 45 may use the depth map and the captured
nmages.

{8668} For instance, CPU 45 may transmit instructions and data to GPU 48 to render
graphical tmages. In such examples, the application cxccuting on CPU 435 may transout
mstructions, the depth map, and other data to GPU 48 instructing GPU 48 to gencrate
stereoscopic images. For example, GPU 48 includes a plurality of paralle] pipelines
which are a combination of fixed-function circuits and programmable circuits, and GPU
4% processes pixels through the paralle! pipelines to generate the stereoscopic images.
[866%] Memory controller 54 facilitates the transter of data going mto and out of system
memory 60. For example, memory controller 54 may receive memory read and write
commands, and service such commands with respect to memory 60 i order to provide
memory services for the components in computing device 10, Memory controller 54 is
communicatively coupled to system memory 60. Although memory controller 54 is
tustrated in the example computing device 10 of FIG. 2 as being a processing module
that 1s separate from both CPU 45 and system memory 60, in other examples, some or
all of the functionality of memory controller 54 may be mmplemented on one or both of
CPU 43 and system memory 60.

{B078] System memory 60 may store program moduies and/or mstmctions and/or data
that are accessible by transmitter device 14, receiver device 18, CPU 43, and GPU 48,
For example, svstem memory 60 may store user applications and graphics data
associated with the applications. System memory 60 may additionally store information
for use by and/or gencrated by other components of computing device 10. For example,
system memory 60 may act as a deviee memory for transmitter device 14 and receiver

device 18 (e .

ot

device memory for the camera processor of receiver device 18). System
memory 60 may include one or more volatile or non-volatile memorics or storage
devices, such as, for example, random access memory {RAM), static RAM (SRAM),
dvnamic RAM (DRAM), read-only memory {ROM), erasable programmable ROM
(EPROM), clectrically erasable programmable ROM (EEPROM), flash memory, a
magnetic data media or an optical storage media.

[8671] In some aspects, svstem memory 60 may include instructions that cause
transmitter device 14, receiver device 18, CPU 43, GPU 48, and display mnterface 56 to
perform the functions ascribed in this disclosure to transmitter device 14, receiver
device 18, CPU 45, GPU 48, and display mierface 56. Accordingly, systern memory 60

may be a computer-readable storage medium having instructions stored thereon that,
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when executed, cause one or more processors {€.g., processing circuits of transmitter
device 14 and/or receiver device 18 and CPU 45, GPU 48, and display interface 56} to
perform various functions.

[8672] In some examples, svstem memory 60 is a non-transitory storage medium. The
term “non-transitory” indicates that the storage medium 1s not embodied m a carricr
wave or a propagated signal. However, the term “non-transitory” should not be
mterpreted to mean that svstem memory 60 is non-movable or that its contents are
static. As one example, svstem memory 60 may be removed from device 10, and
moved to another device. As another example, memory, substantially similar to system
memory 60, may be mserted into device 10, In certain examples, a non-transttory
storage medium may store data that can, over time, change {(c.g., in RAM}.

[8673] Receiver device 18, CPU 45, and GPU 48 may store depth maps, image data,
rendered tmage data, and the like in respective buffers that is allocated within system
memory 60. Display mterface 56 may retrieve the data from system memory 60 and
configure display 38 to display the image represented by the rendered image data. In
some examples, display mterface 56 may include a digital-to-analog converter (DAC)
that 13 configured to convert the digital values retrieved from system memory 60 into an
analog signal consumable by display 58, In other examples, display interface 56 may
pass the digital values directly to display 58 for processing.

[80674] Display 58 may include a monitor, a television, a projection device, a hiquid
crystal display (LCD), a plasma display panel, a light emitting diode (LED) array. a
cathode ray twbe (CRT) display, clectronic paper, a surface-conduction clectron-emitied
display (SED), a laser television display, a nanocrystal display or another type of
display unit. Display 58 may be integrated within computing device 10. For nstance,
display 58 may be a screen of a mobile telephone handset or a tablet computer.
Alternatively, display 58 may be a stand-alonc device coupled to computing device 10
via g wired or wireless communications hink. For mstance, display 58 may be a
computer monitor or flat panei display connecied to a personal computer via a cable or
wireless link.

[8673] FIG. 3 15 a flow chart of a method of image processing for performing one or
more example techniques described in this disclosure. The image processing may be for
generating a depth map of an object, which can then be used to generate stereoscopic

images that provide the viewer with a perception of depth.
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[8676] As illustrated, transmitter device 14 via optical transmitter 16 may transmit
structured light, optical transmitter 16 having {e.g., defining} a first angle of view 17
relative to transmitier optical axis 228 (70). Transmutting the structured light may
nclude transmitting a pattern via the structured light. Recetver device 18, via optical
receiver 20, may receive a reflection of the structured light, optical receiver 20 having
{e.g., defining) a second angle of view 19 relative to recetver optical axis 24 {72).
Receiving the reflection of the structured light may mchide receiving a distorted pattern
via the reflection.

{8677} Recerver device 18 via a processing circuit of recetver device 18 may generate a
depth map for one or more images based on the received reflection of the structured
light {74). For example, processing circuitry of receiver device 18 may perform the
operations of the equation for Z, where Z = fB/(xT - £ ({fsiny + xReosy){fcosy —
xRsiny}})). The processing circuitry of recetver device 18 may perform the operations of
the equation to determine the depth value (Z) for each received element. As described
above, the equation for 7 represents the scaling used to compensate for the angle of ilt.
The scaling 1s performed based on the angle of tilt v and the focal length £ Also, mn the
equation, depth map 13 generated from scaled position of each clement in the received
reflection of the structured light {c.g., xR}, cach clement in the structured light (c.g.. xT)
that corresponds to a respective element n the received reflection of the structured hight
{e.g., xR), the focal length of optical receiver 20 {e.g., 1), and a distance {¢.g., baseline
distance B) between optical transmitter 16 and optical receiver 20.

{0078] GPU 4R may generate graphical data for the one or more images based oo the
generated depth map (76). For example, the depth map indicates relative distances of
objects from device 10, GPU 48 may generate a first image and a second image, where
the first image and the second image include substantially similar content. However,
there s horizontal disparity between the content. As one example, GPU 48 may
determine the amount of horizontal dispanty to add to objects in the first and second
image so that the viewer perceives the object at the distance indicated with the depth
map when the viewer views both the first and second image together.

[8679] For example, from testing and based on the size of display 38, a manufacturer
may determine the distance away from device 10 that a viewer perceives an object fora
given disparity between a first and a second image. Based on the relationship between
disparity in the tmages and distance that the viewer perceives an image, the

manufacturer or a computer model may extract a relationship between dispanity and
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depth (e.g., distance away from device 10). GPU 48 or some other unit of device 10
may store this relationship information and based on depth map determined via the
example techniques, determine the disparity in the objects in the two 1mages, and GPU
48 render the images to have the determmed disparity in the objects.

[B080] As another example, GPU 48 or some other unit of device 10 may store a look-
up table that associates disparity between objects in the first and second images and
depth. Based on the determined depth from the depth map and the lock-up table, GPU
48 or some other unit determines the disparity between the objects in the first and
second images (¢.g., the posttion of the objects m the first and second images). GPU 48
renders the image to have the determined disparity in the objects based on the
determined positions of the obiects in the first and second images.

[B081] The previous examples provided two exampie algonthms to generate graphical
data for the one or more images based on the generated depth map. However, other
example techniques are possible and the examples should not be considered limited to
the above examples.

[8682] In some exampies, receiver device 18 may determine whether the received
distorted pattern correaponds to the transmitted pattern without compensating for an
angle of tilt v of optical transmitier 16 relative to optical receiver 20. Receiver device
18 may determine a location of where the distorted pattern is received by optical
receiver 20, and gencrate the depth map based on the location of where the distorted
pattern is received by optical receiver 20 and the angle of tilt v of optical transmitter 16
relative to optical recerver 20.

[8683] In some examples, to generate the depth map, receiver device 18 may scale a
position of cach clement in the received reflection of the structured light based on an
angle of ult v of optical transmitter 16 relative to optical receiver 20 and a focal length
{f) of optical recetver 20. Receiver device 18 may generate the depth map based on the
scaled position of each element 1n the received reflection of the structured Light, each
clement in the structared light that corresponds to a respective element in the received
refloction of the structured light, the focal length of optical receiver 20, and a distance
between optical transmitter 16 and optical receiver 20 {e.g., baseline distance B).
[80684] FIG. 4 1s a block diagram dHlustrating a transmitter device and a recetver device
of FIG. 2 1n greater detail. FIG. 4 illustrates two positions for optical transmitter 16, In
dashes, optical transmitter 16 is not tilted and its transmitter optical axis is parallel with

the receiver optical axis of optical recerver 20 {e.g., similar to FIG. 1A). In solid line,
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optical transmutier 16 1s tilted and its transmitier optical axis mtersects with the receiver
optical axis of optical receiver 20 {e.g., similar to FIG. 1B).

{8685] FIG. 4 also illustrates objects 7% and 80, which are each ohicots from which the
structured light that optical transmitter 16 transmits is reflected to optical receiver 20,
In the example techniques, TX-processing circuit 82 may receive a codeword from
memory 86 and cause optical transmitter 16 to transmit a stractured lght having that
codeword. This structured light would reflect off of object 78 and object 80 onto optical
recetver 20. RX-processing circuit 84 may convert the received structured light into a
codeword, and compare the converted codeword to codewords stored in memory 88 to
confirm that the received light actually includes a recognized codeword and 1s not
ambient light. For the structured light, RX-processing circuit 84 may also determine
where the codeword of the structured light was captured on optical receiver 20, and
based on the position of the received codeword determine the depth of objects 78 and
80,

{0086] Prior to describing the operations to deternune the depth, the following provides
additional explanation of tilting and compensation that may be performed. In F1G 4, a
dashed line 15 llustrated as being outputted by the non-tilted example of optical
transmitter 16 {dashed version}, which then bounces off of object 78, and reflects to
about the muddle of optical receiver 20, Also, one solid line is tlustrated as being
cutputted by the tilted version of optical transmitier 16 {sohid version), which then
bounces off of object 78, and reflects to near the end of optical receiver 20.

{0087} As iHlustrated, the position to where the structured light refiects on optical
recerver 20 is different for the tilted version of optical transmutter 16 than it 1s for the
non-tilted version of optical transmitter 16, Therefore, without compensation, RX-
processing circuit 84 may deternune different depths for object 78 for the tilted version
of optical transmttter 16 and the non-tilted version of optical transoutter 16,
Accordingly, for purposes of determuining the depth map, RX-processing circuit 84 may
perform the vaw compensation {e.g , Z = fB/{xT ~ *({(fasiny + xRcosy)/{fcosy -
xRsiny}))), as described above.

[8688] Referring to an example algorithm for deternuning the respective depths, as
tlustrated, a first solid hne tustrated as being transmitied by tilted optical transmtter
16 reflects off of object 78 onto optical receiver 20 at a distance d1 away from the keft
cdge of optical receiver 20. A second solid line illustrated as being transmitted by tilied

optical transmitier 16 reflects off of object 80 onto optical receiver 20 at a distance d2
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away from the left edge of optical recetver 20. RX-processing circuit 84 may determine
a depth of object 78 and 80 based on distances d1 and d2, reapectively. For instance,
objects that arc closer to device 10 tend to reflect further from the edge of optical
receiver 20 than objects that are further away from device 10, As illustrated, object 80
is further away than object 78. Therefore, distance d1, which is from the reflection of
obiject 78, 1s further away from the edge of optical receiver 20 than distance d2, which 1s
from the reflection of object 30,

{0089] 1n one or more example techniques, the position of optical transmitter 16 is
constant relative to receiver device 18 {e.g., their respective positions are fixed and not
moving relative to one another). Rather than having optical transmitter 16 output
optical signals in a scanning pattern on an object, and having optical receiver 20 receive
such a scanning patiern, optical fransmitter 16 may be fixed in a constant position
relative to optical recetver 20, The transmitter optical axis and the recetver optical axis
may always intersect at the same point such that the angle vy does not change during the
generation of the depth map.

[86940] Also, the structured hight transmitted with optical transmitter 16 may be the
same during the entire generation of the depth map by RX-processing circuit 84, TX-
processing circuit 82 may output a structure light having a particular pattern, and from
the reflection of that pattern, RX-processing circutt 84 may generate a depth map.
There may be one structured light patiern that is transotted and received, and from this
one structured light pattern, RX-processing circuit 84 may determine the depth map.
[0091] FIG. 5 is a graph illustrating the onsct of the near ficld of view and far ficld of
view as a fumction of vaw. In FIG. 5, the botiom line iltustrates where the distance of
the near field of view gverlaps as a function of the angle of tilt v, and the top line
tilustrates where the distance of the far field of view overlaps as a function of the angle
of tit v.

[6092] Asillustrated by the bottom hine in FIG. 5, as the angle of tilt y increases, the
near ficld of view becomes closer to device 10, but the far field of view also comes in
closer. For example, referning back to F1G. 1B, as the angle of tilt v increases, point 34
comes closer to device 10 {(e.g., distance 12B decreases). However, as indicated by the
top ling in FIG. 5, the merease i the angle of tilt vy also causes the far figld to move
closer to device 10. For example, referring back to FIG. 1B, as the angle of tilt y

increases, point 36 moves down line 26 and closer to device 10, Therefore, therc is a
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balance in how much to set the angle of tilt v based on design for where the near field
and far ficld should be.

18693} FIGS. 6A and 6B are graphs dhustrating the increase io the near range field of
view overlap. FIGS. 6A and 6B illustrate the horizontal overtap of the field of view for
different yaw angles y. The top line 90 1s for 2° vaw angle, then line 92 35 for 1.5°
angle, then hine 94 is for 1° angle, then line 96 1s for 0.5°, and then line 98 is for 0°.

FI1G. 6B is a zoomed version of FIG. 6A showing the separation for the different vaw
angles v, For example, ling 100 in FIG. 6B corresponds to hine 90 in FIG. 6A, line 102
in FI(G. 6B corresponds to hine 92 in FIG. 6A, line 104 in FIG. 6B corresponds to hine 94
in FIG. 6A, line 106 in FIG. 6B corresponds to line 96 i FIG. 6A, and line 108 in FIG.
6B corresponds to line 108 in FiG. 6A. In general, mcreasing the vaw increases close
range field of view overlap. At sufficiently large range, the vaw causes reduced field of
view.

10094] FIGS. 7A and 7B are graphs illustrating the increase in near range field of view
overlap as a function of vaw and distance. In FIGS. 7A and 7B, the v-axis is the field of
view overlap increase. In FIG. 7A, the x-axis is the yaw angle v, and in FIG. 7B, the x-
axis ig distance. For instance, in FIG. 7A the graph is drawn for different distances,
with the bottont line 118 being for 3 .3m, the next one above (line 116) for Im, above
that line (line 114) for 0.85m, above that hine (Iing 112) for 0.75m, and above that line
(line 110} for 0.5m. In FIG. 7A, a yaw angle of 1.5° 15 illustrated to illustrate an
example yaw angle that may maximize short range FOV overlap gain for an object at
distance 3.5m. In FIG. 7B, the graph is drawn for different vaw angles y. The top line
128 15 tor 2°, the next one below (line 126} 15 for 1.5°, the next one below (ing 124} 1s
for 1°, the next one below (Iine 122) 1s for 0.53°, and the next one below (hine 120) 1s for
0.

[0095] In the example techniques described in this disclosure, the near range field of
view {¢.g., near tield FOV) may be closer to device 10, as compared to other examples.
For instance, the near field FOV generated by optical transoutter 16 and optical receiver
20 1s closer to device 10 as compared to if optical transmitter 16 is not angled relative to
optical receiver 20 and the transmutter optical axis does not miersect the receiver optical
axis.

18096] FIG. 8 1s a graph illustrating pattern distortion. For instance, in FIG. 8, the far
left tllustrates the transmitted pattern, but the reflected and received patterns are

distorted due to the angle of it v {e.g., the received patiern is slightly tilted relative to
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the reflected pattern). In general, the patiern distortion due to vaw is neghgible for
small tilting angles. Receiver device 18 may accommodate the pattern distortion within
a grid detection scheme for patiem detection. For example, as described above, RX-
processing circuit 84 may need to detect the pattern from the structured hight based on
codewords stored in memory 88, Ifthere 1s distortion, then RX-processing circuit 84
may need to perform pattern distortion compensation. (ne way of such pattern
distortion compensation is to pre-distort the codewords stored in memory 88 based on
the known vaw, and therefore RX-processing circuit 84 may perform pattern detection
without errors. In other words, since the vaw angle is known, the distortion ficld can be
pre-computed, and for high precision applications, the distortion can be compensated
with no loss in accuracy. However, in some cases, the distortion caused by the tilting of
optical transmitter 16 may be relatively minimal, meaning that additional compensation
by RX-processing circait 84 is not needed.

{8097] In one or more examples, the functions described may be mmplemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on, as one or more nstructions or code, a computer-
readable medium and executed by a hardware-based processing circuit. Computer-
rcadable media may mclude computer-readable storage media, which correspondsio a
tangible medium such as data storage media. In this manner, computer-readable media
generally may correspond to tangible computer-readable storage media which 1s non-
transitory. Data storage media may be any available media that can be accessed by one
OF MOTC COMPUICTS OF OBC OF MOTE Processors (o retrigve instructions, code and/or data
structures for implementation of the techniques described in this disclosure. A
computer program product may include a computer-readable medium.

{8698} By way of example, and not himitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desired program code in the form of mstructions or data stracturgs
and that can be accessed by a computer. It should be understood that computer-readable
storage media and data storage media do not include carner waves, signals, or other
transient media, but are instead directed to non-transient, tangible storage media. Disk
and disc, as used herein, mchides compact disc {CD}, laser dise, optical disc, digital

versatile disc (DVD), floppy disk and Blu-ray disc, where disks usually reproduce data
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magnetically, while discs reproduce data optically with lasers. Combinations of the
above should alse be included within the scope of computer-readable media.

{8699} Instructions may be executed by one or more processors, such ag one or morg
digital signal processors (DSPs), general purpose microprocessors, application specific
mtegrated circuits (ASICs), field programmabie logic arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any cther structure suitable
for implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or

software modules configured for encoding and decoding, or incorporated in a combmed

codec. Also, the technigues could be fully tmplemented in one or more circuits or logic
clements.

{0108] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circoit (1C) or aset of
1Cs {(e.z., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as descabed above, various units may be combined in a codec hardware
unit or provided by a collection of mteroperative hardware units, including one or more
processors as desceribed above, in conjunction with suitable software and/or firmware.
10101} Various cxamples have been described. These and other examples are within

the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method of image processing, the method comprising:

transmitting structured hight, with an optical transmitter, the optical transmitter
having a first angle of view relative o a transmitier optical axis;

receiving, with an optical receiver, a reflection of the structured light, the optical
receiver having a second angle of view relative to a receiver optical axis, wherein the
optical transmitter s angled relative to the optical receiver so that the transmitter optical
axis mitersects the receiver optical axis, and wherem a posttion of the optical transmitter
relative to the optical receiver is constant; and

generating a depth map for one or more images based on the received reflection

of the structured light.

2. The method of claim 1, wherein the structured light transmitted with the optical

transmitter 1s the same during the entire generation of the depth map.

3. The method of claim 1, further comprising:
scaling a position of each clement in the recetved reflection of the structured
light based on an angle of tilt of the optical transmitier relative to the optical receiver

and a focal length of the optical recetver.

4. The method of claim 3, wherein generating the depth map comprises generating
the depth map based on the scaled position of each element i the received reflection of
the structured light, each clement 1n the structured light that corresponds to a respective
clement in the received reflection of the structured light, the focal length of the optical

receiver, and a distance between the optical transmitter and the optical receiver,

5. The method of claim 1, wherein transmitting the structured light comprises
transmitting a patiern via the structured light, wherein receiving the reflection of the
structured light comprises recetving a distorted pattern via the reflection, the method
further comprising;

determining whether the received distorted pattern corresponds to the
transmitied pattern without compensating for an angle of tiit of the optical transmutier

relative 1o the optical receiver.
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6. The method of claim 3, further comprising:

determining a location of where the distorted pattern s received by the optical
receIver,

wherein generating the depth map comprises generating the depth map based on
the location of where the distorted pattern 1s received by the optical receiver and the

angle of tilt of the optical transmitter relative to the optical recetver.

7. The method of claim 1, further comprising:
recetving the generated depth map; and
generating graphical data for the one or more images based on the generated

depth map.

3. The method of claim 1, wherein a device includes the optical transmitter and the
optical recetver, wherein one of the optical transmitter or the optical receiver is paralie]
with a face of the device, and the other one of the optical transmiticr or the optical

recerver 1s tilted relative to the face of the device.

9, The method of claim 1, wherein a near ficld field of view (FOV) generated by
the optical transmutter and the optical receiver is closer to a device that includes the
optical transmitter and the optical receiver as compared to if the optical transpntter is
not angled relative to the optical receiver and the transmitter optical axis does not

intersect the receiver optical axis.

10. A device for image processing, the device comprising:

an optical transmitter configured to transmit structured light, the optical
transmitter having a first angle of view relative to a transmitter optical axis;

an optical receiver configured to receive a reflection of the structured light, the
receiver having a second angle of view relative to a receiver optical axis, wherein the
optical transmitter is angled relative to the optical receiver so that the transmitter optical
axis mitersects the receiver optical axis, and wherem a posttion of the optical transmitter
relative to the optical receiver is constant; and

a processing circuit configured to generate a depth map for one or more images

based on the received reflection of the structured light,
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11, The device of claim 10, wherem the optical transmitter transnuis the same

structured light during the entire generation of the depth map.

12. The device of claim 10, wherein the processing circuit is configured o
scale a position of each element in the received reflection of the structured light
based on an angle of tilt of the optical transmitter relative to the optical receiver and a

focal length of the optical receiver.

13, The device of claim 12, wherein to generate the depth map, the processing
circuit is configured to generate the depth map based on the scaled position of cach
element in the received reflection of the structured light, each element in the structured
light that corresponds to a respective element in the received reflection of the structured
fight, the focal fength of the optical receiver, and a distance between the optical

transnutter and the optical receiver.

14, The device of claim 10, wherein the optical transmitter is contigured to transmit
a pattern via the structured hight, wherein the optical receiver is configured 1o receive a
distorted pattern via the reflection, wherein the processing circuit is configured to
determine whether the received distorted pattern corresponds to the transmitied pattern
without compensating for an angle of tilf of the optical transmitter relative to the optical

recetver,

15. The device of claim 14, wherein the processing circait 1s configured to
determine a location of where the distorted pattern is received by the optical receiver,
and wherein to gencrated the depth map, the processing circuit is contfigured to generate
the depth map based on the location of where the distorted patiern s received by the
optical recetver and the angle of tilt of the optical transmitter relative to the optical

receiver.
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16,  The device of claim 10, wherein the processing circuit comprises a first

processing circuit, the device further comprising a second processing circuit configured

to:

receive the gencrated depth map from the first processing circuit; and

generate graphical data for the one or more 1images based on the generated depth
map.
17.  The device of claim 16, wherem the first processing circuit and the second

processing circuit are the same processing circutt.

18.  The device of claim 10, wherein the device comprises one of
a wireless communication device, a laptop, a deskiop, a tablet, a camera, and a

video gaming console.

19, The device of claim 10, wherein one of the optical transmitter or the optical
recerver 1s parallel with a face of the device, and the other one of the optical transnutter
or the optical receiver ts tilted relative to the face of the device.

20, The device of claim 10, wherein a near tield field of view (FOV) generated by
the optical transmutter and the optical receiver is closer to the device that inchudes the
optical transmitter and the optical receiver as compared to if the optical transmitter is
not angled relative to the optical receiver and the transoutter optical axis does not

mtersect the receiver optical axas,

21, A computer-readable storage medium mchuding instructions stored thereon that
when executed cause one or more processors of a device for image processing {o:

cause an optical transmitier to transmit structured light, the optical transmitter
having a first angle of view relative to a transmitter optical axis; and

generate a depth map for one or more images based on a received reflection of
the structured light, wherein the received reflection is received, with an optical receiver,
the optical recetver having a second angle of view relative to a recetver optical axis,
wherein the optical transmuitter is angled relative to the optical receiver so that the
transmitter optical axis intersects the receiver optical axis, and wherein a position of the

optical transmitier relative to the optical receiver is constant.
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22, The computer-readable storage medium of claim 21, wherein the structured light
transmitted with the optical transmitter is the same doring the entire generation of the

depth map.

23 The computer-readable storage medium of claim 2 1, further comprising
nstructions that cause the one or More Processors o]

scale a position of each element in the received reflection of the structured light
based on an angle of tilt of the optical transmitter relative to the ophical recetver and a

focal length of the optical receiver.

24, A device for image processing, the device comprising:

means for transmitting structured light, the means for transmitting having a firat
angle of view relative to a transmitter optical axis;

means for receiving a reflection of the structured light, the means for receiving
having a second angle of view relative to a receiver optical axis, wherein the means for
transmitiing 1s angled relative to the means for receiving so that the transmitter optical
axis intersects the recetver optical axis, and wherein a position of the means for
transmitting is constant relative o the means tor receiving; and

means for generating a depth map for one or more images based on the received

reflection of the structured light.

25. The device of claim 24, wherein the means for transnits the same structured
hight dunng the entire generation of the depth map.
26, The device of claim 24, further comprising:

means for scaling a position of cach ¢lement in the received reflection of the
structured light based on an angle of tilt of the means for transmitting relative 1o the

means for receiving and a focal length of the means for receiviag.

27, The device of claim 24, further comprising:
means for receiving the generated depth map; and
means for generating graphical data for the one or more images based on the

generated depth map.
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28.  The device of claim 24, wherein one of the means for transnmutting or the means
for recetving 15 parallel with a face of the device, and the other one of the means for

transmitiing or the means for receiving is tilted relative to the face of the device.

249, ¢ device of claim 24, wherein a near tield field of view (FOV) generated by
the means for transmitting and the means for receiving is closer to the device that
includes the means for transmitiing and the means for receiving as compared to if the
means for transmitting is not angled relative to the means for receiving and the

transnutter optical axis does not intersect the receiver optical axas.
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