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METHOD AND APPARATUS FOR DEPTH VIDEO CODING USING
ENDURABLE VIEW SYNTHESIS DISTORTION

TECHNICAL FIELD
[0001] The various embodiments of the subject disclosure relate generally to

video coding, e.g., to depth video coding using endurable view synthesis distortion.

BACKGROUND
[0002] Multiview Video Coding (MVC) is an amendment to the H.264/
Moving Picture Experts Group-4 (MPEG-4) Advanced Video Coding (AVC) video
compression standard developed with joint efforts by MPEG/ Video Coding Experts
Group (VCEG) that enables encoding on a video stream of frame sequences captured
contemporaneously from two or more cameras. MVC can be used for encoding
stereoscopic video, free viewpoint television (K'1'V), multi-view three-dimensional
(3D) video, etc. An MVC stream is generally backward compatible with H.264/AVC,
which allows older devices and software to decode multiview video coded streams by
employing only content associated with a first camera view and ignoring any
additional information associated with other camera views.
[0003] As an overview, multiview video can capture a scene from two or
more viewpoints resulting in high levels of statistical dependencies between groups of
pictures (GOPs) from each view. Similarly, within a GOP for a single view, there can
be high levels of intra-view statistical dependencies that would be common for coding
a conventional single camera stream. Typically, a frame from a first camera view can
be predicted not only from temporally related frames from the same camera view, but
also from the frames of neighboring cameras with alternate camera views. This can
be commonly referred to as prediction from a matrix of pictures (MOP). The MOP is
commonly ‘n’ views by ‘k’ frames, e.g., each group of pictures has k frames
contemporaneously captured by n camera views resulting in n groups of pictures. As
an example, a 3x30 MOP can have three GOPs, wherein each GOP has 30 frames. As
such, MVC is commonly associated with large quantities of data. Therefore,
improvements in compression techniques and/or coding techniques would therefore

help to reduce the bandwidth requirements for transmitting a coded video stream.
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SUMMARY
[0004] The following presents a simplified summary of the various
embodiments of the subject disclosure in order to provide a basic understanding of
some aspects described herein. This summary is not an extensive overview of the
disclosed subject matter. It is intended to neither identify key or critical elements of
the disclosed subject matter nor delineate the scope of the subject various
embodiments of the subject disclosure. lts sole purpose is to present some concepts
of the disclosed subject matter in a simplified form as a prelude to the more detailed
description that is presented later.
[0005] An embodiment of the presently disclosed subject matter can include a
system that facilitates depth video coding based on endurable view synthesis
distortion, The system can include a distortion estimator component and an encoder
component. The distortion estimator component receives at least one parameter
associated with at least one image capturing device and generates a distortion value
based on the at least one parameter. The encoder component encodes a multiview
input stream based at least in part on the distortion value,
[0006] In another embodiment, the disclosed subject matter can be in the form
of a method. The method can include receiving, by a system including a processor, an
encoder facilitating encoding of a multiview input stream. The method can further
include receiving, by the system, a distortion value generated based on at least one
parameter associated with at least one image capturing device. Furthermore, the
method can include encoding, by the system, the multiview input stream based at least
in part on the distortion value and the encoder.
[0007] In an additional embodiment, the disclosed subject matter can be a
system having a means for receiving an encoder facilitating encoding of a multiview
input stream, means for receiving a distortion value generated based on at least one
parameter associated with at least one image capturing device, and means for
encoding the multiview input stream based at least in part on the distortion value and
the encoder.
[0008] The following description and the annexed drawings set forth in detail
certain illustrative aspects of the disclosed subject matter. These aspects are
indicative, however, of but a few of the various ways in which the principles of the
various embodiments of the subject disclosure can be employed and the disclosed

subject matter is intended to include all such aspects and their equivalents. Other
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advantages and distinctive features of the disclosed subject matter will become
apparent from the following detailed description of the various embodiments of the

subject disclosure when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a diagram of a system that can facilitate depth video coding
based on a distortion value in accordance with an aspect of the subject matter
disclosed herein.
[0010] FIG. 2 is a diagram of a system that can facilitate rate-distortion
optimization (RDO) and/or bit allocation based on a distortion value in accordance
with an aspect of the subject matter disclosed herein,
[0011] FIG. 3 is a diagram of an exemplary three-dimensional video (3DV)
system in accordance with an aspect of the disclosed subject matter.
[0012] FIG. 4 is a diagram of another exemplary 3DV system in accordance
with an aspect of the disclosed subject matter.
[0013] FIG. 5 illustrates mapping of depth value to disparity in accordance
with an aspect of the disclosed subject matter,
[0014] FIG. 6 illustrates a statistical view synthesis distortion/rendering
position error relationship measured in terms of mean squared error (MSE) in
accordance with an aspect of the disclosed subject matter.
[0015] FIG. 7 illustrates a statistical view synthesis distortion/rendering
position error relationship measured in terms of mean absolute difference (MAD) in
accordance with an aspect of the disclosed subject matter.
[0016] FIG. 8 illustrates a pixel wise relationship between depth distortion and
rendering position error in accordance with an aspect of the disclosed subject matter.
[0017] FIG. 9 depicts a method that facilitates depth video coding based on a
distortion value in accordance with an aspect of the disclosed subject matter.
[0018] FIG. 10 depicts a method that facilitates bit allocation based on a
distortion value in accordance with an aspect of the disclosed subject matter.
[0019] FIG. 11 depicts a method that facilitates RDO optimization based on a
distortion value in accordance with an aspect of the disclosed subject matter.
[0020] FIG. 12 depicts a method that facilitates endurable view synthesis
distortion (EVSD) based bit allocation optimization in accordance with an aspect of

the disclosed subject matter.
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[0021] FIG. 13 illustrates a block diagram of an exemplary electronic device
that can facilitate depth video coding using EVSD in accordance with an aspect of the

disclosed subject matter.

DETAILED DESCRIPTION
[0022] The presently disclosed subject matter provides for multiview video
coding of depth frames (e.g., depth video coding) using endurable view synthesis
distortion (EVSD). Multiview video coding (MVC) can include encoding video
frames, e.g., frames from one or more group of pictures (GOPs). Video frames can
generally embody image texture information. Furthermore, depth frames can embody
depth information corresponding to a video frame. As such, in a further aspect, MVC
can include encoding depth frames (e.g., depth video coding). Depth information,
generally, can be employed in mapping video frame information for virtual view
images to provide a sensation of depth to a rendered image, e.g., three-dimensional
(3D} video, freeview content, etc. Whereas video coding for video frames for
traditional single-viewpoint video can be considered relatively mature, the discussion
presented herein is generally directed to encoding of depth frames. Of note, the terms
depth frame, depth video, depth GOP, depth image, or other similar terms, can be
employed interchangeably herein, unless otherwise specifically disclosed.
[0023] The use of EVSD for MVC coding of depth frames, e.g., multiview
depth video coding (MDVC), can facilitate compression of depth information. Where
depth information is compressed, transmission of such compressed depth information
can require less bandwidth than less compressed or non-compressed depth
information. Lower bandwidth requirements are generally desirable. Furthermore,
compression of depth frames can facilitate compression of depth information at
particular quality levels. In an aspect, EVSD based rate-distortion optimization can
be employed for mode selection, motion estimation, disparity estimation and/or
reference frame selection of a video codec. In another aspect, EVSD based bit
allocation for a macroblock of a depth frame can be employed. As such, view
synthesis distortion can be reduced (e.g., minimized) at a given depth bit rate.
[0024] Accordingly, the present disclosure can provide depth video coding
using EVSD to improve coding efficiency and/or to achieve higher compression
efficiency. Experimental results of compression employing EVSD for depth video

coding can achieve notable bit rate savings for both high and low bit rates coding,
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For example, an average Bjontegaard Delta Peak Signal-to-Noise Ratio (BDPSNR) of
1.11 decibel (dB) for different rendering precision setting in terms of depth rate for
intra depth coding can be achieved. In another example, an average BDPSNR of 2.36
dB for different rendering precision settings in terms of rendering quality for intra
depth coding can be achieved. In yet another example, an average BDPSNR gain of
3.50 dB for inter depth frame coding and intra depth frame coding can be achieved.
Furthermore, virtual view image quality can be generally improved where video
quality is a higher priority than reduction in bandwidth. The disclosed subject matter
can be applied to both INTRA-type frames and/or INTER-type frames. Furthermore,
the disclosed subject matter can be applied to mono-view depth video coding, As
such, the present disclosure applied to a depth video encoder and/or a depth video
decoder can improve coding efficiency and can be adopted in 3D video applications,
such as 3D television, free viewpoint television (FTV), etc.

[0025] The disclosed subject matter is described with reference to the
drawings, wherein like reference numerals are used to refer to like elements
throughout. In the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the
various embodiments of the subject disclosure. It may be evident, however, that the
disclosed subject matter can be practiced without these specific details. In other
instances, well-known structures and devices are illustrated in block diagram form in
order to facilitate describing the various embodiments of the subject disclosure.
[0026] Turning to the figures, Figure 1 illustrates a system 100 that can
facilitate depth video coding using endurable view synthesis distortion (EVSD) in
accordance with an aspect of the subject matter disclosed herein. System 100 can
include an encoder component 102 and a distortion estimator component 104, In one
example, the system 100 can be implemented as a depth video encoder. The encoder
component 102 can receive an input stream 106. For example, the input stream 106
can be implemented as a multiview input stream. The input stream 106 can include
depth data (e.g., depth video data, depth data sequence, etc.). Additionally, the input
stream 106 can include other video data (e.g., multiview color data). The input stream
106 can include a plurality of contemporaneous disparate views of a scene facilitating
a determination of depth information for an object of the scene.

10027] The system 100 can be implemented in a three-dimensional video

(3DV) system. For example, the system 100 can be implemented to generate depth
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video for virtual view image generation. The system 100 can facilitate depth video
coding to exploit depth redundancies (e.g., endurable view synthesis distortion) and/or
to improve view synthesis image quality at a given depth bit rate.

[0028] In one example, the distortion estimator component 104 can be
implemented as an EVSD estimator. The distortion estimator component 104 can
receive one or more input parameters 108. The one or more input parameters 108 can
be associated with at least one image capturing device (e.g., at least one camera)
and/or view synthesis information. The one or more input parameters 108 can
include, but are not limited to, a focal length value, a baseline value, a rendering
position value, a view synthesis precision value, depth information, depth plane of a
three-dimensional video scene, image capturing device settings, etc. In one example,
the focal length value can be a focal length value for the at least one image capturing
device (e.g., the at least one camera). In another example, the baseline value can be a
baseline distance value associated with the at least one image capturing device (e.g.,
the at least one camera) and a virtual image capturing device (e.g., a virtual camera).
In yet another example, the depth information can be associated with the multiview
input stream. In one embodiment, the one or more input parameters 108 can be
provided to the distortion estimator component 104 via a feedback loop (e.g., as
feedback information generated by one or more clients). In another embodiment, the
one or more input parameters 108 can be determined based on previously generated
information.

[0029] The distortion estimator component 104 can generate a distortion value
(e.g., DISTORTION VALUE shown in Figure 1) based on the one or more input
parameters 108. For example, the distortion estimator component 104 can generate a
distortion value as a function of the focal length value, the baseline value, the
rendering precision value and/or the depth information. As such, the distortion
estimator component 104 can generate a distortion value based on image capturing
device information and/or view synthesis information. Furthermore, the distortion
estimator component 104 can generate a distortion value for each depth level (e.g.,
each quantized depth level). For example, a depth value can be quantized as a
plurality of depth levels. As such, the distortion estimator component 104 can
generate a first distortion value for a first depth level, a second distortion value for a
second depth level, a third distortion value for a third depth level, etc. Accordingly, a

plurality of depth levels that correspond to a single disparity value can each include a
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different distortion value.
[0030] In one example, the distortion value can be implemented as a EVSD
value. The distortion estimator component 104 can be associated with depth image
based rendering (DIBR) to facilitate an EVSD model for depth video coding. In
DIBR, virtual view image pixels can be rendered from a neighboring reference image
pixel with depth z and image capturing device information (e.g., camera information),
which can be represented as

P, = 2A,R, R 47'p, ~ARR't + AL, (1)
where p, =[a,b,c] indicates corresponding pixels in a rendered image, p, =[x, 21]
indicates corresponding pixels in a real image, z; is the depth for p;, A, is a 3x3
matrix indicating image capturing device (e.g., camera) intrinsic parameters for a
virtual image capturing device (e.g., a virtual camera), and A, is a 3x3 matrix
indicating image capturing device (e.g., camera) intrinsic parameters for a real image
capturing device (e.g., a real camera). [Ry,t;] and [Ro,t;] are the extrinsic parameters
for the two image capturing devices (e.g., two cameras), where R, and R; are rotation
matrices, and t; and t, are translation factors. The disparity offset in horizontal and

vertical direction (dx, dy) between p) and p; can be calculated as

d, = R(x-—g)
¢

)
. [+

where R() indicates a rounding operation. The rounding operation function R()

@

depends on the pixel accuracy of the view rendering process, and can be

mathematically expressed as

Ry, )

where “| | is a floor operation, ks is a compensation factor, and m is a rendering
precision value. For example, the rendering precision value m can be equal to 0 for
integer pixel precision, 1 for half pixel precision, and 2 for quarter pixel precision.
[0031] In an example where a virtual image capturing device (e.g., a virtual
camera) and one or more real image capturing devices (e.g., one or more real
cameras) are parallel to each other, calibrated, and include the same intrinsic
parameters (e.g., A1= Ay, Ri=Ry, t;-6,=[L,0,0]"), a vertical rendering position error d,

will be 0 and ahorizontal rendering position error d is
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d - R(%) @)

where L is a baseline value and f; is a focal length value. For example, L can be a
baseline distance between the real image capturing device and the virtual image
capturing device (e.g., between the real and virtual camera). In one example, f;can
be a horizontal focal length. For a depth map in Moving Picture Experts Group three-
dimensional video (MPEG-3DV), a non-linear quantization scheme can be
implemented to convert physical depth into #-bit depth value ranges from 0 to 2"-1,
where n is bit width representing the depth value. The inverse quantization depth

value v equal to depth Z can be expressed as

- 1

Z=0"(v)= , ®)
v 1)1

2" anr Z/ur Zjur

whete Zeqr is the nearest depth plane of a video scene and Z, is the furthest depth

plane of a video scene. Applying Eq.5 into Eq.4, horizontal rendering position error d;
can be expressed as

d,=R(Lf,(Cy+C,)), (6)

. In a 3DV system, depth video can be encoded

!
2\ Z,, Z Zp

where C, =—1~[ ! ~—LJ, C, =
war Lo

and transmitted to one or more clients for virtual view rendering. However, depth

distortion can be introduced as a result of depth coding quantization. In one example,

depth distortion Av can be introduced to the depth value v, and distorted depth value

Av+v can be used in the pixel rendering. As such, the disparity difference (e.g., when

compared with view rendering that includes original depth v) can be calculated as

Ad, = g(v,4v) = R(Lf, (Cv+C,)) = R(L£, (C, (v+ &) + G, )) . (7)
[0032] Due to the rounding process R(), Ad, may not change while Ay
changes. As such, the rounding process R() can be a many-to-one relation. Let s be
the dynamic disparity levels (number of levels from maximum to minimum disparity)
between a rendered image and a reference image. Therefore, the number of disparity
levels in a given pixel accuracy is sx2” and the number of the depth levels (e.g., the
number of levels of v) is 27. As such, a multiple mapping coefficient cyv can be

defined as

2 ®)

Cypy =
AN b4
X 2/"
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where vy indicates the number of depth distortions aAv that correspond to a single

disparity difference Ad,. According to an example 3DV implementation for 3D

video, n is equal to 8 and the number of disparity levels is less than 30 (e.g., less than
10). As such, when implementing a half pixel rendering process (e.g., m=1), cymm can
vary from 4 to 10. Therefore, 4 to 10 different depth distortions Av can be mapped to

one disparity Ad,. Therefore, as shown in Figure 5, instead of one single v;, multiple
points v, +Ave[v,-Av;,v,+Av; | can be mapped to the same disparity d.

[0033] Accordingly, if original depth v; and distorted depth value v, + Av are
within the range [v, - Av,v,+ Ay} |, e.g., Ave[Av],Av; |, the disparity difference Ad, in
Eq.7 will equal to zero (e.g., rendering position etror is not present). Furthermore, the
distorted depth Av can result in a non-zero disparity difference Ad,. A distortion

range Ave [Av—Av,‘,Av+ Av,*] can provide an equal value for disparity difference Ad,

and depth distortion Av. Given a depth value v;, the range Av- and Av' can be
calculated by the inverse function of g() while Ad, equals to half of the —2‘117 precision

(e.g., 1L and 11

—), which is represented as
2"’ 2 2"1

Adg=—if2m g, EJ

9
i, 2

Av] = [—g"' (ad,)

©)
Avf =Lg" (ad,)

where ¢ is a positive constant approximately equal to zero. Thus, the interval

R.=Av +Av} +1 can be calculated by Eq.10 when ad, approaches 1/2”,

1Y ]
R-o'(3) |5 (10)

where ¢ is the rounding error for the rounding process R(). As such, the distortion
value Ry can be different for different depth v. As seen in Eq.10, the distortion value
Ry is image capturing device parameter dependent (e.g., camera parameter
dependent). Furthermore, the distortion value Ry decreases as the view synthesis
precision m, focal length f; and/or camera baseline L increase. As such, the distortion
value Ry can be generated based on the one or more input parameters 108 (e.g., image
capturing device information and/or view synthesis information). In one example, the

distortion value Ry can be implemented to identify depth redundancies.
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[0034] The encoder component 102 can be communicatively coupled to the
distortion estimator component 104, As such, the encoder component 102 can receive
the distortion value generated by the distortion estimator component 104. The
encoder component 102 can encode the input stream 106 into an encoded output
stream 110 based at least in part on the distortion value. In one example, the encoder
component 102 can allocate bits for a macroblock (e.g., a macroblock of a depth
frame included in the input stream 106) based on the distortion value. For example,
the encoder component 102 can determine number of bits allocated to a macroblock
based on the distortion value. In another example, the encoder component 102 can
implement rate-distortion optimization (RDO) for mode decision, motion estimation,
disparity estimation and/or reference frame selection during depth video coding based
on the distortion value. In one example, the encoded output stream 110 can be
encoded without residual values representing a difference between a predicted frame
and an original frame,

[0035] The encoder component 102 can encode depth frames that correlate to
video frames. The encoder component 102 can employ one or more compression
and/or decompression techniques for coding the input stream 106. The encoder
component 102 can include an encoder, decoder, or codec. In an embodiment, the
encoder component 102 can include a moving picture experts group (MPEG) codec.
As such, an MPEG codec can be both an encoder and a decoder. A codec can provide
mechanisms for compression of the input stream 106, such that the encoded output
stream 110 can have a lower bandwidth than the input stream 106 for carrying a
facsimile of the original content at a particular level of quality, In one embodiment,
the encoder component 102 can include an H.264/advanced video coding (AVC)
codec. In another embodiment, the encoder component 102 can include a high
efficiency video coding (HEVC) codec. Of note, often the term codec can often be
used interchangeably with the terms encoder or decoder in that a codec may include
both an encoder and decoder, however, as used herein, the term codec can mean an
encoder, a decoder, or both an encoder and decoder.

[0036] In one example, the encoder component 102 can be implemented as a
decoder component (e.g., a codec component). For example, the encoder component
102 (e.g., decoder component) can receive an encoded input stream and/or a distortion

value generated by the distortion estimator component 104. As such, the encoder

10
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component 102 (e.g., the decoder component) can decode the encoded input stream
into a decoded output stream based on the distortion value.
[0037] Figure 2 depicts an exemplary system 200 that can facilitate MVC
based on a distortion value in accordance with an aspect of the disclosed subject
matter disclosed herein. System 200 can include the encoder component 102 and the
distortion estimator component 104. The encoder component 102 can include a RDO
component 202 and a bit allocation component 204. The RDO component 202 can be
associated with and/or in communication with a mode selection component 206, a
motion estimation/disparity estimation (ME/DE) component 208 and/or a reference
frame selection component 210. In one example, the mode selection component 206,
the ME/DE component 208 and/or the reference frame selection component 210 can
be implemented separate from the RDO component 202. In another example, the
mode selection component 206, the ME/DE component 208 and/or the reference
frame selection component 210 can be implemented within the RDO component 202.
[0038] The RDO component 202 can implement one or more rate-distortion
optimization algorithms for mode decision, motion estimation, disparity estimation
and/or reference frame selection. The RDO component 202 can implement a RDO
model. For example, the RDO component 202 can generate one or more estimation
cost functions based on the distortion value provided by the distortion estimator
component 104 for mode decision, motion estimation, disparity estimation and/or
reference frame selection. As such, a rate-distortion model can be generated based on
the distortion value generated by the distortion estimator component 104 for mode
decision, motion estimation, disparity estimation and/or reference frame selection.
Accordingly, mode decision, motion estimation, disparity estimation and/or reference
frame selection can be improved. Furthermore, prediction accuracy for depth video
coding can be improved.
[0039] The RDO component 202 can be implemented to encode and/or
decode the input stream 106 based on intra frame coding and/or inter frame coding,
In one example, RDO component 202 can process the input stream 106 (e.g., depth
video) as a Y component of color. Additionally or alternatively, the RDO component
202 can code the input stream 106 based on a hybrid H.264/AVC based coding
standard. As such, a RD model implemented by the RDO component 202 can be
represented as

R(D)=kIn(c?/D), an

11
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where D is output distortion and o* is an input picture variance. The RDO
component 202 can determine the derivative of R(D) with respect to D. Furthermore,

the derivative of R(D) with respect to D can be set equal to -1/Ayopy, yielding

dR(D)/dD=-Y/ 2. (12)
Substituting Eq.11 into Eq.12, the Lagrangian multiplier can be represented as
A=Dlk. (13)
[0040] Since reconstructed depth video is used to generate a virtual view, the

RDO component 202 can implement a RD model based on distortion (e.g., distortion
of synthesized virtual view (Dys)). As for bit rate, compressed depth video bit rate Ry
can be transmitted. As such, R{Dys) equals to RA{Dy). Therefore, relationship
between depth bit rate Rg and Dys can be formulated as

R,(Dys)=R,(D,)=kin(c,?/D,), (14)
where £ is a weighted coefficient, Dy is depth distortion (e.g., output distortion) and
oy’ is input picture variance of depth video. Similarly, the RDO component 202 can
determine the derivative of Ry(Dys) with respect to view synthesis distortion Dys.
Furthermore, the derivative of Ry(Dys) with respect to Dys can be set equal to —1/4"

to calculate the Lagrangian factor (A" ) for a view synthesis oriented RD model.

Therefore

dR(Dys) _dR(D,)!dD, _ 1 (15)
dD, dD, 1dD, Al

Rendering position error Ar, can be formulated as

i
M)':FAVU+£U’ (16)
”

where ¢, is a zero mean uniform distributed rounding error. As indicated by the Law

of Large Number (LLN), the average value of all the samples approximates to the
expected value when number of samples is large. In one example, distortion can be
determined based on mean squared error (MSE). As such, rendering position error D,

can be presented as
1Y 1
D, ~ E(Aﬂ):(-ﬁj E(Av2)+2—i€7E(Ava)+ E(s"). an

where E() is an expectation function. For image coding, the depth difference Av and
rounding error ¢ can be regarded as independent variables. Therefore,

E(Ave)=E(Av)E(e) . The error Av for video coding and rounding error ¢, can be

12
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regarded as zero mean distributed. Thus, E(Ave)=0 since E(Av)=0, E(g)=0.

Therefore, Eq.17 can be expressed as

D, =-1-;-;D‘,+E(sz), (18)

where D; and D, are measured with MSE, E(e2) is independent to D, and the

.. OE(g - . C
derivative “’5(“’2:0' As shown in Figures 6 and 7, a linear relationship exists
d

between Dys and D, when measured in MSE or mean absolute difference (MAD).
Hence, derived from Eq.32 in connection with Figures 6 and 7, Eq.15 can be rewritten
as

~k/D, 1
' S (19)
d(KIDr+K2)/dDd /1/://;)1)1«:

where 4, is the Lagrangian multiplier for mode decision, and K, and K, are
constant coefficients, where K is correlated with color texture and generally increases
as texture complexity increases. Appling Eq. 18 into Eq. 19, the Lagrangian multiplier
for mode decision can be represented as

A = K.D, [ (kRY). (20)
[0041] The RDO component 202 and/or the mode selection component 206
can be implemented to determine a mode for depth coding based at least in part on the
distortion value. For example, the RDO component 202 and/or the mode selectibn
component 206 can be implemented to select, for example, an intra-prediction mode,
an inter-prediction mode, a directional mode, a luminance mode and/or a chrominance
mode for depth coding based at least in part on the distortion value. When depth
video is coded by, for example, a H.264/AVC based video codec (e.g., when the
encoder 102 implements a H.264/AVC based video codec), the D in Eq.13 equals to
D,. Then, applying Eq.13 to Eq.20, the Lagrangian multiplier for mode decision can
be represented as

o = Kdyops | R? - @1
Depth video is implemented for virtual view image synthesis. As such, depth video is
not directly viewed by a user (e.g., depth video is not viewed on a display). Hence, in
the depth video coding, it is desirable to minimize the distortion of the synthesized
virtual image at a given bit rate. Therefore, an EVSD based Lagrangian cost function

for mode decision can be represented as
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minJ s . Where
Jrion (mM ) =388D;5 (mu )+ AiooeRa (’”M) = K,S8D, (mM ) + (Kl’?’M()I)E/R% ) R, (m/u )+ K. (22)
where my indicates variable block-size mode, K; and K, are constants, R, (my)

indicates bits of encoding mode m and residual. Therefore, the EVSD based
Lagrangian cost function for mode decision in Eq. 22 can be rewritten as

minJy,,. , where Ji%, (my, )= RESSD, (my, )+ Ay Ry () . 23)
As such, the EVSD based mode decision (e.g., in association with the mode selection
component 206) can be implemented for encoding depth video based on R’D, (m,),
where Ry is obtained from one or more image capturing device parameters (e.g., one
or more camera parameters), one or more baseline values, etc. Furthermore, a
distortion metric can be implemented without coefficient X, and coefficient X; (e.g., a
distortion metric can be implemented without a color effect associated with view
synthesis).
[0042] The RDO component 202 and/or the ME/DE component 208 can be
implemented to facilitate motion estimation (ME) and/or disparity estimation (DE)
based on the distortion value. For example, the RDO component 202 and/or the
ME/DE component 208 can be implemented to determine a motion vector for depth
coding based at least in part on the distortion value. A first order distortion metric,
such as, but not limited to, MAD or sum of absolute difference (SAD) can be
employed for a ME process and/or a DE process (e.g., instead of a second order
distortion metric, such as, but not limited to sum of squared differences (SSD) or
MSE). As such, the motion estimation process and/or the disparity estimation process
can be simplified. Therefore, a RD model for motion estimation and/or disparity
estimation can be generated similar to the EVSD based mode selection. The RDO
component 202 and/or the reference frame selection component 210 can be
implemented to determine a reference frame for depth coding based at least in part on
the distortion value.

[0043] Absolute rendering position error ]Ar,.j| can be represented as
1
iA’?f|=EIA"v‘]+¢w 24

where ¢, is the rounding error with Ry/2 mean uniform distribution. Similarly, when
distortion is measured in terms of MAD, the D; can be presented as the expectation of

|Ar,j[ , which is

14



WO 2014/183652 PCT/CN2014/077554

D, ~ E(|ar]) =~ E(a) + E(¢) » 25)
R,

where E(g):% is a constant that is independent to the distortion Dy, E(|av]) is a

MAD of a distorted depth image, e.g., Dy. Applying Eq. 25 to Eq. 15 yields
L (26)

KD, Auon
Applying Eq. 13 to Eq. 26 as D;~=D, a Lagrangian multiplier for ME/DE can be
represented as
Auomoy = KiAuomon [ R - @7
As such, a new Lagrangian cost function for ME, DE and/or reference frame selection
can be represented as
vomion = SADys + Ao Ry = K\SAD, + (K Ayoron | B YRy + K, 28)
where Ry can indicate the number of bits for encoding reference frame indices, the
number of motion/disparity vectors for a depth image, etc. Therefore, the EVSD
based Lagrangian cost function for ME, DE and/or reference frame selection can be
rewritten as
minJ, 30y » Where Jig o, = R.SAD, + A ppon Ry - 29)
As such, the EVSD based ME, DE and/or reference frame selection decision (e.g., in
association with the ME/DE component 208 and/or the reference frame selection
component 210) can be implemented for encoding depth video based on R, 54D, .
[0044] The bit allocation component 204 can implement one or more bit
allocation algorithms to minimize depth redundancies and/or reduce depth bit rate
while maintaining view synthesis image quality. For example, the bit allocation
component 204 can implement bit allocation for a macroblock of a depth frame (e.g.,
a depth frame included in the input stream 106) based at least in part on the distortion
value generated by the distortion estimator component 104. In one example, a coding
quantization parameter for a current macroblock can be associated with the distortion
value and/or a current residual value. As such, a coding quantization parameter can
be determined based at least in part on the distortion value.
[0045] Figure 3 depicts an exemplary system 300 that can facilitate MVC in
accordance with an aspect of the disclosed subject matter disclosed herein. In one
example, system 300 can be implemented as a 3DV system. System 300 can include

a 3DV generation component 302, an encoder 304, a decoder 306, a view rendering
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component 308 and a display 310. In one example, the 3DV generation component
302 and/or the encoder 304 can be implemented on one or more servers.
Furthermore, the decoder 306, the view rendering component 308 and/or the display
310 can be implemented on one or more clients.

{00406] The system 300 can implement multiview color video and/or
corresponding depth video to represent a 3D world scene. Depth video is generally
used for virtual view image generation instead of being watched directly by a viewer.
Multiview color video and/or depth video can be captured by the 3DV generation
component 302. In one example, the 3DV generation component 302 can generate
depth video using one or more stereo matching algorithms,

[0047] The encoder 304 can encode the multiview color video and/or the
depth video. For example, the encoder 304 can implement the system 100 or the
system 200. Furthermore, the encoder 304 can transmit the encoded multiview color
video and/or the encoded depth video to the decoder 306. The encoder 304 can
transmit the encoded multiview color video and/or the encoded depth video to the
decoder 306 via one or more channels and/or a storage device.

[0048] The view rendering component 308 can generate virtual view color
video based on the decoded (e.g., reconstructed) multiview color video and/or the
decoded (e.g., reconstructed) depth video. For example, the view rendering
component 308 can employ one or more view generation algorithms to generate the
virtual view color video. Furthermore, the view rendering component 308 can
transmit the reconstructed sparse multiview color and/or the rendered virtual view
video to the display 310.

{0049] Figure 4 depicts an exemplary system 400 that can facilitate MVC
using a depth video encoder and/or a depth video decoder in accordance with an
aspect of the disclosed subject matter disclosed herein. In one example, system 400
can be implemented as a 3DV system. System 400 can include the 3DV generation
component 302, the encoder 304, the decoder 306, the view rendering component 308
and the display 310. The 3DV generation component 302 can include a video capture
component 402 and a depth generation component 404. The encoder 304 can include
a color video encoder 406 and a depth video encoder 408 (e.g., the system 100 or the
system 200). The decoder 306 can include a color video decoder 410 and a depth
video decoder 412 (e.g., the system 100 or the system 200).
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[0050] The system 400 can implement multiview color video and
corresponding depth video to represent a 3D world scene. Multiview color video
and/or depth video can be captured by the video capture component 402. For
example, video capture component 40 can capture the multiview coler video and/or
depth video via one or more image capturing devices (e.g., one or more cameras). In
one example, the depth generation component 404 can generate depth video using one
or more stereo matching algorithms.

[0051] The color video encoder 406 can encode the multiview color video.
The depth video encoder 408 can encode the depth video. Furthermore, the color
video encoder 406 can transmit the encoded multiview color video to the color video
decoder 410. Additionally, the depth video encoder 408 can transmit the encoded
depth video to the depth video decoder 412.

[0052] The view rendering component 308 can generate virtual view color
video based on the decoded (e.g., reconstructed) multiview color video and/or the
decoded (e.g., reconstructed) depth video. For example, the view rendering
component 308 can employ one or more view generation algorithms to generate the
virtual view color video. Furthermore, the view rendering component 308 can
transmit the reconstructed sparse multiview color and/or the rendered virtual view
video to the display 310. |
[0053] Figure 5 illustrates a diagram 500 for mapping of depth value to
disparity in accordance with an aspect of the disclosed subject matter. Diagram 500
includes a disparity level 502a, a disparity level 502b and a disparity level 502c.
However, it is to be appreciated that a different number of disparity levels can be
implemented. Diagram 500 also includes depth values (e.g., quantized depth levels)
504a-f, depth values (e.g., quantized depth levels) 506a-¢ and depth values (e.g.,
quantized depth levels) 508a-h. The depth values 504a-f (e.g., six depth values) are
mapped to disparity level 502a, the depth values 506a-¢ (e.g., five depth values) are
mapped to disparity level 502b and depth values 508a-h (e.g., eight depth values) are
mapped to disparity level 502¢c. However, it is to be appreciated that a different
number of depth values can be mapped to each disparity level. As such, a plurality of
depth values (e.g., depth levels) can be mapped to a single disparity level (e.g., a
single disparity value).

[0054] As shown in Figure 5, depth value to the disparity levels can be a many

to one mapping process. For example, a plurality of depth levels can be associated
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with a particular disparity level. Therefore, instead of one single v;, multiple points

v, +Ave [v, AV, v, + Avf] are mapped to the same disparity d;. Each depth value (e.g.,

depth level) can include (e.g., can be associated with) a distortion value R,. For
example, the depth value 504a can include a first distortion value, depth value 504b
can include a second distortion value, depth value 504¢ can include a third distortion
value, etc. In one example, depth value to disparity level mapping is a many to one
mapping process when the distortion value R, is larger than 1. As such, depth value
to disparity level mapping can be a function of the distortion value R, (e.g., image
capturing device information and/or view synthesis information).

[0055] Figures 6 and 7 include plots 600 and 700 that illustrate a statistical
view synthesis distortion/rendering position error relationship in accordance with an
aspect of the disclosed subject matter. Plot 600 illustrates statistical view synthesis
distortion/rendering position error relationship measured in terms of MSE in
accordance with an aspect of the disclosed subject matter. Plot 700 illustrates a
statistical view synthesis distortion/rendering position error relationship measured in
terms of MAD in accordance with an aspect of the disclosed subject matter.

[0056] For depth video coding, depth distortion (D,) can lead to rendering
position error (D,) in view synthesis. Furthermore, rendering position error (D,) can
lead to view synthesis distortion (Dys). Therefore, to analyze a Dys-D, relation and
the EVSD, analysis can be divided into a first step Dys-D; and a second step D; -Dy.

[0057] When depth maps are uncompressed, the virtual view image I}, is
projected from the pixels of reference image I, with offset my;, e.g., 1, =1, (mu)
However, when depth maps are compressed, the virtual view image I}, is also
projected from 1, but with different offset m;+as,, where A, is rendering position
offset at position (/,/) caused by depth distortion, e.g., I}, =1, (m, +47,).
Consequently, the synthesized virtual view image distortion caused by depth coding
can be calculated as

D=1}, -,

porg ™ Xpree = Iy (mij ) -1 (my + Ay ) . (30)
Therefore, the synthesized image distortion caused by depth distortion is
approximated as the difference among neighboring pixels in the color image I .

Therefore, an average VSD value Dy is

’ 31)

2

Dy :—Mlﬁ_\-z;llr (b 1)~ 1y (i 877 + 87 )
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where Bis 1 for MAD and 2 for MSE, Ar is a horizontal rendering position error at
position (i,j), Ar} is vertical rendering position error at position (i), M is width of an
image, and N is height of an image. To analyze the Dys-D; relation, average Ar’ and
Ary can be set equal and seven different sequences can be tested (e.g., A7 = AFY =Ar,
Are{1,2,3,4,5,6,7}).

[0058] As such, Figures 6 and 7 plot the relationship between Dys-D,, where
the seven different sequences (e.g., seven groups of data) are collected data (e.g., data
associated with an image frame and/or a depth frame) and the corresponding dot lines
are a linear fitting of the collected data. For example, the different sequences (e.g.,
groups of data) shown in Figures 6 and 7 include Ballet, Doorflowers, Champ. Tower,
Dog, Cafe, Balloons and Kendo. Each sequence (e.g., group of data) can correspond
to an image frame and/or a depth frame. As shown in Figures 6 and 7, a linear
relationship exists between Dyg and D; when measured in MSE or MAD. Therefore,
the Dyg can be modeled as

Dy =KD, +K,, (32)
[0059] where D, :—A;]]VZZA’;/’ is the MSE or MAD of the rendering offset

Ar,. Ky and K; are constant coefficients, where K is correlated with color texture and

generally increases as texture complexity increases. Derived from Eq. 32, the linear
relationship between Dys and D is also linear when both Dys and D, are measured
with SAD or SSD.

[0060] Figure 8 depicts a graph 800 that illustrates a pixel wise relationship
between depth distortion (e.g., depth error) D, and rending position error Dy in
accordance with an aspect of the disclosed subject matter disclosed herein. A
quantization process can be implemented to map Dy to Dy, where the quantization
interval is Ry. In one example, the Di-Dy, relation map can be asymmetric with the
origin of the coordinate. The rendering position error for each pixel at position (i,/)

(Ar;j) can be represented as

Av, —Av; .
—L 241 Av, > Av;
RV
Ar, = 0 ~4v; S Av, SAv), 33)
Av, +Av; -
e Av, <-Av]
R
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where “[ |” is a ceiling operation, Av, is the depth value difference between the
original depth value v, and the reconstructed depth value 7, at position (i,/). If Av;
and Av; are zero, Ry equals to I, and EVSD based distortion can be equal to a

distortion value generated without the one or more input parameters 108 (e.g., without
image capturing device information and/or view synthesis information). Therefore,
the relation between Dvys and Dy, shown in Figure 8 can be derived by combining
Eq.32 and Eq.33.

[0061] Figures 9-12 illustrate methods and/or flow diagrams in accordance
with the disclosed subject matter. For simplicity of explanation, the methods are
depicted and described as a series of acts. It is to be understood and appreciated that
the various embodiments of the subject disclosure is not limited by the acts illustrated
and/or by the order of acts, for example acts can occur in various orders and/or
concurrently, and with other acts not presented and described herein, Furthermore,
not all illustrated acts may be required to implement the methods in accordance with
the disclosed subject matter. In addition, those skilled in the art will understand and
appreciate that the methods could alternatively be represented as a series of
interrelated states by way of state diagram or events. Additionally, it should be
further appreciated that the methods disclosed hereinafter and throughout this
specification are capable of being stored on an article of manufacture to facilitate
transporting and transferring such methods to computers. The term article of
manufacture, as used herein, can encompass a computer program accessible from any
computer-readable device, carrier, or media.

[0062] Figure 9 illustrates a method 900 that facilitates depth video coding
based on a distortion value in accordance with an aspect of the disclosed subject
matter. At 902, method 900 can receive a multiview input stream (e.g., using an
encoder component 102). A multiview input stream can include a plurality of view
information. A multiview input stream can also include depth information correlated
to video information.

[0063] At 904, a distortion value generated based on one or more input
parameters associated with at least one image capturing device and/or view synthesis
information can be received (e.g., by an encoder component 102). For example, one
or more input parameters can be associated with at least one image capturing device

(e.g., camera) and/or view synthesis information. The one or more input parameters
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can include, but are not limited to, a focal length value, a baseline value, a rendering
precision value and/or depth information.

[0064] At 906, a codec for encoding an input stream can be received (e.g., by
an encoder component 102). In an aspect, the codec can be a H.264/AVC codec. In
another aspect, the codec can be a HEVC codec. The codec can facilitate coding of
an input stream into an encoded output stream.

[0065] At 908, at least a portion of the multiview input stream can be encoded
(e.g., by an encoder component 102) based on the distortion value and the codec. For
example, an encoded output stream can be generated based on the distortion value and
the codec.

[0066] Figure 10 illustrates a method 1000 that facilitates bit allocation based
on a distortion value in accordance with an aspect of the disclosed subject matter. At
1002, method 1000 can receive a multiview input stream that includes at least one
depth frame (e.g., using an encoder component 102). A multiview input stream can
include a plurality of view information. A multiview input stream can also include
depth information correlated to video information. The at least one depth frame can
be implemented for depth coding.

[0067] At 1004, a distortion value generated based on one or more input
parameters can be received (e.g., by an encoder component 102). For example, one or
more input parameters can be associated with at least one image capturing device
(e.g., camera) and/or view synthesis information. The one or more input parameters
can include, but are not limited to, a focal length value, a baseline value, a rendering
precision value and/or depth information,

[0068] At 1006, bits can be allocated (e.g., using a bit allocation component
204) to a macroblock of the at least one depth frame based at least in part on the
distortion value. In one example, a coding quantization parameter for a macroblock
can be associated with the distortion value.

[0069] Figure 11 illustrates a method 1100 that facilitates RDO optimization
based on a distortion value in accordance with an aspect of the disclosed subject
matter. At 1102, method 1100 can receive a multiview input stream (e.g., using an
encoder component 102). A multiview input stream can include a plurality of view
information. A multiview input stream can also include depth information correlated

to video information.
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[0070] At 1104, a distortion value generated based on one or more input
parameters associated with at least one image capturing device and/or view synthesis
information can be received (e.g., by an encoder component 102). For example, one
or more input parameters can be associated with at least one image capturing device
(e.g., camera) and/or view synthesis information. The one or more input parameters
can include, but are not limited to, a focal length value, a baseline value, a rendering
precision value and/or depth information,

[0071] At 1106, a mode for depth video encoding can be determined (e.g., by
a RDO component 202 and/or a mode selection component 206) based at least in part
on the distortion value. For example, an intra-prediction mode and/or a inter-
prediction mode can be determined based at least in part on the distortion value.
[0072] At 1108, motion estimation for depth encoding can be performed (e.g.,
using a RDO component 202 and/or a ME/DE component 208) based at least in part
on the distortion value. In one example, a motion vector for depth coding can be
determined based at least in part on the distortion value.

[0073] At 1110, a reference frame for depth encoding can be selected (e.g.,
using a RDO component 202 and/or a reference frame selection component 210)
based at least in part on the distortion value. For example, a reference frame for inter-
frame depth coding can be selected based at least in part on the distortion value.
[0074] Figure 12 illustrates a method 1200 that facilitates endurable view
synthesis distortion (EVSD) based bit allocation optimization in accordance with an
aspect of the disclosed subject matter. At 1202, method 1200 can encode a current
macroblock (MB) with a quantization parameter (QP). For example, a current
macroblock can be encoded with an initial quantization parameter of a current
segment (e.g., current slice) of a depth frame.

[0075] At 1204, it can be determined whether a coded block patter (CBP) is
equal to zero. If yes, method 1200 can proceed to 1220. For example, if the coded
block pattern of a selected mode equals to zero (e.g., bit rate cannot be reduced), the
coding process can end. If no, method 1200 can proceed to 1206.

[0076] At 1206, a first distortion value (D1) can be calculated. For example, a
VSD(Dyy) caused by the depth distortion of the current macroblock can be determined
by employing Eq. 33.

[0077] At 1208, the quantization parameter can be increased by step N. At

1210, the current macroblock can be encoded with a selected mode and a new
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quantization parameter. For example, the current macroblock can be re-encoded with
a selected mode (e.g., a mode with a lowest distortion value) and a new quantization
parameter. At 1212, a second distortion value (D2) can be calculated.

[0078] At 1214, it can be determined whether the second distortion value is
greater than the first distortion value. For example, it can be determined whether a
previous coding quantization parameter provides a mode with less distortion than a
current coding quantization parameter. If yes, method 1200 can proceed to 1216, If
no, method 1200 can proceed to 1218,

[0079] At 1216, last selected mode coding information can be loaded. For
example, coding information for a last selected mode that provides a lowest distortion
value (e.g., first distortion value D1) can be loaded. Then, method 1200 can proceed
to 1222.

[0080] At 1218, it can be determined whether the coded block pattern is equal
to zero or whether the quantization parameter is equal to a maximum quantization
parameter. If no, method 1200 can return to 1208. If yes, method 1200 can proceed
to 1220. For example, the quantization parameter can be further increased and the
current macroblock can be re-encoded until all residual values are zero (e.g., coded
block pattern is equal to zero) or the quantization parameter reaches a predetermined
maximum value.

[0081] At 1220, current selected mode coding information can be stored. For
example, coding information for the current selected mode that provides the lowest
distortion value (e.g., second distortion value D2) can be stored.

[0082] At 1222, a bitstream can be written and the current macroblock
encoding can end. For example, a bitstream can be written based on the coding
information for the selected mode that provides a lowest distortion value.
Furthermore, the coding process can end after the current macroblock is encoded
based on the selected mode that provides the lowest distortion value,

[0083] Referring to Figure 13, illustrated is a block diagram of an exemplary,
non-limiting electronic device 1300 that can facilitate depth coding in accordance
with an aspect of the disclosed subject matter, The electronic device 1300 can
include, but is not limited to, a computer, a server, a laptop computer, a server, a
dedicated spatial processing component or device, or network equipment (e.g. routers,

access points, femtocells, picocells), and the like.
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[0084] Components of the electronic device 1300 can include, but are not
limited to, a processor component 1302, a system memory 1304 {(with nonvolatile
memory 1306), and a system bus 1308 that can couple various system components
including the system memory 1304 to the processor component 1302, The system bus
1308 can be any of various types of bus structures including a memory bus or

memory controller, a peripheral bus, or a local bus using any of a variety of bus
architectures.

[0085] Computing devices typically include a variety of media, which can
include computer-readable storage media or communications media, which two terms
are used herein differently from one another as follows.

[0086] Computer-readable storage media can be any available storage media
that can be accessed by the computer and includes both volatile and nonvolatile
media, removable and non-removable media. By way of example, and not limitation,
computer-readable storage media can be implemented in connection with any method
or technology for storage of information such as computer-readable instructions,
program modules, structured data, or unstructured data. Computer-readable storage
media can include, but are not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disk (DVD) or other optical
disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or other tangible and/or non-transitory media which can be
used to store desired information. Computer-readable storage media can be accessed
by one or more local or remote computing devices, e.g., via access requests, queries
or other data retrieval protocols, for a variety of operations with respect to the
information stored by the medium.

[0087] Communications media typically embody computer-readable
instructions, data structures, program modules or other structured or unstructured data
in a data signal such as a modulated data signal, e.g., a carrier wave or other transport
mechanism, and includes any information delivery or transport media. The term
“modulated data signal” or signals refers to a signal that has one or more of its
characteristics set or changed in such a manner as to encode information in one or
more signals. By way of example, and not limitation, communication media include
wired media, such as a wired network or direct-wired connection, and wireless media

such as acoustic, RF, infrared and other wireless media.
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[0088] The system memory 1304 can include computer-readable storage
media in the form of volatile and/or nonvolatile memory 1306. A basic input/output
system (BIOS), containing the basic routines that help to transfer information between
elements within electronic device 1300, such as during start-up, can be stored in
memory 1304. Memory 1304 can typically contain data and/or program modules that
can be immediately accessible to and/or presently be operated on by processor
component 1302. By way of example, and not limitation, system memory 1304 can
also include an operating system, application programs, other program modules, and
program data. As a further example, system memory can include program modules
for subchannel assignment and allocation of power as disclosed hereinabove. In some
embodiments memory 1304 can store an endurable view synthesis distortion (EVSD)
model, input parameters associated with at least one image capturing device and/or
view synthesis information, results of computations performed based on EVSD,
performance metrics for encoded depth information and/or decoded depth
information, other results pertaining to multiview video coding (e.g., depth coding)
based on an EVSD model, etc. As an example, an EVSD model can be stored in
memory 1304, These exemplary models, parameters, and values can be employed in
coding multiview depth video content in accordance with the presently disclosed
subject matter.

[0089] The nonvolatile memory 1306 can be removable or non-removable.
For example, the nonvolatile memory 1306 can be in the form of a removable
memory card or a USB flash drive. In accordance with one aspect, the nonvolatile
memory 1306 can include flash memory (e.g., single-bit flash memory, multi-bit flash
memory), ROM, PROM, EPROM, EEPROM, and/or NVRAM (e.g., FERAM), or a
combination thereof, for example. Further, the flash memory can be comprised of
NOR flash memory and/or NAND flash memory.

[0090] A user can enter commands and information into the electronic device
1300 through input devices (not illustrated) such as a keypad, microphone, tablet or
touch screen although other input devices can also be utilized. These and other input
devices can be connected to the processor component 1302 through input interface
component 1310 that can be connected to the system bus 1308. Other interface and
bus structures, such as a parallel port, game port or a universal serial bus (USB) can
also be utilized. A graphics subsystem (not illustrated) can also be connected to the

system bus 1308. A display device (not illustrated) can be also connected to the

25



WO 2014/183652 PCT/CN2014/077554

system bus 1308 via an interface, such as output interface component 1312, which can
in turn communicate with video memory. In addition to a display, the electronic
device 1300 can also include other peripheral output devices such as speakers (not
illustrated), which can be connected through output interface component 1312, In an
aspect, other electronic devices, e.g., terminal devices can be communicatively
coupled to electronic device 1300 by way of input interface component 1310 and
output interface component 1312, which can serve to facilitate transfer of transcoded
content streams.

[0091] It is to be understood and appreciated that the computer-implemented
programs and software can be implemented within a standard computer architecture.
While some aspects of the disclosure have been described above in the general
context of computer-executable instructions that may run on one or more computers,
those skilled in the art will recognize that the technology also can be implemented in
combination with other program modules and/or as a combination of hardware and
software.

[0092] Generally, program modules include routines, programs, components,
data structures, efc., that perform particular tasks or implement particular abstract data
types. Moreover, those skilled in the art will appreciate that the inventive methods
can be practiced with other computer system configurations, including single-
processor or multiprocessor computer systems, minicomputers, mainframe computers,
as well as personal computers, hand-held computing devices (e.g., PDA, phone),
microprocessor-based or programmable consumer electronics, and the like, each of

which can be operatively coupled to one or more associated devices.

% < k3%

[0093] As utilized herein, terms “component, interface,” and the

system,
like, can refer to a computer-related entity, either hardware, software (e.g., in
execution), and/or firmware. For example, a component can be a process running on
a processor, a processor, an object, an executable, a program, and/or a computer. By
way of illustration, both an application running on a server and the server can be a
component. One or more components can reside within a process and a component
can be localized on one computer and/or distributed between two or more computers.
[0094] Furthermore, the disclosed subject matter may be implemented as a
method, apparatus, or article of manufacture using standard programming and/or
engineering techniques to produce software, firmware, hardware, or any combination

thereof to control a computer to implement the disclosed subject matter. The term
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“article of manufacture” as used herein is intended to encompass a computer program
accessible from any computer-readable device, carrier, or media. For example,
computer readable media can include but are not limited to magnetic storage devices
(e.g., hard disk, floppy disk, magnetic strips...), optical disks (e.g., compact disk
(CD), digital versatile disk (DVD)...), smart cards, and flash memory devices (e.g.,
card, stick, key drive...). Additionally it should be appreciated that a carrier wave can
be employed to carry computer-readable electronic data such as those used in
transmitting and receiving electronic mail or in accessing a network such as the
Internet or a local area network (LAN). Of course, those skilled in the art will
recognize many modifications may be made to this configuration without departing
from the scope or spirit of the disclosed subject matter.

[0095] Some portions of the detailed description may have been presented in
terms of algorithms and/or symbolic representations of operations on data bits within
a computer memory. These algorithmic descriptions and/or representations are the
means employed by those cognizant in the art to most effectively convey the
substance of their work to others equally skilled. An algorithm is here, generally,
conceived to be a self-consistent sequence of acts leading to a desired result. The acts
are those implicating physical manipulations of physical quantities. Typically, though
not necessarily, these quantities take the form of electrical and/or magnetic signals
capable of being stored, transferred, combined, compared, and/or otherwise
manipulated.

[0096] It has proven convenient at times, principally for reasons of common
usage, to refer to these signals as bits, values, elements, symbols, characters, terms,
numbers, or the like. It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate physical quantities and are
merely convenient labels applied to these quantities. Unless specifically stated
otherwise as apparent from the foregoing discussion, it is appreciated that throughout
the disclosed subject matter, discussions utilizing terms such as processing,
computing, calculating, determining, and/or displaying, and the like, refer to the
action and processes of computer systems, and/or similar consumer and/or industrial
electronic devices and/or machines, that manipulate and/or transform data represented
as physical (electrical and/or electronic) quantities within the computer’s and/or

machine’s registers and memories into other data similarly represented as physical
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quantities within the machine and/or computer system memories or registers or other
such information storage, transmission and/or display devices.

[0097) What has been described above includes examples of aspects of the
disclosed subject matter. It is, of course, not possible to describe every conceivable
combination of components or methodologies for purposes of describing the disclosed
subject matter, but one of ordinary skill in the art may recognize that many further
combinations and permutations of the disclosed subject matter are possible.
Accordingly, the disclosed subject matter is intended to embrace all such alterations,
modifications and variations that fall within the spirit and scope of the appended
claims. Furthermore, to the extent that the terms “includes,” “has,” or “having,” or
variations thereof, are used in either the detailed description or the claims, such terms
are intended to be inclusive in a manner similar to the term “comprising” as
“comprising” is interpreted when employed as a transitional word in a claim.
Moreover, the term “or” is intended to be an “inclusive or” and not an “exclusive or”,

unless otherwise indicated.
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CLAIMS

What is claimed is:

1. A system, comprising;

a memory to store at least one computer-executable component; and

a processor, communicatively coupled to the memory, to execute or facilitate
execution of the at least one computer-executable component, the at least one
computer-executable component comprising:

a distortion estimator component that receives at least one parameter

associated with at least one image capturing device and generates a distortion value
based on the at least one parameter; and

an encoder component that encodes a multiview input stream based at

least in part on the distortion value.

2. The system of claim 1, wherein the encoder component is a moving picture

experts group codec.

3. The system of claim 2, wherein the encoder component is an H.264/advanced

video coding codec or a high efficiency video coding codec.

4. The system of claim 1, wherein the multiview input stream includes a plurality
of contemporaneous disparate views of a scene facilitating a determination of depth

information for an object in the scene.

5. The system of claim 1, wherein the at least one parameter is associated with

view synthesis information.

6. The system of claim 1, wherein the at least one parameter includes a focal

length value for the at least one image capturing device.

7. The system of claim 1, wherein the at least one parameter includes a baseline
distance value associated with the at least one image capturing device and a virtual

image capturing device.
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8. The system of claim 1, wherein the at least one parameter includes depth

information associated with the multiview input stream.

9. The system of claim 1, wherein the encoder component allocates bits for a
macroblock of a depth frame included in the multiview input stream based at least in

part on the distortion value,

10.  The system of claim 1, wherein the encoder component determines a mode for

depth coding based at least in part on the distortion value.

11.  The system of claim 1, wherein the encoder component determines a motion

vector for depth coding based at least in part on the distortion value.

12, The system of claim 1, wherein the encoder component determines a reference

frame for depth coding based at least in part on the distortion value.

13, The system of claim 1, wherein the distortion estimator component generates
the distortion value for a particular quantized depth level and another distortion value

for another quantized depth level.

14. A method, comprising:
receiving, by a system including a processor, an encoder facilitating encoding

of a multiview input stream;

receiving, by the system, a distortion value generated based on at least one
parameter associated with at least one image capturing device; and

encoding, by the system, the multiview input stream based at least in part on

the distortion value and the encoder.

15. The method of claim 14, further comprising;
receiving, by the system, the multiview input stream including receiving a
plurality of contemporaneous disparate views of a scene facilitating determination of

depth information for an object in the scene.
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16, The method of claim 14, wherein the encoding includes allocating, by the
system, bits to a macroblock of at least one depth frame included in the multiview

input stream based at least in part on the distortion value.

17.  The method of claim 14, wherein the encoding includes determining, by the

system, a mode for depth coding based at least in part on the distortion value.

18.  The method of claim 14, further comprising:
decoding, by the system, the encoded multiview input stream based at least in

part on the distortion value.

19. A system, comprising:

means for receiving an encoder facilitating encoding of a multiview input
stream;

means for receiving a distortion value generated based on at least one
parameter associated with at least one image capturing device; and

means for encoding the multiview input stream based at least in part on the

distortion value and the encoder.

20.  The system of claim 19, wherein the means for encoding includes:
means for allocating bits to a macroblock of at least one depth frame included
in the multiview input stream based at least in part on the distortion value; and
means for determining a mode for depth coding based at least in part on the

distortion value.
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