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METHOD FOR LOW-LATENCY ILLUMINATION
COMPENSATION PROCESS AND DEPTH LOOKUP TABLE

BASED CODING

TECHNICAL FIELD

[0002] The present invention relates to three-dimensional and multi-view video
10 coding. In particular, thc present invention rclates to mcthod for low-latency

illumination compensation process and Depth Lookup Table based coding.

BACKGROUND

(0003]  Threce-dimensional (3D) television has been a technology trend in recent
ycars that is targeted to bring viewers scnsational viewing experience. Multi-view
15  vidco is a technique to capturc and render 3D video. The multi-view video 1s typically
created by capluring a scene using multiple cameras simultancously, where the
multiple cameras are properly located so that each camera captures the scene from one
vicwpoint. The multi-view vidco with a large number of vidco scquences associated
with the views represents a massive amount data. Accordingly, the multi-view video

20  will require a large storage space to store and/or a high bandwidth to transmit.

Therefore, multi-view video coding techniques have been developed in the field to
reduce the required storage space and the transmission bandwidth. A straightforward

approach may simply apply conventional video coding techniques to each single-view
video sequence independently and disregard any correlation among different views.
25  Such straightforward techniques would result in poor coding performance. In order to
improve multi-view video coding efficiency, multi-view video coding always exploits

inter-view redundancy. The disparity between two views is caused by the locations

CA 2941085 2017-12-19
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and angles of the two respective cameras.
10004] Fig. 1 shows an exemplary prediction structure used 1n the common test

conditions for 3D video coding. The video pictures and depth maps corresponding to
a particular camera position are indicated by a view identifier (1.e., VO, V1 and V2 in
Fig. 1). All texture pictures and depth maps that belong to the same camera position
are associated with the same viewld (1.e., view identifier). The view identifiers are
used for specifying the coding order within the access units and detecting missing
views In error-prone environments. An access unit includes all video pictures and
depth maps corresponding to the same time instant. Inside an access unit, the video
picture and, when present, the associated depth map having viewld equal to 0 are
coded [irst, [ollowed by the video picture and depth map having viewld equal to 1,
etc. The view with viewld equal to 0 (1.e., VO in Fig. 1) is also referred to as the base
view or the independent view. The base view video pictures can be coded using a
conventional HEVC video coder without dependence on other views.

[0005] The example shown in Fig. 1 corresponds to a view coding order from VO
(1.¢., base view) to V1, and followed by V2. The current block in the current picture
being coded i1s in V2. According to HTM-6.0, all the MVs of reference blocks in the
previously coded views can be considered as an inter-view candidate. In Fig. 1,
frames 110, 120 and 130 correspond to a video picture or a depth map from views VO,
V1 and V2 at time tl respectively. Block 132 1s the current block 1n the current view,
and blocks 112 and 122 are the current blocks in VO and V1 respectively. For current
block 112 in VO, a disparity vector (116) 1s used to locate the inter-view collocated
block (114). Similarly, for current block 122 in V1, a disparity vector (126) is used to
locate the inter-view collocated block (124).

10006] IHlumination compensation (1C)

|0007] Illummation compensation (IC) 1s a technique to reduce the intensity
differences between views caused by the different light fields of two views captured
by different cameras at different locations. In HTM, a linear 1C model is disclosed by
Lu et al. (“3D-CE2.h: Results of Illumination Compensation for Inter-View
Prediction”, Joint Collaborative Team on 3D Video Coding Extension Development
of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, 2nd Meeting: Shanghai,
CN, 13-19 Oct. 2012, Document: JCT3V-B0045) to compensate the tllumination

discrepancy between different views. Parameters 1n IC model are estimated for each

prediction unit (PU) using available nearest reconstructed neighbouring pixels.
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Therefore, there 1s no need to transmit the IC parameters to the decoder. Whether to
apply IC or not 1s decided at the coding unit (CU) level, and an IC tlag 1s coded to
indicate whether 1C 1s enabled at the CU level. The flag 1s present only for the CUs
that are coded using inter-view prediction. If IC 1s enabled for a CU and a PU within
the CU 1s coded by temporal prediction (ie., Inter prediction), the PU block is
inferred to have IC disabled. The linear IC model used in inter-view prediction 1is

shown 1n eqn. (1):

pli,j)=a, -r(z’+dvx,j+dvy)+blc where(i, j) € PU. (1)
where PU. 1s the current PU, (i, j) i1s the pixel coordinate in PU, (dvy, dvy) 1s the

disparity vector of PU,, p(i, j) is the prediction of PUc, 7(-,-) 1s the reference picture of

PU from a neighboring view, and a;c and b;c are parameters of the linear IC model.
[0008] To estimate parameters a;c and bjc for a PU, two set of pixels as shown in
Fig. 2A and Fig. 2B are used. As shown in Fig. 2A, the neighboring pixels consists of
reconstructed neighboring pixels in the left column and in the above row (shown as
circles) of the current CU (indicated by thick lined box), where the CU that contains
the current PU. As shown in Fig. 2B, the other set of pixels correspond to neighboring
pixels (shown as circles) of a reference block (indicated by thick lined box) of the
current CU. The reference block of the current CU 1s located by using the location of
the current PU and the disparity vector of the current PU.

[0009] An adaptive luminance compensation tool for inter-view video coding is
disclosed by Mishurovskiy et al. (“CE2.A results on inter-view coding with adaptive
[luminance compensation," Joint Collaborative Team on 3D Video Coding Extension
Development of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, 2nd Meeting:
Shanghai, CN, 13—-19 Oct. 2012, Document: JCT3V-B0031). This adaptive luminance
compcnsation 1s only applicd to P slices. A macroblock (MB) level flag 1s transmitted
for a Skip MB, P16x16, P16x8, P8x16 and P&x8 MB to turn the adaptive luminance
compensation On or Off.

[0010] Signaling of 1C

[0011] Whether 1llumination compensation 1s used 1s signaled in the coding unit
level. In Skip/Merge mode, ic flag 1s conditionally sent depending on merge 1dx and

the slice segment header flag slice i1c disable merge zero idx flag. If ic flag is not

sent in Merge mode, ic flag 1s inferred to be 0. In 3D-HEVC (Three-Dimensional
Video Coding based on High Efficiency Video Coding) test model, HTM-7.0, a
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process 1s used to derive a disparity vector predictor, known as NBDV (Neighboring
Block Disparity Vector). The disparity vector derived from NBDYV 1s then used to
fetch a depth block in the depth image of the reference view. The fetched depth block
will have the same size as the current prediction unit (PU), and it will then be used to
perlorm backward warping [or the current PU.

[0012] When merge 1dx 1s equal to 0, the temporal inter-view motion predictor
candidate 1s typically used. The inter-view prediction 1s not used very often in this
case. To reduce the overhead of associated with signaling the ic flag in this case of
merge 1dx being 0, the illumination compensation 1s not allowed. This system
configuration 1s indicated by setting the wvalue of a control flag (e.g.,
slice 1¢c disable merge zero idx flag) to 1 in the slice level. For some pictures that
the inter-view prediction may be frequently used, the above assumption does not hold.
In this case, the merge i1dx based ic flag skipping is only applied under the condition
that (POC % IntraPeriod) 1s not 0, where POC corresponds to Picture Order Count.
This POC based decision is made by the encoder. The encoder can indicate the
decision regarding whether to enable the 1c flag skipping in this case of merge 1dx
being 0 by sending a slice header tlag (e.g., slice 1c disable merge zero 1dx flag).
This allows the encoder to control the condition depending on coding structure or
sequences. In addition, for an inter-coded PU, illummation compensation 1s always
disabled when Advanced Residual Prediction (ARP) is applied. Therefore, when the
ARP weighting factor for an inter-coded PU is not equal to 0, the signaling of ic flag
1s skipped and 1its value 1s set to 0.

[0013] Encoding of IC

[(0014] According to the current HTM, the encoder decides whether the IC 1s
enabled for the current slice/picture. The decision is made based on statistics of the
pixels of the current picture and pixels of the inter-view reference picture. Therefore,
the decision cannot be made until the statistics are collected, which introduces a
latency of at least one slice when the 1C control flag is signaled in the slice level.
[0015] In particular, the encoder will first check if there 1s any inter-view
reference picture in the reference picture list of current slice/picture according to the
current HTM. If no inter-view reference picture in the reference list, the IC will be
turncd Off for thc current slice/picturc. If at Icast onc mter-view reference picturc
cxists 1n the refcrence list, it will derive two histograms of pixcl valucs bascd on the

current picture and the mter-view reference picture. After the two histograms are
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derived, a summation of the absolute differences (SAD) between corresponding
entries of the two histograms 1s calculated. If the summation of absolute differences
value 1s larger than a predefined threshold, IC 1s enabled for the current slice/picture.
Otherwise, IC is disabled for the current slice.

[0016] Depth lookup table (DLT)

[0017] Depth lookup table (DLT) has been adopted into 3D-HEVC. Very often,
there are only limited values appearing in the depth component. Therefore, DLT is a
compact representation of the valid values in a block. When a CU 1is coded 1n Intra
simplified depth coding (SDC) mode or depth map modeling (DMM) mode, DLT 1is
used to map the valid depth values to DLT indexes. Fig.3 demonstrates an example of

DLT representation of depth values in a picture. While the range of depth values is

from 0 to 255, only 5 depth values (i.e., 50, 108, 110, 112 and 200) appear in the

picture. Accordingly, the DLT consists of 5 values with indexes from 0 to 4. The DLT
1s signaled in the picture parameter set (PPS) and it 1s up to the encoder to generate
the DLT.

[0018] According to the current HTM, as many as 24 or more depth pictures in a
sample picture set for a view are analyzed first before the encoding process starts. All
the depth values appearing in the sample picture set are included n the DLT for this
view. This approach imposes a high encoding latency and cannot adapt well to the
dynamic environment such as scene change.

[0019] [t 1s desirable to develop a method for IC and/or DLT coding that does not
suller [rom long latency f[or the IC and/or DLT design at the encoder side.

SUMMARY

[0020] A method and apparatus for low-latency illumination compensation in a
three-dimensional (3D) and multi-view coding system are disclosed. According to the
present invention, the encoder delermines whether (o enable or disable the
illumination compensation for the current picture or slice based on a condition related
to statistic associated with a selected reference picture or slice respectively, or related
to high-level coding information associated with the current picture or slice
respectively. The high-level coding information associated with the current picture or
slice excludes any information related to pixel values of the current picture or slice

respectively. The illumination compensation is them applied according to the decision
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made by the encoder.
[0021] In one embodiment, the selected reference picture or slice corresponds to a

latest reconstructed picture or slice with a first temporal ID smaller than a second
temporal ID of the current picture or slice respectively. The statistic of the selected
relerence picture corresponds Lo a coding unit (CU) level enabling ratio ol the latest
reconstructed picture and the condition corresponds to whether the CU level enabling
ratio 1s larger than a threshold. The CU level enabling ratio corresponds to a ratio of a
first number of coding units (CUs) of the latest reconstructed picture or slice with the
illumination compensation enabled and a second number of CUs of the latest
reconstructed picture or slice with an IC flag to indicate whether the illumination
compensation 1s enabled or disabled. If the condition 1s asserted, the illumination
compensation for the current picture or slice 1s enabled, and if the condition 1s not
asserted, the illumination compensation for the current picture or slice 1s disabled.
[0022] The selected reference picture or slice may correspond to a latest
reconstructed picture or slice with a first quantization parameter (QP) smaller than a
second QP of the current picture or slice respectively. The statistic of the selected
reference picture may also correspond to an average pixel difference between the
selected reference picture and an inter-view reference picture corresponding to the
selected reference picture, and the condition corresponds to whether the average pixel
difference is greater than a threshold.

[0023] The condition related to the high-level coding information associated with
the current picture or slice may correspond to whether there is any inter-view
relerence picture in a relerence list ol the current picture or slice respectively. The
condition may also correspond to whether there 1s no temporal reference picture in a
reference list of the current picture or slice, or whether a smallest POC distance
between the current picture or slice and a temporal reference picture or slice
respectively i1s larger than a threshold.

[10024] A method of depth coding using a depth lookup table (DLT) in a three-
dimensional (3D) and multi-view coding system is disclosed. The encoder determines
the DLT and determines whether to enable or disable DLT coding using the DLT for
the current picture or slice based on a condition related to statistic associated with
sclected referenee picturcs or slices respectively. The DLT coding 1s applied to or
skippced for the current picturc or slice according to the decision madce by the encodcr.

[0025] The selected reference pictures or slices may correspond to previously
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reconstructed pictures or slices respectively and the previously reconstructed pictures
or slices belong to reference pictures of the current picture or slice. In another
embodiment, any previously reconstructed pictures or slices can be used regardless
whether the previously reconstructed pictures or slices belong to reference pictures of
the current picture or slice. The previously reconstructed pictures or slices may be in a
same view or different view of the current picture or slice respectively. If the selected
reference pictures or slices do not exist, the DLT coding can be disabled for the
current picture or slice, or the DLT coding can be applied to the current picture or
slice using a default DLT.

[0026] The DLT can also be used by a next picture or slice following the current
picture or slice respectively in a coding order or displaying order for the DLT coding.
When the DLT 1s used by the next picture or slice, only depth values appearing in the
selected reference pictures or slices will be included i the DLT. The DLT coding 1s
disabled for the current picture or slice, or the next picture or slice if a number of
appearing depth values 1s greater than a threshold that 1s greater than 0 and lower than

a maximum value of depth values.

BRIEF DESCRIPTION OF DRAWINGS

[0027] Fig. 1 illustrates an example of three-dimensional/multi-view coding,
where motion compcensated prediction (MCP) and disparity compensated prediction
(DCP) are used.

[0028] Fig. 2 illustrates an example of neighboring pixels of a current block and a
reference block being used to derive the illummation compensation parameters.

[0029] Fig. 3 illustrates an exemplary depth lookup table (DLT) including 5
appearing depth values corresponding to 50, 108, 110, 112 and 200 represented by
indexes from 0 to 4.

[0030] Fig. 4 illustrates an example ol DLT derivation [or the current picture
based on the statistics of a previously reconstructed picture.

[0031] Fig. 5 illustrates an example of DLT derivation for the current picture
based on the statistics of two previously reconstructed pictures.

[0032] Fig. 6 illustrates an example of DLT derivation for the current picture
based on statistics of every other row of a previously reconstructed picture.

[0033] Fig. 7 illustrates an example of DLT derivation for the current picture
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based on statistics of one out of every four depth samples in a previously
reconstructed picture.

[0034] Fig. 8 illustrates an exemplary flowchart for low-latency illumination
compensation in a three-dimensional (3D) and multi-view coding system according to
an embodiment ol the present mvention.

[0035] Fig. 9 illustrates an exemplary flowchart for low-latency depth lookup
table based coding in a three-dimensional (3D) and multi-view coding system

according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0036] As mentioned before, the existing IC and DLT design suffer long latency
and 1t 1s desirable to develop a method to overcome the long latency issue associated
with IC and DLT design at the encoder side. The following description 1s of the best-
contemplated mode of carrying out the invention. This description is made for the
purpose of illustrating the general principles of the invention and should not be taken
in a limiting sense. The scope of the invention 1s best determined by reference to the
appended claims.

[0037] Encoder decision of illumination compensation (I1C)

[0038] In order to overcome the long latency 1ssue associated with the existing 1C
and DLT dcsign 1n the encoder side, cmbodiments of the present mvention decide
whether 1C 1s enabled or disabled for the current picture/slice according to a condition
related to information of selected reference pictures/slices (1e., decoded
pictures/slices) or a high level coding information of the current picture/slice without
accessing the pixel values of the current picture/slice to attain low latency IC
encoding. Various embodiments are illustrated as follows.

[0039] Embodiment 1: IC decision based on selected reference pictures/slices
[0040] According to this embodiment, an encoder simply decides whether IC is
enabled or disabled for the current picture/slice depending on the statistics of the
selected reference pictures/slices. The selected reference pictures/slices may
correspond to previously reconstructed pictures/slices. If no selected reference
pictures/slices 1s found, the slice level 1C enabling flag 1s set to a default value (either
enable or disable) for the current picture/slice.

[0041] Various statistics can be collected based on the selected pictures/slices. For
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example, the statistics may correspond to:

o The enabling ratio of CU level IC flag. If the IC enabling ratio of the
selected reference picture 1s larger than a predefined threshold, IC 1s set
as enabled for the current picture/slice; otherwise, IC is set as disabled

5 for the current picture/slice. The CU level enabling ratio 1s defined as a
ratio of a first number of coding units (CUs) of the latest reconstructed
picture or slice with the illumination compensation enabled and a
second number of CUs of the latest reconstructed picture or slice
having an IC flag to indicate whether the i1llumination compensation 1s
10 enabled or disabled.

e The average pixel difference of the selected reference picture and its
inter-view reference picture. If average pixel value between the
selected reference picture and its inter-view reference picture is larger
than a predefined threshold, IC 1s set as enabled for coding current

15 picture/slice; otherwise, IC 1s sel as disabled for the current
picture/slice.
[0042] Various reference pictures/slices can be used as the “selected reference
pictures/slices”. For example, the selected reference pictures/slices can be:

e the latest reconstructed picture/slice,

20 e the latest reconstructed picture/slice with the temporal 1D smaller
than the temporal 1D of the current picture/slice,

o the latest reconstructed picture/slice with the temporal ID smaller
than or equal to the temporal ID of the current picture/slice,

e the latest reconstructed picture/slice with QP smaller than the QP of

25 the current picture/slice, or

e the latest reconstructed picture/slice with QP smaller than or equal to
the QP of the current picture/slice.
0043 ] Embodiment 2: IC decision based on high level coding information of
the current pictures/slices
30  [0044] According to this embodiment, the encoder simply decides whether IC 1s
enabled or disabled for the current picture/slice depending on a condition related to
the high level coding information of the current pictures/slices. The high level coding

information may correspond to:
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o Il no inter-view relerence picture exists in the relerence picture list of
current picture/slice, IC 1s set as disabled for the current picture/slice;
otherwise, IC 1s set as enabled for the current picture/slice.

o If no temporal reference picture exists in the reference picture list of
the current picture/slice and only inter-view reference picture in the list,
IC 1s set as enabled for the current picture/slice.

o If the smallest POC distance between the current picture/slice and the
temporal reference pictures 1s larger than a threshold, 1C 1s set as
enabled for the current picture/slice; otherwise, IC 1s set as disabled for
the current picture/slice. If no temporal reference picture exists, the

smallest POC distance 1s mlerred as a delaull value larger than the

defined threshold.

o If current picture/slice 1s an anchor picture/slice, 1C is set as enabled
for the current picture/slice; otherwise, IC 1s set as disabled for the
current picture/slice.

o Ifthe QP of the current picture/slice 1s larger than a threshold, 1C 1s set
as enabled for the current picture/slice; otherwise, 1C 1s set as disabled
for the current picture/slice.

o IC 1s set as enabled [or the pictures/slice with the temporal 1d equal to 0.

o IC is set as enabled periodically for the pictures/slice. The period can
be N picture order count (POC), where N 1s a positive iteger.
o ]C 1s set as enabled according to the slice TYPE. For example, 1C 1s
only enabled for B slices.
[0045] Embodiment 3: Single Sample Mode decision based on selected
pictures/slices
[0046] A coding method using a single sample value to represent a smooth area of
video data (either depth data of screen content data) termed as “Single Sample Mode”
or “Single Sample Coding Mode” has been disclosed mm a co-pending application.
When a block is coded in the Single Sample Coding Mode, a whole current block 1is
coded as a single pixel value. In other words, when a block coded in the Single
Sample Coding Mode, the whole block is reconstructed by filling all pixels in the
block with a single sample value (1.¢., either a depth value or a pixel value). The pixel

may correspond to any color format (e.g., YUV444, YUV420, YUV422, YUV400 or
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RGB).

[0047] According to Embodiment 3, the encoder simply decides whether Single
Sample Mode 1s enabled or disabled for current picture/slice depending on the
statistics of the selected reference pictures/slices and the high level coding
information ol the current pictures/slices. Various slatistics ol selected relerence
pictures/slices and the high level coding information of the current pictures/slices
disclosed above for IC decision in Embodiment 1 are also applicable to Embodiment
3.

[0048] Examples of IC decision according to the present invention are disclosed
as follows:

[0049] IC decision Example 1. If no inter-view reference picture exists in the
reference picture list of the current picture/slice, IC 1s set as disabled for the current
picture/slice; otherwise, the encoder selects the latest reconstructed picture/slice with
temporal ID smaller than the temporal ID of the current picture/slice as the selected
reference picture. The encoder then checks whether the 1C enabling ratio 1s larger than
a threshold in the selected reference picture. 1f the 1C enabling ratio 1s larger than the
threshold, 1C 1s set as enabled for the current picture/slice; otherwise, 1C 1s set as
disabled for the current picture/slice. If no selected reference picture can be found, 1C
1s set as enabled for the current picture/slice.

[0050] IC decision Example 2. If no inter-view reference picture exists in the
reference picture list of the current picture/slice, IC 1s set as disabled for the current
picture/slice; otherwise, the encoder selects the latest reconstructed picture/slice with
QP smaller than the QP ol the current picture/slice as the selected relerence picture.
The encoder then checks whether the IC enabling ratio is larger than a threshold in the
selected reference picture. If the IC enabling ratio is larger than the threshold, IC 1s set
as enabled for the current picture/slice; otherwise, IC 1s set as disabled for the current
picture/slice. If no selected reference picture could be found, IC is set as enabled for
the current picture/slice.

[0051] IC decision Example 3. If the smallest POC distance between the current
picture/slice and the temporal reference pictures i1s larger than a threshold, IC 1s set as
enabled for the current picture/slice; otherwise, IC 1s set as disabled for the current
picturc/slice. If no temporal reference picture cxists, the smallest POC distance 1s
infcrred as a default valuc larger than the defined threshold.

10052 ] Embodiment 4: DL1 decision based on the statistics of the selected
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reference pictures/slices
[0053] According to this embodiment, the encoder determines the DLT and
determines whether to use the DLT for the current picture/slice depending on the
statistics of the selected reference pictures/slices. The selected reference
pictures/slices may correspond Lo previously reconstructed pictures/slices. 1[0 no
selected reference pictures/slices can be found, the encoder may take one of the
following steps:
e turning off the DLT for the current picture/slice;
e deriving the DLT the for current picture/slice depending on the
statistics of the current picture/slice;
o utilizing a delault DLT; or
e deriving the DLT for current picture/slice depending on the statistics of
a previously reconstructed picture/slice that 1s not the reference
pictures/slices for the current picture.
10054 ] Embodiment 5: DLT decision based on the statistics of a previously
reconstructed pictures/slices
[0055] According to this embodiment, the encoder determines the DLT and
determines whether to usc the DLT for the current picturc/slice depending on the
statistics of a previously reconstructed picture/slice regardless whether it 1s a reference
picture/slice for the current picture/slice or not.
[0056] Embodiment 6: DLT decision based on the statistics of two or more
selected reference pictures/slices
[0057] According to this embodiment, the encoder determines the DLT and
determines whether to use the DLT for the current picture/slice depending on the
statistics of two or more selected reference pictures/slices. The selected reference
pictures/slices are previously reconstructed pictures/slices. Il no selected relerence
pictures/slices can be found, the encoder may take one of the following steps:

e turning off the DLT for the current picture/slice;

e determining the DLT for current picture/slice depending on the
statistics of the current picture/slice;

e utilizing a default DLT; or

e dectermining the DLT for the current picture/slice depending on the

statistics of one, two or more previously reconstructed picture/slices
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which are not the reference pictures/slices for the current picture.
[0058] Embodiment 7: DLT decision based on the statistics of two or more
previously reconstructed pictures/slices
[0059] According to this embodiment, the encoder determines the DLT for the
current picture/slice depending on the statistics ol (wo or more previously
reconstructed picture/slices regardless whether the two or more previously
reconstructed picture/slices are reference pictures/slices for the current picture/slice or
not.
[0060] The previously reconstructed picture used to derive the DLT for the
current picture/slice in Embodiment 4 to Embodiment 7 can be in the same view or
different view of the current picture.
[0061] Also, the DLT obtained in embodiment 4 to embodiment 7 can be used by
one or more pictures/slices following the current picture in coding order or displaying
order.
[0062] In Embodiment 4 to Embodiment 7, depth values appearing m the
previously reconstructed picture/slices for statistics are included m the DLT for the
current view, while depth values not appearing 1n statistics of previously
reconstructed picture/slices are not included mn the DLT for the current view.
Furthermore, only parts of previously reconstructed picture/slices can be used for
statistics. Depth values appearing in the specific parts m previously reconstructed
picture/slices for statistics are included in the DLT for the current view, while values
not appearing in the specilic parts 1 statistics previously reconstructed picture/slices
are not included into DLT for the current view.
[0063 ] In the above embodiments related to DLT decision, the statistics can be
done on the original pictures/slices instead of the reconstructed pictures/slices. Also,
the DLT can be turned off for the current picture/slice or for more pictures/slices
following the current picture if the number of appearing values 1s greater than a
number M, where M 1s greater than 0 and smaller than MaxDepthValue
corresponding to the maximum value for depth samples. For example, M can be
MaxDepthValue/2 or (MaxDepthValuet+1)/2.
10064 ] Examples of DL'T decision according to the present invention
[0065] Fig. 4 illustratcs an cxamplc of DLT dcrivation for the current picturc
bascd on the statistics of a previously reconstructed picture. Since the DLT 1s derived

from the previously reconstructed picture for the current picture, there 1s no need to
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wait for gathering all depth values in the current picture for determining the DLT.
Accordingly, the processing latency for the DLT i1s reduced.

[10066] Fig. 5 illustrates an example of DLT derivation for the current picture
based on the statistics of two previously reconstructed pictures. Again, there is no
need to wail [or gathering all depth values in the current picture [or determining the
DLT. Accordingly, the processing latency for the DLT is reduced.

[0067] Fig. 6 illustrates an example of DLT derivation for the current picture
based on statistics of every other row in ¢ach reconstructed picture. Compared to the
approach in Fig. 4, the approach in Fig. 6 uses only half of the samples 1n the
previously reconstructed picture.

[0068] Fig. 7 illustrates an example of DLT derivation for the current picture
based on statistics of one out of every four samples in a previously reconstructed.
Compared to the approach in Fig. 4, the approach in Fig. 7 uses only one quarter of
the samples in the previously reconstructed picture.

[0069] The performance of a 3D/multi-view video coding system incorporating
low-latency tllumination compensation according to an embodiment of the present
invention 1s compared to that of a conventional system based on HTM-10.0 as shown
in Table 1. The performance comparison 1s based on different sets of test data listed 1n
the first column. In the conventional system based on HTM-10.0, the 1C decision
utilizes samples in the current picture, which caused a frame delay. On the other hand,
the system incorporating an embodiment of the present invention utilizes samples
[rom a preciously reconstructed picture [or IC enable/disable decision. The BD-rate
dillerences are shown [or texture pictures m views 0/1/2 1 (video 0/1/2). A negative
value in the BD-rate implies that the present invention has a better performance. The
second group of performance 1s the bitrate measure for texture video only
(video/video bitrate), the total bitrate (texture bitrate and depth bitrate) for texture
video (video/total bitrate) and the total bitrate for coded and synthesized video
(synth/total bitrate). As shown in Table 1, the average performance is about the same
as the conventional HTM-10.0. In other words, there 1s no performance degradation
by using the low-latency IC according to the embodiment of the present invention.
The processing times (encoding time, decoding time and rendering time) are also

comparcd.
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Table 1

Video Video Synth

Video 0 Video 1 Video 2 PSNR/ PSNR/ PSNR/| Enc Dec Ren

vidco  total total | timc timc time
bitrate bitrate bitrate
Balloons 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% |94.9% 102.8% 99.2%
Kendo 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% [97.0% 98.2% 100.0%
Newspaperce 0.0% -02% -0.1% | 0.0% 0.0% -0.1%199.0% 98.7% 99.2%

GhostTownFly | 0.0%  0.2%  0.1% | 0.0% 0.0% 0.0% |102.9% 99.5% 100.6%
PoznanHall2 0.0% -0.1% 0.0% | 0.0% 0.0% -0.1% |98.4% 982% 97.6%
Poznandtreet 0.0% -0.1% -0.1% | 0.0% 0.0% 0.0% | 97.6% 100.6% 100.5%

UndoDancer 0.0% -0.1% 0.0% | 0.0% 0.0% 0.0% |954% 101.6% 100.2%
Shark 0.0% -0.1% -0.1% | 0.0% 0.0% -0.1% |102.1% 93.9% 100.2%
1024x768 0.0% -0.1% 0.0% | 0.0% 0.0% 0.0% |96.9% 99.9% 99.5%
1920x1088 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% |99.3% 98.8% 99.8%

0.0% -0.1% 0.0% | 0.0% 0.0% 0.0% [98.4% 99.2% 99.7%

[0070] Fig. 8 illustrates an exemplary flowchart for low-latency illumination
compensation in a three-dimensional (3D) and multi-view coding system according to
an embodiment of the present mvention. The system receives a current picture or slice
in a dependent view as shown in step 810. The current picture or slice in a dependent
view may be retrieved from memory (e.g., computer memory, buffer (RAM or
DRAM) or other media) or from a processor. The system determines whether to
cnablc or disablc the illumination compcensation for the current picturce or slice bascd
on a condition rclated to statistic associated with a sclected refcrence picture or slice
respectively, or related to high-level coding mformation associated with the current
picture or shice respectively as shown 1n step 820. The high-level coding mformation
associated with the current picture or slice excludes any information related to pixel
values of the current picture or slice respectively. Whether the illumination
compensation is enabled 1s checked in step 830. If the result i1s “Yes”, the illumination
compensation 1s applied to the current picture or slice respectively as shown in step
840. Il the result 1s “No”, the illumination compensation 1s skipped [or the current
picture or slice respectively as shown in step 850.

[0071] Fig. 9 illustrates an exemplary flowchart for low-latency depth lookup
table based coding in a three-dimensional (3D) and multi-view coding system
according to an embodiment of the present invention. The system receives a current
depth picture or slice as shown 1n step 910. The system determines the DLT and
whether to enable or disable DLT coding using the DLT for the current picture or

slice based on a condition related to statistic associated with selected reference
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pictures or slices respectively as shown i step 920. Whether the DLT coding 1s
enabled is checked in step 930. If the result 1s “Yes”, the DLT coding is applied to the
current picture or slice respectively as shown in step 940. If the result is “No”, the
DLT coding is skipped for the current picture or slice respectively as shown in step
950.

[0072] The flowcharts shown above are intended to 1illustrate an example of
3D/multi-view coding using low-latency illumination compensation and DLT coding
respectively in three-dimensional and multi-view coding. A person skilled in the art
may modify each step, re-arranges the steps, split a step, or combine steps to practice
the present invention without departing from the spirit of the present invention.

[0073] The above description 1s presented to enable a person of ordinary skill in
the art to practice the present invention as provided in the context of a particular
application and its requirement. Various modifications to the described embodiments
will be apparent to those with skill in the art, and the general principles defined herein
may be applied to other embodiments. Therefore, the present invention is not intended
to be lmited to the particular embodiments shown and described, but 1s to be
accorded the widest scope consistent with the principles and novel features herein
disclosed. In the above detailed description, various specific details are 1llustrated 1n
order to provide a thorough understanding of the present invention. Nevertheless, it
will be understood by those skilled in the art that the present invention may be
practiced.

[0074] Embodiment ol the present invention as described above may be
implemented i various hardware, sofliware codes, or a combination ol both. For
example, an embodiment of the present invention can be a circuit integrated into a
video compression chip or program code integrated into video compression software
to perform the processing described herein. An embodiment of the present invention
may also be program code to be executed on a Digital Signal Processor (DSP) to
perform the processing described herein. The invention may also mmvolve a number of
functions to be performed by a computer processor, a digital signal processor, a
microprocessor, or field programmable gate array (FPGA). These processors can be
configured to perform particular tasks according to the invention, by executing
machinc-rcadablc softwarc codc or firmwarc codc that dcfines the particular methods
cmbodicd by the mvention. The software code or firmwarc code may be developed 1n

different programming languages and different formats or styles. The software code
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may also be compiled for different target platforms. However, different code formats,
styles and languages of software codes and other means of configuring code to
perform the tasks m accordance with the invention will not depart from the spirit and
scope of the invention.

[0075] The mvention may be embodied m other specilic [orms without departing
from its spirit or essential characteristics. The described examples are to be considered
in all respects only as illustrative and not restrictive. The scope of the invention is
therefore, indicated by the appended claims rather than by the foregoing description.
All changes which come within the meaning and range of equivalency of the claims

are to be embraced within their scope.
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CLAIMS:

1. A method of 1llumination compensation in a three-dimensional (3D) and multi-

view coding system, the method comprising:

recelving a current picture or slice in a dependent view;

determining whether to enable or disable the 1llumination compensation for the
current picture or slice based on a condition related to statistic associated with a selected
reference picture or slice respectively;

if the illumination compensation 1s enabled, applying the illumination
compensation to the current picture or slice respectively; and

if the illumination compensation is disabled, skipping the illumination
compensation for the current picture or slice respectively, wherein the statistic of the
selected reference picture corresponds to a coding unit, CU, level enabling ratio of the
selected reference picture and the condition corresponds to whether the CU level enabling
ratio 1s larger than a threshold, wherein the CU level enabling ratio corresponds to a ratio
of a first number of coding units, CUs, of the selected reference picture or slice with the
1llumination compensation enabled and a second number of CUs of the selected reference

picture or slice with an IC flag to indicate whether the 1llumination compensation 1s

enabled or disabled.

2. The method of Claim 1, wherein the selected reference picture or slice
corresponds to a latest reconstructed picture or slice with a first temporal 1D smaller than

a second temporal 1D of the current picture or slice respectively.

3. The method of Claim 2, wherein the statistic of the selected reference picture

corresponds to a coding unit (CU) level enabling ratio of the latest reconstructed picture

and the condition corresponds to whether the CU level enabling ratio is larger than a

CA 2941085 2017-12-19
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threshold, wherein the CU level enabling ratio corresponds to a ratio ot a first number ot
coding units (CUs) of the latest reconstructed picture or slice with the illumination
compensation enabled and a second number of CUs of the latest reconstructed picture or

slice with an IC flag to indicate whether the 1llumination compensation is enabled or

disabled.

4. The method of Claim 3, wherein if the condition 1s asserted, the 1llumination
compensation for the current picture or slice 1s enabled, and 1f the condition 1s not

asserted, the 1llumination compensation for the current picture or slice 1s disabled.

5. The method of Claim 1, wherein the selected reference picture or slice
corresponds to a latest reconstructed picture or slice with a first quantization parameter

(QP) smaller than a second QP of the current picture or slice respectively.

0. The method of Claim 1, wherein the statistic of the selected reference picture
corresponds to a coding unit (CU) level enabling ratio of the selected reference picture
and the condition corresponds to whether the CU level enabling ratio 1s larger than a
threshold, wherein the CU level enabling ratio corresponds to a ratio of a first number of
coding units (CUs) of the selected reference picture or slice with the illumination
compensation enabled and a second number of CUs of the selected reference picture or

slice with an IC flag to indicate whether the 1llumination compensation 1s enabled or

disabled.

7. The method of Claim 1, wherein the statistic of the selected reference picture

corresponds to an average pixel difference between the selected reference picture and an

CA 2941085 2017-12-19
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inter-view reference picture corresponding to the selected reference picture, and the

condition corresponds to whether the average pixel difference is greater than a threshold.

8. The method of Claim 1, wherein the condition related to the high-level coding
information associated with the current picture or slice corresponds to whether there 1s
any Inter-view reference picture in a reference list of the current picture or slice

respectively.

9. The method of Claim 1, wherein the condition related to the high-level coding
information associated with the current picture or slice corresponds to whether there is no

temporal reference picture in a reference list of the current picture or slice respectively.

10.  The method of Claim 1, wherein the condition related to the high-level coding

information associated with the current picture or slice corresponds to whether a smallest

POC distance between the current picture or slice and a temporal reference picture or

slice respectively is larger than a threshold.

11. The method of Claim 1, wherein if the condition 1s asserted, the 1llumination
compensation for the current picture or slice is enabled, and if the condition 1s not

asserted, the 1llumination compensation for the current picture or slice 1s disabled.

12.  An apparatus for illumination compensation in a three-dimensional (3D) and

multi-view coding system, the apparatus comprising one or more electronic circuits
configured to:

recetve a current picture or slice in a dependent view;

CA 2941085 2017-12-19
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determine whether to enable or disable the 1llumination compensation for the
current picture or slice based on a condition related to statistic associated with a selected
reference picture or slice respectively;

if the 1llumination compensation 1s enabled, apply the illumination compensation
to the current picture or slice respectively; and

if the 1llumination compensation 1s disabled, skip the illumination compensation
for the current picture or slice respectively, wherein the statistic of the selected reterence
picture corresponds to a coding umit, CU, level enabling ratio of the selected reference
picture and the condition corresponds to whether the CU level enabling ratio 1s larger
than a threshold, wherein the CU level enabling ratio corresponds to a ratio of a first
number of coding units, CUs, of the selected reference picture or slice with the
illumination compensation enabled and a second number of CUs of the selected reference

picture or slice with an IC flag to indicate whether the 1llumination compensation i1s

enabled or disabled.

13. A method of depth coding using a depth lookup table (DLT) 1n a three-

dimensional (3D) and multi-view coding system, the method comprising:

receiving a current depth picture or slice;
determining the DLT and determining whether to enable or disable DLT coding

using the DLT for the current picture or slice based on a condition related to statistic

assocliated with selected reference pictures or slices respectively;

if the DLT coding 1s enabled, applying the DLT coding to the current picture or
shce respectively; and

1f the DLT coding 1s disabled, skipping the DLT coding for the current picture or
slice respectively, wherein the statistic of the selected reference picture corresponds to a
coding unit, CU, level enabling ratio of the selected reference picture and the condition

corresponds to whether the CU level enabling ratio is larger than a threshold, wherein the

CA 2941085 2017-12-19
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CU level enabling ratio corresponds to a ratio of a first number of coding units, CUs, of

the selected reference picture or slice with the DLT coding enabled and a second number

of CUs of the selected reference picture or slice with an IC flag to indicate whether the

DLT coding is enabled or disabled.

14.  The method of Claim 13, wherein the selected reference pictures or slices
correspond to previously reconstructed pictures or slices respectively and the previously

reconstructed pictures or slices belong to reterence pictures of the current picture or slice.

15.  The method of Claim 13, wherein the selected reference pictures or slices
correspond to previously reconstructed pictures or slices respectively regardless whether
the previously reconstructed pictures or slices belong to reference pictures of the current

picture or slice.

16. The method of Claim 13, wherein the selected reference pictures or slices
correspond to previously reconstructed pictures or slices respectively and the previously
reconstructed pictures or slices are in a same view or different view of the current picture

or slice respectively.

17.  The method of Claim 13, wherein if the selected reference pictures or slices do
not exist, the DLT coding 1s disabled for the current picture or slice, or the DLT coding 1s

applied to the current picture or slice using a default DLT.

18.  The method of Claim 13, wherein the DLT i1s also used by a next picture or slice

following the current picture or slice respectively in a coding order or displaying order

for the DLT coding.

CA 2941085 2017-12-19
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19.  The method of Claim 18, wherein only depth values appearing in the selected

reference pictures or slices are included in the DLT.

20.  The method of Claim 18, wherein the DLT coding 1s disabled for the current
picture or slice, or the next picture or slice if a number of appearing depth values 1s

5  greater than a threshold greater than 0 and lower than a maximum value of depth values.

CA 2941085 2017-12-19
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