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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members.of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, goevernmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field ‘of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft International
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any .orall such patent rights.

Amendment 2 to ISO/IEC 14496-10:2012 was prepared by_dJoint Technical Committee ISO/IEC JTC 1,
Information technology, Subcommittee SC 29, Coding of “audio, picture, multimedia and hypermedia
information.
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Information technology — Coding of audio-visual objects —

Part 10:
Advanced Video Coding

AMENDMENT 2: MVC extensions for inclusion of depth maps

In 0.6, add the following paragraph after the paragraph that starts with "Multiview-video coding":
An extension of multiview video coding that additionally supports the inclusion of depth maps is specified in Annex I,
allowing the construction of bitstreams that represent multiple views with cortesponding depth views. In a similay
manner as with the multiview video coding specified in Annex H, bitstreams encoded as specified in Annex I may also|
contain sub-bitstreams that conform to this Specification.

In 0.7, add the following paragraph after the paragraph that starts with "Annex H specifies":
Annex I specifies MVC extensions for inclusion of depth™maps, referred to as multiview video coding with depth
(MVCD). The reader is referred to Annex I for the entite decoding process for MVCD, which is specified there with|
references being made to clauses 2-9 and Annexes A-<Erand Annex H. Subclause 1.10 specifies one profile for MVCD
(Multiview and Depth).

In Clause 2, add the following additional:-normative reference:

— ISO 12232:2006, Photography — Digital still cameras — Determination of exposure index, ISO speed|
ratings, standard output sensitivity, and recommended exposure index.

In Clause 4, add the following additional abbreviation:

MVCD Multiview ¥ideo Coding with Depth

© ISO/IEC 2013 — All rights reserved 1
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In 7.3.1, replace the syntax table with:

nal_unit( NumBytesInNALunit ) { C | Descriptor
forbidden_zero_bit All | (1)
nal ref idc All | u(2)
nal_unit_type All | u(d)

NumBytesInRBSP = 0

nalUnitHeaderBytes = 1

if( nal_unit_type == 14 || nal unit type == 20 ||
nal_unit type == 21) {

sve_extension_flag All | u(l)
if( svc_extension flag )

nal_unit _header svc_extension( ) /* specified in Annex G */ All
else

nal unit header mvc_extension( ) /* specified in Annex H */ All
nalUnitHeaderBytes += 3

}
for( i = nalUnitHeaderBytes; i < NumBytesInNALunit; i++ ) {

if( 1+ 2 <NumBytesInNALunit && next_bits( 24 ) == 0x000003).%

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

i+=2

emulation_prevention_three byte /* equal to 0x03*/ All | f(8)
} else

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

2 © ISO/IEC 2013 — All rights reserved
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In 7.3.2.1.1, replace the syntax table with:

seq_parameter_set data( ) { C | Descriptor
profile_idc 0 | u®
constraint_set(_flag 0 | u(l)
constraint setl flag 0 u(l)
constraint_set2 flag 0 | u(d)
constraint_set3_flag 0 | ud
constraint_set4 flag 0 |u
constraint_setS_flag 0 | u(d
reserved_zero 2bits /* equal to 0 */ 0 | u2)
level_idc 0 | u@®
seq_parameter_set_id 0 Cf ue(v)
if( profile_idc == 100 || profile idc == 110 ||
profile ide == 122 || profile idc == 244 || profile idc == 44 ||
profile ide == 83 || profile idc == 86 || profile idc == 118 ||
profile ide == 128 || profile idc == 138) {
chroma_format_idc 0 | ue(v)
if( chroma format idc == 3)
separate_colour_plane_flag 0 |u)
bit_depth_luma_minus8 0 | ue(v)
bit_depth_chroma_minus8 0 | ue(v)
gpprime_y_zero_transform_bypass_flag 0 | ud)
seq_scaling_matrix_present flag 0 | u(l)
if( seq_scaling matrix_present flag)
for(1=0;1<((chroma format idc\= 3)?8:12);i++) {
seq_scaling_list present flag} i 0 | u)
if( seq_scaling_list present flag[i])
if(1<6)
scaling_list( ScalingList4x4[ 1], 16, 0
UseDefaultScalingMatrix4x4Flag[ i ])
else
scaling® list( ScalingList8x8[ i— 6 ], 64, 0
UseDefaultScalingMatrix8x8Flag[ i— 6 ])
I
i
log2~max_frame num_minus4 0 | ue(v)
pic) order_cnt_type 0 | ue(v)
if( pic_order _cnt _type == 0)
log2_max_pic_order_cnt_Isb_minus4 0 | ue(v)
else if( pic_order cnt type == 1) {
delta_pic_order_always_zero_flag 0 | u(l)
offset_for_non_ref pic 0 | se(v)
offset_for top to bottom_field 0 | se(v)
num_ref frames in_pic_order_cnt_cycle 0 | ue(v)
for(1=0; 1 <num_ref frames in_pic_order cnt cycle; i++)
offset_for ref frame[i | 0 | se(v)
}
max_num_ref frames 0 | ue(v)
gaps_in_frame num_value_allowed_flag 0 | u()
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pic_width_in_mbs_minus1 0 | ue(v)
pic_height_in_map_units_minusl 0 | ue(v)
frame _mbs_only_ flag 0 |u)
if( frame mbs only flag)
mb_adaptive frame_field flag 0 | ul)
direct—8x8—inferemce—fiag —oh
frame_cropping_flag 0 |ul)
if( frame cropping_flag) {
frame _crop_left offset 0 | ue(v)
frame_crop_right_offset 0 | ue(v)
frame_crop_top_offset 0 | ue(v)
frame_crop_bottom_offset 0 | ue(v)
}
vui_parameters_present_flag 0 |u(ly
if( vui_parameters present flag )
vui_parameters( ) 0
}

In 7.3.2.1.3, replace the syntax table with:

subset seq parameter set rbsp( ) { C | Descriptor
seq parameter set data() 0
if( profile idc == 83 || profile idc == 86) {
seq_parameter_set svc_extension( ) /* specified.in‘Annex G */ 0
svc_vui_parameters_present flag 0 |ul)
if( sve_vui_parameters_present flag == 10
svc_vui_parameters_extension( ) /* specified in Annex G */ 0
} else if( profile idc == 118 || profile;idc == 128 ) {
bit_equal _to one /* equal to 1 *# 0 | f(D)
seq_parameter _set mvc_extension( ) /* specified in Annex H */ 0
mvc_vui_parameters_présent_flag 0 | u(l)
if( mve vui_parametets jpresent flag == 1)
mvc_vui_parameters_extension( ) /* specified in Annex H */ 0
} else if ( profile (ide* == 138) {
bit_equal_te_one /* equal to 1 */ 0 | f(1)
seq_parameter set mved extension( ) /* specified in Annex I */ 0
i
additional_extension2_flag 0 | u(l)
if(Cadditional extension2 flag == 1)
while( more rbsp data( ) )
additional_extension2_data_flag 0 | u(l)
rbsp_trailing_bits( ) 0
s
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In 7.3.3, replace the syntax table with:

slice_header( ) { C | Descriptor
first_ mb_in_slice 2 | ue(v)
slice_type 2 | ue(v)
pic_parameter set id 2 | ue(w)
if( separate_colour plane flag == 1)
colour_plane_id 2 [ u2)
frame_num 2 | uv)
if( !'frame mbs_only flag) {
field_pic_flag 2 | u(ly
if( field pic flag)
bottom_field_flag 2Chu(l)
}
if( IdrPicFlag )
idr_pic_id 2 | ue(v)
if( pic_order_cnt_type == 0) {
pic_order_cnt_lIsb 2 | u(v)
if( bottom_field pic order in frame present flag && !field, pic flag)
delta_pic_order_cnt_bottom 2 | se(v)
}
if( pic_order cnt type ==1 && !delta_pic_order always zero flag) {
delta_pic_order_cnt[ 0 ] 2 | se(v)
if( bottom_field pic order in frame present.flag && !field pic flag)
delta_pic_order_cnt[ 1 ] 2 | se(v)
}
if( redundant_pic_cnt present flag<)
redundant_pic_cnt 2 | ue(v)
if( slice_type == B)
direct_spatial mv_pred flag 2 | u(l)
if( slice_type == P || _slice type == SP || slice type == B) {
num_ref _idx_active_override flag 2 [ u(l)
if( num_ref .id%’ active override flag) {
num <ref idx_10_active_minusl 2 | ue(v)
if¢-slice type == B)
num_ref idx_I1_active_minus1 2 | ue(v)
)
)
if( nal unit type == 20 || nal unit type == 21)
ref pic_list mve modification( ) /* specified in Annex H */ 2
else
ref pic_list modification( ) 2
if( ( weighted pred flag && (slice_type == P || slice_type == SP)) ||
(weighted bipred 1dc == 1 && slice type == b))
pred_weight table( ) 2
if( nal_ref idc!=0)
dec_ref pic_marking( ) 2
if( entropy_coding_mode flag && slice type = 1 && slice type != SI)
cabac_init_idc 2 | ue(v)
slice_qp_delta 2 | se(v)
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if( slice type == SP || slice type == SI) {
if( slice type == SP)
sp_for_switch_flag 2 | uw(l)
slice_qs_delta 2 | se(v)
}
Tt debtockimg—friter comtrot—presemt—ftag <
disable_deblocking_filter_idc 2 | ue(v)
if( disable deblocking_ filter idc != 1) {
slice_alpha_c0_offset_div2 2 | se(v)
slice_beta_offset_div2 2 | se(v)
}
}
if( num_slice_groups_minusl >0 &&
slice_group map_type >=3 && slice_group_map_type <= 5)
slice_group_change cycle 2_|uv)
}
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Replace Table 7-1 with:

nal_unit_type Content of NAL unit and RBSP C Annex A Annex G Annex 1
syntax structure and
Annex H
NAL unit NAL unit NAL unit
type class fype class Type class
0 Unspecified non-VCL non-VCL non-VCh
1 Coded slice of a non-IDR picture 2,3,4 VCL VCL VCL
slice_layer without_partitioning_rbsp( )
2 Coded slice data partition A 2 VCL not not
slice_data partition a layer rbsp() applicable applicable
3 Coded slice data partition B 3 VCL not not
slice_data_partition_b_layer rbsp() applicable applicable
4 Coded slice data partition C 4 VCL not not
slice_data_partition_c layer rbsp() applicable applicable
5 Coded slice of an IDR picture 2,3 VCL VCL VCL
slice_layer without_partitioning_rbsp( )
6 Supplemental enhancement information 5 non-VCL non-VCL non-VCL
(SEI)
sei_rbsp()
7 Sequence parameter set 0 non-VCL non-VCL non-VCL
seq_parameter _set rbsp( )
8 Picture parameter set 1 non-VCL non-VCL non-VCL
pic_parameter_set rbsp( )
9 Access unit delimiter 6 non-VCL non-VCL non-VCL
access_unit_delimiter rbsp( )
10 End of sequence 7 non-VCL non-VCL non-VCL
end of seq rbsp()
11 End of stream 8 non-VCL non-VCL non-VCL
end of stréam rbsp( )
12 Filler.data 9 non-VCL non-VCL non-VCL
filler, data rbsp()
13 Sequence parameter set extension 10 non-VCL non-VCL non-VCL
seq parameter set extension rbsp( )
14 Prefix NAL unit 2 non-VCL suffix suffix
prefix_nal unit_rbsp() dependent dependent
15 Subset sequence parameter set 0 non-VCL non-VCL non-VCL
subset _seq_parameter_set rbsp( )
16..18 Reserved non-VCL non-VCL non-VCL
19 Coded slice of an auxiliary coded 2,3,4 non-VCL non-VCL non-VCL

1ot +41a s qebats 2
pretare-wirnotrpartatroning

slice_layer without partitioning_rbsp( )

20 Coded slice extension 2,3,4 non-VCL VCL VCL
slice_layer extension_rbsp( )
21 Coded slice extension for depth view 2,3,4 non-VCL non-VCL VCL

components /*specified in Annex [ */

slice layer extension rbsp( ) /*

© ISO/IEC 2013 — All rights reserved 7
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specified in Annex I */

22..23 Reserved non-VCL non-VCL VCL

24.31 Unspecified non-VCL non-VCL non-VCL

In 7.4.1, make the following changes:
Replace the following:

svc_extension_flag indicates whether a nal unit header svc extension() or nal unit header mvc extension( ) cwill
follow next in the syntax structure.

with:

svc_extension_flag indicates whether a nal unit header svc extension() or nal unit header mye¢ eéXtension() will
follow next in the syntax structure. When nal unit type is equal to 21, svc_extension flag shall be equal to 0 and the
semantics of sve_extension flag equal to 1 are reserved for future specification by ITU-T | ISOAEE.

Add the following paragraph after the semantics of svc_extension_flag just” before the semantics of
rbsp_byte[ i ].

The value of svc_extension flag shall be equal to O for coded video sequences conforming to one or more profiles
specified in Annex I. Decoders conforming to one or more profiles specified.ih Annex I shall ignore (remove from the
bitstream and discard) NAL units for which nal_unit_type is equal to 14, 20,or 21 and svc_extension_flag is equal to 1.

In 7.4.2.1.1, replace the following:

chroma_format_idc specifies the chroma sampling relative’to the luma sampling as specified in clause 6.2. The value of
chroma format idc shall be in the range of 0 to 3, inclusive. When chroma format idc is not present, it shall be inferred
to be equal to 1 (4:2:0 chroma format).

with

chroma_format_idc specifies the chromasampling relative to the luma sampling as specified in clause 6.2. The value of
chroma_format idc shall be in the range'of 0 to 3, inclusive. When chroma_format_idc is not present and profile idc is
not equal to 138, chroma_format _idc shall be inferred to be equal to 1 (4:2:0 chroma format). When chroma_format_idc

is not present and profile idc is<equal to 138, chroma_format idc shall be inferred to be equal to 0 (4:0:0 chroma format),
otherwise, it shall be inferred to be equal to 1 (4:2:0 chroma format).

In 7.4.2.1.3, replace_the following:

additional extension2 data flag may have any value. It shall not affect the conformance to profiles specified in
[Annex A, G,\orH.

with

ladditional extension2 data flag may have any value. It shall not affect the conformance to profiles specified in

Annex A, G, H, or I.
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Replace Annex C with:

Annex C
Hypothetical reference decoder

(This annex forms an integral part of this Recommendation | International Standard)

This annex specifies the hypothetical reference decoder (HRD) and its use to check bitstream and decoder‘conformance.

Two types of bitstreams are subject to HRD conformance checking for this Recommendation | Intetnational Standard,
The first such type of bitstream, called Type I bitstream, is a NAL unit stream containing onlyythe VCL NAL units and|
filler data NAL units for all access units in the bitstream. The second type of bitstreamycalled a Type II bitstream,
contains, in addition to the VCL NAL units and filler data NAL units for all access units in‘the bitstream, at least one of
the following:

— additional non-VCL NAL units other than filler data NAL units,

— all leading_zero_ 8bits, zero byte, start code prefix one 3bytes, and trailing zero 8bits syntax elements that form
a byte stream from the NAL unit stream (as specified in Annex B),

Figure C-1 shows the types of bitstream conformance points checked by the HRD.

Non-VCL NAL units other
VCL NAL units than filter data NAL units
Filter data NAL units

‘ A 4 A 4

Byte stream format
encapsulation
(see Annex B)

A 4 A \ 4 A 4 A 4 +

Type Il HRD Type I HRD
Type\NHRD conformance point when conformance point when
cogformance point not using using
byte stream format byte stream format
H.264(09)_FC-1

Figure C-1 — Structure of byte streams and NAL unit streams for HRD conformance checks

The syntax elements of non-VCL NAL units (or their default values for some of the syntax elements), required for the

HRD, are specified in the semantics subclauses of clause 7, Annexes D and E, and subclauses G.7, G.13, G.14,
H.7,H.13, H.14,1.7,1.13, and 1.14.

Two types of HRD parameter sets (NAL HRD parameters and VCL HRD parameters) are used. The HRD parameter sets
are signalled as follows:

© ISO/IEC 2013 — All rights reserved 9
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—  When the coded video sequence conforms to one or more of the profiles specified in Annex A and the decoding
process specified in clauses 2-9 is applied, the HRD parameter sets are signalled through video usability information
as specified in subclauses E.1 and E.2, which is part of the sequence parameter set syntax structure.

—  When the coded video sequence conforms to one or more of the profiles specified in Annex G and the decoding
process specified in Annex G is applied, the HRD parameter sets are signalled through the SVC video usability

information extension as specitied in subclauses G.14.1 and G.14.2, which 1s part ot the subset sequence parameter
set syntax structure.

NOTE 1 - For coded video sequences that conform to both, one or more of the profiles specified in Annex A and one or more of,
the profiles specified in Annex G, the signalling of the applicable HRD parameter sets is depending on whether the decoding
process specified in clauses 2-9 or the decoding process specified in Annex G is applied.

—  When the coded video sequence conforms to one or more of the profiles specified in Annex H and the decoding
process specified in Annex H is applied, the HRD parameter sets are signalled through the MV video usability
information extension as specified in subclauses H.14.1 and H.14.2, which is part of the subset\sequence parameter
set syntax structure.

NOTE 2 — For coded video sequences that conform to both, one or more of the profiles specified in Annex A and one or
more of the profiles specified in Annex H, the signalling of the applicable HRD parametersets is depending on whether the
decoding process specified in clauses 2-9 or the decoding process specified in Annex \H/is applied.

—  When the coded video sequence conforms to one or more of the profiles-specified in Annex I and the decoding
process specified in Annex I is applied, the HRD parameter sets are signalled through the MVC video usability
information extension as specified in subclause 1.14, which is parf_of the subset sequence parameter set syntax
structure.

NOTE 3 — For coded video sequences that conform to one or'more of the profiles specified in Annex A, one or more of the
profiles specified in Annex H and one or more of the profiles specified in Annex I, the signalling of the applicable HRD
parameter sets is depending on whether the decoding{process specified in clauses 2-9, the decoding process specified in
Annex H or the decoding process specified in Annex-I is applied.

All sequence parameter sets and picture parameterSets referred to in the VCL NAL units, and corresponding buffering
period and picture timing SEI messages shalltbe conveyed to the HRD, in a timely manner, either in the bitstream (by
non-VCL NAL units), or by other means not specified in this Recommendation | International Standard.

In Annexes C, D, and E and subclauses'G.12, G.13, G.14, H.12, H.13, H.14, 1.12, 1.13, and 1.14, the specification for
"presence”" of non-VCL NAL units .is also satisfied when those NAL units (or just some of them) are conveyed to
decoders (or to the HRD) by other'means not specified by this Recommendation | International Standard. For the purpose
of counting bits, only the apprepriate bits that are actually present in the bitstream are counted.

NOTE 4 — As an example, synchronization of a non-VCL NAL unit, conveyed by means other than presence in the bitstream, with
the NAL units thatyare present in the bitstream, can be achieved by indicating two points in the bitstream, between which the
non-VCL NAL. unit would have been present in the bitstream, had the encoder decided to convey it in the bitstream.

[When thecContent of a non-VCL NAL unit is conveyed for the application by some means other than presence within the
bitstream;>the representation of the content of the non-VCL NAL unit is not required to use the same syntax specified in
thisannex.

NOTE 5 — When HRD information is contained within the bitstream, it is possible to verify the conformance of a bitstream to the
requirements of this subclause based solely on information contained in the bitstream. When the HRD information is not present in
the bitstream, as is the case for all "stand-alone" Type I bitstreams, conformance can only be verified when the HRD data is
supplied by some other means not specified in this Recommendation | International Standard.

The HRD contains a coded picture buffer (CPB), an instantaneous decoding process, a decoded picture buffer (DPB), and
output cropping as shown in Figure C-2.

10 © ISO/IEC 2013 — All rights reserved
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Hypothetical stream
scheduler (HSS)

Type | or type |l bitstream

Coded picture

Iy ) A
ourrer{CrPoT

Access units

A

Decoding process
(instantaneous)

Reference Pictures
pictures

A

Decoded picture
buffer (DPB)

Pictures

A

Output cropping

i Qutput cropped pictures

Figure C-2 —HRD buffer model

The CPB size (number of bits) is CpbSize[ SchedSelldx |. The DPB size (number of frame buffers) is
Max( 1, max_dec frame buffering ). Whensthe coded video sequence conforms to one or more of the profiles specified
in Annex H and the decoding process_specified in Annex H is applied, the DPB size is specified in units of view]
components. When the coded videg sequence conforms to one or more of the profiles specified in Annex I and thej
decoding process specified in Annex T'is applied, the DPB is operated separately for texture view components and depthi
view components and the terms.texture DPB and depth DPB are used, respectively. The texture DPB size is specified in|
units of texture view components and the depth DPB size is specified in units of depth view components.

The HRD operates as follows. Data associated with access units that flow into the CPB according to a specified arrival
schedule are delivered-by the HSS. The data associated with each access unit are removed and decoded instantaneously
by the instantaneous’decoding process at CPB removal times. Each decoded picture is placed in the DPB at its CPB
removal timeunless it is output at its CPB removal time and is a non-reference picture. When a picture is placed in the
DPB it is #¢moved from the DPB at the later of the DPB output time or the time that it is marked as "unused for
reference"™

For gach picture in the bitstream, the variable OutputFlag for the decoded picture and, when applicable, the reference
base picture is set as follows:

—  If the coded video sequence containing the picture conforms to one or more of the profiles specified in Annex A and

thedecoding process specified i clauses2-9 Tsappticd; OutputFlag issetequat to 1

—  Otherwise, if the coded video sequence containing the picture conforms to one or more of the profiles specified in
Annex G and the decoding process specified in Annex G is applied, the following applies:

—  For a reference base picture, OutputFlag is set equal to 0.

© ISO/IEC 2013 — All rights reserved 11


https://standardsiso.com/api/?name=5638bf87515834e3795af37addc6b746

ISO/IEC 14496-10:2012/Amd.2:2013(E)

—  For a decoded picture, OutputFlag is set equal to the value of the output flag syntax element of the target layer
representation.

—  Otherwise, if the coded video sequence containing the picture conforms to one or more of the profiles specified in
Annex H and the decoding process specified in Annex H is applied, the following applies:

—  For the decoded view components of the target output views, OutputFlag is set equal to 1.
—  For the decoded view components of other views, OutputFlag is set equal to 0.

—  Otherwise (the coded video sequence containing the picture conforms to one or more of the profiles specified in
Annex I and the decoding process specified in Annex I is applied), the following applies:

—  For the decoded texture view components and corresponding depth view components with same”VOIdx of the
target output views, OutputFlag is set equal to 1.

—  For the decoded texture view components and corresponding depth view compounetits with same VOIdx of
other views, OutputFlag is set equal to 0.

The operation of the CPB is specified in subclause C.1. The instantaneous decoder/operation is specified in clauses 2-9
(for coded video sequences conforming to one or more of the profiles specified in Annex A) and in Annex G (for coded
video sequences conforming to one or more of the profiles specified in Annex’G) and in Annex H (for coded video
sequences conforming to one or more of the profiles specified in Annex H)xand in Annex I (for coded video sequences
conforming to one or more of the profiles specified in Annex I). The operation of the DPB is specified in subclause C.2.
The output cropping is specified in subclause C.2.2.

NOTE 6 — Coded video sequences that conform to both, one or more of the profiles specified in Annex A and one or more of the
profiles specified in Annex G, can be decoded either by the de¢oding process specified in clauses 2-9 or by the decoding process
specified in Annex G. The decoding result and the HRD operation may be dependent on which of the decoding processes is
applied.

NOTE 7 — Coded video sequences that conform bothto one or more of the profiles specified in Annex A and one or more of the
profiles specified in Annex H can be decoded either by the decoding process specified in clauses 2-9 or by the decoding process
specified in Annex H. The decoding resultjand the HRD operation may be dependent on which of the decoding processes is
applied.

NOTE 8 — Coded video sequences_that conform to one or more of the profiles specified in Annex A, one or more of the profiles
specified in Annex H and ong-or'more of the profiles specified in Annex I, can be decoded either by the decoding process specified
in clauses 2-9, by the decodingprocess specified in Annex H or by the decoding process specified in Annex I. The decoding result
and the HRD operationymay be dependent on which of the decoding processes is applied.

HSS and HRD infoimation concerning the number of enumerated delivery schedules and their associated bit rates and
buffer sizes is specified in subclauses E.1.1, E.1.2, E.2.1, E.2.2, G.14.1, G.14.2, H.14.1, H.14.2 and 1.14. The HRD is
initialised as._specified by the buffering period SEI message as specified in subclauses D.1.1 and D.2.1. The removal
timing of @ccess units from the CPB and output timing from the DPB are specified in the picture timing SEI message as
specified-in’subclauses D.1.2 and D.2.2. All timing information relating to a specific access unit shall arrive prior to the
CPB removal time of the access unit.
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specified in Annex G is applied, the following is specified:

(a) When an access unit contains one or more buffering period SEI messages that are included in scalable nesting
SEI messages and are associated with values of DQId in the range of ((DQIdMax >>4)<<4) to
(((DQIdMax >>4)<<4)+ 15), inclusive, the last of these buffering period SEI messages in decoding order
is the buffering period SEI message that initialises the HRD. Let hrdDQId be the largest value of
16 * sei_dependency id[ 1]+ sei quality id[i] that is associated with the scalable nesting SEI message
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containing the buffering period SEI message that initialises the HRD, let hrdDId and hrdQId be equal to
hrdDQId >>4 and hrdDQId & 15, respectively, and let hrdTId be the value of sei temporal id that is
associated with the scalable nesting SEI message containing the buffering period SEI message that initialises
the HRD.

(b) The picture timing SEI messages that specify the removal timing of access units from the CPB and output
timing from the DPB are the picture timing SEI messages that are included in scalable nesting SEI messages

associated with values of sei_dependency id[i], sei_quality id[i], and sei temporal id equal to hrdDId,
hrdQId, and hrdTId, respectively.

(c) The HRD parameters that are used for conformance checking are the HRD parameters included in ther SVC
video usability information extension of the active SVC sequence parameter set that are associated with values|
of vui_ext dependency id[i], vui_ext quality id[ 1], and vui_ext temporal id[i] equal to hrdDId, hrdQId,
and hrdTId, respectively. For the specification in this annex, num units_in, tick, time scale,
fixed frame rate flag, nal_hrd parameters present flag, vel_hrd parameters present flag,
low delay hrd flag, and  pic_struct present flag  are  substituted  with~ “the  values  of
vui_ext num_units_in_tick[ i ], vui_ext time scale[ 1], vui_ext fixed frame rate flag[i ],
vui_ext nal hrd parameters present flag[i ], vui_ext vcl hrd ‘parameters present flag[ i ],
vui_ext low_delay hrd flag[i], and vui_ext pic_struct present flag[ i ], respectively, with i being the valug]
for which vui_ext_dependency id[i], vui_ext quality id[i], and vui_ext_témporal id[ i ] are equal to hrdDId,|
hrdQId, and hrdTId, respectively.

When the coded video sequence conforms to one or more of the profiles specified in Annex H and the decoding process
specified in Annex H is applied, the following is specified:

(a) When an access unit contains one or more buffering petiod SEI messages that are included in MVC scalable
nesting SEI messages, the buffering period SEI message that is associated with the operation point being]
decoded is the buffering period SEI messag€ that initialises the HRD. Let hrdVId[i] be equal to
sei_op view id[ 1] for all i in the range of 0 toxium_view components_op_minusl, inclusive, and let hrdTId
be the value of sei_op_temporal_id, that are associated with the MVC scalable nesting SEI message containing
the buffering period SEI message that initialises the HRD.

(b) The picture timing SEI messages that specify the removal timing of access units from the CPB and outpuf]
timing from the DPB are the pictiire timing SEI messages that are included in MVC scalable nesting SEI
messages associated with values“of sei_op view id[i] equal to hrdVId[i] for all i in the range of 0 to
num_view components op minusl, inclusive, and sei_temporal id equal to hrdTId.

(¢) The HRD parameters that-are used for conformance checking are the HRD parameters included in the MVC
video usability information extension of the active MVC sequence parameter set that are associated with values
of vui mvc view_idfi][j] for all j in the range of 0 to vui mvc num target output views minusl[1i ],
inclusive, equaltto hrdVId] j ], and the value of vui_mvc_temporal id[ i ] equal to hrdTId. For the specification
in this anmex, num_units_in tick, time scale, fixed frame rate flag, nal hrd parameters present flag,
vcl _hrd parameters present flag, low delay hrd flag, and pic_struct present flag are substituted with the
values™of vui_mvc num_units_in_tick[i], vui_mvc time scale[i], vui _mvc_ fixed frame rate flag[i],
vui my¢ nal hrd parameters present flag[i], vui_mvc_vel hrd parameters present flag[ i ],
viuiymve low delay hrd flag[i], and vui mvc pic struct present flag[i], respectively, with i being thg
value for which vui mve view id[i] is equal to hrdVId[j] for all j in the range of 0 to
vui_mvc_num_traget output views minusl[ i ], inclusive, and vui_mvc temporal id[ i ] equal to hrdTId.

When the coded video sequence conforms to one or more of the profiles specified in Annex I and the decoding process
specified in Annex I is applied, the following is specified:

(a) When an access unit contains one or more buffering period SEI messages that are included in MVCD scalable
nesting SEI messages, the buffering period SEI message that is associated with the operation point being
decoded is the buffering period SEI message that initialises the HRD. Let hrdVId[i] be equal to
sei_op_view _id[ i ] for all i in the range of 0 to num_view_components op minusl, inclusive, and let hrdTId
be the value of sei op temporal id, that are associated with the MVCD scalable nesting SEI message
containing the buffering period SEI message that initialises the HRD.
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(b) The picture timing SEI messages that specify the removal timing of access units from the CPB and output
timing from the DPB are the picture timing SEI messages that are included in MVCD scalable nesting SEI
messages associated with values of sei_op view id[i] equal to hrdVId[i] for all i in the range of 0 to
num_view_components op _minusl, inclusive, and sei_temporal_id equal to hrdTId.

(c) The HRD parameter sets that are used for conformance checking are the HRD parameter sets, included in the
MVC video usability information extension of the active MVCD sequence parameter set, that are associated

with  values of vui mvc view id[i][j] for all j in the range of 0 to
vui_mvc_num_target output views minusl[i], inclusive, equal to hrdVId[j], and the value of
vui_mve_temporal id[ i ] equal to hrdTId. For the specification in this annex, num_units_in_tick, time_scale,
fixed frame rate flag, nal_hrd parameters present flag, vcl_hrd parameters present flag,
low delay hrd flag, and  pic struct present flag  are  substituted with  the  values & of
vui_mvc_num_units_in_tick[ i ], vui_mvc_time scale[ i ], vui_mvc_fixed frame rate flag[i],
vui_mvc_nal hrd parameters present flag[i ], vui_mvc_vel hrd parameters_present\flag| i |,
vui_mvc_low delay hrd flag[i], and vui mvc pic struct present flag[i], respectively, with\ i/being the
value for which vui mve view id[i] is equal to hrdVId[j] for all j in the xange of 0 to
vui_mvc _num_traget output views minusl[ i ], inclusive, and vui_mvc_temporal id[ i ] equalito hrdTId.

The HRD is used to check conformance of bitstreams and decoders as specified in subclauses €:3-and C.4, respectively.

NOTE 9 — While conformance is guaranteed under the assumption that all frame-rates and.clocks used to generate the bitstream
match exactly the values signalled in the bitstream, in a real system each of these may vary from the signalled or specified value.

All the arithmetic in this annex is done with real values, so that no rounding. etrors can propagate. For example, the
number of bits in a CPB just prior to or after removal of an access unit is not'neeessarily an integer.

The variable t. is derived as follows and is called a clock tick:

to=num_units_in_tick + time_scale (C-1)
The following is specified for expressing the constraintsifirthis annex:
- Let access unit n be the n-th access unit in deegding order with the first access unit being access unit 0.

—  Let picture n be the primary coded picture'or the decoded primary picture of access unit n.

C.1 Operation of coded picture buffer (CPB)
The specifications in this subclause apply independently to each set of CPB parameters that is present and to both the
Type I and Type II conformance points shown in Figure C-1.

C.1.1 Timing of bitstream arrival
The HRD may b€ initialised at any one of the buffering period SEI messages. Prior to initialisation, the CPB is empty.

NOTES After initialisation, the HRD is not initialised again by subsequent buffering period SEI messages.

[Each access unit is referred to as access unit n, where the number n identifies the particular access unit. The access unit
that)is associated with the buffering period SEI message that initialises the CPB is referred to as access unit 0. The value

of n1s mcremented by 1 for each subsequent access unit i decoding order.
The time at which the first bit of access unit n begins to enter the CPB is referred to as the initial arrival time t,;( n ).
The initial arrival time of access units is derived as follows:

—  If the access unit is access unit 0, t,;( 0 ) =0,
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—  Otherwise (the access unit is access unit n with n > 0), the following applies:

— If cbr_flag[ SchedSelldx ] is equal to 1, the initial arrival time for access unit n, is equal to the final arrival time
(which is derived below) of access unitn — 1, i.e.,

Lilll) =LA 0D~ 1) (L=2)

— Otherwise (cbr_flag[ SchedSelldx ] is equal to 0), the initial arrival time for access unit n is derived by

tai( n ) = Max( t,(n—1 )a tai,earliest( n ) ) (C'3)
where ty eariest( 11 ) 1s derived as follows:
— If access unit n is not the first access unit of a subsequent buffering period, t, eatiest((t) 1s derived as
taicartiest( 0 ) = trn( 1) — (initial_cpb_removal delay[ SchedSelldx |
initial cpb removal delay offset[ SchedSelldx ] )+ 90000 (C-4)
with t, ,( n ) being the nominal removal time of access unit n from the CPB as specified in subclause C.1.2
and initial cpb _removal delay[ SchedSelldx | and initial’ cpb_removal delay offset[ SchedSelldx ]

being specified in the previous buffering period SEI mes§age.

— Otherwise (access unit n is the first access unit of a subsequent buffering period), tu; cariest( 1 ) is derived as

taicarliest( 1) =t n( n ) — (initial cpb_rémoval delay[ SchedSelldx ] + 90000 ) (C-5)

with initial cpb removal delay[ SchedSelldx ] being specified in the buffering period SEI message
associated with access unit n.

The final arrival time for access unit n is derived by

ta(n) =t;(n )+ b(n) —~BitRate[ SchedSelldx ] (C-6)

where b( n ) is the size in bits_of access unit n, counting the bits of the VCL NAL units and the filler data NAL units for
the Type I conformance point or all bits of the Type II bitstream for the Type II conformance point, where the Type I and
Type II conformance points are as shown in Figure C-1.

The values of SehedSelldx, BitRate[ SchedSelldx ], and CpbSize[ SchedSelldx ] are constrained as follows:

—  If the Content of the active sequence parameter sets for access unit n and access unit n — 1 differ, the HSS selects 4
valGe) SchedSelldx1 of SchedSelldx from among the values of SchedSelldx provided in the active sequence]
parameter set for access unit n that results in a BitRate[ SchedSelldx1 ] or CpbSize[ SchedSelldx1 ] for access
tnit n. The value of BitRate[ SchedSelldxl1 ] or CpbSize[ SchedSelldx1 | may differ from the value off
BitRate[ SchedSelldx0 | or CpbSize[ SchedSelldx0 ] for the value SchedSelldx0 of SchedSelldx that was in use for
access unitn — 1.
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CpbSize[ SchedSelldx ].

When the HSS selects values of BitRate[ SchedSelldx ] or CpbSize[ SchedSelldx ] that differ from those of the previous
access unit, the following applies:

— the variable BitRate[ SchedSelldx ] comes into effect at time t,;( n )
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— the variable CpbSize[ SchedSelldx ] comes into effect as follows:
— If the new value of CpbSize[ SchedSelldx ] exceeds the old CPB size, it comes into effect at time t;( n ),

— Otherwise, the new value of CpbSize[ SchedSelldx ] comes into effect at the time t( n ).

C.1.2 Timing of coded picture removal
[When an access unit n is the access unit with n equal to 0 (the access unit that initialises the HRD), the nominal removal
time of the access unit from the CPB is specified by

t.n( 0) =1initial cpb removal delay[ SchedSelldx ] + 90000 (C-7)

[When an access unit n is the first access unit of a buffering period that does not initialise the HRD, the fominal removal
time of the access unit from the CPB is specified by

tn(n) =t,(ny ) +t. * cpb_removal delay(n) (C-8)
where t.,(n,) is the nominal removal time of the first access unit of the previous buffering period and
cpb_removal delay( n ) is the value of cpb_removal delay specified in the picture timing SEI message associated with

access unit n.

The nominal removal time t, ,(n) of an access unit n that is not the first access.unit of a buffering period is given by

tn(n) =t (ny ) +t. * cpb_removal delay(n) (C-9)
where t.,(n,) is the nominal removal time of the first.>access unit of the current buffering period and
cpb_removal delay( n) is the value of cpb_removal delay specified in the picture timing SEI message associated with
access unit n.

The removal time of access unit n is specified as follows:

— Iflow_delay hrd flag is equal to 0 or t,4( W) >= t,{ n ), the removal time of access unit n is specified by

t(n)=tn(n) (C-10)

—  Otherwise (low_delay_hrd~flag is equal to 1 and t,,( n ) <t,{ n)), the removal time of access unit n is specified by

t(n) = tea( )t * Ceil( (ta(n) ~ten(n)) =t ) (C-11)

NOTE — The\latter case indicates that the size of access unit n, b( n), is so large that it prevents removal at the nominal removal
time.

[When_an-access unit n is the first access unit of a buffering period, n, is set equal to n at the removal time t,( n ) of the
access\unit n.

C.2 Operation of the decoded picture buffer (DPB)

The decoded picture buffer contains frame buffers. When a coded video sequence conforming to one or more of the
profiles specified in Annex A is decoded by applying the decoding process specified in clauses 2-9, each of the frame
buffers may contain a decoded frame, a decoded complementary field pair or a single (non-paired) decoded field that is
marked as "used for reference" (reference pictures) or is held for future output (reordered or delayed pictures). When a
coded video sequence conforming to one or more of the profiles specified in Annex G is decoded by applying the
decoding process specified in Annex G, each frame buffer may contain a decoded frame, a decoded complementary field
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pair, a single (non-paired) decoded field, a decoded reference base frame, a decoded reference base complementary field
pair or a single (non-paired) decoded reference base field that is marked as "used for reference" (reference pictures) or is
held for future output (reordered or delayed pictures). When a coded video sequence conforming to one or more of the
profiles specified in Annex H is decoded by applying the decoding process specified in Annex H, each of the frame
buffers may contain a decoded frame view component, a decoded complementary field view component pair, or a single
(non paired) decoded field view component that is marked as "used for reference" (reference pictures) or is held for

components) When a coded Vldeo sequence conformmg to one or more of the proﬁles specified in Annex I is decoded
by applying the decoding process specified in Annex I, each of the frame buffers of the texture DPB may contain, a; a
decoded depth frame view component, a decoded complementary texture field view component pair, or a single {(non-
paired) decoded texture field view component that is marked as "used for reference" (reference pictures) or'is-held for
future output (reordered or delayed pictures) or is held as reference for inter-view prediction (inter-view enly reference]
components). When a coded video sequence conforming to one or more of the profiles specified in Annex I is decoded|
by applying the decoding process specified in Annex I, each of the frame buffers of the depth ®RB may contain a
decoded depth frame view component, a decoded complementary depth field view component.paif, or a single (non-
paired) decoded depth field view component that is marked as "used for reference" (reference pictures) or is held for
future output (reordered or delayed pictures) or is held as reference for inter-view predictiony(inter-view only reference]
components).

Prior to initialisation, the DPB is empty (the DPB fullness is set to zero). The follewing steps specified in this subclause
all happen instantaneously at t,( n ) and in the order listed. When the decoding process specified in Annex H or Annex |
is applied, the view components of the current primary coded picture are processed by applying the ordered steps to each
view component in increasing order of the associated view order index VQIdx: During the invocation of the process for a
particular texture view, only the texture view components of the particular\view are considered and during the invocation
of the process for a particular depth view, only the depth view competients of the particular view are considered. For
each view component of the current primary coded picture, the cofresponding depth view component with the same view
order index VOIdx, if present, is processed after the texture view ‘component.

1. The process of decoding gaps in frame num and Storing "non-existing" frames as specified in subclause C.2.1 is
invoked.

2. The picture decoding and output process-as’specified in subclause C.2.2 is invoked.

3. The process of removing pictures from the DPB before possible insertion of the current picture as specified in
subclause C.2.3 is invoked.

4. The process of marking and.storing the current decoded picture as specified in subclause C.2.4 is invoked.

NOTE — When the decoding process specified in Annex G is applied, the DPB is only operated for decoded pictures and|
reference base pictures agsociated with decoded pictures. The DPB is not operated for layer pictures with dependency_id les
than DependencyldMax (and associated reference base pictures). All decoded pictures and associated reference base picturej
are decoded pictures.and associated reference base pictures for dependency_id equal to DependencyldMax, which represent the}
results of the decoding process specified in subclause G.8.

C.2.1 Decoding of gaps in frame_num and storage of '"'non-existing" frames

When the\decoding process specified in Annex H is applied, the process specified in this subclause is invoked for a
particular view with view order index VOIdx, with "picture" being replaced by "view component”, "frame" being
replaced by "frame view component", and "field" being replaced by "field view component". During the invocation of the
process for a particular view, only view components of the particular view are considered and view components of other
views are not marked as "unused for reference" or removed from the DPB. When the decoding process specified in
Annex [ is applied, the process specified in this subclause for Annex H is invoked for particular texture view or depth

yvaewwith view order index \IﬁTr‘v with each "vew pnmpnnpnt" hpw\g rph]amaﬂ h‘ "texture Views pnmnnnpnt” or "dpnﬂq

view component", "frame view component" being replaced by "texture frame view component" or "depth frame view
component", and "field view component" being replaced by "texture field view component". During the invocation of the
process for a particular texture view, only the texture view components of the particular view are considered and during
the invocation of the process for a particular depth view, only the depth view components of the particular view are
considered and view components of other views are not marked as "unused for reference" or removed from the DPB.
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The DPB fullness represents the total number of non-empty frame buffers. When the decoding process specified in
Annex H is applied, this includes frame buffers that contain view components of other views. When the decoding process
specified in Annex I is applied, this includes frame buffers that contain texture or depth view components of other views.

When applicable, gaps in frame num are detected by the decoding process and the generated frames are marked and
inserted into the DPB as specified below.

Gaps in frame num are detected by the decoding process and the generated frames are marked as specified in
subclauses 8.2.5.2 and G.8.2.5.

After the marking of each generated frame, each picture m marked by the "sliding window" process as "unused, for
reference" is removed from the DPB when it is also marked as "non-existing" or its DPB output time is less than orreguial
to the CPB removal time of the current picture n; i.e., t, 4n( m ) <=t n), or it has OutputFlag equal to 0. When,a-frame

or the last field in a frame buffer is removed from the DPB, the DPB fullness is decremented by one. The "non-existing"
generated frame is inserted into the DPB and the DPB fullness is incremented by one.

C.2.2 Picture decoding and output

[When the decoding process specified in Annex H is applied, the process specified in this\subclause is invoked for a
particular view with view order index VOIdx.

[When the decoding process specified in Annex I is applied, the process specified/in this subclause is invoked for a
particular texture view or depth view with view order index VOIdx.

The decoding of the current picture or view component (when applying the decoding process specified in Annex H or
[Annex I) and the derivation of the DPB output time (if applicable) is specified as follows:

—  If the decoding process specified in clause 8 or Annex G is applied, the following applies:
— The current primary coded picture n is decoded.

—  When picture n has OutputFlag equal to 1, its DPB output time t, 4,,( n ) is derived by

togpp( N ) =t( 1) +t. * dpb_output_delay(n) (C-12)

where dpb_output_delay( n ).ig.the value of dpb_output delay specified in the picture timing SEI message
associated with access unit f1.

—  Otherwise (the decoding process specified in Annex H or Annex I is applied), the following applies:
— The view compenent with view order index VOIdx of the current primary coded picture n is decoded.
—  When VOIdx1s equal to VOIdxMin and any of the view components of picture n has OutputFlag equal to 1, the

DPB otitput time t, go5( n ) for picture n is derived by Equation C-12, where dpb_output_delay( n ) is the value
of dpb—output_delay specified in the picture timing SEI message associated with access unit n.

The outputvof the current picture or view component (when applying the decoding process specified in Annex H or
Annex’B'is specified as follows:

£ 1s outbut
HSs-outpy-

NOTE 1 — When the current picture or view component has nal ref idc greater than 0 (when using the decoding process
specified in Annex G, nal_ref idc is the syntax element of the target layer representation), it will be stored in the DPB.

—  Otherwise, if OutputFlag is equal to 0, the current picture or view component is not output, but it may be stored in
the DPB as specified in subclause C.2.4.
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—  Otherwise (OutputFlag is equal to 1 and t, 4,,( n ) > t( n ) ), the current picture or view component is output later and
will be stored in the DPB (as specified in subclause C.2.4) and is output at time t, 4,,( n ) unless indicated not to be
output by the decoding or inference of no_output_of prior_pics_flag equal to 1 at a time that precedes t, gpp( 1 ).

NOTE 2 — When the coded video sequence conforms to a profile specified in Annex H and the decoding process specified in
Annex H is used, the view components of all the target output views of a picture are output at the same time instant and in

NOTE 3 — When the coded video sequence conforms to a profile specified in Annex I and the decoding process specified in|
Annex I is used, the view components of all the target output views of a picture are output at the same time instant-and in|
increasing order of the view order index VOIdx. A depth view component, if present, follows the texture view ¢omponent
within the same view component.

When output, the picture or view component shall be cropped, using the cropping rectangle sp€eified in the active
sequence parameter set for the picture or view component.

When the decoding process specified in clause 8 or Annex G is applied, the current picture.n is a picture that is output
and is not the last picture of the bitstream that is output, the value of At, 4,,( n ) is derivedby

Ato,dpb( n ) = to,dpb( n, ) - to,dpb( n ) (C'13)
where n, indicates the picture that follows after picture n in output order andtas OutputFlag equal to 1.

When the decoding process specified in Annex H or Annex I is applied, the current picture n is a picture that contains af
least one view component that is output and the current picture is not the last picture of the bitstream that contains at leasf
one view component that is output and VOIdx is equal to VOIdxMin, the value of At, 4,,( n ) is derived by Equation C-
13, where n, indicates the picture that follows after picture' n in output order and contains at least one any view]
component with OutputFlag equal to 1.

The decoded picture or view component is temporarily stored (not in the DPB).

C.2.3 Removal of pictures from the DPB before possible insertion of the current picture

When the decoding process specified in Annex H is applied, the process specified in this subclause is invoked for a
particular view with view ordersindéx VOIdx, with "picture" being replaced by "view component”, "frame" being
replaced by "frame view compenent", and "field" being replaced by "field view component".

When the decoding proeess specified in Annex I is applied, the process specified in this subclause for Annex I is invoked
for particular texture view and depth view with view order index VOIdx, with each "view component" being replaced byj
"texture view component” or "depth view component”, "frame view component" being replaced by "texture frame viewj
component" or("depth frame view component", and "field view component" being replaced by "texture field view
component"s Puring the invocation of the process for a particular texture view, only the texture view components of the
particular.view are considered and during the invocation of the process for a particular depth view, only the depth view
compenents of the particular view are considered.

When the decoding process specified in Annex H or Annex I is applied, the following process is specified for removing
inter-view only reference components of the current access unit from the DPB. By this process, view components of the
current view with view order index VOIdx are not removed from the DPB, but inter-view only reference components of}
other views may be removed. The removal of inter-view only reference components is specified as follows:

—  If the view order index VOIdx of the current view is equal to VOIdxMax, all inter-view only reference components
m for which any of the following conditions are true are removed from the DPB:

— OutputFlag is equal to 0,

— The DPB output time t, 4,,( m ) of the picture containing the view component m is less than or equal to the CPB
removal time t( n ) of the current picture.
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—  Otherwise (the view order index VOIdx of the current view is less than VOIdxMax), all inter-view only reference
components m for which both of the following conditions are true are removed from the DPB:

— OutputFlag is equal to 0 or the DPB output time t, 4,,( m ) of the picture containing the view component m is
less than or equal to the CPB removal time t( n ) of the current picture,
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— The current view component is a view component of an anchor picture and the view_id of the inter-view
only reference component m is not equal to any value of anchor ref IX[ k ][ j ], with X being equal t0.0
or 1, k being any integer value greater than the view order index VOIdx of the current view, and j being
any integer value in the range of 0 to Max( 0, num_anchor refs 1X[ k ]— 1), inclusive,

— The current view component is not a view component of an anchor picture and the view jid of the
inter-view only reference component m is not equal to any value of non_anchor ref IX[fK }{j ], with X
being equal to 0 or 1, k being any integer value greater than the view order index VOIdx of the current
view, and j being any integer value in the range of 0 to Max( 0, num non anchor)refs IX[k]—1),
inclusive.

[When the decoding process specified in Annex H is applied, for the following processes spe¢ified in this subclause, only
view components of the particular view for which this subclause is invoked are considered, and view components of
other views are not marked as "unused for reference" or removed from the DPB. When-the decoding process specified in
[Annex [ is applied, for the following processes specified for Annex I in this subelause, during the invocation of the
[process for a particular texture view, only texture view components of the pasticular texture view are considered and
during the invocation of the process for a particular depth view, only depth. view components of the particular depth view
are considered, and view components of other views are not marked as "ufiused for reference" or removed from the DPB.
The DPB fullness represents the total number of non-empty frame buffers. When the decoding process specified in in
[Annex H is applied, this includes frame buffers that contain textureyview components of other views. When the decoding
process specified in in Annex I is applied, this includes frame buffers that contain texture or depth view components of
other views.

The removal of pictures from the DPB before possible insertion of the current picture proceeds as follows:

- If the decoded picture is an IDR picture the following applies:

1. All reference pictures in the DPB.are"marked as "unused for reference" as specified in subclause 8.2.5.1 when a
coded video sequence conforming to one or more of the profiles specified in Annex A is decoded by applying
the decoding process spécified in clauses 2-9, or as specified in subclause G.8.2.4 when a coded video
sequence conforming to one or more of the profiles specified in Annex G is decoded by applying the decoding
process specified in-Annex G, or as specified in subclause H.8.3 when a coded video sequence conforming to
one or more of the-profiles specified in Annex H is decoded by applying the decoding process specified in
Annex H, or as specified in subclause 1.8.3 when a coded video sequence conforming to one or more of the
profiles speeified in Annex I is decoded by applying the decoding process specified in Annex I.

2.When thé~IDR picture is not the first IDR picture decoded and the value of PicWidthInMbs or
FrameHeightInMbs or max_dec frame buffering derived from the active sequence parameter set is different
from the value of PicWidthInMbs or FrameHeightInMbs or max_dec frame buffering derived from the
Sequence parameter set that was active for the preceding picture, respectively, no_output of prior pics flag
is inferred to be equal to 1 by the HRD, regardless of the actual value of no_output_of prior pics_flag.

NOTE — Decoder implementations should try to handle frame or DPB size changes more gracefully than the HRD in
regard to changes in PicWidthInMbs or FrameHeightInMbs.

3. When no_output_of prior pics_flag is equal to 1 or is inferred to be equal to 1, all frame buffers in the DPB are
emptied without output of the pictures they contain, and DPB fullness is set to 0.

—  Otherwise (the decoded picture is not an IDR picture), the following applies:
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— If the slice header of the current picture includes memory management control operation equal to 5, all
reference pictures in the DPB are marked as "unused for reference".

—  Otherwise (the slice header of the current picture does not include memory management control operation
equal to 5), the decoded reference picture marking process specified in subclause 8.2.5 is invoked when a
coded video sequence conforming to one or more of the profiles specified in Annex A is decoded by applying

the decoding process specified in clauses 2-9, or the decoded reterence picture marking process specitied.-in|
subclause G.8.2.4 is invoked when a coded video sequence conforming to one or more of the profiles specified
in Annex G is decoded by applying the decoding process specified in Annex G, or the decoded reference
picture marking process specified in subclause H.8.3 is invoked when a coded video sequence conformring toj
one or more of the profiles specified in Annex H is decoded by applying the decoding processsspécified in
Annex H, or the decoded reference picture marking process specified in subclause 1.8.3 is inyoked when 4
coded video sequence conforming to one or more of the profiles specified in Annex I is decoded by applying
the decoding process specified in Annex I.

All pictures m in the DPB, for which all of the following conditions are true, are removed from the DPB:

—  picture m is marked as "unused for reference" or picture m is a non-reference pictute/ When a picture is a reference
frame, it is considered to be marked as "unused for reference" only when both-of its fields have been marked as|
"unused for reference",

—  picture m is marked as "non-existing" or it has OutputFlag equal to 0 or its-DPB output time t, 45,( m ) is less than o
equal to the CPB removal time t,( n ) of the current picture n.

When a frame or the last field in a frame buffer is removed from the'DPB, the DPB fullness is decremented by one.

C.24 Current decoded picture marking and storage

When the decoding process specified in Annex H js ‘applied, the process specified in this subclause is invoked for a
particular view with view order index VOIdx, with "picture" being replaced by "view component", "frame" being]
replaced by "frame view component", and "field!"being replaced by "field view component”. When the decoding process
specified in Annex I is applied, the process specified in this subclause for Annex I is invoked for particular texture view]
and depth view with view order index VOIdx, with each "view component” being replaced by "texture view component”
and "depth view component", "frame view component”" being replaced by "texture frame view component" and "depth)
frame view component”, and "field view component" being replaced by "texture field view component".In|
subclause C.2.4.2, the DPB output\time t, 4,,(n) and the CPB removal time t,(n) of a view component are the DPB outpuf]
time and the CPB removal time of the picture n containing the view component, depth view component or texture view
component.

The marking and storage of the current decoded picture is specified as follows:

—  If the cuprent/picture is a reference picture, the marking and storage process for reference pictures as specified in|
subclause-C.2.4.1 is invoked.

—  Qtherwise (the current picture is a non-reference picture), the storage process for non-reference pictures as specified|
ifr subclause C.2.4.2 is invoked.

C.2.4.1 Marking and storage of a reference picture into the DPB
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—  If the current decoded picture is a second field (in decoding order) of a complementary reference field pair, and the
first field of the pair is still in the DPB, the current decoded picture is stored in the same frame buffer as the first
field of the pair.

—  Otherwise, the current decoded picture is stored in an empty frame buffer, and the DPB fullness is incremented by
one.
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When the coded video sequence conforms to one or more of the profiles specified in Annex G and the decoding process
specified in Annex G is applied and the current picture has store ref base pic flag equal to 1 (i.e., the current picture is
associated with a reference base picture), the associated reference base picture is stored in the DPB as follows:

—  If the reference base picture is a second field (in decoding order) of a complementary reference base field pair, and

the first field of the pair is still in the DPB, the reference base picture is stored in the same frame buffer as the first
fiald oftha o

Sre ot Cpatt

—  Otherwise, the reference base picture is stored in an empty frame buffer, and the DPB fullness is incremented by
one.

C.2.4.2 Storage of a non-reference picture into the DPB
The variable storePicFlag is derived as follows:

—  If any of the following conditions are true, storePicFlag is set equal to 1:
— the current picture n has OutputFlag equal to 1 and t, g,5(n) > t«(n),

— the decoding process specified in Annex H or Annex I is used and the current view>component has a view order
index VOIdx less than VOIdxMax and inter view flag equal to 1.

—  Otherwise, storePicFlag is set equal to 0.
[When storePicFlag is equal to 1, the current picture is stored in the DPB as follows:

—  If the current decoded picture is a second field (in decoding ordef)cof a complementary non-reference field pair, and
the first field of the pair is still in the DPB, the current decoded'picture is stored in the same frame buffer as the first
field of the pair.

—  Otherwise, the current decoded picture is stored in ancempty frame buffer, and the DPB fullness is incremented by
one.

C.3 Bitstream conformance
A Dbitstream of coded data conforming to this Recommendation | International Standard fulfils the following
requirements.

The bitstream is constructed, ‘according to the syntax, semantics, and constraints specified in this
Recommendation | International’Standard outside of this annex.

The bitstream is tested by-the’HRD as specified below:

For Type I bitstreamsythe number of tests carried out is equal to cpb_cnt minusl + 1 where cpb_cnt minusl is either the
syntax element of hird parameters( ) following the vcl hrd parameters present flag or is determined by the application
by other means/mot specified in this Recommendation | International Standard. One test is carried out for each bit rate and
CPB size eendbination specified by hrd parameters( ) following the vel hrd parameters present flag. Each of these tests
is conducted at the Type I conformance point shown in Figure C-1.

For Type II bitstreams there are two sets of tests. The number of tests of the first set is equal to cpb_cnt minusl + 1

vhere cpb npt minu eithe he a element of hrd n mete ollo no the hrd b meters present ﬂqg

or is determined by the application by other means not spEciﬁed in this Recommendation_| International Standard. One
test is carried out for each bit rate and CPB size combination. Each of these tests is conducted at the Type I conformance
point shown in Figure C-1. For these tests, only VCL and filler data NAL units are counted for the input bit rate and CPB
storage.

The number of tests of the second set, for Type II bitstreams, is equal to cpb_cnt minus] + 1 where cpb_cnt minusl is

either the syntax element of hrd parameters( ) following the nal hrd parameters present flag or is determined by the
application by other means not specified in this Recommendation | International Standard. One test is carried out for each
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bit rate and CPB size combination specified by hrd parameters( ) following the nal hrd parameters present flag. Each
of these tests is conducted at the Type II conformance point shown in Figure C-1. For these tests, all NAL units (of a
Type II NAL unit stream) or all bytes (of a byte stream) are counted for the input bit rate and CPB storage.

NOTE 1 — NAL HRD parameters established by a value of SchedSelldx for the Type Il conformance point shown in Figure C-1
are sufficient to also establish VCL HRD conformance for the Type I conformance point shown in Figure C-1 for the same values

oI 1nitial cpb_removal _delay| SchedSelldx |, BitRate| schedselldx |, and Cpbsize| schedselldx | for  the VBR  casq
(cbr_flag[ SchedSelldx ] equal to 0). This is because the data flow into the Type I conformance point is a subset of the dataflow]
into the Type II conformance point and because, for the VBR case, the CPB is allowed to become empty and stay empty,until thel
time a next picture is scheduled to begin to arrive. For example, when a coded video sequence conforming to one or more of the
profiles specified in Annex A is decoded by applying the decoding process specified in clauses 2-9, when NAL HRD parameters
are provided for the Type II conformance point that not only fall within the bounds set for NAL HRD paramgters for profile]
conformance in item j) of subclause A.3.1 or item h) of subclause A.3.3 (depending on the profile in use) buf\also fall within the}
bounds set for VCL HRD parameters for profile conformance in itemi) of subclause A.3.1 or itent g)'of subclause A.3.3
(depending on the profile in use), conformance of the VCL HRD for the Type I conformance point is also\assured to fall within the
bounds of item i) of subclause A.3.1.

For conforming bitstreams, all of the following conditions shall be fulfilled for each of the tests:

1. For each access unit n, with n>0, associated with a buffering period SEI niessage, with At, 9o( n ) specified by
Atgoo(n ) =90000 * (t;n(n)—t,(n—1)) (C-14)

the value of initial cpb_removal delay[ SchedSelldx ] shall bé&eonstrained as follows:

—  Ifcbr_flag[ SchedSelldx ] is equal to 0,

initial_cpb_removal_delay[ SchedSelldx ] <= Ceil( Atggo( 1)) (C-15)

—  Otherwise (cbr_flag[ SchedSelldx }is‘equal to 1),

Floor( Atgeo( n) ) <=ifitial_cpb_removal_delay[ SchedSelldx ] <= Ceil( Atg9o(n)) (C-16)

NOTE 2 — The exact number of bits in the CPB at the removal time of each picture may depend on which buffering
period SEI mesg§age is selected to initialise the HRD. Encoders must take this into account to ensure that all specified
constraints must be obeyed regardless of which buffering period SEI message is selected to initialise the HRD, as the]
HRD may:beinitialised at any one of the buffering period SEI messages.

2. A CPB g¢vertlow is specified as the condition in which the total number of bits in the CPB is larger than the CPB|
size. The CPB shall never overflow.

3. ACPB underflow is specified as the condition in which t,,(n ) is less than t,( n ). When low_delay_hrd_flag is
equal to 0, the CPB shall never underflow.

4’ The nominal removal times of pictures from the CPB (starting from the second picture in decoding order), shall
satisfy the constraints on t,,(n ) and t,(n ) expressed in subclauses A.3.1 through A.3.3 for the profile and level
specified in the bitstream when a coded video sequence conforming to one or more of the profiles specified in
Annex A is decoded by applying the decoding process specified in clauses 2-9, and they shall satisfy the]

constraints on t.,( n ) and t( n ) expressed in subclauses (.10.2.1 and G.10.2.2 tor protile and level specitied 1n
the bitstream when a coded video sequence conforming to one or more of the profiles specified in Annex G is
decoded by applying the decoding process specified in Annex G, and they shall satisfy the constraints on t,,(n)
and t(n) expressed in subclause H.10.2 for the profile and level specified in the bitstream when a coded video
sequence conforming to one or more of the profiles specified in Annex H is decoded by applying the decoding
process specified in Annex H, and they shall satisfy the constraints on t,,(n) and t(n) expressed in
subclause 1.10.2 for the profile and level specified in the bitstream when a coded video sequence conforming to
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one or more of the profiles specified in Annex I is decoded by applying the decoding process specified in
Annex 1.

5. Immediately after any decoded picture is added to the DPB, the fullness of the DPB shall be less than or equal to
the DPB size as constrained by Annexes A, D, and E and subclauses G.10, G.13, G.14, H.10, H.13, H.14, and 1.14
for the profile and level specified in the bitstream.

6—Attreferemce picturesshattbepresent e BPB-whermrmeeded-for predictiomEach pretureshatt-bepresent trthe
DPB at its DPB output time unless it is not stored in the DPB at all, or is removed from the DPB before its output
time by one of the processes specified in subclause C.2.

7. The value of Ay gpn( n ) as given by Equation C-13, which is the difference between the output time of a pictire
and that of the first picture following it in output order and having OutputFlag equal to 1, shall satisfy_the
constraint expressed in subclause A.3.1 for the profile and level specified in the bitstream when a coded video
sequence conforming to one or more of the profiles specified in Annex A is decoded by applying the, decoding
process specified in clauses 2-9, and it shall satisfy the constraint expressed in subclause G.10.2.1 for profile and
level specified in the bitstream when a coded video sequence conforming to one or more of theprofiles specified
in Annex G is decoded by applying the decoding process specified in Annex G, and it shall satisfy the constraints
expressed in subclause H.10.2 for the profile and level specified in the bitstream when a coded video sequence
conforming to one or more of the profiles specified in Annex H is decoded by applying the decoding process
specified in Annex H, and it shall satisfy the constraints expressed in subclause I.10;2-for the profile and level
specified in the bitstream when a coded video sequence conforming to one or more¢ of the profiles specified in
Annex [ is decoded by applying the decoding process specified in Annex L.

C.4 Decoder conformance
A decoder conforming to this Recommendation | International Standard fulfils-the following requirements.

A decoder claiming conformance to a specific profile and level shall be able to decode successfully all conforming
bitstreams specified for decoder conformance in subclause C.3, provided that all sequence parameter sets and picture
[parameter sets referred to in the VCL NAL units, and appropriaté buffering period and picture timing SEI messages are
conveyed to the decoder, in a timely manner, either in the bitsttéam (by non-VCL NAL units), or by external means not
specified by this Recommendation | International Standard.

There are two types of conformance that can be claimed by a decoder: output timing conformance and output order
conformance.

To check conformance of a decoder, test bitstreams conforming to the claimed profile and level, as specified in
subclause C.3 are delivered by a hypothetical stream scheduler (HSS) both to the HRD and to the decoder under test
(DUT). All pictures output by the HRD-shall also be output by the DUT and, for each picture output by the HRD, the
values of all samples that are output by the DUT for the corresponding picture shall be equal to the values of the samples
output by the HRD.

For output timing decoder/conformance, the HSS operates as described above, with delivery schedules selected only
from the subset of values, of 'SchedSelldx for which the bit rate and CPB size are restricted as specified in Annex A,
[Annex G, Annex H and-Annex I for the specified profile and level, or with "interpolated" delivery schedules as specified
below for which the bitrate and CPB size are restricted as specified in Annex A, Annex G, Annex H, and Annex I. The
same delivery sehedule is used for both the HRD and DUT.

(When the HRD parameters and the buffering period SEI messages are present with cpb_cnt_minus1 greater than 0, the
decodershall be capable of decoding the bitstream as delivered from the HSS operating using an "interpolated" delivery
schedule specified as having peak bit rate r, CPB size c( r ), and initial CPB removal delay ( f(r) +r) as follows:

o = (r — BitRate[ SchedSelldx — 1 ]) + ( BitRate[ SchedSelldx ] — BitRate[ SchedSelldx — 1 ]), (C-17)

c(r)=oa * CpbSize[ SchedSelldx ]+ (1 — a) * CpbSize[ SchedSelldx—1 ], (C-18)

f(r)=o * initial cpb_removal delay[ SchedSelldx ] * BitRate[ SchedSelldx ] +
(1—a) *initial cpb removal delay[ SchedSelldx — 1 ] * BitRate[ SchedSelldx — 1 ] (C-19)
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for any SchedSelldx > 0 and r such that BitRate[ SchedSelldx — 1 ] <= r <= BitRate[ SchedSelldx ] such that r and c( r)
are within the limits as specified in Annex A, Annex G, Annex H, and Annex I for the maximum bit rate and buffer size
for the specified profile and level.

NOTE 1 — initial cpb_removal delay[ SchedSelldx | can be different from one buffering period to another and have to be
re-calculated.

For output timing decoder conformance, an HRD as described above is used and the timing (relative to the delivery time
of the first bit) of picture output is the same for both HRD and the DUT up to a fixed delay.

For output order decoder conformance, the HSS delivers the bitstream to the DUT "by demand" from the DU T, meaning
that the HSS delivers bits (in decoding order) only when the DUT requires more bits to proceed with its précessing.

NOTE 2 — This means that for this test, the coded picture buffer of the DUT could be as small as the size of thé€ largest access unit.

A modified HRD as described below is used, and the HSS delivers the bitstream to the HRD'by one of the schedules
specified in the bitstream such that the bit rate and CPB size are restricted as specified in Annex A, Annex G, Annex H,|
and Annex I. The order of pictures output shall be the same for both HRD and the DUT,

For output order decoder conformance, the HRD CPB size is equal to CpbSize[)SehedSelldx | for the selected schedule
and the DPB size is equal to MaxDpbFrames. Removal time from the CPB for the HRD is equal to final bit arrival time}
and decoding is immediate. The operation of the DPB of this HRD is specified i subclause C.4.1.

C.4.1 Operation of the output order DPB
The decoded picture buffer contains frame buffers. When a,coded video sequence conforming to one or more of the
profiles specified in Annex A is decoded by applying the deceding process specified in clauses 2-9, each of the frame
buffers may contain a decoded frame, a decoded complefentary field pair or a single (non-paired) decoded field that is
marked as "used for reference" or is held for future.output (reordered pictures). When a coded video sequence
conforming to one or more of the profiles specified ih;Annex G is decoded by applying the decoding process specified in|
Annex G, each frame buffer may contain a decoded frame, a decoded complementary field pair, a single (non-paired
decoded field, a decoded reference base frameya decoded reference base complementary field pair or a single (non-
paired) decoded reference base field that is,marked as "used for reference" (reference pictures) or is held for future outpuf]
(reordered or delayed pictures). When a\coded video sequence conforming to one or more of the profiles specified inl
Annex H is decoded by applying thedecoding process specified in Annex H, each of the frame buffers may contain a
decoded frame view component, a decoded complementary field view component pair, or a single (non-paired) decoded|
field view component that is marked as "used for reference" (reference pictures) or is held for future output (reordered oy
delayed pictures) or is held( for inter-view prediction (inter-view only reference components). When a coded videoj
sequence conforming to one, or more of the profiles specified in Annex I is decoded by applying the decoding process
specified in Annex I, edch of the frame buffers of the texture DPB may contain a decoded texture frame view component,
a decoded complementary texture field view component pair, a single (non-paired) decoded texture field view component
that is marked as."used for reference" (reference pictures) or is held for future output (reordered or delayed pictures) or is
held for inter;view prediction (inter-view only reference components). When a coded video sequence conforming to ong
or more of-the-profiles specified in Annex I is decoded by applying the decoding process specified in Annex I, each off
the frame buffers of the depth DPB may contain a decoded depth frame view component, a decoded complementary
depthdtield view component pair, or a single (non-paired) decoded depth field view component that is marked as "used
for.reference" (reference pictures) or is held for future output (reordered or delayed pictures) or is held as reference for
inter-view prediction (inter-view only reference components).

At HRD initialisation, the DPB fullness, measured in non-empty frame buffers, is set equal to 0. The following steps all
happen instantancously when an access unit is removed from the CPB, and in the order listed. When the decodin

process specified in Annex H or Annex I is applied, the view components of the current primary coded picture are
processed by applying the ordered steps to each view component in increasing order of the associated view order index
VOIdx. The invocation of the process for a depth view component, if present, follows the invocation of the process for
the texture view component within the same view component.

1. The process of decoding gaps in frame num and storing "non-existing" frames as specified in subclause C.4.2 is
invoked.
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2. The picture decoding and output process as specified in subclause C.4.3 is invoked.

3. The process of removing pictures from the DPB before possible insertion of the current picture as specified in
subclause C.4.4 is invoked.

4. The process of marking and storing the current decoded picture as specified in subclause C.4.5 is invoked.

NOTE — When the decoding process specified in Annex G is applied, the DPB is only operated for decoded pictures and
reference base pictures associated with decoded pictures. The DPB is not operated for layer pictures with dependency id less
than DependencyldMax (and associated reference base pictures). All decoded pictures and associated reference base pictures
are decoded pictures and associated reference base pictures for dependency _id equal to DependencyldMax, which represent, thé
results of the decoding process specified in subclause G.8.

C.4.2 Decoding of gaps in frame_num and storage of '""non-existing' pictures

[When the decoding process specified in Annex H is applied, the process specified in this subclause ‘is invoked for a
particular view with view order index VOIdx, with "picture" being replaced by "view compenent", "frame" being
replaced by "frame view component", and "field" being replaced by "field view component". Dusing the invocation of the
[process for a particular view, only view components of the particular view are considered and*view components of other
views are not marked as "unused for reference" or removed from the DPB.

[When the decoding process specified in Annex I is applied, the process specified/in this subclause for Annex H is
invoked for particular texture view and depth view with view order index VQIdx, with each "view component" being
replaced by "texture view component" or "depth view component", "frame view component" being replaced by "texture
frame view component” or "depth frame view component", and "field view.component” being replaced by "texture field
view component". During the invocation of the process for a particulaptexture view, only the texture view components of
the particular view are considered and during the invocation of the process for a particular depth view, only the depth
view components of the particular view are considered and view‘components of other views are not marked as "unused
for reference" or removed from the DPB.

The DPB fullness represents the total number of non-empty frame buffers. When the decoding process specified in in
[Annex H is applied, this includes frame buffers that contain view components of other views. When the decoding process
specified in in Annex I is applied, this includes fraine buffers that contain texture or depth view components of other
views.

[When applicable, gaps in frame num are-detected by the decoding process and the necessary number of "non-existing"
frames are inferred in the order specifi¢d\by the generation of values of UnusedShortTermFrameNum in Equation 7-23
and are marked as specified in subclauses 8.2.5.2 and G.8.2.5. Frame buffers containing a frame or a complementary
field pair or a non-paired field which are marked as "not needed for output" and "unused for reference" are emptied
(without output), and the DPB-fullness is decremented by the number of frame buffers emptied. Each "non-existing"
frame is stored in the DPB as follows:

—  When there is nocempty frame buffer (i.e., DPB fullness is equal to DPB size), the "bumping" process specified in
subclause C.4¢5.3.1s invoked repeatedly until there is an empty frame buffer in which to store the "non-existing"
frame.

—  The "nen-existing" frame is stored in an empty frame buffer and is marked as "not needed for output", and the DPB
fullness is incremented by one.

C.4.3 Picture decoding

When the decoding process specified in Annex H is applied, the process specified in this subclause is invoked for a
particular view with view order index VOIdx.

When the decoding process specified in Annex I is applied, the process specified for Annex H in this subclause is
invoked for a particular texture view and depth view with view order index VOIdx.
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The decoding of the current picture or view component (when applying the decoding process specified in Annex H or
Annex I) is specified as follows:

—  If the decoding process specified in clause 8 or Annex G is applied, the current primary coded picture n is decoded
and is temporarily stored (not in the DPB).
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index VOIdx of the current primary coded picture n is decoded and is temporarily stored (not in the DPB).

C.44 Removal of pictures from the DPB before possible insertion of the current picture

When the decoding process specified in Annex H is applied, the process specified in this subclause-is.invoked for a
particular view with view order index VOIdx, with "picture" being replaced by "view compoment', "frame" being
replaced by "frame view component", and "field" being replaced by "field view component".

When the decoding process specified in Annex I is applied, the process specified in this“subclause for Annex H i
invoked for particular texture view and depth view with view order index VOIdx, with each "view component" being]
replaced by "texture view component" or "depth view component", "frame view compenent” being replaced by "texture
frame view component" or "depth frame view component", and "field view component” being replaced by "texture field
view component". During the invocation of the process for a particular texture view, only the texture view components of
the particular view are considered and during the invocation of the process foy a particular depth view, only the depth
view components of the particular view are considered.

When the decoding process specified in Annex H or Annex I is applied, the following process is specified for emptying
frame buffers containing inter-view only reference components ofithe current access unit. By this process, frame buffers|
that contain view components of the current view with view order index VOIdx are not emptied, but frame buffers that
contain inter-view only reference components of other viewsmniay be emptied. The process is specified as follows:

—  If the view order index VOIdx of the current viewnis equal to VOIdxMax, all frame buffers containing a frame or aj
complementary field pair or a non-paired field-which are marked as "not needed for output" and "unused for
reference" are emptied (without output), and’the DPB fullness is decremented by the number of frame buffers|
emptied.

NOTE 1 — At this stage of the proeess, all frame buffers that contain a frame or a complementary field pair or a non-paired|
field marked as "not needed \for) output" and "unused for reference" are frame buffers that contain an inter-view only]
reference component (of the/current access unit and a view with view order index less than VOIdx) with OutputFlag equall
to 0.

—  Otherwise (the viewyorder index VOIdx of the current view is less than VOIdxMax), frame buffers containing a
frame or a complementary field pair or a non-paired field for which both of the following conditions are true are
emptied (withoutoutput), and the DPB fullness is decremented by the number of frame buffers emptied:

— the frame or complementary field pair or non-paired field is marked as "not needed for output" and "unused for
reference",

NOTE 2 — At this stage of the process, all frame buffers that contain a frame or a complementary field pair or a
non-paired field marked as "not needed for output" and "unused for reference" are frame buffers that contain an inter-
view only reference component (of the current access unit and a view with view order index less than VOIdx) with
OutputFlag equal to 0.

— one of the following conditions 1s true:

— the current view component is a view component of an anchor picture and the view_id of the frame or
complementary field pair or non-paired field is not equal to any value of anchor ref IX[ k][ j ], with X
being equal to 0 or 1, k being any integer value greater than the view order index VOIdx of the current
view, and j being any integer value in the range of 0 to Max( 0, num_anchor refs IX[ k ]— 1), inclusive,
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— the current view component is not a view component of an anchor picture and the view_id of the frame or
complementary field pair or non-paired field is not equal to any value of non_anchor_ref IX[ k ][ j ], with
X being equal to 0 or 1, k being any integer value greater than the view order index VOIdx of the current
view, and j being any integer value in the range of 0 to Max( 0, num_non_anchor refs IX[k]—1),
inclusive.

[When the decoding process specified in Annex H or Annex I is applied, for the following processes specified in this
subclause, only view components of the particular view for which this subclause is invoked are considered, and frame
buffers containing view components of other views are not emptied. The DPB fullness represents the total number of;
non-empty frame buffers, including frame buffers that contain view components of other views.

The removal of pictures from the DPB before possible insertion of the current picture proceeds as follows:

—  If the decoded picture is an IDR picture the following applies:

1. All reference pictures in the DPB are marked as "unused for reference" as specified in subclause 8.2.5 when a
coded video sequence conforming to one or more of the profiles specified in Annex A is decoded by applying
the decoding process specified in clauses 2-9, or as specified in subclause G.8:2.4’ when a coded video
sequence conforming to one or more of the profiles specified in Annex G is decoded by applying the decoding
process specified in Annex G, or as specified in subclause H.8.3 when a coded\wvideo sequence conforming to
one or more of the profiles specified in Annex H is decoded by applying the decoding process specified in
Annex H, or as specified in subclause 1.8.3 when a coded video sequene€ conforming to one or more of the
profiles specified in Annex I is decoded by applying the decoding precess specified in Annex I.

2.When the IDR picture is not the first IDR picture decoded“and the value of PicWidthInMbs or
FrameHeightInMbs or max_dec frame buffering derived from-the active sequence parameter set is different
from the value of PicWidthInMbs or FrameHeightInMbs,or max_dec frame buffering derived from the
sequence parameter set that was active for the preceding picture, respectively, no_output of prior pics_flag
is inferred to be equal to 1 by the HRD, regardless of.the actual value of no_output of prior pics_flag.

NOTE 3 — Decoder implementations should try to harddle changes in the value of PicWidthInMbs or FrameHeightInMbs or
max_dec_frame buffering more gracefully than the. HRD.

3. When no_output_of prior pics_flag is equal to 1 or is inferred to be equal to 1, all frame buffers in the DPB are
emptied without output of the pictutes they contain, and DPB fullness is set to 0.

—  Otherwise (the decoded picture is'niet an IDR picture), the decoded reference picture marking process is invoked as
specified in subclause 8.2.5 wheir"a coded video sequence conforming to one or more of the profiles specified in
Annex A is decoded by applying the decoding process specified in clauses 2-9, or as specified in subclause G.8.2.4
when a coded video sequénce conforming to one or more of the profiles specified in Annex G is decoded by
applying the decoding_process specified in Annex G, or as specified in subclause H.8.3 when a coded video
sequence conforming) fo one or more of the profiles specified in Annex H is decoded by applying the decoding
process specifiedin Annex H, or as specified in subclause 1.8.3 when a coded video sequence conforming to one or
more of the profiles specified in Annex I is decoded by applying the decoding process specified in Annex I. Frame
buffers containing a frame or a complementary field pair or a non-paired field which are marked as "not needed for
output"tand "unused for reference" are emptied (without output), and the DPB fullness is decremented by the
numben of frame buffers emptied.

[When ‘the current picture has a memory management control operation equal to 5 or is an IDR picture for which
no”output_of prior pics_flag is not equal to 1 and is not inferred to be equal to 1, the following two steps are performed.

1. Frame buffers containing a frame or a complementary field pair or a non-paired field which are marked as "not
needed for output" and "unused for reference" are emptied (without output), and the DPB fullness is decremented
by the number of frame buffers emptied.

2. All non-empty frame buffers in the DPB are emptied by repeatedly invoking the "bumping" process specified in
subclause C.4.5.3, and the DPB fullness is set to 0.
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C.4.5 Current decoded picture marking and storage

When the decoding process specified in Annex H is applied, the process specified in this subclause is invoked for a
particular view with view order index VOIdx, with "picture" being replaced by "view component", "frame" being
replaced by "frame view component", and "field" being replaced by "field view component". During the invocation of the
process for a particular view, only view components of the particular view are considered and frame buffers containing
view components of other views are not emptied.

When the decoding process specified in Annex I is applied, the process specified in this subclause for Annex H" i
invoked for particular texture view and depth view with view order index VOIdx, with each "view component'],/being
replaced by "texture view component" or "depth view component", "frame view component" being replaced by "texture
frame view component" or "depth frame view component", and "field view component" being replaced by-texture field
view component". During the invocation of the process for a particular texture view, only the texture view:components of
the particular view are considered and during the invocation of the process for a particular depth wiew, only the depth
view components of the particular view are considered and frame buffers containing view components of other views are
not emptied.

The DPB fullness represents the total number of non-empty frame buffers. When the(dgcoding process specified in inj
Annex H is applied, this includes frame buffers that contain view components of othér views. When the decoding process
specified in in Annex I is applied, this includes frame buffers that contain texture<or depth view components of other
views.

The marking and storage of the current decoded picture is specified as follows:

— If the current picture is a reference picture, the storage and muarking process for decoded reference pictures as|
specified in subclause C.4.5.1 is invoked.

— Otherwise (the current picture is a non-referencey‘picture), the storage and marking process for decoded|
non-reference pictures as specified in subclause C.4.5:2 is invoked.

C.4.5.1 Storage and marking of a reference decoded picture into the DPB
The current picture is stored in the DPB as follows:

—  If the current decoded picture is,the second field (in decoding order) of a complementary reference field pair, and thg
first field of the pair is still in the’DPB, the current picture is stored in the same frame buffer as the first field of the
pair and the following appli¢s:

—  If'the current décoded picture has OutputFlag equal to 1, it is marked as "needed for output".

—  Otherwise-(the current decoded picture has OutputFlag equal to 0), it is marked as "not needed for output".

—  Otherwiseythe following operations are performed:

1"When there is no empty frame buffer (i.e., DPB fullness is equal to DPB size), the "bumping" process specified
in subclause C.4.5.3 is invoked repeatedly until there is an empty frame buffer in which to store the current
decoded picture.

2.The current decoded picture is stored in an empty frame buffer, the DPB fullness is incremented by one, and the
following applies:

—  Ifthe current decoded picture has OutputFlag equal to 1, it is marked as "needed for output".

—  Otherwise (the current decoded picture has OutputFlag equal to 0), it is marked as "not needed for
output".

© ISO/IEC 2013 — All rights reserved 29


https://standardsiso.com/api/?name=5638bf87515834e3795af37addc6b746

ISO/IEC 14496-10:2012/Amd.2:2013(E)

When the coded video sequence conforms to one or more of the profiles specified in Annex G and the decoding process
specified in Annex G is applied and the current picture has store ref base pic flag equal to 1 (i.e., the current picture is
associated with a reference base picture), the associated reference base picture is stored in the DPB as follows:

—  If the reference base picture is a second field (in decoding order) of a complementary reference base field pair, and
the first field of the pair is still in the DPB, the reference base picture is stored in the same frame buffer as the first

- Otherwise, the following operations are performed:

1. When there is no empty frame buffer (i.e., DPB fullness is equal to DPB size), the "bumping" proeess
specified in subclause C.4.5.3 is invoked repeatedly until there is an empty frame buffer in which té. store
the reference base picture.

2. The reference base picture is stored in an empty frame buffer and marked as "not needed for output" and the
DPB fullness is incremented by one.

C.4.5.2 Storage and marking of a non-reference decoded picture into the DPB
The current picture is associated with a variable StoreInterViewOnlyRefFlag, which is derived(as follows:

—  If the decoding process specified in Annex H or Annex I is applied, the current view. component has a view order
index VOIdx less than VOIdxMax and inter_view_flag equal to 1, StorelnterViewOnlyRefFlag is set equal to 1.

- Otherwise, StorelnterViewOnlyRefFlag is set equal to 0.

The current picture is stored in the DPB or output as follows:

—  If the current decoded picture is the second field (in decoding order) of a complementary non-reference field pair
and the first field of the pair is still in the DPB, the current.picture is stored in the same frame buffer as the first field
of the pair and the following applies:

— If the current decoded picture has OutputFlag equal to 1, it is marked as "needed for output".

— Otherwise (the current decoded picture hasd@utputFlag equal to 0), it is marked as "not needed for output".

—  Otherwise, if the current picture has QutputFlag equal to 0 and StorelnterViewOnlyRefFlag equal to 0, the DPB is
not modified and the current picturg.is'not output.

—  Otherwise, if the current picture has StorelnterViewOnlyRefFlag equal to 1, the following operations are performed:

1. When there is no empty frame buffer (i.e., DPB fullness is equal to DPB size), the "bumping" process
specified in subclause C.4.5.3 is invoked repeatedly until there is an empty frame buffer in which to store the
current de¢oded picture.

2. Thercurrent decoded picture is stored in an empty frame buffer, the DPB fullness is incremented by one, and
the(following applies:

= If the current decoded picture has OutputFlag equal to 1, it is marked as "needed for output".

—  Otherwise (the current decoded picture has OutputFlag equal to 0), it is marked as "not needed for
output".

—  Otherwise, the following operations are performed repeatedly until the current decoded picture has been cropped
and output or has been stored in the DPB:

— If there is no empty frame buffer (i.e., DPB fullness is equal to DPB size), the following applies:
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—  If the current picture does not have a lower value of PicOrderCnt( ) than all pictures in the DPB that are
marked as "needed for output”, the "bumping" process described in subclause C.4.5.3 is performed.

—  Otherwise (the current picture has a lower value of PicOrderCnt( ) than all pictures in the DPB that are
marked as "needed for output"), the current picture is cropped, using the cropping rectangle specified in
the active sequence parameter set for the picture and the cropped picture is output.

— Otherwise (there is an empty frame buffer, i.e., DPB fullness is less than DPB size), the current decoded picture
is stored in an empty frame buffer and is marked as "needed for output"”, and the DPB fullness is incremented
by one.

C.4.5.3 "Bumping" process

When the decoding process specified in Annex H is applied, the process specified in this sulsclause is invoked for a
particular view with view order index VOIdx, with "picture" being replaced by "view component", "frame" being]
replaced by "frame view component", and "field" being replaced by "field view component!, 'During the invocation of the
process for a particular view, only view components of the particular view are considered and frame buffers containing]
view components of other views are not emptied.

When the decoding process specified in Annex I is applied, the process specified in this subclause for Annex H i
invoked for particular texture view and depth view with view order index/VOIdx, with each "view component" being]
replaced by "texture view component" or "depth view component", "frame view component" being replaced by "texture
frame view component" or "depth frame view component", and "field-view component" being replaced by "texture field
view component". During the invocation of the process for a particular texture view, only the texture view components of
the particular view are considered while respective depth view ¢omponents may be cropped and output too During the
invocation of the process for a particular depth view, only{the depth view components of the particular view are
considered and frame buffers containing view component$ of other views are not emptied. The DPB fullness represents|
the total number of non-empty frame buffers, including\frame buffers that contain view components of other views, for
the texture DPB or the depth DPB depending on whether the process is invoked for a texture view or a depth view,)
respectively.

The DPB fullness represents the total number of non-empty frame buffers. When the decoding process specified in in|
Annex H is applied, this includes frame buffers that contain view components of other views. When the decoding process
specified in in Annex I is applied, this)includes frame buffers that contain texture or depth view components of other
views.

The "bumping" process is inveked in the following cases.

—  There is no empty)frame buffer (i.e., DPB fullness is equal to DPB size) and an empty frame buffer is needed for
storage of an mferred "non-existing" frame, as specified in subclause C.4.2.

—  The current picture is an IDR picture and no_output of prior pics_flag is not equal to 1 and is not inferred to bej
equal)to 1, as specified in subclause C.4.4.

<£_) The current picture has memory management control operation equal to 5, as specified in subclause C.4.4.

—  There is no empty frame buffer (i.e., DPB fullness is equal to DPB size) and an empty frame buffer is needed for
storage of a decoded (non-IDR) reference picture or a reference base picture, as specified in subclause C.4.5.1

—  There is no empty frame buffer (i.e., DPB fullness is equal to DPB size) and the current picture is a non-reference
picture that is not the second field of a complementary non-reference field pair and the current picture has
OutputFlag equal to 1 and there are pictures in the DPB that are marked as "needed for output" that precede the
current non-reference picture in output order, as specified in subclause C.4.5.2, so an empty buffer is needed for
storage of the current picture.
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There is no empty frame buffer (i.e., DPB fullness is equal to DPB size) and the current picture is a non-reference
picture that is not the second field of a complementary non-reference field pair and the current picture has
StorelnterViewOnlyRefFlag equal to 1, as specified in subclause C.4.5.2, so an empty buffer is needed for storage of
the current picture.

The "bumping" process consists of the following ordered steps:

1.

The picture or complementary reference field pair that is considered first for output is selected as follows:

a. The frame buffer is selected that contains the picture having the smallest value of PicOrderCnt( ) of all
pictures in the DPB marked as "needed for output".

b. Depending on the frame buffer, the following applies:

— If this frame buffer contains a complementary non-reference field pair with both fields ‘marked as
"needed for output" and both fields have the same PicOrderCnt( ), the first of thesejtwo' fields in
decoding order is considered first for output.

—  Otherwise, if this frame buffer contains a complementary reference field pair with both fields marked
as "needed for output" and both fields have the same PicOrderCnt( ), theentire complementary
reference field pair is considered first for output.

NOTE — When the two fields of a complementary reference field pair, havé the same value of PicOrderCnt( ),
this "bumping" process will output these pictures together, although thétwo fields have different output times
from a decoder that satisfies output timing conformance criteria (as/specified in subclause C.2.2).

—  Otherwise, the picture in this frame buffer that has the.smallest value of PicOrderCnt( ) is considered
first for output.

Depending on whether a single picture or a complementary reference field pair is considered for output, the
following applies:

— Ifasingle picture is considered first for outputithis picture is cropped, using the cropping rectangle specified
in the active sequence parameter set for the'picture, the cropped picture is output, and the picture is marked
as "not needed for output".

—  Otherwise (a complementary reference field pair is considered first for output), the two fields of the
complementary reference field:pair are both cropped, using the cropping rectangle specified in the active
sequence parameter set for\the pictures, the two fields of the complementary reference field pair are output
together, and both fields 0fthe complementary reference field pair are marked as "not needed for output".

When there is a single_depth view component or a complementary depth view component pair having the same
values of view_id_and PicOrderCnt( ) as the single picture or complementary reference field pair considered for
output, the single.depth view component or complementary depth view component pair are output as in step 2.

The frame buffer that included the picture or complementary reference field pair that was cropped and output is
checked,<and when any of the following conditions are true, the frame buffer is emptied and the DPB fullness is
decremented by 1:

—<_JThe frame buffer contains a non-reference non-paired field.

—  The frame buffer contains a non-reference frame.

32

—  The frame buffer contains a complementary non-reference field pair with both fields marked as "not needed
for output".

—  The frame buffer contains a non-paired reference field marked as "unused for reference".

—  The frame buffer contains a reference frame with both fields marked as "unused for reference".
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—  The frame buffer contains a complementary reference field pair with both fields marked as "unused for
reference" and "not needed for output".

In Table D.1, add the following after "display orientation (payloadSize)":

else if( payloadType == 48)

mvcd_scalable nesting( payloadSize ) /* specified in Annex I */ 5

else if ( payloadType == 49)

mvced view_scalability info( payloadSize ) /* specified in Annex I */ 5

else if (payloadType == 50)

depth_representation_info( payloadSize ) /* specified in Annex I */ 5

else if (payloadType == 51)

three _dimensional reference displays_info( payloadSize ) 5
/* specified in Annex [ */

else if (payloadType == 52)

depth_timing( payloadSize ) /* specified in Annex I */ 5

else if( payloadType == 53)

depth_sampling info( payloadSize ). specified in Annex I */ 5

In H.13.2.5, make the following changes:
Replace the following sentence

When present, the multiview acquisition information SEI message shall be associated with an IDR access unit and
information signalled\in’the SEI message applies to the coded video sequence.

with

When present as a non-nested SEI message, the multiview acquisition information SEI message shall be associated with|
an IDR/access unit and information signalled in the SEI message applies to the coded video sequence.

Add the following paragraph after the paragraph containing the sentence above:

The multiview acquisition information SEI message may he nested in an MVCD scalable nesting SEI message to indicate

parameters of the acquisition environment of texture and depth views. When present as a nested SEI message, the
multiview acquisition information SEI message is recommended be associated with an IDR access unit and may be
associated with any access unit. When present as a nested SEI message, the information indicated in the SEI message
applies from the access unit associated with the SEI message to the next access unit, in decoding order, containing an SEI
message of the same type, exclusive, or to the end of the coded video sequence, whichever is earlier in decoding order.
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Replace the two paragraphs specifying the semantics of "num_vews_minus1" with the following:

num_views_minusl shall be equal to the value of the syntax element num_views_minusl in the active MVC sequence
parameter set for the coded video sequence when the SEI message is not nested. When the SEI message is nested in an
MVCD scalable nesting SEI message, num_views_minus! shall be equal to the value of num_view_components minus1

of the containing MVCD scalable nesting SEI message. The value of num views minusl shall be in the range of 0
10 1022 o olocis

Q.
O T U= ICTOS TV O

[When the SEI message is not nested, the loop index i in the subsequent syntax elements indicates the view order index
derived from the active MVC sequence parameter set. When the SEI message is nested in an MVCD scalable nesting SEI
message, the loop index i in the subsequent syntax elements indicates the view with view_id equal to sei_view_id[ i.] of
the containing MVCD scalable nesting SEI message.
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Add Annex I:

Annex I

Multiview and depth video coding

(This annex forms an integral part of this Recommendation | International Standard.)

This annex specifies multiview video coding with depth information, referred to as MVCD.

I1 Scope
Bitstreams and decoders conforming to the profile specified in this annex are completelir specified in this annex with
reference made to clauses 2-9 and Annexes A-H.

1.2 Normative references
The specifications in clause 2 apply.

1.3 Definitions
For the purpose of this annex, the following definitions apply in addition to the definitions in subclause H.3. These
definitions are either not present in subclause H.3 or replacé.définitions in subclause H.3.

L3.1 depth field view: A depth view component.of a field.

L3.2 depth frame view: A depth view component of a frame.

L.3.3 depth view: A sequence of depth-view components associated with an identical value of view_id.

1.3.4 depth view component: A coded representation of the depth of a view in a single access unit.

L3.5 inter-view only reference component: A view component, texture view component, or depth view component

coded with nal ref-idc’equal to 0 and inter view flag equal to 1. An inter-view only reference component
contains samples that may be used for inter-view prediction in the decoding process of subsequent view
components intdecoding order, but are not used for inter prediction by any view components. Inter-view only
reference components are non-reference pictures.

1.3.6 inter-view’ reference component: A view component, texture view component, or depth view component
coded._with nal ref idc greater than O and inter view flag equal to 1. An infer-view reference component
contains samples that may be used for inter prediction of subsequent pictures in decoding order and inter-view|
prediction of subsequent view components in decoding order. Inter-view reference components are reference
‘pictures.

13.7 MVCD operation point: An operation point for which each target output view includes a texture view or a
depth view or both a texture view and a depth view.

L.3.8 MYVCD sequence parameter set: A collective term for sequence parameter set or subset sequence parameten
ser
L.3.9 MVCD sequence parameter set RBSP: A collective term for sequence parameter set RBSP or subset

sequence parameter set RBSP.

1.3.10 reference picture: A view component, texture view component, or depth view component coded with
nal_ref idc greater than 0. A reference picture contains samples that may be used for inter prediction in the
decoding process of subsequent view components in decoding order. A reference picture may be an inter-view
reference component, in which case the samples contained in the reference picture may also be used for inter-
view prediction in the decoding process of subsequent view components in decoding order.
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L3.11 stereoscopic texture bitstream: A bitstream containing two texture views and conforming to one of the
profiles specified in Annex H.

1.3.12 texture field view component: A fexture view component of a field.

1.3.13 texture frame view component: A texture view component of a frame.

1.3.15 texture view component: A coded representation of the texture of a view in a single access unit.

3.16 view: A texture view and a depth view with the same value of view_id, unless explicitly limited to either
texture view or depth view.

.3.17 view component: A coded representation of a view in a single access unit. A view component may consist-of a
texture view component and a depth view component.

[1.3.18 view component pair: A fexture view component and a depth view component of the same wiew within the
same access unit.

1.4 Abbreviations
The specifications in clause 4 apply.

1.5 Conventions
The specifications in clause 5 apply.

1.6 Source, coded, decoded and output data formats, scanning processes, and neighbouring

relationships
The specifications in clause 6 apply with substitution of MVCD sequence parameter set for sequence parameter set.

1.7 Syntax and semantics
This clause specifies syntax and semantics for coded“wideo sequences that conform to one or more of the profiles
specified in this annex.

[.7.1  Method of specifying syntax in tabular form
The specifications in subclause H.7.1 apply.

1.7.2 Specification of syntax functions, categories, and descriptors
The specifications in subclause H.7.2 apply.

1.7.3 Syntaxdnytabular form

[.7.3.1 NAUL unit syntax
The syiitax table is specified in subclause H.7.3.1.

1.7.3.1.1 NAL unit header MVC extension syntax
The syntax table is specified in subclause H.7.3.1.1.
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1.7.3.2 Raw byte sequence payloads and RBSP trailing bits syntax

1.7.3.2.1 Sequence parameter set RBSP syntax
The syntax table is specified in subclause H.7.3.2.1.

1.7.3.2.1.1 Sequence parameter set data syntax
The syntax table is specified in subclause H.7.3.2.1.1.

1.7.3.2.1.1.1 Scaling list syntax
The syntax table is specified in subclause H.7.3.2.1.1.1.

1.7.3.2.1.2 Sequence parameter set extension RBSP syntax
The syntax table is specified in subclause H.7.3.2.1.2.

1.7.3.2.1.3 Subset sequence parameter set RBSP syntax
The syntax table is specified in subclause H.7.3.2.1.3.

1.7.3.2.1.4 Sequence parameter set MVC extension syntax
The syntax table is specified in subclause H.7.3.2.1.4.
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1.7.3.2.1.5 Sequence parameter set MVCD extension syntax
seq_parameter set mved extension( ) { C | Descriptor
num_views_minus1 0 | ue(v)
for( 1= 0, NumDepthViews = 0; i <= num views minusl; i++ ) {
view_id[ i | 0 | ue(v)
depth_view_present flag[ i | 0 | u(l)
DepthViewld[ NumDepthViews | = view_id[ i ]
NumDepthViews += depth view present flag[ i ]
texture_view_present_flag[ i | 0 | u(l)
}
for(i=1;1<=num_views_minusl; i++)
if( depth_view present flag[i]) {
num_anchor_refs 10[ i ] 0 |hefv)
for(j=0;j <num_anchor refs 10[ i ]; j++)
anchor_ref 10[i ][] 0" | ue(v)
num_anchor_refs 111 ] 0 | ue(v)
for(j =0;j <num_anchor refs 11[1i];j++)
anchor_ref I1[i][j] 0 | ue(v)
}
for(i=1;1<=num_views_minusl; i++)
if( depth_view present flag[i]) {
num_non_anchor_refs 10[i | 0 | ue(v)
for(j =0;j <num_non_anchor_refs 10[i]; jt%)
non_anchor_ref 10[i][j] 0 | ue(v)
num_non_anchor_refs 11[1i] 0 | ue(v)
for(j =0;j <num_non_anchor_refs JI}1i];j++)
non_anchor_ref 11[i][j] 0 | ue(v)
}
num_level values_signalled minusl 0 | ue(v)
for(1=0;1<=num_level yalues signalled minusl;i++) {
level idc[i ] 0 | u®
num_applicable_ops minus1]i] 0 | ue(v)
for(j =0; j <=(num_applicable ops minusi[i];j++) {
applicable“op_temporal id[i][ ] 0 | u®3
applicable_op_num_target_views minus1[i][j | 0 | ue(v)
forGk = 0; k <= applicable op num_target views minus1[i][j ];
k++) {
applicable op_target view id[i][j][ k] 0 | ue(v)
applicable_op_depth_flag[i][j][ k] 0 | ul)
applicable_op_texture flag[i][j][ k] 0 | ul)
}
applicable_op_mum _texture _views_mmimosH 7 0T ue(v)
applicable_op_num_depth_views[i][j ] 0 | ue(v)
}
}
mved_vui_parameters_present_flag 0 | ul)
if( mved_vui_parameters_present_flag == 1)
mvcd_vui_parameters_extension( )
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texture_vui_parameters_present_flag

u(l)

if( texture_vui_parameters_present flag == 1)

mvc_vui_parameters_extension( )

1.7.3.2.2 Picture parameter set RBSP syntax
The syntax table is specified in subclause H.7.3.2.2.

1.7.3.2.3 Supplemental enhancement information RBSP syntax
The syntax table is specified in subclause H.7.3.2.3.

1.7.3.2.3.1 Supplemental enhancement information message syntax
The syntax table is specified in subclause H.7.3.2.3.1.

1.7.3.2.4 Access unit delimiter RBSP syntax
The syntax table is specified in subclause H.7.3.2.4.

1.7.3.2.5 End of sequence RBSP syntax
The syntax table is specified in subclause H.7.3.2.5.

1.7.3.2.6 End of stream RBSP syntax
The syntax table is specified in subclause H.7.3.276:

1.7.3.2.7 Filler data RBSP syntax
The syntax table is specified in subclause H.7.3.2.7.

1.7.3.2.8 Slice layer without partitioning RBSP syntax
The syntax table is specifted in subclause H.7.3.2.8.

1.7.3.2.9 Slice’data partition RBSP syntax

Slice data partition syntax is not present in coded video sequences conforming to one or more of the profiles specified in

this annex.

1.7.3.2.10RBSP slice trailing bits syntax
The syntax table is specified in subclause H.7.3.2.10.

1.7.3.2.11 RBSP trailing bits syntax
The syntax table is specified in subclause H.7.3.2.11.

1.7.3.2.12 Prefix NAL unit RBSP syntax
The syntax table is specified in subclause H.7.3.2.12.
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1.7.3.2.13Slice layer extension RBSP syntax
The syntax table is specified in subclause H.7.3.2.13.

1.7.3.3 Slice header syntax
The syntax table is specified in subclause H.7.3.3.

[.7.3.3.1 Reference picture list modification syntax
The syntax table is specified in subclause H.7.3.3.1.

[.7.3.3.1.1 Reference picture list MVC modification syntax
The syntax table is specified in subclause H.7.3.3.1.1

[.7.3.3.2 Prediction weight table syntax
The syntax table is specified in subclause H.7.3.3.2.

1.7.3.3.3 Decoded reference picture marking syntax
The syntax table is specified in subclause H.7.3.3.3.

[.7.3.4 Slice data syntax
The syntax table is specified in subclause H.7.3.4.

1.7.3.5 Macroblock layer syntax
The syntax table is specified in subclause H.7.3.5.

[.7.3.5.1 Macroblock prediction syntax
The syntax table is specified in subclause H¢7.3.5.1.

[.7.3.5.2 Sub-macroblock prediction syntax
The syntax table is specified it subclause H.7.3.5.2.

[.7.3.5.3 Residual data syntax
The syntax table is,specified in subclause H.7.3.5.3.

[.7.3.5.3.1." Residual luma syntax
The syntax table is specified in subclause H.7.3.5.3.1.

1.7.3.5.3.2 Residual block CAVLC syntax
The syntax table is specified in subclause H.7.3.5.3.2.

1.7.3.5.3.3 Residual block CABAC syntax
The syntax table is specified in subclause H.7.3.5.3.3.
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1.7.4  Semantics

Semantics associated with the syntax structures and syntax elements within these structures (in subclause 1.7.3 and in
subclause H.7.3 by reference in subclause 1.7.3) are specified in this subclause and by reference to subclause 1.7.4. When
the semantics of a syntax element are specified using a table or a set of tables, any values that are not specified in the
table(s) shall not be present in the bitstream unless otherwise specified in this Recommendation | International Standard.

1.7.4.1 NAL unit semantics
The semantics for the syntax elements in subclause 1.7.3.1 are specified in subclause H.7.3.1.

1.7.4.1.1 NAL unit header MVC extension semantics
The semantics for the syntax elements in subclause 1.7.3.1.1 are specified in subclause H.7.3.1.1.

1.7.4.1.2 Order of NAL units and association to coded pictures, access units, and video_sequences
This subclause specifies constraints on the order of NAL units in the bitstream. Any orderrof NAL units in the bitstream|
obeying these constraints is referred to in the text as the decoding order of NAL unit§)Within a NAL unit, the syntax in|
subclauses 7.3, D.1, E.1, H.7.3, H.13.1, H.14.1, 1.13.1 and 1.14.1 specifies thepdécoding order of syntax elements.
Decoders shall be capable of receiving NAL units and their syntax elements in decoding order.

1.7.41.2.1 Order of MVCD sequence parameter set RBSPs-and picture parameter set RBSPs and their
activation

NOTE 1 — The sequence and picture parameter set mechanism decouples’the transmission of infrequently changing information from
the transmission of coded macroblock data. Sequence and pictupe~parameter sets may, in some applications, be conveyed "out-of-
band" using a reliable transport mechanism.

A picture parameter set RBSP includes parameter§’that can be referred to by the coded slice NAL units of one or more
texture view or depth view components of one or'more coded pictures.

Each picture parameter set RBSP is initially-considered not active at the start of the operation of the decoding process. At
most one picture parameter set RBSP is considered as the active picture parameter set RBSP at any given moment during]
the operation of the decoding process; and when any particular picture parameter set RBSP becomes the active picture
parameter set RBSP, the previously-active picture parameter set RBSP (if any) is deactivated.

In addition to the active picture parameter set RBSP, zero or more picture parameter set RBSPs may be specificallyj]
active for texture view eemponents (with a particular value of VOIdx less than or equal to VOIdxMax) that belong to thej
target output views.or)that may be referred to through inter-view prediction in decoding texture view components|
belonging to the_target output views. Such a picture parameter set RBSP is referred to as the active texture picture
parameter set RBSP for the particular value of VOIdx. The restrictions on active picture parameter set RBSPs also apply
to active texture picture parameter set RBSPs for a particular value of VOIdx.

Furthermore, zero or more picture parameter set RBSPs may be specifically active for depth view components (with a
particular value of VOIdx less than VOIdxMax) that belong to the target output views or that may be referred to through
iter-view prediction in decoding depth view components belonging to the target output views. Such a picture parameter
set RBSP is referred to as the active depth picture parameter set RBSP for the particular value of VOIdx. The restrictions
on active picture parameter set RBSPs also apply to active depth picture parameter set RBSPs for a particular value of
VOIdx less than VOIdxMax.

When a picture parameter set RBSP (with a particular value of pic_parameter set id) is not the active picture parameter
set RBSP and it is referred to by a coded slice NAL unit belonging to a depth view component (i.e., with nal unit type
equal to 21) and with VOIdx equal to VOIdxMax (using that value of pic_parameter set id), it is activated. This picture
parameter set RBSP is called the active picture parameter set RBSP until it is deactivated when another picture parameter
set RBSP becomes the active picture parameter set RBSP. A picture parameter set RBSP, with that particular value of
pic_parameter set id, shall be available to the decoding process prior to its activation.
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When a picture parameter set RBSP (with a particular value of pic_parameter set id) is not the active depth picture
parameter set for a particular value of VOIdx less than VOIdxMax and it is referred to by a coded slice NAL unit
belonging to a depth view component (i.e., with nal unit_type equal to 21) and with the particular value of VOIdx (using
that value of pic_parameter_set_id), it is activated for view components with the particular value of VOIdx. This picture
parameter set RBSP is called the active depth picture parameter set RBSP for the particular value of VOIdx until it is
deactivated when another picture parameter set RBSP becomes the active depth picture parameter set RBSP for the

available to the decoding process prior to its activation.

[When a picture parameter set RBSP (with a particular value of pic_parameter set id) is not the active texture picture
[parameter set for a particular value of VOIdx less than or equal to VOIdxMax and it is referred to by a coded slice NAL
unit belonging to a texture view component (i.e., with nal unit type equal to 1, 5 or 20) and with the particular valie"of
[VOIdx (using that value of pic_parameter set id), it is activated for texture view components with the particularyalue of
[VOIdx. This picture parameter set RBSP is called the active texture picture parameter set RBSP for the panticylar value
of VOIdx until it is deactivated when another picture parameter set RBSP becomes the active texture pieture parameter
set RBSP for the particular value of VOIdx. A picture parameter set RBSP, with that pafficular value of
pic_parameter set id, shall be available to the decoding process prior to its activation.

[Any picture parameter set NAL unit containing the value of pic_parameter set id for the active picture parameter set
[RBSP for a coded picture shall have the same content as that of the active picture parametet set RBSP for this coded
picture unless it follows the last VCL NAL unit of this coded picture and precedes the first VCL NAL unit of another
coded picture. Any picture parameter set NAL unit containing the value of pic_parameter set id for the active depth
picture parameter set RBSP for a particular value of VOIdx less than VOIdxMax forlarcoded picture shall have the same
content as that of the active view picture parameter set RBSP for the particularyalue of VOIdx for this coded picture
unless it follows the last VCL NAL unit of this coded picture and precedesithe first VCL NAL unit of another coded
picture. Any picture parameter set NAL unit containing the value of pic_parameter set id for the active texture picture
[parameter set RBSP for a particular value of VOIdx for a coded pictupe shall have the same content as that of the active
texture picture parameter set RBSP for the particular value of VOIdxfor this coded picture unless it follows the last VCL
INAL unit of this coded picture and precedes the first VCL NAL unijt of another coded picture.

A MVCD sequence parameter set RBSP includes parameters'that can be referred to by one or more picture parameter set
[RBSPs or one or more buffering period SEI messages.

[Each MVCD sequence parameter set RBSP is initially considered not active at the start of the operation of the decoding
[process. At most one MVCD sequence parametet'set RBSP is considered as the active MVCD sequence parameter set
RBSP at any given moment during the operation of the decoding process, and when any particular MVCD sequence
parameter set RBSP becomes the active MVCD sequence parameter set RBSP, the previously-active MVCD sequence
parameter set RBSP (if any) is deactivated.

In addition to the active MVCD sequence parameter set RBSP, zero or more MVCD sequence parameter set RBSPs may
be specifically active for view-€omponents (with a particular value of VOIdx less than VOIdxMax) that belong to the
target output views or that may/be referred to through inter-view prediction in decoding view components belonging to
the target output views. Such’a MVCD sequence parameter set RBSP is referred to as the active view MVCD sequence
[parameter set RBSP for'the particular value of VOIdx. The restrictions on active MVCD sequence parameter set RBSPs
also apply to active-view MVCD sequence parameter set RBSPs for a particular value of VOIdx less than VOIdxMax.

[Furthermore, zex6 or more MVCD sequence parameter set RBSPs may be specifically active for texture view

components, (With a particular value of VOIdx less than or equal to VOIdxMax) that belong to the target output views or

that may betreferred to through inter-view prediction in decoding texture view components belonging to the target output

viewsi>Such a MVCD sequence parameter set RBSP is referred to as the active texture MVCD sequence parameter set

RBSP for the particular value of VOIdx. The restrictions on active MVCD sequence parameter set RBSPs also apply to
ctive texture MVCD sequence parameter set RBSPs for a particular value of VOIdx

For the following specification, the activating buffering period SEI message is specified as follows.
— If VOIdxMax is equal to VOIdxMin and the access unit contains a buffering period SEI message not included in an

MVC scalable nesting SEI message and not included in a MVCD scalable nesting SEI message, this buffering
period SEI message is the activating buffering period SEI message.

42 © ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=5638bf87515834e3795af37addc6b746

ISO/IEC 14496-10:2012/Amd.2:2013(E)

—  Otherwise if VOIdxMax is not equal to VOIdxMin and the access unit contains a buffering period SEI message
included in a MVCD scalable nesting SEI message and associated with the operation point being decoded, this
buffering period SEI message is the activating buffering period SEI message.

—  Otherwise, the access unit does not contain an activating buffering period SEI message.

Vhera-segtenee-parameterset RBSP-(al—unti—typeisequatto-H-witha-partentar-vatte-of seq—parameter—set—tdisnot
already the active MVCD sequence parameter set RBSP and it is referred to by activation of a picture parameter ‘sefj
RBSP (using that value of seq parameter_set id) and the picture parameter set RBSP is activated by a coded slice NAL
unit with nal_unit_type equal to 1 or 5 (the picture parameter set RBSP becomes the active picture parameter sct, RBSP|
and VOIdxMax is equal to VOIdxMin and there is no depth view component in any access unit) and the access|unit does|
not contain an activating buffering period SEI message, it is activated. This sequence parameter set RBSR\S called the
active MVCD sequence parameter set RBSP until it is deactivated when another MVCD sequence parameter set RBSP
becomes the active MVCD sequence parameter set RBSP. A sequence parameter set RBSP, with that particular value of
seq parameter set id, shall be available to the decoding process prior to its activation.

When a sequence parameter set RBSP (nal unit type is equal to 7) with a particular value of.seq parameter set id is nof
already the active MVCD sequence parameter set RBSP and it is referred to by an-activating buffering period SEI|
message (using that value of seq parameter set id) that is not included in a MVCD(s¢alable nesting SEI message and
VOIdxMax is equal to VOIdxMin and there is no depth view component in the aceess unit, it is activated. This sequence
parameter set RBSP is called the active MVCD sequence parameter set RBSP until it is deactivated when another MVCD
sequence parameter set RBSP becomes the active MVCD sequence parameter(set RBSP. A sequence parameter set RBSP|
with that particular value of seq_parameter set id, shall be available to the.d€eoding process prior to its activation.

When a subset sequence parameter set RBSP (nal unit typé~us equal to 15) with a particular value of
seq parameter set id is not already the active MVCD sequence pararneter set RBSP and it is referred to by activation ofj
a picture parameter set RBSP (using that value of seq parameter “set_id) and the picture parameter set RBSP is activated|
by a coded slice depth extension NAL unit with nal unitstype equal to 21 and with VOIdx equal to VOIdxMax (the]
picture parameter set RBSP becomes the active picture{parameter set RBSP) and the access unit does not contain an|
activating buffering period SEI message, it is activatéd: This subset sequence parameter set RBSP is called the active)
MVCD sequence parameter set RBSP until it is deactivated when another MVCD sequence parameter set RBSP becomes
the active MVCD sequence parameter set RBSP.'A subset sequence parameter set RBSP, with that particular value of
seq_parameter_set id, shall be available to the decoding process prior to its activation.

When a subset sequence parameter. \s¢t RBSP (nal unit type is equal to15) with a particular value of
seq_parameter_set id is not already thejactive MVCD sequence parameter set RBSP and it is referred to by an activating]
buffering period SEI message (using that value of seq parameter set id) that is included in a MVCD scalable nesting]
SEI message, it is activated. This'subset sequence parameter set RBSP is called the active MVCD sequence parameter set
RBSP until it is deactivated (when another MVCD sequence parameter set RBSP becomes the active MVCD sequence
parameter set RBSP. A subset sequence parameter set RBSP, with that particular value of seq_parameter_set id, shall b
available to the decodidg-process prior to its activation.

NOTE 2 — The active MVCD sequence parameter set RBSP is either a sequence parameter set RBSP or a subset sequence
parameter, Set) RBSP. Sequence parameter set RBSPs are activated by coded slice NAL units with nal unit_type equal to 1 or 5 or
buffering-period SEI messages that are not included in an MVC scalable nesting SEI message or a MVCD scalable nesting SEI
message. Subset sequence parameter sets are activated by coded slice depth extension NAL units (nal_unit type equal to 21) or
buffering period SEI messages that are included in a MVCD scalable nesting SEI message. A sequence parameter set RBSP and a
subset sequence parameter set RBSP may have the same value of seq_parameter set id.

For the following specification, the activating texture buffering period SEI message for a particular value of VOIdx is
specified as follows.

—  If the access unit contains one or more than one buffering period SEI message included in an MVC scalable nesting
SEI message and associated with an operation point for which the greatest VOIdx in the associated bitstream subset
is equal to the particular value of VOIdx, the first of these buffering period SEI messages, in decoding order, is the
activating texture buffering period SEI message for the particular value of VOIdx.
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—  Otherwise, if the access unit contains a buffering period SEI message not included in an MVC scalable nesting SEI
message or a MVCD scalable nesting SEI message, this buffering period SEI message is the activating texture
buffering period SEI message for the particular value of VOIdx equal to VOIdxMin.

—  Otherwise, the access unit does not contain an activating texture buffering period SEI message for the particular
value of VOIdx.

[When a sequence parameter set RBSP (nal _unit type is equal to 7) with a particular value of seq_parameter_set id is not
already the active texture MVCD sequence parameter set RBSP for VOIdx equal to VOIdxMin and it is referred to by
activation of a picture parameter set RBSP (using that value of seq parameter set id) and the picture parameter set
RBSP is activated by a coded slice NAL unit with nal unit_type equal to 1 or 5 (the picture parameter set RBSP becomes
the active texture picture parameter set RBSP for VOIdx equal to VOIdxMin), it is activated for texture view compenents
with VOIdx equal to VOIdxMin. This sequence parameter set RBSP is called the active texture MVCD ssequence
parameter set RBSP for VOIdx equal to VOIdxMin until it is deactivated when another MVCD sequence parameter set
RBSP becomes the active texture MVCD sequence parameter set RBSP for VOIdx equal to VOIdxMin\A sequence
[parameter set RBSP, with that particular value of seq parameter set id, shall be available to the decoding process prior
to its activation.

[When a sequence parameter set RBSP (nal unit type is equal to 7) with a particular value of s€g,-parameter set id is not
already the active texture MVCD sequence parameter set RBSP for VOIdx equal to VOIdxMii and it is referred to by an
activating texture buffering period SEI message (using that value of seq parameter set\id) that is not included in an
[MVC scalable nesting SEI message or a MVCD scalable nesting SEI message, thé sequence parameter set RBSP is
activated for texture view components with VOIdx equal to VOIdxMin. This sequence parameter set RBSP is called the
active texture MVCD sequence parameter set RBSP for VOIdx equal to VOIdxMin until it is deactivated when another
MVCD sequence parameter set RBSP becomes the active texture MVCD sequence parameter set RBSP for VOIdx equal
to. A sequence parameter set RBSP, with that particular value of seq_pararheter_set_id, shall be available to the decoding
[process prior to its activation.

When a subset sequence parameter set RBSP (nal unit fype” is equal to 15) with a particular value of
seq_parameter_set_id is not already the active texture MVCDxsequence parameter set RBSP for a particular value of
[VOIdx less than or equal to VOIdxMax and it is referred to\by activation of a picture parameter set RBSP (using that
value of seq parameter set id) and the picture parameter.seét RBSP is activated by a coded slice MVC extension NAL
unit (nal_unit_type equal to 20) with the particular value-of VOIdx (the picture parameter set RBSP becomes the active
texture picture parameter set RBSP for the particularwalue of VOIdXx), it is activated for texture view components with
the particular value of VOIdx. This subset sequence parameter set RBSP is called the active texture MVCD sequence
[parameter set RBSP for the particular value of (MOIdx until it is deactivated when another MVCD sequence parameter set
RBSP becomes the active texture MVCD sequence parameter set RBSP for the particular value of VOIdx. A subset
sequence parameter set RBSP, with thaf particular value of seq parameter set id, shall be available to the decoding
[process prior to its activation.

When a subset sequence patameter set RBSP (nal unit type is equal to 15) with a particular value of
seq_parameter set _id is not-already the active texture MVCD sequence parameter set RBSP for a particular value of
[VOIdx less than or equal-to ' VOIdxMax and it is referred to by an activating texture buffering period SEI message (using
that value of seq parameter set id) that is included in an MVC scalable nesting SEI message and associated with the
particular value of VOIdx, this subset sequence parameter set RBSP is activated for texture view components with the
particular value¢of-VOIdx. This subset sequence parameter set RBSP is called the active texture MVCD sequence
[parameter set RBSP for the particular value of VOIdx until it is deactivated when another MVCD sequence parameter set
RBSP becomes the active texture MVCD sequence parameter set RBSP for the particular value of VOIdx. A subset
sequencé\parameter set RBSP, with that particular value of seq parameter set id, shall be available to the decoding
[process-prior to its activation.

[For‘the following specification, the activating view buffering period SEI message for a particular value of VOIdx is

specified as follows.

—  If the access unit contains one or more than one buffering period SEI message included in a MVCD scalable nesting
SEI message and associated with an operation point for which the greatest VOIdx in the associated bitstream subset
is equal to the particular value of VOIdx, the first of these buffering period SEI messages, in decoding order, is the
activating view buffering period SEI message for the particular value of VOIdx.
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—  Otherwise, the access unit does not contain an activating view buffering period SEI message for the particular value
of VOIdx.

When a subset sequence parameter set RBSP (nal unit type is equal to15) with a particular value of
seq_parameter_set id is not already the active view MVCD sequence parameter set RBSP for a particular value of
VOIdx less than VOIdxMax and it is referred to by activation of a picture parameter set RBSP (using that value of

—paFd —set—ic) 5 actva : S At —
equal to 21 and with the particular value of VOIdx (the picture parameter set RBSP becomes the active view pictute)
parameter set RBSP for the particular value of VOIdx), it is activated for view components with the particular value*of]
VOIdx. This subset sequence parameter set RBSP is called the active view MVCD sequence parameter set RBSP [for the
particular value of VOIdx until it is deactivated when another MVCD sequence parameter set RBSP becomes the active
view MVCD sequence parameter set RBSP for the particular value of VOIdx or when decoding an acegss unit with
VOIdxMax less than or equal to the particular value of VOIdx. A subset sequence parameter settRBSP, with that
particular value of seq_parameter set id, shall be available to the decoding process prior to its activation.

When a subset sequence parameter set RBSP (nal unit type is equal to 15) with)a” particular value of
seq parameter set id is not already the active view MVCD sequence parameter set RBSP for a particular value of]
VOIdx less than VOIdxMax and it is referred to by an activating view buffering period SEI 'message (using that value of
seq_parameter set id) that is included in a MVCD scalable nesting SEI message and asseciated with the particular value
of VOIdx, this subset sequence parameter set RBSP is activated for view components*with the particular value of VOIdx
This subset sequence parameter set RBSP is called the active view MVCD Isequence parameter set RBSP for the
particular value of VOIdx until it is deactivated when another MVCD sequerice) parameter set RBSP becomes the active
view MVCD sequence parameter set RBSP for the particular value of V@Idx or when decoding an access unit with
VOIdxMax less than or equal to the particular value of VOIdx. A subset sequence parameter set RBSP, with that
particular value of seq_parameter set id, shall be available to the decoding process prior to its activation.

A MVCD sequence parameter set RBSP that includes a value of profile idc not specified in Annex A or Annex H or
Annex I shall not be referred to by activation of a picture parameter set RBSP as the active picture parameter set RBSP o
as active view picture parameter set RBSP or as actiye ‘texture picture parameter set RBSP (using that value of]
seq_parameter_set id) or referred to by a buffering pétiod SEI message (using that value of seq parameter_set id). Al
MVCD sequence parameter set RBSP including a value of profile idc not specified in Annex A or Annex H or Annex ]
is ignored in the decoding for profiles specified in Annex A or Annex H or Annex I.

It is a requirement of bitstream conformance-that the following constraints are obeyed:

—  For each particular value of VOIdx, all coded slice NAL units (with nal unit type equal to 1, 5, 20, or 21) of a
coded video sequence shall refer to the same value of seq_parameter_set_id (via the picture parameter set RBSP thaf]
is referred to by the value.of\pic_parameter set id).

—  The value of seq parameter set id in a buffering period SEI message that is not included in an MVC scalable
nesting SEI message*shall be identical to the value of seq parameter set id in the picture parameter set RBSP thaf]
is referred to by eoded slice NAL units with nal unit_type equal to 1 or 5 (via the value of pic_parameter set_id) in
the same aceess unit.

—  The value of seq parameter set id in a buffering period SEI message that is included in an MVC scalable nesting
SEI yessage and is associated with a particular value of VOIdx shall be identical to the value of
seq-parameter_set_id in the picture parameter set RBSP that is referred to by coded slice NAL units with
nal unit type equal to 1, 5 or 20 with the particular value of VOIdx (via the value of pic_parameter set id) in the}
same access unit.

—  The value of seq_parameter_set_id in a buffering period SEI message that is included in a MVCD scalable nesting

SEIL message and is associated with g parﬁmﬂar value of VOIdx shall be identical to the value ofl

seq_parameter set id in the picture parameter set RBSP that is referred to by coded slice NAL units with
nal unit type equal to 21 with the particular value of VOIdx (via the value of pic_parameter set id) in the same
access unit.

The active view MVCD sequence parameter set RBSPs for different values of VOIdx may be the same MVCD sequence

parameter set RBSP. The active MVCD sequence parameter set RBSP and an active view MVCD sequence parameter set
RBSP for a particular value of VOIdx may be the same MVCD sequence parameter set RBSP.
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The active texture MVCD sequence parameter set RBSPs for different values of VOIdx may be the same MVCD
sequence parameter set RBSP. The active MVCD sequence parameter set RBSP and an active texture MVCD sequence
parameter set RBSP for a particular value of VOIdx may be the same MVCD sequence parameter set RBSP..

When the active MVCD sequence parameter set RBSP for a coded picture is a sequence parameter set RBSP, any
sequence parameter set RBSP in the coded video sequence containing this coded picture and with the value of

When the active MVCD sequence parameter set RBSP for a coded picture is a subset sequence parameter set RBSP, any
subset sequence parameter set RBSP in the coded video sequence containing this coded picture and with the value of
seq_parameter set_id for the active MVCD sequence parameter set RBSP shall have the same content as that ef-the
active MVCD sequence parameter set RBSP.

[For each particular value of VOIdx, the following applies:

—  When the active texture MVCD sequence parameter set RBSP for a coded picture is a sequence parameter set RBSP,
any sequence parameter set RBSP in the coded video sequence containing this coded picture,and with the value of
seq_parameter_set_id for the active texture MVCD sequence parameter set RBSP shallChave the same content as
that of the active texture MVCD sequence parameter set RBSP.

—  When the active texture MVCD sequence parameter set RBSP for a coded picturé is a subset sequence parameter set
RBSP, any subset sequence parameter set RBSP in the coded video sequence containing this coded picture and with
the value of seq_parameter_set id for the active texture MVCD sequence(parameter set RBSP shall have the same
content as that of the active texture MVCD sequence parameter set RBSP:

—  The active view MVCD sequence parameter set RBSP for a coded picture is a subset sequence parameter set RBSP,
and any subset sequence parameter set RBSP in the coded vided Sequence containing this coded picture and with the
value of seq_parameter_set_id for the active view MVCD sequence parameter set RBSP shall have the same content
as that of the active view MVCD sequence parameter set RBSP.

NOTE 3 — If picture parameter set RBSPs or MVCD sequence parameter set RBSPs are conveyed within the bitstream, these
constraints impose an order constraint on the NAL unitsithat contain the picture parameter set RBSPs or MVCD sequence
parameter set RBSPs, respectively. Otherwise (picturéparameter set RBSPs or MVCD sequence parameter set RBSPs are
conveyed by other means not specified in this Recommendation | International Standard), they must be available to the decoding
process in a timely fashion such that these constraints are obeyed.

When present, a sequence parameter set'extension RBSP includes parameters having a similar function to those of a
sequence parameter set RBSP. For purposes of establishing constraints on the syntax elements of the sequence parameter
set extension RBSP and for purposes of determining activation of a sequence parameter set extension RBSP, the
sequence parameter set extension RBSP shall be considered part of the preceding sequence parameter set RBSP with the
same value of seq_parameter set_id. When a sequence parameter set RBSP is present that is not followed by a sequence
parameter set extensiol, RBSP with the same value of seq parameter set id prior to the activation of the sequence
[parameter set RBSPthie' sequence parameter set extension RBSP and its syntax elements shall be considered not present
for the active MY CDJsequence parameter set RBSP. The contents of sequence parameter set extension RBSPs only apply
when the base texture view, which conforms to one or more of the profiles specified in Annex A, of a coded video
sequence conforming to one or more profiles specified in Annex I is decoded. Subset sequence parameter set RBSPs
shall not.be followed by a sequence parameter set extension RBSP.

INOTE 4 — Sequence parameter sets extension RBSPs are not considered to be part of a subset sequence parameter set RBSP and
lsubset sequence parameter set RBSPs must not be followed by g sequence parameter set extension RBSP

For view components with VOIdx equal to VOIdxMax, all constraints that are expressed on the relationship between the
values of the syntax elements (and the values of variables derived from those syntax elements) in MVCD sequence
parameter sets and picture parameter sets and other syntax elements are expressions of constraints that apply only to the
active MVCD sequence parameter set and the active picture parameter set. For view components with a particular value
of VOIdx less than VOIdxMax, all constraints that are expressed on the relationship between the values of the syntax
elements (and the values of variables derived from those syntax elements) in MVCD sequence parameter sets and picture
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parameter sets and other syntax elements are expressions of constraints that apply only to the active view MVCD
sequence parameter set and the active view picture parameter set for the particular value of VOIdx. If any MVCD
sequence parameter set RBSP having profile idc equal to the value of one of the profile idc values specified in Annex A
or Annex H or Annex I is present that is never activated in the bitstream (i.e., it never becomes the active MVCD
sequence parameter set or an active view MVCD sequence parameter set), its syntax elements shall have values that
would conform to the specrﬁed constraints 1f it were actlvated by reference in an 0therw1$e conformmg b1tstream If any

parameter set or an active view picture parameter set) its syntax elements shall have values that would conform to thel
specified constraints if it were activated by reference in an otherwise-conforming bitstream.

During operation of the decoding process (see subclause 1.8), for view components with VOIdx equal to VOIdxMax, the
values of parameters of the active picture parameter set and the active MVCD sequence parameter set shall-be'considered
in effect. For view components with a particular value of VOIdx less than VOIdxMax, the values of the;parameters of thej
active view picture parameter set and the active view MVCD sequence parameter set for the particular value of VOIdx
shall be considered in effect. For interpretation of SEI messages that apply to the entire acCess unit or the view]
component with VOIdx equal to VOIdxMax, the values of the parameters of the active picturé-parameter set and the
active MVCD sequence parameter set for the same access unit shall be considered in effect Unless otherwise specified in|
the SEI message semantics. For interpretation of SEI messages that apply to view componehts with a particular value of
VOIdx less than VOIdxMax, the values of the parameters of the active view picture parameter set and the active view
MVCD sequence parameter set for the particular value of VOIdx for the same access unit shall be considered in effect
unless otherwise specified in the SEI message semantics.

For any active MVCD sequence parameter set or active view MVCD sequenCe parameter set, part of the syntax elements
in the MVC sequence parameter set extension applies only to the depthyiews referring to this sequence parameter set,|
while the some other parts of the syntax elements in the MVCD sequence parameter set extension collectively apply to
both the depth views referring to this sequence parameter set and the ‘corresponding texture views. More specifically, the
view dependency information of the MVCD sequence parameter-set extension applies only to the depth views, and the
level definitions collectively apply to operation points, each-ofiwhich contains both depth views and their corresponding]
texture views. Moreover, the mved vui_parameters_extenision( ) applies collectively to both the depth views referring to
this MVCD sequence parameter set and the corresponding texture views. The vui_parameters( ) included in the sequence]
parameter set data syntax structure, if present, apply-“collectively to both the depth views referring to this sequence]
parameter set and the corresponding texture views,sexcept for the aspect ratio information and the bitstream restriction
information, if present, which apply only to the'depth views referring to this MVCD sequence parameter set. The aspect
ratio information and the bitstream restriction information for the texture views may be present in the vui_parameters( )
syntax structure included in an MVC sequence parameter set.

1.7.4.1.2.2  Order of access-units and association to coded video sequences
The specification of subclause.H.7.4.1.2.2 apply.

1.7.4.1.2.3 Order.of NAL units and coded pictures and association to access units
The specification of subclause H.7.4.1.2.3 applies with the following modifications.

NOTE~ -Some bitstreams that conform to one or more profiles specified in this annex do not conform to any profile specified in
AnfiexvA (prior to operation of the base view extraction process specified in subclause 1.8.5.4). As specified in subclauses 7.4.1
and'7.4.1.2.3 for the profiles specified in Annex A, NAL units with nal_unit_type equal to 21 are classified as non-VCL NAL units
that must be preceded within each access unit by at least one NAL unit with nal unit_type in the range of 1 to 5, inclusive. For this
reason, any bitstream that conforms to one or more profiles specified in this annex does not conform to any profile specified in
Annex A when it contains any of the following:

— Any access unit that does not contain any NAL units with nal_unit type equal to 1 or 5, but contains one or more NAL units

With iat unit_type equat 10 6, 7, 8, 9, OF 13-
— Any access unit in which one or more NAL units with nal_unit_type equal to 7, 8, or 15 is present after the last NAL unit in
the access unit with nal unit _type equal to 1 or 5.

The association of VCL NAL units to primary or redundant coded pictures is specified in subclause 1.7.4.1.2.5.

The constraints for the detection of the first VCL NAL unit of a primary coded picture are specified in
subclause 1.7.4.1.2.4.
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The constraint expressed in subclause H.7.4.1.2.3 on the order of a buffering period SEI message is replaced by the
following constraints.

—  When an SEI NAL unit containing a buffering period SEI message is present, the following applies:

—  If the buffering period SEI message is the only buffering period SEI message in the access unit and it is not
)al AV/AIRY

M Ladad s LW/ AY 1okl 41 ST NA lald 1 ST +la I ffazs
THCTOCCOTIT At 1vE v O sCaTaDTCTICS IS O T THOSSagC—OT a1V v O SUaTaoTCTICS TS O THOSSag O tC— O UTTICIIITS

period SEI message shall be the first SEI message payload of the first SEI NAL unit in the access unit.

—  Otherwise (the buffering period SEI message is not the only buffering period SEI message in the access unit or
it is included in an MVC scalable nesting SEI message or it is included in a MVCD scalable nesting.SEI
message), the following constraints are specified:

—  When a buffering period SEI message that is not included in either an MVC scalable nesting SEI message
or a MVCD scalable nesting SEI message is present, this buffering period SEI message shall be the only
SEI message payload of the first SEI NAL unit in the access unit.

— An MVC scalable nesting SEI message that includes a buffering period SEI message shall not include any
other SEI messages and shall be the only SEI message inside the SEI NAL unit.

— A MVCD scalable nesting SEI message that includes a buffering period SElmessage shall not include any
other SEI messages and shall be the only SEI message inside the SEI NAD unit.

—  All SEI NAL units that precede an SEI NAL unit that contains an. MVC scalable nesting SEI message with
a buffering period SEI message as payload, or a MVCD scalable nesting SEI message with a buffering
period SEI message as payload in an access unit shall only contain buffering period SEI messages or
MVC scalable nesting SEI messages with a buffering period SEI message as payload, or MVCD scalable
nesting SEI messages with a buffering period SEI message.

[.7.4.1.2.4 Detection of the first VCL NAL unit of a primary coded picture
The specification of subclause H.7.4.1.2.4 applies.

[.7.4.1.2.5 Order of VCL NAL units and association to coded pictures
The specification of subclause H.7.4.1.2.5 apphies with following modifications.

Each VCL NAL unit is part of a coded picture.

Let voldx be the value of VOIdx: of any particular VCL NAL unit. The order of the VCL NAL units within a coded
picture is constrained as follews:

—  For all VCL NAL Gnits following this particular VCL NAL unit, the value of VOIdx shall be greater than or equal
to voldx.

- All VCL NAL units for a depth view component, if present, shall follow any VCL NAL unit of a texture view
compongnt with a same value of VOIdx.
For each-set’'of VCL NAL units within a texture or depth view component, the following applies:

-, If arbitrary slice order, as specified in Annex A, subclause H.10 or subclause 1.10, is allowed, coded slice NAL units
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—  Otherwise (arbitrary slice order is not allowed), coded slice NAL units of a slice group shall not be interleaved with
coded slice NAL units of another slice group and the order of coded slice NAL units within a slice group shall be in
the order of increasing macroblock address for the first macroblock of each coded slice NAL unit of the same slice

group.
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The following applies:

— If a coded texture view component with a particular view_id is the first field view component of a complementary
field pair, the depth view component with the same view_id value, if present in the access unit, shall be a coded
frame view component or the first field view component of a complementary field pair.
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complementary field pair, the depth view component with the same view_id value, if present in the access unit, shall
be the second field view component of a complementary field pair.

—  Otherwise, if a coded texture view component with a particular view_id is a non-paired field, the depth view
component with the same view_id value, if present in the access unit, shall be a coded frame view component or a
non-paired field.

—  Otherwise (a coded texture view component with a particular view id is a coded frame), the-depth view component
with the same view_id value, if present in the access unit, shall be a coded frame view component.

NAL units having nal unit type equal to 12 may be present in the access unit but shall-net precede the first VCL NAL
unit of the primary coded picture within the access unit.

NAL units having nal unit_type equal to O or in the range of 24 to 31, inclusive,"which are unspecified, may be present]
in the access unit but shall not precede the first VCL NAL unit of the primary ‘coded picture within the access unit.

NAL units having nal unit type in the range of 22 to 23, inclusive, which are reserved, shall not precede the first VCL
NAL unit of the primary coded picture within the access unit (when speeified in the future by ITU-T | ISO/IEC).

1.7.4.2 Raw byte sequence payloads and RBSP trailing bits semantics

1.7.4.2.1 Sequence parameter set RBSP semantics
The semantics specified in subclause 7.4.2.1 applyf

1.7.4.2.1.1 Sequence parameter set data semantics

The semantics specified in subclause H)7.4.2.1.1 apply with the substitution of MVCD sequence parameter set for MVC
sequence parameter set. All constraints specified in subclause H.7.4.2.1.1 apply only to the texture view components for
which the MVCD sequence_patameter set is the active texture MVC sequence parameter set or to the depth view
components for which the MV.CD sequence parameter set is the active view MVC sequence parameter set as specified in|
subclause 1.7.4.1.2.1.

1.7.4.2.1.1.1 Scaling list semantics
The semantiesZspecified in subclause H.7.4.2.1.1.1 apply.

L.7.42:1.2 Sequence parameter set extension RBSP semantics
The'semantics specified in subclause 7.4.2.1.2 apply. Additionally, the following applies.

Sequence parameter set extension RBSPs can only follow sequence parameter set RBSPs in decoding order. Subsef]
sequence parameter set RBSPs shall not be followed by a sequence parameter set extension RBSP_The contents ofl

sequence parameter set extension RBSPs only apply when the base view, which conforms to one or more of the profiles
specified in Annex A, of a coded video sequence conforming to one or more profiles specified in Annex I is decoded.

1.7.4.2.1.3 Subset sequence parameter set RBSP semantics
The semantics specified in subclause 7.4.2.1.3 apply with the following additions.

© ISO/IEC 2013 — All rights reserved 49


https://standardsiso.com/api/?name=5638bf87515834e3795af37addc6b746

ISO/IEC 14496-10:2012/Amd.2:2013(E)

mved_vui_parameters_present_flag equal to 0 specifies that the syntax structure mvc vui parameters extension( )
corresponding to MVCD VUI parameters extension is not present. mved vui parameters present flag equal to 1
specifies that the syntax structure mvc_vui_parameters_extension( ) is present and referred to as MVCD VUI parameters
extension.

texture_vui_parameters_present_flag equal to 0 specifies that the syntax structure mvc vui_parameters_extension( )

.......... Q N D Q Ll o Bairaaata Q axn Q Q o
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texture vui_parameters_present flag equal to 1 specifies that the syntax structure mvc vui_parameters_extension( ) is
present and referred to as MVCD texture sub-bitstream VUI parameters extension.

[I.7.4.2.1.4 Sequence parameter set MVCD extension semantics
The semantics specified in subclause H.7.4.2.1.4 apply with the substitution of texture view component or depth view
component for view component and with the following additions:

depth_view present flag| i | equal to 0 specifies that there is no depth view having a view_id equal tolview _id[ i ] and
[VOIdx equal to i. depth view present flag[ i] equal to 1 specifies that there is a depth view having-a view_id equal to
view id[ 1 ].

texture_view_present_flag[ i | equal to 0 specifies that there is no texture view having a\ydew _id equal to view_id[ i ]
and VOIdx equal to i. texture view present flag[ i] equal to 1 specifies that there is-a texture view having a view id
equal to view id[i] and VOIdx equal to 1i. When depth view present flag[i] is equal to O,
texture view_present flag[ i | shall be equal to 1.

num_anchor refs 10[ 1], anchor_ref 10[1][j ], num_anchor sefs 11[1 ], anchor_ref 11[1][j ],
num_non_anchor refs 10[ i ], non_anchor ref 10[ i ][j ], num non_ ancher refs 11[i], and non anchor ref 11[1i][]]
apply to depth view components.

applicable op depth flag[i][j][k] equal to O indicates <that the depth view with view id equal to
applicable op target view id[ i ][j ][ k ] is not included in the'j-th operation point. applicable op depth flag[ i ][j ][ k ]
equal to 1 indicates that the depth view with view_id equalto applicable op target view id[i][j ][ k ] is included in the
j-th operation point.

applicable_op_texture flag[i][j][k] equal t07)0 indicates that the texture view with view id equal to
applicable op target view id[i][j ][ k] is not included in the j-th operation point.
applicable op texture flag[i][j][k] equal:to 1 indicates that the texture view with view id equal to
applicable op target view id[i][j][ k] is included in the j-th operation point. When
applicable op depth flag[i][j ][ k ] is'equal to 0, applicable op texture flag[i][j ][ k ] shall be equal to 1.

applicable_op num_texture views minusl[i][j] plus | specifies the number of texture views required for decoding
the target output views corresponding to the j-th operation point to which the level indicated by level idc[ i ] applies. The
number of texture views specified by applicable op num_views_minus] includes the texture views of the target output
views and the téxture views that the target output views depend on. The value of
applicable op num texture views minusl[ i ][ j ] shall be in the range of 0 to 1023, inclusive.

applicable_op~num_depth_views][ i ][ j ] specifies the number of depth views required for decoding the target output
views corresponding to the j-th operation point to which the level indicated by level idc[ i ] applies. The number of depth
views spetified by applicable op num_depth views minusl includes the depth views of the target output views and the
depth, <views that the depth views of the target output views depend on. The value of
applicable op num_depth views minusl[i ][ j ] shall be in the range of 0 to 1023, inclusive.

All'sequence parameter set MVCD extensions that are included in the active view MVCD sequence parameter set KbBSEs
of one coded video sequence shall be identical.

1.7.4.2.2 Picture parameter set RBSP semantics

The semantics specified in subclause H.7.4.2.2 apply with substituting MVCD sequence parameter set for MVC
sequence parameter set. All constraints specified in subclause H.7.4.2.2 apply only to the texture or depth view
components for which the picture parameter set is the active picture parameter set or the active view picture parameter set
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or the active texture picture parameter set as specified in subclause 1.7.4.1.2.1.

1.7.4.2.3 Supplemental enhancement information RBSP semantics
The semantics specified in subclause H.7.4.2.3 apply.

1.7.4.2.3.1 Supplemental enhancement information message semantics
The semantics specified in subclause H.7.4.2.3.1 apply.

1.7.4.2.4 Access unit delimiter RBSP semantics
The semantics specified in subclause H.7.4.2.4 apply.

NOTE — The value of primary_pic_type applies to the slice_type values in all slice headers of the primary coded picture, including
the slice _type syntax elements in all NAL units with nal_unit_type equal to 1, 5, 20 or 21. NAL units)with nal_unit_type equal to 2
are not present in bitstreams conforming to any of the profiles specified in this annex.

1.7.4.2.5 End of sequence RBSP semantics
The semantics specified in subclause H.7.4.2.5 apply.

1.7.4.2.6 End of stream RBSP semantics
The semantics specified in subclause H.7.4.2.6 apply.

1.7.4.2.7 Filler data RBSP semantics
The semantics specified in subclause H.7.4.2.7 apply, with the following modifications.

Filler data NAL units shall be considered to eomntain the syntax elements priority id, view_id, and temporal id with
values that are inferred as follows:

—  Let prevMvcNalUnit be the most recent NAL unit in decoding order that has nal_unit_type equal to 14, 20 o
21.
NOTE — The most recenit NAL unit in decoding order with nal unit type equal to 14, 20 or 21 always belongs to the same
access unit as the fillér data NAL unit.

—  The values of priority id, view_id, and temporal id for the filler data NAL unit are inferred to be equal to the
values of priority _id, view_id, and temporal id, respectively, of the NAL unit prevMvcNalUnit.

1.7.4.2.8 Slice layer without partitioning RBSP semantics
The semantics-specified in subclause H.7.4.2.8 apply.

17:42.9 Slice data partition RBSP semantics
Slice data partition syntax is not present in bitstreams conforming to one or more of the profiles specified in Annex 1.

1.7.4.2.10 RBSP slice trailing bits semantics
The semantics specified in subclause H.7.4.2.10 apply.

1.7.4.2.11 RBSP trailing bits semantics
The semantics specified in subclause H.7.4.2.11 apply.
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1.7.4.2.12 Prefix NAL unit RBSP semantics
The semantics specified in subclause H.7.4.2.12 apply.

1.7.4.2.13Slice layer extension RBSP semantics
The semantics specified in subclause H.7.4.2.13 apply.

I.7.4.3 Slice header semantics

The semantics specified in subclause H.7.4.3 apply with the substitution of texture view component (for nal_unit_type
equal to 1, 5, and 20) or depth view component (for nal unit type equal to 21) for view component and with the
following modifications.

[When nal_unit type is equal to 1, 5, or 20, all constraints specified in subclause H.7.4.3 apply only to thétexture view
components with the same value of VOIdx. When nal unit type is equal to 21, all constramts’ specified in
subclause H.7.4.3 apply only to the depth view components with the same value of VOIdx.

The value of the following MVCD sequence parameter set syntax elements shall be the same aeross all coded slice NAL
units of nal unit_type equal to 1, 5, and 20 of an access unit: chroma_format_idc.

The value of the following slice header syntax elements shall be the same acrgss, all coded slice NAL units of
nal unit type equal to 1, 5, and 20 of an access unit: field pic flag and bottom_field/flag.

The value of the following slice header syntax elements shall be the sam¢~across all coded slice NAL units of
nal unit type equal to 21 of an access unit: field pic flag and bottom_ field flag.

1.7.4.3.1 Reference picture list modification semantics
The semantics specified in subclause H.7.4.3.1 apply.

[.7.4.3.1.1 Reference picture list MVC modification semantics
The semantics specified in subclause H.7.4.3.1 apply.

1.7.4.3.2 Prediction weight table semaiitics
The semantics specified in subclause H.7:4.3.2 apply.

1.7.4.3.3 Decoded reference picture marking semantics

The semantics specified in -subclause 7.4.3.3 apply to each view independently, with "sequence parameter set" being
replaced by "MVCD, §equence parameter set", and "primary coded picture" being replaced by "texture view component"
for nal unit type equal to 1, 5, and 20, and by "depth view component" for nal unit type equal to 21.

|.7.4.4 Slice data semantics
The semantics specified in subclause H.7.4.4 apply.

1.7.4.5 Macroblock layer semantics
The semantics specified in subclause H.7.4.5 apply.

1.7.4.5.1 Macroblock prediction semantics
The semantics specified in subclause H.7.4.5.1 apply.
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1.7.4.5.2 Sub-macroblock prediction semantics
The semantics specified in subclause H.7.4.5.2 apply.

1.7.4.5.3 Residual data semantics
The semantics specified in subclause H.7.4.5.3 apply.

1.7.4.53.1 Residual luma semantics
The semantics specified in subclause H.7.4.5.3.1 apply.

1.7.4.5.3.2 Residual block CAVLC semantics
The semantics specified in subclause H.7.4.5.3.2 apply.

1.7.4.5.3.3 Residual block CABAC semantics
The semantics specified in subclause H.7.4.5.3.3 apply.

L8 MVCD decoding process
This subclause specifies the decoding process for an access unit of a coded video sequence conforming to one or more off
the profiles specified in Annex I. Specifically, this subclause specifies how the decoded picture with multiple texture]
view components and multiple depth view components is derivéd from syntax elements and global variables that are
derived from NAL units in an access unit when the decoder is-decoding the operation point identified by the target
temporal level and the target output texture and depth views:

The decoding process is specified such that all decodersishall produce numerically identical results for the target output
texture and depth views. Any decoding process that produces identical results for the target output texture and depth
views to the process described here conforms'do the decoding process requirements of this Recommendation |
International Standard.

Unless stated otherwise, the syntax elements and derived upper-case variables that are referred to by the decoding
process specified in this subclause andyall child processes invoked from the process specified in this subclause are the
syntax elements and derived upper-case variables for the current access unit.

The target output texture and_depth views are either specified by external means not specified in this Specification, or,
when not specified by external means, there shall be one target output texture view which is the base texture view.

NOTE — The associatioft of VOIdx values to view_id values according to the decoding process of clause 1.8 may differ from that of the
decoding process(oficlause H.8.

A target output’view may include only a texture view, only a depth view, or both the texture view and the depth view,
which have-the same view_id value.

All. sub-bitstreams that can be derived using the sub-bitstream extraction process with depthPresentFlagTarget equal to ()
or\, pldTarget equal to any value in the range of 0 to 63, inclusive, tlIdTarget equal to any value in the range of 0 to 7,
inclusive, viewldTargetList consisting of any one or more viewldTarget's identifying the views in the bitstream as inputs|
as specified in subclause 1.8.5 shall result in a set of coded video sequences, with each coded video sequence conforming]
to one or more of'the profiles specified in Annex A, Annex H and Annex [

Let vOIdxList be a list of integer values specifying the VOIdx values of the view components of the access unit. The
variable VOIdxMax is set equal to the maximum value of the entries in the list vOIdxList, and the variable vOIdxMin is
set to the minimum value of the entries in the list vOIdxList. When the current access unit is an anchor access unit, the
variable VOIdxMin is set to vOIdxMin.
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The MVCD video decoding process specified in this subclause is repeatedly invoked for each texture and depth view
component with VOIdx from vOIdxMin to VOIdxMax, inclusive, which is present in the list vOIdxList, in increasing
order of VOIdx and in decoding order of texture or depth view components as specified in subclause 1.7.4.1.2.5.

Outputs of the MVCD video decoding process are decoded samples of the current primary coded picture including all
decoded texture and depth view components of the target output texture and depth views.

For each texture view component and each depth view component, the specifications in clause H.8 apply, with the
decoding processes for picture order count, reference picture lists construction and decoded reference picture marking
being modified in subclauses 1.8.1, 1.8.2 1.8.3, and 1.8.4, respectively. The MVCD inter prediction and inter-view
prediction process is specified in subclause 1.8.4.

|.8.1 MVCD decoding process for picture order count
The specifications in subclause 8.2.1 apply independently for each texture view or depth view.

[.L8.2  MVC decoding process for reference picture lists construction

The specification of subclause H.8.2 apply with substituting "view component" as either "téxture view component” or
"depth view component ", and "frame view component"" as either "depth frame view compenent" or "texture frame view
component ", and "field view component" as "texture field view component" or "depth/field view component".

[Additionally, an inter-view reference component or the inter-view only reference~component is identified by the view _id
and a depth view component when the current slice is a part of a coded(depth view component or a texture view
component if the current slice is a part of a coded texture view component.

[.8.2.1 Initialisation process for reference picture list for inter<view prediction references
The specifications of subclause H.8.2.1 apply.

[I.8.2.2 Modification process for reference picturelists
The specifications of subclause H.8.2.2 apply.

[1.8.2.2.1 Modification process of reference picture lists for short-term reference pictures for inter prediction
The specifications of subclause H.8.2(2.1*apply.

[1.8.2.2.2 Modification pracess of reference picture lists for long-term reference pictures for inter prediction
The specifications of subclause H.8.2.2.2 apply.

[1.8.2.2.3 Modification process for reference picture lists for inter-view prediction references
The specifications of subclause H.8.2.2.3 apply.

Il.8.3 MVCD decoded reference picture marking process

The specifications of subclause H.8.3 apply. Additionaly, following applies.

The process specified in this subclause is invoked for a particular texture view or depth view with view order index
VOIdx. The specifications in subclause H.8.3 apply with "view component" being replaced by either "texture view
component" or "depth view component", "frame view component" being replaced by either "texture frame view
component”" or "depth frame view component”, and "field view component" being replaced by either "texture field view
component”" or "depth field view component". During the invocation of the process for a particular texture view, only
texture view components of the particular view are considered. During the invocation of the process for a particular depth
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view, only depth view components of the particular view are considered.The marking of view components of other views
is not changed.

NOTE — A texture view component of a picture may have a different marking status than other texture view components of the same
picture. A depth view component of a picture may have a different marking status than other depth view components of the same
picture. A texture view component of a picture may have a different marking status than a depth view component.

1.8.4  MVCD inter prediction and inter-view prediction process
The specifications of subclause H.8.4 apply.

I.8.5  Specification of bitstream subsets
The specifications of subclause H.8.5 apply.

1.8.5.1 Derivation process for required anchor view components
The specification of subclause H.8.5.1 apply with substituting "view component" with,"'depth view component" and}
"view" with "depth view" or and substituting "required for anchor" with "required foganchor depth".

The specification of subclause H.8.5.1 apply with substituting "view component” with "texture view component" and
"view" with "texture view" and substituting "required for anchor" with "required for anchor texture".

1.8.5.2 Derivation process for required non-anchor view components
The specification of subclause H.8.5.2 apply with substituting “vView component" with "depth view component” and
"view" with "depth view" and substituting "required for ancher! with "required for anchor depth".

The specification of subclause H.8.5.2 apply with substituting "view component" with "depth view component" withl
either "depth view", and substituting "required for arichor" with "required for anchor texture".

1.8.5.3 Sub-bitstream extraction process
It is requirement of bitstream conformance that any sub-bitstream that is the output of the process specified in this
subclause with depthPresentFlagTargebequal to 0 or 1, pldTarget equal to any value in the range of 0 to 63, inclusive,
tldTarget equal to any value in the.range of 0 to 7, inclusive, viewldTargetList consisting of any one or more values of
viewldTarget identifying the views in the bitstream, shall be conforming to this Recommendation | International Standard

NOTE 1 — A conforming bitstream contains one or more coded slice NAL units with priority_id equal to 0 and temporal_id equal to 0.

NOTE 2 - It is possible/that not all operation points of sub-bitstreams resulting from the sub-bitstream extraction process have an
applicable level_idc)or level idc[ i ]. In this case, each coded video sequence in a sub-bitstream must still conform to one or more of
the profiles speeified in Annex A, Annex H and Annex I, but may not satisfy the level constraints specified in subclauses A.3, H.10.2
and 1.10.2, fespectively.

Inputs.to this process are:
=" a variable depthPresentFlagTarget (when present),

— avariable pldTarget (when present),

— avariable tldTarget (when present),
— alist viewldTargetList consisting of one or more values of viewldTarget (when present).
- alist viewldDepthTargetList consisting of one or more value of viewldDepthTarget (when present).

Outputs of this process are a sub-bitstream and a list of VOIdx values VOIdxList.
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When depthPresentFlagTarget is not present as input to this subclause, depthPresentFlagTarget is inferred to be equal

to 0.

When pldTarget is not present as input to this subclause, pIdTarget is inferred to be equal to 63.

When tldTarget is not present as input to this subclause, tlIdTarget is inferred to be equal to 7.

[When viewldTargetList is not present as input to this subclause, there shall be one value of viewldTarget inferred in
viewldTargetList and the value of viewldTarget is inferred to be equal to view_id of the base view.

[When viewldDepthTargetList is not present as input to this subclause, the viewldDepthTargetList is inferred to be
identical to viewldTargetList. viewldDepthTargetList shall not be present as input if depthPresentFlagTarget is equal:to 0.

The sub-bitstream is derived by applying the following operations in sequential order:

Let VOIdxList be empty and minVOIdx be the VOIdx value of the base view.

For each value of viewldTarget included in viewldTargetList, invoke the process specifiéd in subclause 1.8.5.1
for texture views with the viewldTarget as input.

If depthPresentFlagTarget is equal to 1, for each value of viewldTarget included in viewldDepthTargetList,
invoke the process specified in subclause 1.8.5.1 for depth views with the viewIdTarget as input.

For each value of viewldTarget included in viewldTargetList, invoke the ‘process specified in subclause 1.8.5.2
for texture views with the value of viewldTarget as input.

If depthPresentFlagTarget is equal to 1, for each value of viewldTarget included in viewldDepthTargetList,
invoke the process specified in subclause 1.8.5.2 for depth views with the viewldTarget as input.

Mark all VCL NAL units of texture view components and, filler data NAL units for which any of the following
conditions are true as "to be removed from the bitstream.":
—  priority_id is greater than pldTarget,

—  temporal id is greater than tIdTarget,

— anchor pic flag is equal to 1, nal unit’ type is not equal to 21 and view_id is not marked as "required for
anchor texture",

— anchor pic flag is equal to0,-nal_unit_type is not equal to 21 and view_id is not marked as "required for
non-anchor texture",

— anchor pic_flag is-equal to 1, nal unit type is equal to 21 and view_id is not marked as "required for
anchor depth",

— anchor pic_flag is equal to 0, nal unit type is equal to 21 and view_id is not marked as "required for non-
anchor'depth",

— gallunit_type is not equal to 21, nal ref idc is equal to 0 and inter view flag is equal to 0 and view id is
not equal to any value in the list viewldTargetList.

— nal_unit _type is equal to 21, nal_ref idc is equal to 0 and inter view_flag is equal to 0 and view_id is not
equal to any value in the list viewldDepthTargetList.

56

— nal_unit_type is equal to 21 and depthPresentFlagTarget is equal to 0.

Remove all access units for which all VCL NAL units are marked as "to be removed from the bitstream".
Remove all VCL NAL units and filler data NAL units that are marked as "to be removed from the bitstream".

When VOIdxList contains only one value of VOIdx that is equal to minVOIdx, remove the following NAL
units:
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—  all NAL units with nal unit_type equal to 14 or 15,

— all NAL units with nal unit_type equal to 6 in which the first SEI message has payloadType in the range
of 36 to 44, inclusive.

NOTE 3 — When VOIdxList contains only one value of VOIdx equal to minVOIdx, the sub-bitstream contains only the base]
view or only a temporal subset of the base view.

10. Remove all NAL units with nal_unit_type equal to 6 in which the first SEI message has payloadType equal to 0
or 1, or the first SEI message has payloadType equal to equal to 37 (MVC scalable nesting SEL.fmessage) and
operation_point_flag in the first SEI message is equal to 1.

NOTE 4 — The buffering period SEI and picture timing SEI messages, when not nested or nested in the MVC scalable
nesting SEI message, apply for a sub-bitstream obtained with the sub-bitstream extraction process of subclause H.8.5.3,
which does not process NAL units of nal_unit_type equal to 21.

11. When depthPresentFlagTarget is equal to 0, the following applies in sequential-order.

— Replace all NAL units with nal unit type equal to 6 in which payloadType indicates a MVCD texture
scalable nesting SEI message with sei_op texture only flag €qual to 0 with a MVC scalable nesting SE]
message with the same values of num view components op minusl, sei op view id[i] and
sei_op temporal id and the same nested SEI messges.

— Remove all NAL units with nal unit type equal to'6 in which payloadType indicates a MVCD texture
scalable nesting SEI message.

—  The following applies for each active texture MVCD sequence parameter set RBSP.

—  Replace mvc vui_parameters~&xtension( ) syntax structure in an active texture MVCD sequence)
parameter set RBSPs with ‘the mvc vui parameters extension( ) syntax structure of the MVCD
texture sub-bitstream VU1 parameters extension, if both mvc vui parameters extension() syntax]
structures apply to the same views.

—  Otherwise, remove mive_vui_parameters_extension( ) syntax structure in an active texture MVCD sequence
parameter set RBSE

—  When depthPresentFlagTarget is equal to 0, remove all NAL units with nal unit type equal to 6 in which
the first:SEFmessage has payloadType in the range of 48 to 52, inclusive.

12. Let maxTId be the maximum temporal _id of all the remaining VCL NAL units. Remove all NAL units with|
nal\unit_type equal to 6 that only contain SEI messages that are part of an MVC scalable nesting SEI message]
ot MVCD scalable nesting SEI message with any of the following properties:

— operation_point flag is equal to 0 and all view components in au flag is equal to 0 and none of
sei_view _id[ 1] for all i in the range of 0 to num_view components minusl, inclusive, corresponds to a
VOIdx value included in VOIdxList,

= OpCration_point_flag 15 equat to {and cither Sei_op_temporat_1d 1S greater Ui max1id or te st o
sei_op_view id[i] for all i in the range of 0 to num_view_components op minusl, inclusive, is not a
subset of viewldTargetList (i.e., it is not true that sei_op view id[i] for any i in the range of 0 to
num_view_components_op_minusl, inclusive, is equal to a value in viewldTargetList).

13. Remove each view scalability information SEI message and each operation point not present SEI message, when
present.

© ISO/IEC 2013 — All rights reserved 57


https://standardsiso.com/api/?name=5638bf87515834e3795af37addc6b746

ISO/IEC 14496-10:2012/Amd.2:2013(E)

14. When VOIdxList does not contain a value of VOIdx equal to minVOIdx, the view with VOIdx equal to the
minimum VOIdx value included in VOIdxList is converted to the base view of the extracted sub-bitstream. An
informative procedure that outlines key processing steps to create a base view is described in subclause 1.8.5.6.

NOTE 5 — When VOIdxList does not contain a value of VOIdx equal to minVOIdx, the resulting sub-bitstream according to
the operation steps 1-9 above does not contain a base view that conforms to one or more profiles specified in Annex A. In
this case, by this operation step, the remaining view with the new minimum VOIdx value is converted to be the new base

VIEW that CU“fUTHTS TO OITc Or 1ToTT pTUfIT‘ES bpcuucu l[l ATICX A dIlU AITCX TT.

|.8.5.4 Specification of the base view bitstream

A bitstream that conforms to one or more profiles as specified in Annex I shall contain a base view bitstream that
conforms to one or more of the profiles specified in Annex A. This base view bitstream is derived by invokingthe
sub-bitstream extraction process as specified in subclause 1.8.5.3 with no input and the base view bitstream beifig the
output.

INOTE — Although all multiview bitstreams that conform to one or more of the profiles specified in this annex contain a base view
bitstream that conforms to one or more of the profiles specified in Annex A, the complete multiview bitstream~(pridr to operation of
the base view extraction process specified in this subclause) may not conform to any profile specified in Annex A"

1.8.5.5 Specification of the stereoscopic texture bitstream

A bitstream that conforms to a profile as specified in Annex I shall contain at least ¢ne sub-bitstream that conforms to
one or more of the profiles specified in Annex H with number of views equal to 2. Fhis stereoscopic texture bitstream is
derived by invoking the sub-bitstream extraction process as specified in subclause’1.8.5.3 with depthPresentFlagTarget
equal to 0 and viewldTargetList containing the view_id values of the baseGview and a non-base view, the texture of
which does not depend on any other non-base view for decoding.

1.9 Parsing process
The specifications in clause 9 apply.

1.10 Profiles and levels
The specifications in Annex H apply. Additional profiles and specific values of profile idc are specified in the following.

The profiles that are specified in subclause 1.10.1 are also referred to as the profiles specified in Annex I.

|[1.10.1 Profiles

All constraints for picture parameter sets that are specified in the following are constraints for picture parameter sets that
become the active picture parameter set or an active view picture parameter set inside the bitstream. All constraints for
MVCD sequence parameter. sets that are specified in the following are constraints for MVCD sequence parameter sets
that become the active-MVCD sequence parameter set or an active view MVCD sequence parameter set inside the
bitstream.

1.10.1.1 Multiview Depth High Profile
Bitstreams’ conforming to the Multiview Depth High profile shall obey the following constraints:

Thalbaoca yvians hatoteaoia oo comaonafiad 10 oo locn T Q 8 A cBholl abiayy o1l o ctennte AL 4o TTo o1

£la 1fad 2
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subclause A.2.4 and all active sequence parameter sets shall fulfill one of the following conditions:
— profile_idc is equal to 77 or constraint_setl flag is equal to 1,

— profile idc is equal to 100.

—  The sub-bitstream of stereoscopic texture bitstream as specified in subclause 1.8.5.5 shall obey all constraints of the
Stereo High profile specified in subclause H.10.2 and all active MVC sequence parameter sets shall fulfill one of
the following conditions:
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—  profile_idc is equal to 128,
—  profile _idc is equal to 118 and constraint set5 flag is equal to 1,
—  profile idc is equal to 100,

—  profile_idc is equal to 77 or constraint_setl flag is equal to 1.

—  Only [, P, and B slice types may be present.

—  NAL unit streams shall not contain nal unit type values in the range of 2 to 4, inclusive.
—  Arbitrary slice order is not allowed.

—  Picture parameter sets shall have num_slice_groups_minus] equal to 0 only.

—  Picture parameter sets shall have redundant pic_cnt present flag equal to O only.

—  When frame_mbs_only flag is equal to 1 in an active sequence parameter set for a texture view;
frame _mbs_only flag shall be equal to 1 in the active sequence parameter set for the depth yiew having the same
view_id.

—  When frame _mbs_only flag is equal to 0 in an active sequence parameter set foradepth view,
mb_adaptive frame field flag shall be equal to 0.

—  MVCD sequence parameter sets for the depth views shall have chroma_format idc equal to O only.
—  MVCD sequence parameter sets shall have bit depth luma minus8 equal to 0 only.

—  MVCD sequence parameter sets shall have bit_depth _chroma_minus8 equal to 0 only.

—  MVCD sequence parameter sets shall have qpprime_y zero_transform_bypass_flag equal to 0 only.

—  For each access unit, the value of level idc for all active.xiew MVCD sequence parameter set RBSPs shall be the
same as the value of level idc for the active MVCD sequence parameter set RBSP.

—  The level constraints specified for the Multiview_Depth High profile in subclause 1.10.2 shall be fulfilled.
Conformance of a bitstream to the Multiview Depth High profile is indicated by profile idc being equal to 138.

Decoders conforming to the Multiview Depth\High profile at a specific level shall be capable of decoding all bitstreams
in which both of the following conditions. are true:

a) All active MVCD sequence parameter sets have one or more of the following conditions fulfilled:
—  profile idc is equal t0.138,
—  profile idc is equal to 128,
—  profile idcds'equal to 118 and constraint_set5 flag is equal to 1,
—  profile~ideis equal to 100,

—  prefilé idc is equal to 77 or constraint_setl flag is equal to 1.

b) Allactive MVCD sequence parameter sets have one or more of the following conditions fulfilled:
=.> level idc or (level idc and constraint_set3 flag) represent a level less than or equal to the specific level,

— level idc[ 1] or (level idc[ i ] and constraint set3 flag) represent a level less than or equal to the specific level.

1.10.2 Levels

The Tollowing is specilied T0r expressing the constraints in this clause:
—  Let access unit n be the n-th access unit in decoding order with the first access unit being access unit 0.
—  Let picture n be the primary coded picture or the corresponding decoded picture of access unit n.

Let the variable fR be derived as follows:
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—  Ifpicture n is a frame, fR is set equal to 1 + 172.
—  Otherwise (picture n is a field), fR is set equal to 1 + (172 * 2).

The value of mvcScaleFactor is set equal to 2.

The vatucof mvedScateFactor 15 set equat 10 2.5.

The value of NumViews indicates the number of views, including texture views and depth views, which are required for
decoding the target output views corresponding to the j-th operation point for level idc[ i] as signalled in the subset
sequence  parameter set, and is set equal to applicable op num depth views minusl[i][j]s +
applicable op num_depth views minusl[i][]j]+ 2.

The value of PicWidthInMbs and FrameHeightiInMbs refer to the width and height of each view component, while the
value of TotalPicSizeInMbs indicates the total number of macroblocks in the texture view components@nd depth view
components of a picture.

[1.10.2.1 Level limits common to Multiview Depth High profiles
Bitstreams conforming to the Multiview Depth High profile at a specified level shall obeythé following constraints:

a) The nominal removal time of access unit n (with n > 0) from the CPB as speeified in clause C.1.2, satisfies the
constraint that t, ,( n ) — t(n — 1) is greater than or equal
to Max( TotalPicSizeInMbs + ( mvcdScaleFactor * MaxMBPS ), fR\);where MaxMBPS is the value specified
in Table A-1 that applies to picture n — 1, and TotalPicSizeInMbs-is.the total number of macroblocks in the
texture view components and depth view components of pictufe n— 1.

b) The difference between consecutive output times of pictufés'from the DPB as specified in clause C.2.2, satisfies
the constraint that At, g,»( n ) >= Max( TotalPicSizelnMbs + ( mvedScaleFactor * MaxMBPS ), fR ), where
MaxMBPS is the value specified in Table A-1 for pictute n, and TotalPicSizeInMbs is the total number of
macroblocks in the texture view components and.dépth view components of picture n, provided that picture n is
a picture that is output and is not the last picturé.of the bitstream that is output.

¢) PicWidthInMbs * FrameHeightinMbs <= MaxFS, where MaxFS is specified in Table A-1.
d) PicWidthInMbs <= Sqrt( MaxFS * § ), where MaxFS is specified in Table A-1.
e) FrameHeightInMbs <= Sqrt( MaxES * § ), where MaxFS is specified in Table A-1.

f) max dec frame buffering << MaxDpbFrames, where MaxDpbFrames is equal to
Min( mvcdScaleFactor *\MaxDpbMbs / ( TotalPicSizeInMbs / NumViews ) ),
Max( 1, Ceil( log2( NumViews ) ) ) * 16 ) and MaxDpbMbs is specified in Table A-1.

g) The vertical motion-vector component range does not exceed MaxVmvR in units of luma frame samples, where
MaxVmvR is-specified in Table A-1.

h) The horizéntal motion vector range does not exceed the range of —2048 to 2047.75, inclusive, in units of luma
samples$:

1) Let's€tOf2Mb be the set of unsorted pairs of macroblocks that contains the unsorted pairs of macroblocks
(mbA, mbB) of a coded video sequence for which any of the following conditions are true:
>~ mbA and mbB are macroblocks that belong to the same slice and are consecutive in decoding order,

— separate colour plane flag is equal to 0_mbA is the last macroblock (in decoding order) of a slice _and

mbB is the first macroblock (in decoding order) of the next slice in decoding order,
— separate_colour plane flag is equal to 1, mbA is the last macroblock (in decoding order) of a slice with a
particular value of colour plane id, and mbB is the first macroblock (in decoding order) of the next slice

with the same value of colour_plane id in decoding order.

NOTE 1 — In the two above conditions, the macroblocks mbA and mbB can belong to different pictures.
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For each unsorted pair of macroblocks (mbA, mbB) of the set setOf2Mb, the total number of motion vectors
(given by the sum of the number of motion vectors for macroblock mbA and the number of motion vectors for
macroblock mbB) does not exceed MaxMvsPer2Mb, where MaxMvsPer2Mb is specified in Table A-1. The
number of motion vectors for each macroblock is the value of the variable MvCnt after the completion of the
intra or inter prediction process for the macroblock.
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vectors for two consecutive macroblocks in decoding order must not exceed MaxMvsPer2Mb. When|
separate_colour plane flag is equal to 1, the constraint specifies that the total number of motion vectors for two
consecutive macroblocks with the same value of colour plane id in decoding order must not |exceed|
MaxMvsPer2Mb. For macroblocks that are consecutive in decoding order but are associated with a different value of]
colour plane_id, no constraint for the total number of motion vectors is specified.

j)  The number of bits of macroblock layer( ) data for any macroblock is not greater than 128} RawMbBits.
Depending on entropy coding mode flag, the bits of macroblock layer( ) data are counted as follows:

— Ifentropy coding mode flag is equal to 0, the number of bits of macroblock~ layer( ) data is given by the
number of bits in the macroblock layer( ) syntax structure for a macroblock.

—  Otherwise (entropy coding_mode_flag is equal to 1), the number of bits of macroblock layer( ) data for a
macroblock is given by the number of times read_bits( 1 ) is called in clauses 9.3.3.2.2 and 9.3.3.2.3 when
parsing the macroblock layer( ) associated with the macrobloek.

k) The removal time of access unit 0 shall satisfy the constraint'that the number of slices in picture 0 is less than or
equal to mvcdScaleFactor * ( Max( PicSizeInMbs, fR,* MaxMBPS ) + MaxMBPS * (t(0) —t.,(0))) +
SliceRate, where MaxMBPS and SliceRate are the values specified in Tables A-1 and A-4, respectively, that
apply to picture 0 and PicSizeInMbs is the numbep of macroblocks in a single texture view component of
picture 0.

1) The removal time of access unit 0 shall satisfy the constraint that the number of slices in each view component
of picture 0 is less than or equal to ( Max(PicSizeInMbs, fR * MaxMBPS ) + MaxMBPS *
(t(0)—t4(0)))+ SliceRate, where MaxMBPS and SliceRate are the values specified in Tables A-1 and A-4,
respectively, that apply to picture (’and PicSizeInMbs is the number of macroblocks in a single view component
of picture 0.

m) The difference between consecutive removal times of access units n and n — 1 with n > 0 shall satisfy the
constraint that the numbgp of slices in picture n is less than or equal to
mvcdScaleFactor * MaxMBPS * (t(n)—t(n— 1))+ SliceRate, where SliceRate is the value specified in
Table A-4 that applies to picture n.

n) The difference\between consecutive removal times of access units n and n — 1 with n > 0 shall satisfy the
constraint(that the number of slices in each view component of picture n is less than or equal to
MaxMBRBS * (t(n)—t(n— 1))+ SliceRate, where SliceRate is the value specified in Table A-4 that applies
to pieture n.

0) {MVCD sequence parameter sets shall have direct 8x8 inference flag equal to 1 for the levels specified in
Table A-4.

p) The value of sub_mb_type[ mbPartldx ] with mbPartldx = 0..3 in B macroblocks with mb_type equal to B_8x8
shall not be equal to B_Bi_8x4, B Bi_4x8, or B_Bi_4x4 for the levels in which MinLumaBiPredSize is shown
as 8x8 in Table A-4.
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CpbSize[ SchedSelldx ] <= cpbBrVclFactor *MaxCPB for at least one value of SchedSelldx, where
cpbBrVclFactor is equal to 1250. With vui_mvc_vcl hrd parameters present flag[ i ] being the syntax element,
in the MVCD VUI parameters extension of the active MVCD sequence parameter set, that is associated with the
VCL HRD parameters that are used for conformance checking (as specified in Annex C),

BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx ] are given as follows:
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- If vui_mvc vel hrd parameters present flag equal tol, BitRate[ SchedSelldx ] and
CpbSize[ SchedSelldx ] are given by Equations E-37 and E-38, respectively, using the syntax elements of
the hrd parameters( ) syntax structure that immediately follows
vui_mvc_vel hrd parameters present flag.

—  Otherwise (vui_mvc vcl hrd parameters present flag equal to 0), BitRate[ SchedSelldx] and

r)

t)

w)

v)

Cpbdize| Scheddelldx | are inferred as specitied in clause E.2.2 tor VCL HRD parameters.

MaxBR and MaxCPB are specified in Table A-1 in units of cpbBrVclFactor bits/s and cpbBrVclFactor bits,
respectively. The bitstream shall satisfy these conditions for at least one value of SchedSelldx in the range 0 to
cpb_cnt_minusl, inclusive.

For the NAL HRD parameters, BitRate[ SchedSelldx ] <= cpbBrNalFactor * MaxBR and

CpbSize[ SchedSelldx ] <= cpbBrNalFactor *MaxCPB for at least one value of SchedSelldx, where
cpbBrNalFactor is equal to 1500. With vui_mvc_nal hrd parameters present flag[ i ] being the Syntax element,
in the MVCD VUI parameters extension of the active MVCD sequence parameter set, that i associated with the
NAL HRD parameters that are used for conformance checking (as specified in Annex C),

BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx ] are given as follows:

- If vui_mvc nal hrd parameters present flag equal to 1, BitRate[ SchedSelldx ] and
CpbSize[ SchedSelldx ] are given by Equations E-37 and E-38, respéctively, using the syntax elements of
the hrd parameters( ) syntax structure that immediately follows
vui_mvc_nal hrd parameters present flag.

—  Otherwise (vui_mvc nal hrd parameters present flag, equal to 0), BitRate[ SchedSelldx] and
CpbSize[ SchedSelldx ] are inferred as specified in clause E.2.2 for NAL HRD parameters.

MaxBR and MaxCPB are specified in Table A-1 in units'of cpbBrNalFactor bits/s and cpbBrNalFactor bits,
respectively. The bitstream shall satisfy these conditions for at least one value of SchedSelldx in the range 0 to
cpb_cnt_minusl, inclusive.

The sum of the NumBytesInNALunit variables for access unit 0 is less than or equal to

384 * mvedScaleFactor * ( Max( PicSizeInMbs, fR * MaxMBPS ) + MaxMBPS * (t,(0) —t,4,( 0 ) ) ) = MinCR,
where MaxMBPS and MinCR are the*values specified in Table A-1 that apply to picture 0 and PicSizeInMbs is
the number of macroblocks in a.Single texture view component of picture 0.

The sum of the NumBytesInNALunit variables for the VCL NAL units of each view component of access unit 0
is less than or equal to 384 * ( Max( PicSizeInMbs, fR * MaxMBPS ) + MaxMBPS * (t(0)—t.,(0)))+
MinCR, where Max¥WIBPS and MinCR are the values specified in Table A-1 that apply to picture 0 and
PicSizeInMbs is the number of macroblocks in a single view component of picture 0.

The sum of the NumBytesInNALunit variables for access unit n with n > 0 is less than or equal to
384 * mvedScaleFactor * MaxMBPS * (t(n)—t(n— 1))+ MinCR, where MaxMBPS and MinCR are the
values specified in Table A-1 that apply to picture n.

Thésum of the NumBytesInNALunit variables for the VCL NAL units of each view component of access unit n
with'n > 0 is less than or equal to 384 * MaxMBPS * (t(n)—t(n— 1))+ MinCR, where MaxMBPS and
MinCR are the values specified in Table A-1 that apply to picture n.

When PicSizeInMbs is greater than 1620, the number of macroblocks in any coded slice shall not exceed
N EQ /4 1% N i B a-Takl Al
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max_num_ref frames shall be less than or equal to MaxDpbFrames / mvcScaleFactor for each texture view
component, where MaxDpbFrames is specified in item f).

MVCD sequence parameter sets shall have frame mbs_only flag equal to 1 for the levels specified
in Table A-4.
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Table A-1 specifies the limits for each level. A definition of all levels identified in the "Level number" column of

Table A-1 is specified for the Multiview Depth High profile. Table A-4 specifies limits for each level that are specific to
bitstreams conforming to the Multiview Depth High profile. Each entry in Tables A-1 and A-4 indicates, for the level
corresponding to the row of the table, the absence or value of a limit that is imposed by the variable corresponding to the
column of the table, as follows:

—  Otherwise, the table entry specifies the value of the variable for the associated limit that is imposed as a requirement
of bitstream conformance to the profile at the specified level.

For coded video sequences conforming to the Multiview Depth High profile, the level idc value is specified as follows:

— Iflevel idc is not equal to 0, level idc indicates the level that applies to the coded video sequence operating with all
the views being target output views.

NOTE 3 — A level_idc value that is not equal to zero may indicate a higher level than nectssary to decode the coded video
sequence operating with all the views being target output views. This may occur when a, subset of views or temporal subsets are}
removed from a coded video sequence according to the sub-bitstream extraction process specified in clause 1.8.5.3, and the
level idc value is not updated accordingly.

—  Otherwise (level idc is equal to 0), the level that applies to the coded.video sequence operating with all the views
being target output views is unspecified.

NOTE 4 — When profile_idc is equal to 118 or 128 and level_idc i{s)equal to 0, there may exist a level indicated by level idc[ i ]
that is applicable to the coded video sequence operating with dll the views being target output views. This may occur when 4
subset of views or temporal subsets are removed from a coded'video sequence according to the sub-bitstream extraction process|
specified in clause 1.8.5.3, and a particular value of level. idc[ i ] corresponds to the resulting coded video sequence.

In bitstreams conforming to the Multiview Depth High profile, the conformance of the bitstream to a specified level is
indicated by the syntax element level idc or level idc| i | as follows:

— Iflevel idc or level idc[ i ] is equal t09, the indicated level is level 1b.

—  Otherwise (level idc or level ide[71 ] is not equal to 9), level idc or level idc[ i ] is equal to a value of ten times the
level number (of the indicated level) specified in Table A-1.

1.10.2.2 Profile specificlevel limits

a) In bitstreams conforming to the Multiview Depth High profile, MVCD sequence parameter sets shall have]
frame ‘mbs_only flag equal to 1 for the levels specified in Table A-4.

L.11 Byte stream format
The specifications in Annex B apply.

.12 MVCD hypothetical reference decoder
The specifications in Annex C apply with substituting MVCD sequence parameter set for MVC sequence parameter set.

L.13 MVCD SEI messages
The specifications in Annex D together with the extensions and modifications specified in this subclause apply.
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L.13.1

SEI message syntax

1.13.1.1 MVCD view scalability information SEI message syntax

64

mvcd view_scalability info( payloadSize ) { C | Descriptor
num_operation_points_minus1 5 ue(v)
for(1=0; i <=num_operation_points_minus]; i++) {
operation_point_id[ i ] 5 | ue(v)
priority id[ 1] 5 | ul®d)
temporal_id[ 1] 5 1u@®)
num_target output_views_minusl1[i | 5 | ue(v)
for(j=0;j <=num_target output views minusl[i];j++) {
view_id[i][j] 5 | ue(v)
mvcd op view_info()
}
profile level info_present flag| i ] u(l)
bitrate_info_present flag]| i | u(l)
frm_rate_info_present flag|i | u(l)
if( Inum_target output views minusl[i])
view_dependency_info_present flag| i | u(l)
parameter_sets_info present flag][ i | u(l)
bitstream_restriction_info_present flag[ i ] u(l)
if( profile level info present flag[i])
op_profile level idc[ 1] 5 u(24)
if( bitrate_info_present flag[i]) {
avg_bitrate[ 1] u(16)
max_bitrate[ i | u(16)
max_bitrate_calc_window][ i | u(16)
}
if( frm_rate_info_present flag[si{]) {
constant_frm_rate_idc[a'} u(2)
avg_frm_rate[ 1] u(16)
}
if( view_dependency info present flag[i]) {
num_directly_dependent views| i | 5 | ue(v)
for(j =0;j <num_directly dependent views[ i ];j++) {
directly dependent view id[i][] ] 5 ue(v)
mved op view_info( )
I
} else
view_dependency_info_src_op id[1i] 5 | ue(v)
if( parameter_sets info present flag[i]) {
nm—seq—parameter—set—minustH-i1 S— ety
for(j=0;j <=num_seq parameter_set minusl[i ];j++)
seq_parameter_set id delta[ i ][] ] 5 ue(v)
num_subset_seq_parameter_set_minus1[ i | ue(v)
for(j =0;j <=num_subset _seq parameter set minusl[i ]; j++)
subset _seq parameter set id_delta[i][j ] ue(v)
num_pic_parameter_set_minus1|i] ue(v)
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for(j=0;j <=num init pic parameter set minusl[1i]; j++)
pic_parameter_set_id_delta[i][] ] 5 | ue(v)
} else
parameter_sets_info_src_op_id[ i ] 5 | ue(v)
if( bitstream_restriction_info present flag[i]) {
Totion—vectors_uver_pic_boundaries flagf 5 utty
max_bytes_per_pic_denom] i | 5 | ue(v)
max_bits per_mb_denom] i | 5 | ue(v)
log2_max_mv_length_horizontal]| i | 5 | ue(v)
log2 max_mv_length_vertical| i ] 5 | ue(v)
num_reorder_frames|i|] 5 | ue(w)
max_dec_frame_buffering] i ] 5 | uetv)
i
i
i
L.13.1.1.1MVCD operation point view information syntax
mved op view_info() { C | Descriptor
view_info_depth_view present_flag 5 |u)
if( view_info depth view present flag)
reserved_depth_view_confirmation_flag u(1)
view_info_texture view_present flag u(l)
if( view_info_texture view present flag)
reserved_texture_view_confirmation<flag 5 | ul)
i
1.13.1.2 MVCD scalable nesting SEI'message syntax
mvcd scalable nesting( payloadSize ) { C | Descriptor
operation_point_(flag 5 u(1)
if( loperation spoint_flag ) {
all_view components_in_au_flag 5 u(l)
if( lall_view _components_in_au_flag) {
num_view_components_minusl 5 ue(v)
for(1=0;1<=num view components minusl; i++) {
sei_view id[1] 5 u(10)
sei_view_applicability flag| i | 5 u(1)
i
i
} else {
sei—op—texture—onlyflag S )
num_view_components_op_minusl 5 ue(v)
for(1=0; 1 <=num_view components op minusl; i++) {
sei_op_view_id[ 1] 5 u(10)
if( !sei_op_texture only flag) {
sei_op_depth_flag[ i |
sei_op_texture flag[i]
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i
}
sei_op_temporal_id 5 u(3)
}
while( !byte aligned( ) )
3 s.t‘ it [k | IPPNAE: S '~ £L10
sei—nesting—zero—bit-equal-to-0-% 5 £
sei_message( ) 5
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1.13.1.3 Depth representation information SEI message syntax

depth_representation_info( payloadSize ) { Descriptor
all_views_equal_flag u(l)
if( all_views equal flag == 0) {
num_views_minus1 ue(v)
ﬂum‘/in‘vxvc =P, rews mnucl L]
} else
numViews = 1
z_near_flag u(l)
z_far_flag u(l)
if( z near flag || z far flag) {
z_axis_equal_flag u(1)
if( z_axis_equal flag)
common_z_axis_reference_view ue(v)
§
d_min_flag u(l)
d_max_flag u(l)
depth_representation_type ue(v)
for(i=0; i <numViews; i++) {
depth_info_view id[ i ] ue(v)
if( (z near flag || z far flag) && (z axis equal flag"== 0))
z_axis_reference_view][ i | ue(v)
if(d min flag || d max flag)
disparity reference view[ i ] ue(v)
if( z_near flag)
depth_representation_sei_element( ZNearSign, ZNearExp,
7ZNearMantissa, ZNearManLen )
if( z_far flag)
depth_representation_sei_element( ZFarSign, ZFarExp, ZFarMantissa,
ZFarManLen )
if( d_min_flag)
depth_representation_sei_element( DMinSign, DMinExp,
DMinMantissa, DMinManLen )
if( d max flag)
depth (fepresentation_sei_element( DMaxSign, DMaxExp,
DMaxMantissa, DMaxManLen )
§
if("depth_representation_type == 3) {
depth_nonlinear_representation_num_minusl ue(v)
for(i=1;1<=depth nonlinear representation num_minusl + 1; i++)
depth_nonlinear_representation_model[ i ] ue(v)
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1.13.1.4 Depth representation SEI element syntax

depth_representation_sei_element( OutSign, OutExp, OutMantissa, OutManLen ) { C Descriptor
da_sign_flag 5 u(l)
da_exponent 5 u(7)
da_matissa_len_minusl 5 u(5)
—da—mantissa = TRV
}
[1.13.1.5 3D reference displays information SEI message syntax
three_dimensional reference displays info( payloadSize ) { C Descriptor:
prec_ref baseline 5 ue(v)
prec_ref display_width 5 ue(v)
ref_viewing_ distance_flag 5 wd)
if( ref viewing distance flag)
prec_ref viewing_dist 5 ue(v)
num_ref displays_minusl 5 ue(v)
numRefDisplays =num ref displays minusl + 1
for( 1= 0; i <numRefDisplays; i++ ) {
exponent_ref baseline[ i | 5 u(6)
mantissa_ref baseline| i | 5 u(v)
exponent_ref display_width][ i | 5 u(6)
mantissa_ref display_width[ i | 5 u(v)
if( ref viewing_distance flag) {
exponent_ref viewing distance|i | 5 u(6)
mantissa_ref viewing distance] i | 5 u(v)
i
additional_shift present flag[ i ] 5 u(1)
if (additional_shift present[i])
num_sample_shift_plus512[ i+ 5 u(10)
i
three_dimensional_reference displays_extension_flag 5 u(l)
i
|.13.1.6 Depth timing. SEI message syntax
depth_timing( payloadSize ) { Descriptor
per_view_depth_timing_flag 5 u(l)

if.(per view depth timing flag)

for( 1= 0; 1 < NumDepthViews; i++)

depth_timing_offset( )

else

i 41 ey - Ll ot
ucpl.u_uuuug_uubct\ }

1.13.1.6.1 Depth timing offset syntax

depth_timing_offset( ) {

| C |Descriptor
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