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BITSTREAM CONFORMANCE TEST IN VIDEO CODING 

[00011 This application claims the benefit of U.S. Provisional Patent Application No.  

61/705,102, filed September 24, 2012, the entire content of which is incorporated herein 

by reference.  

TECHNICAL FIELD 

[0002] This disclosure relates to video encoding and decoding (i.e., encoding and/or 

decoding of video data).  

BACKGROUND 

[00031 Digital video capabilities can be incorporated into a wide range of devices, 

including digital televisions, digital direct broadcast systems, wireless broadcast 

systems, personal digital assistants (PDAs), laptop or desktop computers, tablet 

computers, e-book readers, digital cameras, digital recording devices, digital media 

players, video gaming devices, video game consoles, cellular or satellite radio 

telephones, so-called "smart phones," video teleconferencing devices, video streaming 

devices, and the like. Digital video devices implement video compression techniques, 

such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, 

ITU-T H.264/M'PEG-4, Part 10, Advanced Video Coding (AXC), the High Efficiency 

Video Coding (HEVC) standard presently under development, and extensions of such 

standards. The video devices may transom it, receive, encode, decode, and/or store digital 

video information more efficiently by implementing such video compression 

techniques.  

10004] Video compression techniques perform spatial (intra-picture) prediction and/or 

temporal (inter-picture) prediction to reduce or remove redundancy inherent in video 

sequences. For block-based video coding, a video slice (i.e., a video frame or a portion 

of a video frame) may be partitioned into video blocks. Video blocks in an intra-coded 

(I) slice of a picture are encoded using spatial prediction with respect to reference 

samples in neighboring blocks in the same picture. Video blocks in an inter-coded (P or 

B) slice of a picture may use spatial prediction with respect to reference samples in 

neighboring blocks in the same picture or temporal prediction with respect to reference
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samples in other reference pictures. Pictures may be referred to as frames, and 

reference pictures may be referred to a reference frames.  

[0005] Spatial or temporal prediction results in a predictive block for a block to be 

coded. Residual data represents pixel differences between the original block to be 

coded and the predictive block. An inter-coded block is encoded according to a motion 

vector that points to a block of reference samples forming the predictive block, and the 

residual data indicates the difference between the coded block and the predictive block.  

An intra-coded block is encoded according to an intra-coding mode and the residual 

data. For further compression, the residual data may be transformed from the pixel 

domain to a transform domain, resulting in residual coefficients, which then may be 

quantized. The quantized coefficients, initially arranged in a two-dimensional array, 

may be scanned in order to produce a one-dimensional vector of coefficients, and 

entropy coding may be applied to achieve even more compression.  

[0006] A multi--view coding bitstream may be generated by encoding views, e.g., from 

multiple perspectives. Some three-dimensional (3D) video standards have been 

developed that make use of multiview coding aspects. For example, different views 

may transmit left and right eye views to support 3D video. Alternatively, some 3D 

video coding processes may apply so-called multiview plus depth coding. In multiview 

plus depth coding, 3D video bitstream may contain not only texture view components, 

but also depth view components. For example, each view may comprise one texture 

view component and one depth view component.  

S UMMA RY 

[0007] In general, this disclosure describes signaling and selection of hypothetical 

reference decoder (HRD) parameters in video coding. More specifically, a device may 

perform a decoding process as part of a bitstream conformance test. As part of the 

decoding process, the device performs a bitstream extraction process that extracts, from 

the bitstream, an operation point representation of an operation point defined by a target 

set of layer identifiers and a target highest temporal identifier. The target set of layer 

identifiers contains values of layer identifier syntax elements present in the operation 

point representation, the targu set of layer identifiers being a subset of values of layer 

identifier syntax elements of the bitstream. The target highest temporal identifier is 

equal to a greatest temporal identifier present in the operation point representation, the



3 

target highest temporal identifier being less than or equal to a greatest temporal 

identifier present in the bitstream. The device decodes network abstraction layer (NAL) 

units of the operation point representation.  

[0008] In one example, this disclosure describes a method of processing video data.  

The method comprises determining a target highest temporal identifier, wherein 

determining the target highest temporal identifier comprises: 

determining whether the target highest temporal identifier is specified by an 

external means; 

responsive to determining the target highest temporal identifier is not specified 

by any external means and responsive to determining the decoding process is invoked in 

a bitstream conformance test that determines whether a bitstream comprising the 

encoded video data conforms to a video coding standard: 

selecting an operation point under test, and 

setting the target highest temporal identifier equal to the greatest 

temporal identifier present in a sub-bitstream corresponding to the operation 

point under test, wherein the greatest temporal identifier present in the sub

bitstream is less than a greatest temporal identifier present in the bitstream, and 

otherwise, setting the target highest temporal identifier to a value of a syntax 

element specifying a maximum number of temporal sub-layers in the bitstream; 

performing a bitstream extraction process that derives a sub-bitstream, the 

bitstream extraction process comprising removing, from the bitstream, all Network 

Abstraction Layer (NAL) units with temporal identifiers greater than the target highest 

temporal identifier; and 

decoding NAL units of the sub-bitstream.  

[0009] In another example, this disclosure describes a device for processing video data, 

the device comprising: 

a storage medium configured to store encoded video data; and 

one or more processors configured to: 

perform a decoding process that decodes the encoded video data, wherein 

as part of performing the decoding process, the one or more processors being 

further configured to: 

determine a target highest temporal identifier, wherein, as part of 

determining the target highest temporal identifier, the one or more 

processors:
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determine whether the target highest temporal identifier is 

specified by an external means; 

responsive to determining the target highest temporal 

identifier is not specified by any external means and responsive to 

determining the decoding process is invoked in a bitstream 

conformance test that determines whether a bitstream comprising 

the encoded video data conforms to a video coding standard: 

select an operation point under test, and 

set the target highest temporal identifier equal to 

the greatest temporal identifier present in a sub-bitstream 

corresponding to the operation point under test, wherein 

the greatest temporal identifier present in the sub-bitstream 

is less than a greatest temporal identifier present in the 

bitstream, and 

otherwise, set the target highest temporal identifier to a 

value of a syntax element specifying a maximum number of 

temporal sub-layers in the bitstream; 

perform a bitstream extraction process that derives a sub

bitstream, the bitstream extraction process comprising removing, from 

the bitstream, all Network Abstraction Layer (NAL) units with temporal 

identifiers greater than the target highest temporal identifier; and 

decode NAL units of the sub-bitstream.  

[0010] In another example, this disclosure describes a device for processing video data, 

the device comprising: 

means for storing encoded video data; and 

means for performing a decoding process that decodes the encoded video data, 

wherein performing the decoding process comprises: 

determining a target highest temporal identifier, wherein determining the 

target highest temporal identifier comprises: 

determining whether the target highest temporal identifier is 

specified by an external means; 

responsive to determining the target highest temporal identifier is 

not specified by any external means and responsive to determining the 

decoding process is invoked in a bitstream conformance test that
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determines whether a bitstream comprising the encoded video 

data conforms to a video coding standard: 

selecting an operation point under test, and 

setting the target highest temporal identifier equal to the 

greatest temporal identifier present in a sub-bitstream 

corresponding to the operation point under test, wherein the 

greatest temporal identifier present in the sub-bitstream is less 

than a greatest temporal identifier present in the bitstream, and 

otherwise, setting the target highest temporal identifier to a value 

of a syntax element specifying a maximum number of temporal sub

layers in the bitstream; 

performing a bitstream extraction process that derives a sub

bitstream, the bitstream extraction process comprising removing, from 

the bitstream, all Network Abstraction Layer (NAL) units with temporal 

identifiers greater than the target highest temporal identifier; and 

decoding NAL units of the sub-bitstream.  

[0011] In another example, this disclosure describes a computer-readable storage 

medium having instructions stored thereon that, when executed by one or more 

processors of a device, configure the device to perform a decoding process that decodes 

encoded video data, wherein the instructions configuring the device to perform the 

decoding process comprise instructions that, when executed, configure the device to: 

determine a target highest temporal identifier, wherein the instructions 

configuring the device to determine the target highest temporal identifier comprise 

instructions that, when executed, configure the device to: 

determine whether the target highest temporal identifier is specified by an 

external means; 

responsive to determining the target highest temporal identifier is not 

specified by any external means and responsive to determining the decoding 

process is invoked in a bitstream conformance test that determines whether a 

bitstream comprising the encoded video data conforms to a video coding 

standard: 

select an operation point under test, and 

set the target highest temporal identifier equal to the greatest 

temporal identifier present in a sub-bitstream corresponding to the
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operation point under test, wherein the greatest temporal identifier 

present in the sub-bitstream is less than a greatest temporal identifier 

present in the bitstream, and 

otherwise, set the target highest temporal identifier to a value of a syntax 

element specifying a maximum number of temporal sub-layers in the bitstream; 

perform a bitstream extraction process that derives a sub-bitstream, the bitstream 

extraction process comprising removing, from the bitstream, all Network Abstraction 

Layer (NAL) units with temporal identifiers greater than the target highest temporal 

identifier; and 

decode NAL units of the sub-bitstream.  

[0012] The details of one or more examples of the disclosure are set forth in the 

accompanying drawings and the description below. Other features, objects, and 

advantages will be apparent from the description, drawings, and claims.
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BRIEF DESCRIPTION OF DRAWINGS 

[00131 FIG. I is a block diagram illustrating an example video coding system that may 

utilize the techniques described in this disclosure.  

[00141 FIG. 2 is a block diagram illustrating an example video encoder that may 

implement the techniques described in this disclosure.  

[0015] FIG. 3 is a block diagram illustrating an example video decoder that may 

implement the techniques described in this disclosure.  

10016] FIG. 4 is a flowchart illustrating an example operation of a device, in accordance 

with one or more techniques of this disclosure.  

[0017] FIG. 5 is a flowchart illustrating an example operation of a device, in accordance 

with one or more techniques of this disclosure.  

[00181 FIG. 6 is a flowchart illustrating an example hypothetical reference decoder 

(HRD) operation of a device, in accordance with one or more techniques of this 

disclosure.  

DETAILED DESCRIPTION 

[0019] A video encoder may generate a bitstream that includes encoded video data.  

The bitstream may comprise a series of network abstraction layer (NAL) units. The 

NAL units of the bitstream may include video coding layer (VCIL) NAL units and non

VCL NAL units. The VCL NAL units may include coded slices of pictures. A non

VCL NAL unit may include a video parameter set (VPS), a sequence parameter set 

(SPS), a picture parameter set (PPS), supplemental enhancement information (SEI), or 

other types of data. A VPS is a syntax structure that may contain syntax elements that 

apply to zero or more entire coded video sequences. A SPS is a syntax structure that 

may contain syntax elements that apply to zero or more entire coded video sequences.  

A single VPS may be applicable to multiple SPS's. A PPS is a syntax structure that 

may contain syntax elements that apply to zero or more entire coded pictures. A single 

SPS may be applicable to multiple PPS's. Various aspects of the VPS, SPS and PPS 

may be formed, in general, as defined by the HEVC standard.  

[00201 A device, such as a content delivery network (CDN) device, a Media-Aware 

Network Element (MANE), or a video decoder, may extract a sub-bitstream from the 

bitstream. The device may perform the sub--bitstream extraction process by removing
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certain NAL units from the bitstream. The resulting sub-bitstream includes the 

remaining, non-remnoved NAL units of the bitstream. As examples, video data decoded 

from the sub-bitstream may have a lower frame rate and/or may represent fewer views 

than the original bitstream.  

[00211 Video coding standards may include various features to support the sub

bitstream extraction process. For example, video data of the bitstream may be divided 

into a set of layers. For each of the layers, data in a lower layer may be decoded without 

reference to data in any higher layer. An individual NAL unit only encapsulates data of 

a single layer. Thus, NAL units encapsulating data of the highest remaining layer of the 

bitstream may be removed from the bitstream without affecting the decodability of data 

in the remaining lower layers of the bitstream. In scalable video coding (SVC), higher 

layers may include enhancement data that improve the quality of pictures in lower 

layers (quality scalability), enlarge the spatial format of pictures in lower layers (spatial 

scalability), or increase the temporal rate of pictures in lower layers (temporal 

scalability). In multi-view coding (MVC) and three-dimensional video (3DMV) coding, 

higher layers may include additional views.  

[0022] NAL units may include headers and payloads. The headers of NAL units 

include nuh-reserved-zero_6bits syntax elements. The nuh reserved zero 6bits syntax 

element of a NAL unit is equal to 0 if the NAL unit relates to a base layer in multi-view 

coding, 3DV coding, or SVC. Data in a base layer of a bitstream may be decoded 

without reference to data in any other layer of the bitstream. If the NAL unit does not 

relate to a base layer in multi-view coding, 3DV, or SVC, the nuhreservedzero_6bits 

syntax element may have a non-zero value. Specifically, if a NAL unit does not relate 

to a base layer in multi-view coding, 3DV, or SVC, the nuh reserved zero_6bits syntax 

element of the NAL unit specifies a layer identifier of the NAL unit.  

[00231 Furthermore, some pictures within a layer may be decoded without reference to 

other pictures within the same layer. Thus, NAL units encapsulating data of certain 

pictures of a layer may be removed from the bitstream without affecting the 

decodability of other pictures in the layer. For example, pictures with even picture 

order count (POC) values may be decodable without reference to pictures with odd POC 

values. Removing NAL units encapsulating data of such pictures may reduce the frame 

rate of the bitstream. A subset of pictures within a layer that may be decoded without 

reference to other pictures within the layer may be referred to herein as a sub-layer.
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[00241 NAL units may include temporal id syntax elements. The temporalid syntax 

element of a NAL unit specifies a temporal identifier of the NAL unit. If the temporal 

identifier of a first NAL unit is less than the temporal identifier of a second NAL unit, 

the data encapsulated by the first NAL unit may be decoded without reference to the 

data encapsulated by the second NAL unit.  

[0025] Each operation point of a bitstream is associated with a set of layer identifiers 

(i.e., a set of nuh reserved zero 6bits values) and a temporal identifier. The set of 

layer identifiers may be denoted as OpLayeridSet and the temporal identifier may be 

denoted as TemporalID. If a NAL unit's layer identifier is in an operation point's set of 

layer identifiers and the NAL unit's temporal identifier is less than or equal to the 

operation point's temporal identifier, the NAL unit is associated with the operation 

point. An operation point representation is a bitstrearn subset that is associated with an 

operation point. The operation point representation may include each NAL unit that is 

associated with the operation point. The operation point representation does not include 

VCL NAL units that are not associated with the operation point.  

[0026] An external source may specify a set of target layer identifiers for an operation 

point. For example, a device, such as a CDN device or a MANE, may specify the set of 

target layer identifiers. In this example, the device may use the set of target layer 

identifiers to identify an operation point. The device may then extract the operation 

point representation for the operation point and forward the operation point 

representation, instead of the original bitstream, to a client device. Extracting and 

forwarding the operation point representation to the client device may reduce the bit rate 

of the bitstream.  

[0027] Furthermore, video coding standards specify video buffering models. A video 

buffering model may also be referred to as a "hypothetical reference decoder" or an 

third. " The IRD describes how data is to be buffered for decoding and how decoded 

data is buffered for output. For instance, the HRD describes the operation of a coded 

picture buffer ("CPB") and a decoded picture buffer ("DPB") in a video decoder. The 

CPB is a first-in first-out buffer containing access units in decoding order specified by 

HRD. The DPB is a buffer holding decoded pictures for reference, output reordering, or 

output delay specified by the HRD.  

[0028] A video encoder may signal a set of HIRD parameters. The -IRD parameters 

control various aspects of the IRD. The IRD parameters include an initial CPB
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removal delay, a CPB size, a bit rate, an initial DPB output delay, and a DPB size.  

These HRD parameters are coded in a hrdparameters( ) syntax structure specified in a 

VPS and/or a SPS. The HRD parameters can also be specified in a buffering period 

supplemental enhancement information (SEI) message or a picture timing SEI message.  

[00291 As explained above, an operation point representation may have a different 

frame rate and/or bit rate than an original bitstream. This is because the operation point 

representation may not include some pictures and/or some of the data of the original 

bitstream. Hence, if the video decoder were to remove data from the CPB and/or the 

DPB at a particular rate when processing the original bitstream and if the video decoder 

were to remove data from the CPB and/or the DPB at the same rate when processing an 

operation point representation, the video decoder may remove too much or too little data 

from the CPB and/or the DPB. Accordingly, the video encoder may signal different sets 

of HRD parameters for different operation points. In the emerging High-Efficiency 

Video Coding (HEVC) standard, the video encoder may signal sets of HRD parameters 

in a VPS or the video encoder may signal sets of HRD parameters in a SPS. A draft of 

the upcoming HEVC standard, referred to as "HEVC Working Draft 8" is described in 

Bross et al., "High Efficiency Video Coding (HEVC) text specification draft 8," Joint 

Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC 

JTC I/SC29/WG 11, 106 Meeting, Stockholm, Sweden, July 2012, which as of May 8, 

2013, is available from http://phenix.int

evry. fr/jtdoc_ end user/documents/10 Stockholm/wgi1/JCTVC-J1003-v8.zip.  

[00301 In some versions of HEVC, only the sets of HRD parameters in the VPS are 

selected for HRD operations. That is, although HRD parameters can be provided in 

SPS's, the sets of HRD parameters in the SPS's are not selected by HEVC video 

decoders for HRD operations. Video decoders always parse and decode the VPS of a 

bitstream. Hence, video decoders always parse and decode the sets of HRD parameters 

of the VPS. This is true regardless of whether the bitstream includes non-base layer 

NAL units. Hence, if the bitstream includes non-base layer NAL units, it may be a 

waste of computational resources to parse and handle the sets of H RD parameters ini the 

SPS's. Furthermore, if the sets of HRD parameters are present in the VPS, the sets of 

HRD parameters in the SPS's may be wasted bits.  

10031] In accordance with the techniques of this disclosure, a video encoder may 

generate a bitstream that includes a SPS that is applicable to a sequence of pictures. The
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SPS includes a set of -IRD parameters. The set of -IRD parameters is applicable to 

each operation point of the bitstream that has a set of layer identifiers that match a set of 

target layer identifiers. Thus, the sets of HRL) parameters in the SPS's are not wasted, 

but rather may be used for lHRD operations. For instance, a device may select, from 

among a set of HR-D parameters in a VPS and a set of -IRD parameters in a SPS, a set 

of HRD parameters applicable to a particular operation point. The device may perform, 

based at least in part on the set of HR) parameters applicable to the particular operation 

point, a bitstream conformance test that tests whether a bitstream subset associated with 

the particular operation point conforms to a video coding standard.  

[0032] A device, such as a video encoder., a video decoder, or another type of device, 

such as a CDN device or MANE, may perform a bitstream conformance test on an 

operation point representation for an operation point. The bitstream conformance test 

may verify that the operation point representation conforms to a video coding standard, 

such as HEVC. As mentioned above, a set of target layer identifiers and a temporal 

identifier may be used to identify the operation point. The set of target layer identifiers 

may be denoted as "TargetDecLayerIdSet." The temporal identifier may be denoted as 

"TargetDecHighestTid." Problematically, HEVC Working Draft 8 does not specify 

how TargetDecLayerIdSet or TargetDecHighestTid are set when performing a bitstream 

conformance test.  

[0033] In accordance with one or more techniques of this disclosure, a device may 

perform a decoding process as part of performing a bitstream conformance test.  

Performing the decoding process comprises performing a bitstream extraction process to 

decode, from a bitstream, an operation point representation of an operation point 

defined by a target set of layer identifiers and a target highest temporal identifier. The 

target set of layer identifiers (i.e., TargetDecLayerIdSet) contains values of layer 

identifier syntax elements (e.g., nuh reservedzero_6bits syntax elements) present in 

the operation point representation. The target set of layer identifiers is a subset of 

values of layer identifier syntax elements of the bitstream. The target highest temporal 

identifier (i.e., TargetDecflighestTid) is equal to a greatest temporal identifier present in 

the operation point representation. The target highest temporal identifier is less than or 

equal to a greatest temporal identifier present in the bitstream. Performing the decoding 

process may also comprise decoding NAL units of the operation point representation.
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[00341 In HEVC, a SPS may include an array of syntax elements denoted as 

sps_max_dec_picbuffering[i], where i ranges from 0 to the maxinmu number of 

temporal layers in the bitstream. sps.max.dec.picbuffering[i] indicates the maximum 

required size of the DPB when a highest temporal identifier (HighestTid) is equal to i.  

spsmaxdecjicbuffering[i] indicates the required size in terms of units of picture 

storage buffers.  

[00351 Furthermore, in HEVC, a SPS may include an array of syntax elements denoted 

spsmax num reorder_pics[i], where i ranges from 0 to the maximum number of 

temporal layers in the bitstream. sps max num reorderpics[i] indicates a maximum 

allowed number of pictures preceding any picture in decoding order and succeeding that 

picture in output order when a highest temporal identifier (HllighestTid) is equal to i.  

[00361 In HEVC, a set of HRD parameters may include an array of syntax elements 

denoted cpb_cnt_minus1[i], where i ranges from 0 to the maximum number of temporal 

layers in the bitstream. cpb ent minusl[i] specifies the number of alternative CPB 

specifications in the bitstream of the coded video sequence when a highest temporal 

identifier (HighestTid) is equal to i, wherein one alternative CPB specification refers to 

one particular CPB operation with a particular set of CPB parameters.  

10037] In HEVC Working Draft 8, sps max decpicbuffering[i], 

sps_max_inum_reorder_pics[i], and cpbcnt_minus I[i] are not properly selected in 

HRD operations, bitstream conformance operations, and level restrictions. This is at 

least in part because HEVC Working Draft 8 does not specify what is meant by the 

highest temporal identifier (HighestTid).  

[0038] In accordance with one or more techniques of this disclosure, a device, such as a 

video encoder, a video decoder, or another device, may determine a highest temporal 

identifier of a bitstream-subset associated with a selected operation point of a bitstream.  

Furthermore, the device may determine, based on the highest temporal identifier, a 

particular syntax element from among an array of syntax elements (e.g., 

sps_max_dec_pic_buffering[ ], sps maxnumreorderpics[ ], or cpb ent minus 1[ 1).  

The device may perform an operation that uses the particular syntax element to 

determine conformance of the bitstream to a video coding standard or to determine 

conformance of a video decoder to the video coding standard.  

10039] FIG. 1 is a block diagram illustrating an example video coding system 10 that 

may utilize the techniques of this disclosure. As used herein, the term "video coder"
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refers generically to both video encoders and video decoders. In this disclosure, the 

terms "video coding" or "coding" may refer generically to video encoding or video 

decoding.  

10040] As shown in FIG. 1, video coding system 10 includes a source device 12 and a 

destination device 14. Source device 12 generates encoded video data. Accordingly, 

source device 12 may be referred to as a video encoding device or a video encoding 

apparatus. Destination device 14 may decode the encoded video data generated by 

source device 12. Accordingly, destination device 14 may be referred to as a video 

decoding device or a video decoding apparatus. Source device 12 and destination 

device 14 may be examples of video coding devices or video coding apparatuses.  

10041] Source device 12 and destination device 14 may comprise a wide range of 

devices, including desktop computers, mobile computing devices, notebook (e.g., 

laptop) computers, tablet computers, set-top boxes, telephone handsets such as so-called 

"smart" phones, televisions, cameras, display devices, digital media players, video 

gaming consoles, in-car computers, or the like.  

[0042] Destination device 14 may receive encoded video data from source device 12 via 

a channel 16. Channel 16 may comprise one or more media or devices capable of 

moving the encoded video data from source device 12 to destination device 14. In one 

example, channel 16 may comprise one or more communication media that enable 

source device 12 to transmit encoded video data directly to destination device 14 in real

time. In this example, source device 12 may modulate the encoded video data 

according to a communication standard, such as a wireless communication protocol, and 

may transmit the modulated video data to destination device 14. The one or more 

communication media may include wireless andlor wired communication media, such 

as a radio frequency (RF) spectrum or one or more physical transmission lines. The one 

or more communication media may form part of a packet-based network, such as a local 

area network, a wide-area network, or a global network (e.g., the Internet). The one or 

more communication media may include routers, switches, base stations, or other 

equipment that facilitate communication from source device 12 to destination device 14.  

[0043] In another example, channel 16 may include a storage medium that stores 

encoded video data generated by source device 12. In this example, destination device 

14 may access the storage medium, e.g., via disk access or card access. The storage 

medium may include a variety of locally-accessed data storage media such as Blu-ray
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discs, DVDs, CD-ROMs, flash memory, or other suitable digital storage media for 

storing encoded video data.  

[0044] In a further example, channel 16 may include a file server or another 

intermediate storage device that stores encoded video data generated by source device 

12. In this example, destination device 14 may access encoded video data stored at the 

file server or other intermediate storage device via streaming or download. The file 

server may be a type of server capable of storing encoded video data and transmitting 

the encoded video data to destination device 14. Example file servers include web 

servers (e.g., for a website), file transfer protocol (FTP) servers, network attached 

storage (NAS) devices, and local disk drives. In the example of FIG. 1, channel 16 

includes an additional device 21. In some examples, additional device 21 is a CDN 

device, a MANE, or another type of device.  

[0045] Destination device 14 may access the encoded video data through a standard 

data connection, such as an Internet connection. Example types of data connections 

may include wireless channels (e.g., Wi-Fi connections), wired connections (e.g., digital 

subscriber line (D3Si.), cable modem, etc.), or combinations of both that are suitable for 

accessing encoded video data stored on a file server. The transmission of encoded video 

data from the file server may be a streaming transmission, a download transmission, or a 

combination of both.  

[0046] The techniques of this disclosure are not limited to wireless applications or 

settings. The techniques may be applied to video coding in support of a variety of 

multimedia applications, such as over-the-air television broadcasts, cable television 

transmissions, satellite television transmissions, streaming video transmissions, e.g., via 

the Internet, encoding of video data for storage on a data storage medium, decoding of 

video data stored on a data storage medium, or other applications. In some examples, 

video coding system 10 may be configured to support one-way or two-way video 

transmission to support applications such as video streaming, video playback, video 

broadcasting. and/or video telephony.  

[00471 FIG. I is merely an example and the techniques of this disclosure may apply to 

video coding settings (e.g., video encoding or video decoding) that do not necessarily 

include any data communication between the encoding and decoding devices. In other 

examples, data is retrieved from a local memory, streamed over a network, or the like.  

A video encoding device may encode and store data to memory, and/or a video decoding
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device may retrieve and decode data from memory. In iany examples, the encoding 

and decoding is performed by devices that do not communicate with one another, but 

simply encode data to memory and/or retrieve and decode data from memory.  

10048] In the example of FIG. 1, source device 12 includes a video source 18, a video 

encoder 20, and an output interface 22. In some examples, output interface 22 may 

include a modulator/demodulator (modem) and/or a transmitter. Video source 18 may 

include a video capture device, e.g., a video camera, a video archive containing 

previously-captured video data, a video feed interface to receive video data from a video 

content provider, and/or a computer graphics system for generating video data, or a 

combination of such sources of video data.  

10049] Video encoder 20 may encode video data from video source 18. In some 

examples, source device 12 directly transmits the encoded video data to destination 

device 14 via output interface 22. In other examples, the encoded video data may also 

be stored onto a storage medium or a file server for later access by destination device 14 

for decoding aid/or playback.  

[0050] In the example of FIG. 1, destination device 14 includes an input interface 28, a 

video decoder 30., and a display device 32. In some examples, input interface 28 

includes a receiver and/or a modem. Input interface 28 may receive encoded video data 

over channel 16. Display device 32 may be integrated with or may be external to 

destination device 14. In general, display device 32 displays decoded video data.  

Display device 32 may comprise a variety of display devices, such as a liquid crystal 

display (LCD), a plasma display, an organic light emitting diode (OLED) display, or 

another type of display device.  

10051] Video encoder 20 and video decoder 30 each may be implemented as any of a 

variety of suitable circuitry, such as one or more microprocessors, digital signal 

processors (DSPs), application-specific integrated circuits (ASICs), field-programmable 

gate arrays (FPGAs), discrete logic, hardware, or any combinations thereof. If the 

techniques are implemented partially in software, a device may store instructions for the 

software in a suitable, non-transitory computer-readable storage medium and may 

execute the instructions in hardware using one or more processors to perform the 

techniques of this disclosure. Any of the foregoing (including hardware, software, a 

combination of hardware and software, etc.) may be considered to be one or more 

processors. Each of video encoder 20 and video decoder 30 may be included in one or
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more encoders or decoders, either of which may be integrated as part of a combined 

encoder/decoder (CODEC in a respective device.  

[0052] This disclosure may generally refer to video encoder 20 "signaling" certain 

information to another device, such as video decoder 30 or additional device 21. The 

tern "signaling" may generally refer to the communication of syntax elements and/or 

other data used to decode the compressed video data. Such communication may occur 

in real- or near-real-time. Alternately, such communication may occur over a span of 

time, such as might occur when storing syntax elements to a cornputer-readable storage 

medium in an encoded bitstream at the time of encoding, which then may be retrieved 

by a decoding device at any time after being stored to this medium.  

[0053] In some examples, video encoder 20 and video decoder 30 operate according to 

a video compression standard, such as ISO/IEC MPEG-4 Visual and ITU-T H.264 (also 

known as ISO/IEC MPEG-4 AVC), including its Scalable Video Coding (SVC) 

extension, Multiview Video Coding (MVC) extension, and/or MVC-based 3DV 

extension. In some instances, any bitstream conforming to MVC-based 3DV always 

contains a sub-bitstream that is compliant to a MVC profile, e.g., stereo high profile.  

Furthermore, there is an ongoing effort to generate a three-dimensional video (3DV) 

coding extension to H.264/AVC, namely AVC-based 3DV. In other examples, video 

encoder 20 and video decoder 30 may operate according to ITU-T H.261, ISO/IEC 

MPEG-1 Visual, ITU-T H.262 or ISO/IEC MPEG-2 Visual, ITU-T H.263, ISO/IEC 

MPEG-4 Visual, and ITU-T H.264, ISO/IEC Visual.  

[0054] In other examples, video encoder 20 and video decoder 30 may operate 

according to the High Efficiency Video Coding (HEVC) standard presently under 

development by the Joint Collaboration Team on Video Coding (JCT-VC) of ITU-T 

Video Coding Experts Group (VCEG) and ISO/IEC' Motion Picture Experts Group 

(MPEG). A draft of the upcoming HEVC standard, referred to as "HEVC Working 

Draft 9" is described in Bross et a]., "High Efficiency Video Coding (HEVC) text 

specification draft 9," Joint Collaborative Team on Video Coding (JCT--VCI) of ITU-T 

SG16 WP3 and ISO/IEC JTC1/SC29/WGI 11, 1 1 Meeting, Shanghai, China, October 

2012, which as of May 8, 2013, is available from http://phenix.int

evry.fr/jet/doc end user/documents/11 Shanghai/wg11/JCTVC-K1003-vl3.zip.  

Furthermore, there are ongoing efforts to produce SVC, multi-view coding, and 3DV
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extensions for HEVC. The 3DV extension of HEVC may be referred to as HEVC

based 3DV or 3D-HEVC.  

[0055] In HEVC and other video coding standards, a video sequence typically includes 

a series of pictures. Pictures may also be referred to as "frames." A picture may 

include three sample arrays, denoted SL, Sob and SCr. SL is a two-dimensional array 

(i.e., a block) of luma samples. Seb is a two-dimensional array of Cb chrominance 

samples. SC, is a two-dimensional array of Cr chrominance samples. Chrominance 

samples may also be referred to herein as "chroma" samples. In other instances, a 

picture may be monochrome and may only include an array of luma samples.  

[0056] To generate an encoded representation of a picture, video encoder 20 may 

generate a set of coding tree units (CTtls). Each of the CTUs may be a coding tree 

block of luma samples, two corresponding coding tree blocks of chroma samples, and 

syntax structures used to code the samples of the coding tree blocks. A coding tree 

block may be an NxN block of samples. A CTU may also be referred to as a "tree 

block" or a "largest coding nit" (LCU). The CTUs of HEVC may be broadly 

analogous to the macroblocks of other standards, such as H.264/AVC. However, a 

CTU is not necessarily limited to a particular size and may include one or more coding 

units (CUs). A slice may include an integer number of CTI s ordered consecutively in a 

raster scan.  

[0057] To generate a coded CTU, video encoder 20 may recursively perform quad-tree 

partitioning on the coding tree blocks of a CTU to divide the coding tree blocks into 

coding blocks, hence the name "coding tree units." A coding block is an NxN block of 

samples. A CU may be a coding block of luma samples and two corresponding coding 

blocks of chroma samples of a picture that has a luma sample array, a Cb sample array 

and a Cr sample array, and syntax structures used to code the samples of the coding 

blocks. Video encoder 20 may partition coding blocks of a CU into one or more 

prediction blocks. A prediction block may be a rectangular (i.e., square or non-square) 

block of samples on which the same prediction is applied. A prediction unit (PU) of a 

CU may be a prediction block of luma samples, two corresponding prediction blocks of 

chroma samples of a picture, and syntax structures used to predict the prediction block 

samples. Video encoder 20 may generate predictive luma, Cb and Cr blocks for luma, 

Cb and Cr prediction blocks of each PU of the CU.
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[00581 Video encoder 20 may use intra prediction or inter prediction to generate the 

predictive blocks for a PU. If video encoder 20 uses intra prediction to generate the 

predictive blocks of a PU, video encoder 20 may generate the predictive blocks of the 

PU based on decoded samples of the picture associated with the PU.  

[00591 If video encoder 20 uses inter prediction to generate the predictive blocks of a 

PU, video encoder 20 may generate the predictive blocks of the PU based on decoded 

samples of one or more pictures other than the picture associated with the PU. Video 

encoder 20 may use uni-prediction or bi-prediction to generate the predictive blocks of a 

PU. When video encoder 20 uses uni-prediction to generate the predictive blocks for a 

PU, the PU may have a single motion vector. When video encoder 20 uses bi-prediction 

to generate the predictive blocks for a PU, the PU may have two motion vectors.  

[00601 After video encoder 20 generates predictive luma, Cb and Cr blocks for one or 

more PUs of a CU, video encoder 20 may generate a luma residual block for the CU.  

Each sample in the CU's luma residual block indicates a difference between a luma 

sample in one of the CU's predictive luma blocks and a corresponding sample in the 

CU's original luma coding block. In addition, video encoder 20 may generate a Cb 

residual block for the CU. Each sample in the CU's Cb residual block may indicate a 

difference between a Cb sample in one of the CU's predictive Cb blocks and a 

corresponding sample in the CU's original Cb coding block. Video encoder 20 may 

also generate a Cr residual block for the CU. Each sample in the CU's Cr residual block 

may indicate a difference between a Cr sample in one of the CU's predictive Cr blocks 

and a corresponding sample in the CU's original Cr coding block, 

[0061] Furthermore, video encoder 20 may use quad-tree partitioning to decompose the 

luma, Cb and Cr residual blocks of a CU into one or more luma. Cb and Cr transform 

blocks. A transform block may be a rectangular block of samples on which the same 

transform is applied. A transform unit (TU) of a CU may be a transform block of luma 

samples, two corresponding transform blocks of chroma samples, and syntax structures 

used to transform the transform block samples. Thus, each TU of a CU may be 

associated with a luma transform block, a Cb transform block, and a Cr transform block.  

The luma transform block associated with the TU may be a sub-block of the CU's luma 

residual block. The Cb transform block may be a sub-block of the CU's Cb residual 

block. The Cr transform block may be a sub-block of the CU's Cr residual block.
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[0062] Video encoder 20 may apply one or more transforms to a luma transform block 

of a TU to generate a luma coefficient block for the TU. A coefficient block may be a 

two-.dimensional array of transform coefficients. A transform coefficient may be a 

scalar quantity. Video encoder 20 may apply one or more transforms to a Cb transform 

block of a TUT to generate a Cb coefficient block for the TIL. Video encoder 20 may 

apply one or more transforms to a Cr transform block of a TU to generate a Cr 

coefficient block for the TU.  

[0063] After generating a coefficient block (eg., a luma coefficient block, a Cb 

coefficient block or a Cr coefficient block), video encoder 20 may quantize the 

coefficient block. Quantization generally refers to a process in which transform 

coefficients are quantized to possibly reduce the amount of data used to represent the 

transform coefficients, providing further compression. After video encoder 20 quantizes 

a coefficient block, video encoder 20 may entropy encode syntax elements indicating 

the quantized transform coefficients. For example, video encoder 20 may perform 

Context-Adaptive Binary Arithmetic Coding (CABAC) on the syntax elements 

indicating the quantized transform coefficients. Video encoder 20 may output the 

entropy--encoded syntax elements in a bitstream.  

10064] Video encoder 20 may output a bitstream that includes a sequence of bits that 

forms a representation of coded pictures and associated data. The bitstream may 

comprise a sequence of network abstraction layer (NAL) units. A NAL unit may be a 

syntax structure containing an indication of the type of data to follow and bytes 

containing that data in the form of a raw byte sequence payload (RB SP) interspersed as 

necessary with emulation prevention bytes. That is, each of the NAL units may include 

a NAL unit header and encapsulate a RBSP. The NAL unit header may include a 

syntax element that indicates a NAL unit type code. The NAL unit type code specified 

by the NAL unit header of a NAL unit indicates the type of the NAL unit. A RBSP may 

be a syntax structure containing an integer number of bytes that is encapsulated within a 

NAL unit. In some instances, an RBSP includes zero bits.  

[0065] Different types of NAL units may encapsulate different types of RBSPs. For 

example, a first type of NAL unit may encapsulate an RBSP for a picture parameter set 

(PPS), a second type of NAL unit may encapsulate an RBSP for a coded slice, a third 

type of NAL unit may encapsulate an RBSP for SEI, and so on. NAL units that
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encapsulate RBSPs for video coding data (as opposed to RBSPs for parameter sets and 

SEI messages) may be referred to as video coding layer (VCL) NAL units.  

[0066] Video decoder 30 may receive a bitstream generated by video encoder 20. In 

addition, video decoder 30 may parse the bitstream to decode syntax elements from the 

bitstream. Video decoder 30 may reconstruct the pictures of the video data based at 

least in part on the syntax elements decoded from the bitstream. The process to 

reconstruct the video data may be generally reciprocal to the process performed by 

video encoder 20. For instance, video decoder 30 may use motion vectors of PUTs to 

determine predictive blocks for the PUs of a current CU. In addition, video decoder 30 

may inverse quantize transform coefficient blocks associated with TiUs of the current 

CU. Video decoder 30 may perform inverse transforms on the transform coefficient 

blocks to reconstruct transform blocks associated with the TUs of the current CU.  

Video decoder 30 may reconstruct the coding blocks of the current CU by adding the 

samples of the predictive blocks for PUs of the current CU to corresponding samples of 

the transform blocks of the TUs of the current CU. By reconstructing the coding blocks 

for each CU of a picture, video decoder 30 may reconstruct the picture.  

[0067] In multi-view coding, there may be multiple views of the same scene from 

different viewpoints. The term "access unit" is used to refer to the set of pictures that 

correspond to the same time instance. Thus, video data may be conceptualized as a 

series of access units occurring over time. A "view component" may be a coded 

representation of a view in a single access unit. In this disclosure, a "view" may refer to 

a sequence of view components associated with the same view identifier.  

[0068] Multi-view coding supports inter-view prediction. Inter-view prediction is 

similar to the inter prediction used in H.264/AVC and HEVC and may use the same 

syntax elements. However, when a video coder performs inter-view prediction on a 

current video unit (such as a PU), video encoder 20 may use, as a reference picture, a 

picture that is in the same access unit as the current video unit, but in a different view.  

In contrast, conventional inter prediction only uses pictures in different access units as 

reference pictures.  

[0069] In multi-view coding, a view may be referred to as a "base view" if a video 

decoder (e.g., video decoder 30) can decode pictures in the view without reference to 

pictures in any other view. When coding a picture in one of the non-base views, a video 

coder (such as video encoder 20 or video decoder 30) may add a picture into a reference
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picture list if the picture is in a different view but within a sarne tine instance (i.e.  

access unit) as the picture that the video coder is currently coding. Like other inter 

prediction reference pictures, the video coder may insert an inter-view prediction 

reference picture at any position of a reference picture list.  

[00701 Video coding standards specify video buffering models. In 1.264/AVC and 

HEVC, a buffering model is referred to as a "hypothetical reference decoder" or 

"HRD " In HEVC Working Draft 8, the HR) is described in Annex C.  

[0071] The H-RD describes how data is to be buffered for decoding and how decoded 

data is buffered for output. For instance, the HRD describes the operation of a coded 

picture buffer ("CPB"), a decoded picture buffer ("DPB"), and a video decoder. The 

CPB is a first-in first-out buffer containing access units in a decoding order specified by 

HRD. The DPB is a buffer holding decoded pictures for reference, output reordering, or 

output delay specified by the HRD. The behaviors of the CPB and DPB may be 

mathematically specified. The HR-D may directly impose constraints on timing, buffer 

sizes, and bit rates. Furthermore, the HRD may indirectly impose constraints on various 

bitstream characteristics and statistics.  

[0072] In H.264/AVC and HEVC, bitstream conformance and decoder conformance are 

specified as pails of the HRD specification. In other words, the HRD model specifies 

tests to determine whether a bitstream conforms to a standard and tests to determine 

whether a decoder conforms to the standard. Though the HRD is named some kind of 

decoder, video encoders typically use the HRD to guarantee bitstream conformance, 

while video decoders typically do not need the HRD.  

[0073] H.2641AVC and HEVC both specify two types of bitstream or HRD 

conformance, namely Type I and Type II. A Type I bitstream is a NAL unit stream 

containing only the VCL NAL units and filler data NAL unit for all access units in the 

bitstream. A Type II bitstream is a NAL unit stream that 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' 

and all leading _zero bits, zero byte, start coded prefix one_3bytes, and 

trailing zero bits syntax elements that form a byte streak from the NAL unit stream.  

[0074] When a device performs a bitstream conformance test that determines whether a 

bitstream conforms to a video coding standard, the device may select an operation point 

of the bitstream. The device may then determine a set of HRD parameters applicable to
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the selected operation point. The device may use the set of HRD parameters applicable 

to the selected operation point to configure the behavior of the HRD. More particularly, 

the device may use the applicable set of HRD parameters to configure the behaviors of 

particular components of the 1- RD, such as a hypothetical stream scheduler (H SS), the 

CPB, a decoding process, the DPB, and so on. Subsequently, the HSS may inject coded 

video data of the bitstrean into the CPB of the HR-D according to a particular schedule.  

[00751 Furthermore, the device may invoke a decoding process that decodes the coded 

video data in the CPB. The decoding process may output decoded pictures to the DPB.  

As the device moves data through the HRD, the device may determine whether a 

particular set of constraints remain satisfied. For example, the device may determine 

whether an overflow or underflow condition occurs in the CPB or DPB while the HARD 

is decoding the operation point representation of the selected operation point. The 

device may select and process each operation point of the bitstream in this manner. If 

no operation point of the bitstream causes the constraints to be violated, the device may 

determine that the bitstream conforms to the video coding standard.  

[0076] Both H.264/AVC and HEVC specify two types of decoder conformance, namely 

output timing decoder conformance and output order decoder conformance. A decoder 

claiming conformance to a specific profile, tier and level is able to successfully decode 

all bitstreams that conform to the bitstream conformance requirements of a video coding 

standard, such as HEVC. In this disclosure, a "profile" may refer to a subset of the 

bitstream syntax. "Tiers" and "levels" may be specified within each profile. A level of 

a tier may be a specified set of constraints imposed on values of the syntax elements in 

the bitstream. These constraints may be simple limits on values. Alternatively, they may 

take the form of constraints on arithmetic combinations of values (e.g., picture width 

multiplied by picture height multiplied by number of pictures decoded per second). A 

level specified for a lower tier is more constrained than a level specified for a higher 

tier.  

[00771 When a device performs a decoder conformance test to determine whether a 

decoder under test (DUT) conforms to a video coding standard, the device may provide 

to both the HARD and the DUT a bitstream that conforms to the video coding standard.  

The HR-D may process the bitstream in the manner described above with regard to the 

bitstream conformance test. The device may determine that the DUT conforms to the 

video coding standard if the order of decoded pictures output by the DUT matches the
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order of decoded pictures output by the HRD. Moreover, the device may determine that 

the DUT conforms to the video coding standard if the timing with which the DUT 

outputs decoded pictures matches the timing with which the HIRD outputs the decoded 

pictures.  

[00781 In addition to bitstream conformance tests and decoder conformance tests, 

devices may use HRD parameters for other purposes. For examples, the initial CPB 

removal delays may be used to guide a system to set up an appropriate initial end-to-end 

delay and the DPB output times may be used to derive real-time protocol (RTP) 

timestamps when the video data bitstream is transported over RTP.  

[0079] In the H.264/AVC and HEVC HR-D models, decoding or CPB removal may be 

access unit based. That is, the FIRD is assumed to decode complete access units at one 

time and remove complete access units from the CPB. Furthermore, in the H.264/AVC 

and HEVC HRD models, it is assumed that picture decoding is instantaneous. Video 

encoder 20 may signal, in picture timing SEI messages, decoding times to start 

decoding of access units. In practical applications, if a conforming video decoder 

strictly follows the decoding times signaled to start decoding of access units, the earliest 

possible time to output a particular decoded picture is equal to the decoding time of that 

particular picture plus the time needed for decoding that particular picture. However, in 

the real-world, the time needed for decoding a picture cannot be equal to zero.  

[0080] HRD parameters may control various aspects of the HRD. In other words, the 

HRD may rely on the HIRD parameters. The HRD parameters may include an initial 

CPB removal delay, a CPB size, a bit rate, an initial DPB output delay, and a DPB size.  

Video encoder 20 may signal these HRD parameters in a hrdparameters( ) syntax 

structure specified in a video parameter set (\VPS) and/or a sequence parameter set 

(SPS). Individual VPS's and/or SPS's may include multiple hrd parameters( ) syntax 

structures for different sets of IRD parameters. In some examples, video encoder 20 

may signal HRD parameters in buffering period SEi messages or picture timing SEi 

messages.  

[00811 As explained above, an operation point of a bitstream is associated with a set of 

layer identifiers (i.e., a set of nuhreservedzero_6bits values) and a temporal identifier.  

An operation point representation may include each NAL unit that is associated with the 

operation point. An operation point representation may have a different frame rate 

and/or bit rate than an original bitstream. This is because the operation point



WO 2014/047178 PCT/US2013/060403 

22 

representation may not include some pictures and/or some of the data of the original 

bitstream. Hence, if video decoder 30 were to remove data from the CPB and/or the 

DPB at a particular rate when processing the original bitstream and if video decoder 30 

were to remove data from the CPB and/or the DPB at the same rate when processing an 

operation point representation, video decoder 30 may remove too much or too little data 

from the CPB and/or the DPB. Accordingly, video encoder 20 may signal different sets 

of HRD parameters for different operation points. For instance, video encoder 20 may 

include, in a VPS, multiple hrdparameters() syntax structures that include HRD 

parameters for different operation points.  

[0082] In HEVC Working Draft 8, the set of HIRD parameters optionally includes a set 

of information that is common for all sub-layers. In other words, the set of H RD 

parameters may optionally include a set of common syntax elements that are applicable 

to operation points that include any temporal sub-layers. A temporal sub-layer is a 

temporal scalable layer of a temporal scalable bitstream consisting of VCL NAL units 

with a particular value of Temporalid and the associated non-VCL NAL units. In 

addition to the set of common information, the sets of HRD parameters may include a 

set of syntax elements that are specific to individual temporal sub-layers. For instance., 

the hrd parameters( ) syntax structure may optionally include a set of information that is 

common for all sub-layers and always includes sub-layer-specific information. Because 

the set of common information is common to multiple sets of HRD parameters, it may 

be unnecessary to signal the set of common information in multiple sets of HRD 

parameters. Rather, in HEVC Working Draft 8, the common information may be 

present in a set of HRD parameters when the set of HRD parameters is the first set of 

HRD parameters in a VPS or the common information may be present in a set of HlRD 

parameters when the set of HRD parameters is associated with the first operation point 

index. For instance, HEVC Working Draft 8 supports the presence of common 

information when either the hrdparameters ( ) syntax structure is the first 

hrdparameters( ) syntax structure in the VPS or when the hrd parameters( ) syntax 

structure is associated with a first operation point.  

[0083] Table 1, below, is an example syntax structure for a hrd_parameters( ) syntax 

structure in HEVC.
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TABLE 1 - HRD Parameters 

1hrdparameters( commrionInfPresentFlag, MaxNumSubLayersMinusI ) { Descriptor 

f( commonInfPresentFlag) { 

timinginfo present. lag u(1) 

iff timing info presentftag ){ 
numunitsintick u(32) 

timescale U(32) 

} 

nal hrd parameterspresent flag u(1) 

vel hrdparameterspresent_flag u(1) 

ift nal hrd parameters present flag |velrd paraneterspresent fag 

sub-piccpbparams_present_flag u(i) 

if( sub_pic_cpbparamspresenttilag) { 

tick divisor minus2 u(8) 

du_cpb removal delay length minus u(5) 

bit rate scale U14) 

cpb size scale u(4) 

initial_eph removal delay lengthminusi u(5) 

cpb removaldelaylength minus u(5) 

dpboutputdelay length Eninus1 u(5) 

for( i = 0; i <= MaxNumSubLayersMinusi + ) { 
fixed_pic rateflag[ i] u(I) 

if( fixed_pie rateflag i] ) 
pic_duration inte Ininus1 i ] ue(v) 

low delay lhrd flag[ i ]u(I) 

cpbentnminus1[ i ] ue(v) 

if( nal hrd pa areterspresent_flag) 

sub laverhrd parameters( i ) 
if( vel hrtparameters presentflag 

subLaxer hrd parameters( i ) 

10084] In the example of Table 1, above, and other syntax tables of this disclosure, 

syntax elements with type descriptor ue(v) may be variable-length unsigned integers 

encoded using 01 order exponential Golomb (Exp-Golomb) coding with left bit first. In 

the example of Table 1 and the following tables, syntax elements having descriptors of 

the form u(n), where n is a non-negative integer, are unsigned values of length n.
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[0085] In the example syntax of Table 1, the syntax elements in the "if ( 

commoninfPresentiFlag ) ... }" block are the common information of the HRD 

parameter sets. In other words, the common information of set of HRD parameters may 

include the syntax elements timing info present flag, num units-in tick, time scale, 

nal hrd_parametersjresent_flag, ve]l_hrd_parameterspresent_flag, 

sub_pic_cpbparamsjresent flag, tickdivisor_minus2, 

du_ cpb removal delay length minus 1, bit rate scale, cpb size scale, 

initial cpb removal delaylengthminus], cpb removal delay lengthminus1, and 

dpboutput delaylength_minus1.  

[0086] Furthermore, in the example of Table 1, the syntax elements 

fixed _picrate flag[fi], pic duration in te minus1[ij, low delay hrd flag[i], and 

epbent_minus1[i] may be a set of sub-layer-specific HRD parameters. In other words, 

these syntax element of the hrdparameters() syntax structure may only be applicable to 

operation points that include a specific sub--layer. Thus, the HIRD parameters of a 

hrdparameters( ) syntax structure may include, in addition to the optionally-included 

common information, a set of sub-layer-specific HRD parameters that is specific to a 

particular sub--layer of the bitstream.  

[0087] The fixedpie rate flag[i] syntax element may indicate that, when HighestTid is 

equal to i, the temporal distance between the HARD output times of any two consecutive 

pictures in output order is constrained a specific way. HighestTid may be a variable that 

identifies a highest temporal sub-layer (e.g., of an operation point). The 

pic_durationin_teminusl [i] syntax element may specify, when HighestTid is equal to 

i, the temporal distance, in clock ticks, between the HRD output times of any 

consecutive pictures in output order in the coded video sequence. The 

low delay hrd flag[i] syntax element may specify the 1-RD operation mode, when 

HighestTid is equal to i, as specified in Annex C of HEVC Working Draft 8. The 

cpbcnt minus1[i] syntax element may specify the number of alternative CPB 

specifications in the bitstream of the coded video sequence when HighestTid is equal to 

i.  

[0088] Video encoder 20 may use SET messages to include, in the bitstream, metadata 

that is not required for correct decoding of the sample values of pictures. However, 

video decoder 30 or other devices may use the metadata included in SEI messages for 

various other purposes. For example, video decoder 30 may use the metadata in SET
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messages for picture output timing, picture displaying, loss detection, and error 

concealment.  

[0089] Video encoder 20 may include one or more SEI NAL units in an access unit. In 

other words, any number of SEI NAL units may be associated with an access unit.  

Furthermore, each SEI NAL unit may contain one or more SET messages. The HEVC 

standard describes the syntax and semantics for various types of SET messages.  

However, the HEVC standard does not describe the handling of the SET messages 

because the SET messages do not affect the normative decoding process. One reason to 

have SET messages in the HEVC standard is to enable supplemental data being 

interpreted identically in different systems using HEVC. Specifications and systems 

using HEVC may require video encoders to generate certain SEI messages or may 

define specific handling of particular types of received SET messages. Table 2, below, 

lists SEI messages specified in HEVC and briefly describes their purposes.
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TABLE 2 - Overview of SEI messages 

SEI message Purpose 
Initial delays for hypothetical reference decoder (HRD) 

Buffering period 
operation 

r i Picture output time and picture/sub-picture removal time for 
Picture timinor~ 

HRD operation 

Displaying at a different picture aspect ratio (PAR) than the 
Pan-scant rectangle 

PAR of the output pictures 
Filler payload Adjusting the bitrate to meet specific constraints 
User data registered 
User data SEI messages to be specified by external entities 
unregistered 

Additional information for clean random access. Gradual 
Recovery pomnt decoding refresh.  
Scene information Information about scene changes and transitions 

Indication to label the associated decoded picture as a still-
Full--frame snapshot.  

image snapshot of the video content 

Indicates that certain consecutive pictures represent a 
Progressive progressive refinement of the quality of a picture rather than a 
refinement segment 

proving scene 

Film grain 
c Ist Enables decoders to synthesize film grain characteristics 

Deblocking filter Recomrnmends whether or not displayed pictures should 
* display preference undergo the ini--oop deblocking filterproc-ess 

Provides suggested post-filter coefficients or correlation 
Plost-filter hmnt 

information for post--filter design 
Tone mapping Remapping to another color space than that used or assumed 
information in encoding 
Frame packingPaii o t Packing ofmstereoscopic video into an HEVC bitstream 
arrangement 

Specifies flipping and/or rotation that should be applied to the 
Display orientation 

output pictures when they are displayed 
Provides information related to interlaced video content 
and/or field coding, e.g. indicates whether the picture is a 

Field indication.  
progressive frame, a field, or a frame containing two 
interleaved fields 
Checksum of the decoded picture, which may be used for 

Decoded picture hash 
error detection 

Sub-picture timing Sub-picture removal time for HRD operation 
Active parameter sets Provides information on active VPS, SPS, etc.  
Structure of Pictures Describes the temporal and inter prediction structure of the 
description bitstream
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[00901 There are several problems or shortcomings with existing techniques for 

signaling HRD param eters and selection of HRD parameters and other parameters. For 

example, in HEVC Working Draft 8, only the sets of HRD parameters in the 'VPS are 

selected for HRD operations. That is, although H4RD parameters can be provided in 

SPS's, the sets of HARD parameters in SPS's are not selected by HEVC video decoders 

for HRD operations. Video decoders always parse and decode the VPS of a bitstream.  

Hence., video decoders always parse and decode the sets of HRD parameters of the VPS.  

[0091] This is true regardless of whether the bitstrearn includes non-base layer NAL 

units. For instance, only the hrdIparameters() syntax structure coded in the VPS may 

be selected for HRD operations, and the possibly--present hrd parameters() syntax 

structure in the SPS may never be selected. This may require the parsing and handling 

of the VPS, even when decoding a bitstream that does not contain 

nuhreserved zero_6bits greater than 0 (i.e., the bitstream contains only the base layer 

in a multiview., 3DV, or SVC extension of HEVC).  

[00921 Thus, if the bitstream includes non-base layer NAL units, it may be a waste of 

computational resources to parse and handle the sets of HRD parameters in the SPS's.  

Furthermore, if the sets of HRD parameters are present in the VPS, the sets of HRD 

parameters in the SPS's may be wasted bits. For instance, if an hrd parameters() 

syntax structure is present in the SPS, the coded bits for the syntax structure may be 

purely a waste of bits.  

[00931 In accordance with one or more techniques of this disclosure, video encoder 20 

may generate a bitstream that includes an SPS that is applicable to a sequence of 

pictures. The SPS includes a set of HRD parameters. The set of HRD parameters is 

applicable to each operation point of the bitstream that has a set of layer identifiers that 

matches a set of target layer identifiers. Thus, the sets of HRD parameters in the SPS's 

are not wasted, but rather may be used for HARD operations. For instance, the operation 

points to which the hrd_parameters( ) syntax structure coded in a SPS may be clearly 

specified, e.g. to be the operation points for which only one value of 

nuh reserved zero 6bits (i.e., layer ID in a multiview, 3DV or scalable video coding 

extension) is present in the bitstream.  

[0094] For example, a device, such as video encoder 20 or video decoder 30, may 

select, from among a set of HARD parameters in a video parameter set and a set of HARD 

parameters in a SPS, a set of HRD parameters applicable to a particular operation point.
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In this example, the device may perform, based at least in part on the set of HRD 

parameters applicable to the particular operation point, a bitstream conformance test that 

tests whether a bitstream subset associated with the particular operation point conforms 

to a video coding standard. The bitstream conformance test may verify that the 

operation point representation conforms to a video coding standard, such as HEVC.  

[0095] In this disclosure, an operation point may be identified by a set of 

nuh reserved-zero 6bits values, denoted as OpLayerIdSet, and a TemporalId value, 

denoted as OpTid. The associated bitstream subset derived as the output of the sub

bitstream extraction process as specified in subclause 10.1 of HEVC Working Draft 8 

with OpTid and OpLayerldSet as inputs is independently decodable. Subclause 10.1 of 

HEVC Working Draft 8 describes an operation for extracting a sub-bitstream (i.e., an 

operation point representation) from the bitstrearn. Specifically, subclause 10.1 of 

HEVC Working Draft 8 provides that the sub-bitstream is derived by removing from the 

bitstream all NAL units with temporal identifiers (e.g., TemporalID) greater than 

tIdTarget or layer identifiers (e.g., nuh reservedzero_6bits) not among the values in 

targetDecLayerid Set. tIdTarget and targetDecLayerId Set are parameters of the 

bitstream extraction process.  

10096] In another example problem or shortcoming with the existing techniques for 

signaling HRD parameters, a device, such as a video encoder, a video decoder, or 

another type of device, may perform a bitstream conformance test on an operation point 

representation for an operation point. As mentioned above, a set of target layer 

identifiers and a temporal identifier may be used to identify the operation point. The set 

of target layer identifiers may be denoted as "TargetDecLayerIdSet." The temporal 

identifier may be denoted as "TargetDecHighestTid." Problematically, HEVC Working 

Draft 8 does not specify how TargetDecLayerIdSet or TargetDecl-ighestTid are set 

when performing a bitstream conformance test. For instance, when the decoding 

process is invoked for a bitstream conformance test, the semantics of syntax elements 

are not clearly specified as the values of TargetDecLayerldSet and 

TargetDecHighestTid are not properly set.  

[00971 One or more techniques of this disclosure indicate how TargetDecLayerldSet 

and TargetDecHighestTid are set when performing a bitstream conformance test. For 

instance, the general decoding process for a bitstream (or operation point representation) 

is modified such that if the bitstream (or operation point representation) is decoded in a
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bitstrean conformance test, TargetDecLayerldSet is set as specified in subclause C. 1 of 

the HEVC standard. Similarly, the general decoding process for a bitstream (or 

operation point representation) may be modified such that if the bitstream (or operation 

point representation) is decoded in a bitstream conformance test, TargetDecHighestTid 

is set as specified in subclause C. I of HEVC Working Draft 8. In other words, the 

device may determine a target layer identifier set of the particular operation point that 

contains each layer identifier present in the bitstream subset and the layer identifier set 

of the particular operation point is a subset of layer identifiers present in the bitstream.  

In addition, the device may determine a. target temporal identifier of the particular 

operation point that is equal to a greatest temporal identifier present in the bitstream 

subset and the target temporal identifier of the particular operation point is less than or 

equal to the greatest temporal identifier present in the bitstream.  

[0098] In subclause C. I of HEVC Working Draft 8, TargetDecLayeridSet is set to 

targetOpLayerldSet. targetOpLayerldSet contains the set of values for 

nuhreservedzero_6bits present in the operation point representation of the operation 

point under test. targetOpLayerIdSet is a subset of the values for 

nuh reserved zero 6bits present in the bitstream under test.  

10099] Furthermore, the variable TargetDecHighestTid identifies the highest temporal 

sub-layer to be decoded. A temporal sub-layer is a temporal scalable layer of a 

temporal scalable bitstream consisting of VCL NAL units with a particular value of 

Temporalid and the associated non-VCL NAL units. In subelause C. I of the HEVC 

standard, TargetDeellighestTid is set to targetOpTid. targetOpTid is equal to the 

greatest temporal id present in the operation point representation of the operation point 

under test and is less than or equal to the greatest temporal id present in the bitstream 

under test. Thus, when the decoding process is invoked for a bitstream conformance 

test, the values of TargetDecLayeridSet and TargetDecHighestTid are set to the set of 

nuhreservedzero_6bits values and the greatest TemporalId value present in the sub

bitstream corresponding to the operation point under test for the specific bitstream 

conformance test.  

[01001 In this way, a device (such as video encoder 20, video decoder 30, additional 

device 21, or another device) may, in accordance with one or more techniques of this 

disclosure, perform a decoding process as part of performing a bitstream conformance 

test. Performing the decoding process may comprise performing a bitstream extraction
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process to extract, from a bitstream, an operation point representation of an operation 

point defined by a target set of layer identifiers and a target highest temporal identifier.  

The target set of layer identifiers (i.e., TargetDecLayerldSet) contains values of layer 

identifier syntax elements (e.g., nuh reserved zero 6bits syntax elements) present in 

the operation point representation. The target set of layer identifiers is a subset of 

values of layer identifier syntax elements of the bitstream. The target highest temporal 

identifier (i.e., TargetDecHighestTid) is equal to a greatest temporal identifier present in 

the operation point representation. The target highest temporal identifier is less than or 

equal to a greatest temporal identifier present in the bitstream. Performing the decoding 

process also comprises decoding NAL units of the operation point representation.  

10101] The decoding process is not always performed as part of performing a bitstream 

conformance test. Rather, the decoding process may be a general process for decoding a 

bitstream. When the decoding process is not performed as part of a bitstream 

conformance test, an external source may specify TargetDecLayeridSet and 

TargetDecHighestTid for an operation point. The external source may be any source of 

information outside the bitstream. For example, a CDN device may programmatically 

determine and specify TargetDecLayerldSet and TargetDecHighestTid based on the 

configuration of a particular video decoder. The device performing the decoding 

process may use the externally-specified TargetDecLayerldSet and 

TargetDecHighestTid to extract the operation point representation from the bitstream.  

The device performing the decoding process may then decode NAL units of the 

extracted operation point representation.  

[0102] Thus, when the decoding process is not performed as part of the bitstream 

conformance test, the device performing the decoding process may receive, from an 

external source, a target set of layer identifiers and a target highest temporal identifier.  

The target set of layer identifiers contains values of layer identifier syntax elements 

present in an operation point representation. The target highest temporal identifier is 

equal to a greatest temporal identifier present in the second operation point 

representation. Furthermore, the device performing the decoding process may perform 

the bitstream extraction process to extract, from the bitstream, the operation point 

representation. The device performing the decoding process may then decode NAL 

units of the operation point representation.
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[0103] In other instances, an external source does not specify TargetDecLayeridSet or 

TargetDecHighestTid. In such instances, the decoding process may be performed on 

the whole bitstream. For example, the device may perform the bitstream extraction 

process to extract, from the bitstream, an operation point representation. In this 

example, 0 is the only value of layer identifier syntax elements (i.e., 

nuhreservedzero_6bits) present in the operation point representation. Furthermore, in 

this example, the greatest temporal identifier present in the bitstream is equal to a 

greatest temporal identifier present in the operation point representation. In this 

example, the device performing the decoding process may decode NAL units of the 

operation point representation.  

10104] As indicated above, a SPS may include an array of syntax elements denoted as 

sps_max_decpic_buffering[i], where i ranges from 0 to the maximum number of 

temporal layers in the bitstream. sps max decpicbuffering[i] indicates the maximum 

required size of the DPB when a highest temporal identifier (HighestTid) is equal to i.  

spsmax decpicbuffering[i] indicates the required size in terms of units of picture 

storage buffers. Furthermore, a SPS may include an array of syntax elements denoted 

by sps max-num reorder pics[i], where i ranges from 0 to the maximum number of 

temporal layers in the bitstream. sps max num reorder pics [ij indicates a maximum 

allowed number of pictures preceding any picture in decoding order and succeeding that 

picture in output order when a highest temporal identifier (High estTid) is equal to i. In 

addition, a set of HRD parameters may include an array of syntax elements denoted 

cpbentnminus1[i], where i ranges from 0 to the maximum number of temporal layers 

in the bitstrean. cpbcnt_minusi1i] specifies the number of alternative CPB 

specifications in the bitstream of the coded video sequence when a highest temporal 

identifier (HighestTid) is equal to i.  

[01051 Because HEVC Working Draft 8 does not specify what is meant by the highest 

temporal identifier (HighestTid), HEVC Working Draft 8, 

spsmax decpicbuffering[i], spsmax num reorderpics [i], and cpb cnt minus I [i] 

are not properly selected in HRD operations, bitstream conformance operations, and 

level restrictions. In other words, the parameters sps max num_reorderjpics ii], 

sps_max_dec_picbuffering[i], and cpbctntminusli] in the HRD operations, 

bitstream conformance requirements and level restrictions are not properly selected.
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[01061 In accordance with one or more techniques of this disclosure, 

sps_max_dec_pic_buffering[i] is defined such that spsmax decpicbuffering[i] 

indicates the maximum required size of the DPB when TargetDecHighestTid is equal to 

i. TargetDecHighestTid is determined in the manner described above. This may stand 

in contrast to HEVC Working Draft 8, where -ighestTid is not defined. The value of 

sps_maxdecjic_bufferingi] shall be in the range of 0 to MaxDpbSize (as specified in 

subclause A.4 of HEVC Working Draft 8), inclusive. When i is greater than 0, 

sps_raxdecpic_buffering[i] shall be equal to or greater than 

sps_max_dec_pic_buffering[i - I]. The value of sps_maxdecjpc_buffering[i] shall be 

less than or equal to vps max dec picbuffering[i] for each value of i.  

10107] Similarly, in accordance with one or more techniques of this disclosure, 

sps_max num reorderpics[i] is defined such that spsmax num reorderpics[ii 

indicates the maximum allowed number of pictures preceding any picture in decoding 

order and succeeding that picture in output order when TargetDecHighestTid is equal to 

i. TargetDecHighestTid is determined in the manner described above. The value of 

sps_max_num_reorderpics[i] shall be in the range of 0 to 

sps max decpic buffering[i], inclusive. When i is greater than 0, 

sps.max im reorder _pics[i] shall be equal to or greater than 

sps_maxnumreorder_pics[i - 1], The value of sps maxnumnreorderpics[i] shall be 

less than or equal to vpsmaxnum_reorder_picsFi] for each value of i.  

[01081 Furthermore., in accordance with one or more techniques of this disclosure, 

cpb ent minus i] may specify the number of alternative CPB specifications in the 

bitstream of the coded video sequence when TargetDecHighestTid is equal to i, where i 

ranges from 0 to the maximum number of temporal layers in the bitstream.  

TargetDee-lighestTid is determined in the manner described above. The value of 

cpb cnt minus1I] is in the range of 0 to 31, inclusive. When lowdelay_hrdflag[i] is 

equal to 1, cpb cnt_minusi[i] is equal to 0. When cpbcnt minus [i] is not present, 

cpbcnt minusl [i] is inferred to be equal to 0.  

[0109] Thus, in accordance with one or more techniques of this disclosure, a device 

may determine, based on a highest temporal identifier, a particular syntax element from 

among an array of syntax elements. The highest temporal identifier is defined such that 

the highest temporal identifier always identifies a highest temporal layer to be decoded.  

Thus, sps_miax numreorderpics[i], spsmaxdec_pic buffering[i], and
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level restrictions are consistently selected with i equal to the clearly specified value of 

TargetDecHighestTid.  

10110] In this way, a device (such a video encoder 20, video decoder 30, additional 

device 21, or another device) nay perform a HRD operation to determine conformance 

of a bitstream to a video coding standard or to determine conformance of a video 

decoder to the video codina standard. As part of performing the HR-D operation, the 

device may determine a highest temporal identifier of a bitstream-subset associated with 

a selected operation point of the bitstream. In addition, the device may determine, based 

on the highest temporal identifier, a particular syntax element from among an array of 

syntax elements (e.g., sps max nun reorder-pics [il, sps max-dec pic buffering[i], or 

cpbcnt_minusl[i]). Furthermore, the device may use the particular syntax element in 

the HRD operation.  

[01111 Furthermore., in HEVC Working Draft 8, each of the hrd parameters( ) syntax 

structures in the VPS may be associated with an operationpoint layerids() syntax 

structure based on which a hrdparameters() syntax structure is selected for use in the 

HRD operations. Corresponding to each selected hrd parameters() syntax structure, a 

set of buffering period SE messages and picture timing SEI messages may also be 

needed in the H-RD operations. However, there is no way to associate a buffering period 

SEI message or picture timing SEI message to a hrdparameters( ) syntax structure for 

which the associated operation point-layer ids( ) syntax structure includes multiple 

values of nub reserved zero 6bits (i.e., multiple layer IDs in a multiview, 3DV or 

scalable video coding extension of HEVC).  

[0112] A solution to this problem may be to apply the multi-view coding scalable 

nesting SEI message as specified in Annex H of H.264/AVC or similar. However, the 

multi-view coding scalable nesting SEI message or similar SET messages may have the 

following disadvantages. Firstly, since SE NAL units in H.264/AVC only have a one

byte NAL unit header, there may be no way to use the information carried in 

nuh reserved-zero_6bits and temporal idplus I in the NAL unit header of the LIEVC 

SEI NAL unit for association of a buffering period or picture timing SE message to 

operation points. Secondly, each nested SE message can only be associated with one 

operation point.
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[0113] One or more techniques of this disclosure may provide a mechanism to clearly 

specify the operation points to which a buffering period SEI message, picture timing 

SE message or sub-picture timing SEI message applies, through the 

applicable operationpoints() syntax structure that may be carried in a buffering period 

SE message, picture timing SEI message, or sub-picture timing SE message. The 

mechanism may allow use the information carried in the syntax elements 

nuh reserved zero 6bits and temporal-id plus! in the NAL unit header of SEI NAL 

units, and may allow the sharing of the information conveyed in a same buffering 

period, picture timing or sub-picture timing SEI message by multiple operation points.  

[0114] FIG. 2 is a block diagram illustrating an example video encoder 20 that may 

implement the techniques of this disclosure. FIG. 2 is provided for purposes of 

explanation and should not be considered limiting of the techniques as broadly 

exemplified and described in this disclosure. For purposes of explanation, this 

disclosure describes video encoder 20 in the context of HEVC coding. However, the 

techniques of this disclosure may be applicable to other coding standards or methods.  

[0115] In the example of FIG. 2, video encoder 20 includes a prediction processing unit 

100, a residual generation unit 102. a transform processing unit 104, a quantization unit 

106, an inverse quantization unit 108, an inverse transform processing unit 110, a 

reconstruction unit 112, a filter unit 114, a decoded picture buffer 116, and an entropy 

encoding unit 118. Prediction processing unit 100 includes an inter-prediction 

processing unit 120 and an intra-prediction processing unit 126. Inter-prediction 

processing unit 120 includes a motion estimation unit 122 and a motion compensation 

unit 124. In other examples, video encoder 20 may include more, fewer, or different 

functional components.  

[0116] Video encoder 20 may receive video data. Video encoder 20 may encode each 

CTT in a slice of a picture of the video data. Each of the CTUs may be associated with 

equally-sized luma coding tree blocks (CTBs) and corresponding CTBs of the picture.  

As part of encoding a CTU, prediction processing unit 100 may perform quad-tree 

partitioning to divide the CTBs of the CTT into progressively-smaller blocks. The 

smaller block may be coding blocks of CUs. For example, prediction processing unit 

100 may partition a CTB associated with a CTU into four equally-sized sub-blocks, 

partition one or more of the sub-blocks into four equally-sized sub-sub-blocks, and so 

on.
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[0117] Video encoder 20 may encode CUs of a CTU to generate encoded 

representations of the CUs (i.e., coded CUs). As part of encoding a CU, prediction 

processing unit 100 may partition the coding blocks associated with the CU among one 

or more PUs of the CU. Thus, each PU may be associated with a luma prediction block 

and corresponding chroma prediction blocks. Video encoder 20 and video decoder 30 

may support PUs having various sizes. The size of a CU may refer to the size of the 

luma coding block of the CU and the size of a PU may refer to the size of a luma 

prediction block of the PU. Assuming that the size of a particular CU is 2Nx2N, video 

encoder 20 and video decoder 30 may support PU sizes of 2 Nx2N or NxN for intra 

prediction, and symmetric PU sizes of 2Nx2N, 2NxN, Nx2N, NxN, or similar for inter 

prediction. Video encoder 20 and video decoder 30 may also support asymmetric 

partitioning for PU sizes of 2NxnU, 2xnD, nL x2N, and nRx2N for inter prediction.  

[0118] Inter-prediction processing unit 120 may generate predictive data for a PU by 

performing inter prediction on each PU of a CU. The predictive data for the PU may 

include a predictive blocks of the PU and motion information for the PU, Inter

prediction processing unit 120 may perform different operations for a PU of a CU 

depending on whether the PU is in an I slice, a P slice, or a B slice. In an I slice, all PUs 

are intra predicted. Hence, if the PU is in an I slice, inter-prediction processing unit 120 

does not perform inter prediction on the PU. Thus, for blocks encoded in i-mode, the 

predictive block is formed using spatial prediction from previously-encoded 

neighboring blocks within the same frame.  

[01191 If a PU is in a P slice, motion estimation unit 122 may search the reference 

pictures in a list of reference pictures (e.g., "R efPicList0") for a reference region for the 

PU. The reference region for the PU may be a region, within a reference picture, that 

contains sample blocks that most closely correspond to the prediction blocks of the PU.  

Motion estimation unit 122 may generate a reference index that indicates a position in 

RefPicList0 of the reference picture containing the reference region for the PU. In 

addition, motion estimation unit 122 may generate a motion vector that indicates a 

spatial displacement between a prediction block of the PU and a reference location 

associated with the reference region. For instance, the motion vector may be a two

dimensional vector that provides an offset from the coordinates in the current picture to 

coordinates in a reference picture. Motion estimation unit 122 may output the reference 

index and the motion vector as the motion information of the PU. Motion compensation
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unit 124 may generate the predictive blocks of the PU based on actual or interpolated 

samples at the reference location indicated by the motion vector of the PU.  

[0120] If a P1U is in a B slice, motion estimation unit 122 may perform uni-prediction or 

bi-prediction for the PU. To perform uni-prediction for the PU., motion estimation unit 

122 may search the reference pictures of RefPicListO or a second reference picture list 

("RefPicList1") for a reference region for the PU. Motion estimation unit 122 may 

output, as the motion information of the PU, a reference index that indicates a position 

in RefPicListO or RefPicListl of the reference picture that contains the reference region, 

a motion vector that indicates a spatial displacement between a sample block of the PU 

and a reference location associated with the reference region, and one or more 

prediction direction indicators that indicate whether the reference picture is in 

RefPicListO or RefPicListl. Motion compensation unit 124 may generate the predictive 

blocks of the PU based at least in part on actual or interpolated samples at the reference 

region indicated by the motion vector of the PU.  

[01211 To perform bi-directional inter prediction for a PU, motion estimation unit 122 

may search the reference pictures in RefPicListO for a reference region for the PU and 

may also search the reference pictures in RefPicListl for another reference region for 

the PU. Motion estimation unit 122 may generate reference indexes that indicate 

positions in RefPicListO and RelPicListl of the reference pictures that contain the 

reference regions. In addition, motion estimation unit 122 may generate motion vectors 

that indicate spatial displacements between the reference location associated with the 

reference regions and a sample block of the PU. The motion information of the PU may 

include the reference indexes and the motion vectors of the PU. Motion compensation 

unit 124 may generate the predictive blocks of the PU based at least in part on actual or 

interpolated samples at the reference region indicated by the motion vector of the PU.  

[01221 Intra-prediction processing unit 126 may generate predictive data for a PU by 

performing intra prediction on the PU. The predictive data for the PU may include 

predictive blocks for the PU and various syntax elements. Intra-prediction processing 

unit 126 may perform intra prediction on PUs in I slices, P slices, and B slices.  

[0123] To perform intra prediction on a PU, intra-prediction processing unit 126 may 

use multiple intra prediction modes to generate multiple sets of predictive data for the 

PU. To use an intra prediction mode to generate a set of predictive data for the PU, 

intra-prediction processing unit 126 may extend samples from sample blocks of
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intra prediction mode. The neighboring PUs may be above, above and to the right, 

above and to the left, or to the left of the PU, assuming a left-to-right, top-to-bottom 

encoding order for PUs, CUs, and CTUs. Intra-prediction processing unit 126 may use 

various numbers of intra prediction modes, e.g., 33 directional intra prediction modes.  

In some examples, the number of intra prediction modes may depend on the size of the 

region associated with the PU.  

[0124] Prediction processing unit 100 may select the predictive data for PUs of a CU 

from among the predictive data generated by inter-prediction processing unit 120 for the 

PUs or the predictive data generated by intra-prediction processing unit 126 for the PUs.  

In some examples, prediction processing unit 100 selects the predictive data for the PUs 

of the CU based on rate/distortion metrics of the sets of predictive data. The predictive 

blocks of the selected predictive data may be referred to herein as the selected predictive 

blocks.  

[0125] Residual generation unit 102 may generate, based on the luma, Cb and Cr 

coding block of a CU and the selected predictive luma, Cb and Cr blocks of the PUs of 

the CU, a luma., Cb and Cr residual blocks of the CU. For instance, residual generation 

unit 102 may generate the residual blocks of the CU such that each sample in the 

residual blocks has a value equal to a difference between a sample in a coding block of 

the CU and a corresponding sample in a corresponding selected predictive block of a 

PU of the CU.  

[0126] Transform processing unit 104 may perform quad-tree partitioning to partition 

the residual blocks associated with a CU into transform blocks associated with TUs of 

the CU. Thus, a TU may be associated with a luma transform block and two chroma 

transform blocks. The sizes and positions of the luma and chroma transform blocks of 

Ts of a CU may or may riot be based on the sizes and positions of prediction blocks of 

the PUs of the CU. A quad-tree structure known as a "residual quad-tree" (RQT) may 

include nodes associated with each of the regions. The TUs of a CU may correspond to 

leaf nodes of the RQT.  

[0127] Transform processing unit 104 may generate transform coefficient blocks for 

each TU of a CU by applying one or more transforms to the transform blocks of the TU.  

Transform processing unit 104 may apply various transforms to a transform block 

associated with a TU. For example, transform processing unit 104 may apply a discrete
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cosine transform (DCT), a directional transform, or a conceptually similar transform to 

a transform block. In some examples, transform processing unit 104 does not apply 

transforms to a transform block. In such examples, the transform block may be treated 

as a transform coefficient block.  

[01281 Quantization unit 106 may quantize the transform coefficients in a coefficient 

block. The quantization process may reduce the bit depth associated with some or all of 

the transform coefficients. For example, an n-bit transform coefficient may be rounded 

down to an in-bit transform coefficient during quantization, where n is greater than i, 

Quantization unit 106 may quantize a coefficient block associated with a TU of a CU 

based on a quantization parameter (QP) value associated with the CU. Video encoder 

20 may adjust the degree of quantization applied to the coefficient blocks associated 

with a CU by adjusting the QP value associated with the CU. Quantization may 

introduce loss of information, thus quantized transform coefficients may have lower 

precision than the original ones.  

[0129] Inverse quantization unit 108 and inverse transform processing unit 110 may 

apply inverse quantization and inverse transforms to a coefficient block, respectively, to 

reconstruct a residual block from the coefficient block. Reconstruction unit 112 may 

add the reconstructed residual block to corresponding samples from one or more 

predictive blocks generated by prediction processing unit 100 to produce a reconstructed 

transform block associated with a TU. By reconstructing transform blocks for each TU 

of a CU in this way, video encoder 20 may reconstruct the coding blocks of the CU.  

[0130] Filter unit 114 may perform one or more deblocking operations to reduce 

blocking artifacts in the coding blocks associated with a CU. Decoded picture buffer 

116 may store the reconstructed coding blocks after filter unit 114 performs the one or 

more deblocking operations on the reconstructed coding blocks. Inter-prediction unit 

120 may use a reference picture that contains the reconstructed coding blocks to 

perform inter prediction on PUs of other pictures. In addition, intra-prediction 

processing unit 126 may use reconstructed coding blocks in decoded picture buffer 116 

to perform intra prediction on other PUs in the same picture as the CU.  

[01311 Entropy encoding unit 118 may receive data from other functional components 

of video encoder 20. For example, entropy encoding unit 118 may receive coefficient 

blocks from quantization unit 106 and may receive syntax elements from prediction 

processing unit 100. Entropy encoding unit 118 may perform one or more entropy
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encoding operations on the data to generate entropy-encoded data. For example, 

entropy encoding unit 118 may perform a context-adaptive variable length coding 

(CAVLC) operation, a CABAC operation, a variable-to-variable (V2V) length coding 

operation, a syntax-based context-adaptive binary arithmetic coding (SBAC) operation, 

a Probability Interval Partitioning Entropy (PIPE) coding operation, an Exponential

Golomb encoding operation, or another type of entropy encoding operation on the data.  

Video encoder 20 may output a bitstream that includes entropy-encoded data generated 

by entropy encoding unit 118. For instance, the bitstream may include data that 

represents a RQT for a, CU.  

[0132] As indicated elsewhere in this disclosure, video encoder 20 may signal a VPS in 

the bitstream. In HEVC Working Draft 8, particular syntax elements of the VPS (i.e., 

vpsmaxdec_picbuffering[i], vpsmaxnumreorder pics[i, and 

vps maxlatency increaseli]) are defined with reference to a value HighestTid, which 

is not defined. In accordance with one or more techniques of this disclosure, these 

syntax elements of the VPS may be defined with reference to a value 

TargetDecHighestTid, which is defined such that the TargetDecHighesftid as described 

elsewhere in this disclosure. Table 3, below, illustrates a syntax of a VPS in accordance 

with one or more techniques of this disclosure.
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TABLE 3- VPS 

videoparameter set rbsp( ) { Descriptor 

videoparameter_set_id u(4) 

vps temporal id nesting flag u(1 

vps reservedzero_2bits u() 

vpsreservedzero_6bits u(6) 

vpsmax s ulayersminusl u(3 

profile tier level( I, vps max sub [ayers minus 1) 

vps reserved zero _2bits u(12) 

for( i = 0 i <= vps max sub [avers minus; i+± ) 

vpsInax decepic suffering[ i ]|u(v) 

vps max numreorderpics[ i]e 

vps_maxlatency increase[ i] ue(v) 

vpsjHumjird param eters 

for( i = 0; i < vps_num_hrdjparameters; i±+) 

operation point laer ids(i) 

hrdparameters(i == 0, vps max sub layers minus ) 

vpsextension flag u() 

if( vps extension flag) 

while( more rbsp data( ) ) 

vps-extension data_flag u() 

rbsp trailing bits( 

[0133] The italicized portions of Table 3 and other syntax tables or semantics 

descriptions throughout this disclosure may indicate differences from HEVC Working 

Draft 8. In accordance with one or more techniques of this disclosure, the semantics for 

the following syntax elements of the VPS may be changed as follows. The semantics 

for other syntax elements of the VPS may remain the same as in HEVC Working Draft 

8.  

vps_maxdecpicbuffering[ i ] specifies the required size of the decoded 

picture buffer in units of picture storage buffers when TargetDecHfighestTid is 

equal to i. The value of vpsmaxdec_pic buffering[ i ] shall be in the range of 

0 to MaxDpbSize (as specified in subclause A.4), inclusive. When i is greater 

than 0. vps max-dec pie buffering[ i ] shall be equal to or greater than 

vpsmaxdec1picbuffering[ i I- 1].
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vps max numreorder pics[ i ] indicates the aximum allowed number of 

pictures preceding any picture in decoding order and succeeding that picture in 

output order when TargetDecl-ighestTid is equal to i. The value of 

vpsyiax nun_reorderpics[ i ] shall be in the range of 0 to 

vps max decpicbuffering[ i], inclusive. When i is greater than 0, 

vps max num reorder pies[ i ] shall be equal to or greater than 

vpsmax num reorderpics[ i --- 1 

vpsmax latencyincrease[ i I not equal to 0 is used to compute the value of 

MaxLatencyPictures[ i ] as specified by setting MaxLatencyPictures[ i ] to 

vpsmax nun_reorderpics[ i ] + vpsmaxlatency increase[ i 1. When 

vpsmax_latency increase[ i ] is not equal to 0, the value of 

MaxLatencyPictures[ i ] specifies the maximum number of pictures that can 

precede any picture in the coded video sequence in output order and follow that 

picture in decoding order when TargetDecighestTid is equal to i. When 

vps max latency increase[ i ] is equal to 0, no corresponding limit is expressed.  

The value of vps max latency increase[ i ] shall be in the range of 0 to 23 - 2, 

inclusive.  

[01341 As shown above, the semantics of vps max decbuffering[i], 

vpsmax numreorder-pics[i], and vps max latency increase[i] may be defined with 

reference to TargetDecHighestTid. In contrast, HEVC Working Draft 8 defines 

vps max dec_pic buffering[i], vps_max-num reorder pics[if, and 

vps.max.latencyincrease[i] with reference to HighestTid, where HighestTid is not 

defined.  

[0135] As shown in the example syntax of Table 3, the VPS includes pairs of 

operation-point layer ids() syntax structures and hrd parameters( ) syntax structures.  

The hrd _parameters( ) syntax structures include syntax elements that specify sets of 

lHRD parameters. An operationpointlayer ids() syntax structure includes syntax 

elements that identify a set of operation points. The set of HRD parameters specified in 

a hrdparameters() syntax structure may be applicable to the operation points identified 

by the syntax elements in the corresponding operation_point layer ids() syntax
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structure. Table 4, below, provides an example syntax for an 

operationpointlayer ids( ) syntax structure.  

TABLE 4 - Operation Point Layer IDs 

operationpointj ayer ;ds( opldx) Descriptor 

op num layer id values ininus1[ opldx ] uV) 

for( i = 0- i <= oprnmlayeridvaiuesinus1[ opldx ]; ++ ) 

op layer id[ opldx ][ i] u(6) 

[0136] Section 7.4.4 of HEVC Working Draft 8 describes the semantics of an op-point 

syntax structure. In accordance with the one or more techniques of this disclosure, 

section 7.4.4 of HEVC Working Draft 8 may be changed as follows to provide 

semantics for the operationpointlayerids() syntax structure of Table 4.  

The operation pointilayer ids( opldx ) syntax structure specifies the set of 

nuhreservedzero_6bits values included in the OpLayerdSet of the operation 

points to which the oplix-th hrd~parameters() syntax structure in the video 

parameter set applies.  

opjnum layeridvalues minusl[ opidx ] plus I specifies the number of 

nuh reserved zero 6bits values included in the OpLaverldSet of the operation 

points to which the opIdx-th hrd param eters() syntax structure in the video 

parameter set applies. op nunlayer_idvalues_minus I [ opIdx ] shall be less 

than or equal to 63. In bitstreams conforming to this Specification, 

op-num layer id values minus1I[ opidx ] shall be equal to 0. Although the 

value of op_num_layeridvaluesminusI [ opldx ] is required to be equal to 0 

in this version of this Specification, decoders shall allow other values to appear 

in the opnum layer id values minus I [ opIdx ] syntax.  

op layered[ opldx ][ i] specifies the i-th value of nuhreservedzero_6bits 

included in the OpLayeridSet of the operation points to which the opldx-th 

hrdparameters() syntax structure in the video parameter set applies. No value 

of op layer id[ opidx i[ i] shall be equal to op layer id[ opidx ][ j I when i is
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not equal to j and both i and j are in the range of 0 to 

op_nunlayeridvalues_minus1, inclusive. op layer id[ 0 [ 0 ] is inferred to 

be equal to 0.  

[01371 As indicated above, the op num laverid values minusl[opidx] syntax 

element, plus 1, specifies the number of nuhreservedzero_6bits values included in the 

OpLayerIdSet of the operation points to which the opIdx--th hrd parameters( ) syntax 

structure in the video parameter set applies. In contrast, HEVC Working Draft 8 

provides the opnum_layerid values minus I [opIdx] syntax element, plus 1, specifies 

the number of nuh reserved-zero 6bits values included in the operation point identified 

by opIdx. Similarly, in the example of Table 4, the op layerid[opldx][i] syntax 

element specifies the i-th value of nuhreservedzero_6bits included in the 

OpLayerIdSet of the operation points to which the opIdx-th hrdparameters( ) syntax 

structure in the video parameter set applies. In contrast, HEVC Working Draft 8 

provides that the op layer id[opidx][i] syntax element specifies the i-th value of 

nuhreserved zero_6bits included in the operation point identified by opidx.  

[0138] Section 7.4.22 of HEVC Working Draft 8 describes semantics for the SPS. In 

accordance with one or more techniques of this disclosure, the following changes may 

be made to section 7.4.2.2 of HEVC Working Draft 8. Semantics for other syntax 

elements of SPS may be the same as in HEVC Working Draft 8: 

sps_max decpic_buffering[i] specifies the maximum required size of the 

decoded picture buffer in units of picture storage buffers when 

TargetDecHighesmfid is equal to i. The value of spsmax.dec.picbufferingi] 

shall be in the range of 0 to MaxDpbSize (as specified in subelause A4), 

inclusive. When i is greater than 0, spsmaxdec_jicbuffering[i] shall be equal 

to or greater than sps_max_dec_picbuffering[i - I]. The value of 

sps.maxdecpicbuffering[i] shall be less than or equal to 

vps nax decpic. bufferingji] for each value of i.  

spsmaxnumreorderpis[i] indicates the maximum allowed number of 

pictures preceding any picture in decoding order and succeeding that picture in 

output order when TargetDec fighestTid is equal to i. The value of
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sps max num reorder_pics[i] shall be in the range of 0 to 

sps_max_decjic_buffering[i], inclusive. When i is greater than 0, 

sps.max num reorder pics[i] shall be equal to or greater than 

spsmax num reorder pies - 1]. The value of sps max num reorder pics[i] 

shall be less than or equal to v'psrnax nurn reorderpics[i] for each value of i.  

spsjmax latency_increase[i] not equal to 0 is used to compute the value of 

MaxLatencyPictures[i] as specified by setting MaxLatencyPictures [i] equal to 

spsnax-num_reorder_pics[i] + spsmaxlatencyincrease[i]. When 

sps.maxilatency-increase[i] is not equal to 0, the value of 

MaxLatencyPictures[i] specifies the maximum number of pictures that can 

precede any picture in the coded video sequence in output order and follow that 

picture in decoding order when TargetDecHighestTid is equal to i. When 

sps max _latency increase[i] is equal to 0, no corresponding limit is expressed.  

The value of spsmaxlatencyincrease[i] shall be in the range of 0 to 232 - 2, 

inclusive. The value of spsmaxlatencyincrease[i] shall be less than or equal 

to vps-maxlatency increase[i] for each value of i.  

[01391 As shown above, the semantics of sps_maxdecjic buffering[i], 

sps_max nurnreorderpics[i], and spsmax_latencyincrease[i] are defined in terms of 

TargetDecHighestTid. TargetDecHighestTid is determined as described elsewhere in 

this disclosure. In contrast, HEVC Working Draft 8 defines the semantics of 

sps maxdecpic_buffering[i], sps maxnumreorder pics[i], and 

sps max latency.increase[i] with reference to HighestTid, which is not defined.  

10140] Section 7.4.5.1 of H EVC Working Draft 8 describes general slice header 

semantics. In accordance with one or more techniques of this disclosure, the following 

changes may be made to section 7.4.5.1 of HEVC Working Draft 8. Other portions of 

section 7.4.5.1 of HEVC Working Draft 8 may remain the same.  

nooutputof priorpies_flag specifies how the previously-decoded pictures 

in the decoded picture buffer are treated after decoding of an IDR or a BLA 

picture. See Annex C. When the current picture is a CRA picture, or the current 

picture is an IDR or BLA picture that is the first picture in the bitstream, the
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value of no output of priorjicsflag has no effect on the decoding process.  

When the current picture is an IDR or BLA picture that is not the picture in the 

bitstream, and the value of picwidth-in-Luma-samples or 

pie heighten luma samples or 

spsmaxdec_pic buffering[TargetDec-I ighestTid] derived from the active 

sequence parameter set is different from the value of 

picwidth----in-uasamples or pie height in-luma samples or 

sps_maxdecpicbuffering[TargetDec-ighest Tid] derived from the sequence 

parameter set active for the preceding picture, no output of prior-pics_flag 

equal to I may (but should not) be inferred by the decoder, regardless of the 

actual value of no output of _prior_pics flag.  

[01411 As shown above, the semantics of no_output of prior_pics_flag are defined 

with reference to sps max dec pie buffering[TargetDecHighestTid].  

TargetDecllighestTid is determined as described elsewhere in this disclosure. In 

contrast, HEVC Working Draft 8 defines the semantics of 

noo output of prior-pics-flags with reference to 

sps.max.dec.picebuffering[HighestTid], where HighestTid is not defined.  

[01421 Section 8.1 of I-EVC Working Draft 8 describes a general decoding process. In 

accordance with one or more techniques of this disclosure, the general decoding process 

of HEVC Working Draft 8 may be changed as follows.  

The input of this process is a bitstream and the output is a list of decoded 

pictures.  

The set Target-ecLaverdSet, which specifies the set ofaJluesifor 

nuh reserved zero_6bits of VCL NA L units to be decoded, is specified as 

follows.: 

-If some external means not specified in this Specification is avilable to set 

TargetDecLaverldSet, TargetfecaveridSet is set by the external means.  

Otherwise if the decoding process is invoked in a bitstream conjormance test 

as specified in subelause C.1, TargetDecLayerldSet is set as specified in 

subtciause C.]L
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- Otherwise, TargetDecLayerldSet contains only one value for 

nui_reserved zero_6bits, which is equal to 0.  

The variable TargetDecHighestTid, which identifies the highest temporal sub

layer to be decoded, is specified as allows: 

- If some external means not specified in this Specification is available to set 

TargetDecHighestTid, TargetDecHighestTid is set by the external means.  

- Otherwise if the decoding process is invoked in a bitstream conformance test 

as specified in subclause C.1, TargetDecHighestTid is set as specified in 

subclause C. .  

Otherwise, TargetDecHighestTic is set to sps _max sub layers minus].  

The sub-bitstream extraction process as specified in subclause 10.1 is applied 

with TargetDecHighest-Tid and TargetDecLayerldSet as inputs and the output is 

assigned to a bitstream referred to as BitstreamToDecode.  

The following applies to each coded picture (referred to as the current picture, 

which is denoted by the variable CurrPic) in Bitstream ToDecode.  

Depending on the value of chroma_format idc, the number of sample arrays of 

the current picture is as follows.  

- If chromaformat ide is equal to 0, the current picture consists of 1 sample 

array SL.  

Otherwise (chroma format ide is not equal to 0), the current picture consists 

of 3 sample arrays Sj, Sc, Ser.  

The decoding process Jbr the current picture takes the syntax elements and 

upper-case variables from clause 7 as input. When interpreting the semantics of 

each syntax element in each ATAL unit and "the bitstream" or part thereof (e.g., a 

coded video sequence) is involved, the bitstream or part thereof means 

Bitstream ToDecode or part thereof
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The decoding process is specified such that all decoders shall produce 

numerically identical results. Any decoding process that produces identical 

results to the process described herein conforms to the decoding process 

requirements of this Specification.  

When the current picture is a CRA picture, the following applies: 

- If some external means not specified in this Specification is available to set 

the variable HandleCraAsBlaFlag to a value, HandleCraAsBlaFlag is set to 

the value provided by the external means.  

Otherwise, the value of HandleCraAsBlaFlag is set to 0.  

When the current picture is a CRA picture and HandleCraAsBlaFlag is equal to 

1, the following applies during the parsing and decoding processes for each 

coded slice NAL unit: 

- The value of nal_unittype is set to BLAWLIP.  

- The value of nooutput of prior_picsflag is set to 1.  

NOTE I -Decoder implementations may choose to set the value of 

no output ofpriorpics flag to 0 when the setting does not abject 

decoding of the current picture and the following pictures in decoding 

order, e.g. when there is always a picture storage buffer available when 

needed.  

Each picture referred to in this clause is a complete coded picture.  

Depending on the value of separatecolourplane flag, the decoding process is 

structured as follows.  

If separate colour_plane.flag is equal to 0, the decoding process is invoked 

a single time with the current picture being the output.  

-- Otherwise (separate colour plane flag is equal to 1), the decoding process 

is invoked three times. Inputs to the decoding process are all NAL units of 

the coded picture with identical value of colourplaneid. The decoding 

process of NAL units with a particular value of colourplane id is specified 

as if only a coded video sequence with monochrome color format with that



WO 2014/047178 PCT/US2013/060403 

48 

particular value of colourjplane id would be present in the bitstrearn. The 

output of each of the three decoding processes is assigned to the 3 sample 

arrays of the current picture with the NAL units with coloid equal 

to 0 being assigned to S,, the NAL units with colour plane id equal to 1 

being assigned to Sc, and the NAL units with colourplane id equal to 2 

being assigned to Se,.  

NOTE I -- The variable ChromaArrayType is derived as 0 when 

separate colour plane flag is equal to I and chroma format ide is 

equal to 3. In the decoding process, the value of this variable is 

evaluated resulting in operations identical to that of monochrome 

pictures with chroma format ie being equal to 0.  

The decoding process operates as follows for the currentpicture CurrPic: 

1. The decoding of NAL units is specified in subclause 8.2.  

2. The processes in subclause 8.3 specify decoding processes using syntax 

elements in the slice layer and above: 

- Variables and functions relating to picture order count are derived 

in subclause 8.3.1 (which only needs to be invoked for the first slice 

of a picture).  

The decoding process for reference picture set in subclause 8.3.2 is 

invoked, wherein reference pictures may be marked as "unused for 

reference" or "used for long-term reference" (which only needs to 

be invoked for the first slice of a picture).  

- When the current picture is a BLA picture or is a CRA picture that 

is the first picture in the bitstream, the decoding process for 

generating unavailable reference pictures specified in subclause 

8.3.3 is invoked (which only needs to be invoked for the first slice 

of a picture).  

- PicOutputFlag is set as follows:
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- If the current picture is a TFD picture and the previous RAP 

picture in decoding order is a BLA picture or is a CRA picture 

that is the first coded picture in the bitstream, PicOutputFlag is 

set equal to 0.  

- Otherwise, Pic OutputFlag is set equal to pic output flag.  

- At the beginning of the decoding process for each P or B slice, the 

decoding process for reference picture lists construction specified in 

subclause 8.3.4 is invoked for derivation of reference picture list 0 

(R efPicList0), and when decoding a B slice, reference picture list I 

(RefPicListl).  

- After all slices of the current picture have been decoded, the 

decoded picture is marked as "used for short-term reference".  

3. The processes in subclauses 8.4, 85, 8,6, and 8.7 specify decoding 

processes using syntax elements in the coding tree unit layer and above.  

10143] As indicated elsewhere in this disclosure, in HEVC Working Draft 8, when the 

decoding process is invoked for bitstream conformance test, the semantics of syntax 

elements are not clearly specified as the values of TargetDecLayeridSet and 

TargetDecHighestTid are not properly set. The modifications shown above to the 

general decoding process may remedy this issue. As shown above, when the general 

decoding process is invoked for a bitstream conformance test, the values of 

TargetDecLayerld Set and TargetDecHighestTid are set as specified in subclause C. 1.  

As described below, a modified version of subclause C.1 may set TargetDecLayerldSet 

to the set of nuhreservedzero 6bits values present in the sub-bitstream corresponding 

to the operation point under test. The modified version of subclause C. I may set 

TargetDecHighestTid to the greatest TemporalId value present in the sub-bitstream 

corresponding to the operation point under test.  

[0144] In this way, a device, such as video decoder 30, may perform a decoding process 

as part of performing a bitstream conformance test. Performing the decoding process 

may comprise performing a bitstream extraction process to extract, from a bitstream, an 

operation point representation of an operation point defined by a target set of layer 

identifiers and a target highest temporal identifier. The target set of layer identifiers
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may contain values of layer identifier syntax elements present in the operation point 

representation, the target set of layer identifiers being a subset of values of layer 

identifier syntax elements of the bitstream. The target highest temporal identifier may 

be equal to a greatest temporal identifier present in the operation point representation, 

the target highest temporal identifier being less than or equal to a greatest temporal 

identifier present in the bitstream. Furthermore, the device may decode NAL units of 

the operation point representation.  

[0145] As indicated in the modifications to section 8.1 above, the decoding process is 

not necessarily performed as part of the bitstream conformance test. In some instances 

where the decoding process is not performed as part of a bitstream conformance test, a 

device may perform the bitstream extraction process to extract, from the bitstream, an 

operation point representation of an operation point. In this case, 0 may be the only 

value of layer identifier syntax elements (e.g., nuh reservedzero_6bits) present in the 

operation point representation, and the greatest temporal identifier present in the 

bitstream is equal to a greatest temporal identifier present in the operation point 

representation of the operation point. The device may decode NAL units of the 

operation point representation of the second operation point.  

10146] Alternatively, the device may receive, from an external source, a target set of 

layer identifiers and a target highest temporal identifier. The target set of layer 

identifiers may contain values of layer identifier syntax elements present in an operation 

point representation of an operation point that is defined by the target set of layer 

identifiers and the target highest temporal identifier. The target highest temporal 

identifier may be equal to a greatest temporal identifier present in the operation point 

representation of the operation point. Furthermore, the device may perform the 

bitstream extraction process to extract, from the bitstream, the operation point 

representation of the operation point. In addition, the device may decode NAL units of 

the operation point representation of the operation point.  

[01471 Furthermore., in accordance with one or more techniques of this disclosure, the 

sub-bitstream extraction process described in subclause 10.1 of HEVC Working Draft 8 

may be changed as follows.  

It is requirement of bitstream conformance that any sub-bitstream that is 

included in the output of the process specified in this subclause with tldTarget
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equal to any value in the range of 0 to 6, inclusive, and with layerIdSetTarget 

containing only the value 0 shall be conforming to this Specification.  

NOTE - A conforming bitstream contains one or more coded slice NAL units 

with nuhreserved zero_6bits equal to 0 and Temporalid equal to 0.  

Inputs to this process are a variable tIdTarget and a set iayerldSetfaret.  

Output of this process is a sub-bitstream.  

The sub-bitstream is derived by removing from the bitstream all NAL units with 

TemporalId greater than tidTarget or nulhreserved zero_6bits not among the 

values in layer JdSetiarget.  

[0148] In subclause 10.1 of HEVC Working Draft 8, the variable name 

targetDecLayeridSet is used where layeridSetTarget is used above. The changes shown 

above to subclause 10.1 of HEVC Working Draft to use layeridSetTarget may serve to 

clarify that there may be a distinction between the set of layer identifiers used in the 

sub-bitstream extraction process and targetDecLayeridSet, which, as described 

elsewhere in this disclosure, has a particular definition.  

[01491 Furthermore, in accordance with one or more techniques of this disclosure, the 

general tier and level specifications of section A.4.1 of IEVC Working Draft 8 may be 

changed as follows. In this disclosure, a "profile" may refer to a subset of the bitstream 

syntax. "Tiers" and "levels" may be specified within each profile. A level of a tier may 

be a specified set of constraints imposed on values of the syntax elements in the 

bitstream. These constraints may be simple limits on values.  

[0150] Alternatively, the constraints may take the form of constraints on arithmetic 

combinations of values (e.g., picture width multiplied by picture height multiplied by 

number of pictures decoded per second). A level specified for a lower tier is more 

constrained than a level specified for a higher tier. In accordance with an example of 

this disclosure, the "general level specifications" section (i.e. section A.4. 1) of HEVC
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Working Draft 8 is re-titled "General tier and level specifications," and the text is 

changed as follows. Table A-i may remain the same as in HEVC Working Draft 8.  

For purposes of comparison of tier capabilities, the tier with general tier flag 

equal to 0 shall be considered to be a lower tier than the tier with 

generaltierflag equal to 1.  

For purposes of comparison ojlevel capabilities, for a specific tier, a lower 

level has a lower value of generallevelidc.  

The following is specified for expressing the constraints in this annex.  

- Let access unit n be the n-th access unit in decoding order, with the first 

access unit being access unit 0 (i.e. the 0-th access unit).  

- Let picture n be the coded picture or the corresponding decoded picture 

of access unit n.  

- Let the variable fR be set to I 300.  

Bitstreams conforming to a profile at a specified level shall obey the following 

constraints for each bitstream conformance test as specified in Annex C: 

a) The nominal removal time of access unit n (with n> 0) from the 

CPB as specified in subclause C.2.2 satisfies the constraint that 

t n ) - t( n - I ) is equal to or greater than 

Max( PieSizeInSamplesY + MaxLumaSR, fR ) for the value of 

PicSizeInSamplesY of picture n - 1, where MaxLumaSR is the value 

specified in Table A-I that applies to picture n - 1.  

b) The difference between consecutive output times of pictures from 

the DPB as specified in subelause C.3.2 satisfies the constraint that 

At0 ip( n) N=Max( PieSizelnSamplesY + MaxLumaSR, fR ) for the 

value of PicSizeInSamplesY of picture n, where MaxLumaSR is the 

value specified in Table A-I for picture n, provided that picture n is a 

picture that is output and is not the last picture of the bitstream that is 

output.
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c) PicSizeInSamplesY <= MaxL umaPS, where MaxLunaPS is 

specified in Table A-1.  

d) picwidthinlumasamples <= Sqrt( MaxLumaPS 8) 

e) pic height_in_luma_samples <= Sqrt( MaxLumaPS * 8 ) 

fI) spsmax decpic buffering[ TargetDec-Iighestlid <= 

MaxDpbSize, where MaxDpbSize is derived as specified by the 

following: 

if( PicSizeInSamplesY <= ( MaxLum aPS >> 2)) 

MaxDpbSize = Min( 4 * MaxDpbPicBuf., 16) 

else if ( PicSizeInSaniplesY ( MaxLumaPS:>> 1)) 

MaxDpbSize = Min( 2 * MaxDpbPicBuf, 16) 

else if( PieSizeinSamplesY <= ( MaxLunmaPS <<1) 3 ) 

MaxDpbSize = Min( (3 * MaxDpbPicBuf) >> 1, 16 ) 

else if ( PicSizeInSampiesY <= ( ( 3 * MaxLumaPS ) >> 2 ) ) 

MaxDpbSize = Min( (4 * MaxDpbPicBuf) / 3, 16 ) 

else 

MaxDpbSize = MaxDpbPieBuf 

where MaxLunaPS is specified in Table A-I and MaxDpbPicBu f is 

equal to 6.  

Table A-I specifies the limits for each level of each tier, The use of the MinCR 

parameter column of Table A-I is specified in subclause A4.2.  

A tier and level to which the bitstream conforms shall be indicated by the syntax 

elements general tier flag and generallevel ide as follows.  

- general tier flag equal to 0 indicates conformance to the Main tier, and 

general tier flag equal to 1 indicates conformance to the High tier., 

according to the tier constraint specifications in Table A-1. generaltier flag 

shall be equal to 0 for levels below level 4 (corresponding to the entries in
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Table A-I marked with "-"). Level limits other than MaxBR and MaxCPB in 

Table A-I are common for both the Main tier and the High tier.  

- eneral level ide shall be set equal to a value of 30 times the level 

number specified in Table A-].  

[01511 As indicated in item (f) above, bitstreams conforming to a profile at a specified 

level obey the constraint that 

sps_max_decpic_buffering[TargetDecHighesffid] <= MaxDpbSize.  

TargetDecHighestTid may be defined in the manner described elsewhere in this 

disclosure. In contrast, HEVC Working Draft 8 indicates for item (f) that bitstreams 

conforming to a profile at a specified level obey the constraint that 

sps_maxdec_picbuffering[ sps_maxtemporallayers_minusI ] <= MaxDpbSize. As 

indicated elsewhere in this disclosure, the parameters sps max-dec pic buffering[i] 

may not be properly selected in level restrictions. Replacing 

sps_maxtemporallayers_minusI with TargetDecHighestTid as the index i of 

sps_max_decpicbuffering[i] may, in accordance with one or more techniques of this 

disclosure, ensure that level restrictions are consistently selected with i equal to the 

clearly-specified value of TargetDecl-lighestTid.  

[0152] In this way, a decoding process of a HRD may decode, from a SPS, an array of 

syntax elements (e.g., sps max dec pie buffering[]) where each of the syntax elements 

in the array indicates a maximum required size of a DPB of the HARD. Furthermore, 

when a device performs a HRD operation, the device may determine, based on the 

target highest temporal identifier (e.g., TargetDecHighestTid), a particular syntax 

element in the array (e.g., spsmax.decpic.buffering[TargetDeclighestTid]).  

Furthermore, the device may determine that the bitstream is not in conformance with the 

video coding standard when a value of the particular syntax element is greater than a 

maximum DPB size (e.g., MaxDpbSize).  

[0153] Furthermore, in accordance with one or more example techniques of this 

disclosure, section A.4.2 of HEVC Working Draft 8 may be changed as follows.  

Section A.4.2 of HEVC Working Draft 8 describes profile-specific level limits for the 

Main profile. Table A-2 may remain the same as in HEVC Working Draft 8.
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Bitstreams conforming to the Main profile at a specified tier and level shall obey 

the following constraintsfor the bitstream conformance tests as specified in 

Annex C: 

a) The number of slices (with dependent sliceflag equal to either 0 or 1) 

in a picture is less than or equal to MaxSlicesPerPicture, where 

MaxSicesPerPicture is specified in Table A-L.  

b) For the VCL IRD parameters, 

BitR-ate[ SchedSeilidx ] <= cpbBrVclFactor * MaxBR and 

CpbSize[ SchedSelldx ] <= cpbBrVclFactor * MaxCPB for at least one 

value of SchedSelldx, where cpbBrVclFactor is specified in Table A-2 

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

follows.  

If vel -hrdparameters present_flag is equal to 1, 

BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx ] are given by 

Equations E-45 and E-46, respectively, using the syntax elements 

that are selected as specified in subclause C. 1.  

- Otherwise (vcl_hrdparameterspresentflag is equal to 0), 

BitRate[ SchedSelldx ] and CpbSize[ SchedSelldx ] are inferred as 

specified in subclause E.2.3 for VCL HRD parameters.  

MaxBR and MaxCPB are specified in Table A-1 in units of 

cpbBrVclFactor bits/s and cpbBrVcIFactor bits, respectively. The 

bitstream shall satisfy these conditions for at least one value of 

SchedSelldx in the range 0 to cpb ent rinus 1[ Tar getDecHighest Td ], 

inclusive, 

c) For the NAL HRD parameters, 

BitR-ate[ SchedSeilidx ] <= cpbBrNalFactor * MaxBR and 

CpbSize[ SchedSelldx ] <= cpbBrNalFactor * MaxCPB for at least one 

value of SchedSelldx, where cpbBrNalFactor is specified in Table A-2 

and BitRate[ SchedSelIdx ] and CpbSize[ SchedSelIdx ] are given as 

follows.
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- If nal hrdjparameterspresent flag is equal to 1, 

BitRate[ SchedSelidx ] and CpbSize[ SchedSelIdx ] are given by 

Equations E-45 and E-46, respectively, using the syntax elements 

that are selected as specified in suhclause C./1.  

- Otherwise (nal hrd parameters present flag is equal to 0), 

BitRate[ SchedSelIdx ] and CpbSize[ SchedSelIdx ] are inferred as 

specified in subclause E.2.3 for NAL HRD parameters.  

MaxBR and MaxCPB are specified in Table A-I in units of 

epbBrNalFactor bits/s and cpbBr NalFactor bits, respectively. The 

bitstream shall satisfy these conditions for at least one value of 

SchedSelIdx in the range 0 to cpb ent minus 1[ TargetDecHighest Lid], 

inclusive.  

d) The sum of the NumBytesInNALunit variables for access unit 0 is less 

than or equal to 

1.5 * ( Max( PicSizelnSamplesY, fR * MaxLumaSR )+± MaxLunaSR 

( t,( 0 ) - t ,s( 0 ) ) ) + MinCR for the value of PicSizeInSamplesY of 

picture 0, where MaxLumaPR and MinCR are the values specified in 

Table A-I that apply to picture 0.  

e) The sum of the NumBytesInNAILunit variables for access unit n with 

n > 0 is less than or equal to 

1.5 * MaxLumaSR * (tn )-tj n - 1) )+MinCR, where 

MaxLumaSR and MinCR are the values specified in Table A-I that 

apply to picture n.  

f) For level 5 and higher levels, the variable CtbSizeY shall be equal to 32 

or 64.  

g) The value of NumPocTotalCurr shall be less than or equal to 8.  

h) The value of num tile columns minus shall be less than MaxTileCols 

and num tile rows minus! shall be less than MaxTileRows. where 

MaxTileCols and laxTileRows are as specified in Table A-1.
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[0154] As indicated elsewhere in this disclosure, the parameters cpb cnt minus 1 [i] may 

not be properly selected in level restrictions. HEVC Working Draft 8 specifies that "the 

bitstream shall satisfy these conditions for at least one value of SchedSelldx in the range 

0 to cpb ent minus, inclusive..." Specifying TargetlDecHighestTid as the index i of 

cpbcnt minus1[i] may, in accordance with one or more techniques of this disclosure, 

ensure that level restrictions are consistently selected with i equal to the clearly

specified value of TargetDecfighestTid.  

[01551 Furthermore, in accordance with one or more techniques of this disclosure, the 

general subclause C. I in Annex C of HEVC Working Draft 8 may be modified. The 

figures C-I and C-2 of subclause C. 1 of HEVC Working Draft 8 may remain the same 

as in HEVC WD8. The text of subclause C.1 of H EVC Working Draft 8 may be 

changed as follows.  

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 

Specification. The first type of bitstream, called Type I bitstream, is a NAL unit 

stream containing only the VCL NAL units and NAL units with nalunittype 

equal to FD NUT (filler data NAL units) for all access units in the bitstream.  

The second type of bitstream, called a Type 11 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 codeprefix_one_3bytes, and 

trailing zero bits syntax elements that form a byte stream from the NAL 

unit stream (as specified in Annex B).  

Figure C-I shows the types of bitstream conformance points checked by the 

HRD.
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The syntax elements of non-VCL NAL units (or their default values for some of 

the syntax elements) required for the HR-D are specified in the semantic 

subc1auses of clause 7, Annexes D and E.  

Two types of HRD parameters (NAL HRD parameters and VCL HRD 

parameters) are used. The HRD parameters are signaled through the video 

parameter set syntax structure or through video usability information as 

specified in subclauses E I and E.2, which is part of the sequence parameter set 

syntax structure.  

Multiple tests may be needed for checking the confbrmance of a bitstream. For 

each test, the following steps apply in the order listed: 

. An operation point under test, denoted as TargetOp, is selected.  

TargetOp is identified by Opj Lav erldSet equal to targetOpLaverldSet and 

Op Tid equal to targetOp Tid. targetOpLayerldSet contains the set of 

values jr nuh reserved zero 6bits present in the bitstream subset 

associated with TargetOp and shall be a subset ofvalues for 

nuh reservedzero_6bits present in the bitstream under test.  

targetOpTid is equal to the greatest Temporaiid present in the bitstreamn 

subset associated with TargetOp and shall be less than or equal to the 

greatestTemporalId present in the bitstream under test.  

2. TargetDecLaverldSet is set to targetOpLaverldSet, TargetDecHighestTid 

is set to targetOpTid, and BitstreamToDecode is set to the output of the 

sub-bitstream extraction process as specified in subclause 10. 1 with 

TargetDeciiighestTid and TargetDecLayerldSet as inputs.  

3. The hrd parameters() syntax structure and the 

sub_layerhrd parameters() syntax structure applicable to TargetOp 

are selected. If TargetDecLayerldSet contains only the value 0, the 

hrdparameters() syntax structure in the active sequence parameter set 

is selected. Otherwise, the hrd parameters() syntax structure that is in 

the active sequence parameter set (or provided through an external 

means) and for which the set of values specified by
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op layer idf opdxl][ ijfor i in the range of 0 to 

opnumlaierid_values minusif[ opidx I, inclusive, is identical to 

TargetDecLaveridSet is selected. Within the selected hrdparameters() 

sVntax structure. ifBitstreamToDecode is a Type I bitstream, the 

sub layer hrdjparameters( TargetDecHighest Tid) syntax structure that 

immediately follows the condition 

"if' vcl hrd parameters present/lag) is selected (in this case the 

variable NalfrdModeFlag is set equal to 0), otherwise 

(BitstreamToDecode is a Type H1 bitstream), the 

sub laver hrdparameters( TargetDecHighestTid ) syntax structure that 

either immediately follo ws the condition 

"iJ( velhrdparameterspresentjfag) (in this case the variable 

NaiHrdJiodeFIag is set equal to 0) or the condition 

"if( nal hrd _parameters present flag) " (in this case the variable 

NalffrdModeFlag is set equal to 1) is selected, and all non- VCL AAL 

units except for miller data NAL units are discarded from 

BitstreamToDecode in the former case and the result is assigned to 

Bitstream ToDecode.  

4. An access unit associated with a bufjring period SEJ message 

applicable to TargetOp is selected as the HRD initialization point and 

referred to as access unit 0.  

5. SE messages including timing information are selected. The buffering 

period SEI message that is coded in access unit 0 and applies to 

TargetOp, as indicated by the applicable operationpoints() syntax 

structure, is selected. For each access unit in Bitstream ToDecode 

starting from access unit 0, the picture timing SE! message that is 

associated with the access unit and applies to TargetOp, as indicated by 

the applicable_operationi-points() syn tax structure, is selected, and 

when SubPicCobFlag is equal to I and 

subpic cpb params-inpictiming_sei_jag is equal to 0. the sub

picture timing SEI messages that are associated with decoding units in
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the access unit and apply to TargetOp, as indicated by the 

applicableoperationpoints() syntax structures, are selected.  

6. A value of SchedSe/Idx is selected. The selected SchedSelldx shall be in 

the range of 0 to cpb_entminusi[ TargetDecifighestid ], inclusive, 

where cpbcntminus f TargetecHighestidj isjfbund in the 

sub_ layer-hrd parameters( TargetDecHighestTid) synta structure as 

selected above.  

7. The initial CPB removal delay and delay oQ/et is selected and ITD 

access units associated with access unit 0 may be discarded fjom 

Bitstream ToDecode. If the coded picture in access unit 0 has 

nalunit tvpe equal to CRA NUT or BLAW_LP, and 

rcp_cpbparamspresent flag in the selected buffering period SE 

message is equal to 1, either the defjiuit initial CPB removal delay and 

delay oqffet represented by the initialcpbremovaldelay[ SchedSelidx ] 

and initial_cpb_removaldelay_ofset[ SchedSelIdx] corresponding to 

NalHrdMoldeFlag (in this case the variable DejoultinitpbParamsFlag 

is set equal to 1) or the alternative initial CPB removal delay and delay 

offset represented by the initialalt cpb removal delays SchedSelidx  

and initial alt cpb removal-delay_ ofset[ SchedSelldx J corresponding 

to NalHrdaNIodeFlag (in this case the variable 

DefoultinitCpbParamsFag is set equal to 0) is selected, and T FD access 

units associated with access unit 0 are discarded from 

Bitstream-ToDecode in the latter case and the result is assigned to 

Bitstream ToDecode. Otherwise, the delfult initial CPB removal delay 

and delay offset is selected (in this case the variable 

DejoultlnitCpbParamsFlag is set equal to 1).  

The number of bitstream conformance tests carried out is eaual to 

NI * N2 * N3 * (AW * 2 + N5), where the values of Ni, N2, N3. N4 and N5 are 

specified as follows.  

- Ni is the number of operation points contained in the bitstream under test.
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- If BitstreamToDecode is a Type I bitstream, N2 is equal to I, other ise 

(BitstreamToDecode is a T ype H1 bitstream) N2 is equal to 2 

- 3 is equal to cpbcnt minus I TargetDecHighestTidj + .  

- N4 is the number of access units associated with buffering period SE) 

messages applicable to TargetOp in BitstreamToDecode, where the coded 

picture in each of these access units has nal unit tpe equal to CRA NUT 

or BLA W LP, and the associated bu/fring period SEI message applicable 

to TargetOp has rapcpb paramspresentflag equal to L 

- A5 is the number ( access units associated with bufjering period SE 

messages applicable to TargetOp in BitstreamToDecode, where the coded 

picture in each of these access units has nalunit.t-ype not equal to one of 

CRA NUT and BLA W_ LP, or the associated buffering period SEI message 

applicable to TargetOp has rapcpbparamsypresentjiag equal to 0.  

When Bitstream ToDecode is a Type II bitstream, if the 

sublayerhrd_parameters( TargetDecHighestTid) syntax structure that 

immediately follows the condition "if( vcl hrdparameterspresent flag)" is 

selected, the test is conducted at the Type I contormance point shown in Figure 

C-I, and only VCL and filler data NAL units are counted for the input bit rate 

and CP13 storage; otherwise (the 

sub layer hrd parameters( TargetDecHighestiid) syntax structure that 

immediate' tb/lows the condition "ifT nal hrd parameterspresent flag )"is 

selected, the tests is conducted at the Type II conformance point shown in Figure 

C-1, and all NAL units (of a TyPe H 7 AL unit stream) or all bytes (of a byte 

stream) are counted for the input bit rate anti CPB storage.  

-'NOTE 3 - NAL -IRD parameters established by a value of SchedSeildx for 

the Type II conformance point shown in Figure C--I are sufficient to also 

establish VCL lHRD conformance for the Type I conformance point shown in 

Figure C-I for the same values of InitCpbRemovaiDelav[ SchedSelidx ], 

BitR-ate[ SchedSelIdx ], and CpbSize[ SchedSelldx ] for the VBR case 

(cbr flag[ SchedSelIdx I equal to 0). This is because the data flow into the
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Type I conformance point is a subset of the data flow into the Type II 

conformance point and because, for the VBR case, the CPB is allowed to 

become empty and stay empty until the time a next picture is scheduled to 

begin to arrive. For example, when decoding a coded video sequence 

conforming to one or more of the profiles specified in Annex A using 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 HARD parameters for profile conformance in item c) of 

subclause A.4.2 but also fall within the bounds set for VCL HRD parameters 

for profile conformance in item b) of subelause A.4.2, conformance of the 

VCL - RD for the Type I conformance point is also assured to fall within the 

bounds of item b) of subclause A.4.2.  

All video parameter sets, sequence parameter sets and picture parameter sets 

referred to in the VCL NAL units and the corresponding buffering period and 

picture timing SEI messages shall be 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 Specification.  

In Annexes C, D, and E, 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 HARD) by other means not specified by this Specification. For 

the purpose of counting bits, only the appropriate bits that are actually present in 

the bitstream are counted.  

NOTE I - As an example, synchronization of a non-VCT NAL unit, 

conveyed by means other than presence in the bitstream, with the NAL units 

that are 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.
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When the content of a non-VCLI 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 as 

specified in this Specification.  

NOTE 2 - When HRD information is contained within the bitstream, it is 

possible to verify the conformance of a bitstream to the requirements of this 

subelause based solely on information contained in the bitstream. When the 

IRD 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 Specification.  

The HRD contains a coded picture buffer (C PB), an instantaneous decoding 

process, a decoded picture buffer (DPB), and output cropping as shown in 

Figure C-2.  

For each bitstream conformance test, the CPB size (number of bits) is 

CpbSize[ SchedSelldx ] as specified by Equation E-46, where SchedSelIdx and 

the HRD parameters are selected as specified above in this subclause. The DPB 

size (number of picture storage buffers) is 

sps.maxdec pic buffering[ TargetDecHighestTid].  

The variable SubPicCpbPreferredFlag is either specified by external means, or 

when not specified by external means, set to 0.  

The variable SubPicCpbFlag is derived as follows: 

SubPicCpbFlag = SubPicCpbPreferredFlag && 

sub_pic_cpb_params~pesent1fiag(C-1) 

If SubPicCpbFiag is equal to 0, the CPB operates at access unit level and each 

decoding unit is an access unit. Otherwise the CPB operates at sub-picture level 

and each decoding unit is a subset of an access unit.



WO 2014/047178 PCT/US2013/060403 

64 

The HRD operates as follows. Data associated with decoding units that flow into 

the CPB according to a specified arrival schedule are delivered by the HSS. The 

data associated with each decoding unit are removed and decoded 

instantaneously by the instantaneous decoding process at the CPB removal time 

of the decoding unit. Each decoded picture is placed in the DPB. A decoded 

picture is removed from the DPB as specified in subelause C.3.1 or subelause 

C,5.2.  

The operation of the CPB for each bitstream conformance test is specified in 

subelause C.2. The instantaneous decoder operation is specified in clauses 2-9.  

The operation of the DPB for each bitstream conformance test is specified in 

subclause C.3. The output cropping for each bitstream conformance test is 

specified in subelause C.3.2 and subclause C.5.2.  

HSS and HRD information concerning the number of enumerated delivery 

schedules and their associated bit rates and buffer sizes is specified in subclauses 

E.1.1, E.i.2, E.2. 1, and E.2.2. The FIRD is initialized as specified by the 

buffering period SEI message as specified in subclauses D. ].1 and D.2. 1. The 

removal timing of decoding units from the CPB and output timing of decoded 

pictures from the DPB are specified in the picture timing SEI message as 

specified in subclauses D. 1.2 and D.2. 1. All timing information relating to a 

specific decoding unit shall arrive prior to the CPB removal time of the decoding 

unit.  

The requirements for bitstream con fbrmance are specified in subclause C.4, and 

the HRD is used to check conformance of decoders as specified in 

subclause C.5.  

NOTE 3 --- While conformance is guaranteed under the assumption that all 

picture rates and clocks used to generate the bitstream match exactly the 

values signaled in the bitstream, in a real system each of these may vary from 

the signaled or specified value.
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All the arithmetic in this annex is done with real values, so that no rounding 

errors can propagate. For example, the number of bits in a CPB just prior to or 

after removal of a decoding unit is not necessarily an integer.  

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

to = num units in tick-+ tine scale (C-I) 

The variable t .su is derived as follows and is called a sub-picture clock tick: 

te = te + (tick divisor minus2 + 2 ) (C-2) 

The following is specified for expressing the constraints in this annex: 

- Let access unit n be the n-th access unit in decoding order with the first 

access unit being access unit 0 (i.e. the 0-th access unit).  

- Let picture n be the coded picture or the decoded picture of access unit n.  

- Let decoding unit m be the m-th decoding unit in decoding order with the 

first decoding unit being decoding unit 0.  

[0156] The modifications to section C. I of HEVC Working Draft 8 above may clarify 

the bitstream conformance tests. As indicated above, when the decoding process is 

invoked for the bitstream conformance test in HEVC Working Draft 8, the semantics of 

syntax elements are not clearly specified as the values of TargetDecLayerldSet and 

TargetDecHighestTid are not properly set. The modifications to section C. I clarify the 

definitions of TargetDecLayeridSet and TargetDecl-ighestTid.  

[0157] As shown in the above modifications to section C.I of HEVC Working Draft 8, 

a device may perform an HRD operation (such as a bitstream conformance test) that 

selects an operation point, determines a target set of layer identifiers 

(TargetDecLayerlIdSet) of the operation point and the highest temporal identifier 

(TargetDecHighestTid). Furthermore, in the HR-D operation, the device may select a set 

of H1RD parameters applicable to the operation point and use the selected set of HRD 

parameters to configure a HRD that performs the decoding process. The set of IRD 

parameters applicable to the particular operation point may include parameters that 

specify an initial CPB removal delay, a CPB size, a bit rate., an initial DPB output delay,



WO 2014/047178 PCT/US2013/060403 

66 

a DPB size, and so on. The HRD operation may include performing a decoding 

process.  

[0158] In some examples, the device may select., from among one or more sets of HRD 

parameters (e.g., hrd parameters( ) syntax structures) in a VPS and a set of H-RD 

parameters in a SPS, the set of HRD parameters applicable to the operation point. In 

some examples, the device may determine the set of HRD parameters in the SPS is 

applicable to the particular operation point when a layer identifier set of the operation 

point contains a set of all layer identifiers present in a coded video sequence associated 

with the SPS. Furthermore, in some examples, the device may select the set of HRD 

parameters in the SPS in response to determining that the target layer identifier set (e.g., 

TargetDecLayerldSet) of the operation point contains only the value 0. In some 

examples, the device may select a set of HRD parameter in the VPS in response to 

determining that a set of layer identifiers (e.g., op layer id[ i[ ]) is identical to the target 

layer identifier set (e.g., TargetDecLayerldSet) of the operation point.  

[0159] Furthermore, as shown in the above modifications to section C.I of HEVC 

Working Draft 8 and other portions of this disclosure, the device may decode, from a 

SPS, the array of syntax elements (spsmax decpic buffering[ ]) that each indicate a 

maximum required size of a DPB of the HIRD. The device may determine, based on the 

target highest temporal identifier, a particular syntax element in the array (ie., 

sps_maxdecpic_bufferin[TargetDecHighestTid]). As indicated above, a number of 

picture storage buffers in the DPB is indicated by the particular syntax element (.e., the 

DPB size (number of picture storage buffers) is 

sps_max_decpic_buffering[ TargetDecHighestTid 1).  

[0160] In addition, a decoding process may decode a HRD parameters syntax structure 

(hrdparameters( )) that includes the selected set of HIRD parameters. The selected set 

of HRD parameters includes an array of syntax elements (cbpcnt minus []) that each 

indicate a number of alternative CPIB specifications in the bitstream. The modifications 

to section C. I of HEVC Working Draft 8 clarity that when a device performs a HARD 

operation, the device may select, based on the target highest temporal identifier 

(TargetDecflighestTid), a particular syntax element in the array 

(cpbcnt_minusl[TargetDecHighestTid]) and may select a scheduler selection index 

(SchedSelldx) in a range of 0 to a value of the particular syntax element. The device
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may determine, based at least in part on the scheduler selection index, an initial CPB 

removal delay of a CPB of the HRD.  

[0161] Section C.2.1 of HEVC Working Draft 8 relates to removal of pictures from the 

DPB for bitstream conformance. In accordance with one or more example techniques 

of this disclosure, section C.2.1 of HEVC Working Draft 8 may be changed as follows: 

The specifications in this suhclause apply independently to each set ofJDPB 

parameters selected as specified in subclause C. L 

The removal of pictures from the DPB before decoding of the current picture 

(but after parsing the slice header of the first slice of the current picture) happens 

instantaneously at the CPB removal time of the first decoding unit of access unit 

n (containing the current picture) and proceeds as follows.  

The decoding process for reference picture set as specified in subclause 8.3.2 is 

invoked.  

If the current picture is an IDR or a BLA picture, the following applies: 

I .When the IDR or BLA picture is not the first picture decoded and the 

value of pic width in luma samples or pic height-in luma samples 

or sps niax dec.picbujfferingf TargetDecHighestTid ] derived from 

the active sequence parameter set is different from the value of 

pic width injluma samples or picheight inluma samples or 

spsniax-dec_pic .butering TargetDecHighestTid] derived from the 

sequence parameter set that was active for the preceding picture, 

respectively, nooutput_of prior_picsflag is inferred to be equal to I 

by the HRD, regardless of the actual value of 

no output ofpro pisfiag.  

NOTE Decoder implementations should try to handle picture or 

DPB size changes more gracefully than the HRD in regard to 

changes in pic width in luma samples,
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pie heightin__luma samples, or 

spsmax decpic buffering[ TargetDecfighestTidj.  

2. When nooutputofjprior_pics_flag is equal to I or is inferred to be 

equal to 1, all picture storage buffers in the DPB are emptied without 

output of the pictures they contain, and DPB fullness is set to 0.  

All pictures k in the DPB, for which both of the following conditions are true, 

are removed from the DPB: 

- picture k is marked as "unused for reference", 

- picture k has PicOutputlag equal to 0 or its DPB output time is less 

than or equal to the CPB removal time of the first decoding unit 

(denoted as decoding unit m) of the current picture n; i.e. tob( k ) <= 

tr( i ) 

When a picture is removed from the DPB, the DPB fullness is decremented by 

one.  

[0162] As indicated elsewhere in this disclosure, the parameters 

sps.max.dee.picebuffering[i] may not be properly selected in HERD operations. HEVC 

Working Draft 8 merely indicates sps max decpi_bufferingi] instead of 

sps_maxdeceicbufferingTargetDecHighestTid], as shown above. HEVC Working 

Draft 8 does not indicate the semantics of the index i in section C.2.1. Specifying 

TargetDecHighestTid as the index i of sps max dec pic buffering[i] may, in 

accordance with one or more techniques of this disclosure, ensure that i equal to the 

clearly-specified value of TargetDecHighestTid is used in 

sps.max.dec.pic buffering[i] when performing the HRD operation of removing 

pictures from the DPB.  

[0163] As shown in the above modifications to section C.2.1 of HEVC Working Draft 

8, a device may decode, from an SPS active for a current picture, a first array of syntax 

elements (sps max decpicubuffering[]) that each indicate a maximum required size of 

a DPB of the HRD. In addition, the device may decode, from an SPS active for a
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preceding picture, a second array of syntax elements (spsrnaxdecpic buffering[]) 

that each indicate a maxinmum required size of the DPB of the HRD. The device may 

determine, based on the target highest temporal identifier (TargetDecHighestTid), a first 

syntax element in the first array (sps max.dec.pic.buffering[TargetDecHighestTid]).  

In addition, the device may determine, based on the target highest temporal identifier, a 

second syntax element in the second array 

(sps_max_dec_pic buffering[TargetDeeHighestTid]). When the current picture is an 

instantaneous decoding refresh (IDR) picture or a broken link access (BLA) picture and 

a value of the first syntax element is different than a value of the second syntax element, 

the device may infer a value of a third syntax element (no output of _prior _pics flag) 

regardless of a value indicated by the third syntax element. The third syntax element 

may specify how previously-decoded pictures in the DPB are treated after decoding of 

an IDR_ picture or BLA picture.  

[01641 An IDR picture may be a random access point (RAP) picture for which each 

slice segment has a nalunittype equal to IDR_W_LP or IDR_N_LP. Art IDR picture 

contains only I slices, and may be the first picture in the bitstream in decoding order, or 

may appear later in the bitstream. An IDR picture having nal unit type equal to 

IDRN LP does not have associated leading pictures present in the bitstream. A 

leading picture is a picture that precedes the associated RAP picture in output order. An 

IDR picture having nalunit_type equal to IDRW LP does not have associated tagged

for-discard (TFD) pictures present in the bitstream, but may have associated DLP 

pictures in the bitstream.  

[0165] A BLA picture is a RAP picture for which each slice segment has nalunit type 

equal to BLAWTFD, BLAWDLPorBLANLP. A BLA picture having 

nal unit-type equal to BLAWTFD may have associated TFD pictures present in the 

bitstream. A BLA picture having nal unit type equal to BLA_N_LP does not have 

associated leading pictures present in the bitstream. A BLA picture having 

nal unit type equal to BLAWDLP does not have associated TFD pictures present in 

the bitstream, but may have associated DLP pictures in the bitstream.  

[0166] Section C.3 of HEVC Working Draft 8 describes bitstream conformance 

operations. In accordance with one or more example techniques of this disclosure, 

section C.3 of HEVC Working Draft 8 may be modified as follows:
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A bitstream of coded data conforming to this Specification shall fulfill all 

requirements specified in this subclause.  

The bitstream shall be constructed according to the syntax, semantics, and 

constraints specified in this Specification outside of this annex.  

The first coded picture in a bitstream shall be a RAP picture, i.e. an IDR 

picture, a CRA picture, or a BLA picture.  

For each current picture that is decoded, let the variables maxPicOrderCnt 

and minPicOrderCnt be set equal to the maximum and the minimum, 

respectively, of the PicOrderCntVal values of the following pictures: 

- The current picture.  

The previous picture in decoding order that has Temporalid equal to 0.  

- The short-term reference pictures in the reference picture set of the 

current picture.  

- All pictures n that have PicOutputFlag equal to I and t( n ) < 

tr( currPic ) and to,ap( n )-> t( currPic ), where currPic is the current 

picture.  

All of the following conditions shall be fulfilled for each of the bitstream 

conformance tests: 

. For each access unit n, with n>0, associated with a buffering period 
SET message, with At_,9o( n) specified by 

At,9n ) = 90000 ( i( n ) -t,( n -- -)) (C-18) 

the value of InitCpbRemovalDelay[ SchedSeilldx ] shall be 

constrained as follows.  

- If cbrflag[ SchedSelIdx ] is equal to 0, 

InitCpbRemovalDeiay[ SchedSelidx ] <= Ceil( Atg,90( n ) ) 
(C-19) 

Otherwise (cbr flag[ SchedSelldx] is equal to 1),
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Floor( At5,o( n) ) <= lnitCpbRernovalDeiay[ SchedSelldx] 
Ceii( At5 o9 ( n )) -20) 

NT'TE 4 - The exact number of bits in the CPB at the removal 

time of each picture may depend on which buffering period SEI 

message is selected to initialize the HRD. Encoders must take 

this into account to ensure that all specified constraints must be 

obeyed regardless of which buffering period SE message is 

selected to initialize the HRD, as the HRD may be initialized at 

any one of the buffering period SEI messages.  

2. A CPB overflow 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. A CPB underflow is specified as the condition in which the nominal 

CPB removal time of decoding unit m t<,( m ) is less than the final 

CPB arrival time of decoding unit m tU( m ) for at least one value of 

in. When low delay hrd flag is equal to 0, the CPB shall never 

underflow.  

4. When lowdelayhrd_flag is equal to 1, a CPB underflow may occur 

at decoding unit m. In this case, the final CPB arrival time of access 

unit n containing decoding unit m t( n ) shall be greater than the 

nominal CPB removal time of access unit n containing decoding unit 

m tr,,( n 

5. The nominal removal times of pictures from the CPB (starting from 

the second picture in decoding order), shall satisfy the constraints on 

trr( n ) and tr( n ) expressed in subclauses A.4.1 through A.4.2.  

6. For each current picture that is decoded, after invocation of the 

process/ or removal of pictures from the DPB as specified in 

subelause C.3.1, the number of decoded pictures in the DPB, 

including all pictures n that are marked as "used jor reference" or
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that have PicOulputFlag equal to I and t>( n ) = 1,( cuirPic), 

where currPic is the current picture, shall be less than or equal to 

Max( 0, sps .maxdecpichuffering{ TargetDecHighestlid] - 1).  

7. All reference pictures shall be present in the DPB when needed for 

prediction. Each picture that has OutputFlag equal to I shall be 

present in the DPB at its DPB output time unless it is removed from 

the DPB before its output time by one of the processes specified in 

subclause C.3.  

8. For each current picture that is decoded, the value of 

maxPicOrderCnt -- minPicOrderCnt shall be less than 

MaxPicOrderCntLsb / 2.  

9. The value of Aroapb( n ) as given by Equation C-17, which is the 

difference between the output time of a picture and that of the first 

picture following it in output order and having PicOutputFlag equal 

to 1, shall satisfy the constraint expressed in subclause A.4.1 for the 

profile, tier and level specified in the bitstream using the decoding 

process specified in clauses 2 --- 9.  

[0167] As indicated elsewhere in this disclosure, the parameters 

sps.max--dec.picbuffering[i] may not be properly selected in bitstream conformance 

operations. In item 6 of section C.3, HEVC Working Draft 8 indicates that "the number 

of decoded pictures in the DPB ... shall be less than or equal to Min(O, 

spsmaxdecpicbuffering[ TemporalId I --- )," where Temporalld is not defined.  

Specifying TargetDecHighestTid as the index i of sps max decpicbuffering[i] may, 

in accordance with one or more techniques of this disclosure, ensure that i equal to the 

clearly-specified value of TargetDecHighestTid is used in 

sps.max.dec.picebuffering[i] when performing the bitstream conformance operations.  

[01681 When a device performs a decoding process as part of a HRD operation, the 

device may decode, from a SFS, an array of syntax elements 

(spsmax_dec_pic_buffering[]), that each indicate a maximum required size of a DPB 

of the H[RD. Furthermore, as part of performing the HARD operation, the device may 

determine, based on the target highest temporal identifier (TargetDecl-IighestTid), a
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particular syntax element in the array. Furthermore, as shown in the above 

modifications to section C.3 of HEVC Working Draft 8, the device may determine, 

based at least in part on whether a number of decoded pictures in the DPB is less than or 

equal to the maximum of 0 and a value of the particular syntax element minus 1, 

whether the bitstream conforms to the video coding standard.  

[0169] Section C.4 of HEVC Working Draft 8 describes decoder conformance. In 

accordance with one or more example techniques of this disclosure, section CA of 

HEVC Working Draft 8 may be changed as follows: 

A decoder conforming to this Specification shall fulfill all requirements 

specified in this subclause.  

A decoder claiming conformance to a specific profile, tier and level shall be 

able to successfully decode all bitstreams that conform to the bitstream 

conformance requirements specified in subelause C.4, in the manner 

specified in Annex A, provided that all video parameter sets, sequence 

parameter sets, and picture parameter sets referred to in the VCL NAL units, 

and appropriate buffering period and picture timing SEI messages are 

conveyed to the decoder, in a timely manner, either in the bitstream (by non

VCL NAL units), or by external means not specified by this Specification.  

When a bitstream contains syntax elements that have values that are 

specified as reserved and it is specified that decoders shall ignore values of 

the syntax elements or NAL units containing the syntax elements having the 

reserved values, and the bitstream is otherwise conforming to this 

Specification, a conforming decoder shall decode the bitstream in the same 

manner as it would decode a conforming bitstream and ignore values of the 

syntax elements or NAL units containing the syntax elements having the 

reserved values as specified.  

There are two types of conformance that can be claimed by a decoder: 

output timing conformance and output order conformance.
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To check conformance of a decoder, test bitstreams conforming to the 

claimed profile, tier and level, as specified by subclause C4 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 -IRD, 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 

SchedSelIdx for which the bit rate and CPB size are restricted as specified in 

Annex A for the specified profile, tier and level, or with "interpolated" 

delivery schedules as specified below for which the bit rate and CPB size are 

restricted as specified in Annex A. The same delivery schedule is used for 

both the HRD and DUT.  

When the HRD parameters and the buffering period SEI messages are 

present with cpb ent minus[ TargetDecHighestTid ] greater than 0, the 

decoder shall 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: 

c (r - BitRate[ SchedSelldx 1] (BitRate[ SchedSelIdx ] 

BitRate[ SchedSelldx - 1] ),(C-22) 

c( r ) a * CpbSize[ SchedSelldx] + (I - a) * CpbSize[ 

SchedSelldx-i ], (C-23) 

f( r ) = a * InitCpbRemovaiDelay[ SchedSelldx 1 * BitRate[ 

SchedSelldx ] + ( I - c ) * InitCpbRemovalDelay[ SchedSelldx - 1 

] * BitRate[ SchedSelIdx - 1 ](C-24)
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for any SchedSelidx > 0 and r such that BitRate[ SchedSelidx --- I <= r <= 

BitR ate[ SchedSeidx ] such that r and c( r ) are within the limits as 

specified in Annex A for the maximum bit rate and buffer size for the 

specified profile, tier and level.  

NOTE I - InitCpbRemovalDelay[ SchedSelidx ] 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 DTT up to a fixed delay.  

For output order decoder conformance, the following applies.  

- The HSS delivers the bitstream BitstreainToDecode to the DUT "by 

demand" from the DUT, meaning that the HSS delivers bits (in 

decoding order) only when the DUT requires more bits to proceed with 

its processing.  

NOTE 2 - This means that for this test, the coded picture buffer of the 

DTl could be as small as the size of the largest decoding unit.  

- A modified IRD as described below is used, and the -SS delivers the 

bitstream to the HRD by one of the schedules specified in the bitstream 

Bitstream ToDecode such that the bit rate and CPiB size are restricted as 

specified in Annex A. The order of pictures output shall be the same for 

both IRD and the DUT.  

- For output order decoder conformance, the CPB size is 

CpbSizef SchedSelldx] as speciied by Equation E-46, where 

SchedSeildx and the HRD parameters are selected as specified a hove in 

subclause C.. 'The DPBl size is 

sps niax decpic suffering[ TargetDecHighestid 7. Removal time
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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 as described in 

subclauses C.5.1 through C.5.3.  

[01701 As indicated elsewhere in this disclosure, the parameters cpb cnt_minus I [i] and 

sps_maxdecjic_buffering[i] may not be properly selected in decoder conformance 

requirements. For instance, section C.4 of HEVC Working Draft 8 does not specify an 

index for cpb cnt_minus 1. Specifying TargetDecHighestTid as the index i of 

cpbcnt minus [i] and sps_max_dcc_pic buffering[i] may, in accordance with one or 

more techniques of this disclosure, ensure that decoder conformance operations are 

consistently performed with i equal to the clearly-specified value of 

TargetDecHighestTid.  

[0171] Furthermore, section C.4.2 of HEVC Working Draft 8 describes removal of 

pictures from the DPB for decoder conformance. In accordance with one or more 

example techniques of this disclosure, the title of section C.4.2 may be changed from 

"removal of pictures from the DPB" to "output and removal of pictures from the DPB." 

The text of section C.4.2 of HEVC Working Draft 8 may be changed as follows: 

The output and removal of pictures from the DPB before decoding of the current 

picture (but after parsing the slice header of the first slice of the current picture) 

happens instantaneously when the first decoding unit of the access unit 

containing the current picture is removed from the CPB and proceeds as follows.  

The decoding process for reference picture set as specified in subelause 8.3.2 is 

invoked.  

- If the current picture is an IDR or a BLA picture, the following applies.  

1. When the IDR or BLA picture is not the first picture decoded and the 

value of picwidthinluma_samples or pic_height_in_luma_samples 

or sps max decpicbuffringf TargetDecHighestfid / derived from 

the active sequence parameter set is different from the value of
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pie widthin_luma_samples or pie heightinluma samples or 

sps_max_dec_pic_bufferingf TargetDeclfighestTid] 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 I 

by the IRD, regardless of the actual value of 

nooutput_of priorjicsflao 

NOTE --- Decoder implementations should try to handle picture or 

DPB size changes more gracefully than the HRD in regard to 

changes in pic_width.-inluma samples, 

pic height-in luma samples or 

sps _max decpicIfutringf TargetDecHighestTid].  

2. When no output of _prior _pics flag is equal to I or is inferred to be 

equal to 1, all picture storage buffers in the DPB are emptied without 

output of the pictures they contain.  

3. When no output ofpiriorjpcs flag is not equal to I and is not 

inferred to be equal to I, picture storage buffrs containing a picture 

that is marked as "not needed for output" and "unused for reference" 

are emptied (without output), and all non-empty picture storage buffers 

in the L)PB are emptied by repeatedly invoking the "bumping"process 

specified in subclause C 5.2. 1.  

- Otherwise (the current picture is not an IDR or a BLA picture), picture 

storage buffers containing a picture which are marked as "not needed for 

output" and "unused for reference" are emptied (without output). When one 

or more of the following conditions are true, the "bumping" process 

specified in subclause C.5.2.1 is invoked repeatedly until there is an empty 

picture storage buffer to store the current decoded picture.
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I.The number of pictures in the DPB that are marked as "needed for 

output" is greater than 

sps max num reorder pics[ TargetDecHighestTid ].  

2.The number of pictures in the DPB is equal to 

sps max decpc_buffering[ TargetDecilighestTid ].  

"Bumping" process 

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

- The current picture is an IDR or a BLA picture and 

no_output_of_priorpics_flag is not equal to I and is not inferred to be 

equal to 1, as specified in subclause C.5.2.  

The current picture is not an IDR or a BLA picture, and the number of 

pictures in the DPB that are marked "needed for output" is greater than 

spsmax_numreorder_pics[ TargetDecHighestTid ], as specified in 

subciause C.5.2.  

- The current picture is not an IDR or a BLA picture and the number of 

pictures in the DPB is equal to 

spsnax dec#pic Ibtjering{ TargetDec~fighestTid , as specified in 

subelause C5.2.  

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

I. The picture that is first for output is selected as the one having the smallest 

value of PicOrderCntVal of all pictures in the DPB marked as "needed for 

output".
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2, The 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".  

3. If the picture storage buffer that included the picture that was cropped and 

output contains a picture marked as "unused for reference", the picture 

storage buffer is emptied.  

[0172] As indicated elsewhere in this disclosure, the parameters 

sps.max.decpicbuffering[i] and spsmax num reorder pies[i] may not be properly 

selected in HRD operations, such as removal of pictures from the DPB. Specifying 

TargetDecllighestTid as the index i of sps maxdecpic buffering[i1] and 

sps_max num reorder_pics[i] may, in accordance with one or more techniques of this 

disclosure, ensure that i equal to the clearly-specified value of TargetD ecflighestTid is 

used in sps max decepic buffering[i] and sps max_num reorder pies[i] when 

performing the HRD operation of removing pictures from the DPB.  

[0173] When a device performs a decoding process during an HRD operation, the 

device may decode, from a SPS, an array of syntax elements 

(sps_maxdec'uic suffering[]) that each indicate a maximum required size of a DPB of 

the HRD. Furthermore, when the device performs the HRD operation, the device may 

determine, based on the target highest temporal identifier, a particular syntax element in 

the array (spsmax deepic buffering[TargetDecHighestTid]1). Furthermore, the device 

may perform a bumping process that empties one or more picture storage buffers of the 

DPB when a current picture is not an iDR_ picture or a BLA picture and the number of 

pictures in the DPB marked as needed for output is greater than a value of the particular 

syntax element.  

[0174] Similarly, when a device performs a decoding process during an HRD operation, 

the device may decode, from a SPS, an array of syntax elements 

(sps-max-dec pic suffering[]) that each indicate a maximum required size of a DPB of 

the HR-D. Furthermore, when the device performs the HRD operation, the device may 

determine, based on the target highest temporal identifier, a particular syntax element in 

the array (sps max _dec pie-buffering[TargetDecHighestTid]). Furthermore, the 

device may perform a bumping process that empties one or more picture storage buffers
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of the DPB when a current picture is not an IDR picture or a BLA picture and the 

number of pictures in the DPB is equal indicated by the particular syntax element.  

[0175] Furthermore, in accordance with one or more techniques of this disclosure, an 

applicableoperationpoints( ) syntax structure and associated semantics may be added 

to HEVC Working Draft 8. Table 5, below, shows an example syntax of the 

applicableoperation_points( ) syntax structure.  

TABLE 5 - Applicable Operation Points 

applicable operationpoints() 

numapplicableopsminusi ue(v) 

if( num applicable ops minus I> 0) 

default op applicable flag u(1) 
mumOpsSignalled = defaut op applicableflag? 

nim applicable ops minus! : mm applicable ops minus 1 

for( i = 0; i < mumOpsSignalled; i++ ) { 
operation point layer ids( i ) 
op temporal_id[ i] u(3) 

} 

[0176] The applicable operationpoint() syntax structure shown in Table 5 specifies 

the operation points to which the SEI message associated with this syntax structure 

applies. The SEI message associated with an applicableoperationypoint() syntax 

structure (also referred to as the associated SEI message) is the SEI message that 

contains the applicable operation.point( ) syntax structure. The SEI message 

associated with an applicable operationpoint() syntax structure may be a buffering 

period SEI message, a picture timing SEI message or a sub-picture timing SEI message.  

[0177] A default operation point may be defined as the operation point identified by 

OpLayerldSet containing values 0 to nuhreserved zero 6bits, inclusive, where 

nuhreservedzero_6bits is coded in the NAL unit header of the SE1 NAL unit 

containing the associated SEI message, and OpTid is equal to the Temporalid value of 

the SEI NAL unit containing the associated SEI message. Alternatively, the default 

operation point may be defined as the operation point identified by the OpLayeridSet 

containing only the nuh reserved zero 6bits in the NAL unit header of the SEI NAL 

unit containing the associated SEI message, and OpTid is equal to the TemporalId value
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of the SEI NAL unit containing the associated SEI message. Alternatively, the default 

operation point may be defined as the operation point identified by the OphayeridSet 

containing only the value 0, and OpTid is equal to the Temporalid value of the SEI 

NAL unit containing the associated SEI message.  

[01781 If default_op applicable_flag is equal to 1, the operation points to which the 

associated SEI message applies are the default operation point and the 

num applicable_ ops minus! operation points identified by OpLayerldSet as specified 

by operationpoint layer ids( i ) and OpTid equal to op temporal id[i], with i in the 

range of 0 to numapplicableops_minus1, inclusive. Otherwise 

(default op_applicable flag is equal to 0), the operation points to which the associated 

SE1 message applies may be the num applicable ops minus! + I operation points 

identified by OpLayeridSet as specified by operationjpoint layer ids( i) and OpTid 

equal to op temporal id[i], with i in the range of 0 to numapplicableops_ inus! + 1, 

inclusive.  

[0179] Furthermore, in the example syntax of Table 5, the num applicable ops minus! 

syntax element, plus 1, specifies the number of operation points to which the associated 

SEI message applies. The value of num applicable ops minus! may be in the range of 

0 to 63, inclusive. In the example of Table 5., the default op applicable flag syntax 

element equal to I specifies that the associated SE message applies to the default 

operation point. The default-op applicable flag syntax element equal to 0 specifies 

that the associated SEI message does not apply to the default operation point. The 

op temporal id[i] syntax element specifies the i-th OpTid value explicitly signaled in 

the applicable operationpoint( ) syntax structure. The value of optemporalid i] may 

be in the range of 0 to 6, inclusive.  

10180] As indicated above, HEVC Working Draft 8 provides no way to associate a 

buffering period SEI message or picture timing SEI message to a hrdparameters( ) 

syntax structure for which the associated operationtpointlayer ids( ) syntax structure 

includes multiple values of nuh reserved zero 6bits (i.e., multiple layer IDs in a 

multiview, 3DV or scalable video coding extension of HEVC). The inclusion of the 

applicable operationpoint()svntax structure may at least partially resolve this 

problem. The applicable operationpoint() syntax structure may clearly specify the 

operation points to which a buffering period SEI message, a picture timing SEI message 

or a sub-picture timing SE message applies. This may allow the use of information
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carried in the syntax elements nuh reserved zero_6bits and temporal idplusl in the 

NAL unit header of SEI NAL units, and may allow the sharing of the information 

conveyed in a same buffering period, picture timing or sub-picture timing SEI message 

for processing of video data associated with multiple operation points.  

[01811 Section D. ].I of HEVC Working Draft 8 describes the syntax of buffering 

period SEI messages. In accordance with one or more example techniques of this 

disclosure, the buffering period SEI message syntax may be changed as shown in Table 

6, below. The changes to the buffering period SEI message syntax may enable 

buffering period SE messages to include applicableoperationpoints() syntax 

structures.  

TABLE 6 - Buffering Period 

Bufferingperiod( payloadSize ) { Descriptor 

seq parameter set id ue(v) 

appIicabe operation osQ) 

if( !sub_piccpbparamspresent flag) 

rapcpb_params_present flag u(1) 

if( NalHrdBpPresentFiag) { 
for( SchedSelldx = 0; SchedSelidx < CphCnt; SchedSelidx++) 

{ 
initial epb_removaldelay[ SchedSelidx ] u(v 

initial_epb_removaldelayoffset[ SchedSelldx ] u(v) 
if( sub pic epb params present flag || 

rapcpb paramsjpresentflag) { 
initial alt epbremoval delay[ SchedSelldx u(v) 

initial alt cpb removal delay offset[ SchedSelldx ] u(v) 

} 

if( VclHrdBpPresentFiag) { 
for( SchedSelldx = 0; SchedSelidx < CpbCnt; SchedSelldx-++) 

{ 
initial epb removal delay[ SchedSeIlidx u 

initial_epb_removal delayoffset[ SchedSelldx ] u(v) 
if( sub pic epb params present flag || 

rap cpb pantspresnt flag)
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initial alt cpb removal_delay[ SchedSelldx ] u(v) 

initial alt cpb removal delay offset[ SchedSelldx ] u(v) 

- - - - - - -- - ---} 

10182] Section D.2. I of HEVC Working Draft 8 describes the semantics of the syntax 

elements of buffering period SEI messages. In accordance with one or more techniques 

of this disclosure, the semantics of the bufferingperiod'payloadSize) syntax structure 

may be changed as follows. Semantics for those syntax elements not mentioned are the 

same as in HEVC Working Draft 8.  

A buffering period SEI message provides information of initial CPB removal 

delay and initial CPB removal delay ofjfet.  

The following applies for the bufering period SE1 message syntax and 

semantics: 

The syntax elements initial cpb removaltdelay length minus] and 

sub pic cpb params present flag, and the variables 

NaiHrdBpPresentFlag, VcflrdBpPresentFag, CpbSize[ SchedSelIdx], 

itRate[ SchedSelIdx ], and CpbCnt are found in or derived f-om syntax 

elements fbund in the hrd parameters() syntax structure and the 

sub laver hrd _param eters() syntax structure applicable to any of the 

operation points that the buffering period SEJI message applies to.  

- Any two operation points that the buffring period SFI message applies to 

having different OpTid values tidA and tidB indicates that the values of 

cpbcnt minus/ td A and cpb cnt minus][ t~dB I coded in the 

hrd parameters() syntax structures) applicable to the two operation points 

are identical.  

- Any two operation points that the buffering period SEI message applies to 

having difjrent OpLayerIdSet values layerLdSetA and laverldSetB indicates
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that the values of nal hrdparameters presentjilg and 

vel_hrdparameterstpresent flag, respectively, for the two 

hrd parameters() svntax structures applicable to the two operation points 

are identical.  

- The bitstream (or a part thereof) refers to the bitstream subset (or a part 

thereof) associated with any of the operation points the bujfering period SE1 

message applies to.  

ifNalHrdBpPresentFiag or VclHrdBpPresentBlag are equal to 1, a buffering 

period SEI message applicable to the specified operation points may be present 

in any access unit in the coded video sequence, and a buffering period SEI 

message applicable to the specified operation points shall be present in each 

RAP access unit, and in each access unit associated wvith a recovery point SEI 

message. Otherwise (N/aiHrdBpPresentFlag and Vci HrdlpPresentFIag are both 

equal to 0), no access unit in the coded video sequence shall have a buffering 

period SE] message applicable to the specified operation points.  

TOTE - For some applications, frequent presence of a buffering period SET 

message may be desirable.  

When an SEI NAL unit that contains a buffering period SEI message and has 

nuh reserved zero_6bits equal to 0 is present, the SET NAL unit shall precede, 

in decoding order, the first VCL NAL unit in the access unit.  

A buffering period is specified as the set of access units between two instances 

of the buffering period SET message consecutive in decoding order.  

The variable CpbCnt is derived to be equal to cpbcntjminus1f tId ] t 1, where 

cpb_cntminusI[ tid ] is coded in the hrd parameters() syntax structure that is 

applicable to any of the operation points that the buffering period SEI message 

applies to and that have Op Tid equal to td.
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seqparameter set id refers to the active sequence parameter set. The value of 

seqparanetersetid shall be equal to the value of seqparametersetid in the 

picture parameter set referenced by the coded picture associated with the 

buffering period SEI message. The value of seq-parameter set id shall be in the 

range of 0 to 3 1, inclusive.  

rapepb_paramspresent_flag equal to I specifies the presence of the 

initialaltcpb removaldelay SchedSelidx ] and 

initial alt cpbremoval delay offset[ SchedSelidx ] syntax elements. When not 

present, the value of alt _cpbparans_present flag is inferred to be equal to 0.  

When the associated picture is neither a CRA picture nor a BLA picture, the 

value of altcpb-paranspresent_flag shall be equal to 0.  

initial epb_removal delay[ SchedSelldx ] and 

initial alt_epb_removal_delay[ SchedSelldx ] specify the default and the 

alternative initial CPB removal delays, respectively, for the SchedSeilidx-th 

CPB. The syntax elements have a length in bits given by 

initial cpb removal-delay length minus - 1, and are in units of a 90 ld-Iz 

clock. The values of the syntax elements shall riot be equal to 0 and shall be less 

than or equal to 90000 * (CpbSize[ SchedSelidx] + BitRate[ SchedSeiIdx ]) 

the time-equivalent of the CPB size in 90 kHz clock units.  

initial epb_removaldelayoffset[ SchedSelldx ] and 

initial alt-epb removal delay offset[ SchedSelldx ] specific the dealt and 

the alternative initial CPB removal ot/ets, respectively, fr the SchedSeildx-th 

CPB. The syntax elements have a length in bits given by 

initialepb removaldelay length minus IL + 1 and are in units of a 90 kHz 

clock. These syntax elements are not used by decoders and may be needed only 

for the delivery scheduler (HSS) specified in Amnex C.  

[0183] The buffering period SEI message may include H4RD parameters (e.g., 

initial cpb removal delay[ SchedSelidx ], 

initialcpbremovaldelayoffset[ SchedSelidx ],
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initialalt_cpbremovaldelay[ SchedSelldx ] and 

initialalt_cpbremovaldelay offset[ SchedSelldx ]). As indicated above, HEVC 

Working Draft 8 provides no way to associate a buffering period SEI message to a 

hrd.parameters( ) syntax structure in a VPS for which the associated 

operation_pointlayer ids() syntax structure includes multiple values of 

nuhreservedzero_6bits (i.e. multiple layer lDs in a multiview, 3DV or scalable video 

coding extension of HEVC). Hence, in accordance with one or more techniques of this 

disclosure, the applicable_operationpoints() syntax element in the buffering period 

SE message specifies the operation points to which the buffering period SEI message 

applies.  

10184] Section D. 1.2 of HEVC Working Draft 8 indicates the syntax of picture timing 

SE messages. In accordance with one or more techniques of this disclosure, the syntax 

of the picture timing SE message may be changed as shown in Table 7, below. The 

changes to the picture timing SEI message syntax may enable picture timing SEI 

messages to include applicable operation_points( ) syntax structures.  

TABLE 7 - Picture Timing SEI Message 

PIC timing( payloadSize) { Descriptor 

applicableoperation_poinits() 

au cpb removal_deayminus] u(v) 

pie dpb output delay u(v 

if( subpic_cpbparams presentflag)i 

numdecodingunitsminus1 ue(v) 

daucommonecp removal delay ag u) 

__ d como cpdl ag) 
du common cpb removal delay minus u(v) 

for( i =0; i <= nm decoding units minus1; i++)-{ 

nunmoaus_in_dumninus1[ i] ue(v) 

Ji/ Idu coinmon cpb removal delay flag ) 
duEcpbremovaldelayminusi[ i ] (v) 

[0185] In addition, the semantics of the picture timing SEI message may be changed as 

follows. Semantics for those syntax elements of the pictiming(payloadSize) syntax 

structure not mentioned below may be the same as those in HEVC Working Draft 8.
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The picture timing SEI message provides information of CPB removal delay and 

DPB output delayfor the access unit associated with the SE1 message.  

The flowing applies for the picture timing SEI message syntax and semantics: 

- The svntax elements subpiccphparamspresentjfag, 

cpbremoval delaylength minus I, dpb outputdelay_length_minus I, and 

ducpbremoval delay leng-thminus ], and the variable 

CpbDpbDelavsPresentFla- are jound in Or derived from syntax elements 

found in the hrdparameters() syntax structure and the 

sub_laver-hrd parameters() syntax structure applicable to any of the 

operation points that the picture timing SEI message applies to.  

The bitstream (or a part thereof) rejrs to the bitstream subset (or a part 

thereof) associated with any of the operation points the picture timing SEI 

message applies to.  

NOTE I - The syntax of the picture timing SEI message is dependent on the 

content of the hrdparameters() syntax structures applicable to the operation 

points the picture timing SE1 message applies to. These hrdparameters() 

syntax structures are in the video parameter set and/or the sequence 

parameter set that are active for the coded picture associated with the picture 

timing SE message. When the picture timing SE message is associated with 

a CRA access unit that is the first access unit in the bitstream, an IDR access 

unit, or a BLA access unit, unless it is preceded by a buffering period SEI 

message within the same access unit, the activation of the video parameter set 

and sequence parameter set (and, for IDR or BLA pictures that are not the 

first picture in the bitstream, the determination that the coded picture is an 

IDR picture or a BLA picture) does not occur until the decoding of the first 

coded slice NAL unit of the coded picture. Since the coded slice NAL unit of 

the coded picture follows the picture timing SEI message in AAL unit order.  

there may be cases in which it is necessary for a decoder to store the RBSP 

containing the picture timing SEI message until determining the active video
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parameter set and/or the active sequence parameter set, and then perform the 

parsing of the picture timing SEJ message.  

The presence of picture timing SEI message in the bitstream is specified as 

follows.  

- If CpbDpbDelaysPresentFlag is equal to 1, one picture timing SEI message 

applicable to the specified operation points shall be present in every access 

unit of the coded video sequence.  

- Otherwise (CpbDpbDelaysPresentFlag is equal to 0), no picture timing SEI 

messages applicable to the specified operation points shall be present in any 

access unit of the coded video sequence.  

When an SE1 NAL unit that contains a picture timing SEI message and has 

nuh-reserved zero_6bits equal to 0 is present, the SE NAL unit shall precede, 

in decoding order, the first VCL NAL unit in the access unit.  

au_epbremoval delayminusi plus 1 specifies, when the HRD operates at 

access unit level, how many clock ticks to wait after removal from the CPB of 

the access unit associated with the most recent buffering period SE message in a 

preceding access unit before removing from the buffer the access unit data 

associated with the picture timing SE message. This value is also used to 

calculate an earliest possible time of arrival of access unit data into the CPB for 

the HSS. The syntax element is a fixed length code whose length in bits is given 

by cpb_ removal delay length minus + 1.  

N.OTE 2 - The value of cpbremovaldelay_lengthminusl that determines 

the length (in bits) of the syntax element aucpb removaldelayminusl is 

the value of cpb removal delay length-minus! coded in the video parameter 

set or the sequence parameter set that is active for the coded picture 

associated with the picture timing SET message, although 

an_epbremovaldelay_minusI plus 1 specifies a number of clock ticks 

relative to the removal time of the preceding access unit containing a
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buffering period SE message, which may be an access unit of a different 

coded video sequence.  

pie dpb output delay is used to compute the DPB output time of the picture.  

It specifies how many clock ticks to wait after removal of the last decoding unit 

in an access unit from the CPB before the decoded picture is output from the 

DPB.  

NOTE 3 - A picture is not removed from the DPB at its output time when it 

is still marked as "used for short-term reference" or "used for long-term 

reference".  

'NOTE 4 - Only one picdpb output delay is specified for a decoded picture.  

The length of the syntax element pie dpb output delay is given in bits by 

dpb outputdelaylengthiminusI -i- 1. When 

spsmaxdecpicbuffering[ minTid ] is equal to 1, where minTid is the 

minimum of the OpTid values of all operation points the picture timing SE 

message applies to, pie dpb output delay shall be equal to 0.  

The output time derived from the pic_dpb_output_delay of any picture that is 

output from an output timing conforming decoder shall precede the output time 

derived from the pic dpboutputdelay of all pictures in any subsequent coded 

video sequence in decoding order.  

The picture output order established by the values of this syntax element shall be 

the same order as established by the values of PicOrderCntVal.  

For pictures that are not output by the "bumping" process because they precede, 

in decoding order, an IDR or BLA picture with no output of _prior pics flag 

equal to I or inferred to be equal to 1, the output times derived front
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picdpb output delay shall be increasing with increasing value of 

PicOrderCntVal relative to all pictures within the same coded video sequence.  

du common epb removal delay flag equal to 1 specifies that the syntax 

element du common cpb removal delay minus I is present.  

ducommon_cpbremovaldelayflag equal to 0 specifies that the syntax 

element du common cpb removal delay-minus I is not present.  

ducommonepb_removaldelayminusI plus I specifies how many sub

picture clock ticks (see subclause E.2. 1) to wait, before removal from the CPB 

of each decoding unit in the access unit associated with the picture timing SEI 

message, after removal from the CPB of the previous decoding unit in decoding 

order. This value is also used to calculate an earliest possible time of arrival of 

decoding unit data into the CPB for the HSS, as specified in Annex C. The 

syntax element is a fixed length code whose length in bits is given by 

ducpbremovaldelay length minusI + 1.  

10186] As indicated above, HEVC Working Draft 8 provides no way to associate a 

picture timing SEI message to a hrdparameters( ) syntax structure in a VPS for which 

the associated operationpointlayerids() syntax structure includes multiple values of 

nuh reserved zero 6bits (i.e. multiple layer IDs in a multiview, 3DV or scalable video 

coding extension of HEVC). Hence, in accordance with one or more techniques of this 

disclosure, the applicable_operatioipoints() syntax element in the picture timing SEI 

message specifies the operation points to which the buffering period SEI message 

applies.  

[01871 Furthermore, in accordance with one or more techniques of this disclosure, the 

syntax of the sub-picture timing SEI message may be changed as shown in Table 8, 

below. The changes to the sub-picture timing SEI message syntax may enable sub

picture timing SEI messages to include applicable operation-points() syntax structures.  

In -EVC Working Draft 8, sub-picture timing SE message do riot include the 

applicable operationjpoints( ) syntax structure.



WO 2014/047178 PCT/US2013/060403 

91 

TABLE 8 - Sub-Picture Timing SEI Message 

sub_pic timing( payloadSize ) {Descriptor1 

applicable operation points() 

dutf.0cpbh remo0Va1 LeayMinus,1 U(V) 

[0188] Section D.2.2.2 of HEVC Working Draft 8 describes the semantics of sub

picture timing SEi messages. In accordance with one or more techniques of this 

disclosure, section D.2.2.2 of HEVC Working Draft 8 may be modified as follows: 

The sub-picture timing SEI message provides CPB removal delay information 

for the decoding unit associated with the SEI message.  

The jbllowing applies jor the sub-picture timing SEI message syntax and 

semantics: 

- The syntax elements sub pic_cpbparamsjpresent_flag and 

cphremoval_delaylength_minus], and the variable 

CpbDpbDeaysPresentFlag are found in or derived om synta elements 

fund in the hrd parameters) syntax structure and the 

sub~iayer_hrd_oarameters() syntax structure applicable to any of the 

operation points that the sub-picture timing SE message applies to.  

- The bitstream (or a part thereoO refers to the bitstream subset (or a part 

thereof) associated with any of the operation points the suippicture timing 

SEKI message applies to.  

The presence of the sub-picture timing SE1 message in the bitstream is specified 

as follows.  

- If CpbDpbDelaysPresentFiag is equal to 1 and 

sub_pic_cpbparamspresentflag is equal to 1, one sub-picture timing SEI 

message applicable to the specified operation points may be present in each 

decoding unit in the coded video sequence.
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- Otherwise (CpbDpbDelaysPresentFlag is equal to 0 or 

sub_piccpbparamspresentflag is equal to 0), no sub-picture timing SEI 

messages applicable to the specified operation points shall be present in the 

coded video sequence.  

The decoding unit associated with a sub-picture timing SEI message consists, in 

decoding order, of the SEI NAL unit containing the sub--picture timing SEI 

message, followed by one or more NAL units that do not contain a sub-picture 

timing SEI message, including all subsequent NAL units in the access unit up to 

but not including any subsequent SEI NAL unit containing a sub-picture timing 

SEI message. There shall be at least one VCL NAL unit in each decoding unit.  

All non-VCL, NAL units associated with a VCL NAL unit shall be included in 

the same decoding unit.  

dusptcpbreoval_delay_minusI plus specifies how many sub-picture 

clock ticks to wait after removal from the CPB of the last decoding unit in the 

access unit associated with the most recent buffering period SET message in a 

preceding access unit before removing from the CPB the decoding unit 

associated with the sub-picture timing SEI message. This value is also used to 

calculate an earliest possible time of arrival of decoding unit data into the CPB 

for the HSS, as specified in Annex C. The syntax clement is represented by a 

fixed length code whose length in bits is given by 

cpb removaldelaylength__minus! + 1.  

NOTE -- The valie of cpb removal delay length minus that determines the 

length (in bits) of the syntax element du spt cpbremoval_delay minus I is 

the value of cpbremoval delaylength minus! coded in the video parameter 

set or the sequence parameter set that is active for the access unit containing 

the decoding unit associated with the sub-picture timing SEI message, 

although du sptcpbremovaldelay_minus I plus I specifies a number of 

sub-picture clock ticks relative to the removal time of the last decoding unit 

in the preceding access unit containing a buffering period SEI message, 

which may be an access unit of a different coded video sequence.
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[0189] Section E.2.2 of HEVC Working Draft 8 describes HR-D parameter semantics.  

In accordance with one or more techniques of this disclosure, section E.2.2 of HEVC 

Working Draft 8 may be changed as follows. Semantics for those syntax elements of 

HRD parameters not mentioned below may be the same as those in HEVC Working 

Draft 8.  

The hrdlparameters() svntax structure provides HRD parameters used in the 

H RD operations. When the hrdiparanieters() syntax structure is included in a 

video parameter set, the set of number of nuh-reserved _zero bits values 

included in the OpLaverIcSet of the operation points to vvhich the syntax 

structure applies is either specified by the corresponding 

operation-point-layer ids() syntax structure in the video parameter set or 

implicitly derived, as specified in subelause 7. 4.4. When the hrd _parameters( 

syntax structure is included in a sequence parameter set, the applicable 

operation points are all the operation points with OpLaverldSet containing only 

the value 0. Alternatively, when the hrdparameters() syntax structure is 

included in a sequence parameter set, the applicable operation points are all the 

operation points with OpLayerfdSet identical to TargetDecLayerIdSe.  

It is a requirement of bitstream coniformance thatfr all the hrdparameters( 

syntax structure in the coded video sequence (either in the video parameter set 

or the sequence parameter set), there shall not be more than one of them that 

applies to the same operation point. Alternatively, it is required that there shall 

not be more than one hrd parameters() syntax structure in a video parameter 

set that applies to the same operation point. Alternatively, it is required that a 

video parameter set shall not inclut/e a hrdparameters() syntax structure that 

applies to operation points with OpLaveridSet containing only the value 0.  

ducpb removal delaylengthminusi plus I specifies the length, in bits, of 

the du cpbremoval_delayminusI[ i I and 

du common epb removal delay minus 1 syntax elements of the picture timing 

SEI message.
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epb_removaldelay_length_minus1 plus I specifies the length, in bits, of the 

aucpb removaldelay_minusl syntax element in the picture timing SEI 

message and the du spt cph removal delay minusI synta element in the sub

picture timing SEI message. When the cpb removal delay length minus I 

syntax element is not present, it is inferred to be equal to 23.  

dpb_outputdelay_length minus plus I specifies the length, in bits, of the 

pic .. dpboutputdlay syntax element in the picture timing SEI message. When 

the dpboutputdelaylength_minus I syntax element is not present, it is inferred 

to be equal to 23.  

fixedpicrateflag[ i ] equal to I indicates that, when TargetDecHighestiid is 

equal to i., the temporal distance between the HRD output times of any two 

consecutive pictures in output order is constrained as follows.  

fixedjpicrate_flag[ i ] equal to 0 indicates that no such constraints apply to the 

temporal distance between the HRD output times of any two consecutive 

pictures in output order.  

When fixed_pic_ratefiag[ i is not present, it is inferred to be equal to 0.  

When TargetDecHighestTid is equal to i and fixed pic rate flag[ i ] is equal to 

I for a coded video sequence containing picture n, the value computed for 

At,,dpb( n ) as specified in Equation C-17 shall be equal to 

t,( pic duration in tcs minus I[ i ] + I ), wherein t. is as specified in Equation 

C-1 (using the value of to for the coded video sequence containing picture n) 

when one or more of the following conditions are true for the following picture 

nn that is specified for use in Equation C--I7: 

- picture nn is in the same coded video sequence as picture n.  

- picture nn is in a different coded video sequence and fixed_pic_rate_flag[ i 

is equal to I in the coded video sequence containing picture nn, the value of 

numunits in tick time scale is the same for both coded video sequences, 

and the value of pic duration in tcnminus IF i] is the same for both coded 

video sequences.  

pic_durationin_te_minusl[ i ] plus 1 specifies, when TargetDecHighestTid is 

equal to i, the temporal distance, in clock ticks., between the HPRD output times 

of any two consecutive pictures in output order in the coded video sequence. The
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value of pic duration in tc minusl[ i ] shall be in the range of 0 to 2047, 

inclusive.  

lowdelay hrd flag[ i ] specifies the HRD operational mode, when 

TargetDecHighesifid is equal to i, as specified in Annex C. When 

fixedjic rateflag[ i ] is equal to 1, low delay_hrdflag[ i ] shall be equal to 0.  

NOTE 3 - When low delay hrd_ flag[ i ] is equal to 1, "big pictures" that 

violate the nominal CPB removal times due to the number of bits used by an 

access unit are permitted. It is expected, but not required, that such "big 

pictures" occur only occasionally.  

epb_entminusl[ i ] plus I specifies the number of alternative CPB 

specifications in the bitstream of the coded video sequence when 

TargetDecHighestTid is equal to i. The value of cpb ent minus I[ i ] shall be in 

the range of 0 to 31, inclusive. When low---delayhrd_flag[ i - is equal to 1, 

epb_cnt_minus1[ i ] shall be equal to 0. When epb_cnt minus1[ i ] is not 

present, it is inferred to be equal to 0.  

[01901 As described elsewhere in this disclosure, in HEVC Working Draft 8, only the 

hrdparameters() syntax structures in a VPS may be selected for HRD operations while 

hrdparameters() syntax structures in an SPS are never selected. The changes shown 

above to the semantics of hrd parameters() syntax structure clarify that when the 

hrdparameters( ) syntax structure is included in a SPS, the operation points to which 

the hrd parameters() syntax structure is applicable may be all operation points with 

OpLayerldSet identical to TargetDecLayerldSet. As indicated above in the modified 

general decoding process, if an external means is available to set TargetDecLayeridSet, 

TargetDecLayerIdSet may be specified by an external means. Otherwise, if the 

decoding process is invoked in a bitstream conformance test, TargetDecLayerldSet may 

be the set of layer identifiers of an operation point under test. Otherwise, 

TargetDecLayerIdSet may contain only one layer identifier (i.e., only one value of 

nuh_reserved zero_6bits), which is equal to 0. In one example, the external means may 

be an API that is part of a terminal implementation and that provides a function to set
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the value of TargetDecLaveridSet. In this example, the terminal implementation may 

comprise a decoder implementation and certain functions that are not parts of the 

decoder implementation.  

10191] In this way, a device (such as video encoder 20, video decoder 30, additional 

device 21, or another device) may select, from among a set of HRD parameters in a 

video parameter set and a set of HR-D parameters in a SPS, a set of HRD parameters 

applicable to a particular operation point. In addition, the device may perform, based at 

least in part on the set of H1RD parameters applicable to the particular operation point, a 

bitstream conformance test that tests whether a bitstream subset associated with the 

particular operation point conforms to a video coding standard.  

10192] As indicated in above, section E.2.2 of HEVC Working Draft 8 may be modified 

to indicate that when the hrd parameters( svntax structure is included in a sequence 

parameter set, the applicable operation points are all the operation points with 

OpLayerIdSet identical to TargetDecLayerldSet. Furthermore, as described above, 

TargetDecLayeridSet is set to targetOpLayerldSet, which contains the set of values of 

nuhreserved zero_6bits present in the bitstream subset associated with TargetOp.  

TargetOp is the operation point under test in a, HRD operation. Furthermore, the HRD 

operations (e.g., a bitstream conformance test and a decoder conformance test) may 

invoke the general decoding process.  

[0193] As explained above, section 8. 1 of HEVC Working Draft 8 may be modified to 

provide that the sub--bitstream extraction process as specified in subclause 10.1 is 

applied with TargetDecHighestTid and TargetDecLayerIdSet as inputs and the output is 

assigned to a bitstream referred to as BitstreamToDecode. Hence, the only values of 

nuh reserved zero 6bits present in the BitstreamToDecode are the values of 

nuh-reserved-zero_6bits in TestDecLayerldSet (i.e., the set of values of 

nuhreservedzero_6bits present in the bitstream subset associated with TargetOp).  

Section 8.1 further explains that when interpreting the semantics of each syntax element 

in each NAL unit and "the bitstream" or part thereof (e.g., a coded video sequence) is 

involved, the bitstream or part thereof means BitstreamToDecode or part thereof 

[01941 Hence, when interpreting the section describing the semantics of H-RD 

parameters (e.g., section E.2.2 of HEVC Working Draft 8), the term "coded video 

sequence" means a part of the BitstreamToDecode. TargetDecLayerldSet is equivalent 

to the set of all the values of nuh reserved zero_6bits present in the
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BitstreanToDecode. It follows that the phrase in the section describing the semantics 

of HRD parameters "when the hrdparameters( ) syntax structure is included in a 

sequence parameter set, the applicable operation points are all the operation points with 

OpLayerldSet identical to TargetDecLayerldSet" is equivalent to "when the 

hrdparameters( ) syntax structure is included in a sequence parameter set, the 

applicable operation points are all the operation points with OpLayeridSet identical to 

the set of values of nuh.reserved-zero_6bits present in the BitstreamToDecode." 

[0195] Because a "coded video sequence" is a part of the BitstreaniToDecode, the set of 

nuhreserved zero_6bits present in the coded video sequence is a subset of the set of 

nuh reserved zero 6bits present in the BitstreamToDecode. Hence, the phrase "when 

the hrd parameters( ) syntax structure is included in a sequence parameter set, the 

applicable operation points are all the operation points with OpLayerldSet identical to 

the set of values of nuhreservedzero_6bits present in the BitstreanToDecode" 

necessarily entails "when the hrd parameters( ) syntax structure is included in a 

sequence paraimeter set, the applicable operation points are all the operation points with 

OpLayeridSet containing all values of nuhreservedzero_6bits present in the coded 

video sequence." In other words, if the set of nuh reserved-zero 6bits of an operation 

point is identical to the set of nuh reserved.zero_6bits present in the 

BitstreamnToDecode, then the set of nuh_reservedzero_6bits of the operation point 

necessarily contains all nuhreserved_zero_6bits values present in a coded video 

sequence of the BitstreamToDecode. In this phrase, "the coded video sequence" may 

refer to a coded video sequence associated with the particular SPS.  

[0196] When performing a HRD operation, the device may determine, from among the 

hrd parameters() syntax structures indicated in a VPS and a hrd parameters() syntax 

structure indicated in a SPS, a hrd parameters() syntax structure applicable to TargetOp.  

A particular hrdparaieters() syntax structure in the VPS is applicable to TargetOp if 

the layer id set of TargetOp matches a set of layer identifiers specified in the VPS for 

the particular hrd parameters() syntax structure. The hrdparameters() syntax structure 

in the SPS may be applicable to TargetOp if the layer id set of TargetOp (i.e., 

TargetDeclHighestTid) (i.e., the set of nuhreservedzero_6bits present in 

BitstreamToDecode) contains all nuh_reservedzero_6bits present in the coded video 

sequence of the SPS (which is a subset of the set of nuh reserved zero 6bits in 

BitstreamnToDecode). Because the set of nuh reserved zero_6bits of TargetOp may
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necessarily contain all nuhreserved-zero_6bits values present in the coded video 

sequence associated with the SPS, the hrdparateters() syntax structure in the SPS may 

always be applicable to TargetOp. However, not all SPS's have hrdparameters( 

syntax structures. If a SPS does have an hrd parameters() syntax structure and the set 

of nuhreservedzero_6bits present in BitstreamToDecode contains all 

nuhreservedzero_6bits present in the coded video sequence of the SPS, then the 

hrd parameters syntax structure of the SPS should be used. Because not all SPS's 

have hrdjparameters() syntax structures, the VPS may still be selected.  

[0197] Furthermore, as shown above in modifications to section E.2.2 of HEVC 

Working Draft 8, when a device performs a bitstream conformance test. the video 

decoder may determine that the bitstream does not conform to the video coding standard 

when, for all sets of HRD parameters in a coded video sequence, more than one set of 

HR-D parameters applies to the same operation point. In addition, when the device 

performs a bitstream conformance test, the video decoder may determine that the 

bitstream does not conform to the video coding standard when more than one set of 

HRD parameters in the VPS applies to the same operation point. Furthermore, when the 

device performs the bitstream decoding test, the device may determine that the bitstream 

does not conform to the video coding standard when the VPS includes a set of HRD 

parameters that applies to operation points having layer id sets containing only the value 

0.  

[01981 FIG. 3 is a block diagram illustrating an example video decoder 30 that is 

configured to implement the techniques of this disclosure. FIG. 3 is provided for 

purposes of explanation and is not limiting on the techniques as broadly exemplified 

and described in this disclosure. For purposes of explanation, this disclosure describes 

video decoder 30 in the context of H EVC coding. However, the techniques of this 

disclosure may be applicable to other coding standards or methods.  

[0199] In the example of FIG. 3, video decoder 30 includes an entropy decoding unit 

150, a prediction processing unit 152, an inverse quantization unit 154, an inverse 

transform processing unit 156, a reconstruction unit 158, a filter unit 160, and a decoded 

picture buffer 162. Prediction processing unit 152 includes a motion compensation unit 

164 and an intra-prediction processing unit 166. In other examples, video decoder 30 

may include more, fewer, or different functional components.
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[02001 A coded picture buffer (CPB) 151 may receive and store encoded video data 

(e.g., NAL units) of a bitstream. Entropy decoding unit 150 may receive NAL units 

from CPB 151 and parse the NAL units to decode syntax elements. Entropy decoding 

unit 150 may entropy decode entropy-encoded syntax elements in the NAL units.  

Prediction processing unit 152, inverse quantization unit 154, inverse transform 

processing unit 156, reconstruction unit 158, and filter unit 160 may generate decoded 

video data based on the syntax elements extracted from the bitstream.  

[02011 The NAL units of the bitstream may include coded slice NAL units. As part of 

decoding the bitstream, entropy decoding unit 150 may extract and entropy decode 

syntax elements from the coded slice NAL units. Each of the coded slices may include 

a slice header and slice data. The slice header may contain syntax elements pertaining 

to a slice. The syntax elements in the slice header may include a syntax element that 

identifies a PPS associated with a picture that contains the slice.  

[02021 In addition to decoding syntax elements from the bitstream, video decoder 30 

may perform a reconstruction operation on a non-partitioned CU. To perform the 

reconstruction operation on a non-partitioned CU, video decoder 30 may perform a 

reconstruction operation on each TU of the CU. By performing the reconstruction 

operation for each TU of the CU, video decoder 30 may reconstruct residual blocks of 

the CU.  

[0203] As part of performing a reconstruction operation on a TU of a CU, inverse 

quantization unit 154 may inverse quantize, i.e., de-quantize, coefficient blocks 

associated with the TU. Inverse quantization unit 154 may use a QP value associated 

with the CU of the TU to determine a degree of quantization and, likewise, a degree of 

inverse quantization for inverse quantization unit 154 to apply. That is, the compression 

ratio, i.e., the ratio of the number of bits used to represent original sequence and the 

compressed one, may be controlled by adjusting the value of the QP used when 

quantizing transform coefficients. The compression ratio may also depend on the 

method of entropy coding employed.  

[02041 After inverse quantization unit 154 inverse quantizes a coefficient block, inverse 

transform processing unit 156 may apply one or more inverse transforms to the 

coefficient block in order to generate a residual block associated with the TU. For 

example, inverse transform processing unit 156 may apply an inverse DCT., an inverse 

integer transform, an inverse Karhunen-Loeve transform (KLT), an inverse rotational
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transform, an inverse directional transform, or another inverse transform to the 

coefficient block.  

[0205] If a PU is encoded using intra prediction, intra-prediction processing unit 166 

may perform intra prediction to generate predictive blocks for the PT. Intra-prediction 

processing unit 166 may use an intra prediction mode to generate the predictive lurna, 

Cb and Cr blocks for the PU based on the prediction blocks of spatially-neighboring 

PUs. Intra-prediction processing unit 166 may determine the intra prediction mode for 

the PU based on one or more syntax elements decoded from the bitstream, 

[0206] Prediction processing unit 152 may construct a first reference picture list 

(RefPicList0) and a second reference picture list (RefPicListl) based on syntax elements 

extracted from the bitstream. Furthermore, if a PU is encoded using inter prediction, 

entropy decoding unit 150 may extract motion information for the PU. Motion 

compensation unit 164 may determine, based on the motion information of the PU, one 

or more reference regions for the PU. Motion compensation unit 164 may generate, 

based on samples blocks at the one or more reference blocks for the PU, predictive 

luma, Cb and Cr blocks for the PU.  

[0207] Reconstruction unit 158 may use the luma, Cb and Cr transform blocks 

associated with TUs of a CU and the predictive luma, Cb and Cr blocks of the PUs of 

the CU, i.e., either intra-prediction data or inter-prediction data, as applicable, to 

reconstruct the luma, Cb and Cr coding blocks of the CU. For example, reconstruction 

unit 158 may add samples of the luma, Cb and Cr transform blocks to corresponding 

samples of the predictive luma, Cb and Cr blocks to reconstruct the luma, Cb and Cr 

coding blocks of the CU.  

[0208] Filter unit 160 may perform a deblocking operation to reduce blocking artifacts 

associated with the luma, Cb and Cr coding blocks of the CU. Video decoder 30 may 

store the luma, Cb and Cr coding blocks of the CU in decoded picture buffer 162.  

Decoded picture buffer 162 may provide reference pictures for subsequent motion 

compensation, intra prediction, and presentation on a display device, such as display 

device 32 of FIG. 1. For instance, video decoder 30 may perform, based on the luma, 

Cb and Cr blocks in decoded picture buffer 162, intra prediction or inter prediction 

operations on PUs of other CUs. In this way, video decoder 30 may decode, from the 

bitstream, transform coefficient levels of the significant luma coefficient block, inverse 

quantize the transform coefficient levels, apply a transform to the transform coefficient
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levels to generate a transform block, generate, based at least in part on the transform 

block, a coding block, and output the coding block for display.  

[0209] FIG. 4 is a flowchart illustrating an example operation 200 of a device, in 

accordance with one or more techniques of this disclosure. Operation 200 may be 

performed by video encoder 20, video decoder 30, additional device 21, or another 

device. As illustrated in the example of FIG. 4, the device may select, from among a set 

of Hypothetical HIRD parameters (e.g., hrd parameters syntax structures) in a VPS and 

a set of HR-D parameters in a SPS, a set of HRD parameters applicable to a particular 

operation point of a bitstream (202). In addition, the device may perform, based at least 

in part on the set of HRD parameters applicable to the particular operation point, an 

HRD operation on a bitstream subset associated with the particular operation point 

(204). For example, the device may perform a bitstream conformance test or a decoder 

conformance test.  

[0210] FIG. 5 is a flowchart illustrating an example operation 250 of a device, in 

accordance with one or more techniques of this disclosure. Operation 200 may be 

performed by video encoder 20, video decoder 30, additional device 21, or another 

device. As illustrated in the example of FIG. 5, the device may perform a bitstream 

conformance test that determines whether a bitstream conforms to a video coding 

standard (252). The device may perform a decoding process as part of performing a 

bitstream conformance test (254).  

[0211] As illustrated in the example of FIG. 5, when performing the decoding process, 

the device may perform a bitstream extraction process to extract, from the bitstream, an 

operation point representation of an operation point defined by a target set of layer 

identifiers and a target highest temporal identifier (256). The target set of layer 

identifiers may contain values of layer identifier syntax elements present in the 

operation point representation. The target set of layer identifiers may be a subset of 

values of layer identifier syntax elements of the bitstream. The target highest temporal 

identifier may be equal to a greatest temporal identifier present in the operation point 

representation, the target highest temporal identifier being less than or equal to a 

greatest temporal identifier present in the bitstream. Furthermore, the device may 

decode NAL units of the operation point representation (258).  

[0212] FIG. 6 is a flowchart illustrating all example IRD operation 300 of a device, in 

accordance with one or more techniques of this disclosure. HRD operation 300 may be
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performed by video encoder 20, video decoder 30, additional device 21, or another 

device. Other devices may include a conformance bitstream checker that takes a 

bitstream as input, and outputs an indication of whether the input bitstream is a 

conforming bitstream or not. In some examples, -IRD operation 300 may determine 

conformance of a bitstream to a video coding standard. In other examples, HRD 

operation 300 may determine conformance of a decoder to a video coding standard. As 

part of performing HRD operation 300, the device may determine a highest temporal 

identifier of a bitstream-subset associated with a selected operation point of a bitstream 

(302). In addition, the device may determine, based on the highest temporal identifier, a 

particular syntax element from among an array of syntax elements (e.g., 

sps max num reorder pies[i], sps max deepic bufferingli], and cpb cnt minus 1 [i]) 

(304). The device may use the particular syntax element in the IRD operation (306).  

[0213] In one or more examples, the functions described may be implemented in 

hardware, software., firmware, or any combination thereof. If implemented in software, 

the functions may be stored on or transmitted over, as one or more instructions or code, 

a computer-readable medium and executed by a hardware-based processing unit.  

Computer-readable media may include computer-readable storage media, which 

corresponds to a tangible medium such as data storage media, or communication media 

including any medium that facilitates transfer of a computer program from one place to 

another, e.g., according to a communication protocol. In this manner, computer

readable media generally may correspond to (1) tangible computer-readable storage 

media which is non-transitory or (2) a communication medium such as a signal or 

carrier wave. Data storage media may be any available media that can be accessed by 

one or more computers or one or more processors to retrieve instructions, code and/or 

data structures for implementation of the techniques described in this disclosure. A 

computer program product may include a computer-readable medium.  

[0214] By way of example, and not limitation, such computer-readable storage media 

can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic 

disk storage, or other magnetic storage devices, flash memory, or any other medium that 

can be used to store desired program code in the form of instructions or data structures 

and that can be accessed by a computer. Also, any connection is properly termed a 

computer-readable medium. For example, if instructions are transmitted from a 

website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
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pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and 

microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless 

technologies such as infrared, radio, and microwave are included in the definition of 

medium. It should be understood, however, that computer-readable storage media and 

data storage media do not include connections, carrier waves, signals, or other transient 

media, but are instead directed to non-transient, tangible storage media. Disk and disc, 

as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc 

(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically, 

while discs reproduce data optically with lasers. Combinations of the above should also 

be included within the scope of computer-readable media.  

[0215] Instructions may be executed by one or more processors, such as one or more 

digital signal processors (DSPs), general purpose microprocessors, application specific 

integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other 

equivalent integrated or discrete logic circuitry. Accordingly, the term "processor," as 

used herein may refer to any of the foregoing structure or any other structure suitable for 

implementation of the techniques described herein. In addition, in some aspects, the 

functionality described herein may be provided within dedicated hardware and/or 

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

codec. Also, the techniques could be fully implemented in one or more circuits or logic 

elements.  

[0216] The techniques of this disclosure may be implemented in a wide variety of 

devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of 

ICs (e.g., a chip set). Various components, modules, or units are described in this 

disclosure to emphasize functional aspects of devices configured to perform the 

disclosed techniques, but do not necessarily require realization by different hardware 

units. Rather, as described above, various units may be combined in a codec hardware 

unit or provided by a collection of interoperative hardware units, including one or more 

processors as described above, in conjunction with suitable software and/or firmware.  

[0217] It will be understood that the term "comprise" and any of its derivatives (eg 

comprises, comprising) as used in this specification is to be taken to be inclusive of 

features to which it refers, and is not meant to exclude the presence of any additional 

features unless otherwise stated or implied.
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[0218] The reference to any prior art in this specification is not, and should not be taken 

as, an acknowledgement of any form of suggestion that such prior art forms part of the 

common general knowledge.  

[0219] Various examples have been described. These and other examples are within the 

scope of the following claims.
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Claims 

1. A method of processing video data, the method comprising: 

performing a decoding process that decodes encoded video data, the decoding process 

comprising: 

determining a target highest temporal identifier, wherein determining the target 

highest temporal identifier comprises: 

determining whether the target highest temporal identifier is specified by 

an external means; 

responsive to determining the target highest temporal identifier is not 

specified by any external means and responsive to determining the decoding 

process is invoked in a bitstream conformance test that determines whether a 

bitstream comprising the encoded video data conforms to a video coding 

standard: 

selecting an operation point under test, and 

setting the target highest temporal identifier equal to the greatest 

temporal identifier present in a sub-bitstream corresponding to the 

operation point under test, wherein the greatest temporal identifier present 

in the sub-bitstream is less than a greatest temporal identifier present in the 

bitstream; and 

otherwise, setting the target highest temporal identifier to a value of a 

syntax element specifying a maximum number of temporal sub-layers in the 

bitstream; 

performing a bitstream extraction process that derives a sub-bitstream, the 

bitstream extraction process comprising removing, from the bitstream, all Network 

Abstraction Layer (NAL) units with temporal identifiers greater than the target highest 

temporal identifier; and 

decoding NAL units of the sub-bitstream.  

2. The method of claim 1, wherein: 

the operation point is a first operation point,
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the method further comprises performing the decoding process a second time, when the 

decoding process is performed the second time, the decoding process is not performed as part of 

the bitstream conformance test, and 

performing the decoding process for the second time comprises: 

receiving, from the external source, a second target highest temporal identifier; 

performing the bitstream extraction process to derive a second sub-bitstream, the 

bitstream extraction process to derive the second sub-bitstream comprising removing, 

from the bitstream, all NAL units with temporal identifiers greater than the second target 

highest temporal identifier; and 

decoding NAL units of the second sub-bitstream.  

3. The method of claim 1, wherein: 

the operation point is a first operation point, 

the method further comprises performing the decoding process a second time, when the 

decoding process is performed the second time, the decoding process is not set by the external 

means and not performed as part of the bitstream conformance test, and 

performing the decoding process for the second time comprises: 

performing the bitstream extraction process to derive a second sub-bitstream, the 

bitstream extraction process to derive the second sub-bitstream comprising removing, 

from the bitstream, all NAL units with temporal identifiers greater than a second target 

highest temporal identifier, 

wherein 0 is the only value indicated by layer identifier syntax elements 

present in the second sub-bitstream, and 

wherein the second target highest temporal identifier is set to the value of 

the syntax element specifying the maximum number of temporal sub-layers; and 

decoding NAL units of the second sub-bitstream.  

4. The method of claim 1, wherein performing the bitstream conformance test comprises: 

selecting a set of hypothetical reference decoder (HRD) parameters applicable to the 

operation point under test; and
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using the selected set of HRD parameters to configure a HRD that performs the decoding 

process.  

5. The method of claim 4, 

wherein performing the decoding process further comprises decoding, from a sequence 

parameter set (SPS), an array of syntax elements, wherein each of the syntax elements in the 

array indicates a maximum required size of a decoded picture buffer (DPB) of the HRD; and 

wherein performing the bitstream conformance test comprises: 

determining, based on the target highest temporal identifier, a particular syntax 

element in the array; and 

determining that the bitstream is not in conformance with the video coding 

standard when a value indicated by the particular syntax element is greater than a 

maximum DPB size.  

6. The method of claim 4, 

wherein performing the decoding process comprises decoding, from a SPS, an array of 

syntax elements that each indicate a maximum required size of a DPB of the HRD; and 

wherein performing the bitstream conformance test comprises: 

determining, based on the target highest temporal identifier, a particular syntax 

element in the array; and 

performing a bumping process that empties one or more picture storage buffers of 

the DPB when a current picture is not an Instantaneous Decoding Refresh (IDR) picture 

or a Broken Link Access (BLA) picture and the number of pictures in the DPB marked as 

needed for output is greater than a value indicated by the particular syntax element.  

7. The method of claim 4, 

wherein performing the decoding process comprises decoding, from a SPS, an 

array of syntax elements that each indicate a maximum required size of a DPB of the 

HRD; and 

wherein performing the bitstream conformance test comprises: 

determining, based on the target highest temporal identifier, a particular
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syntax element in the array; and 

performing a bumping process that empties one or more picture storage 

buffers of the DPB when a current picture is not an IDR picture or a BLA picture 

and the number of pictures in the DPB is indicated by the particular syntax 

element.  

8. The method of claim 4, 

wherein performing the decoding process comprises decoding, from a SPS, an array of 

syntax elements that each indicate a maximum required size of a DPB of the HRD; 

wherein performing the bitstream conformance test comprises determining, based on the 

target highest temporal identifier, a particular syntax element in the array; and 

wherein a number of picture storage buffers in the DPB is indicated by the particular 

syntax element.  

9. The method of claim 4, 

wherein performing the decoding process comprises: 

decoding, from an SPS active for a current picture, a first array of syntax elements 

that each indicate a respective maximum required size of a DPB of the HRD; 

decoding, from an SPS active for a preceding picture, a second array of syntax 

elements that each indicate a respective maximum required size of the DPB of the HRD; 

determining, based on the target highest temporal identifier, a first syntax element 

in the first array; 

determining, based on the target highest temporal identifier, a second syntax 

element in the second array; and 

when the current picture is an IDR picture or a BLA picture and a value indicated 

by the first syntax element is different from a value indicated by the second syntax 

element, inferring a value of a third syntax element regardless of a value indicated by the 

third syntax element, wherein the third syntax element specifies how previously-decoded 

pictures in the DPB are treated after decoding of an IDR picture or BLA picture.  

10. The method of claim 4,
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wherein performing the decoding process comprises decoding a HRD parameters 

syntax structure that includes the selected set of HRD parameters, wherein the selected 

set of HRD parameters includes an array of syntax elements that each indicate a number 

of alternative coded picture buffer (CPB) specifications in the bitstream; and 

wherein performing the bitstream conformance test comprises: 

selecting, based on the target highest temporal identifier, a particular 

syntax element in the array; 

selecting a scheduler selection index in a range of 0 to a value indicated by 

the particular syntax element; and 

determining, based at least in part on the scheduler selection index, an 

initial CPB removal delay of a CPB of the HRD.  

11. The method of claim 4, 

wherein performing the decoding process further comprises decoding, from a SPS, an 

array of syntax elements, wherein each of the syntax elements in the array indicates a maximum 

required size of a DPB of the HRD; and 

wherein performing the bitstream conformance test comprises: 

determining, based on the target highest temporal identifier, a particular syntax 

element in the array; and 

determining, based at least in part on whether a number of decoded pictures in the 

DPB is less than or equal to the maximum of 0 and a value indicated by the particular 

syntax element minus 1, whether the bitstream conforms to the video coding standard.  

12. A device for processing video data, the device comprising: 

a storage medium configured to store encoded video data; and 

one or more processors configured to: 

perform a decoding process that decodes the encoded video data, wherein as part 

of performing the decoding process, the one or more processors being further configured 

to: 

determine a target highest temporal identifier, wherein, as part of 

determining the target highest temporal identifier, the one or more processors:
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determine whether the target highest temporal identifier is 

specified by an external means; 

responsive to determining the target highest temporal identifier is 

not specified by any external means and responsive to determining the 

decoding process is invoked in a bitstream conformance test that 

determines whether a bitstream comprising the encoded video data 

conforms to a video coding standard: 

select an operation point under test, and 

set the target highest temporal identifier equal to the 

greatest temporal identifier present in a sub-bitstream 

corresponding to the operation point under test, wherein the 

greatest temporal identifier present in the sub-bitstream is less than 

a greatest temporal identifier present in the bitstream, and 

otherwise, set the target highest temporal identifier to a value of a 

syntax element specifying a maximum number of temporal sub-layers in 

the bitstream; 

perform a bitstream extraction process that derives a sub-bitstream, the 

bitstream extraction process comprising removing, from the bitstream, all 

Network Abstraction Layer (NAL) units with temporal identifiers greater than the 

target highest temporal identifier; and 

decode NAL units of the sub-bitstream.  

13. The device of claim 12, wherein: 

the operation point is a first operation point, 

the one or more processors are configured to perform the decoding process a second time, 

when the decoding process is performed the second time, the decoding process is not 

performed as part of the bitstream conformance test, and 

the one or more processors are configured such that when the one or more processors 

perform the decoding process for the second time, the one or more processors: 

receive, from the external source, a second target highest temporal identifier; 

perform the bitstream extraction process to derive a second sub-bitstream, the
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bitstream extraction process to derive the second sub-bitstream comprising removing, 

from the bitstream, all NAL units with temporal identifiers greater than the second target 

highest temporal identifier; and 

decode NAL units of the second sub-bitstream.  

14. The device of claim 12, wherein: 

the operation point is a first operation point, 

the one or more processors are configured to perform the decoding process a second time, 

when the decoding process is performed the second time, the decoding process is not set 

by the external means and not performed as part of the bitstream conformance test, and 

the one or more processors are configured such that when the one or more processors 

perform the decoding process for the second time, the one or more processors: 

perform the bitstream extraction process to derive a second sub-bitstream, the 

bitstream extraction process to derive the second sub-bitstream comprising removing, 

from the bitstream, all NAL units with temporal identifiers greater than a second target 

highest temporal identifier, 

wherein 0 is the only value indicated by layer identifier syntax elements 

present in the second sub-bitstream, and 

wherein the second target highest temporal identifier is set to the value of 

the syntax element specifying the maximum number of temporal sub-layers; and 

decode NAL units of the second sub-bitstream.  

15. The device of claim 12, wherein the one or more processors are configured such that 

when the one or more processors perform the bitstream conformance test, the one or more 

processors: 

select a set of hypothetical reference decoder (HRD) parameters applicable to the 

operation point under test; and 

use the selected set of HRD parameters to configure a HRD that performs the decoding 

process.  

16. The device of claim 15,
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wherein the one or more processors are configured such that when the one or more 

processors perform the decoding process, the one or more processors decode, from a sequence 

parameter set (SPS), an array of syntax elements, wherein each of the syntax elements in the 

array indicates a maximum required size of a decoded picture buffer (DPB) of the HRD; and 

wherein when the one or more processors perform the bitstream conformance test, the 

one or more processors: 

determine, based on the target highest temporal identifier, a particular syntax 

element in the array; and 

determine that the bitstream is not in conformance with the video coding standard 

when a value indicated by the particular syntax element is greater than a maximum DPB 

size.  

17. The device of claim 15, 

wherein when the one or more processors perform the decoding process, the one or more 

processors decode, from a SPS, an array of syntax elements that each indicate a maximum 

required size of a DPB of the HRD; and 

wherein when the one or more processors perform the bitstream conformance test, the 

one or more processors: 

determine, based on the target highest temporal identifier, a particular syntax 

element in the array; and 

perform a bumping process that empties one or more picture storage buffers of the 

DPB when a current picture is not an Instantaneous Decoding Refresh (IDR) picture or a 

Broken Link Access (BLA) picture and the number of pictures in the DPB marked as 

needed for output is greater than a value indicated by the particular syntax element.  

18. The device of claim 15, wherein: 

wherein when the one or more processors perform the decoding process, the one 

or more processors decode, from a SPS, an array of syntax elements that each indicate a 

maximum required size of a DPB of the HRD; and 

wherein when the one or more processors perform the bitstream conformance test, 

the one or more processors:
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determine, based on the target highest temporal identifier, a particular 

syntax element in the array; and 

perform a bumping process that empties one or more picture storage 

buffers of the DPB when a current picture is not an IDR picture or a BLA picture 

and the number of pictures in the DPB is indicated by the particular syntax 

element.  

19. The device of claim 15, 

wherein when the one or more processors perform the decoding process, the one or more 

processors decode, from a SPS, an array of syntax elements that each indicate a maximum 

required size of a DPB of the HRD; 

wherein when the one or more processors perform the bitstream conformance test, the 

one or more processors determine, based on the target highest temporal identifier, a particular 

syntax element in the array; and 

wherein a number of picture storage buffers in the DPB is indicated by the particular 

syntax element.  

20. The device of claim 15, 

wherein when the one or more processors perform the decoding process, the one or more 

processors: 

decode, from an SPS active for a current picture, a first array of syntax elements 

that each indicate a respective maximum required size of a DPB of the HRD; 

decode, from an SPS active for a preceding picture, a second array of syntax 

elements that each indicate a respective maximum required size of the DPB of the HRD; 

determine, based on the target highest temporal identifier, a first syntax element in 

the first array; 

determine, based on the target highest temporal identifier, a second syntax 

element in the second array; and 

when the current picture is an IDR picture or a BLA picture and a value indicated 

by the first syntax element is different from a value indicated by the second syntax 

element, infer a value of a third syntax element regardless of a value indicated by the
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third syntax element, wherein the third syntax element specifies how previously-decoded 

pictures in the DPB are treated after decoding of an IDR picture or BLA picture.  

21. The device of claim 15, 

wherein when the one or more processors perform the decoding process, the one or more 

processors decode a HRD parameters syntax structure that includes the selected set of HRD 

parameters, wherein the selected set of HRD parameters includes an array of syntax elements 

that each indicate a number of alternative coded picture buffer (CPB) specifications in the 

bitstream; and 

wherein when the one or more processors perform the bitstream conformance test, the 

one or more processors: 

select, based on the target highest temporal identifier, a particular syntax element 

in the array; 

select a scheduler selection index in a range of 0 to a value indicated by the 

particular syntax element; and 

determine, based at least in part on the scheduler selection index, an initial CPB 

removal delay of a CPB of the HRD.  

22. The device of claim 15, 

wherein when the one or more processors perform the decoding process, the one or more 

processors decode, from a SPS, an array of syntax elements, wherein each of the syntax elements 

in the array indicates a maximum required size of a DPB of the HRD; and 

wherein when the one or more processors perform the bitstream conformance test, the 

one or more processors: 

determine, based on the target highest temporal identifier, a particular syntax 

element in the array; and 

determine, based at least in part on whether a number of decoded pictures in the 

DPB is less than or equal to the maximum of 0 and a value indicated by the particular 

syntax element minus 1, whether the bitstream conforms to the video coding standard.  

23. A device for processing video data, the device comprising:



115 

means for storing encoded video data; and 

means for performing a decoding process that decodes the encoded video data, wherein 

performing the decoding process comprises: 

determining a target highest temporal identifier, wherein determining the target 

highest temporal identifier comprises: 

determining whether the target highest temporal identifier is specified by 

an external means; 

responsive to determining the target highest temporal identifier is not 

specified by any external means and responsive to determining the decoding 

process is invoked in a bitstream conformance test that determines whether a 

bitstream comprising the encoded video data conforms to a video coding 

standard: 

selecting an operation point under test, and 

setting the target highest temporal identifier equal to the greatest 

temporal identifier present in a sub-bitstream corresponding to the 

operation point under test, wherein the greatest temporal identifier present 

in the sub-bitstream is less than a greatest temporal identifier present in the 

bitstream, and 

otherwise, setting the target highest temporal identifier to a value of a 

syntax element specifying a maximum number of temporal sub-layers in the 

bitstream; 

performing a bitstream extraction process that derives a sub-bitstream, the 

bitstream extraction process comprising removing, from the bitstream, all Network 

Abstraction Layer (NAL) units with temporal identifiers greater than the target highest 

temporal identifier; and 

decoding NAL units of the sub-bitstream.  

24. The device of claim 23, wherein performing the bitstream conformance test comprises: 

selecting a set of hypothetical reference decoder (HRD) parameters applicable to the 

operation point under test; and
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using the selected set of HRD parameters to configure a HRD that performs the decoding 

process.  

25. A computer-readable storage medium having instructions stored thereon that, when 

executed by one or more processors of a device, configure the device to: 

perform a decoding process that decodes encoded video data, wherein the instructions 

configuring the device to perform the decoding process comprise instructions that, when 

executed, configure the device to: 

determine a target highest temporal identifier, wherein the instructions 

configuring the device to determine the target highest temporal identifier comprise 

instructions that, when executed, configure the device to: 

determine whether the target highest temporal identifier is specified by an 

external means; 

responsive to determining the target highest temporal identifier is not 

specified by any external means and responsive to determining the decoding 

process is invoked in a bitstream conformance test that determines whether a 

bitstream comprising the encoded video data conforms to a video coding 

standard: 

select an operation point under test, and 

set the target highest temporal identifier equal to the greatest 

temporal identifier present in a sub-bitstream corresponding to the 

operation point under test, wherein the greatest temporal identifier present 

in the sub-bitstream is less than a greatest temporal identifier present in the 

bitstream, and 

otherwise, set the target highest temporal identifier to a value of a syntax 

element specifying a maximum number of temporal sub-layers in the bitstream; 

perform a bitstream extraction process that derives a sub-bitstream, the bitstream 

extraction process comprising removing, from the bitstream, all Network Abstraction 

Layer (NAL) units with temporal identifiers greater than the target highest temporal 

identifier; and 

decode NAL units of the sub-bitstream.
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26. The computer-readable storage medium of claim 25, wherein the instructions configure 

the device such that during the bitstream conformance test, the device: 

selects a set of hypothetical reference decoder (HRD) parameters applicable to the 

operation point under test; and 

uses the selected set of HRD parameters to configure a HRD that performs the decoding 

process.  

27: The device of claim 12, wherein the device comprises at least one of: 

an integrated circuit; 

a microprocessor; or 

a wireless communication device.  

28: The device of claim 12, further comprising a display configured to display decoded video 

data.  

29: The device of claim 12, further comprising a camera configured to capture video data.
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