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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical

commit

tees established by the respective organization to deal with particular fields of technical

activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international

organiz

ations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.
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Petails of any patent rights identified during the development of thedecument will be in th¢

htent declarations received (see https://patents.iec.ch).

e name used in this document is information given for the’conivenience of users and does no
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explanation of the voluntary nature of standards, the meaning of ISO specific terms ang
ions related to conformity assessment, as well as”information about ISO's adherence td
rld Trade Organization (WTO) principles inwtlié Technical Barriers to Trade (TBT) sedq

o.org/iso/foreword.html. In the IEC, see www.ec.ch/understanding-standards.
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cument was prepared by Joint Technical*Committee ISO/IEC JTC 1, Information technology
mittee SC 29, Coding of audio, picture,,multimedia and hypermedia information, in collaboratior
U-T Study Group 16 (as Rec. ITU-T H:266.1).

all parts in the ISO/IEC 23090 series can be found on the ISO and IEC websites.

dback or questions on thistdocument should be directed to the user’s national standards
A\ complete listing of-‘these bodies can be found at www.iso.org/members.html and
c.ch/national-committees.
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Information technology — Coded representation of
immersive media —

Scope

[his document specifies a set of tests and procedures designed to indicate swhether encoders or
Hecoders meet the requirements specified in Rec. ITU-T H.266 | ISO/IEC 230903:

2 Normative references

[he following documents are referred to in the text in such a way-that some or all of their [content
constitutes requirements of this document. For dated referenees, only the edition cited applies. For
indated references, the latest edition of the referenced documeit (including any amendments) applies.

Rec. ITU-T H.266:2020 | ISO/IEC 23090-3:2021, Information technology - Coded representqtion of
mmersive media- Part 3: Versatile video coding

Rec. ITU-T H.266.2 | ISO/IEC 23090-16, Information® technology - Coded representation of immersive
media - Part 16: Reference software for versatile video coding

B Terms and definitions

For the purposes of this document, theé-terms and definitions given in Rec. ITU-T H.266 | ISO/IEC 323090-3
hnd the following apply.

SO and IEC maintain terminelogy databases for use in standardization at the following addresges:

— [SO Online browsing-pldatform: available at https://www.iso.org/obp

— 1EC Electropedias.available at https://www.electropedia.org/

8.1

bitstream
bequence 0f7bits that conforms to specified syntax requirements or sequence of bits to be tested for
fonformance to such syntax requirements

B.2
lecoder
embodiment of a specified decoding process or process to be tested for conformance to such a decoding
process specification

3.3
encoder
embodiment of a process that produces a bitstream (3.1)

© ISO/IEC 2022 - All rights reserved 1
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3.4

reference software decoder

particular decoder (3.2) provided as a software package for use as an example available for study, as a
potential starting basis for the development of other decoders, as a way of testing bitstreams (3.1) for
conformance to a decoding process specification, or as a reference for comparison with the behaviour
of other decoders

3.5

reference software encoder

particu
potenti
the beh

4 Abbreviated terms

AMVP
CCLM
CIIP
CST
CTC
DCT
DMVR
DQ
DST
FTP
ISP
JCCR
MMVD
MPM
MRL
AMVP

CCLM

al CIlLUdCI (3.3} Pl UVidCd ddS> d bUftVVCll C }JGL}\GSC fUl usc dd5 dll CAallll)}C avai}qlﬁlc fUl otud_y, dd g
h| starting basis for the development of other encoders, or as a reference for comparison with
pviour of other encoders

Adaptive motion vector prediction
Cross-component linear model
Combined inter/intra prediction
Chroma separate tree

Common test conditions

Discrete cosine transform
Decoder-side motion vector refinement
Dependent quantization

Discrete sine transform

File transfer protocol

Intra subblock partitioning

Joint coding of chrorna residuals
Merge with.MVD

Most prebable mode

Multiple reference line

Adaptive motion vector prediction

Cross-component linear model

CIIP
CST
CTC
DCT
DMVR

DQ

Combined inter/intra prediction
Chroma separate tree

Common test conditions

Discrete cosine transform
Decoder-side motion vector refinement

Dependent quantization
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DST Discrete sine transform

FTP File transfer protocol

ISP Intra subblock partitioning

JCCR Joint coding of chroma residuals

MMVD Merge with MVD

MPM Most probable mode

MRL Multiple reference line

MVD Motion vector difference

NUT NAL unit type

PDPC Position-dependent (intra) prediction combination

PERP Padded equirectangular projection

RPR Reference picture resampling

SAD Sum of absolute differences

SBT Subblock transform

5CC Screen content coding

SbTMVP Subblock based temporal motioh vector prediction.

SMVD Symmetric MVD

TMVP Temporal motion vector prediction.

b Conventions

['he conventions in Clause 5 of Rec. ITU-T H.266:2020 | ISO/IEC 23090-3:2021 apply.
b Conformangee 'testing for ITU-T H.266 | ISO/IEC 23090-3
6.1 General

[he conformance testing data for Rec. ITU-T H.266 | ISO/IEC 23090-3 is found in the elgctronic
httachiment that can be obtained at the following location:
1ttps//standardsisoorgfiso-tec/236968/15/ted-teny

+

The following subclauses specify normative tests for verifying conformance of video bitstreams as
well as decoders. Those normative tests make use of test data (bitstream test suites) provided as an
electronic attachment to this document and the reference software decoder specified in Rec. ITU-T
H.266.2 | ISO/IEC 23090-16.

6.2 Bitstream conformance

Bitstream conformance for Rec. ITU-T H.266 | ISO/IEC 23090-3 is specified by clause C.4 of Rec. ITU-T
H.266:2020 | ISO/IEC 23090-3:2021.

© ISO/IEC 2022 - All rights reserved 3
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6.3 Decoder conformance

Decoder conformance for Rec. ITU-T H.266 | ISO/IEC 23090-3 is specified by clause C.5 of Rec. ITU-T
H.266:2020 | ISO/IEC 23090-3:2021.

6.4 Procedure to test bitstreams

A bitstream that is claimed to conform to Rec. ITU-T H.266 | ISO/IEC 23090-3 shall pass the following
normative test. This test should not be applied to bitstreams that are known to contain errors introduced
by tranfmission, as such errors are highly likely to result in bitstreams that [ack conformance to Rec
ITU-T H.266 | ISO/IEC 23090-3.

The bitlstream under test shall be decoded by processing it with the reference software detodej
idd in Rec. ITU-T H.266.2 | ISO/IEC 23090-16. When processed by the reference softwate-decoder
the bitgtream shall not cause any error or non-conformance messages to be reported by the reference
softwafe decoder. When the bitstream under test contains decoded picture hash SEI messages, the hash
values gignalled in the decoded picture hash SEI messages in the bitstream shall mateh-those calculated
by the ileference software decoder.

Succesdfully passing this test provides only a strong presumption that the bitstream under test does
indeed meet all the requirements specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 that are tested by thd
referenfe software decoder.

Additiopal tests may be necessary to more thoroughly check that/the bitstream properly meets al
the requirements specified in Rec. ITU-T H.266 | ISO/IEC 23090:3, including hypothetical referencsg
decoder (HRD) conformance (based on Annexes C and D). Such.complementary tests may be performed
using other video bitstream verifiers that perform more complete tests than those implemented by thg
referenge software decoder.

-T H.266 | ISO/IEC 23090-3 contains sevetal informative recommendations that are nof
ral part of that Recommendation | Interfnational Standard. When testing a bitstream foj
ance, it may also be useful to test whether or not the bitstream follows those recommendations

the correctness of a bitstream, it jstnecessary to parse the entire bitstream and to extract al
ax elements and other values derjved from those syntactic elements and used by the decoding
procesq specified in Rec. ITU-T H.266 | ISO/IEC 23090-3.

A bitstifeam verifier may not necéssarily perform all stages of the decoding process specified in Rec
ITU-T H.266 | ISO/IEC 23090-3 in order to verify bitstream correctness. Many tests can be performed
on syntpx elements in a staté prior to their use in some processing stages.

6.5 Procedure to test decoder conformance

6.5.1 |Conformance bitstreams

A bitstfeam ‘that conforms to Rec. ITU-T H.266 | ISO/IEC 23090-3 has values of general_profile_idc
general| tier"flag, and general_level_idc corresponding to a set of specified constraints on a bitstrean
fOI‘ Whl 11 d dCLUdCl LUIlfUl lllillg tU d LUllprUlldillg bpcl,il[it:d P1 Ufi}t:, ticl, dlld lcvcl ib lCLiLlil Ud il

Annex A of Rec. ITU-T H.266:2020 | ISO/IEC 23090-3:2021 to properly perform the decoding process.

6.5.2 Contents of the bitstream file

The associated conformance testing bitstreams are included with this document as an electronic
attachment. The following information is included in a single zipped file for each such bitstream.

— *Dbit - bitstream (provided for all bitstreams)
— *txt - description (provided for all bitstreams)

— *yuv.md5 - MD5 checksum of the complete decoded yuv file (provided for all bitstreams)

4 © ISO/IEC 2022 - All rights reserved
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— *.md5 - MD5 checksum of the bitstream file (provided for all bitstreams)

— *.opl - output picture log (provided for all bitstreams)

— *.cfg - config file used to generate bitstream with VTM encoder software (not provided for all

bitstreams, not applicable if a VTM encoder release version was not used)

6.5.3 Requirements on output of the decoding process and timing

Twoclasses of decoder conformance are. cpnr‘ifinr]-

— output order conformance; and
— output timing conformance.

[he output of the decoding process is specified in clause 8 and Annex C of Reci JTU-T H.266
SO/IEC 23090-3:2021.

For output order conformance, it is a requirement that all of the cropped decoded pictures spec
putput in Annex C of Rec. ITU-T H.266:2020 | ISO/IEC 23090-3:2021 skall"be output by a conf
lecoder in the specified order and that the values of the decoded-samples of the cropped d
pictures that are output shall be (exactly equal to) the values specified in clause 8 of Reg
H.266:2020 | ISO/IEC 23090-3:2021.

For output timing conformance, it is a requirement that a‘eonforming decoder shall also ouf]

ISO/IEC 23090-3:2021.

['he display process, which ordinarily follows the output of the decoding process, is outside the {
this document.

b.5.4 Static tests for output order conformance

btatic tests of a video decoder require-testing of the samples of the cropped decoded pictui
hire output from the decoder, and.can*be accomplished when the decoded samples at the outpy
lecoding process are available.(t)may not be possible to perform this type of test with a pro
Hecoder (due to the lack of anappropriate accessible interface in the design at which to perform t

pbhase. Static tests are uged-for testing the decoding process.

[he pictures that are/output by the decoder under test are checked to ensure that the fo
requirements are-fulfilled:

— The cropped decoded pictures that are output by the decoder under test shall correspond
that areroutput by the reference software decoder.

order as those that are output by the reference software decoder.

12020 |

fied for
orming
ecoded
. ITU-T

put the

cropped decoded pictures at the picture rates and times,specified in Annex C of Rec. ITU-T H.266:2020

cope of

‘es that
t of the
duction
he test).

n such a case this test shofild be performed by the manufacturer during the design and development

llowing

o those

— The.cropped decoded pictures that are output by the decoder under test shall be output in the same

—  The values of the samples of the cropped decoded pictures that are output by the decoder un
shall be identical to those that are output by the reference software decoder.

To assist with the checking of the decoding process and the cropped decoded pictures, hash va

der test

lues for

the cropped decoded pictures that are output by conforming decoders are provided in a corresponding
output picture log file for each test bitstream that is used in the specified conformance tests, and most
of these test bitstreams also contain decoded picture hash SEI messages that may be used for checking

the results of the decoding process of the decoder under test.
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6.5.5 Dynamic tests for output timing conformance

Dynamic tests are applied to check that all the decoded samples of the cropped decoded pictures are
output and that the timing of the output of the decoder's decoded samples conforms to the specifications
of Clause 8 and Annex C of Rec. ITU-T H.266:2020 | ISO/IEC 23090-3:2021, and to verify that the
decoder under test can operate according to bitstream flow characteristics prescribed by the specified
HRD models (as specified by the CPB and DPB specification in Annex C of Rec. ITU-T H.266:2020 |
[SO/IEC 23090-3:2021) when the bits of the bitstream are delivered at the proper rate.

The dy amic test is often easier to pnrfnrm on a r‘nmp]nfn r‘nr‘r\r‘ing cycfnm’ which may include 2

system$ decoder, a video decoder and a display process. It may be possible to record the output of thg
display[process and to check that display order and timing of the cropped decoded pictures are corréc
at the qutput of the display process. However, since the display process is not within the normativg
scope df Rec. ITU-T H.266 | ISO/IEC 23090-3, there may be cases where the output of the’display
procesd differs in timing or value even though the video decoder is conforming. In this case;the outpu
of the vlideo decoder itself (before the display process) would need to be captured in erder to performn
the dynlamic tests on the video decoder. In particular the output order and timing of the output of the
croppedl decoded pictures shall be correct.

If buffering period and picture timing SEI messages are included in the test bitstream, HRD conformance
shall bg verified using the values of nal_initial_cpb_removal_delay, nal_initial_cpb_removal_offset, au|
cpb_reroval_delay_minus1 and pic_dpb_output_delay that are included in the bitstream.

If buffering period and picture timing SEI messages are not included in the bitstream, the following
inferenges shall be made to generate the missing parameters:

— fix¢d_pic_rate_general_flag[ i ] shall be inferred to be equalto 1.
— low _delay_hrd_flag[ i ] shall be inferred to be equal £te!0.
— cbr] flag[ subLayerld ][ j ] shall be inferred to be equal to 0.

— The frame rate of the bitstream shall be inferred to be equal to the frame rate value specified in the
.txt file for the bitstream. If this is missing;then a frame rate of either 25 or 30000 + 1001 can be
inferred.

— Th¢ bitrate of the bitstream shall be inferred to be equal to the maximum value for the level specified
in Table 136 in Rec. ITU-T H.2663:2020 | ISO/IEC 23090-3:2021.

— CPB and DPB sizes shall be inferred to be equal to the maximum value for the level specified iy
Tahle 135 in Rec. ITU-T H.266:2020 | ISO/IEC 23090-3:2021.

With thle above inferences, the HRD shall be operated as follows:

— The¢ CPB is filled Starting at time t = 0, until it is full, before removal of the first access unit. This
mepns that the'bp_nal_initial_cpb_removal_delay[i][j] shall be inferred to be equal to the total CPH
bu:fer size-divided by the bit rate divided by 90000 (rounded downwards) and bp_vcl_initial_cpb|
removal \offset[ i ][ j ] shall be inferred to be equal to zero.

Théfirst H— d ot £ PR N AT | 1o L dolo s 1r -7 .
I ISt AdLiTOSS UIINIU IS5 TUITNIUVEU 4dt UIIIIT U — UlJ_llCll_llllLlﬂl_\-lJU_l ClllUVﬂl_uClﬂyL I JI_J J .

subsequent access units are removed at intervals based on the picture distance.

— Using these inferences with the accompanying bitstreams, the CPB will not overflow or underflow
and the DPB will not overflow.

6.5.6 Decoder conformance test for a particular profile, tier, and level

In order for a decoder for a particular profile, tier, and level to claim output order conformance to
Rec. ITU-T H.266 | ISO/IEC 23090-3, the decoder shall successfully pass the static test specified in
Clause 6.5.4 with all the bitstreams of the normative test suite specified for testing decoders of this
particular profile, tier, and level combination.

6 © ISO/IEC 2022 - All rights reserved
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In order for a decoder of a particular profile, tier, and level to claim output timing conformance to Rec.
ITU-T H.266 | ISO/IEC 23090-3, the decoder shall successfully pass both the static test specified in
clause 6.5.4 and the dynamic test specified in Clause 6.5.5 with all the bitstreams of the normative test
suite specified for testing decoders of this particular profile, tier, and level.

Tables 1 through 10 specify the normative test suites. The profile, tier, and level combinations are
described in the tables or in the .txt file associated with the bitstream.

6.6 Specification of the test bitstreams

b.6.1 General

bome characteristics of each bitstream listed in Table 1 are specified in this clause.

b.6.2 Test bitstreams - Coding tools for Main 10 profile with 4:2:0 chromaformat and 1( bit
Hepth

6.6.2.1 Chroma separate tree (CST)

b.6.2.1.1 Test bitstream CST_A

bpecification: All pictures are coded in I slices with CST enabled. CST is tested with all possijle luma
hind chroma block sizes, and luma-chroma block size combinations (e.g., luma block size is larggr than,
pqual to, or smaller than the corresponding chroma blocksize).

Functional stage: Reconstruction process.

Purpose: Check that the decoder can properly decode slices with CST enabled.
b.6.2.2 Dependent quantization (DQ)

b.6.2.2.1 Test bitstream DQ_A
bpecification: The bitstream consists of three CVSs, with the following properties:

— The first CVS uses dependent quantization for all pictures, all non-related features (inter tog¢ls, ALF,
...) are disabled, and MTS and LFNST are disabled.

— The second CVS-rses dependent quantization for all pictures, all non-related features (intg¢r tools,
ALF, ..) are disabled, and MTS (for intra) and LENST are enabled.

— The third/€VS exercises a picture-level selection between dependent quantization, sign datq hiding,
and standard quantization, all non-related features (inter tools, ALF, ...) are disabled, and M TS (for
intraJand LFNST are enabled.

Fuhctional stage: Dependent quantization.

Purpose: Check that the decoder can properly decode slices with DQ enabled.

6.6.2.2.2 Test bitstream DQ_B

Specification: The bitstream consists of three CVSs of resolution 1920 x 1080, with the following
properties:

— The first CVS uses dependent quantization for all pictures, all non-related features (inter tools, ALF,
...) are disabled, and MTS and LFNST are disabled.

— The second CVS uses dependent quantization for all pictures, all non-related features (inter tools,
ALF, ..) are disabled, and MTS (for intra) and LFNST are enabled.

© ISO/IEC 2022 - All rights reserved 7
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— The third CVS exercises a picture-level selection between dependent quantization, sign data hiding,
and standard quantization, all non-related features (inter tools, ALF, ...) are disabled, and MTS (for
intra) and LFNST are enabled.

Functional stage: Dependent quantization.

Purpose: Check that the decoder can properly decode slices with DQ enabled.

6.6.2.3 Cross-component linear model (CCLM)

6.6.2.3/1 Test bitstream CCLM_A

Specififation: The bitstream exercises corner cases for coding structures using CCLM (with thg
following properties:

— POCO0: Chroma CU size is 64x64.

— POC1: First split of CU is horizontal, i.e. CU size is 64x32.

— POC2: First split of CU is quad, i.e. CU size is 32x32.

— POC3: First and second split of CU are horizontal and vertical, respectively.

— POC(4: First split of CU is vertical or ternary, i.e. none of condition is’satisfied for CCLM.
— POC5: CU size is 64x64 and ISP is enabled.

— POC6: First luma split is something else than quad.

Functignal stage: Intra prediction.

Purpoge: Check that the decoder can properly decode slices with CCLM enabled.
6.6.2.4| Multiple transform set (MTS)

6.6.2.4{1 Testbitstream MTS_A
Specifiration: The bitstream exereises the following transform features:
— 1st|part

— | Explicit intra MTS70n and explicit inter MTS off with low frequency non-separable transforni
(LFNST) disabled.

— | Include all-fést cases for ISP, MIP, luma tree, and CST.

— | Includeall candidates of explicit MTS, i.e. DCT2-DCTZ2, DST7-DST7, DCT8-DST7, DST7-DCT8, and
DGT8-DCTS.

Includaall naccibhla hlacl cigac and nartitianc vwhara A1l MTS camhinatinne can ]’\'\Y\Y\OY\

HHeHaeatt P oo oTorC oot oAt ot pot cIcroTIo vy T T O o /1 T o CoTora tr oo Catr o p poiT

— 2nd part
— Implicit MTS on and explicit inter MTS off with LENST disabled.
— Include all test cases for ISP, MIP, luma tree, and CST.

— Include all possible block sizes and partitions (especially for ISP) for all allowable MTS
combinations.

Functional stage: Transform.

Purpose: Check that the decoder can properly decode slices with MTS enabled.
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6.6.2.4.2 Test bitstream MTS_B

Specification: The bitstream exercises the following transform features:

1st part

Explicit intra MTS on and explicit inter MTS off with LENST disabled.

Include all test cases for SBT, single tree and TU-tiling based on maximum transform size (64).

2nd part

3rd part

4th part

Functional stage: Transform.

Purpose: Chegk that the decoder can properly decode slices with MTS enabled.
b.6.2.5 S Adaptive loop filter (ALF)

b,6.2.5.1 Test bitstream ALF_A

frctudeattcamdidatesof expticit MT

and DCT8-DCTS8.

S1e; DE

/-DCT8,

Include all possible block sizes and partitions (especially for SBT) where all MTS combinations

can happen.

Implicit intra MTS on and explicit inter MTS off with LENST disabled.

Include all test cases for SBT, single tree, and TU-tiling based o\haximum transform si

ze (64).

Include all possible block sizes and partitions (especially for,SBT) where all MTS combinations

can happen.

Implicit MTS on and explicit inter MTS off with.LENST disabled.

Include all test cases for SBT and single tree.

Include all possible block sizes and partitions (especially for SBT) where all MTS combinations

can happen.

Explicit intra MTS on and.eXplicit inter MTS on with LENST disabled.

Include all test cases for SBT and single tree.

Include all possible)block sizes and partitions (especially for SBT) where all MTS combinations

can happen.

Specification: This bitstream uses both ALF and virtual boundary, as follows:

— Applies ALF virtual boundary (VB) at non-CTC CTU sizes (CTU size of 64 is used).

Positions luma VB at 4 lines (Pos : 60) and chroma VB at 2 lines (Pos : 62) above the CTU height.

Functional stage: Adaptive loop filter.

Purpose: Check that the decoder can properly decode slices with ALF enabled.
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6.6.2.5.2 Test bitstream ALF_B
Specification: This bitstream uses both ALF and virtual boundary, as follows:

— Applies ALF virtual boundary (VB) to sequences whose picture heightis 1 CTU (CTU size of 128 is
used as per CTC).

— Positions luma VB at 4 lines (Pos : 124) and chroma VB at 2 lines (Pos : 62) above the CTU height.

Functional stage: Adaptive loop filter.

Purpoge: Check that the decoder can properly decode slices with ALF enabled.

6.6.2.5/3 Test bitstream ALF_C
Specifiration: Bitstream exercises clipping values of non-linear ALF.
Functignal stage: Adaptive loop filter.

Purpoge: Check that the decoder can properly decode slices with ALF enabled.

6.6.2.5{4 Test bitstream ALF_D
Specification: Bitstream uses multiple ALF APSs with LMCS enabled.
Functignal stage: Adaptive loop filter.

Purpoge: Check that the decoder can properly decode slices with ALF enabled.
6.6.2.6( Affine motion model (AFF)

6.6.2.6/1 Test bitstream AFF_A

Specifiration: The bitstream enables 6-parameter affine mode by SPS flag. All allowed blocks sizes
of Affirle merge mode are exercised multiple times. All allowed blocks sizes of Affine AMVP mode
includipg 4-parameter and 6-parameter” Affine mode, are exercised multiple times. All allowed
candiddtes for Affine merge mode, including two inherited candidates, four 6-parameter constructed
candiddtes, two 4-parameter censtructed candidates, and zero padding candidate are exercised
multiplg times. Inheritance of affiie model from top CTU are exercised multiple times. Fallback modg
for affi:[e memory bandwidthrestriction is triggered multiple times.

Functignal stage: Affine-niode inter prediction.

Purpoge: Check thatilie decoder can properly decode slices with affine mode enabled.

6.6.2.6J2 Test:bitstream AFF_B

Specifipation: The bitstream uses affine mode, with 6-parameter affine mode disabled by SPS flag
All allowed-bloeks—sizes—of-Affire-merge-mode-are-exercised-multiple-times—AH-aHeowed-bloekssizes
of 4-parameter Affine AMVP mode are exercised multiple times. All allowed candidates for Affine
merge mode, including two inherited candidates, two 4-parameter constructed candidates, and zero
padding candidate are exercised multiple times. Inheritance of affine model from top CTU are exercised
multiple times. Fallback mode for affine memory bandwidth restriction is triggered multiple times.
All allowed blocks sizes of Affine merge mode are exercised multiple times. All allowed blocks sizes of
4-parameter Affine AMVP mode are exercised multiple times. All allowed candidates for Affine merge
mode, including two inherited candidates, two 4-parameter constructed candidates, and zero padding
candidate are exercised multiple times. Inheritance of affine model from top CTU are exercised multiple
times. Fallback mode for affine memory bandwidth restriction is triggered multiple times.

Functional stage: Affine mode inter prediction.
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Purpose: Check that the decoder can properly decode slices with affine mode enabled.

6.6.2.7 Subblock-based temporal merging candidates (SbTMVP)

6.6.2.7.1 Test bitstream SbTMVP_A

Specification: The bitstream uses SbTMVP when affine is disabled.

Functional stage: Inter prediction process.

Purpose: Check that the decoder can properly decode PUs with SbTMVP on and affine off.

b.6.2.7.2 Test bitstream S TMVP_B
bpecification: This bitstream disables SbTMVP.
Functional stage: Inter prediction process.

Purpose: Check that the decoder can properly decode PUs with SbTMVP off.
h.6.2.8 Adaptive motion vector resolution (AMVR)

6.6.2.8.1 Test bitstream AMVR_A

bpecification: The bitstream exercises translational @nd affine AMVR with different setf
represents a concatenation of 5 CVSs with the followingproperties:

The first CVS exercises translational AMVR with amvr_precision_idx equal to 1 (i.e., 1 luma
motion vector resolution).

The second CVS exercises translationalPAMVR with amvr_precision_idx equal to 2 (i.e.,
samples motion vector resolution),

The third CVS exercises translational AMVR with amvr_precision_idx equal to 0 (i.e., 1

ings. It

sample

4 luma

2 luma

sample motion vector resolttion). This implies application of the Switchable Interpolation Filter

(SIF).

The fourth CVS exercises affine AMVR with amvr_precision_idx equal to 0 (i.e., 1/16 luma
motion vector resolution).

The fifth CVS exércises affine AMVR with amvr_precision_idx equal to 1 (i.e., 1 luma sample|
vector resolufion).

Functional-stage: Inter prediction.

Purpose: Check that the decoder can properly decode bitstreams with AMVR enabled.

.6,2.8.2 Test bitstream AMVR_B

sample

motion

Specification: The bitstream exercises AMVR. It cycles frame-by-frame between the following variants:

Translational AMVR with amvr_precision_idx equal to 1 (i.e., 1 luma sample motion
resolution).

Translational AMVR with amvr_precision_idx equal to 2 (i.e, 4 luma samples motion
resolution).

vector

vector

Translational AMVR with amvr_precision_idx equal to 0 (i.e.,, 1/2 luma sample motion vector

resolution), this implies application of the Switchable Interpolation Filter (SIF).

Affine AMVR with amvr_precision_idx equal to 0 (i.e., 1/16 luma sample motion vector resolution).

© ISO/IEC 2022 - All rights reserved
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— Affine AMVR with amvr_precision_idx equal to 1 (i.e., 1 luma sample motion vector resolution).
Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode bitstreams with AMVR enabled.
6.6.2.9 Bi-directional optical flow (BDOF)

6.6.2.9.1 Test bitstream BDOF_A

Specification: Bitstream exercises all possible implicit BDOF on/off conditions and subblock usages.
Functignal stage: Inter prediction process.

Purpoge: Check that the decoder can properly decode CUs with BDOF enabled.
6.6.2.1) Combined intra/inter prediction (CIIP)

6.6.2.10.1 Test bitstream CIIP_A

Specification: The bitstream exercises all possible inter direction, block Sizes, and combining weightg
for CIIP

Functignal stage: Inter prediction process.

Purpoge: Check that the decoder can properly decode CUs with CIIP enabled.
6.6.2.11 Merge with MVD (MMVD)

6.6.2.11.1 Test bitstream MMVD_A
Specifipation: The bitstream uses MMVD with(@ifferent numbers of MMVD distance entries.
Functignal stage: Inter prediction process.

Purpoge: Check that the decoder can properly decode bitstreams with merge with MMVD enabled.
6.6.2.12 Bi-predictive with CU weights (BCW)

6.6.2.12.1 Test bitstreamBCW_A
Specifiration: The bitstream exercises all possible combining weights for BCW.
Functignal stage; Inter prediction process.

Purpoge: Check that the decoder can properly decode CUs with BCW enabled.

6.6.2.13 Multi-reference line prediction (MRLP])

6.6.2.13.1 Test bitstream MRLP_A

Specification: The bitstream contains all possible combinations of extended intra reference lines for
luma indicated by intra_luma_ref_idx = {1, 2} and most probable modes except the DC, indicated by
intra_luma_mpm_idx ={0, 1, 2, 3, 4}. For the CUs at the top border of a CTU, extended references lines
are not used in the MRL index is not present in the bitstream. All CTC tools are enabled.

Functional stage: Intra prediction and mode signalling processes.
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Purpose: Test all combinations of reference line indices and associated MPM signalling with all tools

on.

6.6.2.13.2 Test bitstream MRLP_B

Specification: The bitstream contains all possible combinations of extended intra reference lines
for luma indicated by intra_luma_ref_idx = {1, 2} and most probable modes except the DC, indicated
by intra_luma_mpm_idx = {0, 1, 2, 3, 4}. For the CUs at the top border of a CTU, extended references
lines are not used in the MRL index is not present in the bitstream. The following prediction modes

nave been disabled: Intra: ISP and MIF, Inter: 55T, MMVD, Attine, SubPuMvp, IMV, BCW, BIO, LI
DisFracMMVD, AffineAmvr, DMVR, SMVD, and PROF.

Functional stage: Intra prediction and mode signalling processes.

Purpose: Test all combinations of reference line indices and associated MPM signalling with
ntra and inter tools turned off.

b.6.2.14 Intra block copy mode (IBC)

6.6.2.14.1 Test bitstream IBC_A
bpecification: This bitstream exercises general IBC features, mérge, skip and AMVP modes.
Functional stage: Intra prediction.

Purpose: Check that the decoder can properly decode-bitstreams with IBC enabled.

6.6.2.14.2 Test bitstream IBC_B

bpecification: This bitstream exercises general IBC features, merge, skip and AMVP modes, {
bredictor size equal to 1 (MaxNumIBCMergeCand=1).

Functional stage: Intra prediction.

Purpose: Check that the decoder-can properly decode bitstreams with IBC enabled.

6.6.2.14.3 Test bitstreamIBC_C

bpecification: This bitstream exercises general IBC features, merge, skip and AMVP modes, wi
[ree disabled (DualTree=0).

Functional stage:Intra prediction.

Purpose: Check that the decoder can properly decode bitstreams with IBC enabled.

6.6.2:14.4 Test bitstream IBC_D

P, GPM,

specific

with BV

th Dual

PDE ifi d
disabled.
Functional stage: Intra prediction.

Purpose: Check that the decoder can properly decode bitstreams with IBC enabled.

6.6.2.14.5 Test bitstream IBC_E
Specification: This bitstream exercises general IBC blocks with all possible block sizes.

Functional stage: Intra prediction.

© ISO/IEC 2022 - All rights reserved
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Purpose: Check that the decoder can properly decode bitstreams with IBC enabled.
6.6.2.15 Intra sub-partitioning (ISP)

6.6.2.15.1 Test bitstream ISP_A

Specification: The bitstream contains various combinations of block sizes, ISP split types, intra modes
and LFNST indices. It uses an Al configuration and 34 frames with QP 28.

Functignal stage: Intra prediction.

Purpoge: Check that the decoder can properly decode bitstreams with ISP enabled.

6.6.2.15.2 Test bitstream ISP_B

Specifipation: The bitstream contains various combinations of block sizes, ISP split types, intra modej
and LFINST indices. It uses a RA configuration and 161 frames with QP 34.

Functignal stage: Intra prediction.

Purpoge: Check that the decoder can properly decode bitstreams with ISP-enabled.
6.6.2.16 Decoder motion vector refinement (DMVR)

6.6.2.16.1 Test bitstream DMVR_A

Specififation: This bitstream exercises DMVR with the following features:

— Alljallowed blocks sizes of DMVR are exercised multiple times.

— Motion vector wraparound is enabled where DMVR uses wrapped around reference samples.

— BCW and explicit weighted biprediction is"turned on for luma and chroma components, to tes
dispbling of DMVR.

— Alljinteger delta motion vector combinations are exercised multiple times.
— Allffractional delta MV are exéxcised multiple times.
Functignal stage: Inter prediction.

Purpoge: Check that the:decoder can properly decode bitstreams with DMVR enabled.

6.6.2.16.2 Test bitstream DMVR_B

Specification: Fhis bitstream exercises DMVR with corner cases of SAD variations.

FunctiTnal stage: Inter prediction process.

Purpose: Check that the decoder can properly decode bitstreams with DMVR enabled.
6.6.2.17 Sub-block transform (SBT)

6.6.2.17.1 Test bitstream SBT_A

Specification: The bitstream exercises SVT with all allowed blocks sizes exercised multiple times (at
least once for each SBT mode for each allowed CU size).

Functional stage: Transform process.
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Purpose: Check that the decoder can properly decode bitstreams with DMVR enabled.
6.6.2.18 Luma mapping with chroma scaling (LMCS)

6.6.2.18.1 Test bitstream LMCS_A

Specification: This bitstream tests control of LMCS at the slice level, with the picture split into 4 tiles

and 4 rectangular slices.

unctional stage: In-loop filter process.

Purpose: Check that the decoder can properly decode bitstreams with LMCS enabled.

b.6.2.18.2 Test bitstream LMCS_B

bpecification: This bitstream tests control of LMCS at the slice level, with.the picture spli
rectangular slices, 12 tiles and 2 subpictures.

Functional stage: In-loop filter.

Purpose: Check that the decoder can properly decode bitstreams with' LMCS enabled.

b.6.2.18.3 Test bitstream LMCS_C

bpecification: This bitstream tests control of EMES for the entire CVS accord
NoLmcsConstraintFlag.

Functional stage: In-loop filter.

Purpose: Check that the decoder can properly.decode bitstreams with LMCS enabled.
b.6.2.19 Sign data hiding (SDH)

6.6.2.19.1 Test bitstream SDH_A
bpecification: This bitstream tests SDH on/off control at picture level.
Functional stage: In-loep-filter.

Purpose: Check that'the decoder can properly decode bitstreams with LMCS enabled.
b.6.2.20 Symimetric motion vector difference (SMVD)

6.6.2.20¢1) Test bitstream SMVD_A

bpecification: This bitstream exercises all allowed blocks sizes of SMVD mode multiple times.

[ into 8

ing to

43 1l ak Lok P
Ul tivlid1l DI—“SC. T PITuUuIttivllL.

Purpose: Check that the decoder can properly decode bitstreams with SMVD enabled.
6.6.2.21 Block-based delta pulse code modulation (BDPCM)

6.6.2.21.1 Test bitstream BDPCM_A

Specification: This bitstream exercises BDPCM-coded block of each possible block size, in both luma

and chroma.

Functional stage: Intra coding.

© ISO/IEC 2022 - All rights reserved
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Purpose: Check that the decoder can properly decode bitstreams with BDPCM enabled.
6.6.2.22 Matrix based intra prediction (MIP)

6.6.2.22.1 Test bitstream MIP_A

Specification: This bitstream exercises MIP in different combinations with other tools. The bitstream
consists of three CVSs with the following properties:

— Firgt CVS: Foreach M, Nin {4, 8, 16, 32, 64}, the bitstream contains an MxN-luma-intra-block in which
thelintra-prediction signal is generated by a mip-mode and in which intra_mip_transposed_flag i3
falge and it contains an MxN-luma-intra-block in which the intra-prediction signal is generated by
a njip-mode and in which intra_mip_transposed_flag is true. For each mip-matrix occurring'in the
spdc, the bitstream contains a luma-intra-block in which the intra-prediction signal is generated by
a nlip-mode that uses this mip-matrix.

— Sedond CVS: MIP is enabled, MTS and intra tools LFNST, ISP, MRL are disabled. Each slice is an intra
slide.

— Third CVS: MIP is enabled, all other intra tools are enabled. Each slice is.an intra slice.
Functignal stage: Intra coding.

Purpoge: Check that the decoder can properly decode bitstreams with MIP enabled.

6.6.2.22.2 Test bitstream MIP_B
Specification: This bitstream exercises MIP with all other,CTC tools enabled.
Functignal stage: Intra coding.

Purpoge: Check that the decoder can properly decode bitstreams with MIP enabled.
6.6.2.23 Low frequency non-separable transform (LFNST)

6.6.2.2B.1 Test bitstream LFNST_A

Specification: This bitstream exercises LENST with MTS disabled, as follows:

— Include all test cases forr]SP, MIP, luma tree, and CST with LENST.

— Incjude all sets and'candidates of LFNST, i.e. 4 sets and 2 candidates per set.

— Incjude all possible block sizes and partitions (especially for ISP) where LFNST can be applied.
Functignal stage: Transform.

Purpoge:-Check that the decoder can properly decode bitstreams with LENST enabled.

6.6.2.23.2 Test bitstream LFNST_B

Specification: This bitstream exercises LENST with MTS disabled, as follows:
— Include all test cases for single tree with LFNST.

— Include all sets and candidates of LENST, i.e. 4 sets and 2 candidates per set.
— Include all possible block sizes where LENST can be applied.

Functional stage: Transform.
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Purpose: Check that the decoder can properly decode bitstreams with LFNST enabled.

6.6.2.23.3 Test bitstream LFNST_C

Specification: This bitstream exercises LFNST and its signalling in different combination with other

tools. The bitstream consists of four CVSs with the following properties:

— The first CVS enables LENST and explicit MTS; ISP and MIP are enabled.

____Thesecond CVS enables LENST and nvp]ir‘if MTQ; ISP and MIP are disabled

— The third CVS enables LFNST and explicit MTS; ISP is enabled and MIP is disabled.
— The fourth CVS enables LENST and explicit MTS; ISP is disabled and MIP is enabled:
Functional stage: Transform.

Purpose: Check that the decoder can properly decode bitstreams with LENST enabled.

H.6.2.23.4 Test bitstream LFNST_D

bpecification: This bitstream exercises LENST and its signallingdn-different combination wit
fools. The bitstream consists of four CVSs with the following praperties:

— The first CVS enables LENST and explicit MTS; ISP and VP are enabled.

— The second CVS enables LENST and explicit MTS; ISPand MIP are disabled.

— The third CVS enables LFNST and explicit MTS;.ISP is enabled and MIP is disabled.
— The fourth CVS enables LFNST and explicit MFTS; ISP is disabled and MIP is enabled.
Functional stage: Transform.

Purpose: Check that the decoder can properly decode bitstreams with LFNST enabled.

b.6.2.24 Transform tool set (MTS_LFNST)

6.6.2.24.1 Test bitstream MTS_LFNST_A

bpecification: This bitstream exercises various types of enabling of MTS and LFNST. The bit
Consists of five partSwith the following properties:

— 1stpart
— Explicit intra MTS on and explicit inter MTS off (CTC).

~—~Include all test cases for ISP, MIP, luma tree, and CST.

h other

stream

and DCT8-DCTS.
— Include all sets and candidates of LENST, i.e., 4 sets and 2 candidates per set.

— Include all possible block sizes and partitions (especially for ISP) where all combinations
and LFNST can happen.

— 2nd part

— Explicit intra MTS on and explicit inter MTS off with maximum transform size set to 32.

— Include all candidates of explicit MTS, i.e., DCT2-DCT2, DST7-DST7, DCT8-DST7, DSTY-DCTS,

of MTS

— Include all test cases for ISP, MIP, luma tree, CST, and TU-tiling based on maximum transform

size (32).
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— Include all candidates of explicit MTS, i.e., DCT2-DCT2, DST7-DST7, DCT8-DST7, DST7-DCTS,
and DCT8-DCTS.

— Include all sets and candidates of LENST, i.e., 4 sets and 2 candidates per set.

— Include all possible block sizes and partitions (especially for ISP) where all combinations of MTS
and LFNST can happen.

— 3rd part

— | Implicit MTS on and explicit inter M'TS off.
— | Include all test cases for ISP, MIP, luma tree, and CST.

— | Include all candidates of explicit MTS, i.e., DCT2-DCT2, DST7-DST7, DCT8-DST7, DST7-DCT8
and DCT8-DCTS.

— | Include all sets and candidates of LFNST, i.e., 4 sets and 2 candidates per set.

— | Include all possible block sizes and partitions (especially for ISP) where all combinations of MTS
and LFNST can happen.

— 4thpart
— | Implicit MTS on and explicit inter MTS on.
— | Include all test cases for ISP, MIP, luma tree, and CST.

— | Include all candidates of explicit MTS, i.e., DCT2-DCT2, DST7-DST7, DCT8-DST7, DST7-DCT8
and DCT8-DCTS8.

— | Include all sets and candidates of LENST, i.e., 4 séts and 2 candidates per set.

— | Include all possible block sizes and partitiaons (especially for ISP) where all combinations of MTS
and LFNST can happen.

— 5th{part
— | Explicit MTS on and explicitinter MTS on.
— | Include all test cases for ISP, MIP, luma tree, and CST.

— | Include all candidate$ of explicit MTS, i.e., DCT2-DCT2, DST7-DST7, DCT8-DST7, DST7-DCT8
and DCT8-DCTS8,

— | Include all sets/and candidates of LENST, i.e., 4 sets and 2 candidates per set.

— | Include@lpossible block sizes and partitions (especially for ISP) where all combinations of MT}
and LENST can happen.

Functitrnal stage: Transform.

Purpose: Check that the decoder can properly decode bitstreams with MTS and LFNST enabled.

6.6.2.24.2 Test bitstream MTS_LFNST_B

Specification: This bitstream exercises various types of enabling of MTS and LFNST. The bitstream
consists of five parts with the following properties:

— 1stpart
— Explicit intra MTS on and explicit inter MTS off (CTC).

— Include all test cases for SBT, single tree, and TU-tiling based on maximum transform size (64).
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Include all candidates of explicit MTS, i.e., DCT2-DCT2, DST7-DST7, DCT8-DST7, DST7-DCTS,
and DCT8-DCTS.

Include all sets and candidates of LFNST, i.e., 4 sets and 2 candidates per set.

Include all possible block sizes and partitions (especially for SBT) where all combinations of
MTS and LENST can happen.

— 2nd part

— 3rd part

—  4th part

<~ 5th part

kxplicitintra M'T5 on and explicit inter M'TS off with maximum transform size set to a2
Include all test cases for SBT, single tree, and TU-tiling based on maximum transférni size (32).

Include all candidates of explicit MTS, i.e.,, DCT2-DCT2, DST7-DST7, DCT8-BST7, DSTY-DCTS8,
and DCT8-DCTS.

Include all sets and candidates of LFNST, i.e., 4 sets and 2 candidates per-5et.

Include all possible block sizes and partitions (especially for SBT)ywhere all combinations of
MTS and LENST can happen.

Implicit MTS on and explicit inter MTS off.
Include all test cases for SBT, single tree and TU:tiling based on maximum transform sige (64).

Include all candidates of explicit MTS, i.e.,, DET2-DCT2, DST7-DST7, DCT8-DST7, DSTY-DCTS,
and DCT8-DCTS8.

Include all sets and candidates of LENST;,i.e., 4 sets and 2 candidates per set.

Include all possible block sizes and*partitions (especially for SBT) where all combinations of
MTS and LFENST can happen.

Implicit MTS on and explicit inter MTS on.
Include all test cases for SBT, single tree and TU-tiling based on maximum transform sige (64).

Include all candidates of explicit MTS, i.e.,, DCT2-DCT2, DST7-DST7, DCT8-DST7, DSTY-DCTS,
and DCT8-DCTS.

Include,all sets and candidates of LFNST, i.e., 4 sets and 2 candidates per set.

Include all possible block sizes and partitions (especially for ISP) where all combinationg of MTS
and LFNST can happen.

Explicit MTS on and explicit inter MTS on.
Include all test cases for SBT, single tree and TU-tiling based on maximum transform size (64).

Include all candidates of explicit MTS, i.e., DCT2-DCT2, DST7-DST7, DCT8-DST7, DST7-DCTS,
and DCT8-DCTS.

Include all sets and candidates of LENST, i.e., 4 sets and 2 candidates per set.

Include all possible block sizes and partitions (especially for SBT) where all combinations of
MTS and LENST can happen.
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Functional stage: Transform.

Purpose: Check that the decoder can properly decode bitstreams with MTS and LFNST enabled.

6.6.2.25 Joint coding of chroma residuals (JCCR)

6.6.2.25.1 Test bitstream JCCR_A

Specification: Bitstream exercises all possible JCCR modes. In addition, different combinations for

values
bitstred

Functignal stage: TU reconstruction.

Purpog
offsets

6.6.2.2

Specifi
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bitstred

Functignal stage: TU reconstruction.

Purpos
offsets
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Functignal stage: TU reconstruction.

Purpog

6.6.2.2

Specifi

of ph_joint_cbcr_sign_flag and sh_joint_cbcr_gqp_offset syntax elements are included in thd
m. Coded video contains three frames at resolution of 416x240.

e: Check that the decoder can properly decode TUs with different JCCR modes, différént JCCR QF
hnd different JCCR signs.

b.2 Test bitstream JCCR_B

cation: Bitstream exercises all possible JCCR modes. In addition, different combinations foj
of ph_joint_cbcr_sign_flag and sh_joint_cbcr_gp_offset syntax eleménts are included in thg
m. Coded video contains three frames at resolution of 1920x1080.

e: Check that the decoder can properly decode TUs with different JCCR modes, different JCCR QF
hnd different JCCR signs.

b.3 Test bitstream JCCR_C

cation: This bitstream exercises joint chrgma residual coding in combination with other tools
stream consists of two CVSs with the following properties:

b first CVS uses a random selection of the jointCbCr sign flag, forces the usage of all possibld
1tCbCr modes, non-related features-(inter tools, ALF, ...) are disabled, MTS, LENST, LMCS, and D
disabled.

e first CVS uses a random $election of the jointCbCr sign flag, forces the usage of all possiblg
tCbCr modes, non-related features (inter tools, ALF, ...) are disabled, MTS (for intra), LFNST
CS, and DQ are enabled.

e: Check thatthe decoder can properly decode TUs with different JCCR modes.

5.4 Test bitstream JCCR_D

cation: This bitstream exercises joint chroma residual coding in combination with other tools

The bitstream consists of two CVSs with the following properties:

— The first CVS uses a random selection of the jointCbCr sign flag, forces the usage of all possible
jointCbCr modes, non-related features (inter tools, ALF, ...) are disabled, MTS, LFNST, LMCS, and DQ

are

disabled.

— The first CVS uses a random selection of the jointCbCr sign flag, forces the usage of all possible
jointCbCr modes, non-related features (inter tools, ALF, ...) are disabled, MTS (for intra), LFNST,

LM

CS, and DQ are enabled.

Functional stage: TU reconstruction.

Purpose: Check that the decoder can properly decode TUs with different JCCR modes.

20
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6.6.2.25.5 Test bitstream JCCR_E

Specification: Bitstream exercises all possible JCCR modes. In addition, different combinations for
values of ph_joint_cbcr_sign_flag and sh_joint_cbcr_gp_offset syntax elements are included in the
bitstream. Coded video contains three frames at resolution of 416x240.

Functional stage: TU reconstruction.

Purpose: Check that the decoder can properly decode TUs with different JCCR modes, different JCCR QP
offsets and different JCCR signs.

6.6.2.25.6 Test bitstream JCCR_F

bpecification: Bitstream exercises all possible JCCR modes. In addition, different,combinations for
palues of ph_joint_cbcr_sign_flag and sh_joint_cbcr_gp_offset syntax elements are ‘included in the
bitstream. Coded video contains three frames at resolution of 1920x1080.

Functional stage: TU reconstruction.

Purpose: Check that the decoder can properly decode TUs with differentJCCR modes, different JCCR QP
pffsets and different JCCR signs.

b.6.2.26 Temporal motion vector predictor (TMVP)

6.6.2.26.1 Test bitstream TMVP_A

bpecification: Bitstream disables TMVP. Uses scaled)'ParkRunning3’ test sequence with QP|32 and
random access configuration.

Functional stage: Motion vector prediction.

Purpose: Check that the decoder can properly decode bitstreams with temporal motion| vector
brediction enabled and disabled.

b.6.2.26.2 Test bitstream TMVP_B

bpecification: Bitstream enables TMVP. Uses scaled 'ParkRunning3’ test sequence with QP|32 and
random access configuration.

Functional stage: Motion vector prediction.

Purpose: CheclkCthat the decoder can properly decode bitstreams with temporal motion| vector
prediction endbled and disabled.

6.6.2.26.3) Test bitstream TMVP_C

pbpecification: Bitstream disables TMVP. Uses scaled 'ParkRunning3’ test sequence with QP 32 and low
jelay configuration.

Functional stage: Motion vector prediction.

Purpose: Check that the decoder can properly decode bitstreams with temporal motion vector
prediction enabled and disabled.

6.6.2.26.4 Test bitstream TMVP_D

Specification: Bitstream enables TMVP. Uses scaled 'ParkRunning3’ test sequence with QP 32 and low
delay configuration.

Functional stage: Motion vector prediction.
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Purpose: Check that the decoder can properly decode bitstreams with temporal motion vector
prediction enabled and disabled.

6.6.2.27 Motion vector compression (MVCOMP)

6.6.2.27.1 Test bitstream MVCOMP_A

Specification: This bitstream includes large motion vectors that are stored in the temporal motion
vector buffer and that are later retrieved for motion vector prediction.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode bitstreams with large motion vectors.
6.6.2.28 Sampled adaptive offset (SAO)

6.6.2.28.1 Test bitstream SAO_A
Specification: This bitstream uses SAO with ALF and CCALF disabled.
Functignal stage: In-loop filter.

Purpoge: Check that the decoder can properly decode bitstreaims with various in-loop filtel
combinptions.

6.6.2.28.2 Test bitstream SAO_B
Specification: This bitstream uses SAO with LMCS disabléd.
Functi¢nal stage: In-loop filter.

Purpoge: Check that the decoder can properly decode bitstreams with various in-loop filtel
combinptions.

6.6.2.28.3 Test bitstream SAO_C
Specififation: This bitstream uses'SAO with ALF, CCALF, and LMCS disabled.
Functignal stage: In-loop filter:

Purpoge: Check that the“decoder can properly decode bitstreams with various in-loop filtel
combinptions.

6.6.2.29 Prediction refinement using optical flow (PROF)

6.6.2.29.1~<Test bitstream PROF_A

Specification: This bitstream contains pictures with high rotation motion.
Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode bitstreams with PROF enabled.

6.6.2.29.2 Test bitstream PROF_B
Specification: The bitstream contains pictures with high zoom and rotation motion.
Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode bitstreams with PROF enabled.
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6.6.2.30 Deblocking (DEBLOCKING)

6.6.2.30.1 Test bitstream DEBLOCKING_A

Specification: This bitstream has luma deblocking filters of lengths (7,7), (7,5), (5,7), (7.3), (3,7), (5,5),
(5,3) and (3,5).

Functional stage: In-loop filter.
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b.6.2.30.2 Test bitstream DEBLOCKING_B
bpecification: This bitstream has luma deblocking filters of lengths (3,3) and (1,3).
Functional stage: In-loop filter.

Purpose: Check that the decoder can properly decode bitstreams with deblddking filter enabled.

b.6.2.30.3 Test bitstream DEBLOCKING_C

bpecification: This bitstream tests that luma deblocking is performed on a 4 x 4 deblocking grid and
ensures that constrained weak filter (1 + 1) is applied when one of the blocks sharing the edge has size
<=4 samples in the direction of deblocking.

Functional stage: In-loop filter.

Purpose: Check that the decoder can properly decodebitstreams with deblocking filter enabled.

6.6.2.30.4 Test bitstream DEBLOCKING_E

bpecification: Bitstream exercises all lumaand chroma deblocking lengths for deblocking of trgnsform
hnd prediction block and sub-block boundaries.

Functional stage: In-loop filter.

Purpose: Check that the deceder can properly decode bitstreams with deblocking filter enabled.

b.6.2.30.5 Test bitstream DEBLOCKING_F

bpecification: Bitstream exercises deblocking control features luma adaptive deblocking and|control
bf beta and tc for“both luma and chroma.

Functional stage: In-loop filter.

Purpose:Check that the decoder can properly decode bitstreams with deblocking filter enabled.

b6:2.31 Weighted prediction (WP)

6.6.2.31.1 Test bitstream WP_A

Specification: The bitstream was encoded in random access configuration. The content has fading to
black. WP have been disabled for pictures with Tid equal to 2.

Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode bitstreams with weighted prediction enabled.
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6.6.2.31.2 Test bitstream WP_B

Specification: The bitstream was encoded in low-delay configuration. The content has flashing and
fading.

Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode bitstreams with weighted prediction enabled.

6.6.2.32Parallel merge (PMERGE)

6.6.2.32.1 Test bitstream PMERGE_A

Specification: This bitstream exercises the sps_log2_parallel_merge_level_minus2 equals\te’ 1 with
luma CTB size 128x128.

Functi¢nal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode bitstream with parallel mérge control.

6.6.2.32.2 Test bitstream PMERGE_B

Specifiration: This bitstream exercises the sps_log2_parallel_merge-level_minus2 equals to 2 with
luma CTB size 128x128.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode bitstream with parallel merge control.

6.6.2.32.3 Test bitstream PMERGE_C

Specifipation: This bitstream exercises the sps=log2_parallel_merge_level_minus2 equals to 3 with
luma CTB size 128x128.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode bitstream with parallel merge control.

6.6.2.32.4 Test bitstream PMERGE_D

Specififation: This bitstrfeam exercises the sps_log2_parallel_merge_level minus2 equals to 4 with
luma CTB size 128x128¢

Functignal stage: Inter prediction.

Purpoge: Checkthat the decoder can properly decode bitstream with parallel merge control.

6.6.2.325+ Test bitstream PMERGE_E

Specification: This bitstream exercises the sps_log2_parallel_merge_level minus2 equals to 5 with
luma CTB size 128x128.

Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode bitstream with parallel merge control.
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6.6.2.33 Intra prediction (IP)

6.6.2.33.1 Test bitstream IP_A
Specification: The bitstream exercises luminance intra prediction modes.
Functional stage: Intra sample prediction.

Purpose: Test intra sample reconstruction process.

b.6.2.33.2 Test bitstream IP_B
bpecification: Bitstream exercises all the intra prediction modes.
Functional stage: Intra sample prediction.

Purpose: Test intra sample reconstruction process, especially wide angle modgs’in non-square|blocks.
6.6.2.34 Luma intra prediction mode (MPM)

b.6.2.34.1 Test bitstream MPM_A

bpecification: This bitstream contains MPM candidate for all the sizes of the blocks, i.e. all Wx|H-sized
[Us, where both W and H are equal to one of the following~alues: {4, 8, 16 or 32}. All intra coding tools
except MIP are enabled.

Functional stage: Intra prediction.

Purpose: Check that the decoder can properly décode all MPM modes.
6.6.2.35 CTU sizes (CTU, CU)

6.6.2.35.1 Test bitstream CTU_A
bpecification: Bitstream exercises all possible CU sizes when maximum CTU size is set to 128x[128.
Functional stage: Partitioding.

Purpose: Check that a decoder can parse and reconstruct correctly when maximum CTU size s set to
1 28x128.

b.6.2.35.2 Test bitstream CTU_B
bpecification: Bitstream exercises all possible CU sizes when maximum CTU size is set to 64x6f.

Functional stage: Partitioning.

Purpose: Check that a decoder can parse and reconstruct correctly when maximum CTU size |s set to
64x64.

6.6.2.35.3 Test bitstream CTU_C
Specification: Bitstream exercises all possible CU sizes when maximum CTU size is set to 32x32.
Functional stage: Test the parsing and reconstruction of slices.

Purpose: Check that a decoder can parse and reconstruct correctly when maximum CTU size is set to
32x32.
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6.6.2.36 Trees and partitioning (TREE, QTBTT)

6.6.2.36.1 Test bitstream TREE_A
Specification: This bitstream exercises a range of tree size and depths for CTUSize=32.
Functional stage: Partitioning.

Purpose: Check that the decoder can properly decode all partitioning modes.

6.6.2.36.2 Test bitstream TREE_B
Specifipation: This bitstream exercises a range of tree size and depths for CTUSize=64.
Functignal stage: Partitioning.

Purpoge: Check that the decoder can properly decode all partitioning modes.

6.6.2.36.3 Test bitstream TREE_C
Specifiration: This bitstream exercises a range of tree size and depths for €TUSize=128.
Functi¢nal stage: Partitioning.

Purpoge: Check that the decoder can properly decode all partitiomnitig modes.

6.6.2.3p.4 Test bitstream QTBTT_A
Specifiration: Bitstream exercises all possible range of\€U’sizes and depths for QTBTT partitions.
Functignal stage: Test the parsing and reconstruction of slices.

Purpoge: Check that a decoder can parse and xeconstruct correctly for all exercise range of CU sizes
and degth for QTBTT partitions.

6.6.2.37 Boundary partition (BOUNDARY)

6.6.2.37.1 Test bitstream BOUNDARY_A

Specififation: This bitstream’tests boundary handling on specific resolution with WidthxHeight
where Width = 256+8%*n, Héight = 256 + 8*m, m and n belong to {0...15}. QT depths for boundary blocks
are seldcted as {1, 2, 3,4 with POC = {1, 2, 3, 4}, respectively.

Functignal stagesPartitioning.

Purpoge: Cheek'that the decoder can properly decode all partitioning modes.

6.6.2.38 “Transform (TRANS)

6.6.2.38.1 Test bitstream TRANS_A
Specification: The bitstream has size 64 transform off, LENST off, and DepQuant off for All Intra.
Functional stage: Transform.

Purpose: Check that the decoder can properly decode all transform modes.

6.6.2.38.2 Test bitstream TRANS_B

Specification: The bitstream has size 64 transform on, LFNST off, and DepQuant off for All Intra.
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Functional stage: Transform.

Purpose: Check that the decoder can properly decode all transform modes.

6.6.2.38.3 Test bitstream TRANS_C
Specification: The bitstream has size 64 transform off, LFNST off, and DepQuant off for random access.

Functional stage: Transform.

Purpose: Check that the decoder can properly decode all transform modes.

b.6.2.38.4 Test bitstream TRANS_D
bpecification: The bitstream has size 64 transform on, LENST off, and DepQuant off for random access.
Functional stage: Transform.

Purpose: Check that the decoder can properly decode all transform modes.
6.6.2.39 Quantization (QUANT)

6.6.2.39.1 Test bitstream QUANT_A
bpecification: This bitstream tests CU level QP adaptation:
Functional stage: Quantization.

Purpose: Check that the decoder can properly decode all quantization modes.

b.6.2.39.2 Test bitstream QUANT_B
bpecification: This bitstream tests CUxdevel QP adaptation.
Functional stage: Quantization,

Purpose: Check that the deceder can properly decode all quantization modes.

6.6.2.39.3 Test bitstream QUANT_C
bpecification: This-bitstream uses low QP with transform skip, so that deblocking filtering not jused.
Functional stage: Quantization, In-loop filtering.

Purpose:-Check that the decoder can properly decode all quantization modes.

6.6.2.39.4 Test bitstream QUANT_D

-
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Functional stage: Quantization, In-loop filtering.

Purpose: Check that the decoder can properly decode all quantization modes.

6.6.2.39.5 Test bitstream QUANT_E

Specification: The bitstream use of local chroma QP offsets. It signals a PPS chroma QP offset list of
maximal size, making use of maximal QP offset range.

Functional stage: Quantization.
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Purpose: Check that the decoder can parse and use local chroma QP offsets.
6.6.2.40 Scaling list (SCALING)

6.6.2.40.1 Test bitstream SCALING_A

Specification: Bitstream uses scaling list in monochrome mode. Composed of 2 concatenated streams.
The first one sets scaling lists every 8 frames, the second one sets scaling lists based on temporal ID.

Functignal stage: Inverse quantization.

Purpoge: Check that decoder can parse and use scaling list quantization matrices.

6.6.2.40.2 Test bitstream SCALING_B

Specififation: The bitstream uses quantization matrices in colour mode for LFNST blocks. Composed
of 2 conpcatenated streams. The first one sets scaling lists every 8 frames, the secand-one sets scaling
lists baged on temporal ID with sps_scaling_matrix_for_lfnst_disabled_flag OFF.

Functi¢nal stage: Inverse quantization.

Purpoge: Check that decoder can parse and use scaling list quantization mdtrices.

6.6.2.40.3 Test bitstream SCALING_C

Specification: The bitstream sses scaling lists, reuses apsld,$ets scaling lists ON and OFF. Uses slices
varying the scaling list enable flag in slice header.

Functi¢nal stage: Inverse quantization.

Purpoge: Check that decoder can parse and use scaling list quantization matrices.
6.6.2.41 Entropy coding (ENTROPY)

6.6.2.41.1 Test bitstream ENTROPY_A
Specifigation: This bitstream uses high bitrate for Low Delay P mode, with MIP enabled.
Functi¢nal stage: Entropy ceding.

Purpoge: Check that the.decoder properly decodes all entropy coding modes.

6.6.2.41.2 Test bitstream ENTROPY_B

Specifipation; The bitstream includes all combinations of cabac_init_flag in slice header (0, 1, absent).

FunctiTnal stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.

6.6.2.41.3 Test bitstream ENTROPY_C
Specification: Bitstream tests CABAC initialization, sweeping QP from 0 to 63.
Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.
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6.6.2.42 Entropy coding (ENTMAINTIER)

6.6.2.42.1 Test bitstream ENTMAINTIER_A

Specification: The bitstream contains 3 independent CVSs containing one picture, formed from one
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and assuming
equal distribution of bits between pictures coded at the maximum luma sample rate for the level, at
Level 4. The 3 concatenated CVSs are as follows:

LA A

—Thefirstpicture does ot Tequire any CABAC zero words:

— The second picture requires one CABAC zero word.

— The third picture requires a substantial quantity of CABAC zero words (75 % of‘the bitstieam is
padding).

All 3 pictures have a very low subjective quality level due to the artificial nature\of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number,of allowed bins, for their
ize.

Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.

b.6.2.42.2 Test bitstream ENTMAINTIER_B

bpecification: The bitstream contains 3 independent EVSs containing one picture, formed from one
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and agsuming
pqual distribution of bits between pictures coded<t the maximum luma sample rate for the |evel, at
.evel 4.1. The 3 concatenated CVSs are as follows:

— The first picture does not require any. CABAC zero words.
— The second picture requires one CABAC zero word.

— The third picture requires a“substantial quantity of CABAC zero words (75 % of the bitstjream is
padding).

All 3 pictures have a very low subjective quality level due to the artificial nature of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number of allowed bins, for their
ize.

Functional stage)Entropy coding.

Purpose: Ghéck that the decoder properly decodes all entropy coding modes.

b.6.2:42.3 Test bitstream ENTMAINTIER_C

bpecification: The bitstream contains 3 independent CVSs containing one picture, formed frjom one
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and assuming
equal distribution of bits between pictures coded at the maximum luma sample rate for the level, at
Level 5. The 3 concatenated CVSs are as follows:

— The first picture does not require any CABAC zero words.
— The second picture requires one CABAC zero word.

— The third picture requires a substantial quantity of CABAC zero words (75 % of the bitstream is
padding).
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All 3 pictures have a very low subjective quality level due to the artificial nature of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number of allowed bins, for their
size.

Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.

6.6.2.42.4 Test bitstream ENTMAINTIER_D

slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and assuming
equal diistribution of bits between pictures coded at the maximum luma sample rate for the level, af
Level 5{1. The 3 concatenated CVSs are as follows:

Specif;Fation: The bitstream contains 3 independent CVSs containing one picture, formed from ong

— Thg first picture does not require any CABAC zero words.
— Thg¢ second picture requires one CABAC zero word.

— Thg¢ third picture requires a substantial quantity of CABAC zero words (75,% of the bitstream is
padding).

All 3 pi¢tures have a very low subjective quality level due to the artificial nature of these bitstreams. Al
VCL NALL units contain almost (within 3 bytes worth) of the maximum number of allowed bins, for theit
size.

Functignal stage: Entropy coding.

Purpoge: Check that the decoder properly decodes all entropy coding modes.
6.6.2.48 Entropy coding (ENTHIGHTIER)

6.6.2.48.1 Test bitstream ENTHIGHTIER_A

Specifiration: The bitstream contains 3.independent CVSs containing one picture, formed from ons
slice. Each CVS contains the maximum‘number of bits, given the profile, level and tier, and assuming
equal diistribution of bits between pictures coded at the maximum luma sample rate for the level, af
Level 4|for High tier. The 3 concatenated CVSs are as follows:

— Thg first picture does notrequire any CABAC zero words.
— Th¢ second picture réquires one CABAC zero word.

— Th¢ third pictufe-requires a substantial quantity of CABAC zero words (75 % of the bitstream i
padding).

All 3 pi¢tures.have a very low subjective quality level due to the artificial nature of these bitstreams. Al
VCL NALL uhits contain almost (within 3 bytes worth) of the maximum number of allowed bins, for theit
size.

Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.

6.6.2.43.2 Test bitstream ENTHIGHTIER_B

Specification: The bitstream contains 3 independent CVSs containing one picture, formed from one
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and assuming
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equal distribution of bits between pictures coded at the maximum luma sample rate for the level, at
Level 4.1 for High tier. The 3 concatenated CVSs are as follows:

— The first picture does not require any CABAC zero words.
— The second picture requires one CABAC zero word.

— The third picture requires a substantial quantity of CABAC zero words (75 % of the bitstream is
padding).

RIT 3 pictures have a very low subjective quality [evel due to the artificial nature of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number of allowed bifis;for their
ize.

Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.

6.6.2.43.3 Test bitstream ENTHIGHTIER_C

bpecification: The bitstream contains 3 independent CVSs containing*one picture, formed frjom one
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and agsuming
pqual distribution of bits between pictures coded at the maximuni luma sample rate for the |evel, at
Level 5 for High tier. The 3 concatenated CVSs are as follows:

— The first picture does not require any CABAC zero words.
— The second picture requires one CABAC zero ward

— The third picture requires a substantial quantity of CABAC zero words (75 % of the bitstjream is
padding).

All 3 pictures have a very low subjective quality level due to the artificial nature of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number of allowed bins, for their
ize.

Functional stage: Entropy codihg!

Purpose: Check that the detoder properly decodes all entropy coding modes.

6.6.2.43.4 Test bitstream ENTHIGHTIER_D

bpecification: The'bitstream contains 3 independent CVSs containing one picture, formed from one
slice. Each CVS, contains the maximum number of bits, given the profile, level and tier, and agsuming
pqual distribation of bits between pictures coded at the maximum luma sample rate for the Jevel, at
.evel 5.1<for High tier. The 3 concatenated CVSs are as follows:

— /T'he first picture does not require any CABAC zero words.

L~ The second pir‘fnrn rnr}nirnc one CABAC zero word

— The third picture requires a substantial quantity of CABAC zero words (75 % of the bitstream is
padding).

All 3 pictures have a very low subjective quality level due to the artificial nature of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number of allowed bins, for their
size.

Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.
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6.6.2.44 All merge modes (MERGE)

6.6.2.44.1 Test bitstream MERGE_A

Specification: This bitstream exercises the maximum number of merge candidates
(MaxNumMergeCand) = 1 and Maximum number of GPM merge candidates (MaxNumGpmMergeCand)
=0.

Functional stage: Inter prediction.

Purpoge: Check that the decoder properly decodes all merge modes.

6.6.2.44.2 Test bitstream MERGE_B

Specifipation: This bitstream exercises the maximum number of merge(\'candidateg
(MaxNumMergeCand) = 2 and Maximum number of GPM merge candidates (MaxNumGpmMergeCand]
=2.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder properly decodes all merge modes.

6.6.2.44.3 Test bitstream MERGE_C

Specification: This bitstream exercises the maximum\ /number of merge candidateq
(MaxNumMergeCand) = 3 and Maximum number of GPM merge ‘candidates (MaxNumGpmMergeCand]
=3.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder properly decodes@ll merge modes.

6.6.2.44.4 Test bitstream MERGE_D

Specififation: This bitstream exerciSes the maximum number of merge candidateq
(MaxNumMergeCand) = 4 and Maximurm’number of GPM merge candidates (MaxNumGpmMergeCand]
=4

Functignal stage: Inter prediction.

Purpoge: Check that the deecoder properly decodes all merge modes.

6.6.2.44.5 Test bitstream MERGE_E

Specifiration: . This bitstream exercises the maximum number of merge candidates
(MaxNumMergeCand) = 5 and Maximum number of GPM merge candidates (MaxNumGpmMergeCand]
=5.

Functiomal stage: Inter prediction.

Purpose: Check that the decoder properly decodes all merge modes.

6.6.2.44.6 Test bitstream MERGE_F

Specification: This bitstream exercises the maximum number of merge candidates
(MaxNumMergeCand) = 1 and Maximum number of GPM merge candidates (MaxNumGpmMergeCand)
=0.

Functional stage: Inter prediction.

Purpose: Check that the decoder properly decodes all merge modes.
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6.6.2.44.7 Test bitstream MERGE_G

Specification: This bitstream exercises the maximum number of merge candidates
(MaxNumMergeCand) = 2 and Maximum number of GPM merge candidates (MaxNumGpmMergeCand)
=2.

Functional stage: Inter prediction.

Purpose: Check that the decoder properly decodes all merge modes.

H.6.2.44.8 Test bitstream MERGE_H

ppecification: This Dbitstream exercises the maximum number of merge|, “candidates
[MaxNumMergeCand) = 3 and Maximum number of GPM merge candidates (MaxNumGpmMergeCand)
- 3.

Functional stage: Inter prediction.

Purpose: Check that the decoder properly decodes all merge modes.

6.6.2.44.9 Test bitstream MERGE_I

bpecification: This Dbitstream exercises the maximum, "~number of merge cardidates
[MaxNumMergeCand) = 4 and Maximum number of GPM merge candidates (MaxNumGpmMergeCand)
= 4.

Functional stage: Inter prediction.

Purpose: Check that the decoder properly decodeszall merge modes.

.6.2.44.10 Test bitstream MERGE_]

bpecification: This bitstream exefcises the maximum number of merge candidates
[MaxNumMergeCand) = 5 and Maximum number of GPM merge candidates (MaxNumGpmMergeCand)
= 5.

Functional stage: Inter prediction.

Purpose: Check that the-decoder properly decodes all merge modes.
b.6.2.45 Positiondependent prediction combination (PDPC)

5.6.2.45.1 Testbitstream PDPC_A

bpecification: This bitstream tests the clipping function in PDPC for horizontal or vertical intra
brediction modes.

Fanctional stage: Intra coding.

Purpose: Check that the decoder properly decodes the bitstream when PDPC is enabled.

6.6.2.45.2 Test bitstream PDPC_B
Specification: This bitstream uses DPC with various block sizes.
Functional stage: Intra coding.

Purpose: Check that the decoder properly decodes the bitstream when PDPC is enabled.
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6.6.2.45.3 Test bitstream PDPC_C

Specification: This bitstream tests the clipping function in PDPC and the PDPC conditional check on the
intra prediction mode. In this test each picture is a single I-slice where all the luma blocks are encoded
using an identical intra prediction mode.

Functional stage: Intra coding.

Purpose: Check that the decoder properly decodes the bitstream when PDPC is enabled.

6.6.2.46 Wavefronts (WPP)

6.6.2.46.1 Test bitstream WPP_A
Specification: The bitstream is encoded with sps_entropy_coding_sync_enabled_flag equalto 1.
Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode bitstreams with wavefront.enabled.

6.6.2.46.2 Test bitstream WPP_B

Specifiration: The bitstream is encoded with rectangular tile and spszentropy_coding_sync_enabled |
flag eqyal to 1 and pictures contain 4 tiles.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode bitstreams with wavefront enabled and tiles.
6.6.2.47 Lossless and near-lossless, include transform skip (LOSSLESS)

6.6.2.47.1 Test bitstream LOSSLESS_A

Specifiration: The coded slices are either.Icor B, and all blocks employ the transform skip mode and the
regularjresidual coding stage for entropy coding.

Functignal stage: Test the parsing.and reconstruction of slices.

Purpoge: Check that a decodér can parse and reconstruct correctly when the bitstream consists of
transfofm skip mode and thé negular residual coding stage operating at the lossless operation point.

6.6.2.47.2 Test bitstream LOSSLESS_B

Specifipation: Thercoded slices are either I or B, and most of the blocks employ the transform skip
mode ahd the corresponding residual coding stage for entropy coding.

Functigonalstage: Test the parsing and reconstruction of slices.

Purpose: Check that a decoder can parse and reconstruct correctly when the bitstream consists of a
high amount of transform skip mode but using the transform skip residual coding for entropy coding.

6.6.2.48 Reference picture resizing (RPR)

6.6.2.48.1 Test bitstream RPR_A

Specification: This bitstream has 4 pictures. The bitstream contains CUs encoded with inter-prediction
mode using reference pictures with a higher resolution than the current picture. The luma resolution is
832x480 for pictures 0 and 1 and 1664x960 for pictures 2 and 3.

Functional stage: Inter prediction.
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Purpose: Check that the decoder can properly decode a bitstream with RPR enabled.

6.6.2.48.2 Test bitstream RPR_B

Specification: The bitstream contains CUs encoded with inter-prediction mode using reference
pictures with a higher resolution than the current picture. The luma resolution is 832x480 for pictures

0 and 1 and of 416x240 for pictures 2 and 3.

Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode a bitstream with RPR enabled.

b.6.2.48.3 Test bitstream RPR_C

bpecification: The bitstream contains CUs encoded with inter-prediction mgdé using r¢
bictures with a higher resolution than the current picture. The luma resolutionis832x480 for
D and 1 and of 560x320 for pictures 2 and 3.

Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode a bitstream with'RPR enabled.

6.6.2.48.4 Test bitstream RPR_D

bpecification: The bitstream uses reference picture résampling with 2x ratio with sps_d
horizontal_collocated_flag = 03.

Functional stage: Inter prediction.

Purpose: Check that the decoder can properly decode a bitstream with RPR enabled.
6.6.2.49 Cross-component ALF (CCALF)

h.6.2.49.1 Test bitstream CCALF-.A

bpecification: This bitstream enables CCALF with filters that would exceed the output dynam
hind require a clip.

Functional stage: In-loep filtering.

Purpose: Check thatithe decoder can properly decode a bitstream with CCALF enabled.

b.6.2.49.2 Test'bitstream CCALF_B
bpecification: This bitstream enables CCALF for all CTUs in the bitstream.

Furictional stage: In-loop filtering.

ference
ictures

hroma_

c range

urpose: Lheck that the decoder can properly decode a bitstream with CLALF enabled.

6.6.2.49.3 Test bitstream CCALF_C
Specification: This bitstream changes CCALF filters on a picture-by-picture basis.
Functional stage: In-loop filtering.

Purpose: Check that the decoder can properly decode a bitstream with CCALF enabled.
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6.6.2.49.4 Test bitstream CCALF_D
Specification: This bitstream enables CCALF for random CTUs in the bitstream (both channels).
Functional stage: In-loop filtering.

Purpose: Check that the decoder can properly decode a bitstream with CCALF enabled.

6.6.2.50 Geometric partitioning mode (GPM)

6.6.2.50.1 Test bitstream GPM_A

Specifiration: This bitstream contains CUs with all the combinations of geometric partition modes
i.e. all the WxH sized CUs with 0 - 63 geometric partition modes. The value of WxH is equal to one of
the follpwing values: {8x8, 8x16, 8x32, 16x8, 16x16, 16x32, 16x64, 32x8, 32x16, 32x32, 32%64, 64x16
64x32 gnd 64x64}.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode a bitstream with GPM enabled.

6.6.2.50.2 Test bitstream GPM_B

Specifipation: This bitstream uses different numbers of GPM cardidates, including 2, 3, 4, 5 and 6
Correspondingly, the value of sps_max_num_merge_cand_minus-max_num_gpm_cand is set to 4, 3, 2, 1
and 0, rlespectively.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode\a bitstream with GPM enabled.
6.6.2.51 Coding tool sets (CodingToolSets)

6.6.2.51.1 Test bitstream CodingToolsSets A
Specifiration: This bitstream enables'and disables coding tools corresponding to set A in Table 2.
Functignal stage: General decoding.

Purpoge: Check that a decoder can decode bitstreams using various combinations of coding tools.

6.6.2.51.2 Test bitstream CodingToolsSets_B
Specifipation: Thig'bitstream enables and disables coding tools corresponding to set B in Table 2.
Functignal stage: General decoding.

Purpoge:-Gheck that a decoder can decode bitstreams using various combinations of coding tools.

6.6.2.51.3 Test bitstream CodingToolsSets_C
Specification: This bitstream enables and disables coding tools corresponding to set C in Table 2.
Functional stage: General decoding.

Purpose: Check that a decoder can decode bitstreams using various combinations of coding tools.

6.6.2.51.4 Test bitstream CodingToolsSets_D

Specification: This bitstream enables and disables coding tools corresponding to set D in Table 2.
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Functional stage: General decoding.

Purpose: Check that a decoder can decode bitstreams using various combinations of coding tools.

6.6.2.51.5 Test bitstream CodingToolsSets_E
Specification: This bitstream enables and disables coding tools corresponding to set E in Table 2.

Functional stage: General decoding.

Purpose: Check that a decoder can decode bitstreams using various combinations of coding todls.

b.6.3 Test bitstreams - High-level syntax features for Main 10 profile with 4:2:0 chroma format
and 10 bit depth

6.6.3.1 Access unit delimiter (AUD)

6.6.3.1.1 Test bitstream: AUD_A

bpecification: Pictures may or may not include associated Access Unit'Delimiter (AUD) NAL unlits. The
first 10 pictures of this bitstream do not include AUD, the next 10 pictures included AUD, and finally the
ast 10 pictures do not include AUD.

Functional stage: High-level syntax processing / picture botindary processing.

Purpose: Check that the decoder can handle and transition between pictures with and Without
hssociated Access Unit Delimiter NAL units.

5.6.3.2  Filler (FILLER)

b.6.3.2.1 Test bitstream FILLER_A
bpecification: Each picture includes'associated Filler data NAL units.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode when filler data NAL units are presenlt in the
bitstream.

b.6.3.3 DecodingCapability Indication (DCI)

b.6.3.3.1 Test’bitstream DCI_A
bpecification: The bitstream includes a DCI NAL unit.

Furictional stage: High-level syntax processing.

urpose: Check that the decoder can properly decode when DCI NAL unitis present in the bitstream.

6.6.3.3.2 Test bitstream DCI_B
Specification: The bitstream does not include a DCI NAL unit.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode when DCI NAL unitis not present in the bitstream.
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6.6.3.4

6.6.3.4.

Sequence parameter set (SPS)

1 Test bitstream SPS_A

Specification: Multiple SPSs are signalled in the same CVS. SPS with SPS ID equal to 0 is used and the
other SPSs are never referenced.

Functional stage: High-level syntax processing.

Purpos

Q- Fhoﬁ]z that tha dacadar can nrnnavln r‘ar‘nr]a whaen—multinla SPSc _including nnraFﬂranr‘ar

ones, aj

6.6.3.4

Specifi
CVSs.

Functignal stage: High-level syntax processing.

Purpog
differer

6.6.3.4

Specifi
bitstred
CVS.

Functignal stage: High-level syntax processing.

Purpog

using the same SPS ID in different CVSs.

6.6.3.5

6.6.3.5

Specifi

Functignal stage: High-leyel syntax.

Purpog

6.6.3.5

Specifi

cation: Multiple SPSs are signalled in the bitstream. Different SPS IDs are used i the differen

ot eIt trrc ot toatT—ca prop T o Ty I eI IO T CI PIC O T DU HIIcIauirg ot Cror orcty

e contained in the same CVS.

2 Test bitstream SPS_B

e: Check that the decoder can properly decode when different CVSs\ise different SPSs with
t SPS IDs.

3 Test bitstream SPS_C

cation: Multiple SPSs are signalled in the bitstream and SPS with SPS ID equal to 0 is used in thg
m. ALF and BCW are enabled in SPS for the first two GVSs and are disabled in SPS for the third

e: Check that the decoder can properly decode when the content of an SPS is replaced while

Video usability information (PQ, HLG)

1 Test bitstream PQ_A

cation: This bitstream uses'VUI transfer characteristics for PQ content.

e: Check that theZdecoder can properly parse the VUI.

2 Testbitstream HLG_A

cation: This bitstream uses video usability information transfer characteristics for HLG content

Functional stage: High-level syntax.

Purpose: Check that the decoder can properly parse the VUI.

6.6.3.5.

3 Test bitstream HLG_B

Specification: This bitstream uses VUI to indicate "backward-compatible HLG" which is encoded using
transfer characteristics with encoded as 1 and also include the alternative transfer characteristics SEI
message with preferred transfer characteristics set to 18.

Functional stage: High-level syntax.

Purpose: Check that the decoder can properly parse the VUI.
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6.6.3.6 Picture parameter set (PPS)

6.6.3.6.1 Test bitstream PPS_A

Specification: Multiple PPSs are signalled in the bitstream. PPS with PPS ID equal to 0 is used for each
picture and the other PPSs are never referenced.

Functional stage: High-level syntax processing.

wpose: Check that tha dacadar can nvnnarln decodewhan multinla DDCC including ||hY‘DF renced
L o pPrope e coae P 5]

bnes, are contained in the same CVS.

b.6.3.6.2 Test bitstream PPS_B
bpecification: Each picture uses an individual PPS with a different PPS ID.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode when PPS IDs‘are switched for individual
bictures in the bitstream.

H.6.3.6.3 Test bitstream PPS_C

bpecification: Multiple PPSs are signalled in the bitstream<PPS with PPS ID equal to 0 is used for the
first two CVSs. The content of the PPS is updated and usedfor all pictures in the second CVS.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decdde when the content of a PPS is replaced while using
'he same PPS ID in different pictures.

b.6.3.7 Mixed NUT (MNUT)

b.6.3.7.1 Test bitstream MNUT:A

bpecification: The bitstream ‘contains mixed NAL unit types. Encoded subpicture bitstreanjs were
merged into one bitstreamtusing the subpicMergeApp tool that is included in the VTM packdge. The
bitstream contains 4 subpictures arranged in 2x2 formation. The first subpicture bitstream Has CRA
subpicture every 32th.picture while the other 3 subpicture bitstreams don't have IRAP picturgs after
the first picture. Hence, in every 32th picture there is a mix of CRA subpicture and trailing subpijictures.
[he encoder was slightly modified to ensure that reference picture list syntax is the same for CRA
bitstream andqon-CRA bitstreams.

FunctionalStage: High-level syntax processing.

Purpese: Check that the decoder can properly decode bitstreams with mixed NAL unit typep in the
barne, picture.

6.6.3.7.2 Test bitstream MNUT_B

Specification: The bitstream contains mixed NAL unit bitstream that contains mixed NAL unit types in
some of the pictures and uses the sps_idr_rpl_present_flag syntax element.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode bitstreams with mixed NAL unit types in the
same picture.
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6.6.3.8 Extension of parameter set (PSEXT)

6.6.3.8.1 Test bitstream: PSEXT_A
Specification: The extension flag of the following parameter sets is set to one. DCI, VPS, SPS, PPS, APS.

Functional stage: Test the handling when the extension_flag is set to one and the related extension_
data is absent for the following parameter sets. DCI, VPS, SPS, PPS, APS.

Purpo P]’\DI‘II that tha dacadar can Barse i—]na avfoncmr\n F]')rr caf to-ona an] ]nf)nr“a ur]nan f]f\a v'n]

8 ——HeettRattte-aecoaercah P T DTt toO—oTrcT™T TOrrorre—vy v»

extensipn_data is absent for the following parameter sets. DC, VPS, SPS, PPS, APS.

6.6.3.8)2 Test bitstream: PSEXT_B
Specifipation: The extension flag of the following parameter sets is set to one. DCI, VPS, SPS, PPS, APS.

Functignal stage: Test the handling when the extension_flag is set to one and the felated extension]
data hap one or more bits for the following parameter sets. DCI, VPS, SPS, PPS, APS.

Purpoge: Check that the decoder can parse the extension_flag set to one andliandle when the related
extensipn_data has one or more bits for the following parameter sets. DCI, VIPS, SPS, PPS, APS.

6.6.3.9| Hypothetical reference decoder (HRD)

6.6.3.9/1 Test bitstream HRD_A

Specifipation: This bitstream tests AU-based HRD operatién, using the Buffering Period SEI and
Picture|Timing SEI messages.

Functignal stage: High-level syntax processing.

Purpoge: Check that the decoder can properly process HRD data.

6.6.3.92 Test bitstream HRD_B

Specififation: This bitstream tests AU-based HRD operation, using the Buffering Period SEI and
Picture|[Timing SEI messages, with®2'DUs in each AU.

Functignal stage: High-level syntax processing.

Purpoge: Check that the decoder can properly process HRD data.
6.6.3.1) Adaptatien-parameter set (APSALF, APSLMCS, APSMULT, SUFAPS)

6.6.3.10.1 Test:bitstream APSALF_A

Specification: This bitstream uses multiple ALF APS, with only ALF APS is present in the bistrean]

LMCS = | 1 Let qs lalad)
A SstdIimig st al TuUrsdauicuy.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode bitstreams using APSs.

6.6.3.10.2 Test bitstream APSLMCS_A

Specification: The bitstream uses multiple (3) LMCS APS (APSid =0, 1 and 2), only LMCS APS is present
in the bitstream (ALF is disabled).

Functional stage: High-level syntax processing.
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Purpose: Check that the decoder can properly decode bitstreams using APSs.

6.6.3.10.3 Test bitstream APSLMCS_B

Specification: The bitstream uses multiple (3) LMCS APS (APSid = 0, 1 and 2), both LMCS APS and ALF
APS are present in the bitstream.

Functional stage: High-level syntax processing.

urpese: Check thatthe decoder can prnpnrly decode bitstreams ncing APSg

6.6.3.10.4 Test bitstream APSLMCS_C

bpecification: The bitstream tests the use of LMCS APS with a large variation of Imcs\CW value} ([15 ~
B20]) in each of the 16 bins.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode bitstreams using APSs.

6.6.3.10.5 Test bitstream APSLMCS_D
bpecification: The bitstream tests the use of LMCS APS with different min/max bin index.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decodebitstreams using APSs.

b.6.3.10.6 Test bitstream APSLMCS_E
bpecification: The bitstream tests the use.of EMCS APS with negative CRSOffset value.
Functional stage: High-level syntax pracessing.

Purpose: Check that the decoder cawproperly decode bitstreams using APSs.

5.6.3.10.7 Test bitstream APSMULT_A

bpecification: Multiplescaling list APSs (with scaling list APS ID equal to 0 and 1) are signalled in the
bitstream. For each picture, the referenced scaling list APS ID is decided according to the pictuie's POC
humber.

Functional stage? High-level syntax processing.

Purpose:-Chieck that the decoder can properly decode when multiple scaling list APSs are contgined in
fhe same GVS.

6(6-:3.10.8 Test bitstream APSMULT_B

Specification: Multiple scaling list APSs are signalled in the bitstream with the same scaling list APS
ID. When a scaling list ASP is signalled, it will overwrite the existing scaling list ASP.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode when multiple scaling list APSs are contained in
the same CVS, and they can be overwritten by each other.

6.6.3.10.9 Test bitstream SUFAPS_A

Specification: The bitstream contains suffix APS NAL units for ALF.
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Functio

nal stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode bitstreams containing suffix APSs.

6.6.3.11 Random access points (RAP)

6.6.3.11.1 Test bitstream RAP_A

Specification: The bitstream starts with a CRA picture. The CRA picture is followed only by RASL

picturep, which are expected to be discarded.
Functignal stage: High-level syntax processing.

Purpoge: Check that the decoder can properly decode bitstreams containing various random access
picture|types.

6.6.3.1]1.2 Test bitstream RAP_B

Specifiration: The bitstream starts with a CRA picture. The CRA picture is followed by RASL and othet
picturep.

Functignal stage: High-level syntax processing.

Purpoge: Check that the decoder can properly decode bitstreams{eontaining various random access
picture|types.

6.6.3.111.3 Test bitstream RAP_C
Specification: The bitstream contains IDR pictures withhnRADL pictures.

Functignal stage: High-level syntax processing.

Purpog

picture|types.

6.6.3.11.4 Test bitstream RAP_D
Specifipation: The bitstream contains IDR pictures without leading pictures.

Functignal stage: High-level §yntax processing.

Purpog
picture

6.6.3.12 Picture output (POUT)

6.6.3.12.1_Test bitstream POUT_A

e: Check that the decoder can properly-decode bitstreams containing various random access

e: Check that tleydecoder can properly decode bitstreams containing various random access
types.

Specification: This bitstream exercises picture output related syntax, with both values of ph_pic_
output_flag.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly output pictures.
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6.6.3.13 Gradual decoder refresh (GDR)

6.6.3.13.1 Test bitstream GDR_A
Specification: The bitstream starts with GDR pictures with recovery POC = 0.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can decode and handle GDR signalling.

b.6.3.13.2 Test bitstream GDR_B

bpecification: The bitstream starts with GDR picture (POC 10) with ph_recovery_poe cnt = 51. A

second GDR picture starts at POC 70 with ph_recovery_poc_cnt = 51.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can decode and handle GDR signalling.

6.6.3.13.3 Test bitstream GDR_C
bpecification: The bitstreams starts with a GDR picture (POC 60)}and ph_recovery_poc_cnt = 2P
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can decode and handle{GDR signalling.

h.6.3.13.4 Test bitstream GDR_D

bpecification: The bitstream exercises overlapping GDR periods with GDR pictures at POC 5, fand 30
With recovery points at POC 26, 33 and 51 respectively. The bitstream starts at POC 5 but conformance
starts at POC 26. GDR picture at POC 5 references missing pictures POC 1-4, at POC 26 the refresh period
has been completed and a decoder may:start output.

Functional stage: High-level syntax-processing.

Purpose: Check that the deceder can decode and handle GDR signalling.
b.6.3.14 Picture order count (POC)

b.6.3.14.1 Test bitstream POC_A
bpecification: This bitstream exercises POC derivation, including POC reset, using the sps_pqc_msb_
Cycle_flag, \\ph_poc_msb_cycle_present, ph_poc_msb_cycle_val and sps_poc_msb_cycle_len minusl
syntax elements.

Furictional stage: High-level syntax processing.

urpose: Check that the decoder can properly derive POC values.
6.6.3.15 Tiles (TILE)

6.6.3.15.1 Test bitstream TILE_A
Specification: Each picture contains a single tile and single slice.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode single tile and single slice case.
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6.6.3.15.2 Test bitstream TILE_B

Specification: Each picture contains uniform tile partitioning along both horizontal and vertical
directions with each tile containing single slice.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode uniformly partitioned tiles.

6.6.3.15.3 Test bitstream TILE C

Specifiration: Each picture contains tile partitioning with one row and N columns with each Filg

contail:[ng single slice.
Functignal stage: High-level syntax processing.

Purpoge: Check that the decoder can properly decode when tile partitioning has(one row and N
columng.

6.6.3.15.4 Test bitstream TILE_D

Specifiration: Each picture contains tile partitioning with N rows and“pne column with each tilg

contair:[ng single slice.
Functignal stage: High-level syntax processing

Purpoge: Check that the decoder can properly decode when, tile partitioning has N rows and ons
column}

6.6.3.15.5 Test bitstream TILE_E

Specififation: Each picture contains tile partitioning with M rows and N columns with each tilg

contair:[ng single slice.
Functignal stage: High-level syntax proceS§sing.

Purpoge: Check that the decoder can properly decode when tile partitioning has M rows and N columns

6.6.3.15.6 Test bitstream TILE_F

Specification: Each pictyre-contains tile partitioning with M rows and N columns with each tilg
containfing multiple slices.

Functignal stage: High-level syntax processing.

Purpoge: Checkthat the decoder can properly decode when tile partitioning has M rows and N columns
with ealch tile,containing multiple slices.

6_6.3_10.7 Tncf hitctraam T!LE_C

ToOTITTItO Tt COILT

Specification: Each picture contains tile partitioning with M rows and N columns and the whole picture
containing a single slice.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode when tile partitioning has M rows and N columns
and the whole picture containing a single slice.
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6.6.3.16 Slices (SLICES)

6.6.3.16.1 Test bitstream SLICES_A
Specification: This bitstream exercises several different slice/tile layouts.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode when a variety of slice and tile layouts ar

e used.

6.6.3.17 Subpictures (SUBPIC)

6.6.3.17.1 Test bitstream SUBPIC_A
bpecification: This bitstream exercises several different subpicture layouts.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode when a variety ofstibpicture layouts are

6.6.3.17.2 Test bitstream SUBPIC_B
bpecification: This bitstream exercises several different subpicture and slice layouts.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decodeswhen a variety of subpicture layouts wit
hre used.

6.6.3.17.3 Test bitstream SUBPIC_C

bpecification: This bitstream exercises, signalling of equal size subpictures where each sul
ncludes only one tile, slice and CTU, Parameters for RPL, deblocking, SAO, ALF, weighted pr¢
hind delta QP are signalled in the PH¢

Functional stage: High-level syntax processing.

Purpose: Check that the/decoder can properly decode bitstreams with equal size subpictu
barameter information injthe PH.

b.6.3.17.4 Test bitstream SUBPIC_D

bpecification: This bitstream exercises signalling of subpictures with varying subpicture 10}
multiple PPSs'in a way that demonstrates a panning of the field-of-view.

Functional stage: High-level syntax processing.

Puppose: Check that the decoder can properly decode subpictures when subpicture IDs vary

used.

h slices

picture
diction

res and

S using

/ in the

LVD.

6.6.3.17.5 Test bitstream SUBPIC_E
Specification: Bitstream exercises deblocking control features across subpicture boundaries.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode bitstreams when a variety of subpicture
and deblocking control features are used.

© ISO/IEC 2022 - All rights reserved

layouts

45


https://standardsiso.com/api/?name=36242afb937b8b345e8283572ec1f0fb

ISO/IEC 23090-15:2022(E)

6.6.3.18 Picture header and slice header (PHSH)

6.6.3.18.1 Test bitstream PHSH_B

Specification: This bitstreams includes two CVS. In the first CVS, the picture header is included in the
slice header. In the second CVS, the picture header is in its own NAL unit.

Functional stage: High-level syntax processing.

Pur ose: Chack that tha dacadar can nranarly dacada 4 nictyivrg haadar vwhathar inclindad in 4 clic
pose:—Check-that the decodercan properly-decode a-picture-header whetherincluded-ina-shics

header pr not.
6.6.3.19 Temporal scalability (TEMPSCAL)

6.6.3.19.1 Test bitstream TEMPSCAL_A
Specifiration: This bitstream has 6 temporal sublayers with a GOP size of 32.

Functignal stage: High-level syntax processing / GOP processing.

Purpoge: Check that the decoder can handle a GOP of 32.

6.6.3.19.2 Test bitstream TEMPSCAL_B

Specififation: This bitstream has 5 temporal sublayers with¢a*GOP size of 16 and HRD signalling
(including buffering period and picture timing SEI message with timing) for all temporal sublayers.

Functignal stage: High-level syntax processing / Hypothetical Reference Decoder.

Purpoge: Check the hypothetical reference decoder for temporal sublayers.

6.6.3.19.3 Test bitstream TEMPSCAL_C
Specifiration: This bitstream has 3 temporal sublayers with a GOP size of 6.
Functignal stage: High-level syntax processing / GOP processing.

Purpoge: Check that the decoder’can properly decode bitstreams with various hierarchy structures.
6.6.3.20 Inter-layer reference picture lists (ILRPL)

6.6.3.20.1 Test bitstteam ILRPL_A
Specifiration: This bitstream contains two layers, with layer 1 referencing layer 0.

Functignal stage: High-level syntax processing/scalability.

Purpoge:Check that the decoder can properly decode bitstreams using inter layer reference prediction

6.6.3.21 Reference picture lists (RPL)

6.6.3.21.1 Test bitstream RPL_A
Specification: RPL in SPS, PH and SH. Active and inactive entries. Maximum RPL length.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode and handle reference picture lists with short
term references.
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6.6.3.22 Long term ref picture (LTRP)

6.6.3.22.1 Test bitstream LTRP_A
Specification: LTRP handling and picture marking.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode and handle reference picture lists with sh

TCT I T eIt eIttt O

6.6.3.23 Number of active ref pics (ACTPIC)

5.6.3.23.1 Test bitstream ACTPIC_A
bpecification: This bitstream contains 1 active picture in list 0, and 1 active pi¢ture in list1.
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode bitstreams containing various numbers d
reference pictures.

b.6.3.23.2 Test bitstream ACTPIC_B
bpecification: This bitstream contains 1 active picture ilist 0, and up to 2 active frames in list
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly deCode bitstreams containing various numbers d
reference pictures.

6.6.3.23.3 Test bitstream ACTPIC_C
bpecification: This bitstream contains 1 active picture in list 0, and up to 2 active frames in list
Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode bitstreams containing various numbers g
reference pictures.

b.6.3.24 Virtual-boundaries (VIRTUAL)

b.6.3.24.1 Test bitstream VIRTUAL_A

bpecification: Virtual boundaries are enabled and signalled in SPS with 3 vertical and 2 ho
Virtual'boundaries.

ortand

factive

f active

factive

rizontal

unctional stage: High-]mml syntax prnr‘pccing and in-]nnp filter process

Purpose: Check that the decoder can properly decode and handle the virtual boundaries signalled in

the SPS.

6.6.3.24.2 Test bitstream VIRTUAL_B

Specification: Virtual boundaries are enabled and signalled in PH only for pictures with an odd POC
value. When virtual boundaries are enabled in a picture, 2 vertical and 1 horizontal virtual boundaries

are applied.

Functional stage: High-level syntax processing and in-loop filter process.
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Purpose: Check that the decoder can properly decode and handle the virtual boundaries signalled in
the PH.

6.6.3.25 Reference wraparound (WRAP)

6.6.3.25.1 Test bitstream WRAP_A

Specification: This bitstream uses reference wraparound mode with content using the PERP format
for 360° video in random access mode.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode bitstreams using reference wraparound.

6.6.3.25.2 Test bitstream WRAP_B

Specififation: This bitstream uses reference wraparound mode with content using the PERP format
for 360 video in random access mode.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decode bitstreams using reférence wraparound.

6.6.3.25.3 Test bitstream WRAP_C

Specification: This bitstream uses reference wraparound mode with content using the PERP format
for 360f video in low delay B mode.

Functignal stage: Inter prediction.

Purpoge: Check that the decoder can properly decdde bitstreams using reference wraparound.

6.6.3.25.4 Test bitstream WRAP_D

Specifiration: This bitstream uses reference wraparound mode with content using the PERP formaf
for 360f video in low delay B mode.

Functignal stage: Inter prediction)

Purpoge: Check that the decoder can properly decode bitstreams using reference wraparound.
6.6.3.26 360-degreevideo (CUBEMAP, ERP)

6.6.3.26.1 Testbitstream CUBEMAP_A

Specification:-A generalized cubemap projection SEI message is signalled in the bitstream with packing
type equal.to 2, mapping function equal to 2, and guard band flag equal to 0 to indicate that the coded
picturesa¥e 5 riformreubemapprojecte aswithowteuard-bar

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can parse the generalized cubemap projection SEI message.

6.6.3.26.2 Test bitstream CUBEMAP_B

Specification: A generalized cubemap projection SEI message is signalled in the bitstream with packing
type equal to 3, mapping function equal to 1, and guard band flag equal to 1 to indicate that the coded
pictures are 6x1-packed equal-angular cubemap projected pictures with guard bands.

Functional stage: High-level syntax processing.
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Purpose: Check that the decoder can parse the generalized cubemap projection SEI message.

6.6.3.26.3 Test bitstream CUBEMAP_C

Specification: A generalized cubemap projection SEI message is signalled in the bitstream with packing
type equal to 4, mapping function equal to 0, and guard band flag equal to 1 to indicate that the coded
pictures are 5x1-packed hemicubemap projected pictures with guard bands.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can parse the generalized cubemap projection SEI message

b.6.3.26.4 Test bitstream ERP_A

bpecification: An equirectangular projection SEI message is signalled in the bitstream witlh guard
pand flag equal to 1 to indicate that the coded pictures are equirectangular projected picturles with
buard bands on the left and right sides.

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can parse the equirectangular projection SEI message.
b.6.3.27 Conformance cropping window (CROP)

b.6.3.27.1 Test bitstream CROP_A

bpecification: This bitstream uses large offsets foxthe conformance cropping window that |are not
hligned with CTU boundaries.

Functional stage: High-level syntax processing / conformance cropping.

Purpose: Check that the decoder outputs the correct conformance cropped region.

6.6.3.27.2 Test bitstream CROP_B
bpecification: The bitstream uses odd offset values for the conformance cropping window.
Functional stage: High-1ével syntax processing / conformance cropping.

Purpose: Check that(the decoder outputs the correct conformance cropped region.
6.6.3.28 Bumping (BUMP)

h.6.3.28. 4 Test bitstream BUMP_A

bpecification: This bitstream exercises bumping process in regard to the setting of DPB sjize and

reordering. The bitstream is generated with optimized values for dpb_max_dec_pic_ buffermg_llninusl[

155 d da o0 o 119 ax 3
Tantapo_ ax—HtHn—freoraer PILDLAJ

Functional stage: High-level syntax processing.

Purpose: Check that the decoder can properly decode bitstreams exercising the DPB bumping process.

6.6.3.28.2 Test bitstream BUMP_B

Specification: This bitstream exercises bumping process in regard to the setting of DPB size and
reordering. The bitstream is generated with optimized value for dpb_max_num_reorder_pics[ i ] but
with DPB size that is more than the optimal one.

Functional stage: High-level syntax processing.
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Purpose: Check that the decoder can properly decode bitstreams exercising the DPB bumping process.

6.6.3.28.3 Test bitstream BUMP_C

Specification: This bitstream exercises bumping process in regard to the setting of DPB size and
reordering. The bitstream is generated with non-optimal values for both dpb_max_dec_pic_buffering_
minusl[i] and dpb_max_num_reorder_pics[1i ].

Functional stage: High-level syntax processing.

Purpoge: Check that the decoder can properly decode bitstreams exercising the DPB bumping process
6.6.3.29 Decoded picture buffer (DPB)

6.6.3.29.1 Test bitstream DPB_A

Specifiration: This bitstream signals sublayer decoded picture buffer (DPB)csizes for multiple
sublayqrs.

Functignal stage: High-level syntax processing.

Purpoge: Check that decoder can properly decode bitstreams exercising various DPB parameters.

6.6.3.29.2 Test bitstream DPB_B
Specifiration: This bitstream signals sublayer decoded pictuse buffer (DPB) size for a single sublayer.
Functignal stage: High-level syntax processing.

Purpoge: Check that the decoder can properly decode'bitstreams exercising various DPB parameters.
6.6.3.30 Field pictures (FIELD)

6.6.3.30.1 Test bitstream FIELD_A

Specifiration: This bitstream, contains frame-field information SEI messages for each picturs
indicatlng either it is top or bottomfield coded.

Functignal stage: Test field coding when sps_field_seq_flag is equal to 1.

Purpoge: Check that the.decoder can properly decode pictures coded in field coding.

6.6.3.30.2 Test bitstream FIELD_B

Specifipation: This bitstream has field_seq_flag in SPS is equal to 1 contains frame-field information
SEI megsageSDifferent values of vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc|
type_bottom_field are tested.

Functional stage: Test field coding when sps_field_seq_flag is equal to 1.

Purpose: Check that the decoder can properly decode pictures coded in field coding.
6.6.4 Test bitstreams - Additional chroma formats and bit depths for Main 10 profile
6.6.4.1 8bit4:0:0 (8b400)

6.6.4.1.1 Test bitstream 8b400_A

Specification: 8-bit 4:0:0 bitstream at a low resolution.
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Functional stage: Additional chroma format and bit depth setting.

Purpose: Check that the decoder can properly handle the chroma format of 4:0:0 and InternalBitDepth
of 8.

6.6.4.1.2 Test bitstream 8b400_B

Specification: 8-bit 4:0:0 bitstream at a higher resolution.

unctional cfngn- Additional chroma format and bit anfh cﬁH‘ing

Purpose: Check that the decoder can properly handle the chroma format of 4:0:0 and InternalBjitDepth
bf 8.

b.6.4.2 8Dbit4:2:0 (8b420)

b.6.4.2.1 Test bitstream 8b420_A
bpecification: 8-bit 4:2:0 bitstream at a low resolution.
Functional stage: Additional bit depth setting.

Purpose: Check that the decoder can properly handle the InternalBitDepth of 8.

.6.4.2.2 Test bitstream 8b420_B
bpecification: 8-bit 4:2:0 bitstream at a higher resolution.
Functional stage: Additional bit depth setting.

Purpose: Check that the decoder can properly‘handle the InternalBitDepth of 8.

b.6.5 Test bitstreams - Coding toolsfor Main 10 4:4:4 profile for 4:4:4 chroma format and 10
bit depth

6.6.5.1 10-bit 4:4:4 (10b444)

b.6.5.1.1 Test bitstream 10b444_A

bpecification: Thelhitstream is 10-bit 4:4:4, in all intra mode, and does not enable any 4:4:4-specific
fools.

Functional stage: Decoder.

Purpose:Check that the decoder can properly decode 10-bit 4:4:4 content.

6(6:5.1.2 Test bitstream 10b444_B

Specification: The bitstream is 10-bit 4:4:4, in random access mode, and does not enable any
4:4:4-specific tools.

Functional stage: Decoder.

Purpose: Check that the decoder can properly decode 10-bit 4:4:4 content.
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6.6.5.2 Adaptive colour transform (ACT)

6.6.5.2.1 Test bitstream ACT_A

Specification: This bitstream tests ACT with CU level adaptation of the colour spaces between RGB and
YCoCg, in random access mode. The bitstream is Main 10 4:4:4 profile, Main tier, Level 6.

Functional stage: Adaptive colour transform.

Pur ose: Chec hat tha decoder cannronarbrdecaoda a bitstraam with ACT anahlad
pose:-Check that the decodercanproperly-decode-abitstream with- ACT enabled-

6.6.5.2{2 Test bitstream ACT_B

Specification: This bitstream tests ACT with CU level adaptation of the colour spaces between-RGB and
YCoCg, |n all intra mode. The bitstream is Main 10 4:4:4 profile, Main tier, Level 6.

Functi¢nal stage: Adaptive colour transform.

Purpoge: Check that the decoder can properly decode a bitstream with ACT enabled.
6.6.5.3| Palette mode (PALETTE)

6.6.5.3|/1 Test bitstream PALETTE_A

Specififation: This bitstream forces the majority of the CUs¢bovbe coded using palette mode in 3
Random Access configuration. The bitstream conforms to thesMain 10 4:4:4 profile, Main tier.

Functional stage: Palette.

Purpoge: Check that the decoder can properly decodea bitstream with palette mode enabled.

6.6.5.3]2 Test bitstream PALETTE_B

Specifiration: This bitstream forces the majority of the CUs to be coded using palette mode in an Al
Intra cdnfiguration. The bitstream conforims to the Main 10 4:4:4 profile, Main tier.

Functignal stage: Palette.

Purpoge: Check that the decodercan properly decode a bitstream with palette mode enabled.

6.6.5.3{3 Test bitstream-PALETTE_C

Specification: Thischitstream forces the majority of the CUs to be coded using palette mode in a Low
Delay Bl configuration. The bitstream conforms to the Main 10 4:4:4 profile, Main tier.

Functignal stage: Palette.

Purpoge:-Gheck that the decoder can properly decode a bitstream with palette mode enabled.

6.6.5.3.4 Test bitstream PALETTE_D

Specification: This bitstream forces the majority of the CUs to be coded using palette mode in an All
Intra configuration. The bitstream conforms to the Main 10 4:4:4 profile, Main tier.

Functional stage: Palette.

Purpose: Check that the decoder can properly decode a bitstream with palette mode enabled.
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6.6.5.3.5 Test bitstream PALETTE_E

Specification: This bitstream forces the majority of the CUs to be coded using palette mode in an All

Intra configuration. The bitstream use 4:2:0 chroma format but conforms to the Main 10 4:4:4
Main tier, Level 3, which supports use of palette mode for 4:2:0.

Functional stage: Palette.

Purpose: Check that the decoder can properly decode a bitstream with palette mode enabled.

profile,

b.6.5.4 Entropy coding (ENT444MAINTIER)

b.6.5.4.1 Test bitstream ENT444MAINTIER_A

bpecification: The bitstream contains 3 independent CVSs containing one pictute, formed fr
slice. Each CVS contains the maximum number of bits, given the profile, levelcand tier, and ag
pqual distribution of bits between pictures coded at the maximum luma saiple rate for the
.evel 4. The 3 concatenated CVSs are as follows:

— The first picture does not require any CABAC zero words.
— The second picture requires one CABAC zero word.

— The third picture requires a substantial quantity of CABAE zero words (75 % of the bitst
padding).

All 3 pictures have a very low subjective quality level due to the artificial nature of these bitstre
ize.
Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.

6.6.5.4.2 Test bitstream ENT444MAINTIER_B

bpecification: The bitstream contains 3 independent CVSs containing one picture, formed fq
tlice. Each CVS contains thesmaximum number of bits, given the profile, level and tier, and ag
bqual distribution of bits between pictures coded at the maximum luma sample rate for the
.evel 4.1. The 3 concatenated CVSs are as follows:

— The first picture’does not require any CABAC zero words.
— The secandpicture requires one CABAC zero word.

— Thekhird picture requires a substantial quantity of CABAC zero words (75 % of the bitst
padding).

AH3 pictures have a very low subjective quality level due to the artificial nature of these bitstre

om one
suming
evel, at

ream is

hms. All

VCL NAL units contain almost (within 3 bytes worth}of the maximum number of allowed bins, for their

om one
suming
evel, at

ream is

hms. All

VCL NAL units contain almost (within 3 bytes worth) of the maximum number of allowed bins,
size.

Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.

6.6.5.4.3 Test bitstream ENT444MAINTIER_C

Specification: The bitstream contains 3 independent CVSs containing one picture, formed fr
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and as
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equal distribution of bits between pictures coded at the maximum luma sample rate for the level, at
Level 5. The 3 concatenated CVSs are as follows:

— The first picture does not require any CABAC zero words.
— The second picture requires one CABAC zero word.

— The third picture requires a substantial quantity of CABAC zero words (75 % of the bitstream is
padding).

All 3 pi¢tures have a very low subjective quality level due to the artificial nature of these bitstreams. Al
VCL NALL units contain almost (within 3 bytes worth) of the maximum number of allowed bins, for theif
size.

Functignal stage: Entropy coding.

Purpoge: Check that the decoder properly decodes all entropy coding modes.

6.6.5.4{4 Test bitstream ENT444MAINTIER_D

Specifiration: The bitstream contains 3 independent CVSs containing one-picture, formed from onsg
slice. Each CVS contains the maximum number of bits, given the profile/level and tier, and assuming
equal diistribution of bits between pictures coded at the maximum lumaSample rate for the level, af
Level 5J1. The 3 concatenated CVSs are as follows:

— The first picture does not require any CABAC zero words.
— Th¢ second picture requires one CABAC zero word.

— Thg¢ third picture requires a substantial quantity of CABAC zero words (75 % of the bitstream is
padding).

All 3 pi¢tures have a very low subjective quality level due to the artificial nature of these bitstreams. Al
VCL NAL units contain almost (within 3 bytesworth) of the maximum number of allowed bins, for their
size.

Functignal stage: Entropy coding.

Purpoge: Check that the decoder properly decodes all entropy coding modes.
6.6.5.5( Entropy coding (ENT444HIGHTIER)

6.6.5.5{1 Test bitstream ENT444HIGHTIER_A

Specifiration: Thesbitstream contains 3 independent CVSs containing one picture, formed from ons
slice. Each CVSontains the maximum number of bits, given the profile, level and tier, and assuming
equal diistribution of bits between pictures coded at the maximum luma sample rate for the level, af
Level 4|for'High tier. The 3 concatenated CVSs are as follows:

— TheTirst picture does not require any CABAC zero words.
— The second picture requires one CABAC zero word.

— The third picture requires a substantial quantity of CABAC zero words (75 % of the bitstream is
padding).

All 3 pictures have a very low subjective quality level due to the artificial nature of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number of allowed bins, for their
size.

Functional stage: Entropy coding.
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Purpose: Check that the decoder properly decodes all entropy coding modes.

6.6.5.5.2 Test bitstream ENT444HIGHTIER_B

Specification: The bitstream contains 3 independent CVSs containing one picture, formed from one
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and assuming
equal distribution of bits between pictures coded at the maximum luma sample rate for the level, at
Level 4.1 for High tier. The 3 concatenated CVSs are as follows:

L£ADA

m £ o ] - : yal ]
— THCTITSU PICLUrc uucs oL TTYUITC dily GCADALU ZCTU WUILUS.

— The second picture requires one CABAC zero word.

— The third picture requires a substantial quantity of CABAC zero words (75 % of‘the bitstieam is
padding).

All 3 pictures have a very low subjective quality level due to the artificial nature.of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number,of allowed bins, for their
ize.

Functional stage: Entropy coding.

Purpose: Check that the decoder properly decodes all entropy coding modes.

6.6.5.5.3 Test bitstream ENT444HIGHTIER_C

bpecification: The bitstream contains 3 independenf €VSs containing one picture, formed from one
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and agsuming
pqual distribution of bits between pictures coded<t the maximum luma sample rate for the |evel, at
.evel 5 for High tier. The 3 concatenated CVSs areas follows:

— The first picture does not require any CABAC zero words.
— The second picture requires one CABAC zero word.

— The third picture requires asubstantial quantity of CABAC zero words (75 % of the bitstjream is
padding).

All 3 pictures have a very low subjective quality level due to the artificial nature of these bitstreams. All
VCL NAL units contain almost (within 3 bytes worth) of the maximum number of allowed bins, for their
ize.

Functional stage)Entropy coding.

Purpose: Gheck that the decoder properly decodes all entropy coding modes.

6.6.5:5.:4" Test bitstream ENT444HIGHTIER_D

bpecification: The bitstream contains 3 independent CVSs containing one picture, formed frjom one
slice. Each CVS contains the maximum number of bits, given the profile, level and tier, and assuming
equal distribution of bits between pictures coded at the maximum luma sample rate for the level, at
Level 5.1 for High tier. The 3 concatenated CVSs are as follows:

— The first picture does not require any CABAC zero words.
— The second picture requires one CABAC zero word.

— The third picture requires a substantial quantity of CABAC zero words (75 % of the bitstream is
padding).
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