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Abstract
This document defines common test conditions and software reference configurations for SDR 4:2:0 video to be used for core experiments (CE). These conditions and configurations are also recommended for use in technical contributions to JVET meetings, if applicable.
These CTC apply for experiments related to HEVC, VVC and future exploration. This document replaces previous separate SDR CTC documents for HM and VTM.
Introduction 
Common test conditions are desirable to conduct experiments in a well-defined environment and facilitate the comparison of the outcome of experiments.
This document defines 4 test conditions for SDR video content using the 4:2:0 chroma format, reflecting intra-only, random-access, and low-delay settings:
· Intra, 10 bit
· Random access, 10 bit
· Low delay, 10 bit
· Low delay, P slices only, 10 bit (optional)
A subset of these test conditions might be used for a particular experiment. For example, when testing an intra coding tool, only intra configurations might be used.
It is recommended to use the most recently tagged version of the reference software. Tagged versions are listed at:
HEVC:	HM reference software	https://vcgit.hhi.fraunhofer.de/jvet/HM/-/tags
VVC:	VTM reference software	https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware_VTM/-/tags
The reference software version that is used should be reported along with results.
The following sections define test sequences, quantization parameter values, encoder configuration files, and compile-time options to be used.
The referred configuration files are distributed with the reference software and may change from time to time without affecting the validity of this document.
Test sequences
Table 1 defines the set of test sequences to be used for intra, random-access, and low-delay conditions. All frames (as defined by frame count in the table) should be encoded for all sequences and test cases described below. Classes D and F are not included into the overall average in the summary Excel sheet.
Test sequences are available on ftp://jvet@ftp.ient.rwth-aachen.de and ftp://jvet@ftp.hhi.fraunhofer.de in the “ctc/sdr” folder.
Test sequences are made available only to qualified JVET participants. Qualified participants may contact the JVET chair for login information. Specific license information is provided with each test sequence.

[bookmark: _Ref54297697]Table 1. Test sequences
	Class
	Sequence name
	Frame count
	Frame rate
	Bit depth
	Intra
	Random access
	Low-delay

	A1
	Tango2
	294
	60
	10
	M
	M
	-

	A1
	FoodMarket4
	300
	60
	10
	M
	M
	-

	A1
	Campfire
	300
	30
	10
	M
	M
	-

	A2
	CatRobot
	300
	60
	10
	M
	M
	-

	A2
	DaylightRoad2
	300
	60
	10
	M
	M
	-

	A2
	ParkRunning3
	300
	50
	10
	M
	M
	-

	B
	MarketPlace
	600
	60
	10
	M
	M
	M

	B
	RitualDance
	600
	60
	10
	M
	M
	M

	B
	Cactus
	500
	50
	8
	M
	M
	M

	B
	BasketballDrive
	500
	50
	8
	M
	M
	M

	B
	BQTerrace
	600
	60
	8
	M
	M
	M

	C
	RaceHorses
	300
	30
	8
	M
	M
	M

	C
	BQMall
	600
	60
	8
	M
	M
	M

	C
	PartyScene
	500
	50
	8
	M
	M
	M

	C
	BasketballDrill
	500
	50
	8
	M
	M
	M

	D
	RaceHorses
	300
	30
	8
	M
	M
	M

	D
	BQSquare
	600
	60
	8
	M
	M
	M

	D
	BlowingBubbles
	500
	50
	8
	M
	M
	M

	D
	BasketballPass
	500
	50
	8
	M
	M
	M

	E
	FourPeople
	600
	60
	8
	M
	-
	M

	E
	Johnny
	600
	60
	8
	M
	-
	M

	E
	KristenAndSara
	600
	60
	8
	M
	-
	M

	F
	ArenaOfValor
	600
	60
	8
	M
	M
	M

	F
	BasketballDrillText
	500
	50
	8
	M
	M
	M

	F
	SlideEditing
	300
	30
	8
	M
	M
	M

	F
	SlideShow
	500
	20
	8
	M
	M
	M


Notes: 
1. When the encoder operates in 8-bit mode (InternalBitDepth=8) for a 10-bit source, each 10-bit source sample x is converted prior to encoding to an 8-bit value (x+2) / 4 clipped to the [0,255] range. Similarly, when the encoder operates in 10-bit mode (InternalBitDepth=10) for an 8-bit source, each 8-bit source sample x is converted prior to encoding to a 10-bit value 4*x. This behavior is built into the reference encoder and no external conversion program is required.
2. In the table above, “M” stands for mandatory.
MD5 hashes and file names for each sequence are listed in Annex A. The hashes shall be used to verify that the correct version of the test sequence is used.
Note: 
· The MD5 hash for FoodMarket4, DaylightRoad2 and ParkRunning3 are for full length sequence files. In these CTC only the first 300 frames are used.
[bookmark: _Ref267962981]Quantization parameter values
For each video sequence four quantization parameter values are to be used: 22, 27, 32 and 37. These values define baseline QP values from which actual QP values are derived for each frame in a sequence.
Anchors
The test model (HM or VTM) is provided as an anchor. Corresponding configuration files are provided, as described in section 6.
Reported Metrics
The attached Excel sheets contain a reporting template in which bitrate, PSNR, coding time and BD-rate results are reported for the tested configuration against the anchor.
For 10-bit video, PSNR is calculated as 10*(log10((255 << 2)2 / MSE), 8-bit content is converted to 10-bit input in the encoder by shifting 2 bits to the left and 10-bit PSNR calculation is used to report testing results. This behavior is built into the reference encoder and no external conversion program is required.
For the purpose of reporting encoding and decoding running times, the anchor and test should be simulated on the same platform, e.g. similar CPU cores, to have reliable time comparison. The Excel summary sheet contains fields to report attributes of the testing environment, including CPU type, compiler, and decoder configuration. Filling in these fields when making a report is highly encouraged.
In the attached Excel sheets, BD-rate is calculated using both piece-wise cubic and cubic interpolations, and the piece-wise cubic interpolation is used in the results summary.
Configuration files
Settings common to VTM and HM
The following sections define encoder configuration files to be used for each test case. Parameters to be changed for each test point are:
· InputFile to reflect the location of the source video sequence on the test system
· FrameRate to reflect the frame rate of a given sequence as per Table 1
· SourceWidth to reflect the width of the source video sequence
· SourceHeight to reflect the height of the source video sequence
· FramesToBeEncoded to reflect the frame count of a given sequence as per Table 1
· IntraPeriod to reflect the intra refresh period in the random access test cases. The intra refresh period is dependent on the frame rate of the source and rounded to multiples of the GOP size in use as shown in Table 3.
· QP to reflect the quantization parameter values defined in section 3.
· InputBitDepth to reflect the bit depth of a given sequence as per Table 1

[bookmark: _Ref54297701]Table 3. Intra period for random access test case
	Frame rate (fps)
	IntraPeriod

	20
	32

	24
	32

	30
	32

	50
	64

	60
	64

	100
	96



Configuration files for VTM
[bookmark: _Hlk514314560]The following configuration files are provided in the cfg/ folder of the VTM software package (available at https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware_VTM).
Test condition configuration files:
· “All Intra” (AI): encoder_intra_vtm.cfg
· “Random access” (RA): encoder_randomaccess_vtm.cfg
· “Low-delay B” (LB): encoder_lowdelay_vtm.cfg
· “Low-delay P” (LP, optional): encoder_lowdelay_P_vtm.cfg
A different set of tools is to be enabled for sequences in class F. A classF.cfg configuration file is provided in the cfg/per-class/ folder. When invoking the VTM encoder, the class F configuration file should be provided after the main test condition configuration file such as to correctly override settings (for example: EncoderApp -c cfg/encoder_intra_vtm.cfg -c cfg/per-class/classF.cfg )
Sequence-specific parameters are to be found in the cfg/per-sequence/ folder.
Configuration files for HM
The following configuration files are provided in the cfg/ folder of the HM software package (available at https://vcgit.hhi.fraunhofer.de/jvet/HM).
Test condition configuration files:
· “All Intra” (AI): encoder_intra_main10_ctc_subsample.cfg
· “Random access” (RA): encoder_randomaccess_main10.cfg
· “Low-delay B” (LB): encoder_lowdelay_main10.cfg
· “Low-delay P” (LP, optional): encoder_lowdelay_P_main10.cfg
A different set of tools is to be enabled for sequences in class F. A classF.cfg configuration file is provided in the cfg/per-class/ folder. When invoking the HM encoder, the class F configuration file should be provided after the main test condition configuration file such as to correctly override settings (for example: TAppEncoder -c cfg/encoder_randomaccess_main10.cfg -c cfg/per-class/classF.cfg )
Sequence-specific parameters are to be found in the cfg/per-sequence/ folder.
Subsampling for “All Intra”
For the “All Intra” configurations a temporal subsampling of the sequences is performed. A sub-sampling factor of 8 is used, i.e. only every 8th frame is coded. Bit rates are calculated using the resulting frame rate (i.e. original frame rate / 8).
The subsampling can be enabled in the reference software using the parameter TemporalSubsampleRatio. The parameter is included in the AI configuration file.
Compile-time settings
Compile-time settings are defined mostly in the TypeDef.h file located in the source/Lib/CommonLib (VTM) or source/Lib/TLibCommon (HM) folder of the reference software. The default settings provided in the source code should be used.
Differences between VTM and HM configurations
CTC configurations are aligned as much as possible within the constraints applicable to each standard/recommendation to allow fair comparison. The following differences exist:
· In random-access configuration VTM uses a GOP size of 32 pictures, while HM uses a GOP size of 16 pictures. This is necessary because HEVC allows less reference pictures in levels that are typically used.
Parallel encoding/decoding
Parallel encoding/decoding as described in JVET-B0036 may be applied for RA configurations. If parallel encoding and decoding is used, this method should be applied for both versions, the reference and the version under test. 
When temporal pre-filtering is enabled (TemporalFilter configuration option), the encoder may use additional frames before the beginning and after the end of an encoded segment. The used number of frames is specified in the parameters TemporalFilterPastRefs and TemporalFilterFutureRefs. These additional frames need to be available to the encoder to match sequential coding.
Encoded bitstream segments can be concatenated using the “parcat” tool included in the reference software. Note, that although the same name is used, the built “parcat” tool is specific to either VTM or HM. PSNR can be computed by comparing the complete decoded YUV file with the encoder input file (possibly with bit depth scaling applied to it).
Alternatively, PSNR values output by the encoder for each frame can be parsed and averaged across all bitstream segments (frames that are coded in multiple bitstream segments should be included only once in the average). In this case, the average should be computed using precise 64-bit PSNR values. The PrintHexPSNR configuration option enables precise PSNR values output. An example output is shown below.
started @ Thu Jul 19 12:00:36 2018
POC    0 TId: 0 ( I-SLICE, QP 31 )      99744 bits [Y 34.2229 dB    U 39.9935 dB    V 40.4950 dB] [xY 40411c86a4885c06 xU 4043ff297914448c xV 40443f5abbf92dc0] [ET     5 ] [L0 ] [L1 ]
POC    1 TId: 0 ( P-SLICE, QP 40 )        752 bits [Y 32.0300 dB    U 39.9398 dB    V 40.5244 dB] [xY 404003d68968f64a xU 4043f84b7d49cd2e xV 40444320b56fc3c1] [ET     0 ] [L0 0 ] [L1 ]

	Total Frames |   Bitrate     Y-PSNR    U-PSNR    V-PSNR    YUV-PSNR 
	        2    a    3014.8800   33.1264   39.9666   40.5097   34.3586

 finished @ Thu Jul 19 12:00:43 2018

Such hexadecimal strings can easily be converted back to double-precision floating points values using C code such as:
#include <inttypes.h>

double hex2double(const char *str)
{
  double val;
  sscanf(str, "%" SCNx64, (uint64_t *)&val);
  return val;
}
or Python code such as:
import struct
import binascii

def hex2double(str):
  return struct.unpack('>d', binascii.unhexlify(str))[0]
or Ruby code such as:
def hexToDouble(hex)
	["#{hex}"].pack('H16').unpack('G').first
It should be reported whether parallel encoding/decoding was used.
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Annex A. Test sequence checksums
For each test sequence included in the common test conditions, the MD5 hash is listed below. The list can be copied into a text file and hashes can be checked using the md5sum tool:
	md5sum -c <filename>

0471a59c423b7059c5c6c8b395e864a9  Tango2_3840x2160_60fps_10bit_420.yuv
a378b34190f54f688d048a9a8b46a8ac  FoodMarket4_3840x2160_60fps_10bit_420.yuv
63d3d9f9e4e8b5c344e89840e84e6428  Campfire_3840x2160_30fps_10bit_420_bt709_videoRange.yuv
88ba7c63eaca06397ed3974f55a0f78a  CatRobot_3840x2160_60fps_10bit_420_jvet.yuv
bf1d22643afb41b1521749d2749fb5f0  DaylightRoad2_3840x2160_60fps_10bit_420.yuv
e7a1d1ebff269767ec4bffd2998d1154  ParkRunning3_3840x2160_50fps_10bit_420.yuv
dc668e7f28541e4370bdbdd078e61bba  MarketPlace_1920x1080_60fps_10bit_420.yuv
a3cb399a7b92eb9c5ee0db340abc43e4  RitualDance_1920x1080_60fps_10bit_420.yuv
3fddb71486f209f1eb8020a0880ddf82  Cactus_1920x1080_50.yuv
d38951ad478b34cf988d55f9f1bf60ee  BasketballDrive_1920x1080_50.yuv
efde9ce4197dd0b3e777ad32b24959cc  BQTerrace_1920x1080_60.yuv
0a351df99f22d837bc528bd4901c6968  RaceHorses_832x480_30.yuv
f889efea02b0c9a7d174b0f7a99cb51b  BQMall_832x480_60.yuv
4766c455665b6d228a6390e3d3ff2647  PartyScene_832x480_50.yuv
bd215136fed04067d82c10b2e49b2c7c  BasketballDrill_832x480_50.yuv
290a63e86213abc4459fce1dbd39edbe  RaceHorses_416x240_30.yuv
713ef64958345859b9bae986c3a3f763  BQSquare_416x240_60.yuv
50a520722f0e906b7884b6b9fea48699  BlowingBubbles_416x240_50.yuv
bfd9abbdc677790130dc4023b4e409f0  BasketballPass_416x240_50.yuv
4ce5d72311b32acce62614f63225fba5  FourPeople_1280x720_60.yuv
be83259b3ccdada2213fbd8dea20bf6e  Johnny_1280x720_60.yuv
aa3931974e34deba15a1018ba3bf5e0c  KristenAndSara_1280x720_60.yuv
26ca111ff83ecf4e9c9e3de3dc7d1fe4  ArenaOfValor_1920x1080_60_8bit_420.yuv
480881343081e3f4adf85075a1ed0f08  BasketballDrillText_832x480_50.yuv
dbf1d0e765ba9f775c5208adb4dc6c0c  SlideEditing_1280x720_30.yuv
d6b28f127b9ddf088eb9db9fc5e611bd  SlideShow_1280x720_20.yuv
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