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Abstract
This document defines common test conditions (CTC) and configurations to be used in the context of gaming content coding experiments after the 34th JVET meeting. In addition, this document includes the description of sequences as candidate sets for G1/G2 and documentation of the auxiliary data formats associated with the candidate set G1.
These common test conditions are recommended for use in technical contributions to 35th JVET meeting relating to gaming content coding. 
Introduction 
Common test conditions (CTC) 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 gaming video content, 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
A subset of these test conditions might be used for a particular experiment. However, as these test conditions are for gaming video coding experiments, results for low delay configurations shall be provided. 
The following sections define anchors, test sequences, quantization parameter values, encoder configuration files, evaluation metrics, and compile-time options to be used.
Anyone bringing input contributions to JVET meetings should provide a set of results that is as complete as possible and uses the common test conditions that apply to the proposal.
Test sequences
Class G1 and G2
Table 1 defines the set of test sequences to be used for intra, random-access, and low-delay conditions. The test sequences are split into two classes, class G1 and class G2. Class G1 provides auxiliary data associated to the gaming sequence extracted from the respective game engines. The details on auxiliary data for class G1 is are provided below in section 2.2. 
When encoding the test sequences, frames from the start frame until the end frame (included) shall be encoded for all sequences and test cases described below, with the exception of the intra configuration. For the intra configuration, the first of every 8 frames shall be encoded starting with the first frame (indicated by the start frame in Table 1: Test sequences) in the sequence for all sequences, and bit rates shall be calculated using the sequence frame rate (as defined by frame rate in the table) divided by eight.  
The column corresponding to each configuration is interpreted as follows:
· “M” indicates that the test sequence is mandatory in the CTC for the given configuration
· “O” indicates that the test sequence is optional (but encouraged) in the CTC for the given configuration
· “-” indicates that the test sequence is not requested in the CTC or the given configuration
Original versions of the test sequences in Table 1 are available as follows:
· Test sequences of classes G1 along with their auxiliary data are available on JVET FTP at:
· ftp://jvet@ftp.ient.rwth-aachen.de/ahg/candidates/draftCTC_gaming/G1
· Test sequences of classes G2 are available on JVET FTP at: 
· ftp://jvet@ftp.ient.rwth-aachen.de/ahg/candidates/draftCTC_gaming/G2 
Test sequences are only available to qualified participants. Qualified participants may contact the JCT-VC/JVET chairs for login information. Specific license information is provided with each test sequence.
[bookmark: _Ref166062416][bookmark: _Ref166062411]Table 1: Test sequences
	Class
	Sequence name	
	Frame count
	Low delay frame count
	Frame rate
	Bit depth
	Intra
	Random access
	Low-delay

	G1
	Level1
	600
	300
	60
	10
	M
	M
	M

	
	Darktree
	600
	300
	60
	10
	M
	M
	M

	
	ARPG
	600
	300
	60
	8
	M
	M
	M

	
	DesertTown2
	600
	300
	60
	8
	M
	M
	M

	
	SunTemple1
	600
	300
	60
	8
	M
	M
	M

	 G2
	Dota2
	600
	300
	60
	8
	M
	M
	M

	
	GTAV
	600
	300
	60
	8
	M
	M
	M

	
	Minecraft
	600
	300
	60
	8
	M
	M
	M

	
	Witcher3
	600
	300
	60
	8
	M
	M
	M

	
	BaoleiMan
	600
	300
	60
	8
	M
	M
	M

	
	JianlingTemple
	600
	300
	60
	8
	M
	M
	M

	
	ProjectCARS
	300
	150
	30
	8
	M
	M
	M

	
	BaoleiYard
	300
	-
	60
	8
	M
	M
	-


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.
Notes:
1. If visuals tests are requested:
a. Dota2: only first 9s should be used to avoid a scene cut (encode/decode 10s, but discard some frames of reconstruction)
b. BaoleiYard: it is recommended to encode the full 10s (600 frames), but use only the last 9s for visual tests.	Comment by Roman Chernyak: Should this 600 be aligned with the table above number?	Comment by Saurabh Puri: 600 frames is only if visual tests are required. Otherwise, we only code 5s in RA for 4K sequences as per CTC. 
[bookmark: _Ref164942745]Auxiliary information for Class G1
This paragraph describes the mandatory auxiliary information associated with the gaming content of Class G1. Two kinds of information are provided: some “camera parameters" and some maps, including a depth map.
Depth maps are provided in floating point 32-bits, in the screen space, range [0,1]. These maps depend on the way the depth is coded in the game engine. The closest 3D points to the virtual camera are usually coded 0 and the furthest points coded 1. This mapping is called “Normal” mapping in this document. Conversely, some depth maps may code the closest point 1 and the furthest 0, this mapping is called “Inverted”. The way the map is coded by the game engine is indicated in Table 2 for each sequence.
[bookmark: _Ref164928775]Table 2. G1 test sequences parameters
	Class
	Sequence name	
	Depth map Type
	Depth map coding
	

	G1
	Level1
	Type 1
	Normal/Inverted
	

	G1
	Darktree
	Type 1
	Normal/Inverted
	

	G1
	ARPG
	Type 2
	Normal/Inverted
	

	G1
	DesertTown2
	Type 2
	Normal/Inverted
	

	G1
	SunTemple1
	Type 2
	Normal/Inverted
	


When a 3D point of the 3D game scene is projected by the game engine’s virtual camera, the result of this the projection is provided in Normalize Device Coordinates NDC, in the range [-1,1]. As described above, the depth map information is provided in the screen space, in the range [0,1]. 
When the depth map coding parameter Table 2 is “Normal”, the relationship between the ZNDC depth in Normalized Device Coordinate and the depth map in screen space provided by the game engine ZBufEngine is:

And when the depth coding is “Inverted”:

Whatever the sequence, the relationship between the 3D depth Z and ZNDC is given by:

The 2 coefficients a and c depend on the depth map Type Table 2, associated with each gaming sequence. 
The near clipping plane ZN and the far clipping plane ZF respectively represent the minimum (closest distance to the camera) and the maximum (furthest distance) depth Z rendered by the game engine. ZN and ZF are provided as camera parameters auxiliary information, as presented paragraph 2.2.3. They are used to compute the 2 coefficients a and c, depending on the depth map Type Table 2.
Coefficients for Depth maps from Unity game engine
For sequences of Type 1, the 2 coefficients are:

Coefficients for Depth maps from Unreal game engine
For sequences of Type 2, the 2 coefficients are:

[bookmark: _Ref164933933]Camera Parameters as auxiliary information
Some parameters are mandatory for gaming contents of Class G1. These mandatory parameters are:
· The Projection matrix “projectionMatrix”
This 4x4 32-bits floating point matrix is used to project a 3D point relative to the camera coordinate system to NDC domain.

· The World to Camera Matrix “worldToCameraMatrix”
This 4x4 32-bits floating point matrix transform a 3D point relative to the 3D world coordinate system to a 3D point relative to the camera coordinate system. This matrix may also refer as the "view matrix”.

· The Near clipping plane “nearClipPlane”
The near clipping plane is a 32-bits floating point defining the closest distance to the camera used for the rendering. This parameter corresponds to ZN in the equation of depth mapping.

· The Far clipping plane “farClipPlane”
The far clipping plane is a 32-bits floating point defining the furthest distance to the camera used for the rendering. This parameter corresponds to ZF in the equation of depth mapping.
Drawings in Annex E illustrate these parameters.
These parameters are provided in a text file, as JSON objects. A JSON object per frame must be provided, the frame number being indicated as an integer, by the mandatory element “frame”. 
This format is documented in Annex D. 
Maps as auxiliary information
A 32-bits floating point depth map is provided as auxiliary information associated with the gaming sequences of Class G1. The resolution of the map is the same as the gaming content resolution. 
The relationship between this game engine map ZBufEngine and the real 3D depth is given paragraph 2.2
32-bits floating point motion vectors maps are also provided in the same resolution as the gaming content. A map is provided for each component of the motion vector , representing the displacement of the current pixel  relative to the pixel in the previous frame , expressed in pixel:

These maps are provided in EXR files. When these 3 maps are provided as a unique EXR file per frame, the depth is coded in the red channel, the horizontal component of the motion vector in the green channel and the vertical component in the blue channel.
The file name convention for these files is as follows:
“{SeqName}_motion_depth_frame{X}.exr”,
where {SeqName} should be replaced by the name of the seqeunce and {X} by the franme number to which the auxiliary information corresponds.
Anchor
Software
The enhanced compression model (ECM) is provided as an anchor. Corresponding configuration files are provided, as described in section 6.
It is recommended to use the most recently tagged version of the ECM and VTM-11.0ecm reference software. Tagged versions are listed at Tags · ECM / ECM · GitLab (fraunhofer.de). The ECM and VTM versions that are used should be reported along with results.
Configuration files
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 4.
· 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



[bookmark: _Hlk514314560]The following configuration files are provided in the cfg/ folder of the ECM software package (available at https://vcgit.hhi.fraunhofer.de/ecm/ECM).
Test condition configuration files:
· “All Intra” (AI): encoder_intra_ecm.cfg
· “Random-access” (RA): encoder_randomaccess_ecm.cfg
· “Low-delay B” (LB): encoder_lowdelay_ecm.cfg
· “Low-delay P” (LP, optional): encoder_lowdelay_P_ecm.cfg
Different class-dependent encoder optimizations are enabled for different configurations. Per-class configuration files are provided in the cfg/per-class/ folder and their usage depending on the test configuration is detailed in Table 4. For example, classA.cfg sets CTU size to 256., classB_lowdelay.cfg and classB_randomaccess.cfg set different MTT depths. For example, when invoking the ECM encoder, the class configuration file should be provided after the main test condition configuration file such as to correctly override settings, e.g:
· EncoderApp -c cfg/encoder_intra_ecm.cfg -c cfg/per-class/classA.cfg
· EncoderApp -c cfg/encoder_randomaccess_ecm.cfg -c cfg/per-class/classB_randomaccess.cfg
· EncoderApp -c cfg/encoder_lowdelay_ecm.cfg -c cfg/per-class/classB_lowdelay.cfg
Table 4. Per-sequence configuration files depending on the test configuration
	Sequence
	AI
	RA
	LB/LP

	Level1
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	Darktree
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	ARPG
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	DesertTown2
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	SunTemple1
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	Dota2
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	GTAV
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	Minecraft
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	Witcher3
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	BaoleiMan
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	JianlingTemple
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	ProjectCARS
	
	classB_randomaccess.cfg
	classB_lowdelay.cfg

	BaoleiYard
	classA.cfg
	classA_randomaccess.cfg
	


Sequence-specific parameters are to be found in the cfg/per-sequence-gaming/ for gaming content, respectively.
[bookmark: _Ref141271948]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. 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. 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
Compile-time settings
Compile-time settings are defined mostly in the TypeDef.h file located in the source/Lib/CommonLib folder of the reference software. The default settings provided in the source code should be used.
[bookmark: _Ref267962981]Test Conditions
Temporal Prediction
The three test conditions are further defined as follows:
· All Intra: No prediction between different pictures.
· Random Access: Not more than 64 frames of structural delay, e.g. 32 picture “group of pictures (GOP)” and random-access intervals of 1.6 seconds or less. A random-access interval of 1.6 seconds or less shall be defined as 32 pictures or less for a video sequence with a frame rate of 20, 24, 25, or 30 frames per second, 64 pictures or less for a video sequence with a frame rate of 50 or 60 frames per second, and 96 pictures or less for a video sequence with a frame rat of 100 frames per second.
· Low Delay: No picture reordering between decoder processing and output.
· Low Delay, P Slice Only: No picture reordering between decoder processing and output; no use of bi-directional prediction.
Bit depth 
The input and output bit-depth of the codec shall be 10-bit regardless of the bit-depth of the input sequence.  For the 8-bit sequences in Table 1, each 8-bit source sample x should be converted prior to encoding to a 10-bit value 4*x. 
Note: This behavior is built into the anchor software and no external conversion program is required when generating the anchor.
Quantization parameter values
For each video sequence five quantization parameter values are to be used: 22, 27, 32, 37 and 42. These values define the initial QP values that are specified as the input QP of the anchor software. Adaptation of QP to lambda and refinement for other frames in the GOP in the configuration files may change the used QP value on per-frame basis.
Reporting 
Metrics
The attached Excel workbook contain a template for reporting the performance of the test configuration against the anchor. It is required to report the bitrate, PSNR, encoding time and decoding time, and BD-rate results. Reporting of MS-SSIM is also encouraged. A description of these metrics follows.
PSNR
PSNR shall be calculated as





where bitDepth is the bit-depth of the input video. For reporting, bitDepth shall be equal to 10 for all sequences. All 8-bit content shall be converted to 10-bit input in the encoder by shifting 2 bits to the left and using the 10-bit PSNR calculation to report testing results. 
Note that this behavior is built into the reference encoder and no external conversion program is required for the anchor.
Encoder and Decoder Run Time
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.
BD-rate
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.

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>
	Class
	Sequence name	
	md5sum

	G1
	Level1_1920x1080_60fps_10bit_420.yuv
	314468a1ce25a2132d442ee3bda5991a

	
	Darktree_1920x1080_60fps_10bit_420.yuv
	e105da995a5d2880ef7797ccd17330d2

	
	ARPG_1920x1080_60fps_8bit_420.yuv
	d8fe44ed8e2c1417261b0b2e075a66ec

	
	DesertTown2_1920x1080_60fps_8bit_420.yuv
	6fbb5f9ef998cb0618f2c9d5ded83a48

	
	SunTemple1_1920x1080_60fps_8bit_420.yuv
	be30f44c1a2a8d03dab1c423af2ae327

	G2
	Dota2_1920x1080_60fps_8bit_420_start1736.yuv
	ebca8cd0b18f87c31e61dd6df645f4e5

	
	GTAV_1920x1080_60fps_8bit_420_start91.yuv
	5491b95f8cd6c312ddb68eac990107a1

	
	Minecraft_1920x1080_60fps_8bit_420_start600.yuv
	4f1055d558284e789fcae7686f3419bc

	
	Witcher3_1920x1080_60fps_8bit_420_start1300.yuv
	7ae70f72af02ef2a97abe6e6a3c18f24

	
	BaoleiMan_1920x1080_60fps_8bit_420.yuv
	6b41e581136cef2a9bd92259237736bf

	
	JianlingTemple_1920x1080_60fps_8bit_420.yuv
	408e5ed2c441a2fe71a6653615c9489d

	
	ProjectCARS_1920x1080_30fps_8bit_420.yuv
	c3872a5371508667d89a5b4b3f31eabb

	
	BaoleiYard_4096x2160_60fps_8bit_420.yuv
	9ee5cf01da50eaf5a286e6128684d481




Annex B: Text file format providing the Camera Parameters for Class G1
An example of camera parameters text file is provided here. A JSON object is provided per frame, one JSON object per text line.

To make reading easier, here, the floating point values have been truncated, some carriage return and tabulation have been added. 
The first line is informative, indicating a version number, and the list of the provided elements.
Then, for each frame a json object containing these 5 JSON elements must be provided:
· JSON element “frame”: Integer indicating the frame number.
· JSON objects “projectionMatrix” and “worldToCameraMatrix”: objects containing the elements representing the 4x4 32-bits floating point coefficients of the matrices.
· JSON element “nearClipPlane”: float representing the near clipping plane ZN.
· JSON element “farClipPlane”: float representing the far clipping plane ZF.









Annex C: Drawing illustrating the game engine camera parameters
Camera parameters matrices
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