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List of Acronyms

ACR	Absolute Category Rating 
ANOVA	ANalysis Of VAriance
ASCII	ANSI Standard Code for Information Interchange
CCIR	Comite Consultatif International des Radiocommunications
CODEC	Coder-Decoder
DMOS	Difference Mean Opinion Score (as defined by ITU-R)
DVB-C	Digital Video Broadcasting-Cable
GOP	Group of Pictures
HD	High Definition (television)
HRC	Hypothetical Reference Circuit
ILG	Independent Lab Group
ITU	International Telecommunications Union
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]ITU-R	ITU Radiocommunications Standardization Sector
ITU-T	ITU Telecommunications Standardization Sector
MOS	Mean Opinion Score
MOSp	Mean Opinion Score, predicted
MPEG	Motion Pictures Expert Group
NR	No (or Zero) Reference
NTSC	National Television Standard Committee (60-Hz TV, used mainly in US and Canada)
PAL	Phase Alternating Line (50-Hz TV, used in Europe and elsewhere)
PS	Program Segment
PVS	Processed Video Sequence
RR	Reduced Reference
SMPTE	Society of Motion Picture and Television Engineers
SRC	Source Reference Channel or Circuit
SSCQE 	Single Stimulus Continuous Quality Evaluation
VQEG	Video Quality Experts Group



List of Definitions

Frame rate is the number of (progressive) frames displayed per second (fps).
Source frame rate (SFR) is the intended frame rate of the original source video sequences.  The source frame rate is constant. 
Variable frame skipping is defined as an event where the HRC outputs frames with updated content at an effective frame rate that changes with time.  The temporal delay through the system will increase and decrease with time, varying about an average system delay.  A processed video sequence containing variable frame skipping will be approximately the same duration as the associated original video sequence.


1. [bookmark: _Toc115671025][bookmark: _Toc50701076][bookmark: _Toc50701271][bookmark: _Toc184817935][bookmark: _Toc188374363]Introduction
This document defines evaluation tests of the performance of no-reference (NR) objective perceptual quality models.
Display formats that will be addressed in these tests are: 1080p or 2160p (horizontal and vertical (e.g., smart phone)).
Ratings of hypothetical reference circuits (HRCs) for each display format used will be gathered in separate subjective tests.  The method selected for the subjective testing is Absolute Category Rating (ACR). The quality predictions of the submitted models will be compared with subjective ratings from human viewers from other proponents’ submitted subjective tests. 
[bookmark: _Toc50701077][bookmark: _Toc50701272][bookmark: _Toc184817936]The final report will summarize the results and conclusions of the analysis along with recommendations for the use of NR objective perceptual quality models for the 1080p format.  

2. [bookmark: _Toc188374364]Overview:  Expectations, Division of Labor and Ownership
[bookmark: _Toc50701078][bookmark: _Toc50701273][bookmark: _Toc184817937][bookmark: _Toc188374365]2.1 ILG
The independent lab group (ILG) will take the role of independent arbitrator for the J.noref project.  
The ILG will perform independent evaluation of each proposed model against the ACR subjective test ratings. The ILG may supervise in designing HRCs or give feedback on the design of HRCs; select SRCs and assign them to HRCs; perform spot checks on proponents’ NR metric data; and act as an administrator and arbitrator of issues. Under ILG supervision, proponents may design, select candidate SRCs and perform data analyses.
[bookmark: _Toc50701079][bookmark: _Toc50701274][bookmark: _Toc184817938][bookmark: _Toc188374366]2.2 Proponent Laboratories
Each proponent will submit models to the ITU or ILG.  Proponents are responsible for running their model on all video sequences, and submitting the resulting objective data for validation.  
The NR model is expected to handle coding artefacts and camara impairments. The evaluation will be performed in two tracks: NR models without camera impairments and NR models with camera impairments. Subjective tests will be evenly divided among the two tracks. 
The proponent may submit two models: one to handle coding artefacts and the other to handle coding artefacts and camara impairments. A proponent may submit a single model to handle both tracks. 
In the Recommendation, NR models will have different scope: (1) coding artefacts only, (2)  coding artefacts and camera impairments. The coding artefacts include downscaling/upscaling.
When the number of proponents (number of available subjective tests) is known, some modifications can be made to divide the subjective tests between the two tracks.
[bookmark: _Toc184817939][bookmark: _Toc188374367]2.3 Release of Subjective Data, Objective Data, and the Official Data Analysis
· The subjective data (MOSs and individual subject ratings) and the official data analysis will be released to ensure verifiable evaluation.
· The objective data of winning models that are included in Recommendations will be released to ensure the model reliability. 
· The objective data of all other models will not be released unless the proponent specifically requests that their data is released.
The release of objective data, subjective data, and model analyses are intended to build trust in NR metrics. Anyone can use this published data for any purpose.
[bookmark: _Toc184817940][bookmark: _Toc188374368]2.4 Ownership and Release of Subjective Tests
The laboratory that creates PVSs and performs a subjective test owns the subjective data and the corresponding PVSs, assuming that the laboratory has access to the corresponding SRC. The laboratory may also design the subjective test. 
The owners of subjective tests will decide whether to release or not release video sequences (SRCs and PVSs). They can distribute the subjective data and the PVSs as long as the recipient has access to the SRCs and PVSs. 
The laboratory that creates PVSs and performs subjective tests can also share the subjective data and the PVSs with another laboratory that creates PVSs and performs a subjective test. 
Those that perform test design review and source selection have no right to the subjective test (subjective data and PVSs).  
The dataset owners will make their dataset’s SRCs and PVSs available to the ILG and other proponents involved for this validation effort. 
It is preferable that all the datasets are permanently available to the proponents and ILG and can be reused for other purposes. 

3. [bookmark: _Toc50701083][bookmark: _Toc50701278][bookmark: _Toc184817941][bookmark: _Toc188374369]Objective Quality Models
[bookmark: _Toc50701084][bookmark: _Toc50701279]NR models will receive 5-second PVSs, which are also seen by viewers.
[bookmark: _Toc190596573][bookmark: _Toc190656909][bookmark: _Toc50701085][bookmark: _Toc50701280]The NR model will be given an ASCII file listing only processed video sequence files.  Each line of this file has the following format:
	<processed-file> 
where <processed-file> is the name of a processed video sequence file. File names may include a path. 
The output file is an ASCII file created by the model program, listing the name of each processed sequence and the resulting Video Quality Rating (VQR) of the model. 
	<processed-file>  VQR
where <processed-file> is the name of the processed sequence run through this model, without any path information. VQR is the Video Quality Ratings produced by the objective model. The VQR range is from 1 to 5.
[bookmark: _Toc50701086][bookmark: _Toc50701281][bookmark: _Toc184817942][bookmark: _Toc188374370]3.1 Submission of Executable Model 
Proponents may submit one model and should perform one subjective test. A proponent may submit additional subjective tests if the proposal is approved by the ILG and other proponents. 
Each proponent will submit an executable of the model to the ILG and ITU for validation.  Encrypted source code also may optionally be submitted. If necessary, a proponent may supply a specific computer or machine that implements the model. 
The ILG will verify that the software produces the same results as the proponent. If discrepancies are found, the independent and proponent laboratories will work together to correct them. If the errors cannot be corrected, then the ILG will review the results and recommend further action. 
Proponents may receive other proponents’ models and perform validation, if the model’s owner finds this acceptable.  An ILG lab may be available to validate models for proponents who cannot let out their models to other proponents.
If none of the ILG or proponents have access to a computer that can run spot checks on one of the proponents’ executable (e.g., due to the need for an expensive GPU and special hardware), then the proponent must provide remote access to a computer for this purpose. 
Models received after the deadline will not be evaluated in the J.noref project, no matter what the reason for the late submission.

4. [bookmark: _Toc50701088][bookmark: _Toc50701283][bookmark: _Toc184817943][bookmark: _Toc188374371]Subjective Rating Tests
Subjective tests will be performed on one video resolution:  FHD (1920 × 1080). The tests will assess the subjective quality of video material presented in a lab viewing environment, and will deploy a variety of display technologies. 
Higher resolution SRCs can be resized to FHD to generate PVSs.
Different aspect ratios may be allowed as long as the resolution is close to FHD. Admissibility will be determined by ILGs and proponents.
A model should handle horizontal/vertical FHD (1080p) with the vertical format applicable only to mobile displays.
[bookmark: _Toc190578534][bookmark: _Toc190596600][bookmark: _Toc190656936][bookmark: _Toc190569144][bookmark: _Toc190578535][bookmark: _Toc190596601][bookmark: _Toc190656937][bookmark: _Toc184817944][bookmark: _Toc188374372]4.1 Number of Datasets to Validate Models
[bookmark: _Toc50701089][bookmark: _Toc50701284]A minimum of two datasets (two subjective tests) will be used to validate the objective models.  
[bookmark: _Toc184817945][bookmark: _Toc188374373]4.2 Test Design and Common Set
Datasets can use the unrepeated scene experiment design or a full matrix of SRC and HRC. The unrepeated scene experiment design is preferred, because this will provide a more robust validation of the NR metrics.  
Camera impairments (live capture) are allowed. PVSs may be recorded directly from the camera. 
The following codec can be used to generate PVSs: 
· H.264
· H.265
· VP9
· AV1
· VVC
The following bit rates are allowed: 
· 0.1–30 Mbps
The number of PVSs of each dataset should be at least 200.
No transmission errors are allowed.
All tests will include an identical subset of 24 PVSs (referred to as the “common set”). This will allow all datasets to be mapped onto a single MOS scale during data analysis. 
Some tests will not contain any SRC, because the PVSs were all created directly by cameras. SRC should only be included to demonstrate the maximum quality, resolution, and bitrate. 
A subjective test may have different frame rates. 
4.3 [bookmark: _Toc184817946][bookmark: _Toc188374374][bookmark: _Toc50701090][bookmark: _Toc50701285]Subjective Test Conditions
[bookmark: _Toc184817947][bookmark: _Toc188374375]4.3.1 Viewing Distance
The instructions given to subjects will request subjects to maintain a specified viewing distance from the display device. The viewing distance has been agreed as 1 minute of arc for each resolution:
· TV monitor: 1.5-3H
· PC monitor: 1.5-3H
· Mobile phone/Tablet: 4-5H
where H = Picture Height (picture is defined as the size of the video window, not the physical display.)
[bookmark: _Toc50701092][bookmark: _Toc50701287][bookmark: _Toc184817948][bookmark: _Toc188374376]4.3.2 Viewing Conditions
Preferably, each test subject will have his/her own video display.  The test room will conform to Recommendation ITU-T P.910 requirements.
It is recommended that subjects be seated facing the center of the video display at the specified viewing distance. That means that subject's eyes are positioned opposite to the video display's center (i.e. if possible, centered both vertically and horizontally).  If two or three viewers are run simultaneously using a single display, then the subject’s eyes, if possible, are centered vertically, and viewers should be centered evenly in front of the monitor. 
The number of viewers is 24 (P.910).
A subject may skip a clip. The clip will still be used in data analysis.
[bookmark: _Toc50701093][bookmark: _Toc50701288][bookmark: _Toc184817949][bookmark: _Toc188374377]4.3.3 Display Specification and Set-up
The display resolution should be FHD (1920 × 1080) or UHD (3840 × 2160).
If the display resolution is UHD, either the display or the player may do the upscaling. Before an UHD display is used for subjective test, the upscaling performance should be tested and agreed.
Monitor Input requirements
· HDMI (player) to HDMI (display); or DVI (player) to DVI (display)
· SDI (player) to SDI (display)
· Conversion (HDMI to SDI or vice versa) should be transparent
The monitor should have as little post-processing as possible. Preferably, the monitor should make available a description of the post-processing performed. 
The smallest monitor that can be used is a 24” LCD. Mobile phone, tablet, and laptop monitors may be smaller.
The valid monitor should be LCD/OLED types. The HDTV monitor should be a high-end product, which provides adequate motion blur reduction techniques and post-processing which includes deinterlacing.
[bookmark: _Toc209328660][bookmark: _Toc216852869][bookmark: _Toc50701094][bookmark: _Toc50701289][bookmark: _Toc184817950][bookmark: _Toc188374378]4.4 Subjective Test Method: ACR
The subjective tests will be performed using the Absolute Category Rating method.  
The selected test methodology is the Absolute Rating method (ACR) and is derived from the standard Absolute Category Rating (ACR) method [ITU-T Recommendation P.910]. The 5-point ACR scale will be used. 
In the ACR test method, each test condition is presented once for subjective assessment. The test presentation order is randomized according to standard procedures (e.g., Latin or Graeco-Latin square or via computer). 
Subjective ratings are reported on the five-point scale with the “skip” option:
1. Excellent
2. Good
3. Fair
4. Poor
5. Bad
0: Skip
Viewers will see each PVS once and will have the option of skipping a PVS if they are briefly inattentive and did not observe the PVS (see Clause 8.6.3 of ITU-T Rec. P.910).
An example of instructions is given in Annex I. 
[bookmark: _Toc50701097][bookmark: _Toc50701292][bookmark: _Toc184817952][bookmark: _Toc188374379]4.5 Subjects and Subjective Test Control
Each subjective test will adhere to ITU-T Rec. P.910 (e.g., minimum of 24 subjects, guidance on session duration, training, visual acuity testing). If possible, rating time will be recorded and provided with the ratings. 
The subject screening method from Annex A of IUT-T Rec. P.910 shall be used. The minimum correlation threshold (e.g., 0.7 or maybe lower) may be adjusted at the choice of the lab running the test. 
The subjective testing will be presented from a hard disk or SSD through a computer where (1) playback mechanism is guaranteed to play at frame rate without dropping frames, (2) playback mechanism does not add distortions, and (3) monitor criteria are respected. Compressed videos may be used for playback to subjects. 
It is preferred that each subject be given a different randomized order of video sequences where possible. 
[bookmark: _Toc50701098][bookmark: _Toc50701293][bookmark: _Toc184817953][bookmark: _Toc188374380]4.6 Instructions for Subjects and Failure to Follow Instructions
For many labs, obtaining a reasonably representative sample of subjects is difficult.  Therefore, obtaining and retaining a valid data set from each subject is important.  The following procedures are highly recommended to ensure valid subjective data:
· Write out a set of instructions that the experimenter will read to each test subject or record a video.  The instructions should clearly explain why the test is being run, what the subject will see, and what the subject should do.  Pre-test the instructions with non-experts to make sure they are clear; revise as necessary.
· Explain that it is important for subjects to pay attention to the video on each trial.
· There are no “correct” ratings.  The instructions should not suggest that there is a correct rating or provide any feedback as to the “correctness” of any response.  The instructions should emphasize that the test is being conducted to learn viewers’ judgments of the quality of the samples, and that it is the subject’s opinion that determines the appropriate rating. 
· Explain that the “skip” option is to be used when the subject is inattentive and did not observe the video. The subject will not rate the skipped video (i.e., missing value). 
· Paying subjects helps keep them motivated.
[bookmark: _Toc206492485][bookmark: _Toc209241928][bookmark: _Toc209251993][bookmark: _Toc209252155][bookmark: _Toc209328665][bookmark: _Toc216852874][bookmark: _Toc184817955][bookmark: _Toc188374381]4.7 Subjective Data File Format
[bookmark: _Toc188374382]4.7.1 Subject Rating Spreadsheet
For each dataset, the subject ratings must be formatted into a matrix and saved to a spreadsheet with the following structure: 
	
	
	
	
	Viewer ID
	Viewer ID
	Viewer ID
	Viewer ID
	…
	Viewer ID

	Experiment
	SRC Num
	HRC Num
	File
	1
	2
	3
	4
	…
	24

	XYZ
	1
	1
	xyz_src0001_hrc0001.mp4
	5
	4
	5
	5
	…
	4

	XYZ
	2
	1
	xyz_src2000_hrc0001.mp4
	3
	2
	4
	3
	…
	3

	XYZ
	1
	7
	xyz_src1121_hrc7214.mp4
	1
	1
	2
	1
	…
	2

	XYZ
	3
	0
	xyz_src3456_hrc0000.mp4
	5
	4
	5
	5
	…
	5



This spreadsheet must have the following necessary information:
· Experiment ID
· Source ID number or name
· HRC ID number or name
· Video File
· Each Viewer’s Rating in a separate column (Viewer ID identified in header row)
Other columns may be optionally added (e.g., MOS, SOS). 
[bookmark: _Toc188374383]4.7.2 Long Format Subject Rating File 
For each dataset, the subject ratings should also be made available in a long format file (if possible). Most subject rating software will produce such files, but some of the information may be in separate files and the information must be merged.  
Each row of the long format file contains all metadata for a single subject rating. The following columns are desired:
· Experiment ID
· Unique Source ID number or name
· Unique HRC ID number or name
· Viewer ID Number
· Video File
· Viewer Rating
· Rating time (i.e., how long subject took to vote in the self paced test)
· Order
· Whether the stimuli was a training sequence, test sequence, or common sequence
Additional columns may be needed. 
[bookmark: _Toc188374384]4.7.3 Mandatory Information, Including Demographics
Metadata should be saved to a separate file (e.g., device, age, gender, visual acuity if measured, distance to screen, lighting, lab that conducted the test, subject recruitment method, HRC descriptions, SRC descriptions). This metadata is optional. 
See Clause 14 of ITU-T Rec. P.910 for a list of mandatory information to include in the subject test report. 

5. [bookmark: _Ref209240599][bookmark: _Toc184817956][bookmark: _Toc188374385]Source Video Sequences
[bookmark: _Toc184817957][bookmark: _Toc188374386]5.1 Selection of Source Sequences (SRC)
Source selection will be performed after model submission to the ITU/ILG.
It is preferred to use SRCs that can be reused for other purposes without time limit (at least among proponents & ILGs). Anyone who contributes SRCs make sure that they adhere to the privacy law of their country.
[bookmark: _Toc184817958][bookmark: _Toc188374387]5.2 Purchased Source Sequences
All datasets will use source videos that can be reused for other purposes without time limit. Possible origins for source videos includes the Consumer Digital Video Library (CDVL, https://www.cdvl.org/), the SVT sequences, home made videos, other openly shared databases of video content, and purchased commercial videos. 
Datasets that will not be made public may use source video that must be purchased (i.e., source video sequences that proponents must purchase prior to receiving that subjective dataset).  Because the appropriateness of purchased source may depend upon the price of those sequences, the total cost must be openly discussed before the ILG chooses to use purchased source sequences (e.g., VQEG reflector, audio conference); and the seller must be identified.  (Reminder: the scenes to be purchased must be kept secret until model & subjective dataset submission). A majority of proponents must be able to purchase these source video sequence (i.e., for model validation). 
Material provided by proponents must be made available to both ILG and other proponents at least 3 months before model submission. 
[bookmark: _Toc184817959][bookmark: _Toc188374388]5.3 Requirements for Camera and SRC Quality
Higher resolution videos may be downscaled and used as source video. Admissibility of source videos will be determined by the ILG and proponent.
Still videos (i.e, images) are allowed. Still videos may be created from high resolution images. 
Some PVSs (and therefore SRC) in each dataset must have excellent quality. 
The lowest quality SRC must be within user expectations for modern video services where users generate the content. 
The ILG and proponents will view the SRC pools to ensure that there is a sufficient range of source material and that individual SRCs are not over-used. After the approval of the ILG, all scenes will be considered final.  No scene may be discarded or replaced after this point for any technical reason. 
If possible, the camera used should be identified.  The camera specification may include the fps setting, the recording format or bit-rate.
Camera impairments are allowed, when the camera impairment is the intended HRC.
Slow motion videos from mobile phones are allowed.
[bookmark: _Toc184817960][bookmark: _Toc188374389]5.4 Content
The source sequences will be representative of a range of content and applications. The list below identifies the types of test material that form the basis for selection of sequences.
1)	movies 
2)	sports
3)	music video
4)	advertisement
5)	animation 
6)	broadcasting news (business and current events)
7) 	user generated content (UGC) 
8)	general TV material (e.g., documentary, sitcom, serial television shows)
Source material should not contain stylistic impairments, graphic images, or other disturbing/explicit material which would influence the rating of the content by subjects.
Videos with overlaid graphics are allowed (e.g., text and emoticons). 
AI generated content is not allowed. 
[bookmark: _Toc184817961][bookmark: _Toc188374390]5.5 Scene Cuts
Each 5 second source video must contain either no scene cuts or at most one scene cut. The scene cut is allowed if the scenes cover the same objects. The scene cut should not occur in the first and last one seconds and be preferably located in the middle.
[bookmark: _Toc184817962][bookmark: _Toc188374391]5.6 Scene Duration
Final source sequences will be 5 seconds.  Source scenes used for HRC creation may contain extra content at the beginning and end that will be discarded during the PVS creation process.
The editing to 5 seconds does not need to be perfect; a few frames longer or shorter is acceptable (e.g., to improve the visual impact of the content). 
[bookmark: _Toc184817963][bookmark: _Toc188374392]5.7 Source Scene Selection Criteria
Source video sequences selected for each test should adhere to the following criteria:
1)	All source must have the same frame rates (23.98 or above).
	2)	All source must be progressive.
3)	At least one scene must be very difficult to code.
4)	At least one scene must be very easy to code.
5)	At least one scene must contain high spatial detail.
6)	At least one scene must contain high motion (e.g., an object or the background 			moves 50+ pixels from one frame to the next).
7)	If possible, one scene should have multiple objects moving in a random, 				unpredictable manner. 
8)	At least one scene must be very colorful.
9)	If possible, one scene should contain some animation or animation overlay (e.g., 			cartoon, scrolling text). 
10)	If possible, at least one scene should contain low contrast (e.g., soft or blurred 			edges).
11)	If possible, at least one scene should contain high contrast (e.g., hard or clearly 			focused edges, such as the SMPTE birches scene).
12)	If possible, at least one scene should contain low brightness (e.g., dim lighting, 			mostly dark).
13)	If possible, at least one scene should contain high brightness (e.g., predominantly 			white or nearly white). 
14)	If possible, coding difficult should not be calculated using SI and TI, but rather a 			more modern method. 

6. [bookmark: _Toc184817964][bookmark: _Toc188374393]Video Format and Naming Conventions
[bookmark: _Toc184817966][bookmark: _Toc188374394]6.1 Video File Format 
All SRC and PVSs will be stored in mp4 files.
Uncompressed file option will be available if a model fails to decode an mp4 file.
[bookmark: _Toc206492499][bookmark: _Toc209241942][bookmark: _Toc209252007][bookmark: _Toc209252169][bookmark: _Toc209328679][bookmark: _Toc184817967][bookmark: _Toc188374395]6.2 Naming Conventions
All Source video sequences should be numbered (e.g., SRC 1, SRC 2).  All HRCs should be numbered, and the original video sequence must be number “0” (e.g., SRC 1 / HRC 0 is the original video sequence #1).  All files must be named: 
<experiment>_src<src_id>_hrc<hrc_id>.mp4, 
or
<experiment>_src<src_id>_hrc<hrc_id>.avi, 
where <experiment> is a string identifying the experiment; <src_id> is that source sequence’s number, and <hrc_id> is that HRC’s number.  
For example:
xyz_src0001_hrc0000.mp4
xyz_src0001_hrc0001.mp4
xyz_src0001_hrc0002.mp4
xyz_src0002_hrc0000.mp4
xyz_src0002_hrc0001.mp4
xyz_src0002_hrc0002.mp4
The SRC and HRC may be represented as names instead of ID numbers. 
The underline and dot (period) characters cannot be used for any purpose other than to separate the SRC, HRC, and file extension. This is needed to enable automatic parsing of file names. 
[bookmark: _Toc184817968]
7. [bookmark: _Toc188374396]HRC Constraints and Sequence Processing 
Note that an HRC may be associated with a camera. In this case, most of this section is not relevant. 
[bookmark: _Toc190569158][bookmark: _Toc190578561][bookmark: _Toc190596627][bookmark: _Toc190656964][bookmark: _Toc190569159][bookmark: _Toc190578562][bookmark: _Toc190596628][bookmark: _Toc190656965][bookmark: _Toc50701101][bookmark: _Toc50701296][bookmark: _Toc184817969][bookmark: _Toc188374397]7.1 Sequence Processing Overview
[bookmark: _Toc190578564][bookmark: _Toc190596630][bookmark: _Toc190656967][bookmark: _Toc190578566][bookmark: _Toc190596632][bookmark: _Toc190656969][bookmark: _Toc190578569][bookmark: _Toc190596635][bookmark: _Toc190656972][bookmark: _Toc190578570][bookmark: _Toc190596636][bookmark: _Toc190656973][bookmark: _Toc190578588][bookmark: _Toc190596654][bookmark: _Toc190656991][bookmark: _Toc184817970][bookmark: _Toc50701107][bookmark: _Toc50701302][bookmark: _Toc188374398]7.1.1 Format Conversions 
A PVS must be the same scale, resolution, and format as the original.  
An HRC may include down-sampling. However, no up-sampling or down-sampling of the video image is allowed in the final PVS. Thus, it is not allowable to show 720p footage that is “windowed” in a 1280 × 720 region of a 1080 video. 
[bookmark: _Toc184817971][bookmark: _Toc188374399]7.1.2 PVS Duration
All SRCs and PVSs to be used in testing will be 5 seconds long.  SRC may be longer and trimmed to length before testing.
[bookmark: _Toc50701108][bookmark: _Toc50701303][bookmark: _Toc184817973][bookmark: _Toc188374400]7.2 Constraints on Hypothetical Reference Circuits (HRCs)
[bookmark: _Toc50701109][bookmark: _Toc50701304][bookmark: _Toc184817974][bookmark: _Toc188374401]7.2.1 Coding Schemes
Only the following coding schemes are allowed:
· H.264
· H.265
· VP9
· AV1
· VVC
Camera impairments (live capture) are allowed. The scope of camera impairments needs to be reasonable and is recommended as follows:
· Allowed: focus problem, light level problem, camara jiggle, color problem, fast camera pan
· Not allowed: lens flare, upside-down, severe camera noise
Proponents or ILG will examine SRCs and may reject some SRCs with unusual camera impairments, that are not expected from modern camera. 
SRCs with camera impairments may include coding impairments.
It is expected that SRCs with camera impairments would be rated fair (>=3) or better.
Some public DBs with camera impairments include:
· CCRIQ dataset (image) is described in https://its.ntia.gov/publications/details?pub=2820 
· ITS4S3 dataset (video, 4 sec) is described in https://its.ntia.gov/publications/details?pub=3220 
· ITS4S2 on CDVL (see https://its.ntia.gov/publications/details?pub=3219)
Here are other datasets that could be used to train NR metrics. The LIVE-Netflix, LIVE-Netflix II, and YouTubeUGC datasets were not examined, but the descriptions sound promising. 
The ITS4S dataset does not have camera impairments. All of the other datasets include camera impairments or a mixture of camera impairments and coding artifacts. 
· ITS4S on CDVL (https://its.ntia.gov/publications/details?pub=3194) is suitable for training the "coding impairments only" track
· Video quality dataset LIVE-Netflix (https://live.ece.utexas.edu/research/LIVE_NFLXStudy/nflx_index.html)
· Video quality dataset LIVE-Netflix II (http://live.ece.utexas.edu/research/LIVE_NFLX_II/live_nflx_plus.html)
· Video quality dataset YouTubeUGC (https://media.withyoutube.com/)
These datasets have camera impairments. These datasets are less valuable because they include severe camera impairments outside of the scope we chose. These datasets use the ACR method. 
· ITS4S4 on CDVL (https://its.ntia.gov/publications/details?pub=3233) camera pans and camera jiggle only
· ITSnoise on CDVL (https://its.ntia.gov/publications/details?pub=3291) image quality dataset with camera noise and low light level impairments
· ITS4S2 on CDVL (https://its.ntia.gov/publications/details?pub=3219) image quality database with a large variety of camera impairments and content types
· YoukuV1K (https://dl.acm.org/doi/10.1145/3474085.3475486) mixture of camera impairments and coding artifacts
· Other image and video databases mentioned on my NRMetricFramework GitHub repository (https://github.com/NTIA/NRMetricFramework/blob/master/documentation/SubjectiveDatasets.md).
Two track NR models (NR models without camera impairments & NR models with camera impairments) will be considered. Subjective tests will be evenly divided among the two categories.
[bookmark: _Toc204505960][bookmark: _Toc206485060][bookmark: _Toc206485129][bookmark: _Toc206492507][bookmark: _Toc209241950][bookmark: _Toc209252016][bookmark: _Toc209252178][bookmark: _Toc209328688][bookmark: _Toc50701110][bookmark: _Toc50701305][bookmark: _Toc184817975][bookmark: _Toc188374402]7.2.2 Video Bit-Rates
Bit rates were chosen to accommodate the coding schemes above and to span a wide range of video quality: 
· 0.1–30 Mbps 
[bookmark: _Toc50701111][bookmark: _Toc50701306][bookmark: _Toc184817976][bookmark: _Toc188374403]7.2.3 Video Encoding Modes
The encoding modes that will be used may include, but are not limited to:
1. Constant-bit-rate encoding (CBR) 
1. Variable-bit-rate encoding (VBR) 
[bookmark: _Toc206492510][bookmark: _Toc209241953][bookmark: _Toc209252019][bookmark: _Toc209252181][bookmark: _Toc209328691][bookmark: _Toc190596666][bookmark: _Toc190657003][bookmark: _Toc50701113][bookmark: _Toc50701308][bookmark: _Toc184817977][bookmark: _Toc188374404]7.2.4 Frame rates
For those codecs that only offer automatically-set frame rate, this rate will be decided by the codec. Some codecs will have options to set the frame rate either automatically or manually. For those codecs that have options for manually setting the frame rate, and should an HRC require a manually set frame rate, the minimum frame rate used will be 23.9 fps. 
Manually set frame rates (new-frame refresh rate) include: 
· 1080p SRC: 	24, 25, 29.97, 30, 50, 60 fps 
Some mobile phones may use higher internal frame rates, which is acceptable.
[bookmark: _Toc50701114][bookmark: _Toc50701309][bookmark: _Toc184817978][bookmark: _Toc188374405]7.2.5 Transmission Errors
Transmission error conditions will not be allowed. 
7.3 [bookmark: _Toc204505967][bookmark: _Toc206485067][bookmark: _Toc206485136][bookmark: _Toc206492515][bookmark: _Toc209241958][bookmark: _Toc209252024][bookmark: _Toc209252186][bookmark: _Toc209328696][bookmark: _Toc190578605][bookmark: _Toc190596672][bookmark: _Toc190657009][bookmark: _Toc50701115][bookmark: _Toc50701310][bookmark: _Toc184817979][bookmark: _Toc188374406]Processing and Editing of Sequences
[bookmark: _Toc50701116][bookmark: _Toc50701311][bookmark: _Toc184817980][bookmark: _Toc188374407]7.3.1 Pre-Processing
The HRC processing may include, typically prior to the encoding, one or more of the following:
· Filtering
· Downscaling to 720p, 540p, 360p (i.e., paired with post-processing that up-scales back to 1080p), where the minimum downscaled resolution is 360p. 
This processing will be considered part of the HRC. Pre-processing should be realistic and not artificial.
[bookmark: _Toc190578610][bookmark: _Toc190596677][bookmark: _Toc190657014][bookmark: _Toc184817981][bookmark: _Toc188374408]7.3.2 Post-Processing
Post-processing effects may be included in the preparation of test material, such as:
· Down and up sampling is allowed
· Edge enhancement
· De-blocking
· Up-scaling from 360p, 540p, 720p to 1080p (i.e., paired with pre-processing that down-scales to 720p). 
Pre-processing should be realistic and not artificial. 
[bookmark: _Toc184817982][bookmark: _Toc188374409]7.3.3 Chain of Coder/Decoder
An HRC can consist of a chain of coder/decoder steps.  For example, H.265 encoder at a high bit-rate followed by H.265 decoder, then H.264 encoder at a lower bit-rate, followed by the H.264 decoder.  These HRCs should represent realistic conditions.
These chains may not include transmission errors in any transmission. 
The purpose of chain of coder/decoder can be only to enable video editing, post-processing, or conversion to a format that is compatible with the subjective test software. In this case, the bit-rate of the last encoding is expected to be higher than the original encoding. Typically, the final transcoding must not add new impairments.  
[bookmark: _Toc184817983][bookmark: _Toc188374410]7.4 Sample Video Sequences 
Proponents and ILG are invited to produce sample video sequences that demonstrate the range of quality addressed by the Experiments.  These video sequences must abide by the file format constraints listed in this test plan.  These video sequences are intended to indicate the best and worst quality that should be in the experiments.  
These video sequences should be made using openly available source (e.g., free for research purposes).  Video sequences should be 5 seconds in duration.  If possible, such video sequences should be made available within 3 weeks of the approval of this test plan. 
These sample video sequences are used to ensure compatibility with a proponent’s model. 

8. [bookmark: _Toc206492522][bookmark: _Toc209241965][bookmark: _Toc209252031][bookmark: _Toc209252193][bookmark: _Toc209328703][bookmark: _Toc176681216][bookmark: _Toc115854165][bookmark: _Toc115854577][bookmark: _Toc115854166][bookmark: _Toc115854578][bookmark: _Toc115854168][bookmark: _Toc115854580][bookmark: _Toc115854169][bookmark: _Toc115854581][bookmark: _Toc115854170][bookmark: _Toc115854582][bookmark: _Toc115671063][bookmark: _Toc50701123][bookmark: _Toc50701318][bookmark: _Ref208991167][bookmark: _Toc184817988][bookmark: _Ref491069204][bookmark: _Toc188374411]Objective Quality Model Evaluation Criteria
[bookmark: _Toc115671064]This section describes the evaluation metrics and procedure used to assess the performances of an objective video quality model as an estimator of video picture quality in a variety of applications.
RMSE will be used for statistical testing of differences in fit between models. RMSE will be the primary metric for analysis (i.e., because only RMSE will be used to determine whether one model is significantly equivalent to or better than another model). This analysis will identify the group of top performing NR metrics. 
Pearson Correlation will be calculated for historical continuity. No statistical testing will be performed for the Pearson Correlation analysis.  
The evaluation analysis is based on MOS.  The objective quality model evaluation will be performed in three steps.  The first step is a mapping of the objective data to the subjective scale.  The second calculates the evaluation metrics for the models.  The third tests for statistical differences between the evaluation metrics value of different models.
Any ILG or proponent may calculate other statistics and submit them for consideration and possible inclusion into the official data analysis (e.g., likelihood of false ranking and an estimation of the metric’s confidence interval).
[bookmark: _Toc196211156][bookmark: _Toc196211157][bookmark: _Toc196211160][bookmark: _Toc196211163][bookmark: _Toc196211167][bookmark: _Toc204068363][bookmark: _Toc196211174][bookmark: _Toc101855872][bookmark: _Toc101856027][bookmark: _Toc101864942][bookmark: _Toc101865084][bookmark: _Toc101866074][bookmark: _Toc101855873][bookmark: _Toc101856028][bookmark: _Toc101864943][bookmark: _Toc101865085][bookmark: _Toc101866075][bookmark: _Toc146616481][bookmark: _Toc146616482][bookmark: _Toc146616484][bookmark: _Toc146616485][bookmark: _Toc101864946][bookmark: _Toc101865088][bookmark: _Toc101866078][bookmark: _Toc101864947][bookmark: _Toc101865089][bookmark: _Toc101866079][bookmark: _Toc101864949][bookmark: _Toc101865091][bookmark: _Toc101866081][bookmark: _Toc101864951][bookmark: _Toc101865093][bookmark: _Toc101866083][bookmark: _Toc101864953][bookmark: _Toc101865095][bookmark: _Toc101866085][bookmark: _Toc101864955][bookmark: _Toc101865097][bookmark: _Toc101866087][bookmark: _Toc101864957][bookmark: _Toc101865099][bookmark: _Toc101866089][bookmark: _Toc101864958][bookmark: _Toc101865100][bookmark: _Toc101866090][bookmark: _Toc101855876][bookmark: _Toc101856031][bookmark: _Toc101864960][bookmark: _Toc101865102][bookmark: _Toc101866092][bookmark: _Toc146616486][bookmark: _Toc101855878][bookmark: _Toc101856033][bookmark: _Toc101864962][bookmark: _Toc101865104][bookmark: _Toc101866094][bookmark: _Toc101864965][bookmark: _Toc101865107][bookmark: _Toc101866097][bookmark: _Toc101855882][bookmark: _Toc101856037][bookmark: _Toc101864967][bookmark: _Toc101865109][bookmark: _Toc101866099][bookmark: _Toc146616494][bookmark: _Toc176681242][bookmark: _Toc190569202][bookmark: _Toc190578623][bookmark: _Toc101855884][bookmark: _Toc101856039][bookmark: _Toc101864969][bookmark: _Toc101865111][bookmark: _Toc101866101][bookmark: _Toc101855888][bookmark: _Toc101856043][bookmark: _Toc101864973][bookmark: _Toc101865115][bookmark: _Toc101866105][bookmark: _Toc184817989][bookmark: _Toc188374412]8.1 Post Submissions Elimination of PVSs
We recognize that there could be potential errors and misunderstandings implementing this test plan.  No test plan is perfect.  Where something is not written or written ambiguously, this fault must be shared among all participants.  We recognize that ILG who make a good faith effort to have their subjective test conform to all aspects of this test plan may unintentionally have a few PVSs that do not conform (or may not conform, depending upon interpretation). 
After model & dataset submission, SRC or HRC or PVS can be discarded if and only if:
· The discard is proposed at least one week prior a face-to-face meeting and there is no objection from any VQEG or ITU participant present at the face-to-face meeting (note: if a face-to-face meeting cannot be scheduled fast enough, then proposed discards will be discussed during a carefully scheduled audio call); or
· The discard concerns a SRC no longer available for purchase, and the discard is approved by the ILG; or 
· The discard concerns an HRC or PVS which is unambiguously prohibited by Section 7 ‘HRC Creation and Sequence Processing’, and the discard is approved by the ILG.
Objective models may encounter a rare PVS that is slightly outside the proponent’s understanding of the test plan constraints.
[bookmark: _Toc101855891][bookmark: _Toc101856046][bookmark: _Toc101864976][bookmark: _Toc101865118][bookmark: _Toc101866108][bookmark: _Toc101855893][bookmark: _Toc101856048][bookmark: _Toc101864978][bookmark: _Toc101865120][bookmark: _Toc101866110][bookmark: _Toc101855894][bookmark: _Toc101856049][bookmark: _Toc101864979][bookmark: _Toc101865121][bookmark: _Toc101866111][bookmark: _Toc184817991][bookmark: _Toc188374413]8.2 Calculating MOS Values for PVSs
The data analysis for NR models will be performed using the mean opinion score (MOS). 
[bookmark: _Toc184817992][bookmark: _Toc188374414]8.3 Common Set
The common set video sequences will be included in all experiments for the official ILG data analysis.  The preference is that this issue should not be re-discussed after model submission. 
[bookmark: _Toc184817993][bookmark: _Toc188374415]8.4 Mapping to the Subjective Scale
Subjective rating data often are compressed at the ends of the rating scales.  It is not reasonable for objective models of video quality to mimic this weakness of subjective data.  Therefore, a non-linear mapping step was applied before computing any of the performance metrics.  
A non-linear mapping function that has been found to perform well empirically is the cubic polynomial: 
MOSp = ax3 + bx2 + cx + d
where MOSp is the predicted MOS. The weightings a, b and c and the constant d are obtained by fitting the function to the data [MOS]. 
The mapping function maximizes the correlation between MOSp and MOS:
	MOSp = (ax3 + bx2 + cx)
This function must be constrained to be monotonic within the range of possible values for our purposes. 
This non-linear mapping procedure will be applied to each model’s outputs before the evaluation metrics are computed.  The ILG will use the same mapping tool for all models and all data sets.
After the ILG computes the coefficients of the mapping functions, proponents will be allowed two weeks to check their own models’ coefficients and optionally submit replacement coefficients (for their models, only).  After two weeks, the mapping coefficients will be finalized. 
[bookmark: _Toc184817994][bookmark: _Toc188374416]8.5 Evaluation Procedure
The performance of an objective quality model to each subjective dataset will be characterized by (1) calculating MOS values, (2) mapping to the subjective scale, (3) computing the following two evaluation metrics: 
· Root Mean Square Error (primary)
· Pearson Correlation Coefficient (secondary)
along with the 95% confidence intervals of each.  Finally (4) testing RMSE for statistically significant differences among the performance of various models with the F-test.
[bookmark: _Toc184817995][bookmark: _Toc188374417]8.5.1 Pearson Correlation Coefficient
The Pearson correlation coefficient R (see equation 2) measures the linear relationship between a model’s performance and the subjective data.  Its great virtue is that it is on a standard, comprehensible scale of -1 to 1 and it has been used frequently in similar testing.


								(2)

Xi denotes the subjective score (MOS(i) for NR models) and Yi the objective score (MOSp(i) for NR models).  N in equation (2) represents the total number of video clips considered in the analysis. 
If the number of sequences in the entire test is 162 and there are 9 SRC videos in a full matrix of SRC and HRC, then the value of N in equation (2) is:
· N=153 (=162-9 since the evaluation discards the reference videos and there are 9 reference videos in each experiment).
· Note, if any PVS in the experiment is discarded for data analysis, then the value of N changes accordingly.
The sampling distribution of Pearson's R is not normally distributed. "Fisher's z transformation"  converts Pearson's R to the normally distributed variable z. This transformation is given by the following equation : 

										(3)
The statistic of z is approximately normally distributed and its standard deviation is defined by: 

											(4)  
The 95% confidence interval (CI) for the correlation coefficient is determined using the Gaussian distribution, which characterizes the variable z and it is given by (5)

						                			(5)
NOTE 1: For a Gaussian distribution, K1 = 1.96 for the 95% confidence interval. If N<30 samples are used then the Gaussian distribution must be replaced by the appropriate Student's t distribution, depending on the specific number of samples used.
Therefore, in the context of this test, K1 = 1.96.
The lower and upper bound associated to the 95% confidence interval (CI) for the correlation coefficient is computed for the Fisher's z value:




NOTE 2: The values of Fisher's z of lower and upper bounds are then converted back to Pearson's R to get the CI of correlation R.
[bookmark: _Toc184817996][bookmark: _Toc188374418]8.5.2 Root Mean Square Error
The accuracy of the objective metric is evaluated using the root mean square error (rmse) evaluation metric.
The difference between measured and predicted MOS is defined as the absolute prediction error Perror: 
Perror(i) = MOS(i) – MOSp(i)
where the index i denotes the video sample.
The root-mean-square error of the absolute prediction error Perror is calculated with the formula: 

								(7)
where N denotes the total number of video clips considered in the analysis, and d is the number of degrees of freedom of the mapping function (1).
In the case of a mapping using a 3rd-order monotonic polynomial function, d=4 (since there are 4 coefficients in the fitting function).
In the case of a mapping using a 3rd-order monotonic polynomial function, d=4 (since there are 4 coefficients in the fitting function).
In the context of this test plan, the value of N in equation (7) is: 
· NOTE: if any PVS in the experiment is discarded for data analysis, then the value of N changes accordingly.
The root mean square error is approximately characterized by a ^2 (n) [1], where n represents the degrees of freedom and it is defined by (8): 
n=N-d											(8)
where N represents the total number of samples.
Using the ^2 (n) distribution, the 95% confidence interval for the rmse is given by (9) [1]:						

 						(9)
[bookmark: _Toc204159749][bookmark: _Toc184817997][bookmark: _Toc188374419]8.5.3 Statistical Significance of the Results Using RMSE
Considering the same assumption that the two populations are normally distributed, the comparison procedure is similar to the one used for the correlation coefficients. The H0 hypothesis considers that there is no difference between RMSE values. The alternative H1 hypothesis is assuming that the lower prediction error value is statistically significantly lower. The statistic defined by (10) has a F-distribution with n1 and n2 degrees of freedom [1].
	

	(10)



rmsemaxis the highest rmse and rmseminis the lowest rmse involved in the comparison. The ζ statistic is evaluated against the tabulated value F(0.05, n1, n2) that ensures 95% significance level. The n1 and n2 degrees of freedom are given by N1-d, respectively and N2-d, with N1 and N2 representing the total number of samples for the compared average rmse (prediction errors) and d being the number of parameters in the fitting equation (7). 

If is higher than the tabulated value F(0.05, n1, n2) then there is a significant difference between the values of RMSE.
[bookmark: _Toc184817999]
9. [bookmark: _Toc188374420]Test Schedule

	1
	Approval of test plan  & call for proponents
	January 22, 2025

	2
	Date to declare intent to participate as proponent or ILG. 
All proponents who will participate in the J.noref project must specify their intent by this date.
	March 5, 2025 (17:00 CET)

	3
	Agreement between ILG and proponents and this agreement may modify the role of ILGs.
	April 3, 2025

	4
	Model submission
	November 12, 2025 (17:00 CET)

	5
	Test Design & SRC review
	December 17, 2025 

	6
	Test PVS generation & subjective tests
	February 25, 2025

	7
	Objective data submission
	March 25, 2026

	8
	Final Report
	April 22, 2026



It is expected that ILG would have access to the subjective data and PVSs for their contributions and supervision. The scope of ILG roles will be agreed between proponents and ILGs.
[bookmark: _Toc50701139][bookmark: _Toc50701334][bookmark: _Toc184818001]

[bookmark: _Toc188374421]References
[1] M. Spiegel, “Theory and problems of statistics”, McGraw Hill, 1998.



Annex I
EXAMPLE INSTRUCTIONS TO THE SUBJECTS
Notes:  The items in parentheses are generic sections for a Subject Instructions Template.  They would be removed from the final text.  Also, the instructions are written so they would be read by the experimenter to the participant(s).

(greeting)  Thanks for coming in today to participate in our study.  The study’s about the quality of video images; it’s being sponsored and conducted by companies that are building the next generation of video transmission and display systems.  These companies are interested in what looks good to you, the potential user of next-generation devices.

(vision tests)  Before we get started, we’d like to check your vision in two tests, one for acuity and one for color vision.  (These tests will probably differ for the different labs, so one common set of instructions is not possible.)

(overview of task:  watch, then rate)  What we’re going to ask you to do is to watch a number of short video sequences to judge each of them for “quality” -- we’ll say more in a minute about what we mean by “quality.”  These videos have been processed by different systems, so they may or may not look different to you.  We’ll ask you to rate the quality of each one after you’ve seen it. 

(physical setup)  When we get started with the study, we’d like you to sit here (point) and the videos will be displayed on the screen there.  You can move around some to stay comfortable, but we’d like you to keep your head reasonably close to this position indicated by this mark (point to mark on table, floor, wall, etc.).  This is because the videos might look a little different from different positions, and we’d like everyone to judge the videos from about the same position.  I (the experimenter) will be over there (point).

(room & lighting explanation, if necessary)  The room we show the videos in, and the lighting, may seem unusual.  They’re built to satisfy international standards for testing video systems.

(presentation timing and order; number of trials, blocks)  Each video will be (insert number) seconds (minutes) long.  You will then have a short time to make your judgment of the video’s quality and indicate your rating.  At first, the time for making your rating may seem too short, but soon you will get used to the pace and it will seem more comfortable.  (insert number) video sequences will be presented for your rating, then we’ll have a break.  Then there will be another similar session.  All our judges make it through these sessions just fine.

(what you do: judging -- what to look for)  Your task is to judge the quality of each image -- not the content of the image, but how well the system displays that content for you. There is no right answer in this task; just rely on your own taste and judgment.

(what you do: rating scale; how to respond, assuming presentation on a PC)  After judging the quality of an image, please rate the quality of the image.  Here is the rating scale we’d like you to use (also have a printed version, either hardcopy or electronic):

Please indicate your rating by adjusting the cursor on the scale accordingly. 

(practice trials: these should include the different size formats and should cover the range of likely quality)  Now we will present a few practice videos so you can get a feel for the setup and how to make your ratings.  Also, you’ll get a sense of what the videos are going to be like, and what the pace of the experiment is like; it may seem a little fast at first, but you get used to it.

(questions)  Do you have any questions before we begin?

(subject consent form, if applicable; following is an example)  
The HDTV Quality Experiment is being conducted at the (name of your lab) lab.  The purpose, procedure, and risks of participating in the HDTV Quality Experiment have been explained to me.  I voluntarily agree to participate in this experiment.  I understand that I may ask questions, and that I have the right to withdraw from the experiment at any time.  I also understand that (name of lab) lab may exclude me from the experiment at any time.  I understand that any data I contribute to this experiment will not be identified with me personally, but will only be reported as a statistical average.

Signature of participant			Signature of experimenter
[bookmark: _Toc167249039][bookmark: _Toc167249556][bookmark: _Toc167250159]Name of participant		Date		Name of experimenter
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