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Abstract
There are two primary challenges of high importance for quality assessment for adaptive streaming as in DASH or other HAS (http-based adaptive streaming) services and applications: (A) Accurate estimation of short-term video quality for various kinds of encodings and representations (keywords bitrate-, framerate- and resolution-scaling) and (B) longer-term integration of short-term estimates and stalling events (in case of player re-buffering) to deliver estimates of user opinion after or while watching a given sequence.
There are currently activities on quality prediction for adaptive bitrate video streaming run within VQEG (the AVHD project) and ITU-T SG12 (Q.14/12’s P.NATS work item) separately, which both address the above-mentioned aspects.

This document provides a proposal to unite these to a joint project “VQEG-AVHD / P.NATS Phase 2” and was created by the Co-Rapporteurs of Q.14/12 and the AVHD Co-chair Christian Schmidmer during the Q.14/12 Interim Meeting in Berlin, 27-29th April 2016. 

The proposal has been discussed in the AVHD call on April 28th (15-16h CEST) which was held jointly with the Q.14/12 group present during its Interim Meeting. Besides some provisional AVHD participants, Margaret Pinson and Kjell Brunnström (both VQEG Co-Chairs) were present in the call, so that first positive feedback from parts of the VQEG leading-group was received. In the call and the accompanying discussions within the Q.14/12 group, the proposed full collaboration between VQEG and Q.14/12 on a joint AVHD/P.NATS Phase 2 project was provisionally agreed upon. The provisional character of the agreement is planned to be turned into full agreement once the AVHD-participants who were not present in the call as well as the VQEG board will have accepted the proposal. All further steps will then be discussed jointly with a larger, merged group in dedicated weekly AVHD/P.NATS Phase 2 audio calls.  
Introduction
Both AVHD and P.NATS were planned to be developed in competitions, targeting similar scopes. AVHD in its current form addresses audio-visual testing with adaptive bitrate streaming type sequences of up to 5 min duration, asking subjects for video quality ratings. The resulting ratings are used for validating signal-based quality models (NR, RR, FR, and hybrid). The resolutions addressed in AVHD in its initial form were up to HD, with the plan to cover a wide range of encoder settings for the H.264, HEVC and VP9 video codecs. 
The initial Terms of Reference for P.NATS Phase 2 addressed short-term video ratings for different video coders and settings (H.264, HEVC and VP9), up to UHD-1 resolution. Models addressed in P.NATS Phase 2 are bitstream-based in the main Track 1, with the initial plan to have FR- and hybrid-model qualification in two side Tracks 2 and 3. The general P.NATS architecture is shown in Fig. 1. In P.NATS Phase 1, the focus is entirely on benchmarking models based on Pq-prediction accuracy. Each of the current participants provides Pa, Pv and Pq modules for one or more of the four different Modes 0, 1 2 and 3. In a mixing-and-matching process, the best combination of Pa, Pv and Pq modules is determined. The underlying ground-truth data are test results from subjective tests asking for integral quality of audiovisual sequences of [1, 2, 3, 4, 5] min duration. A respective illustration of the AVHD model is shown in Fig. 2.
The current proposal is to merge efforts from VQEG and Q.14/12 and to run a joint project, entirely handled by the two groups together. 


[image: image1]
Figure 1: Building blocks of the P.NATS architecture.

[image: image2]
Figure 2: AVHD model structure highlighting short-term and long-term handling, using the P.NATS abbreviations for better comparison.
Proposed Project Details (proposed name: AVHD/P.NATS Phase 2)

In P.NATS Phase 1 baseline models for a P.NATS long-term integration of short-term audio and video MOS scores, plus buffering information were developed (Pq module). Short-term MOS is provided by Pa (for audio) resp. Pv (for video) modules.  

In addition, in Track 2 of Phase 1, pixel based FR-models could be used instead of the parametric Pv modules to provide the short-term video MOS. In this case, the Pa and Pq modules are chosen from the best performing parametric model. The focus of P.NATS Phase 2 is on an extension / replacement of the Phase 1 Pv modules only. 
In AVHD, the dedicated evaluation of monolithic signal-based models for longer-term sequences was planned to be addressed. No separation of short-term Pv model and long-term integration model Pq was planned.
The AVHD/P.NATS Phase 2 project is proposed to primarily address the short-term video quality evaluation (cf. challenge (A) in the list provided in the Abstract), with sequence durations of 10s. In terms of P.NATS architecture, this means that the Pv modules will primarily be addressed. This 10s-duration shall mimic the evaluation of 1s-long portions of a longer sequence
. Since such short 1s-portions cannot be evaluated in a subjective test, 10s long sequences are considered.

NOTE: Regarding the following point different views exist:

(1) The ten second sequences shall not contain any explicit quality switches. Only smaller variations due to content-properties are allowed. This is in line with the architecture of the P.NATS models where the temporal integration is performed by the Pq model, which is not in the scope of P.NATS Phase 2. Further, this is considered to help focus on the short-term view where encoding settings are sought to primarily be addressed. Further, switches are included in the longer sequences anyways, and usage within the short videos as well should be avoided. If quality-changes were included in short videos, there will be less databases that can address challenge (A), that is, the impact of representations and encoders and their settings on video quality (also in the light of including UHD).
(2) For the AVHD/ pixel based models it is more realistic to include quality switches during the ten second sequences, since no separation between Pv and Pq module is mandatory. In reality, pixel-based models do not know about segment borders, and will have to score quality changes whenever and wherever they occur. Using short term databases with quality switching also seems important to emphasize the difference between the new models and the existing Recommendations for UDP based transmissions. Also, the pixel-based models have never before been benchmarked with regard to stalling or adaptivity events. Reducing the evaluation of the behaviour in such cases to the already reduced set of long-term databases seems insufficient.   
A possible compromise could be to have quality switches included in a small set of the short-term databases only. Here, the advantages of a joint project for the short sequence model evaluation without changes should be maintained, to best exploit the joint coordination efforts.
This does not prevent the use of the resulting Pv-modules for portions shorter than 10s that may be part of a longer sequence. To make sure this is possible and to enable compatibility with the P.NATS architecture, all Pv-modules will output scores on a per-second-basis. 
Pixel-based models will provide a MOS after every 1s of video, plus a MOS after the entire sequence. The 1s MOS will not take into account stalling or initial buffering.
This way, the project focuses on the component where most changes are expected, and the plan is to validate it for conditions including:

· Viewing resolutions
· HD

· UHD

· Codecs:

· H.264

· HEVC

· VP9

· Resolutions due to adaptivity:

· UHD

· WQHD

· HD, SD and smaller in adaptation modes

· Frame rates up to 60 fps

· HDR / color range
· No HDR
· Some extension over HD-related gamut (to be discussed)
· Modes

· Bitstream (nomenclature cf. P.NATS Phase 1): 

· Mode 0

· Mode 1

· Mode 2

· Mode 3

· Signal-based

· NR

· RR

· FR

· Hybrid

· Various combinations of signal-based and bitstream-based models can be constructed (maximum: 4 bitstream modes x 3 signal-based model types = 12). It will be discussed which ones will ultimately be addressed by the group
The joint model is illustrated in Figure 3. Note that for better clarity of the joint perspective, the “monolithic” AVHD-type pixel-based and hybrid models are drawn as if they contained an explicit short-term (Pv) and integration module (Pq). This way, the outputs addressed in the validation in terms of ground-truth subjective tests can better be illustrated.  
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Figure 3: Illustration of proposed joint AVHD/P.NATS model validation.
The P.NATS Phase 1 Pv modules output scores on a per-second-basis. These per-second-scores are referred to as outputs O.22 in P.NATS. We here keep this nomenclature for better understanding of the relations with P.NATS Phase 1. The short-term validation of the joint AVHD/ P.NATS Phase 2 project however will be done against subjective test scores for 10s-long videos. This type of output currently does not exist in P.NATS terms, and hence is added here as the new output O.22B. The long-term, integral output scores in P.NATS are referred to as O.46, which will be kept in this document, due to the similar meaning for AVHD and P.NATS.
There are three steps in the development, each associated with a new set of test databases

· Training of Pv / short-term modules. Database: short-term video quality tests, sources repeated a number of times etc., see below. By including some conditions also used in P.NATS Phase 1, inclusion of the resulting models within the P.NATS framework will be ensured. Additional sequence types will be used, to reach the goal of covering the model range.

· Validation of Pv / short-term modules. Database: short-term video quality tests, sources repeated a number of times, see below. By including some conditions also used in P.NATS Phase 1, inclusion of the resulting models within the P.NATS framework will be ensured. Additional sequence types will be used, to reach the goal of covering the model range. At this stage, it still needs to be decided whether for signal-based and hybrid models initially specified under the AVHD project, a combined evaluation of short-term video modules (Pv) and long-term integration modules (Pq) as a monolithic block / model will be done (that is, in a parallel validation, where the winner will depend on performance of both Pv and Pq), or whether the Pv and Pq validation will be done subsequently (see below, “Longer-term integration, AVHD”).
· Longer-term integration
· Database: Creation of a reduced validation set of longer sequences to validate monolithic (initial AVHD focus) as well as integrated models (P.NATS focus). Database: long-term audiovisual quality tests for different durations (e.g. 1min, 3min, maybe 5min – should be discussed), following the same testing paradigm as in P.NATS Phase 1. The limited set of data results in a reduced effort necessary for audiovisual tests and respective source sequences to be found.
· P.NATS: Characterisation of performance of short-term / Pv modules (bitstream and hybrid) when used with Pq and Pa modules from Phase 1, against audio-visual quality test results. In case that the characterization shows that the existing Pa and Pq modules may not be suitable for the extended range of Pv-related settings, respective improvements or extensions to these modules will be addressed in a subsequent P.NATS Phase 3. 

· AVHD: Validation of long-term NR, RR and FR and Hybrid models using the ground-truth test data. Here, two options exist, namely 
· (1) to combine the validation of signal-based short-term modules with the validation of long-term (Pq) modules in one step, and 
· (2) to use the winning AVHD/P.NATS Phase 2 short-term module (“Pv”) to determine the best Pq-type signal-based integration model (see below illustrations). 
In case (1), a certain weight will be needed to specify the relative importance of the Pq and Pv modules for determining the winning models during validation.
The two different options (1) and (2) for handling the Pv- and Pq-module validation process for the signal-based (and probably also the hybrid) models (formerly AVHD) are illustrated below:     

Option (1):  
 [image: image4.emf]


Pq:	Integration



Stream



I.11



I.13



I.14



O.21
O.22B



O.23



O.35



O.46



I.01



Input-level MOS



Pa:	Audio	cod.	
quality impact



O.34M
ed



ia
	p
ar
am



et
er



ex
tr
ac
tio



n
Bu



ffe
rp



ar
am



et
er



ex
tr
ac
tio



n



I.15:	Pixel	info
I.16:	Reference



Pv:	Video	cod.	
quality impact



O.22



AVHD:	Pv and	Pq in	one	block










Pq:	Integration

Stream

I.11

I.13

I.14

O.21

O.22B

O.23

O.35

O.46

I.01

Input-level MOS

Pa:	Audio	cod.	

qualityimpact

O.34

M

e

d

i

a

	

p

a

r

a

m

e

t

e

r

e

x

t

r

a

c

t

i

o

n

B

u

f

f

e

r

p

a

r

a

m

e

t

e

r

e

x

t

r

a

c

t

i

o

n

I.15:	Pixel	info

I.16:	Reference

Pv:	Video	cod.	

qualityimpact

O.22

AVHD:	Pvand	Pqin	one	block


Figure 4: Option 1 – Joint validation of Pv and Pq components for AVHD-type signal-based and hybrid models. Using the optional output O.22 at a per-1-s-level, the resulting Pv modules are proposed to be used in the characterization in comparison with the Pv modules of the P.NATS-related modes (Mode 0, Mode 1, Mode 2, Mode 3). In this case Pa\Pq modules from P.NATS will be used.
Option (2):  
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(Step 1)
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(Step 2)
Figure 5: Option 2 – Separate validation of Pv in parallel on short video tests (10s) (top figure, Step 1). Subsequent usage of winning Pv of each AVHD signal-based and hybrid model type to determine the best corresponding Pq module (bottom figure, Step 2). Using the proposed additional AVHD-model output O.22 (per-second), the selected Pv modules can also be used in the characterization in comparison with the Pv modules of the P.NATS-related modes (Mode 0, Mode 1, Mode 2, Mode 3. In this case, Pa\Pq modules from P.NATS will be used.
Subjective tests

In all cases, the proposal is that the training and validation of the short-term modules will be carried out against subjective video quality scores obtained for 10s long videos played without audio, as explained above.
The subjective test procedure will employ a test paradigm following Rec. BT-710, BT-500 and P.910, which will be adjusted to UHD by the VQEG and Q.14/12 experts. 

Source sequences will be repeated a certain number of times. Thus, for short-sequence tests, AVHD / P.NATS Phase 2 will not employ the more ecologically valid approach regarding “QoE” that was used in P.NATS Phase 1, where sources have not been repeated across different Processed Video Sequences (PVSs). This is considered to have a number of advantages in this context: 
(i) Test subjects will be more critical in their judgments, so that the test results are expected to be more discriminative regarding different settings. 
(ii) Source material also for UHD can more easily be found, for example by cutting longer sequences into short portions.
High-quality video sources will be used so as to ensure optimal training and validation of the short-term video quality estimation modules. With this approach, the validity of predictions shall be optimized. Further, specific encoder settings can be reflected, increasing the applicability for different stakeholders including operators, manufacturers and content providers.
Summary

The proposed overall procedure is illustrated in Figure 1.
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Figure 4: Illustration of proposed AVHD / P.NATS Phase 2 development 
and relation with P.NATS Phase 1
 ____________

� From the P.NATS Phase 1 ToR:


“An output sampling interval is defined as


a 1 second duration of parsed video or audio (buffering or stalling is not considered part of this time ), where 1s output shall correspond to rating of 10s sequence that has the same characteristics as the 1s under consideration”
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[image: image9.png]P.NATS (Track 1: bitstream-based / Track 2: Pv-module pixel-based)
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