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ITU-T Recommendation J.148

Requirements for an objective perceptual multimedia quality model

Summary

This Recommendation details the requirements for the development of an objective multimedia
perceptual quality model. The requirements are set out for an auditory-visual model. The current
requirements detail the form of the model, the focus for the multimedia modelling component, and
the nature of the output necessary for the model to operate as a valuable assessment tool.

Source

ITU-T Recommendation J.148 was prepared by ITU-T Study Group 9 (2001-2004) and approved
under the WTSA Resolution 1 procedure on 14 May 2003.

ITU-T Rec. J.148 (05/2003) i



FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of
ITU. ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure e.g. interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementors
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database.

© ITU 2003

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Introduction

At present, perceptual models for the objective measurement of audio quality and video quality are
at a reasonably advanced stage. Existing ITU-T Recommendations are in place for narrowband
voice audio quality measurement (ITU-T Rec. P.862) and for the measurement of high quality audio
(ITU-R Rec. BS.1387-1). An intermediate subjective quality assessment method is under
consideration by ITU-R Working Party 6Q. Continuing research within the Video Quality Experts
Group is directed towards providing additional input to the ITU on objective video quality
measurement models. Although work has been reported indicating some basic rules underpinning
human perception of multimedia quality (see ITU-T Rec. P.911), the development of an overall
measure of auditory-visual quality has been neglected. This Recommendation is aimed at defining
some of the requirements needed to develop a multimedia perceptual model.

Multimedia is defined as the combination of multiple forms of media such as audio, video, text,
graphics, fax, and telephony in the communication of information (ITU-T Rec. Q.1702). For the
purpose of this Recommendation, multimedia is confined to any service in which two primary
information sources are transmitted. One information source is a single or composite audio signal,
the second information source considered is a video or composite image signal. The audio
information includes, but is not limited to, mono, stereo, spatial or some other composite form of
audio signal. The video or composite image includes, but is not limited to, fixed and variable frame
rate services as well as natural, synthetic and natural-synthetic pictures. The signal may be
transmitted using any type of transport mechanism. Current ITU-T Recommendations will form the
basis for the development of the multimedia model. Relevant Recommendations are ITU-T
Recs P.910, P.911, P.920 and P.931.

v ITU-T Rec. J.148 (05/2003)



ITU-T Recommendation J.148

Requirements for an objective perceptual multimedia quality model

1 Scope

The initial goal of the multimedia model is to produce an objective measurement of quality for
auditory-visual services. The primary use of the model is to measure the quality of limited
bandwidth services (e.g., services delivered at or below 2 Mbit/s). It is considered that limited
bandwidth represents a more critical level of service, particularly with respect to the range of
quality associated with the audio component of any multimedia service.

It should be noted that the multimedia model should also be applicable to higher bandwidth
services, for example in defining any positive influences of high quality audio on perceptions of
video/composite image quality. Such cross-modal influences can be used to modify outputs from
video/composite image models defined to measure, for example, the picture quality of broadcast
services.

The multimedia model should be a flexible tool capable of providing feedback on individual
qualities as well as combined quality.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

2.1 Normative references
None.
2.2 Informative references

— ITU-R Recommendation BS.1387-1 (2001), Method for objective measurements of
perceived audio quality.

— ITU-R Recommendation BT.1359-1 (1998), Relative timing of sound and vision for
broadcasting.

— ITU-T Recommendation J.144 (2001), Objective perceptual video quality measurement
techniques for digital cable television in the presence of a full reference.

— ITU-T Recommendation P.862 (2001), Perceptual evaluation of speech quality (PESQ): An
objective method for end-to-end speech quality assessment of narrowband telephone
networks and speech codecs.

— ITU-T Recommendation P.910 (1999), Subjective video quality assessment methods for
multimedia applications.

— ITU-T Recommendation P.911 (1998), Subjective audiovisual quality assessment methods
for multimedia applications.

— ITU-T Recommendation P.920 (2000), Interactive test methods for audiovisual
communications.
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— ITU-T Recommendation P.931 (1998), Multimedia communications delay, synchronization
and frame rate measurement.

— ITU-T Recommendation Q.1702 (2002), Long-term vision of network aspects for systems
beyond IMT-2000.

3 Terminology

This Recommendation defines the following terms:

3.1 multimedia: The combination of multiple forms of media such as audio, video, text,
graphics, fax, and telephony in the communication of information (ITU-T Rec. Q.1702).

3.2 Aq: Objective measurement of audio quality.

33 V(q: Objective measurement of video quality.

34 Aq(Vq): Objective measurement of audio quality, accounting for the influence of video
quality.

3.5 V(q(Aq): Objective measurement of video quality, accounting for the influence of audio
quality.

4 Requirements for a multimedia model

Figure 1 depicts the basic form of the multimedia model. The audio and video/composite image
models that are under development provide inputs to the multimedia model. The focus of research is
therefore to define the form of the multimedia integration function. The integration function applies
specific rules to the information provided by the audio and video/composite image inputs. The form
of these rules will be based on data derived from subjective quality experiments. The aim is to
produce a set of integration rules that enable the multimedia model to accurately predict human
quality perception of systems and services under test. Therefore the validity of the model must be
shown by comparing the performance of the model against quality ratings obtained from subjective
tests for a range of test materials.

) —»| Auditory quality
Auditory > Aq(Vq)
source Multimedia
Differential quality —»{ Multimedia qualit
_ | delay integrqtion Y
function
Visual > Vq(Aq)
souree |yl visual quality > Y
[ i Vq
Task
as J.148_FO1

Figure 1/J.148 — Basic components of a multimedia model

The multimedia model contains three primary input modules. These modules provide regular
predictions of audio quality and of video/composite image quality for some multimedia service, and
an indication of the differential delay between the audio and video/composite image sources (ITU-R
Rec. BT.1359-1). Standardized models will be used as the quality inputs to the multimedia model.
There is ongoing research in developing perceptual quality models for audio and for
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video/composite images with both full reference and reduced/no reference capabilities. A fourth
input allows the model to accommodate any task-dependent influences that may impact on quality
perceptions. The role of the task input module is to represent the degree of interactivity associated
with the multimedia service. The multimedia model will be based on generic rules that capture
human perceptions of auditory-visual quality.

The multimedia model should be applicable to the measurement:
1) of services where a reference is available; and

i) for services in which no reference information is present.

Note that the multimedia model represents the interactions and perceptual consequences of different
quality patterns present in an auditory-visual service. This information needs to be obtained from
the individual models, so it is the task of the individual input modules to provide the information for
the multimedia model to operate effectively. The means by which the individual models extract this
information is not a concern of the multimedia model. Clearly it is important for the multimedia
modelling researchers to maintain contact with the individual audio and video/composite image
modelling groups to ensure that appropriate information is available for input to the multimedia
model.

The following requirements follow from the preceding discussion.

1) the core inputs to the multimedia model are the audio model (e.g., ITU-T Rec. P.862) and
video/composite image model (e.g., ITU-T Rec. J.144) and a measure of differential
auditory-visual delay (ITU-R Rec. BT.1359-1);

2) the task of the multimedia model is to integrate together the qualities from the audio and
video/composite image models;

3) the multimedia integration function should be generic, capable of handling inputs from
individual models regardless of whether a reference signal is available;

4) a discussion forum with individual model developers needs to be in place so that the inputs
from the audio and video/composite image models is appropriate to the needs of the
multimedia model,

5) the output from the multimedia model is a prediction of multimedia quality representative
of human perception.

5 Multimedia integration function

The multimedia integration function will accommodate human perceptual and cognitive processes
active in the formation of quality judgments of auditory-visual services. Data obtained from
subjective quality tests will be used to define the integration function. The role of the integration
function is to accept inputs from the audio and video/composite image models, apply some
predefined rules to the incoming data to produce a multimedia quality prediction.

The integration function will take account of human perceptual responses to multimedia services. In
particular, the integration function will apply rules that represent elementary perceptual processes
present in subjective quality assessment of multimedia. The multimedia integration function
provides five outputs. The primary output is a predicted measure of overall, auditory-visual quality.
Four subsidiary outputs provide predictions of perceptual quality for the audio (denoted Aq), video
(denoted Vq), audio taking account of any influence the video/composite image may have (denoted
Aa(Vq) in Figure 1); and for video/composite image perceptual quality taking account of any
influence the accompanying audio quality may have (denoted Vq(Aq) in Figure 1). A number of
issues need to be addressed in order for these rules to be defined. For example:

. cross-modal influences, such as the interactions between differing quality levels in different
modalities;
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. effects of cross-modal error frequency;
. auditory-visual error synchrony;

. cross-modal masking effects.

In addition to the perceptual factors acting on human perceptions of multimedia quality, cognitive
factors must also be considered and built into the model. Perhaps the most critical of these is cross-
modal attention. The selective and automatic attentional processes can have an important impact on
the degree to which specific degradations influence quality opinions. Other cognitive factors, such
as task, prior experience and knowledge should also be addressed. Additional requirements include:

1) the integration function contains the combination rules that are used to predict multimedia
quality;
2) the integration function takes account of both perceptual and cognitive factors influencing

multimedia quality assessment.

The output of the model should be expressed in terms of a standardized quality scale. Some
transformation function should be built into the model to enable different scaling of outputs.

1) the multimedia model should output quality predictions of multimedia quality together with
information regarding:

1) the perceived quality of the video/composite image as mediated by the corresponding
audio quality (denoted by Aq(Vq) in Figure 1); and

i1) the perceived quality of the audio as mediated by the corresponding video/composite
image quality (denoted by Aq(Vq) in Figure 1);

2) the model should be capable of providing quality predictions on different standard scales.
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