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Foreword

ISO (the

International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical

activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other international

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.
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Introduction

Affective computing individualizes user experience based on user needs and characteristics to achieve
better outcomes, including: increased effectiveness, efficiency, satisfaction, and user experience.

It is important to consider affective characteristics of humans in the design and presentation of human-
computer interactions. Affective computing builds a harmonious human-computer environment by
enabling computing-based systems to recognize, interpret and simulate human affects. Affective
applications promise new insights into what people are feeling and can better serve their needs.

[fimitations on affective computing include diverse affective characteristics currently usedand|the way
b interpret and reply to these affective characteristics.

—

general, standardized and systematic model is needed to facilitate applying affective computing
rithin human-computer interaction regarding usability and accessibility.

<

This document presents a systematically defined model for affective computiig user interfades (AUI)
jnd topics for AUI standardization. This can be important to establish thé core and foundatign of AUI
nd their applications.

This document is intended to be utilized as a reference (for guidahce) for developers of syst¢ms that
yant to meet the needs of diverse users.

<

Huture parts of the ISO/IEC 30150 series will provide additietial guidance on implementation of AUI.

© ISO/IEC 2022 - All rights reserved v
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Information technology — Affective computing user
interface (AUI) —

Part 1:
Model

1 Scope

This document establishes a model for affective computing user interfaces (AUI), Annex B also $uggests
tppics for AUI standardization.

This document does not specify the implementation of affective computing.

2 Normative references

There are no normative references in this document.

Terms and definitions

(&%)

1

or the purposes of this document, the following terms and definitions apply.
[50 and IEC maintain terminology databases foriuse in standardization at the following addresfses:

—+ IEC Electropedia: available at https://www.electropedia.org/

-+ ISO Online browsing platform: available at https://www.iso.org/obp

31

affective computing user interface
AUI

yser interface that includes-the use of affective characteristics (3.3) to meet users’ affective neefs

Note 1 to entry: AUI canrbe implemented in software or hardware.

3.2

dffective coniputing
dollection, recognition, strategy and presentation of affective characteristics (3.3) of human-cpmputer
ipteractions

33
dfféctive characteristic
particular type of affect that is believed to be useful

3.4

affect representation

general and computable model that can be used for affective characteristic recognition (3.6) and
presentation within a computing-based system

3.5
dimensional affective space
combination of several affective characteristics (3.3) that can be represented as a set of dimensions

Note 1 to entry: Each affective characteristic can have a range of values (e.g. from strongly positive to strongly
negative, or between two alternatives) that can form the basis of dimension in affective dimensional space.

© ISO/IEC 2022 - All rights reserved 1
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3.6
affectiv
process

3.7
affectiv
process

3.8
context

e characteristic recognition
of identifying affective characteristics (3.3)

e characteristic classification
of classifying affective characteristics (3.3) into categories

of use

combing

Note 1 t
organiza

Note 2 to

Note 3 to
and micr

[SOURC]

4 Mo

4.1 Af

There ai
behavio
system.
defining

4.2 Gq

Affectiv
and ch3
strategy
feedbacl
provide

Cogniltion space Information space

tion of users, goals and tasks, resources and environment

b entry: The “environment” in a context of use includes the technical, physical, social, cultural and
fional environments.

entry: The “users” in affective computing are represented in user profiles.

entry: The “resources” relevant to affective computing include collection devices, forexample, camerg
bphones.

[%2)

: [SO 9241-11:2018, 3.1.15, modified — Notes 2 and 3 to entry were added.]

del

fective characteristics

e a range of affective characteristics (including culture and emotions) that determine a user
irs and needs when interacting with an informdtion and communications technology (ICT|
This document provides a model that works withall types of affective characteristics, withoy
specific characteristics.

[72)

ot —

bneral model

b computing user interface (AUL)'is'a user interface that interacts with user's affective needs
racteristics. AUI processing involves affective characteristic data collection, recognition,
and presentation. A user adjusts his or her affects according to computing-based systemi|s
k and initiates further intéractions with the system (shown in Figure 1). Affect representatiop
a unified description of affects in AUI.

AUI components
based on affect representation

Collection Recognition

A 4

A

é | Presentation Strategy o

User Computing-based
system

Figure 1 — AUl model

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=9f215adf9dd981679ce92dbf0921391e

ISO/IEC 30150-1:2022(E)

[The following serves as the text alternative for Figure 1]
The figure consists of three parts: cognition space, AUl components and information space

The cognition space contains a user. The AUI components include four boxes demonstrating
components of the process of the AUI model, which stand for collection of affective chara

the four
cteristic

data, recognition, strategy and presentation. The information space contains a computing-based

system.

There are interactions between the cognition space and information space passing through the

a) Loop 1: User seen from the side of computing-based system

COmpoONeNts: one Irom User points to the computing-based system, indicating the mput from
user to the system, while the other one from computing-based system points to user, indiegting the
feedback to user.

Affect representation provides the foundation for the four components of the AUlymodel.
[end of the text alternative for Figure 1]
4.3 AUl-based interaction model
AUI can support interactions that implement affective computing. Figure 2 provides a model off human-
domputer interaction using AUI involving two loops. Loop 1 is the user seen from the side of computing-
hased system and loop 2 is computing-based system seen from the user side. Annex A proyides an
gxample of an AUI application.
I - - -"-"-"=-"=-"=-"="-"=-"‘$T.£T=-T=-===== l
| Affective |
| charaeteristic I
— data
. =t Collection » Recognition [
I
\ : .
| Recognised !
I I
\ 4
— I Affective I
|Response P ati _ actions S I
1— resentation [« trat
rategy I Context of use:
Cognition | | — user profiles
space I 1 — goals
(user) L e e e e e e e Y Y M M Y Mo - — collection devices
Computing
system
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Perceived
Perception affect Understanding
(collection) (recognition)
Understood
affect
Decided A 4
Behavior < affect Decision
(presentation) |~ (strategy)
Inforipation space I
(computing-based |
User

[The fol
a) Loo
shoj
info

systlem first uses a collection component to gather‘affective characteristic data from a user. Then

recq
of t
acti

b) Loo

It sh
pro
to p|
AUI
the

[end of {
NOTE 1

NOTE 2

b) Loop 2: Computing-based system seen from user side

Figure 2 — AUI-based interactions

owing serves as the text alternative for Figure 2]

b 1: "User seen from the side of computing-based ‘system" is illustrated in Figure 2a).
vs how human affects are seen and processed within information space. There is multi-typ
rmation from a user, such as speech, facial eXpression and gesture. The computing-base

gnition component identifies human affectsfand a strategy component, which combines resu
ne recognition with externally provided context of use information and generates affectiv
bns to be executed in the presentation component.

p 2: "Computing-based system sgenfrom user side" is illustrated in Figure 2b).

ows how the output of compuiting-based system is seen from user side. In cognition space, usg
fesses the output of the syStem to perceive and understand affect. Then user decides the affed
erform behaviour as feédback to the computing-based system in order to initiate a new turn ¢
interactions. The précess of perception, understanding, decision and behaviour correspond t
romponents of colleCtion, recognition, strategy and presentation in loop 1, respectively.

he text alternative for Figure 2]
Annex Aprovides an application example of AUI-based interaction model.

Annex'B identifies possible standardization topics to implement this model.

O e =

44 A

4.4.1

fectrepresentation

General

Affects can be described via affect representation, which contains affective characteristic categories

and dim

ensional affective space.

4.4.2 Affective characteristic categories

Categories of affective characteristics can be developed from any individual affective characteristic or
combination of affective characteristics.

© ISO/IEC 2022 - All rights reserved
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Different combinations of affective characteristics result in different user behaviours and need

4.4.3 Dimensional affective space

Dimensional affective space can be used to represent affective characteristics dimensionally.

S.

NOTE1 Different combinations of affective dimensions correspond to different dimensional affective spaces.

Recognized affect can be represented by a set of numeric (or ordinal) values, which indicate its location
in the dimensional affective space.
NOTE 2 Represented recognized affect is sometimes referred to as an affective state.
4.5 Affective characteristic data
4.5.1 General
Affective characteristic data refers to data that is captured from users(and is involved in affective
domputing.
4.5.2 Data type
Affective characteristic data can be static data or dynamic data.
HXAMPLE
a) Static data canrecord user’s affective characteristics‘dta certain moment, such as an image.
b) Dynamic data can record user’s continuous behaviours in a period, such as a video or a voice clip.|Dynamic
data stream reflects dynamic variance of affective characteristics.
4.5.3 Modalities and media
j[odalities of affective characteristie-data can be various, according to the interactions betwepn users
nd AUI. Major modalities includ¢ visual, auditory, tactile and physiological signals. For each modality,
diverse types of media can be used. Affective characteristic data can be of one or more than one
modality. The modality-specific information and descriptions of media types are shown in Tahle 1 and
Table 2, respectively.
Table 1 — Modalities and media types of input
Modality-specific information
Modalities {ALL} or one or more of

{Visual,

Auditory,

Tactile,

Neurophysiological}
© ISO/IEC 2022 - All rights reserved 5


https://standardsiso.com/api/?name=9f215adf9dd981679ce92dbf0921391e

ISO/IEC 30150-1:2022(E)

NOTE 1

NOTE 2

Table 1 (continued)

Modality-specific information

Media types

{ALL} or one or more of
{Picture,

Video,

Gesture,

TextWritten,

TextSpoken,
TextTactile,
Facial expression,
Music,

Voice,

Sound,

Electrophysiological signal,

Non-electrophysiological’sighal}

Modalities and media types in Table 1 are specified based on ISQ/IEC 24756: 2009, Table 4.

Table 2 — Media types and desctiptions

Media types

Description

Picture

A static image presented bythe system or loaded into the system by
a user (including images.of-user’s facial expression, gesture, text).

Video

A dynamic image presénted by the system or loaded into the system
by a user.

esture

Movements of the“user that can express an idea or meaning.

TextWritten

A language-based medium of words presented in a written symbolic
script either statically or dynamically, typically by a system on a
screen’or by a user on a keyboard.

TextSpoken

Adanguage-based medium of words spoken by the user or system.

TextTactile

Allanguage-based medium of words presented in a tactile symbolic
script either statically or dynamically, typically by a system on a tac-
tile display or by a user on a specialized keyboard.

Facial expression

Observed facial movement that reflects one or more motions or
positions of the muscles beneath the skin of the face.

Music

Sounds produced by the system or user arranged in time possessing
a degree of melody, harmony or rhythm.

Yoice

Sounds produced by human being using vocal folds.

$ound

Any media that can be heard by the system or the user but does not

necessarily have an associated meaning.

Electrophysiological signal

Measurements of voltage changes or electric current or manipula-
tions on biological cells, tissues or organs.

Non-electrophysiological
signal

Neurophysiological signals except electrophysiological signals,
usually include magnetic, mechanic, optic, acoustic, chemical and
thermal bio-signals.

Descriptions of some media types in Table 2 are revised based on ISO/IEC 24756: 2009, Table 5.

© ISO/IEC 2022 - All rights reserved
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4.6 Recognition

4.6.1 General

ISO/IEC 30

150-1:2022(E)

Recognition is the process of identifying affects through focusing on patterns and regularities in
affective characteristic data. Figure 3 shows a diagram of affective characteristic recognition.

O )

Affective characteristic

Affective characteristic
data

—

Recognition

r A
| |
| |
1| recognition based on visual : 1 ( |
I modality | I
Visual | | IClassification
| i — K8 e S
Audi || Affective characteristic |, of affect
uditory | recognition based on I I
Tactil _: | auditory modality I Multimodal :
actile ultimoda \ )
I Affective characteristi I:C| fusion I
Neuro- I ective characteristic |, |
physiological | | recognition based on tactile | | ( \
: modality | :Measurement
| : :> Valug of
|| Affective characteristic | afféct
| recognition based on | |
N J I [neurophysiological modality| | :
I 1
L 4

—

Recognized 3ffects

Figure 3 — Affective'characteristic recognition

[end of the.text alternative for Figure 3]

The following serves as the text alternative for Figure 3]

4.6;.2" Modalities of affective characteristic recognition

The affective characteristic-data can involve four data modalities: “Visual”, “Auditory”,
and “Neurophysiological®

The recognized affects can be identified into affective characteristic categories through
charactefistic classification, or into dimensional affective space through measurement.

The figure contains three partsiaffective characteristic data, recognition and recognized affects.

‘Tactile”

The recognition cemponent processes the affective characteristic data based on the data modality.
Multi-modal fusion‘can process combinations of data modalities.

hffective

User’s affective characteristics are recognized by affective characteristic recognition component,
which processes affective characteristic data via different modalities.

NOTE
specific media type.

© ISO/IEC 2022 - All rights reserved
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4.6.3 Multi-modal fusion

Multi-modal fusion is used to combine the result of affective characteristic recognition in one or more

modaliti

es.

EXAMPLE Multi-modal fusion can be used to combine affective characteristic recognition involving facial
recognition and voice recognition.

4.6.4 Affective characteristic recognition

Affective characteristic recognition can involve:

a) Clag

NOT
chay

EXAMMPLE 1  Facial emotion recognition identifies that a person is smiling. This input)cah be classified 3
evidence that the person has joy, where “joy” is a category of affective characteristic,

b) Med

NOT
char

EXA]
mea
cont]
dim

Affectiv
4.7 St

4.7.1

Affectiv
present:
strategy

sification of affective characteristic into categories;

E1 An input is any segment of affective characteristic data (see 4.5.3). The output of"affective
acteristic classification is one or more of a given set of affective characteristic categories:

%)

surement of a specific affective characteristic into values.

E2 An input is any segment of affective characteristic data (see“4.5.3). The output of affectivle
acteristic measurement is a set of one or more values in dimensional affective space.

<)

MPLE 2 Voice emotion recognition identifies that a persgnyis laughing. This input provides
Kure of the joy with value (0.82, 0.43) of the person, where thelrating of the value (0.82, 0.43) is based o
inuous valence and arousal scales in a dimensional affective.space to represent affective characteristig
ensionally.

=i

e characteristic classification and measurementsshould be independently performed.
rategy

General

b strategy aims to generate affective actions to be executed by computing-based systems fdr
ition. The strategy component accepts recognized affects and context of use as inputs. Thie
component consists of two)sSub-components, i.e. inference and decision-making (see Figure 4].

Context of use:
— user profiles

Recognized — goals
affects — collection devices
Strategy
T T T 1
1 Inforanca !
I llllllllll A>3 T
[
ilnferred
| S |
: Decision-making |
L e e a

iAffective actions
Figure 4 — Strategy module
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[The following serves as the text alternative for Figure 4]

The input to the strategy component includes recognized affects and context of use. The elements
of the context of use that are most used in AUI are: user profiles, goals, collection devices and
environment.

The strategy component generates inferred intentions through an “inference” sub-component, and
then identifies the activities undertaken through a “decision-making” sub-component based on the
inferred intentions and context of use.

[

4
I

—

QO

— et

end of the text alternative for Figure 4]

.7.2 Context of use

The output of the strategy component 1s the alfective actions to be executed by computijg-based
systems for presentation.

h AU, externally provided context of use information focuses on user profiles,’goals, collectior] devices

and environment.

50 9241-11 provides a detailed discussion of the elements and applications of context of use| For the

urpose of AUI, the main elements of context of use are:

)

User profile: personal data associated with an individualuser.
Goal: intended outcome.

Collection device: input device that captures affettive characteristic data.

) Environment: technical, physical, social, cultural and organizational environments that ipfluence

.7.3 Inference

.7.3.1 General

usability.

he core of inference sub-component is to assign intentions through inferring the user’s|request

ccording to the user’s recoghized affects and context of use.

.7.3.2 Inferred intention
hferred intentionds a set of user’s requests.

hferred intention can be interaction intention or affective intention, or both.

Interaction intention: a clear behavioural request of a user (such as “a user is asking 4 certain
quéstion” or “a user is asking for a certain service”).

Affactivun Intantion:. ncenr’c waninct for AffnAtivun racnancn A Affactivun roagulatingy (fhy Ay

g =y

Affective-intention—user'srequestforaffectiveresponse—oraffectiveregulatien{ferexample, if

the user is asking a certain question anxiously, his or her affective intention about the expected
affective response can be comforting).

4.7.4 Decision-making

Decision-making is a process of identifying and choosing activities undertaken in order to achieve a
goal based on inferred intentions and context of use.

NOTE1 Different combinations of activities can provide different ways to achieve the same goal.

Decision-making also aims to generate a set of affective actions to be executed by computing-based
system for presentation.

© ISO/IEC 2022 - All rights reserved 9
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Affective actions are generated to realize specific activities with expressible affects.

NOTE 2 Itis important that expressible affects are generally accepted and understood.
4.8 Presentation

4.8.1 General

Presentation aims to convey and express affects to the user on output devices via affective actions.

The inplllt of presentation is affective actions. And the output of presentation is the generated affects ih
various modalities and media types on output devices.

4.8.2 Modality of presentation

Major pfesentation modalities include visual, auditory or both. Data of each modality ermedia type ca
be presgqnted via output devices, for example, a video or a picture can be shown on a sereen and a voice
can be hleard from a speaker (see Table 3).

=]

Table 3 — Presentation output

Modalitjes Devices Media types
Visual Screen Picture, Video, TextWritten, Gestur¢, Facial expression
Auditory Speaker Music, Sound, Voice, TextSpokén

NOTE 1 | The selection of presentation modality and media type’is-Scenario-dependent.

[¢)

NOTE 2 | Other modalities and media types can sometimies be used for presentation, for example, tactil
modalityland TextTactile media type.

10 © ISO/IEC 2022 - All rights reserved
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Annex A
(informative)

Example of AUI application

.1 General

his annex presents a specific example of AUI application for the purpose of clarifying the Al
ihteractions shown in Figure 2a) by illustrating how all components of AUI work as a whole sy§
ow AUI standards are defined and applied in one specific scenario - the virtual-customer s¢
financial industry on XFINWIZ (an instant messaging platform as implemented-on a smart pho
ample focuses on emotional affects.

.2 User

he user is a customer who uses the virtual customer service on XFINWIZ to receive service wit
from a financial company or organization. The user can interaét with the system via visual,
tactile and neurophysiological modalities. The media typecan be, e.g. TextWritten, TextSpoke
usic, facial expression.

OTE The modalities can vary with the application séénario. In this example, the modality and me
e limited by the XFINWIZ Platform supports.

A.3 Emotion representation

The emotion representation used in*the virtual customer service on XFINWIZ can be
ategories. In this application scenarig,the emotion categories of particular interest include, €

» o« » o«

adness”, “anger”, “surprise”, “fear™

(@)

—]

he representation standards\can regulate the emotion categories, and the mapping between
ategories and positions in"dimensional emotion space.

Q

A.4 Dataset

(on)

iven an AUI system on XFINWIZ, a dataset is used to train and test the whole system befor
sage in order. to ensure emotional alignment between a user and a computer, especially for
ecognitionyand presentation.

oo T vl

Hor eachrmodality supported by XFINWIZ platform, there is a corresponding dataset that is pr

JI-based
tem and
ervice in
ne). This

h a smile
iuditory,
n, voice,

dia types

emotion
.8 "joy’,

emotion

e actual
emotion

bscribed

ihterms of, e.g. the data collection, annotation, data structure.

Taking the dataset of facial images for example, the images can be collected by a camera with
professional lighting and spatial resolution not lower than 250*250 pixel. There will be only one face in
a single image, and the dataset will have gender balance and cover the primary age group of the users
on XFINWIZ. The collected images are saved in JPEG format and labelled in certain label format based

on the output of emotion recognition, e.g. emotion categories used in recognition component.

The datasets of diverse modalities will be defined and regulated by the dataset standard.
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A.5 Collection of affective characteristic data

The AUI system is able to acquire the affective characteristic data of users through the modalities
supported by XFINWIZ via, e.g. keypad (keyboard), microphone, camera.

The acquisition of affective characteristic data via different devices and the data structure will be
regulated by the standard of collection.

A.6 Emotion recognition

The affejctive characteristic data is processed and analysed in recognition component to recognize thle

user’s eilotion. Suppose that the AUI system captures a voice clip from a nervous customer, after’data

processi
particul

NOTE

The stapdard of recognition will regulate the classification process in different modalities to identifly

the emo

A.7 Strategy

Based o
infer thd
report t

user’s affective intention, e.g. “the angry customer may expe¢t-a comforting response”.

The infe

the pasg
to invok
can be n

A.8 Pi

The pre
specific
and aud
defined

e
and output device for presentation and generates the affective action, such as “present the steps to resegt
n
S

ng and analysis, the recognition module identifies the user’s emotion as “anger”, which is qf
hr interest to financial customer service, and is represented as emotion category “ANGER”.

The emotion categories of interest are scenario-dependent.

Lion categories, and the data structure for recognized emotions.

n the recognized emotion of “ANGER” and the context of use,‘the inference sub-component cap
user’s interaction intentions (e.g. “the customer has loSt His or her credit card and wants tp
e loss” or “the customer forgets his or her password:and wants to reset it”). It also infers thie

rred intention allows choosing the response by selecting the suitable modality type, media typ
word” and “COMFORT” the customer via ‘téxt on the screen’”, which instructs the presentatio
e related functions to achieve the customer’s intended goals. The structure of affective action
ormalized by the standard of strategy ahd decision-making.

resentation

sentation component aceepts and executes the affective action, as shown in Figure A.1. In thie
scenario of financial yirtual customer service on XFINWIZ, the presentation through visugl
tory modalities, such-ds media types of facial expression, TextWritten, voice and music, can be
hnd regulated by-the’presentation standard.

12
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17:08

Customer Service

: ' 3 /‘ customer
A voice » -
clip from [ ' F j‘é

customer

[

The following serves(as the text alternative for Figure A.1]

Please don’t worry, I'll

=) -V
Financial -'g 1 help you to report the “COMfERT"
loss.
customer text
service N

FORT”
1a speech

“COMFORT”

via image

Figure A.1 — Example of AUI presentation in the scenario of financial customer servig
XFINWIZ

The figure shows the interface of financial customer service on XFINWIZ. The interfacq
contains two’/parts: the title bar and dialogue area.

In the'title bar, there is a “back” button, a “customer service” title and a user icon from the
to the'right side.

fe on

e mainly

left side

Int the dialogue area, the “customer” sends a message of a voice clip. The financial customer service
comfortsthecustomer using three NIESSages, whichareatext nressage of “Por’twort Y, FH 1elp you
to report the loss.”, a speech with the same text, and an image message of a smiling face.

[end of the text alternative for Figure A.1]

NOTE In the scenario of financial virtual customer service on XFINWIZ, modalities of presentation include

visual and auditory. Media types can include TextWritten, voice, facial expression, symbol, or their combinations
supported by the platform.
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