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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 characteristi

cs 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 env
enabling computing-based systems to recognize, interpret and simulate human affec

ironment by
ts. Affective

applications promise new insights into what people are feeling and can better serve their needs.

Limitations on affective computing include diverse affective characteristics currently used and the way

to intlerpret and reply to these affective characteristics.

A general, standardized and systematic model is needed to facilitate applying affectiv|
within human-computer interaction regarding usability and accessibility.

e computing

This Hdocument presents a systematically defined model for affective computing user intgrfaces (AUI)
and tppics for AUI standardization. This can be important to establish thé core and foundation of AUI

and their applications.

This Hdocument is intended to be utilized as a reference (for guidan¢e) for developers of
want|to meet the needs of diverse users.

systems that

Future parts of the ISO/IEC 30150 series will provide additional guidance on implementation of AUI.
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Information technology — Affective computing user
interface (AUI) —

Part 1:
Model

1 Scope

This flocument establishes a model for affective computing user interfaces (AUI). Annfex B 3lso suggests
topics for AUI standardization.

This flocument does not specify the implementation of affective computing:

2 ormative references

Ther¢ are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following tetms and definitions apply.

[SO apd IEC maintain terminology databases foruse in standardization at the following adfiresses:

]

C Electropedia: available at https://www.electropedia.org/

— IBO Online browsing platform: available at https://www.iso.org/obp

3.1
affective computing user interface
AUI
user Interface that includes the use of affective characteristics (3.3) to meet users’ affectivelneeds

Note ] to entry: AUI can b€ implemented in software or hardware.

3.2
affective computing
colle¢tion, recognition, strategy and presentation of affective characteristics (3.3) of human-computer
interactions

3.3
affective 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

affective characteristic recognition

process of id

3.7

entifying affective characteristics (3.3)

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

3.8

context of us

combination

e
of users, goals and tasks, resources and environment

Note 1 to en
organizationa

Note 2 to ent

Note 3 to enty
and microphd

[SOURCE: IS

4 Model

4.1 Affect

There are a
behaviours
system. Thig
defining spe

4.2 Genel

Affective co
and charact
strategy anc
feedback an
provides au

ry: The “environment” in a context of use includes the technical, physical, social, culturg
|l environments.

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

v: The “resources” relevant to affective computing include collection devices, forjexample, ca
nes.

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

ive characteristics

ind needs when interacting with an information and communications technology

Cific characteristics.

'al model

mputing user interface (AUI) is:a user interface that interacts with user's affective 1
eristics. AUl processing. inyolves affective characteristic data collection, recogn
| presentation. A user adjusts his or her affects according to computing-based sys
| initiates further interactions with the system (shown in Figure 1). Affect represent
hified description of affects in AUI.

AUI components
based on affect representation

I and

meras

range of affective characteristics (including cultdre and emotions) that determine a fiser's

(ICT)

document provides a model that works withall types of affective characteristics, without

heeds
ition,
tem’s
ation

Cognition ppace Information space
Collection Recognition
o - _— -
é | Presentation Strategy o
I

User

Computing-based
system

Figure 1 — AUl model
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[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 the four
components of the process of the AUI model, which stand for collection of affective characteristic
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
AUI components: one from user points to the computing-based system, indicating the input from

u

f
A
[end

4.3
AUl c

bedback to user.

pf the text alternative for Figure 1]

AUlI-based interaction model

com
base

examlple of an AUI application.

ffect representation provides the foundation for the four components of the Abl\mod

|

I Affective |

| charagteristic I

—

. =d———b|  (Collection data » Recognition |

I I

| |

: |

I Recognised !

| |

I . v
— Affective |
|Response . actions I
D Presentation [« Strategy | mmmmm—
I Contex
Cognition i | — user
space I | —soal
(user) L e e e e e e e Y Y M M Y Mo o —colle
Computing
system

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

ser to the system, while the other one from computing-based system points to user, indicating the

el.

An support interactions that implement affective computing. Figure 2 provides a model of human-
uter interaction using AUI involving two loops. Loop 1 is theuser seen from the side o
system and loop 2 is computing-based system seen fregm-the user side. Annex A

f computing-
provides an

of use:
profiles

o
ction devices
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Informatid
(computin
syste

[The followi
a) Loop 1:
shows h
informa
system f
recognit
of the r
actions {
b) Loop 2:
It shows
processt
to perfo
AUI inte
the com

[end of the tg

NOTE1l Ang

Perceived
Perception affect Understanding
_T (collection) (recognition)
1
1
| Understood
| affect
|| I Decided A 4
! Behavior affect Decision
—— : <
(presentation) (strategy)
n space |
b-based |
m) e S O i
User
b) Loop 2: Computing-based system seen from user side
Figure 2 — AUI-based interactions
hg serves as the text alternative for Figure 2]

"User seen from the side of computing-based)'system” is illustrated in Figure
ow human affects are seen and processed within information space. There is multi
Fion from a user, such as speech, facial expression and gesture. The computing-l
irst uses a collection component to gatherZaffective characteristic data from a user. T
ion component identifies human affects,;and a strategy component, which combines 1
bcognition with externally providedicontext of use information and generates affe
o be executed in the presentation component.

'Computing-based system seen-from user side" is illustrated in Figure 2b).

how the output of computing-based system is seen from user side. In cognition space
s the output of the systém to perceive and understand affect. Then user decides the

ractions. The process of perception, understanding, decision and behaviour correspo
bonents of collection, recognition, strategy and presentation in loop 1, respectively.

xt alternative for Figure 2]

nex A provides an application example of AUI-based interaction model.

a). It
-type
based
hen a
result
ctive

user
hffect

'm behaviour as feedback to the computing-based system in order to initiate a new tyrn of

nd to

NOTE2Z An

nex’B identifies possible standardization topics to implement this model.

4.4 Affectrepresentation

4.4.1 General

Affects can be described via affect representation, which contains affective characteristic categories
and dimensional 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 needs.

4.4.3

Dimensional affective space

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

NOTE

1 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

4.5.1
Affec

computing.

4.5.2

Affec
EXAM
a) §
b) T
d
4.5.3

Mod4
and A
diver
modd
Table

Affective characteristic data

General

tive characteristic data refers to data that is captured from userscand is involved

Data type
tive characteristic data can be static data or dynamic data,
PLE
tatic data can record user’s affective characteristics@t a certain moment, such as an image.

ynamic data can record user’s continuous behaviours in a period, such as a video or a voice
ata stream reflects dynamic variance of affectiye characteristics.

Modalities and media

lities of affective characteristie-data can be various, according to the interactions be
LlUIL. Major modalities include visual, auditory, tactile and physiological signals. For ez
se types of media can be‘used. Affective characteristic data can be of one or mga
lity. The modality-specific information and descriptions of media types are shown iy
2, respectively.

Table 1 — Modalities and media types of input

in affective

clip. Dynamic

tween users
ch modality,
re than one
Table 1 and

Modality-specific information

Modalities {ALL} or one or more of
{Visual,

Auditory,

Tactile,

Neurophysiological}

© ISO/IEC 2022 - All rights reserved
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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-electrophysiologicalsignal}

NOTE1  Mgdalities and media types in Table 1 are specified based on ISO/AEC 24756: 2009, Table 4.

Table 2 — Media types and descriptions

Media types Description

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

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

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

Text{Vritten A language-based medium of words presented in a written symbolic

script either statically or dynamically, typically by a system on a
screeno¥ by a user on a keyboard.

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

TextTactile Alanguage-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.

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

Voiced Sounds prndnr‘pd hy human hping ncing vacal folds

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

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

6 © ISO/IEC 2022 - All rights reserved
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4.6 Recognition

4.6.1 General
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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 )

Y7z

Affective characteristic
recognition based on visual
modality

-4

Classification

O )

L 1
vioudl
Auditory

Tactile

Affective characteristic
recognition based on
auditory modality

Neuro-
physiological

- J

Affegtive characteristic
data

[The following serves as the text alternative for Figure 3]

Affective characteristic
recognition based on tactile
modality

Affective characteristic
recognition based on
neurophysiological modality

Multimodal
fusion

Recognitien

—

Measurement]

NN

Figure 3 — Affectiveé/characteristic recognition

nd “Neurophysiological™

he recognition component processes the affective characteristic data based on the d:

ulti-modal fusioncan process combinations of data modalities.

The figure contains three partstaffective characteristic data, recognition and recogni

The affective characteristicdata can involve four data modalities: “Visual”, “Audito

—

Recogni

Category
of affect

)

Value of
affect

I

zed affects

red affects.

ry”, “Tactile”

nita modality.

he recognized affects can be identified into affective characteristic categories throjigh affective

aractefistic classification, or into dimensional affective space through measurement.

[end of the text alternative for Figure 3]

4.6.2 Modalities of affective characteristic recognition

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

modalities.

EXAMPLE

Multi-modal fusion can be used to combine affective characteristic recognition involving

recognition and voice recognition.

4.6.4 Affe

ctive characteristic recognition

Affective characteristic recognition can involve:

a) Classifid

NOTE 1
characte

EXAMPL
evidence

b) Measurg

NOTE 2
characte

EXAMPL
measure
continuo
dimensid

Affective cha
4.7 Strate

4.7.1 Gen

Affective sty
presentation

strategy conpponent consists of two sub-components, i.e. inference and decision-making (see Figu

facial

ation of affective characteristic into categories;

An input is any segment of affective characteristic data (see 4.5.3). The outputyef affpctive

Fistic classification is one or more of a given set of affective characteristic categories.,

that the person has joy, where “joy” is a category of affective characteristic;

ment of a specific affective characteristic into values.

F: 1 Facial emotion recognition identifies that a person is smiling. This input.€an be classiffied as

An input is any segment of affective characteristic data (see-4.5.3). The output of affective

ristic measurement is a set of one or more values in dimensional-affective space.

s valence and arousal scales in a dimensional affective Space to represent affective characte
nally.

iracteristic classification and measurement'should be independently performed.
8y
bral
. The strategy componeént accepts recognized affects and context of use as inputg

Context of use:
— user profiles

.2 Voice emotion recognition identifies that a personnis laughing. This input provides a
of the joy with value (0.82, 0.43) of the person, where the rating of the value (0.82, 0.43) is baged on

Fistics

ategy aims to generate affective actions to be executed by computing-based systems for

. The
re 4).

Recognized — goals
affects — collection devices
Strategy
| ':
X Inference i
[
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]

[end pf the text alternative for Figure 4]

4.7.2| Context of use

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.

The output of the strategy component is the affective actions to be executed by computing-based
systems for presentation.

In AU, externally provided context of use information focuses on user profiles;goals, colle¢tion devices

and gnvironment.

ISO 9241-11 provides a detailed discussion of the elements and applications of context off use. For the

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

a)
b)
A
d)

4.7.3| Inference

4.7.3]11 General

The
according to the user’s recognized affects and context of use.

4.7.3{2 Inferred intention
Inferfed intentiofis a set of user’s requests.

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

a)

b)

User profile: personal data associated with an individual user.
(joal: intended outcome.
(lollection device: input device that captures affective characteristic data.

Hnvironment: technical, physical, social, cultiwal and organizational environments that influence
Usability.

fore of inference sub-comiponent is to assign intentions through inferring the uger’s request

Ihtéraction intention: a clear behavioural request of a user (such as “a user is askilng a certain

ucstion” or “a useris :\cl(ing for a certain cnrvir‘n")

Affective intention: user’s request for affective response or affective regulation (for example, 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

4.8 Presentation

4.8.1 General

It is important that expressible affects are generally accepted and understood.

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

The input of presentation is affective actions. And the output of presentation is the generated affects in

various mo

4.8.2 Modality of presentation

Major prese

can be heard

I1ties and media types on output devices.

tation modalities include visual, auditory or both. Data of each modality aryhedia type can
be presented via output devices, for example, a video or a picture can be shown on a'$¢reen and afvoice

from a speaker (see Table 3).

Table 3 — Presentation output

Modalities Devices Media types

Visual Screen Picture, Video, TextWritten, Gestuke, Facial expression
Auditory Speaker Music, Sound, Voice, TextSpokén

NOTE1 THe selection of presentation modality and media typé\is scenario-dependent.

NOTE 2  Other modalities and media types can sometimes’be used for presentation, for example, tactile

modality and|TextTactile media type.

10
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Annex A
(informative)

Example of AUI application

A.1 General

This pnnex presents a specific example of AUI application for the purpose of clarifying the AUI-based
interactions shown in Figure 2a) by illustrating how all components of AUI work as a‘wliol¢ system and
how AUI standards are defined and applied in one specific scenario - the virtual customgr service in

finankial industry on XFINWIZ (an instant messaging platform as implemented-en a smart
exampple focuses on emotional affects.

A.2 (User

phone). This

The user is a customer who uses the virtual customer service on XFINWIZ to receive servicd with a smile
from|a financial company or organization. The user can interact with the system via visyal, auditory,

tactile and neurophysiological modalities. The media type can be, e.g. TextWritten, TextS
musig, facial expression.

NOTH The modalities can vary with the application s€enario. In this example, the modality an
are lifnited by the XFINWIZ Platform supports.

A.3 |Emotion representation

The pmotion representation used in the virtual customer service on XFINWIZ can
categories. In this application scenario, the emotion categories of particular interest inclu

» o« » o«

“sadness”, “anger”, “surprise”, “fear™

boken, voice,

1 media types

be emotion
de, e.g. “joy”,

The rfepresentation standards ¢an regulate the emotion categories, and the mapping betwleen emotion

categories and positions in dimensional emotion space.

A.4 [Dataset

Giver] an AUI system on XFINWIZ, a dataset is used to train and test the whole system hefore actual
usage in orderto ensure emotional alignment between a user and a computer, especially| for emotion

recognition'and presentation.

For each'modality supported hy XFINWIZ platform, there is a corresponding dataset that

s prescribed

in terms 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 compone

The datasets of diverse modalities will be defined and regulated by the dataset standard.

© ISO/IEC 2022 - All rights reserved
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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 Emot

ion recognition

The affective characteristic data is processed and analysed in recognition component to recognize the

user’s emoti
processing 3
particular in

NOTE Th

The standar]
the emotion

A.7 Strat

Based on thé
infer the use
report the Id
user’s affect

The inferred

and output device for presentation and generates theaffective action, such as “present the steps to

the passwor
to invoke rel
can be norm|

A.8 Prese

The present
specific scer
and auditory
defined and

bn. Suppose that the AUI system captures a voice clip from a nervous customer, aftel
nd analysis, the recognition module identifies the user’s emotion as “anger”, which

e emotion categories of interest are scenario-dependent.

d of recognition will regulate the classification process in different modalities to id¢
categories, and the data structure for recognized emotions.

P8y

recognized emotion of “ANGER” and the context of use; the inference sub-componer
r’s interaction intentions (e.g. “the customer has lgst his or her credit card and wai
ss” or “the customer forgets his or her passwordéahd wants to reset it”). It also infel
ve intention, e.g. “the angry customer may expeet a comforting response”.

intention allows choosing the response by selecting the suitable modality type, mediz

d” and “COMFORT” the customer via ‘text on the screen’, which instructs the present
ated functions to achieve the customer’s intended goals. The structure of affective ac
plized by the standard of strategy-and decision-making.

tntation

htion component aceepts and executes the affective action, as shown in Figure A.1. |
ario of financial vittual customer service on XFINWIZ, the presentation through ¥
modalities, such'as media types of facial expression, TextWritten, voice and music, ¢
regulated by the presentation standard.

terest to financial customer service, and is represented as emotion category “ANGER].

data
is of

entify

It can
ts to
's the

type
reset
ation
tions

n the
risual
an be
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17:08

Customer Service

. ' 3 customer
A voice od o /‘

clip from L\ j'

customer .

N

Q
“@?(QFORT"
\\Q/ a speech

MCO

XFINWIZ

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

—

he figure shoews the interface of financial customer service on XFINWIZ.
dontains two parts: the title bar and dialogue area.

—+  —

b the Tight side.

—
2%) Please don’t worry, I'll (
@ help you to report the “ v
Financial ayr | (6{0) T
customer via'text
service ~ "\

MFORT”

via image

Figure A.1 — Example of AUI presentation in the scenario of financial customer s¢

The inte

h thetitle bar, there is a “back” button, a “customer service” title and a user icon fromn

rrvice on

rface mainly

the left side

In the dialogue area, the “customer” sends a message of a voice clip. The financial customer service
comforts the customer using three messages, which are a text message of “Don’t worry, I'll help 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.

© ISO/IEC 2022 - All rights reserved
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