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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described

in the
of doc
IEC Di

ISO an
use of]
claimd
receiv

fSO/TEC Directives, Part T particular; the differentapprovat criteria reeded for the differen
iment should be noted. This document was drafted in accordance with the editorial rules ef‘th
Fectives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

d [EC draw attention to the possibility that the implementation of this documentmay involl
(@) patent(s). ISO and IEC take no position concerning the evidence, validity or @applicability
d patent rights in respect thereof. As of the date of publication of this document;ISO and IEC h

datab
respo

Any ti
consti

For an|
relate
Organ
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This flocument was prepared by Joint Technical\, Committee ISO/IEC JTC 1, Information tech

Subcol
Alist

Any f]
body.

WWWw.

are caftioned that this may not represent the latest information, which may be obtained from the

se available at www.iso.org/patents and https://patents.iec.ch. ISQ and IEC shall not b
sible for identifying any or all such patent rights.

ade name used in this document is information given for the ‘c¢envenience of users and do|
fute an endorsement.

explanation of the voluntary nature of standards, the meaning of ISO specific terms and expré
I to conformity assessment, as well as information_about ISO's adherence to the World
ization (WTO) principles in the Technical Barriers toIrade (TBT) see www.iso.org/iso/foreword

types
e ISO/

ve the
of any
ad not

bd notice of (a) patent(s) which may be required to implement this document,' However, implemlenters

patent
e held

es not

ssions
Trade
l.html.

[EC, see www.iec.ch/understanding-standards.

mmittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

fall parts in the ISO/IEC 23090 seriesscan be found on the ISO and IEC websites.

A complete listing of these) bodies can be found at www.iso.org/members.htm

hology,

bedback or questions on this doctiment should be directed to the user’s national stanjdards

and

ec.ch/national-committees.
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oduction

Haptics provide an additional layer of entertainment and sensory immersion to the user. Therefore, the user
experience and enjoyment of media content, from a ISOBMFF files, broadcast channel, streaming games
or mobile advertisements can be significantly enhanced by the judicious addition of haptics to the audio/
video content. To that end, haptics has been proposed as a first-order media type, akin to audio and video, in
ISOBMFF. Further, haptics has also been proposed as an addition to ISO/IEC 23009-1 (MPEG-DASH) to signal
the presence of haptics in MP4 segments to DASH streaming clients. Lastly, the ISO/IEC 23090 (MPEG-I) use
cases have been augmented with haptics

Haptigsdigitalencoding isthe storing of tactite data ima digital formmatAs with audioand videy,

encod
releva
smart
of hap

procegses.

In the

— Quantized: This representation is generally made from measured data. The-samples from the o
plenomenon are stored at a specific acquisition frequency inside the file'to represent this signg
ample of a quantized haptic signal is proposed through WAV files, originally developed for audi¢p. WAV
fille formalism allows the capture of real-world data and the represéntation of complex wideband

€X

fe

— Deéscriptive: This representation is used to encode haptic signals as a combination of functi

b¢ synthesized. Examples of such vectorized formats.include AHAP and IVS. These formats hd
advantage of being created with a composition of primitives. They are easily modifiable at ry
by an application and by dedicated editing tools:Currently, these solutions support only vibro
pdrception, but can easily be extended for otherforms of haptics such as kinaesthetic, temperatufre and

te

ngn-periodic phenomena

This

in a hiiman readable JSON format (.hjif)\used as an exchange format. This format can be compress¢
packetized into a binary file format for distribution and streaming purposes (.hmpg).

dye to the inability to access the primitives used to create the'signal.

ng is of fundamental importance to allow digital haptic devices to function. Haptics encoding
ce with the increased market importance of wideband haptics in consumer periphgefals s
bhones with haptic engines and game consoles with haptic enabled controllers. The prior gend
Lics peripherals was based on less expressive haptic actuators usually based on staté machine g

field of haptics, the signal encoding usually takes one of two approaches:

bdback. This type of haptics encoding has the disadvantage of being difficult to modify once er]

ktures. They also tend to be memory inefficient with increasing signal complexity and cannot ¢

cument describes the coded representation allowing to encode both descriptive and quantize

ligital
rained
ich as
ration
ontrol

riginal
1. One

haptic
coded

bns to
ve the
ntime
tactile

ncode

d data
bd and
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Information technology — Coded representation of
immersive media —

Part 31:

Ha

43

cecandina
LILO LUl

1 Scope

This dpcument specifies technology that supports the efficient transmission and rendering of haptic gignals

for thg
arobu
by dev

The cqded representation allows to encode both descriptive and quantized-data in a human readabl

forma

F used for exchange purposes, and a compressed bitstream version, optimised for memory

and distribution purposes. This approach also allows to meet the expectations for compatibility wit

descri
for 3D

immersive experiences, mobile applications and other distribution purposes.

playback of immersive experiences in a wide variety of scenarios. The docunient describes in| detail
st coded representation of haptic media covering the two most popular haptic-perceptions levg¢raged
ices today: vibrotactile and kinaesthetic. Support for other haptic modalities has also been integrated.

2 JSON
usage
h both

ptive and quantized formats, as required by the market, as well as interoperability between devices

Information provided in this document related to the decodeiis' normative, while information related|to the

encod

2 N
The fo

requir
the lat

1SO 84
1SO 84
1SO/IH
IETF §

info/r

IETF R
-edito

b1 and renderer is informative.

prmative references

llowing documents are referred to in the text in such a way that some or all of their content cons

lest edition of the referenced document (including any amendments) applies.
01-1, Date and time — Representations for information interchange — Part 1: Basic rules
01-2, Date and time — Representations for information interchange — Part 2: Extensions

C 21778:2017, Information technology — The JSON data interchange syntax

[itutes

ements of this document. For dated references, only the edition cited applies. For undated referfences,

L FC 3986, Uniforim Resource Identifier (URI): Generic Syntax, available at: https://www.rfc-editgr.org/

[c3986

FC 8259, The JavaScript Object Notation (JSON) Data Interchange Format, available at: https://www.rfc

rorg/info/rfc8259

[ETF

EC4648, The Basel6, Base32, and Base64 Data Encodings, available at: https://www.rfc-editgr.org/

info/rtc4648

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— IS

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

© ISO/IEC 2025 - All rights reserved
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C Electropedia: available at https://www.electropedia.org/

actuator
component of a device for rendering haptic sensations

3.1.2

avatar
body (or part of body) representation

3.1.3
band

compd

3.1.4
chann
compd

3.1.5

device

physid
given

3.1.6
effect
compd

3.1.7
exper
top ley

3.1.8
haptic
tactilg

3.1.9
keyfri
compg
frequg

3.1.10
metag
global

3.1.11
MIHS
self-cd

3.1.12
MIHS

nent in a channel for containing effects for a specific range of frequencies

el
nent in a perception containing one or more bands rendered on a device at a specificbody locat

al system having one or more actuators configured to render a haptic sensation corresponding
bignal

nent of a band for defining a signal, consisting of a haptic waveform or one or more haptic keyfi

ience
el haptic component containing perceptions and metadata

S
sensations

me
nent of an effect mapping a position in time or space to an effect parameter such as amplit
ncy

Jata
information aboutan-experience, perception, channel or band

format
ntained stream for transporting MPEG-I haptic data

inifialization unit

ion

with a

fames

hde or

MIHS

I1Tit containing metadata necessary to reset and initialize a haptic decoder

3.1.13

MIHS packet
MIHS data packet which includes metadata or binary effect data

3.1.14

MIHS unit
MIHS data unit covering a duration of time

© ISO/IEC 2025 - All rights reserved
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3.1.15

modality
type of haptics, such as vibration, force, pressure, position, velocity or temperature

3.1.16

perception

ISO/IEC 23090-31:2025(en)

haptic perception containing one or more channels of a specific modality

3.1.17

signal
representation of the haptics associated with a specific modality to be rendered on a device

3.11

transjent
short momentary effect defined by an amplitude and, directly or indirectly, a frequency

3.1.19

vector
on in space which can be used for haptic signals spatialization

direct

3.2

AC
AHAP
ATSC
CDF9
CRC
DASH
FFT
HJIF
ID
ISOBM
IVS
JSON
LOD

MIHS

FF

MPEG

Abbreviated terms

Arithmetic coding/coder

Apple Haptic and Audio Pattern - JSON-like file format'that specifies a haptic pattern
Advanced Television Systems Committee
Cohen-Daubechies-Feauveau 9/7

Cyclic redundancy check

Dynamic Adaptive Streaming ovel’HTTP (specified in ISO/IEC 23009)
Fast Fourier Transform

Haptics JSON Interchange Format

Identifier

ISO Base mediafile format (specified in ISO/IEC 14496-12)
XML-bagsed file format for representing haptic effects

JavaScoript Object Notation

Lievel of Detail

MPEG-I Haptic Stream

aning Picture F‘Ypprfc (‘.rmlp

MPEG-I

OHM
PCM
SPIHT

MPEG Immersive media (specified in this and other parts of ISO/IEC 23090)
Object Haptic Metadata - Text file format for haptics metadata
Pulse-code modulation

Set Partitioning In Hierarchical Trees

© ISO/IEC 2025 - All rights reserved
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3.3 Mnemonics

The following data types are used for data specifications:

bslbf Bit string with left bit first, where “left” is the order in which bit strings are written. Bit strings
are written as a string of 1s and 0s within single quote marks, for example ‘10000001".

vlcs8 Variable length character string. Contains string data stored as a character array encoded in UTF-8.

uimsbf Unsigned integer with most significant bit first.

imsbf Mteger with mostsignificant bitfirst:

viclbf Variable length code with left bit first, where “left” refers to the order in which. the/vgriable
length codes are written.

duimspf Decimal stored as unsigned integer with most significant bit first in a given rarige. Defaul{ range
is [-1,1]

islif Integer stream with left integer first, where “left” is the order in whichlinteger strings arg writ-

ten. Only for buffering.

vlislif Variable length integer stream with left integer first, where. ‘left” refers to the order in
the integers are written.

4 Oyerview and architecture

4.1 Pverview

cument describes a coded representation of haptics based on a data model that enables the en
of both descriptive and quantized haptic data. Two complementary formats based on this shared data

which

oding
model

(Clausg 5) are detailed in the specifications: an interéhange format (.hjif) detailed in Clause 6, and a pacKetized

comprjessed binary format for streaming that gan also be stored in a binary file (hmpg) detailed in CI
In addjtion, a normative decoder and an informative encoder and synthesizer are described in detail.

The .hjif format is a human-readable format based on JSON and is not optimized for memory usage.
easily pe parsed and manually edited; which makes it an ideal interchange format, especially when des
or crepting content. For distributien*purposes, the .hjif data can be compressed and packetized into 3
memofy efficient binary .hmpg'bitstream. This compression is lossy, with different parameters imp

huse 7.

[t can
igning
I more
acting

the enfoding depth of amplitudes and frequencies composing the bitstream. The compressed and pacKetized

data cpan be directly distyibuted as a MPEG-I haptic stream (MIHS).

4.2 odec architecture

The gdneric codeg architecture can process both waveform PCM signals (WAV) and descriptive hapt
such as AHARVS or HJIF, the proposed MPEG format. Metadata information is provided to the codec th
OHM ihput files (described in Annex B). An overview of the codec architecture is depicted in Figure 1
more (létailed description of the input files and encoder architecture is provided in Clause 8.

ic files
rough
and a

© ISO/IEC 2025 - All rights reserved
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informative and is detailed in subclause 8.2.

The dg
or dirg
devicd
in sub|

The sy
synthe

5 D

5.1

This
requin
every

<&

- Packetization Depacketization
B4 | mis | I -
+7 | Stream | | -
4 i A file format

Ly Wavelet encoding'—

Figure 1 — Overview of the codec architecture

coder processes the two types of input files differently. For descriptive content, the input is anplysed
tically to transcode (if necessary) the data into the proposed coded representation. For PCM c¢ntent,
nal analysis process is split into two sub-processes. After performingafrequency band decompgsition

signal, the different bands (one or more) can be encoded as dset of keyframes. In Figurd 1, an
ht example is given where the low frequencies are encoded using a keyframe extraction procegs. The
bquency band(s) is(are) then reconstructed, and the error between this signal and the original low
ncy signal is computed. This residual signal is then added to the original high frequency band(s),
encoding using wavelet transforms. This multi-bands hybrid encoding scheme is detailed in Clause 8.

coder can output two types of formats: an interchange‘file format (.hjif) encoded in JSON, and a pinary
bd streaming format (MIHS). that can also be stered as a binary file (hmpg). The two formats have
bmentary purposes, and a lossy one-to-one conversion can be operated between them. The encoder is

coder takes as input a binary .hmpg file(the MIHS bitstream) or a .hjif file and either outputs a .hjif file
ctly synthesizes the haptic data. Haptic'data contained in a .hjif file can be rendered directly onfhaptic
s or using an intermediate synthesizér generating PCM data. The decoder is normative and is d¢tailed
Clause 8.3.

nthesizer allows to render-haptic data from a .hjif input file or MIHS stream into a PCM output fiJe. The
sizer is informative and-is-detailed in subclause 8.3.4.

ata model

Data struetiire overview

lause focuses on the data model of the coded representation of haptics. It specifies the inforigation
ed By'a'synthesizer to render the haptic data. The following subclauses provide detailed definitipns for
property of each element of the data model depicted in Figure 2. The data structure introduced fin this

Clauseisshared by the interchange rormat and the streaming rormat defined respectively 1n Llauses 6 and 7.

The data structure of the two formats follows the hierarchical organization illustrated in Figure 2.

© ISO/IEC 2025 - All rights reserved
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Description Encoding

Metadata

Avatars

Perception 1 gEEe Metadata

Effect Library

Devices

Haptic Channel 1 ---
----- i
Haptic Channel N E """

Perception N

Figure 2 — General datainodel

The highest level of the structure describes the entire haptic experience defined in the file or strgam. It
contains some high-level metadata information. It alse(provides a list of avatars (i.e., body representation)
referenced later in the file to specify the desired location of haptic stimuli on the body. Finally, the haptics
are described through a list of perceptions. These@erceptions correspond to haptic signals associated with
specific perception modalities (e.g., vibration, force, position, velocity, temperature).

In addition to specific metadata, a perception contains a list of channels. The data in each channel are
decon]posed into one or more frequency-bands. Each band defines part of the signal in a frequency rgnge. A
band ip described by a list of haptic effeets, each containing a list of keyframes. The haptic signal in a channel
can tHen be reconstructed by combining the data in the different bands as illustrated in Figure|3. For
instanfce, by adding the high andTow frequency bands in this figure, the original signal can be reconstijucted.

The pgrception and channelinformation describe the content (Description part of Figure 2), while the pands,
effecty and keyframes cohtain the data of the encoded signals (Encoding part of Figure 2).

© ISO/IEC 2025 - All rights reserved
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yframes

fects

nd 1 (curve band)

nd 2 (vectorial wave band)
annel 1

Figure 3 — Haptic channel (bottom) andits decomposition in two frequency bands (top)

The f
wave(I-ands. Each band is composed of ajseries of effects of the same type as the band, each defined b

mat proposes four types of bandsitransient bands, curve bands, vectorial wave bands and wavelet

y a list

of keyframes. The data contained in the effects and keyframes are interpreted differently for different types
of ban(s.
5.2 Haptic experience
The h3ptic experience defines the root of the hierarchical data model. It provides information on the ¢late of
the filg¢, the version-of the format and the encoding profile and level. It also describes the haptic experience,
lists the differentsavatars (i.e., body representations) used throughout the experience, and defines pll the
haptid|perceptions. Table 1 details the properties of a haptic experience.
Table 1 — Haptic experience properties
Property Description
version Year of the edition and amendment of ISO/IEC 23090-31 that this file conforms to, in the following
format: XXXX or XXXX-Y, where XXXX is the year of publication and Y is the amendment number, if
any.
profile Name of the profile used to generate the encoded stream as defined in the normative Annex D.
level Number of the level used to generate the encoded stream as defined in the normative Annex D.
date Creation date of this haptic experience.
description |A user description of this haptic experience.

© ISO/IEC 2025 - All rights reserved
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Table 1 (continued)

Property Description

timescale Number of ticks per second.

avatars List of avatars defining body representations used in the haptic experience. See subclause 5.3.
perceptions |List of perceptions describing a haptic signal. See subclause 5.4.

5.3 Haptic avatar

Haptic avatars are used as body representations. Avatars can reference a custom 3D mesh from a companion
file. E4Ch perception may be associated with an avatar, which allows spatialization of effects at the channel

level. The same avatar can be used by multiple perceptions.

A 3D 1pesh can provide resolution and accuracy with variable vertex density depending on thelappligation.
For injstance, the density can be representative of the spatial acuity of a specific per€eption mgdality
(Figure 4). The format of custom 3D meshes is out of the scope of this document.

Figure 4 — Example of haptic avatar body representations

Table £ defines thélist of properties of a haptic avatar:

© ISO/IEC 2025 - All rights reserved
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Table 2 — Haptic avatar properties

Property |Description
id Unique ID of the avatar in this experience.
lod If the avatar uses a mesh with several levels of detail (LODs), this indicates which LOD should be used
for the avatar.
type Type of haptic perception represented by the avatar. This is related to the spatial acuity of the corre-
sponding haptic modality. The avatar type may be:
— Vibration: the avatar is for vibrotactile signals.
Praccura-tha quataric for mraccura cianale
Pressure:the avatarisforpressure signals.
— Temperature: the avatar is for temperature signals.
— Custom: the avatar is a custom avatar. The mesh is provided as a companion file using the megh URIL
The definition of custom mesh is out of the scope of this document.
mesh URI to access the associated 3D mesh file. The URI conforms to the syntax defined in-RFC 3986.
5.4 Haptic perception
A haptic perception is a haptic signal associated with a specific perception\medality. The format supports
differgnt types of modalities, encoded in function of time (pressure) acceleration, velocity, pdsition,
tempefrature, vibrotactile, water, wind, force, electrotactile) or space (vibretactile texture, stiffness, friction).
The ligt of supported modalities is provided in Table 4 with the corresponding units and type (aka temporal
or spatial).
There|is no accepted psychophysical representation set of tactile perception in function of a dpfinite
repredentation space and stimulus. Touch shows remarkable complexity in the relations between physical

stimulli and the semantic assigned by humans.

In the
media

The cpncept of haptic perception in this spécification proposes a simple construct which can be

under
percef

For ed
repreg

The d:
locatig
corres

trigger.

A hapt
Table

case of haptics (touch stimulus mediated by, technology) this is somewhat different as hap
Led by actuators which have a well-defined set of physical capabilities and representation spacq

btood by implementers and designers-alike tying haptic device capabilities to the most similar
tion, or at least the one that has most in common with the haptic representation.

ch haptic perception, metadata information is provided on the modality, the corresponding
entation and technical characteristics of targeted or compatible haptic devices.

ita associated with aperception may contain multiple channels. A channel is associated with
n and usually corresponds to a haptic device; for instance, a vibrotactile suit with 16 ch
ponding to 16 vibrotactile actuators or a gamepad with one channel corresponding to a force fee

ic perceptigit may also contain an effect library.

B descxibes the full list of properties of a haptic perception.

tics is
S.

easily
tactile

pavatar

h body
hnnels
dback

cnarcantion nroanartioac

[nd
[

CPeTrCCpaomTpropcracs

Property Description

id

Unique ID of the perception in this experience.

perception modality |Type of perception modality of the haptic signal. The detailed list of perception modali

and the associated units is given in Table 4.

ties

description Description of the haptic data contained in the perception.

priori

ty Importance of the perception for scalability. A lower value indicates higher priority. Given a

limited bandwidth, decoders may ignore perception with a higher priority value.

avatar id Unique ID of the associated avatar.
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Table 3 (continued)

Property

Description

effect

library

List of haptic effects as defined in subclause 5.8. Each effect from the library has an ID
may be referenced directly in a band (see subclause 5.7).

and

semantic scheme

Scheme URN of the semantic description of effects. The default scheme is identified with urn:mp
eg:mpegi:haptics:effectsemantic:2023 andisdefined in Semantic keyword is a two-layers
hierarchical metadata structure illustrated in Table 13. It may be added as a supplementary
information to an effect. At most only one layer 1 and one layer 2 semantic keywords shall
be included with one effect. These keywords indicate the desired designer intention. When a
presentation engine is incapable of rendering the exact specified effect it may decide to render

asimilar effector notrender atail. ONe exampie 15 a gunsnot designed for a v R CONtroit
a specific frequency range. A VR gun prop may be developed with its own haptics libtal

Table 13

r with
ry.

referd

nce devices

List of targeted haptic reference devices or actuators used for this haptic pereeption. M
details on reference devices are given in subclause 5.5.

lore

the considered value is 0. For example, if the perception modality is set to stiffness and
exponent is set to 0, the perception experience iS.encoded in Newton.

channels List of haptic channels comprising this perception. More details on hapticchannels arg given
in subclause 5.6.

unit exponent Exponent of the powers of 10 for the SI unit of effect positions and keyframe positions pf
spatial modalities. This property specifies which measurementuhit is used to encode the
given perception. By default, the considered value is -3 (i.exmillimeters).

perception unit ex- |Exponent of the powers of 10 for the SI unit measure ofthe/dependent variable. This pijop-

ponerjt erty specifies which measurement unit is used to outputthe given perception. By defailt,

this

Table 4 — Perception modalities and corresponding units

Modality Perception unit SIunit | Temporal (T)/Spatial(S)
Pressure Pa S T
Acceleration m/s72 s T
Velocity mys S T
Position m S T
Temperature °C S T
Vibrotactile Normalized to [-1,1] S T
Water m”3 S T
Wind m/s S T
Forcé N S T
Electrotactile Normalized to [-1,1] s T
Vibrotactile Texture Normalized to [-1,1] m S
Stiffness N/m m S
Friction Normalized to [-1,1] m S
Humidity Normalized to -1/1 S T
User-defined Temporal | Normalized to [-1,1] S T
User-defined Spatial Normalized to [-1,1] m S

The haptic library defined at the perception level allows to define a set of shared haptic effects at the
perception level. It consists of a list of effects that can be referenced from a band. This allows to avoid
unnecessary repetition of identical effects. The effect library is particularly useful for content creators and
avoids the duplication of effects inside channels.

As illustrated in Figure 5, the effect library can be used to reduce the memory footprint of haptic data. The
same experience can be stored in an optimized manner using a single haptic effect in the library. It is then
referenced multiple times at the band level versus storing this effect multiple times directly at the band level.

10

© ISO/IEC 2025 - All rights reserved



https://standardsiso.com/api/?name=08834fd193c770187d8372c464aa3893

ISO/IEC 23090-31:2025(en)

As described in Figure 5, factoring and linearization can be used to convert from a library-based stream to a
simple repetitive-based stream of haptic effects.

Data
linearization

Haptic Experience

. Haptic Experience .
metadata Perceptlonsl P, | | P | metadata Perceptions

Perception P, metadata |

Channels C C, | Perception P, |[effect Channels C C
| ! | | | metadata library I—ll |—,
% -

Channel C, metadata |

Bands [ B ]| . [ B ]|

| ChannelClmetadata) ||Bands | B, | B,
=

1]

[ LAY \
| I . v % |[a] o]

Figurs

5.5

A hapt
of spe
devicd
perfor]
neede
charag

A hap
frequg
in Tab

(LN

Data
refactoring

e 5 — Example of haptic files containing the same data with and without using the effect Ij

Haptic device

ic experience is usually defined with a reference setup to validate the experience, or with a n
Fific targeted haptic devices in mind (compatible devices). If the experience is played back on di
s with different capabilities, the associated encoded signal may have to be rendered differen
m such adaptation, the capabilities of the original device(s) (reference or compatible devicg
1. For this purpose, each haptic perception defines a list of reference devices (with their d¢
teristics) and each haptic channelthay reference the corresponding device.

[ic reference device is described through a list of characteristics, including the type of devi
ncy range of the device, thesmaximum voltage of the device. The detailed list of properties is sp
e 5.

Table 5 — Haptic device properties

brary

lmber
ferent
tly. To
s) are
ptailed

re, the
bcified

Prope

rty Description

id

Unique ID of the device in this experience. This value is used for referencing the device
channel.

ina

name

Name of the device, for the purpose of human identification.

body Tart mask Binary mask specifying the location of the device or actuator on the body based on the

body

segmentation detailed in Tahle 7

maximum frequency | Maximum frequency of the actuator (Hz).

minimum frequency |Minimum frequency of the actuator (Hz).

cy

resonance frequen- |Resonance frequency of the actuator (Hz).

maximum amplitude | Maximum amplitude value of the targeted device according to the perception modality
instance, the maximum acceleration speed if the perception modality is the acceleration. The

corresponding unit is specified in Table 4 in subclause 5.4.

; for

impedance Impedance of the actuator ((2).

maximum voltage Maximum voltage of the actuator (V).

© ISO/IEC 2025 - All rights reserved
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Table 5 (continued)

Property

Description

maximum current |Maximum current of the actuator (A).

maximum displace- |Maximum displacement of the actuator (mm).

ment

weight Mass of the device (kg).

size Bounding sphere diameter of the device (mm).

custom User-defined data. This parameter may be used to specify additional properties of the tar-
geted device.

type Type of actuator. Possible types are:

— LRA
— VCA
— ERM
— Piezo

— Unknown (for other modalities)

5.6 Haptic channel

5.6.1 | General

Haptid signals can be encoded on multiple channels. Typically, allaptic channel defines a signal to be ref

idered

at a specific body location with a dedicated actuator or devicerMetadata stored at the channel level injcludes

infornpation such as the gain associated with the channel,"the mixing coefficient, the desired body lg
of the |haptic feedback, optional reference device and gptional direction. Additional information such

cation
as the

desired sampling frequency or sample count can also be provided. Finally, the haptic data of a channel are

contaiped in a set of haptic bands defined by their frequency range.

The ligt of properties of a haptic channel is detailed in Table 6.

Table 6 — Haptic channel properties

Propdrty

Description

id

Unique ID of the(channel. The identifier is unique among all channels in the perception conta
this channel.

ning

description

Descriptien.of the channel.

priority

Imporgance of the channel for scalability. A lower value indicates higher priority. Given a lim
bandwidth, decoders may ignore perception with a higher priority value.

ted

referdnce de-
vice id

TFargeted reference device from the list defined in the perception.

gain

Gain associated with the channel to adapt the normalized encoded data values to a typical dé
according to:

vice,

V = gain*x
g >

where x corresponds to the normalized encoded data.

mixing coeffi-
cient

Weight of the channel when mixing different channels together to produce a mixed signal. The

resulting signal is given by:
_ 2V *coefficient;
2 coefficient;

where V; corresponds to the signal of channel i. A mixing coefficient of 0 indicates that the ch
is not mixed.

annel
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Table 6 (continued)
Property Description
body part Binary mask specifying the location of the effect on the body as defined in Table 7. The binary
mask mask 0x0 indicates that the body part is not specified. The application can render the effect any-

where. The mask 0xFFFFFFFF corresponds to the full body. It means that the effect is applied on

the whole body; for instance, a background effect.

actuator reso-

Reference actuator resolution used to design the haptic experience. This value linked to body

lution part target and actuator target can be used together as an experience spatialization model on the
human body.

body part Identification of a unique body part or group of body parts on the human body. Table 9 describes

target all the possible values which can be stored here to construct the targeting command.

actuafor target |List of different coordinates to target actuators on the previously identified human body, parfts.

pling

frequency sam-

Sampling frequency of the original encoded signal (Hz). This may be used by the synthésizer
reconstruct the original signal. However, the synthesizer may sample the output@ignal at an
sampling frequency.

to
bther

sampl

e count

Present if the frequency sampling value is greater than zero. It is the numbeénof samples of th
original encoded signal. This can be used along with the frequency sampling by the synthesi
ensure that the output signal has the same size and duration as the opiginal file.

e
rer to

vertides

List of the vertices from the avatar impacted by the effect. More precisely, it is the list of indi
of the vertices from the mesh associated with the avatar of the perception. If the avatar does
specify a mesh, this field should be ignored. The vertices impaeted by the effects of this chan|
are the body locations where the effects should be applieds

The appropriate avatar representation is referenced by the avatar ID indicated at the percep
level (see subclause 5.4).

Ces
not
nel

tion

bands

List of haptic bands comprising the channel. A chanhel can include one or several bands. A bg
corresponds to a frequency bandwidth as specified in subclause 5.7. If the bands array is emj
corresponds to a channel without any haptic éffect.

As illustrated in Figure 3, the haptic signahofa channel is the sum of the signals in each band|.

nd
hty, it

direct

ion

Specifies a spatial direction for the channel as detailed in subclause 5.6.3. This direction met

should only be used with haptic modalities dependent on space (i.e. Vibrotactile Texture, Stifffness

and Friction). It indicates a preferred rendering direction of the haptic perception of the targ
body part. It can be composedwrith X, Y and Z following the formalism for unit vectors to ind
any direction in the 3D spacel-Each integer value stored in this vector will be transformed fr
initial range [-127,127] to.the [-1,1] range to interpret this vector as unitary.

adata

eted
cate
bm its

The dilrection property identifies the preferred rendering direction of the spatialized haptic experienc
on is related to the relatiye position of the body partin its own coordinate system. The informd
ed to specify the rendering’of a haptic effect in a predetermined direction.

direct
requir

The spatialization of theshaptic stimuli associated with a channel on the body can be specified eit
referepcing a set of vertices (with the vertices property) from a custom avatar mesh (Figure 4), ox
specific localization{maps. Two types of maps are defined, using a body part mask based on thg
segmentation illustrated in Figure 6 with 32 defined parts, or using a semantic body parts identifi
combiped with/avwhap of actuators on these body parts (Figure 7). The body part mask provides a lightj

e. The
tion is

her by
using
body
cation
wveight
ap the

tation

to the

human skeleton whlle the mask only relates to the surface ofthe body An additional actuator representatlon
provides the localization and resolution of the device actuator(s) and allows interpolation, when necessary,
to adapt the effect to the device configuration (as described in Annex C). Multiple methods can be combined
since each addresses different goals and usages.

5.6.2 Custom mesh avatar

Consists of a set of 3D vertices, with their 3D coordinates such as Figure 4.
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Body part mask
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The mask has been defined based on Figure 6 segmentation of the human body.

Figure 6 — Body part segmentation

The 3R body parts and their corresponding masks are detailed in Table 7. These binary masks ¢an be
logically combined to associate haptics stimuli.to multiple body parts. Table 8 gives some common body
parts ¢ombinations.
Table 7 — Body part masks
Name Body_part_mask (binary) Hexadecimal Decimgal

0 Unspecified 00000000000000000000000000000000 0x00000000 0

1 Head front 00000000000000000000000000000001 0x00000001 1

2 Head back 00000000000000000000000000000010 0x00000002 2

3 Head right 00000000000000000000000000000100 0x00000004 4

4 Head léft 00000000000000000000000000001000 0x00000008 8

5 Right upper chest 00000000000000000000000000010000 0x00000010 16

6 Leftupper chest 00000000000000000000000000100000 0x00000020 32

7 ‘Abdomen 00000000000000000000000001000000 0x00000040 64

8 Waist 06600606066600000600000000010000000 0x00000086 128

9 Upper back 00000000000000000000000100000000 0x00000100 256

10 Lower back 00000000000000000000001000000000 0x00000200 512

11 Right upper arm 00000000000000000000010000000000 0x00000400 1024

12 Left upper arm 00000000000000000000100000000000 0x00000800 2048

13 Right forearm 00000000000000000001000000000000 0x00001000 4096

14 Left forearm 00000000000000000010000000000000 0x00002000 8192

15 Right wrist 00000000000000000100000000000000 0x00004000 16 384

16 Left wrist 00000000000000001000000000000000 0x00008000 32768

© ISO/IEC 2025 - All rights reserved
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Table 7 (continued)
Name Body_part_mask (binary) Hexadecimal Decimal
17 Right hand palm 00000000000000010000000000000000 0x00010000 65536
18 Left hand palm 00000000000000100000000000000000 0x00020000 131072
19 Right hand dorsum 00000000000001000000000000000000 0x00040000 262 144
20 Left hand dorsum 00000000000010000000000000000000 0x00080000 524 288
21 Right hand fingers 00000000000100000000000000000000 0x00100000 1048576
22 Left hand fingers 00000000001000000000000000000000 0x00200000 2097 152
23 Rightthigh 66600066610066006006660000666600 6x06466600 4194304
24 Left thigh 00000000100000000000000000000000 0x00800000 8 38868
25 Right calf 00000001000000000000000000000000 0x01000000 16,777 316
26 Left calf 00000010000000000000000000000000 0x02000000 33554432
27 Right foot palm 00000100000000000000000000000000 0x04000000 67 108 §64
28 Left foot palm 00001000000000000000000000000000 0x08000000 134 217 28
29 Right foot dorsum 00010000000000000000000000000000 0x10000000 268 435 56
30 Left foot dorsum 00100000000000000000000000000000 0x20000000 536 870 p12
31 Right foot fingers 01000000000000000000000000000000 9x40000000 1073 741824
32 Left foot fingers 10000000000000000000000000000000 0x80000000 2147 483|648
Table 8 — Examples of body part combinations
Name Body_part_mask (binary) Hexadecimal Decimal
Right arm 00000000000101010101010000006000 0x00015540 87 360
Left arm 000000000010101010101000006000000 0x002AA800 2795520
Rightleg 01010101010000000000000000000000 0x55400000 1430 257 664
Leftleg 10101010100000000000000000000000 0xAAB800000 | 2860515 328
Upper body 0000000000111111#411111111111111 0x003FFFFF 4194 303
Lower body 111111111100000600000000000000000 0xFFC00000 4290772992
Full body 111111111241 371111111111111111111 OxFFFFFFFF 4294 967 295
5.6.4 | Semantic body part andfactuator mapping
Alternfatively, the haptic signal-spatialization on the body representation can be done by a combination of

body

art targeting and actuator mapping on the body. This approach uses the body part target pr¢
whichlis a set of successive’'values configured to represent a human body part or a group of body parf

range jof values is defined in Table 9:

— A Group Node’is a shortcut command to target a group of body parts.

— AlLocational value is an optional reference to some body part node to add precision.

— APBedy part Node is a human body part which is defined hierarchically (see Figure 7).

perty,
s. The
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Figure 7 — Tree representation of body part targetiyalues
Table 9 — Body part target values
Name Type Value
Unknown Group Node 0
All Group Nede 1
Upper Group Node / Locational 10
Lower Group'Node / Locational 11
Right Group Node / Locational 12
Left Group Node / Locational 13
Front Group Node / Locational 14
Back Group Node / Locational 15
Arm Body part Node 20
Head Body part Node 21
Chest Body part Node 22
Waist Body part Node 23
Leg Body part Node 24
Upper-arm Body part Node 30
Forearm Body part Node 31
Hand Body part Node 32
Crane Body part Node 33
Neck Body part Node 34
Thigh Body part Node 35
Calf Body part Node 36
Foot Body part Node 37
Palm Body part Node 40
Finger Body part Node 41
Sole Body part Node 42
Toe Body part Node 43
Thumb Body part Node 50
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Eachh
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Table 9 (continued)

Name Type Value
Index Body part Node 51
Middle Body part Node 52
Ring Body part Node 53
Pinky Body part Node 54
Hallux Body part Node 55
Index-Toe Body part Node 56
Middie-Toe Body partiNode 57
Ring-Toe Body part Node 58
Pinky-Toe Body part Node 59
First Phalanx Body part Node 60
Second Phalanx Body part Node 61
Third Phalanx Body part Node 62
Minus Operator 254
Plus Operator 255

ody partis then divided into a 3D right-handed actuator map which-fulfils the following require
e X axis points to the right.

e Y axis points up.

e Z axis points forward.

e up direction on each body partis based on a staniding human looking at his or her hand outstr
front of himself or herself (see Figure 8 for a visual representation).

— Therightdirection on eachbody partis based@ffa standing human lookingathis or her hand outstr

in

front of himself or herself (see Figure 8 for'a visual representation).

ments:

btched

btched
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More dletails,on the use of this representation are provided in Annex C.
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Figure 8 — Representation of each body part basis for the actuator map

ctuator can finally be targeted individually on the targeted body part to improve the precisi
signal spatialization on the humanbody.

tuators are mapped on thetbaody part following a 3D mapping based on a vector [X, Y, Z]. Each v
| 8.

btance, for only one-actuator the mapping is [1,1,1]. A resolution of [2,1,1] indicates two actuaf]
ixis of the body part. A resolution of [2,2,1] indicates four actuators on the X-Y plane. A resolu
indicates eight actuators arranged with two surfaces. For haptics devices which do not reg
rolumetrie arrangement, some of the actuators may be virtual.

nof a

hlue of

ctor indicates the resolution in the respective 3D direction, according to the referential described in

ors on
tion of
pect a

tailed list of properties defining a mapping vector is given in Table 10.

Table 10 — Mapping vector properties

Property Description

X Unit right vector. The range of possible values stored in the X axis is [-127,127].

Y Unit up vector. The range of possible values stored in the Y axis is [-127,127].

Z Unit forward vector. The range of possible values stored in the Z axis is [-127,127].
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5.7 Haptic band

A haptic band describes the haptic signal of a channel in a given frequency range. Bands are defined by a
type and a sequential list of haptic effects each containing a set of keyframes. Table 11 details the list of
properties of a haptic band.

Table 11 — Haptic band properties

Property Description

band type Type of data contained in the band. There are four types of haptic bands: curve bands, transient
bands, vectorial wave bands and wavelet wave bands. For each type of band, the information it
contains has a different meaning:

— Curve bands represent haptic signals with curves, described by a set of control peintd and a
type of interpolation in-between.

— Transient bands represent short momentary haptic effects, described with amplitude and
frequency parameters.

— Vectorial wave bands represent parametric haptic effects; described hy a vector of parameters
including temporal or spatial position, amplitude and frequency” The model allow$ both
amplitude and frequency modulation of the signal.

— Wavelet wave bands represent haptic effects encoded with wavelet transform decompdsition,
quantization, binary tree structure, and entropy coding,

Subclause 5.9 details precisely how the data contained inckeyframes is interpreted dependinjg on

the type of bands.
priority Importance of the band for scalability. A lower valde‘indicates higher priority. Given a limiteg
bandwidth, decoders may ignore perception with ahigher priority value.
Curveltype Present only for curve bands. This specifies the-interpolation method to be used to synthetize the
haptic signal of the band. Possible values.ar:
— Linear
— Cubic
— Akima
— Bézier
— B-spline
— Unknownr(fer application specific functions)
block|length This property is only present for wavelet wave bands. It is the duration of a wavelet block.
Lower frequen- | Lower fréquency limit of the band (Hz).
cy limjit
Upp(:j frequen- |Upper frequency limit of the band (Hz).
cy limli
Effects List of haptic effects as defined in 5.8. If the effect list is empty, the band does not contain haptic

data.

Figur OA1llustrates two fyppc of hnpfir‘ bands: a curve hand and a transient hand) Points in the fjgure
represent keyframes.
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Figure 9 — Representation of a curve band (top) and a transient band (bottom)
For cyrve bands, different types of curve representations and<ntérpolations can be used. The format
curreiptly supports five types of curves: linear, cubic, Akima, BéZier and B-spline.
— Lipear

E3qch keyframe is a point in the curve and intermediate values are computed using linear interpolption.
— Cybic

Edch keyframe is a point in the curve and intermediate values are computed using piecewisd cubic
pqlynomials.

— Akima

Each keyframe is a point in the'cuive, and intermediate values are computed using Akima interpd|lation.
The Akima interpolation iSha continuously differentiable sub-spline interpolation. It is buil{ from
piecewise third order polynomials. Only data from the next neighbour points are used to determine the
cdefficients of the intefpolation polynomial.

Fdr a set of data péints:

s{=s(x;), 1<k

1

where the interpolation function is defined as:

S vwWeg Lo (v v i (v v < v %4
Ay A ) B o B A B A 7/ A By A S A By B A B ey

To determine the coefficients ay, a;, a, and a3 of the polynomial interpolation for each interval [ x;,
X;,1], the function values s; and s;,;, and the first derivatives s; and s;,; at the end points of the
interval are used.

— Bézier

Bézier curves are parametric curves defined by a set of control points. Bézier curves are generally
used to model smooth curves that can be scaled indefinitely. It is defined by a set of control points P0
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through Pn, where n is called the order of the curve (n = 1 for linear, 2 for quadratic, 3 for cubic, etc.). The
interpolation function of a quadratic Bézier curve is given by:

B

(£)=(1-t)* PO+2(1-t)tP1+t2P2 , 0<t<1

Where B(t) is the interpolation for a parameter ¢ (between 0 and 1), and (PO, P1, P2) are respectively the

sed of
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b their
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three control points used for the interpolation (see Figure 10).
Y
10
T Pl II#‘ I-\.\ T T T T T T T
9 b Y =
- g
8 I |'|l A Sy -
i Y
!
7 — I,'I x —
] Sy
1 "y
6 I i B L -]
[} y
i ‘\-.
51— x 4
i "
i b
4+ \ -
M,
.'J .
3, 4 ]
2 — —
1 $PO ! ! ! ! | ! | P2
0 10 20 30 40 50 %\60 70 80 90 100 X
t
Key
X samples
Y amplitudes
bezier interpolation
* control points
Figure 10/— Bézier curve example, with three control points
Here, the data in curve-bands represent piecewise second order Bézier curves: the data are compd
consegutive quadrafic/Bézier curves, each defined by a set of three control points. The last contro
of a Bézier curvesisithe first control point of the next one. This implies that the data contains at least
contrdl pointsand an uneven number of control points. The control points contain 2D data definin
amplijude afid timestamp. To ensure that the haptic data can be rendered properly, the control points
ordergd in.time: the timestamp of each control point is higher than the timestamp of the previous poi
exists] and lower than the timestamp of the next control point (if it exists).

Figure 11 illustrates the curve produced with a set of five control points. The signal is computed using two
Bézier curves with PO, P1 and P2 as control points for the first one and P2, P3 and P4 for the second one.

© ISO/IEC 2025 - All rights reserved
21


https://standardsiso.com/api/?name=08834fd193c770187d8372c464aa3893

Key

ISO/IEC 23090-31:2025(en)

10 :

1
ag
CQ

pd

PO

100

samples

amplitudes

bezier interpolation
control points

Figure 11 — Example of piecewise BéZzier curve defined by five control points

{spline

eating smooth curves (see Figure12). It is a generalization of Bézier curves, with higher interp
curacy. The shape of the eurve only depends on the position of the control points. Modifyi
ntrol point will only change the curve locally. Here the data in the curve bands represent the ¢
ints of the B-spline.

B-spline function is a combination-of flexible segments controlled by a number of control poir{s (PD)

lation
g one
ontrol

© ISO/IEC 2025 - All rights reserved
22


https://standardsiso.com/api/?name=08834fd193c770187d8372c464aa3893

ISO/IEC 23090-31:2025(en)

5.8
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Figure 12 — Example of B-spline defined with four control points

Haptic effect

ery type of haptic band, haptic effects are defined with atleast a position and a type. Depending

type of band and the type of effect, additional properties is specified, including the phase, the base si

compd

The d¢

sition and a number of consecutive haptic keyframes describing the effect.

tailed list of propertiesiof a haptic effect is given in Table 12.

on the
bnal, a
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Table 12 — Haptic effect properties

Property

Description

Id

Unique ID of the effect. This property is required for effects defined at the perception level in the
library and for reference effects. For reference effects, this property corresponds to the ID of the
library effect being referenced. The ID is unique among all effect IDs in this haptic experience.

Effect type

Type of haptic effect. Possible values are:

Basis: Effect containing signal data defined through a set of keyframes.

Composite: Effect composed of a set of other effects defined in the composition property. This
type of effect does not directly contain keyframes.

Reference: Effect referencing an effect in the library. This type of effect is used at the’band level
to reference effects defined at the perception level in the effect library using a unique ID.

Sema
word

tic key-

Semantic keywords of the haptic effect. It is an optional field that may be added to ah.effect.

Positilm

Indicates the temporal or spatial position of the effect. The value 0 correspondsto the starting
position of the experience. The default unit for temporal haptic feedback willbe milliseconds

while

it will be millimetres for spatial haptic feedback. Temporal or spatial is definted by the percepfion-

Modality.

Phase

Indicates the phase of the effect in radian in the range [0,2m]. This valde is used only for vectofial

wave bands and is ignored in effects stored inside a band of a different type.

Base gignal

This property is only used for vectorial wave bands. It defines.the type of waveform signal to
used by the synthesizer. Possible values are:

be

Sine

Square
Triangle
Sawtooth up

Sawtooth down

compgsition |This property can only be used with composite effects. It contains a sub-list of effects.
keyfrilmes List of keyframes as defined in:5.9. The keyframes list is only used for basis effects.
Wavelet Encoded wavelet streamy

strea

The dllration of a haptic effect is given, depending on the band type, as:

Trfansient band: the pgsition of the latest keyframe plus the duration of a transient which can|
arhong different implementations.

Cyrve band: theposition of the latest keyframe
Véctorial waye band: the position of the latest keyframe

Whvelet-wave band: For this type of band, each effect corresponds to a single block. The duratio1
effecet then corresponds to the block length property specified at the band level.

differ

h of an

Semantic keyword is a two-layers hierarchical metadata structure illustrated in Table 13. [t may be added as
a supplementary information to an effect. At most only one layer 1 and one layer 2 semantic keywords shall
be included with one effect. These keywords indicate the desired designer intention. When a presentation
engine is incapable of rendering the exact specified effect it may decide to render a similar effect or not
render at all. One example is a gunshot designed for a VR controller with a specific frequency range. A VR
gun prop may be developed with its own haptics library.
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Table 13 — Two-layer semantic keywords

Layer 1

Layer 2

UX

Undefined (default)

Click

Double click

Success

Error

Alarm

COonIrmation

Wrong

Ring

Message

Avatar

Undefined (default)

Jumping

Fall

Crawl

Swim

Collision

Grab

Teuch

Swip

Footstep

Special effect

Undefined (default)

Washout

Noise

Weapons & Combat

Undefined (default)

Blade

Hit

Hand-thrown

Elastic propulsion

Pneumatic

Handguns

Rifles

Shotgun

Gun

Machinegun

Taser

Electric shock

Mines

Missile

Grenade

Blast

Undefined (default)

Wind low

Heat

Cold

© ISO/IEC 2025 - All rights reserved



https://standardsiso.com/api/?name=08834fd193c770187d8372c464aa3893

ISO/IEC 23090-31:2025(en)

Table 13 (continued)

Layer 1 Layer 2

Rain

Waterfall

Ambient Water drop

Electric buzz

Ignition

Cracks

o
Earthquake

Sparks

Thunderbolt

Undefined (default)

Rock

Gravel

Texture Sand

Wood

Metal

Plastic

Undefined (default)

Engine

Doors

Brake

Mechanical Contraption

Vehicles Drift

Road friction

Brake

Road bump

Tires

Air friction

Undefined (default)

Hard material

Bouncy material

Pucking

Music Bowing

Dtriking

Brass instruments

Woodwind instruments

5.9 HapticKkeyframe

A haptic keyframe encodes a point or sample at a given position in time or space.
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Table 14 — Haptic keyframe properties

Property Description
amplitude modulation |[Amplitude of the keyframe. For vibrotactile signals, a negative vibration refers to an oppo-
site polarity of the modulated signal.

Frequency modulation |Relative frequency of the keyframe.
Relative position Relative position of the keyframe.

The type of band indicates how a keyframe should be interpreted. Depending on the type of band, a keyframe
stores one or several of the properties defined in Table 14. The different interpretation of these values based
on bard typn 1S dnfai]nd n fab]n Tab]o 15

Table 15 — Keyframe interpretation for each band type

Band type Keyframe interpretation
transient Keyframes define with a position, an amplitude and a frequency.
Curve Keyframes define a position and an amplitude. The keyframes represent the contro

points of the curve. The type of curve is specified at the band léveland is used to copnpute
the signal as detailed in subclause 5.7.
vectorial wave Keyframes define a position, an optional amplitude modulation and an optional frequen-
cy modulation. A keyframe contains at least one of these)two optional parameters. Any

interpolation between keyframes can be used.

The cdmbination of multiple of these primitive keyframes allows to describe a full haptic effect.

6 Interchange file format

6.1 Dverview

The interchange format is a JSON implementation>of the data model. It is not memory-optimized, bjit it is
humai-readable and can be manually edited. The data structure of this format is illustrated in Figure|13.

N
File metadata avatars l:’ l:l I:I JHaptic perception 1 | |Haptic perception 2| Haptic perception N
)
N

Perception metadata @ || devices L__I |:| effect library l:l | Haptic channel 1 | | Haptic channel N |

N G el T

—_ \ \
Track metadata @17 I Haptic band 1 | | Haptic band 2 | | Haptic band 3 | | Haptic band 4L| Haptic band 5 |

7=
Ny ——
1(‘ \ \
Band data Haptic effect 1 | Haptic effect 2 | | Haptic effect 3 |
—
AN

Effect data | Haptic Keyframe 1 | | Haptic Keyframe 2 | | Haptic Keyframe 3 | | Haptic Keyframe 4 | Haptic Keyframe N

Figure 13 — Detailed data structure of the interchange format

As a JSON based format, it shall be compliant with ISO/IEC 21778 and RFC 8259. Each component of the data
structure is defined as a JSON object and described below using the JSON Schema specification mechanism.
The interchange format is described through the following list of JSON schemas. All the Schemas are

provided in the normative Annex A
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Table 16 — JSON schemas describing the interchange format

Name Brief Description Subclause
MPEG_haptics Describes the haptic experience. This refers to subclause 5.2 of the [6.2.1
data model.
MPEG_haptics_avatar Describes a haptic avatar. This refers to subclause 5.3 of the data 2.2
model. A haptic experience may include several avatars.
MPEG_haptics_perception Describes a haptic signal associated with a specific perception mo- 2.3

dality (vibration, force, temperature, ...). This refers to subclause 5.4
of the data model. A haptic experience may include several modali-
ties

MPEG| haptics_reference_de-
vice

Provides a list of characteristics associated with a targeted haptic
device. This refers to subclause 5.5 of the data model. A haptic expe-
rience may include several reference devices.

MPEG| haptics_channel

Describes a channel within a perception. Each perception may
contain multiple channels. This refers to subclause 5.6 of the(ddta
model.

MPEG| haptics_vector

Describes the local direction on which the signal should be defined.
This information is relevant for spatial based haptigssighals. This
refers to subclause 5.6.3 of the data model.

MPEG| haptics_band

Describes a frequency band within a haptic cliannel. This refers
to subclause 5.7 of the data model. A hapticchannel may contain
multiple bands.

MPEG| haptics_effect

Describes a haptic effect within a frequency band. This refers to
subclause 5.8 of the data model. Ahaptic band may contain multiple
effects.

MPEG]| haptics_keyframe

Describes a keyframe within.ahaptic effect. Properties contained
in a keyframe are interpreted differently depending on the type
of haptic band and the specified encoding modality. This refers to
subclause 5.9 of the datamodel.

The fdllowing subclause details the specificatiofis of the interchange format. Each component of thle data
structpre is defined as JSON object with a lis€of properties corresponding to its attributes. The following
subclause give a detailed description of the JSON objects and associated schemas as specified in Table|16.

The following subclauses use types defined in Table 17 to describe properties.

Table 17 — Descriptions of the types used in the following subclauses

string The string type isarsed for strings of text. It may contain Unicode characters.

Integeér |The integer typeds used for integral numbers

numbkr |The number type is used for any numeric type, either integers or floating-point numbers.

Boolean |The boplean type matches only two special values: “true” and “false”.

Array| Arrays)are used for ordered lists of elements.

Object |Objects are the mapping type in JSON. They map “keys” to “values”. In JSON, the “keys” are always sfrings.
Each of these pairs is conventionally referred to as a “property”. The properties (key-value pairs) o
object are defined using the “properties” keyword.

fon

Enum The enum keyword is used to restrict a value to a fixed set of values.

6.2 HJIF Specifications

6.2.1 MPEG_haptics

The MPEG_haptics element is the highest level of the format and describes the global haptic experience as
defined in subclause 5.2. It includes some metadata such as the date of the file and the version of the format,
provides a description of the haptic experience, specifies the shape associated with the haptic experience,
lists the different avatars (i.e., body representation) and defines all the perceptions.
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The MPEG_haptics metadata are necessary to configure the global experience and include all the data
structures introduced above, starting with perceptions. Table 18 details the list of properties of an MPEG_
haptics object corresponding to the properties defined in Table 1 of subclause 5.2.

Table 18 — Description of the MPEG_haptics object

Property Type Default |Description Required
version string N/A Year of the edition and amendment of ISO/IEC 23090- |Yes
31 that this file conforms to, in the following format:
XXXX or XXXX-Y, where XXXX is the year of publica-
tion and Y is the amendment number, if any. For this
document, the value shall be “2023”.
profilp string N/A Name of the profile used to generate the encoded Yes
stream according to the profile@level definition in the
normative Annex D.
level integer N/A Number of the level used to generate the encoded Yes
stream according to the profile@level definition in
the normative Annex D. The value shall beequal to or
greater than zero.
date string N/A Indicates the creation date of this Haptic experience. |Yes
The date format shall conform to\ISO 8601-1 and
ISO 8601-2.
description |string N/A The user-defined descriptionof this haptic experience. | Yes
timesgale integer 1000 Number of ticks per second. The value shall be greater [No
than zero.
avatars array<MPEG_haptics. |N/A Provides the List of MPEG_haptics.avatar as described |Yes
avatar> in6.2.2.
perceptions |array<MPEG_haptics. |N/A Provides the List of MPEG_haptics.perception as Yes
perception> described\n 6.2.3. The array shall contain at least one
element,
syncs array <MPEG_haptics. |N/A Provides the List of MPEG_haptics.sync as described |No
sync> in 6.2.4.
6.2.2 | MPEG_haptics.avatar

The MPEG_haptics.avatar element defines a haptic avatar as a body representation. It is particularly fuseful
to spefify on which part of the bedy the haptic effect should apply. This corresponds to subclause 5.3 of the

data mpodel.

Differ¢nt types of avatars may be used for different applications or different haptic properties. A qustom
3D mesh can be specified for the representation of the avatars as described in subclause 5.3. When ysing a
custorp 3D mesh repfeseéntation, a reference URI to a custom mesh from a companion file shall be prpvided
(.obj of .gITF file formats may be used).

Table 19 details/the list of properties of an MPEG_haptics.avatar object corresponding to the properties

defined in, Table 2 of subclause 5.3.
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Table 19 — Description of the MPEG_haptics.avatar object

Property |Type Default [Description Required
id integer N/A Unique ID of the avatar. The value shall be greater than zero. The 0 |Yes
value is reserved for unspecified avatars.
lod integer N/A If the avatar uses a mesh with several levels of detail (LODs), this |Yes
indicates which LOD to use for the avatar. The value shall be equal
to or greater than zero.
type enums<string> |N/A Indicates the type of haptic perception represented by the avatar. |Yes
Possible values are:
“Yibration*
“Pressure
— “Temperature”
— “Custom”
mesh string N/A URI path to the custom mesh file. The URI shall conformto the No
syntax defined in RFC 3986.
6.2.3 [ MPEG_haptics.perception
The MPEG_haptics.perception element specifies a haptic perception‘with an ID, a description pf the
perception, some metadata information (e.g. perception modality and\type of encoding), a referencg to an
avatai a list of reference devices and the list of channels. Table 20/details the list of properties of an MPEG_
haptics.perception object corresponding to the properties definéd)in Table 3 of subclause 5.4.
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Table 20 — Description of the MPEG_haptics.perception object

Property

Type

Default

Description

Required

id

integer

N/A

Unique ID of the perception in the haptic experi-
ence. The value shall be equal to or greater than
Zero.

Yes

perception_

enums<string>

N/A

Indicates the type of perception as defined in 5.4.
Possible values are:

—  “Pressure”

— “Acceleration”

Yes

—  “Velocity”
— “Position”

— “Temperature”

— “Vibrotactile”
—  “Water”

—  “Wind”

— “Force”

— “Electrotactile”

— “Vibrotactilé Texture”

—  “Stiffness”

— “Friction”

— “Humidity”

<) “User-defined Temporal”
— “User-defined Spatial”

—  “Other”

description

string

NYA

The user-defined description of the haptic percep-
tion.

Yes

priority

integer

255

Importance of the perception for scalability. A
lower value indicates higher priority. The value
shall be equal to or greater than zero. Given a lim-
ited bandwidth, decoders may ignore perception
with a higher priority value.

No

avatar_

integer

N/A

Unique ID of the associated avatar body model
from 6.2.2. The value shall reference the id of an
existing avatar from the avatars array defined in
Table 18 or be equal to 0. The 0 value means that
no avatar is not specified.

Yes

effect

array<MPEG _hap-

N/A

List of predefined MPEG _haptics effect as defined

Yes

tics.effect>

in 6.2.8. The list may be empty. Library effects are
referenced directly in the channels.

semantic_
scheme

String

urn:mpeg:
mpegi:hap
tics:effe
ctsemant
ic:2023

Scheme URN of the the semantic description of effects.

No

reference_

array<MPEG_hap-
tics.reference_de-
vices>

N/A

List of targeted MPEG_haptics_reference.device
devices or actuators as defined in 6.2.4 for this
haptic perception.

No
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Table 20 (continued)
Property Type Default Description Required
channels array<MPEG_haptics.|N/A List of MPEG_haptics.channel as defined in 6.2.6 | Yes
channel> composing this perception. The array shall con-
tain at least one element.
unit_exponent |integer -3 Refers to the exponent of the powers of 10 for the |No
ST unit of effect positions and keyframe positions
of spatial modalities (see 5.4 for each input unit).
perception_unit_|integer 0 Refers to the exponent of the powers of 10 for the |No
exponent SI unit measure of the dependent variable (see 5.4
for each output perception unit)
6.2.4 [ MPEG_haptics.sync
The MPEG_haptics.sync element defines a temporal sync point in the haptic presentatipn: Table 21 ¢letails
the lisf of properties of an MPEG_haptics.sync object.
Table 21 — Description of the MPEG_haptics.sync object
Propdrty Type Default |Description Requjred
timestamp integer N/A Timestamp of the haptic experiengein’ticks, i.e., times- Yes
tamp/timescale is the timestamp inr'seconds. The value
shall be equal to or greater thanyzero.
timesgale integer 1000 Number of ticks per second,The value shall be greater No
than zero.
6.2.5 [ MPEG_haptics.reference_device

The MPEG_haptics.reference_device specifies a targeted reference device or actuator with an ID, a nar
location. Additional properties can be optigitally specified for each device. Table 22 details thd
properties of an MPEG_haptics.reference_device-gbject corresponding to the properties defined in Tal

a body

subclause 5.5.

Table 22 — Description of the MPEG_haptics.reference_device object

ne and
list of
)le 5 of

Properjty Type Default Description Required

id integer N/A Unique ID of the device in the haptic perception. The value shall be Yes
greater than zero. The 0 value is reserved for unspecified reference
device.

name string N/A The user-defined name of the device. Yes

body_plart_mask integer N/A Binary mask specifying the location of the device or actuator on the |No
body as defined in Table 7 of subclause. The value shall be equal to or
greater than zero.

maximum_frequéney |number N/A Maximum frequency of the actuator (Hz). The value shall be equal to |No
or greater than zero.

minimpm_frequency |number N/A Minimum frequency of the actuator (Hz). The value shall be equal to |No
or greater than zero.

resonance_frequency [number N/A Resonance frequency of the actuator (Hz). The value shall be equalto [No
or greater than zero.

maximum_amplitude |number N/A Maximum amplitude value of the targeted device according to the No
perception_modality. The corresponding unit is specified in Table 4
subclause 5.4. The value shall be equal to or greater than zero.

impedance number N/A Impedance of the actuator (Q2). The value shall be equal to or greater |No
than zero.

maximum_voltage number N/A Maximum voltage of the actuator (V). The value shall be equal toor |No
greater than zero.

maximum_current number N/A Maximum current of the actuator (A). The value shall be equal toor |No
greater than zero.

© ISO/IEC 2025 - All rights reserved

32


https://standardsiso.com/api/?name=08834fd193c770187d8372c464aa3893

ISO/IEC 23090-31:2025(en)

Table 22 (continued)

Property Type Default Description Required

maximum_displace- |number N/A Maximum displacement of the actuator (mm). The value shall be No

ment equal to or greater than zero.

weight number N/A Weight of the device (Kg). The value shall be equal to or greater than |No
Zero.

size number N/A Size of the device (mm). The value shall be equal to or greater than No
Zero.

custom number N/A User-defined data. This parameter may be used to specify additional |No
properties of the targeted device.

type ENUMSINES [ N/A Mmdicates the type of actuator. - LRA “VCA* “ERM“or Pltezo 1mndl- NO
cates the respective type of haptic actuator. "Unknown " indicates
any other actuator type.

6.2.6 | MPEG_haptics.channel

The MPEG_haptics.channel element specifies a channel by an ID, a description, a-body part, a ﬁlixing
coeffigient, a gain value and a list of haptic bands. Various additional properties cafi-also be specified, such
as ardference device id, the desired sampling frequency or the sample count.

Table P3 details the list of properties of an MPEG_haptics.channel object cort€sponding to the properties
defineld in Table 6 of subclause 5.6.

Table 23 — Description of the MPEG_haptics:channel object

Propdrty Type Default |Description Required

id integer N/A Uniigue ID of the channel in the percep- |Yes
tion containing the channel. The value
shall be equal to or greater than zero.

description string N/A The user-defined description of the Yes
channel.
priority integer 255 Importance of the channel for scalabil- |No

ity. A lower value indicates higher priori-
ty. The value shall be equal to or greater
than zero. Given a limited bandwidth,
decoders may ignore perception with a
higher priority value.

refergnce_device_id |integer N/A ID of the targeted reference device or No
actuator from the list defined in the
MPEG_haptics.perception element. The
value shall reference the id of an existing
reference device from the reference_de-
vices array defined in Table 20 or be
equal to 0. The 0 value means that no
reference device is specified.

gain number N/A Gain associated with the channel. The  |Yes
value shall be equal to or greater than
Zero.

mixing_coefficient |number N/A Weight of the channel used when mixing | Yes

different channels together. Value 0 indi-
cates that the channel will not be mixed.
The value shall be equal to or greater
than zero.

body_part_mask integer 0 Binary mask specifying the location No
of the effect on the body as defined in
Table 7 of subclause 5.6. The value shall
be greater than or equal to zero.
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Table 23 (continued)

Prope

rty Type Default |Description Required

actuator_resolution |MPEG_haptic_vector N/A Reference actuator resolution used to No

design the haptic experience. The values
in the vector shall be equal to or greater
than zero.

body_part_target array<string> N/A Semantic identification of a unique No

body part or group of body parts on
the human body. All possible values are
described in Table 9.

actua

or_target array<MPEG_haptics.vector> |N/A List of different actuators targeted by Ne
the channel and identified by its coordi-
nates.

frequ

ency_sampling |integer N/A Sampling frequency of the original No
encoded signal (Hz). If present, the value
shall be equal to or greater thanzero..

sample_count integer N/A Number of samples of the original en- No

coded signal. If present, thevalue shall
be equal to or greatep than zero..

vertid

es array<integer> N/A List of indices of the vértices from the No
avatar impacted by/the effect. The as-
sociated avatar representation is given
by the avatathid indicated in the MPEG_
haptics.perception (see subclause 6.2.3).

bands

array<MPEG_haptics.band> |N/A Listef*haptic bands comprising the Yes
channel. A channel may include one or
seyveral bands. A band corresponds to
a frequency bandwidth as specified in
subclause 6.2.8. If the bands array is
empty, the channel does not contain
haptic data.

direct

ion MPEG_haptic. vector N/A Spatial direction for the channel, defined |No
with an MPEG_haptics.vector (see
subclause 6.2.7). This property is only
used with haptic modalities dependent
on the space dimension (i.e. vibrotactile
texture, stiffness and friction). Each
integer value stored in this vector will
be transformed from its initial range
[-127,127] to the [-1,1] range to inter-
pret this vector as unitary.

6.2.7
When

to synfthesizéthe correct haptic feedback based on the user or object movement. Usually, the moven

provid

MPEG_haptics.vector

specified in the MPEG_haptics.channel, the haptic rendering system will use this spatial diy

ed/byfan appropriate tracking system.

ection
hent is

Table

define

+ - + . e - e
d in Table 10 of subclause 5.6.3.
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Table 24 — Description of the MPEH_haptics.vector object

Property |Type Default |Description Required
X integer |N/A Unit right vector. The range of possible values stored in the axisis |Yes
[-127,127].
Y integer |N/A Unit up vector. The range of possible values stored in the axis is Yes
[-127,127].
Z integer |N/A Unit forward vector. The range of possible values stored in the axis |Yes
is [-127,127].
6.2.8 G_thaptics:bamd
The MPEG_haptics.band element defines a haptic band with the type of the band, an interpolation fundtion, a
block length, a frequency range and a list of haptic effects.
Table 25 details the list of properties of an MPEG_haptics.band object corresponding-to”the properties
defined in Table 11 of subclause 5.7.
Table 25 — Description of the MPEG_haptics.band object
Propdrty Type Default |Description Required
band Jtype enum<string> |N/A Indicates the type of data’contained in the band |Yes
as specified in subclausé\5.7. Possible values are:
—  “WaveletWaye”
—  “VectorialWave”
—  “Cunyve?
— Transient”
priority integer 255 Importance of the band for scalability. A lower |No
value indicates higher priority. The value shall
be equal to or greater than zero. Given a limited
bandwidth, decoders may ignore perception
with a higher priority value.
curve| type enums<string> ([Lihear Indicates the type of interpolation function that |No
should be used by the synthesizer as specified in
subclause 5.7. Possible values are:
— “Linear”
— “Cubic”
— “Akima”
— “Bezier”
— “BSpline”
— “Unknown”
blockllength integer N/A Number of samples of 3 wavelet effect block. The | Conditional
duration of this block is derived from the sam-
pling frequency of the channel. This property is
required when band_type is equal to “Wavelet-
Wave”. The value shall be greater than 16 and be
a power of 2.
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Table 25 (continued)

Property

Type

Default

Description

Required

lower_frequency_limit

number

N/A

Lower frequency limit of the band (Hz). The
value should be in the range [0,10000].

Yes

upper_frequency_limit

number

N/A

Indicates the upper frequency limit of the band
(Hz). The value should be in the range [0,10000].

Yes

effects

array<MPEG_
haptics_effect>

N/A

List of MPEG_haptics.effect as defined in
subclause 6.2.9. If the effects array is empty, the
band does not contain haptic data.

Yes

6.2.9

MPEG_haptics.effect

Each MPEG_haptics.band is composed of haptic effects defined by the MPEG_haptics.effect element W

effect

Lype, a position, a phase, a signal type, an optional composition and a list of keyframes,

Table 26 details the list of properties of an MPEG_haptics.band object corresponding-to the proy
define(d in Table 12 of subclause 5.8.

Table 26 — Description of the MPEG_haptics.effect.0bject

rith an

erties

Propdrty

Type

Default

Description

Requ

red

id

integer

N/A

ID of an effect. Forcany effect from the effect
library and any “Reference” effect, the value
shall be defined‘and be equal to or greater than
zero. For all ethér effects the property shall not
be defined, For any non-"Reference"” effect from
the effect\library, the value shall be unique in
the perception.

Condi

tional

effect| type

enum<string>

N/A

Indicates the type of haptic effect. Effect-type
value equals one of: “Basis”, “Composite” and
‘Reference”, corresponding to the description
in subclause 5.8.

Yes

semantic_keywords

string

N/A

Semantic keywords included with the effect.

No

positil)n

integer

Ny/A

Indicates the temporal or spatial position of
the effect according to the perception mo-
dalities in Table 4. In the case of temporal,
position/timescale is the temporal position in
seconds. The value shall be equal to or greater
than zero.In a band where band_type = “Wave-
letWave”, this property shall only exist for the
first effect (and no other). For any other band
type, the property is required.

Condi

tional

phasel

number

Phase of the effect for Transient and Vectorial
bands. The value should be in the range [0,2].

No

base_signal

enum<string>

Sine

Indicates the type of the waveform signal for
transient and vectorial wave bands. Possible
values are:

No

“Sine”
“Square”
“Triangle”
“SawToothUp”

“SawToothDown”
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(conformant to RFC 4648) of the encoded wave-
let stream. This property shall exist only when
band_type=“WaveletWave”. The decoding process

is described in 8.3.3.

Table 26 (continued)
Property Type Default Description Required
composition array<MPEG_ N/A This attribute can only be used with composite [No
haptics.effect> effects. It contains a list of effects. This type of
effect does not directly contain keyframes.
keyframes array<MPEG_ N/A List of MPEG_haptics.keyframes as defined in|No
haptics.key- 6.2.10. This property is required for basis effects.
frame> If the keyframes array is empty, the effect does
not contain haptic data. This property shall not
exist when band_type="“WaveletWave”.
wavelet_stream string N/A Base64 encoding with most significant bit first|Condifional

6.2.10

MPEG_haptics.keyframe

An MPEG_haptics.effect is described by a set of MPEG_haptics.keyframes. Depending on the type
hapticlband and the encoding modality, a keyframe is defined with one or mot€of an amplitude moduflation,

a freqiiency modulation and a relative position.

Table [27 details the list of properties of an MPEG_haptics.band object corresponding to the prof
defineld in Table 14 of subclause 5.9.

Table 27 — Description of the MPEG_haptics.keyframe object

of the

erties

Propdrty

Type

Default

Description

Required

amplitude_modulation [number |N/A

Amplitude ofthe keyframe. The value shall be in the range |[No
[-1,1].

relative_position/timescale is the relative position in sec-
onds. The value shall be equal to or greater than zero.

frequency_modulation [number |N/A Relativedrequency of the keyframe. The value shall bein |No
the range [0,10000]
relatiye_position integer |N/A Relative position of the keyframe. In the case of temporal, |No

7 MPEG-I haptic stream((MIHS) format

7.1 QDverview

7.1.1

This qubclausé, defines a self-contained stream format to transport MPEG-I haptic data. The tra

General

hsport

mechgnism.uses a packetized approach. Different packet types are defined to transport diverse types of

informationt

The packets are of variable duration and 1mmclude two levels of packetization:

— MIHS unit which covers a duration of time and includes zero or more MIHS packets.

— MIHS packet which includes metadata or haptic effect data.

Figure 14 shows the high-level concept of MIHS packetization.
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thie previous MIHS umits:

A
re

MIHS unit covers a duration of haptic presentation time defined by a timestamp andy'a du

ience, i.e. a MIHS Unit starts at the end of the previous MIHS unit. The MIHS unit isfollowed
[HS unit, unless it is the last MIHS unit of the haptic experience. All MIHS packetsyof a MIHS un
me starting time and duration of the containing MIHS unit.

HS unit may have one of the following types:

itialization. An initialization unit shall contain one timing MIHS packet-and may include one o
ptadata MIHS packets. The initialization unit starts a new time an¢hor’in haptics presentation t
tting the timestamp and may also set or change the timescale.cI'he duration of an initializatidg
ration shall be zero.

tmporal. A temporal unit shall contain one or more MIHS packets. The duration of a temporal un
a positive number.

ro. If compatibility with the HJIF format is desired; all effects of a spatial modality need to be in
the first MIHS data unit.

Jent. A silent unit indicates that there is no effect that starts during this time interval and sh
clude any MIHS packets other than MHIS packets of type PACTYPE_TIMING. The duration of 4
it shall be a positive number.

st MIHS unit in a haptic stream shall be an initialization unit.
S unit may be a sync unit er.anon-sync unit:

sync unit resets the previous effects and therefore provides an independent haptic experienc

non-sync unitds,the continuation of previous MIHS units and cannot be independently decodj
ndered without'decoding the previous MIHS unit(s).

nestampiin the timing packet of a temporal or silent MIHS Unit, if exists, shall have a value con
he timibg derived from the previous MIHS Units timings.

ration.

utive MIHS units shall either be temporally aligned, sharing the same timestamp and\dutration or be

by the
t have

" more
me by
n unit

tshall

atial. A spatial unit shall contain one or more MIHS packets. The duration of a spatial unit shall be

rluded

all not
silent

b from

bd and

bistent

in the

timeline.

If temporally aligned in the timeline, they shall have the same duration and contain timing packets with
identical timestamps values. Temporally aligned MIHS Units shall not have any other MIHS Units in
between.

— If sequential in the timeline, the timestamp in the timing packet of the second MIHS Unit, if exists, shall
have a value consistent with the timing derived from the first MIHS Unit.

An MIHS unit comprises the unit header and MIHS packets as shown in Figure 15. Names in the figure are
shortened with respect to their syntax counterparts for easier reading.
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MIHS Unit Header MIHS Packets
A A
[ |
6 bits | 2 bits | 4 bits | 24 bits 32 bits 4 bits n*8 bits
Type Sync | Layer | Duration Length (n) Reserved | Packet | Packet Packet

Figure 15 — MIHS unit structure

7.1.2

An ini
— Ej
— Ze

— N¢ MIHS packet of the following types:

The sy

The dyration field shall be ignored for an initialization unit since it does not have a duration by definif

7.1.3

Tempd

Initialization units

ialization unit is a sync unit and shall have the following constraints:

actly one packet of type PACTYPE_ INIT_TIMING

ro or more packets of the following types:

PACTYPE_METADATAEXPERIENCE
PACTYPE_METADATAPERCEPTION
PACTYPE_METADATACHANNEL

PACTYPE_METADATABAND

PACTYPE_LIBRARYEFFECTS

ro or more packets of the following types:

PACTYPE_CRC16

PACTYPE_CRC32

PACTYPE_GlobalCRC16
PACTYPE_GlobalCRC32

PACTYPE_DATA

PACTYPE_TIMING

nc field shall beignored for an initialization unit since it is a sync unit by definition.

Temporal and spatial units

raband spatial units shall have the following constraints:

— One or more packets of the following types:

PACTYPE_DATA

— Zero or more packets of the following types:

PACTYPE_CRC16

PACTYPE_CRC32

PACTYPE_GlobalCRC16
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PACTYPE_GlobalCRC32

— No packets of following types:

PACTYPE_INIT_TIMING
PACTYPE_METADATAEXPERIENCE
PACTYPE_METADATAPERCEPTION
PACTYPE_METADATACHANNEL

Tempd
— Ze

PACTYPE_METADATABAND
PACTYPE_LIBRARYEFFECTS
ral units shall have the following additional constraint:

ro or one packet of type PACTYPE_TIMING

— Only data for the following perception modalities:

Spatia
— N
— 0

Pressure

Acceleration

Velocity

Position

Temperature

Vibrotactile

Water

Wind

Force

Electrotactile

Humidity

User-defined Temperal

Other
units shall ave the following additional constraint:
packetoftype PACTYPE_TIMING

ly.data for the following perception modalities:

Stiffness

Friction
User-defined Spatial
Other

© ISO/IEC 2025 - All rights reserved
40



https://standardsiso.com/api/?name=08834fd193c770187d8372c464aa3893

ISO/IEC 23090-31:2025(en)

Silent units shall have the following additional constraints:

— Zero or one packet of type PACTYPE_TIMING

A perception may include temporal or spatial units but not both.

The sync field shall be ignored for a spatial unit since it is a sync unit by definition.

The duration field shall be ignored for a spatial unit since it does not have a duration by definition.

7.1.4

MIHS packets

All pa

kets follow the structure shown in Figure 16. Names in the figure are shortened with respectt

syntax counterparts for easier reading. The packet header is common to all MIHSPacketTypevalue

paylod

The d{
the sa

A MIH

— In

d structure varies based on the MIHSPacketType.
Packet Header
f : \
6 bits 17 bits 1 bit n*8 bits

PacketType | PacketLength (n) | Reserved PacketPayload

Figure 16 — MIHS packet structure

me Unit are independent as they store data for different bands.
S packet shall have one of the following types:

itializationTiming. Defines a timestamp, tifnescale, nominalDuration, durationDeviatio
erlapping flag.

ming. Defines a timestamp for subsequent:MIHS packets.
etadataExperience. Contains metadata for the haptic experience.
etadataPerception. Contains metadata for a haptic perception.
etdataChannel. Contains fietadata for a haptic channel.
etadataBand. Contains'metadata for a haptic band.

ita. Contains hapticeffect data.

— E

fectLibrary,Contains a library of haptic effects that haptic effect data may reference.

— CRC16 or €RE32. Contains a CRC value which applies to the directly following MIHS packet.

— GlobalC€RC16 or GlobalCRC32. Contains a CRC value which applies to one or more directly foll

M[HS, packets.

b their
s. The

ita contained in a mpegiHapticPacket() corresponds to the.data of single band. Packets contained in

n and

owing

7.2 Syntax and semantics

7.2.1

mpegiHapticStream()

Table 28 details the syntax of a complete MPEG-I Haptic Stream.
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Table 28 — Syntax of mpegiHapticStream()

Syntax No. of bits |Mnemonic
mpegiHapticStream()
{
while (bitsAvalaible() !=0) {
mpegiHapticUnit();
}
}
7.2.2 | mpegiHapticUnit()
Table 29 details the syntax of a MIHS Unit.
Table 29 — Syntax of mpegiHapticUnit()
Syntak No.of bits |Mnemonic
mpegiHapticUnit()
{
MIHSUnitType; 6 uimsbf
MIHSUnitSync; 2 uimsbf
MIHSLayer 4 uimsbf
MIHSUnitDuration; 24 uimsbf
MIHSUnitLength; 32 uimsbf
reserved 4 uimsbf
while (packetsAvalaible() != 0) {
mpegiHapticPacket();
}
}
MIHSUnitType MIHS unit type. The possible values for MIHSUnitType are listed in Table 30. Defoders
shall skipunits with an unknown MIHSUnitType.
Table 30 — Value of MIHSUnitType
MIHSUnitType Value
UNITTYPE_INITIALIZATION 0
UNITTYPE_TEMPORAL 1
UNITTYPE_SPATIAL 2
UNITTYPE_SILENT 3
/*Teserved */ 1-63
MIHSUnitSync Flag indicating whether the MIHS unit is independently interpretable. Table 31 lists

the possible values for MIHSUnitSync.
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Table 31 — Value of MIHSUnitSync

Value Meaning
0 Independent
1 Dependent
2-3 /*reserved */

MIHSLayer Prio

MIHSUnitDuration Duration of the MIHS unit. MIHSUnitDuration shall be zero for MIHSUnitTypel UNIT-
TYPE_INITIALIZATION and UNITTYPE_SPATIAL and greater than zero for MIHSUnit-
Type UNITTYPE_TEMPORAL and UNITTYPE_SILENT. The duration isin the tinjescale
of the readMetadataTiming() structure in the most recently senf'mpegHaptiqUnit()
with MIHSUnitType UNITTYPE_INITIALIZATION.

MIHSUnitLength Total length in bytes of the MIHS unit's MIHS packets (mpegiHapticPacket() strudtures).

mpegiHapticPacket() = MIHS packet structure defined in subclause 7.2.3.

7.2.3 | mpegiHapticPacket()

Table B2 details the syntax of a MIHS Packet.

Table 32 — Syntax of mpegiHapticPacket()

Syntak No. of bits |Mnempnic

mpegiHapticPacket()

{
MIHSPacketType; 6 uimsbf
MESPacketLength; 17 uimsbf
reserved; 1
MIHSPacketPayload(MIHSPacketType);
ByteAlignement 0-7 uimsbf

}

MIHSPacketType Payload type in the packet. Table 33 lists the possible values for MIHSPackefType.
Subclause 7.3 provides further details. Decoders shall skip packets with an unknown
MIHSPacketType.

Table 33 — Value of MIHSPacketType

MIHSPacketType Value
PACTYPE_TIMING 0
PACTYPE_METADATAEXPERIENCE
PACTYPE_METADATAPERCEPTION
PACTYPE_METADATACHANNEL
PACTYPE_METADATABAND
PACTYPE_DATA

G| W | N |-
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MIHSPacketType Value
PACTYPE_LIBRARYEFFECTS 6
PACTYPE_CRC16 7
PACTYPE_CRC32 8
PACTYPE_GlobalCRC16 9
PACTYPE_GlobalCRC32 10
PACTYPE_INIT_TIMING 11
7¥Teserved*f 12=15
Reseryed This value is reserved bits; decoders should ignore it.

ISO/IEC 23090-31:2025(en)

Table 33 (continued)

MIHSPacketLength Length of the payload in bytes.

MIHSRacketPayload() Payload for the MIHS packet defined in subclause 7.2.4.

ByteAlignement

7.2.4

MIHSPacketPayload()

Table B4 details the syntax of the payload of a MIHS Packet.

Table 34 — Syntax of MIHSPacketPayload()

Padding with up to seven bits set to 0 for the MIHSPacket to be byte-align

U
e

Syntak

No. of bits

Mnemopnic

{

mpegiPacketPayload(MIHSPacketType)

swlitch (MIHSPacketType) {

Cajs

Caj

Cajs

ca

e PACTYPE_INIT_TIMING:
readMetadatalnitializationTiming(J;
break;

e PACTYPE_TIMING:
readMetadataTiming();

break;

e PACTYPE_METADATAEXPERIENCE:
readMetadataExperience();

break;

$e PACTYPE. METADATAPERCEPTION:

readMetadataPerception();
break;

case PACTYPE_METADATACHANNEL:

readMetadataChannel();
break;

case PACTYPE_METADATABAND:

readMetadataBand();
break;

case PACTYPE_DATA:

readData ();
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Table 34 (continued)

Syntax

No. of bits |Mnemonic

break;

readLibrary();
break;
case PACTYPE_CRC16:
case PACTYPE_CRC32:

loepoa

case PACTYPE_LIBRARYEFFECTS:

case PACTYPE GlobattRECT6:
caj$e PACTYPE_GlobalCRC32:
readCRC();

break;

readMetadatalnitializationTiming() Metadata related to the timing of Initialization MIHS Units, descr

readMetadataTiming()

readMetadataExperience()

readMetadataPerception()

readMetadataChannel()

readMetadataBand()

readDpta()

readLibrary()

readCRC()

in subclause 7.2.5.

Metadata related to the timing of-subsequent MIHS packets, desc|
in subclause7.2.6.

Metadata of the haptic éxperience being streamed, described in
subclause 7.2.7.

Metadata of a perception of the haptic experience, described in
subclause 7.2.9:;

Metadataof a channel of the haptic experience, described in
subclause 7.2.11.

Metadata of a band of the haptic experience, described in
Subclause 7.2.12.

Effects for a band of the haptic experience, described in
subclause 7.2.15.

Predefined effects to be referenced from the bands of the haptic
rience, described in subclause 7.2.13.

Cyclic redundancy check value used to protect one or more direc
following packets, described in subclause 7.2.23.

7.2.5 | ®eadMetadatalnitializationTiming()

ibed

ribed

bXpe-

Table 35 details the syntax of an initialization timing packet.
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Table 35 — Syntax of readMetadatalnitializationTiming()

Syntax No. of bits |Mnemonic
readMetadatalnitializationTiming()
{
timestamp; 32 uimsbf
timescale; 32 uimsbf
nominalDuration; 24 uimsbf
durationDeviation; 24 uimsbf
ovfriapping T boolean
}
timestamp Timestamp of the haptic experience in ticks, i.e., the timestamp in seconds is timeqtamp/
timescale.
timesfale Number of ticks per second.
nominalDuration The nominal duration of the following MIHS temporaland silent units. The nomipalDu-
ration is in the timescale, i.e. nominalDuration/timeseale indicates the nominal dyration
of MIHS units in seconds. MIHSUnitDuration value defines the exact duration fdr each
MIHS unit.
duratjonDeviation The maximum deviation of a MIHS tempdgyal or silent unit duration from the nominal-
Duration. The durationDeviation is in the timescale, i.e. durationDeviation/timescale
indicates the deviation duration of MIHS units in seconds. The value 0 means that all
MIHS temporal and silent units have‘exact duration equal to the nominal duratidn. The
value OxFFF indicates that there is no deviation limit for the MIHS packets.
The last MIHS temporal or silent unit before the next MIHS initialization unit mjay not
follow the requirements foriduration deviation.
overlapping Indicates if the tempotal and silent MIHS Units may be overlapping. If false, no tefhporal
or silent MIHS Units-shall contain timing packets with the same timestamp until the
next Initialization-MIHS Unit. If true, subsequent temporal or Silent MIHS Units hay be
temporally aligned.
7.2.6 | readMetadataTiming()
Table B6 details the synta%’of a timing packet.
Table 36 — Syntax of readMetadataTiming()
Syntak No. of bits |Mnemonic
readMetadataTiming()
{
timestamp; 32 uimsbf
}

timestamp Timestamp of the haptic experience in ticks, i.e., the timestamp in seconds is timestamp/timescale.

Timescale Number of ticks per second. The default value is 1000.
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7.2.7 readMetadataExperience()

Table 37 details the syntax of an experience metadata packet.

Table 37 — Syntax of readMetadataExperience()

Syntax No. of bits Mnemonic
readMetadataExperience()
{
versionLength; 8 uimsbf
version; versionLength*8 vics8
prpfileLength; 8 uyimsbf
propfile; profileLength*8 vics8
level; 8 uimsbf
da[eLength; 8 uimsbf
dake; dateLength*8 vlcs8
depcriptionLength; 8 uimsbf
dekcription; descriptionLength*8 |vlcs8
pe[ceptionCount; 8 uimsbf
avatarCount; 8 uimsbf
for] (i = 0; i < avatarCount; i++) {
readAvatar();
}
}
versignLength Number of chars in version string.
versiqn List of chars representing the year of the edition and amendment of ISO/IEC 23090-
31 that this file:conforms to, in the following format: XXXX or XXXX-Y, wherg XXXX
is the year of publication and Y is the amendment number, if any. For this docyiment,
the value shall be “2023”.
profileLength Numper.of chars in profile string.
profile Name of the profile used to generate the encoded stream according to the profjle and
level definition in the normative Annex D.
level Number of the level used to generate the encoded stream according to the profile
and level definition in the normative Annex D.
dateLength Number of chars in date string.
date List of chars representing the creation date of the haptic experience in human-read-
able form. The date format shall conform to ISO 8601-1 and ISO 8601-2.
descriptionLength Number of chars in description string.
description List of chars representing a description of the haptic experience.
perceptionCount Number of perceptions in the haptic experience.
avatarCount Number of avatars in the haptic experience.
readAvatar() Avatar object defined in subclause 7.2.8.
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7.2.8 readAvatar()

Table 38 details the syntax of an avatar metadata packet.

ISO/IEC 23090-31:2025(en)

Table 38 — Syntax of read Avatar()

Syntax No. of bits Mnemonic
readAvatar()
{
id; 8 uimsbf
10<L, 8 uimsbf
avatarType; 8 uimsbf
if (avatarType == 0) {
meshLength; 8 uimsbf
mesh; meshLength*8 |vlcs8
}
}
id ID of the avatar.
lod Level of detail of the avatar.

avatarType Type of haptic perception represented by the.avatar. The possible values for avatarType are

listed in Table 39.

Table 39 —Value of avatarType

Value Meaning

0 Custom

7 Vibration

2 Pressure

3 Temperature
4-255 /*reserved */

meshLength Number of chars in the mesh string. Only present if avatarType is custom.

mesh

7.2.9

URI to the custom mesh file. Only present if avatarType is custom.

readMetadataPerception()

Table 40 details the syntax of a perception metadata packet.
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Table 40 — Syntax of readMetadataPerception()

Syntax No. of bits Mnemonic
readMetadataPerception()
{
id; 8 uimsbf
priority 8 uimsbf
descriptionLength; 8 uimsbf
description; descriptionLength*8 |vlcs8
8 uimsb
8 uimshbf
16 uimsbf]
1 booleah
if(flagScheme){
schemeLength 8 uimsbf
schemeURN; schemeLength *8 vlcs8
}
unjitExponent; 8 imsbf
perceptionUnitExponent; 8 imsbf
referenceDeviceCount; 8 uimsbf
for| (i = 0; i < referenceDeviceCount; i++) {
readReferenceDevice();
}
channelCount; 16 uimsbf]
}
id ID of the perceptionlin the haptic experience. The value shall be equal to or greater
than zero.
priority Importancetof the perception for scalability. A lower value indicates higher ptiority.
Given a limited bandwidth, decoders may ignore perception with a higher priorityf value.
descriptionLength Numberof chars in the description string.
description Description of the perception.
perceptionModality " Type of perception represented. Table 41 lists the possible values for perceptionMqdality.

Table 41 — Value of perceptionModality

Value

Meaning

0

Other

Pressure

Acceleration

Velocity

Position

Temperature

Vibrotactile

N |G| DW=

Water
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Table 41 (continued)

Value Meaning

Wind

Force

10 Vibrotactile texture

11 Electrotactile

12 Stiffness

13 Friction

avata

effect

gl

LibraryCount

flagSdheme

sche

unitE)

perce
refere
readR

chann

sche:[eLength

eURN

Kponent

ptionUnitExponent
nceDeviceCount
bferencelevice()

lelCount

4.4 I =1
17 TTUIIIUIty

15 User-defined-temporal

16 User-defined-spatial

17-255 /*reserved */

Unique ID of the associated avatar body model defined in subclause 7.2.8
value means that no avatar is specified.

Number of effects in the perception's effect library.

The 0

Flag for signalling the effect scheme other,than the one defined by this docyiment.

If this flag is 0, the scheme presented<dn Table 55 is used. Semantic keyw
a two-layers hierarchical metadata-structure illustrated in Table 13. It n
added as a supplementary information to an effect. At most only one layer
one layer 2 semantic keywords.shall be included with one effect. These key
indicate the desired designer inténtion. When a presentation engine is incap
rendering the exact specified effect it may decide to render a similar effect
render at all. One example.is a gunshot designed for a VR controller with a s
frequency range. A VR@un prop may be developed with its own haptics li

Table 13
Number of chays in the effect semantic scheme identifier string.
Effect semantic scheme identifier which is in form of a URN.

Reférs to the 10x exponent for the SI unit of effect position and keyframe po
of'spatial modalities.

Refers to the 10x exponent for the SI unit of the dependent variable (see T4
Number of reference devices associated with the perception.

Reference device structure described in subclause 7.2.10.

Number of channels in the perception.

ord is
hay be
1 and
words
able of
or not
pecific
brary.

sitions

ble 4).

7.2.10 readReferenceDevice()

Table 42 details the syntax of the reference device data of a perception metadata packet.
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Table 42 — Syntax of readReferenceDevice()

Syntax No. of bits Mnemonic
readReferenceDevice()
{
id; 8 uimsbf
nameLength; 8 uimsbf
name; nameLength *8  |vlcs8
bodyPartMask; 32 uimsbf
opftiomatFieldMask; 12 uimsbf
if (pptionalFieldMask & 0x00°01) {
maximumFrequency; 32 duimshf
}
if (pptionalFieldMask & 0x00°02) {
minimumFrequency; 32 duimshf
}
if (pptionalFieldMask & 0x00°04) {
resonanceFrequency; 32 duimshf
}
if (optionalFieldMask & 0x00°08) {
maximumAmplitude; 32 duimshf
}
if (pptionalFieldMask & 0x00°10) {
impedance; 32 duimshf
}
if (pptionalFieldMask & 0x00°20) {
maximumVoltage; 32 duimsHf
}
if (pptionalFieldMask & 0x00°40) {
maximumCurrent; 32 duimshf
}
if (pptionalFieldMask & 0x00Q’807 {
maximumbDisplacement; 32 duimshf
}
if (pptionalFieldMask & 0x01°00) {
weight; 32 duimshf
}
if (pptionalFieldMask & 0x02’00) {
Size; 32 duimshf
}
if (optionalFieldMask & 0x04'00) {
custom; 32 duimsbf
}
if (optionalFieldMask & 0x08’00) {
type; 4 uimsbf
}
}
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id ID of the reference device. The value shall be greater than zero. The 0 value is
reserved for unspecified reference device.

nameLength Number of chars in the name string.

name Name of the reference device.

bodyPartMask Binary mask specifying the location of the device on the human body according
to subclause 5.6 and Table 7.

optimllalFieldMask Binary mask for the optional parameters of the reference device.

maximumFrequency Maximum frequency of the actuator in Hertz. The range of this decimal number is
[0,10000]. Present only if optionalFieldMask & 0x00°01 is true.

mininpumFrequency Minimum frequency of the actuator in Hertz. The range of this decimal number is
[0,10000]. Present only if optionalFieldMask & 0x00°02 is true.

resonpnceFrequency Resonance frequency of the actuator in Hertz. The range of this decimal nimber
is [0,10000]. Present only if optionalFieldMask & 0x00°04 is true.

maxitnumAmplitude Maximum amplitude of the device according te the perception_modality. Theg range
of this decimal number is [0,10000]. Presentonly if optionalFieldMask & 0x00°08
is true.

impedance Impedance of the actuator in Ohms. The range of this decimal number is [0,1§0000].
Present only if optionalFieldMask\& 0x00’10 is true.

maximumVoltage Maximum voltage of the actaator. The range of this decimal number is [0,1§0000].
Present only if optionalFieldMask & 0x00°20 is true.

maxitnumCurrent Maximum current ofthe actuator in Amperes. The range of this decimal nimber
is [0,10000]. Preseft only if optionalFieldMask & 0x00°40 is true.

maximpumDisplacement Maximum displacement of the actuator in millimetres. The range of this decimal
number is [0,10000]. Present only if optionalFieldMask & 0x00°80 is true.

weight Weight of the device in kilograms. The range of this decimal number is [0,10000].
Présent only if optionalFieldMask & 0x01’00 is true.

size Size of the device in millimetres. The range of this decimal number is [0,10000].
Present only if optionalFieldMask & 0x02’00 is true.

custom Custom data. The range of this decimal number is [-10000,10000]. Presentfonly if
optionalFieldMask & 0x04’00 is true.

type Type of actuator, present only if optionalFieldMask & 0x08°00 is true. Table 43 lists

the possible values for type.
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Table 43 — Value of type

Value Meaning
0 Unknown
1 LRA
2 VCA
3 ERM
4 Piezo
5-15 /*reserved */
7.2.11 readMetadataChannel()
Table #4 details the syntax of a channel metadata packet.
Table 44 — Syntax of readMetadataChannel()
Syntak No. of bits Mnemaonic
readMetadataChannel()
{
id; 16 uimsbf
pefceptionld; 8 uimsbf
priority 8 uimsbf
depcriptionLength; 8 uimsbf
depcription; descriptionLength*8 |vlcs8
deyiceld; 8 uimsbf
gajn; 32 duimshbf
mixingCoefficient; 32 duimshf
optionalMetadataMask; 8 uimsbf
if (JoptionalMetadataMask & 0x01) != 0) {
bodyPartMask; 32 uimsbf
}
if ((optionalMetadataMask & 0x02).!=0) {
actuatorResolution.X; 8 imsbf
actuatorResolution.Y; 8 imsbf
actuatorResolutionZ:; 8 imsbf
bodyPartTargetCount; 8 uimsbf
for (i = 0; i <bodyPartTargetCount; i++) {
bodyPartTarget][i]; 8 uimsbf
}
actuatorTargetCount; 8 uimsbf
for (i = n; < arf-nafnr’]‘argnf{“nnnf; i.a..a.) {
actuatorTarget[i].X 8 imsbf
actuatorTarget[i].Y 8 imsbf
actuatorTarget[i].Z 8 imsbf
}
}
frequencySampling; 32 uimsbf
if (frequencySampling > 0) {
sampleCount; 32 uimsbf

© ISO/IEC 2025 - All rights reserved
53



https://standardsiso.com/api/?name=08834fd193c770187d8372c464aa3893

ISO/IEC 23090-31:2025(en)

Table 44 (continued)
Syntax No. of bits Mnemonic
}
if ((optionalMetadataMask & 0x04) !=0) {
direction.X; 8 duimsbf
direction.Y; 8 duimsbf
direction.Z; 8 duimsbf
}
vertices€ournt; 16 uinrsbf
for] (i = 0; i < verticesCount; i++) {
vertex; 32 uimsbf
}
bandCount; 8 uimsbf
}
id Unique ID of the channel in the perception containing the channel. The valug shall
be equal to or greater than zero.
perceptionld ID of the perception to which the channel is-attached.
priority Importance of the channel for scalability. A lower value indicates higher priority. Given

descriptionLength
descr]ption
deviceld

gain

mixirTCoefficient
optiopalMetadataMask

bodyRartMask

actuatorResolution

alimited bandwidth, decoders majrignore perception with a higher priorityj
Number of chars in the description string.

Description of the channek

ID of the associated device. For unspecified devices, the value shall be 0.
Gain associated with the channel. The range of this decimal number is [-10000,1
Mixing coefficient of the channel. The range of this decimal number is [0,10

Binarly mask to define if optional information is stored or not.

value.

0000].
DOO].

Binary mask specifying body parts on which to apply the effect body according to

Subclause 5.6 and Table 7.

Reference actuator resolution used to design the haptic experience for each
coordinate (X, Y, Z).

bpatial

bodyRartTargetCount Number of bodyPartTarget in the channel.

bodyRartTarget Semantic identification of a unique body part or group of body parts on the leuman
body

actuatorTargetCount Number of actuatorTarget in the channel.

actuatorTarget List of different actuators targeted by the channel and identified by its coordinates
(XY, 2).

frequencySampling Sampling frequency of the original encoded signal in Hertz.

sampleCount Sample count of the original encoded signal. Present only if frequencySampling is

greater than zero.
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directionFlag Flag indicating the presence of a direction.
direction Spatial direction of the encoded signal. This value is based on alocal representation
of the 3D space given by the presentation engine.
verticesCount Number of vertices in the vertices list.
vertices List of vertices on the avatar representation affected by the effect.
bandCount Number of bands associated with the channel.
7.2.127 readMetadataBand()
Table #5 details the syntax of a band metadata packet.
Table 45 — Syntax of readMetadataBand()
Syntak No-ofbits |Mnemanic
readMetadataBand() {
id; 8 uimsbf
perceptionld; 8 uimsbf
channelld; 16 uimsbf
prijority 8 uimsbf
bapdType; 3 uimsbf
if (jbandType == 1) {
curveType; 4 uimsbf
} else if(bandType == 3) {
blockLengthLog; 8 uimsbf
}
lowerFrequency; 16 duimshf
u;£erFrequency; 16 duimshf
effectsCount; 16 uimsbf
id Unique ID of the)band in the channel containing the band.
perceptionld ID of the perception to which the band belongs.
channelld ID of'the channel to which the band belongs.
priority Importance of the band for scalability. A lower value indicates higher priority. Given a ljmited
bandwidth, decoders may ignore perception with a higher priority value.
bandType Type of band. Table 46 lists the possible values for bandTtype.

Table 46 — Value of bandType

Value Meaning
0 Transient
1 Curve
2 Vectorial wave
3 Wavelet wave
4-7 /*reserved */
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curveType Interpolation function to use. Table 47 lists the possible values for curveType.

Table 47 — Value of curveType

Value Meaning
0 Unknown
T cubic
2 Linear
3 Akima
4 Bézier
5 B-spline
6-15 /*reserved */

blockLengthLog The blockLength is coded in samples. Additionally, it is transformed to the logarjthmic
domain using the formula

blockLength_log =log,{blockLength)—4 .

This leads to an allowed minimum blockLengthLog of 16 and only powers of 2 in sajmples,
which is required for wavelet coding.

lowerfFrequency Lower frequency limit of the band intertz. The range of this decimal number is [0,10000].
upperFrequency Upper frequency limit of the bandin Hertz. The range of this decimal number is [0,1§0000].

effectsCount Number of effects presentin the band.

7.2.13 readLibrary()

Table 48 details the syntax of an effect library packet.

Table 48 — Syntax of readLibrary()

Syntak No. of bits |Mnemaonic
readLijbrary() {
pefceptionld; 8 uimsbf
effectCount; 16 uimsbf
for] (i = O, i< effectCount; i++) {
readLibraryEffect()
}
}
perceptionld ID of the perception to which the library is attached.
effectCount Number of effects in the library.

readLibraryEffect() Effect structure as described in subclause 7.2.14.
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7.2.14 readLibraryEffect()

Table 49 details the syntax of an effect in an effect library packet.

Table 49 — Syntax of readLibraryEffect()

Syntax No. of bits [ Mnemonic
readLibraryEffect() {
id; 16 uimsbf
effectType 2 uimsbf
hakSemantic 1 boolean

if(hasSemantic){

semanticKeywords 12 uimsbf
}
popition; 25 imsbf
if (Effect'l‘ype ==0){
phase; 16 uimsbf
baseSignal; 4 uimsbf
}
keyframesCount; 16 uimsbf

for] (i = 0; i < keyframesCount; i++) {

mask; 3 uimsbf
if (mask & 0x001) {
relativePosition; 16 uimsbf
}
if (mask & 0x010) {
amplitude; 8 duimsbf
}
if (mask & 0x100) {
frequency; 16 uimsbf
}
}
compositeEffectCount; 16 uimsbf

for| (i = 0; i < compositeEffectCount; i++) {

readLibraryEffect();
}
}
id ID of the effect in the librarv. The value shall he unique in the perception
position Position of the effect, relative to the position of the calling effect.
hasSemantic Flag signalling the presence of a semantic keyword for the current effect. Value 0 means

no semantic is included.
semanticKeywords Semantic keyword as defined in subclause 5.8.
phase Phase of the effect.

baseSignal Base signal of the effect. Table 50 lists the possible values for baseSignal.
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Table 50 — Value of baseSignal

Value Meaning
0 Sine
1 Square
2 Triangle
3 Sawtooth up
4 Sawtooth down
5-15 /*reserved */

keyframesCount

mask
relati
ampli
frequ
comp

readL

7.2.15
Table

yePosition

fude

Pncy
psiteEffectCount

braryEffect()

readData()

Type Type of the effect. Table 51 lists the possible values for effectType.

Table 51 — Value of effectType

Value Meaning
0 Basis
1 Reference
2 Composite
3 /* reserved*/

Number of keyframes in the effect.

Information mask indicating which keyframe parameters are present.
Keyframe position relative-fo the effect position, present only if mask & 0x001
Keyframe amplitude,present only if mask & 0x010 is true.

Keyframe frequency in Hertz, present only if mask & 0x100 is true.

Number of effects comprising the composite effect.

Recursive structure if the effect is a composite effect and contains other effe

b2 details the syntax of a data packet.

Table 52 — Syntax of readData()

strue.

cts.

for (i = 0; i < effectsCount; i++) {

readEffect();

Syntak No. of bits |Mnempnic
readDptag) {
packetDependency; 1 bool
perceptionld; 8 uimsbf
channelld; 16 uimsbf
bandld; 8 uimsbf
effectsCount; 16 uimsbf
if (bandType !=3) {
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Table 52 (continued)

Syntax No. of bits |Mnemonic
}
}else{
readWaveletEffect();
}
}

packetDependency Type of packet. If 1, the packet depends on one or more previous packets-to bg inter-

=0 shall be setto 0.

perceptionld ID of the perception associated with the packet.
channelld ID of the channel associated with the packet.
bandId ID of the band associated with the packet.
effectsCount Number of effects in the packet.

readEffect() Effect structure described in subclause Z.2.16.

readWaveletEffect() Wavelet effect structure described in subclause 7.2.22.

7.2.1¢4 readEffect()

Table b3 details the syntax of an effect in a data packet for a band type other than a WaveletWave.

Table 53.< Syntax of readEffect()

preted. If 0, the packet can be interpreted independently of previouspackets. The
value of this property in the first data packet of an MIHS Unit with"MIHSUn(itSync

Syntak No. of bits |Mnemohic
readEffect() {
id; 16 uimsbf
effectType; 2 uimsbf
eftctPosition; 25 imsbf
if (pffectType == 0) {
hasSemantic 1 boolear
if(hasSemantic){
semanticKeywords 12 uimsbf
}
readEffectBasis();
}
}
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id ID of the effect in the effect library of the perception containing the effect. The value shall
be equal to an existing effect id from the effect library. Each property for all effects with
the same id value shall be either identical or in the case of position shall refer to the same
absolute position value.

effectType Type of the effect. Table 54 lists the possible values for effectType.
Table 54 — Value of effectType
Value Meaning
1 Reference
hasSemantic Flag signalling the presence of a semantic keyword for the current effect. Yalue 0
means no semantic is included.
semanticKeywords Semantic keyword representing a semantic keyword as defihed in subclause 5|8. The
bits code of the default semantic keyword scheme is given in Table 55. For the dlefault
semantic scheme, the first four bits correspond te-the semantic information| of the
first semantic layer. The next eight bits correspond to the semantic informagion of
the second layer. The syntax of this property for-other semantic schemes is defined
by the scheme owner.
effectPosition Effect position relative to the packet tithestamp for temporal data. For temporal data,

readEffectBasis()

Table 55 — Default' semantic keywords structure with corresponding bits code

this value is in the timescale of the readMetadataTiming() structure in the mpst re-
cently sent mpegHapticUnit() withhMIHSUnitType UNITTYPE_INITIALIZATIQN, and
shall be smaller than the value-gf MIHSUnitDuration of the mpegiHapticUnit[) that
contains this effect. The value'may be negative if the effect was started in a previous
mpegiHapticUnit(). In thig-case, the MIHSUnitSync and the mpegiHapticPacket()
packetDependency values shall be set to 1. For spatial data, the effect posiftion is
relative to the origin!
NOTE: The tempgral or spatial position of the effect is defined by the value pf per-
ceptionModality:and according to Table 4.

Basis effeét.structure, described in subclause 7.2.17.

Decimal Value
correspornance
Layer 1 Layer 1 bits code Layer 2 Layer 2 bits code (combined
Layer1 gnd
Layer3)
Undefined (default) 0000 0000 0
Click 0000 0001 1
Doubtectick 06066010 2
Success 0000 0011 3
Error 0000 0100 4
UX 0000 Alarm 0000 0101 5
Confirmation 00000110 6
Wrong 00000111 7
Ring 0000 1000 8
Message 0000 1001 9
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Table 55 (continued)
Decimal Value
corresponance
Layer 1 Layer 1 bits code Layer 2 Layer 2 bits code (combined
Layer1 and
Layer2)
Reserved 0000 11011101 11 10-255
Undefined (default) 0000 0000 256
Jumping 0000 0001 257
Fall 0000 0010 258
Crawl 0000 0011 259
Swim 0000 0100 260
Avatar 0001 Collision 0000 0101 261
Grab 00000110 262
Touch 00000111 263
Swip 00001000 264
Footstep 00001001 265
Reserved 0B 11011101 111 266-511
Undefined (default) 0000 0000 512
Washout 0000 0001 513
Special effect 0010 Noise 0000 0010 514
Reseryed 0000 01011111- 1 515-7¢7
Undefined (default) 0000 0000 768
Blade 0000 0001 769
Hit 0000 0010 770
Hand-thrown 0000 0011 771
Elastic propulsion 0000 0100 772
Pneumatic 0000 0101 773
Handguns 0000 0110 774
Rifles 00000111 775
Shotgun 0000 1000 776
Weapons & Combat 0011 Gun 0000 1001 777
Machinegun 00001010 778
Taser 0000 1011 779
Electric shock 0000 1100 780
Mines 0000 1101 781
Missile 0000 1110 782
Grenade 00001111 783
Blast 0001 0000 784
Reserved 0001 01010111' 111 785-1023
Undefined (default) 0000 0000 1024
Wind low 0000 0001 1025
Heat 0000 0010 1026
Cold 0000 0011 1027
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Table 55 (continued)
Decimal Value
corresponance
Layer 1 Layer 1 bits code Layer 2 Layer 2 bits code (combined
Layer1 and
Layer2)
Rain 0000 0100 1028
Waterfall 0000 0101 1029
Water drop 0000 0110 1030
Avrbient 81488 Eleetricbuzz 8686044t 15934
Ignition 0000 1000 1032
Cracks 0000 1001 1033
Earthquake 0000 1010 1034
Sparks 0000 1011 1035
Thunderbolt 0000 1100 1036
Reserved 0000 11110111 P11 1037-1279
Undefined (default) 00000000 1280
Rock 0000 0001 1281
Gravel 0000 0010 1282
Sand 0000 0011 1283
Texture 0101 Wood 0000 0100 1284
Metal 0000 0101 1285
Plastic 00000110 1286
Reserved 0000 01111111 1111 1287-1535
Undefined (default) 0000 0000 1536
Engine 0000 0001 1537
Doors 0000 0010 1538
Brake 00000011 1539
Mechanic_al Contrap- 0000 0100 1540
tion
Vehicles 0110 Drift 0000 0101 1541
Road friction 0000 0110 1542
Brake 00000111 1543
Road bump 0000 1000 1544
Tires 0000 1001 1545
Air friction 0000 1010 1546
Reserved 0000 11011111 1111 1547-1791
Undefined (default) 00000000 1792
Hard material 0000 0001 1793
Bouncy material 0000 0010 1794
Pucking 0000 0011 1795
Bowing 0000 0100 1796
Music 0111 Dtriking 0000 0101 1797
Brass instruments 0000 0110 1798
Woodwind instru- 0000 0111 1799
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Table 55 (continued)

Decimal Value
corresponance
Layer 1 Layer 1 bits code Layer 2 Layer 2 bits code (combined
Layer1 and
Layer2)
0000 1000 - 1111
Reserved 1111 1800-2047
Reserved 1000 - 1111 Reserved 000000001111 | 2048-4095

7.2.17 readEffectBasis()

Table b6 details the syntax of a basis effect in a data packet.

Table 56 — Syntax of readEffectBasis()

Syntak

No:of bits |Mnemonic

phase;

readEffectBasis() {
keyframesCount;
if (pbandType == 2) {

baseSignal;

for] (i = 0; i < keyframesCount; i++) {
readKeyframe();

16

16

uimsbf

duimspf
uimsbf

keyframesCount Number of keyframes.ir the packet belonging to the current effect.

phase Phase of the effect: Present only if bandType == 2 (vectorial wave).
baseSjgnal Base signat-ofthe effect. The possible values for baseSignal are listed in Table 57. Present
only if bandType == 2 (vectorial wave).
Table 57 — Value of BaseSignal
Value Meaning
0 Sine
1 Square
2 Triangle
3 Sawtooth up
4 Sawtooth down
5-15 /*reserved */
readKeyframe() Keyframes in the packet belonging to the current effect, described in subclause 7.2.18.
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7.2.18 readKeyframe()

Table 58 details the syntax of a keyframe in an effect.

Table 58 — Syntax of readKeyframe()

Syntax No. of bits |Mnemonic
readKeyframe() {
if (bandType == 0) {
readTransientKeyframe();
} e]se if (bandType == 1) {
readCurveKeyframe();
} else if (bandType == 2) {
readVectorialKeyframe();
}
}
readTransientKeyframe() Transient effect keyframes, described in\suibclause 7.2.19..
readCyirveKeyframe() Curve keyframes, described in subelause 7.2.20..
readVe¢ctorialKeyframe() Vectorial wave keyframes, descpibed in subclause 7.2.21.
7.2.19 readTransientKeyframe()
Table $9 details the syntax of a keyframe of an effect in‘a-band of type Transient.
Table 59 — Syntax of readTransientKeyframe()
Syntak No. of bits |Mnemopnic
readTtansientKeyframe() {
anjplitude; 8 duimspf
popition; 16 uimsbf
frgquency; 16 uimsbf
}
amplifude Amplitude of the keyframe.
positipn Keyframe position relative to effect position. For temporal keyframes, the position i§ in the
timescale of the readMetadataTiming() in the most recently sent mpegHapticUnit(|) with
MIHSUnitType UNITTYPE_INITIALIZATION.
frequency Frequency of the keyframe.

7.2.20 readCurveKeyframe()

Table 60 details the syntax of a keyframe of an effect in a band of type Curve.
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Table 60 — Syntax of readCurveKeyframe()

Syntax No. of bits |Mnemonic
readCurveKeyframe() {
amplitude; 8 duimsbf
position; 16 uimsbf
}
amplifude Amplitude of the keyframe.
positipn Keyframe position relative to effect position. For temporal keyframes, the position ifin the
timescale of the readMetadataTiming() in the most recently sent mpegHapticUnit(|) with
MIHSUnitType UNITTYPE_INITIALIZATION.
7.2.21 readVectorialKeyFrame()
Table ¢1 details the syntax of a keyframe of an effect in a band of type VectorialWave.
Table 61 — Syntax of readVectorialKeyframe()
Syntak No. of bits |Mnemgpnic
readVgctorialKeyframe() {
informationMask; 2 uimsbf
if (informationMask & 0x01) {
amplitude; 8 duimspf
}
popition; 16 uimsbf
if (informationMask & 0x02) {
frequency; 16 uimsbf
}
}
informmationMask Information mask indicating which parameters are present.
amplitude Amplitude of the keyframe. Present only if informationMask & 0x01 is true.
positipn Keyframe position relative to effect position. For temporal keyframes, the positign is in
the timescale of the readMetadataTiming() in the most recently sent mpegHaptiqUnit()
with MIHSUnitType UNITTYPE_INITIALIZATION.
frequency Relative frequency of the keyframe. Present only if informationMask & 0x02 is trfie.

7.2.22 readWaveletEffect()

In wavelet bands, the signal is stored as a series of wavelet blocks. Each block contains the encoded data of a
fixed number of samples of the original signal, and each effect contains the data of a single block.

Since wavelet bands assume a continuous stream of samples, each effect directly follows the previous one,
meaning that position in time is not explicitly signalled for wavelet blocks. The position of the first wavelet
effect in each MIHS packet is defined by the timestamp of the MIHS packet itself defined in subclause 7.2.5.
This means that any MIHS packet containing wavelet effects shall have the timestamp equals to absolute
position of the first wavelet effect it contains.
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As detailed in Table 62, blocks are stored with a length value streamsize in bytes, and the encoded bitstream
arithmetic_stream. The size of the aritmethic_stream is given by streamsize. For empty wavelet blocks,
which only contain zero coefficients, the streamsize is equal to 0, and no arithmetic_stream shall be decoded.

Table 62 — Syntax of readWaveletEffect()

Syntax No. of bits Mnemonic

readWaveletEffect()

{
id; 16 uimsbf
efl’EctType; 2 uimsbf
hasSemantic 1 booléan
if(hasSemantic){

semanticKeywords 12 uimsbf

}
strleamsize; 16 uimsbf
arithmetic_stream; streamsize * 8 |vlclbf
SPIHT_decode(arithmetic_stream, block_length);

}

id ID of the effect. If the effect is of type Reference, this ID allows to retrieve thq effect

in the effect library.
effect[Type Type of the effect. Table 54 lists,the possible values for effectType.
hasSemantic Flag signalling the presence of a semantic keyword for the current effect. alue 0

semanticKeywords
streamsize

arithnpetic_stream

block [length
SPIHT| decode()

Insidg the function-SPIHT_decode(), the arithmetic_stream is decoded as detailed in subclause|

means no semantic is included.
Semantic keyword:as defined in Table 55.

Size of the arithmetic_stream.

Bitstream generated by the arithmetic encoder. This is the final compressed bit-

streammfor a wavelet effect.
Block length of the band

binary decoding of the arithmetic_stream.

8.3.3.

The arithmetie.decoding is embedded in the SPIHT decoding. This function allows to decode the

streamn and-output the data necessary for the rendering: wavmax, maxallocBits and wa

the SPIHT_decode() function. The coefficients are ordered from low to high frequ

velet_

tput of
encies.

wavmax Quantized absolute maximum amplitude of the wavelet block. This is an output of the
SPIHT decode() function and needed to recover the original amplitude of the wave-
let_coefficients in the synthesizer.

maxallocBits Maximum for quantization allocated bits in the wavelet effect. This is only used inside
the SPIHT_decode() and SPIHT_encode() function and needed for correct scaling of the
wavelet_coefficients.This is an output of the SPIHT_decode() function.
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Each effect gets an individual position in samples. The wavelet_coefficients vector, obtained from the SPIHT
decoder, is scaled to max(abs(wavelet_coefficients[i]))==1. From that, the original amplitude of the signal

can be restored by multiplying all coefficients with wavmax (later also referred toas w, .~ in formulae).

Next, the original scaling is recovered by multiplying each sample with w and inverse wavelet

max ’
transformation is applied to generate the PCM signal with the same sampling frequency as the original
signal. To obtain the structure of the original signal, each effect needs to be added to the output signal at the
correct position in time. Since the input of the wavelet band processing was a continuous PCM file split into
blocks of equal length, every wavelet effect directly follows the previous one (with the first sample directly
after the last sample of the previous effect). Therefore, no additional position information is saved in the
binary format. This decoded high frequency partis then added to the low frequency part.

Furth¢r details on the modules are provided in subclause 8.3.3.

7.2.23 readCRC()

Table 63 details the syntax of a CRC packet.

Table 63 — Syntax of readCRC()

Syntak No. of bits |Mnemopnic
readCRC()
{
if (MIHSPacketType == PACTYPE_CRC16) {
CRC16Value; 16 uimsbf
} else if (MIHSPacketType == PACTYPE_CRC32) {
CRC32Value; 32 uimsbf
} e]se if (MIHSPacketType == PACTYPE_GlobalCRC16)\{
protectedPacketsCount; 8 uimsbf
CRC16Value; 16 uimsbf
} e]se if (MIHSPacketType == PACTYPE_GlobalCRC16) {
protectedPacketsCount; 8 uimsbf
CRC32Value; 32 uimsbf
}
}
CRC16Value The cyclic redundancy check value computed using the polynomial
XM x4,
The algorithm to compute CRC value is given subclause 7.3.8.
CRC3ZValue The cyclic redundancy check value computed using the polynomial

31 25 22 21 15 11 10 9

L rx® 1222 1 x20 x5 1 x X104 39 e x” +x0 +xt + X2

+x +x"+x+1.
The algorithm to compute CRC value is given subclause 7.3.8.

protectedPacketsCount Number of packets protected by the CRC check. Present only if MIHSPacketType is
PACTYPE_GlobalCRC16 or PACTYPE_GlobalCRC32.
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7.3 Description of MIHSPacketType

7.3.1

InitializationTiming

The MIHSPacketType PACTYPE_INIT_TIMING identifies a timing MIHS packet which embeds a structure,
readMetadatalnitializationTiming() defined in subclause 7.2.5, in the MIHSPacketPayload() defined in
subclause 7.2.4, containing the timestamp of haptic effects in ticks, the timescale which defines the number

of ticks per second, a nominal duration for MIHS temporal and silent units, a duration deviation indicating
the maximum deviation of a MIHS temporal or silent unit duration from the nominal duration and an
overlapping flag indicating if the temporal and silent MIHS Units may be overlapping.

An ini

7.3.2

The M
read
contai

7.3.3

The M
packet
in the

A hapt
enable

Figurd

ialization timing MIHS packet shall be included in an initialization MIHS packet.
Timing

[[HSPacketType PACTYPE_TIMING identifies a timing MIHS packet which embeds a stry
etadataTiming() defined in subclause 7.2.6, in the MIHSPacketPayload() definéd)in subclause

Icture,
7.2.4,

ing the timestamp of haptic effects in ticks.

MetadataHaptics

[HSPacketType PACTYPE_METADATAEXPERIENCE identifies a haptic experience metadata
which embeds a haptic experience structure, readMetadataExperience() defined in subclaus
MIHSPacketPayload() defined in subclause 7.2.4.

ic experience metadata MIHS packet may be sent at regularjintervals in an initialization MIHS
random access of the haptic data.

| 17 illustrates details of the haptic experience metadata MIHS packet payload.
MHISPacketPayload MetadataExperience

8 bits n*8bits 8bits n*8bits 8bits 8bits n*8bits 8bits n*8bits 8bits 8 bits N bits

MIHS
p 7.2.7,

1nit to

Version . Profile . Date Desc. Perc. Avatar
ength Version length Profile level length Date length Desc. count count Avatar 1 Avatar n

A4

MHISPacketPayload Avatar

8bits  8bits 8bits 8 bits n*8 bits
Mesh
ID LoD Type length Mesh

Value Meaning
00 Custom
01 Vibration —» [f=00
10 Pressure
11 Temperature

Figure 17 — MIHSPacketPayload structure for a packet type PACTYPE_METADATAEXPERIENCE
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7.3.4 MetadataPerception

The MIHSPacketType PACTYPE_METADATAPERCEPTION identifies a haptic perception metadata MIHS
packet which embeds a haptic perception structure, readMetadataPerception() defined in subclause 7.2.9, in
the MIHSPacketPayload() defined in subclause 7.2.4.

Haptic perception metadata MIHS packets may be sent at regular intervals in an initialization MIHS unit to
enable random access of the haptic data.

Figure 18 illustrates details of the haptic perception metadata MIHS packet payload.

MHISPacketPayload MetadataPerception

8bits 8bits 8bits n*8bits 8bits 8bits 16bits 1bit 8bits n*8bits 8 bits 8bits 8 bits 16 bits
Effect B Perc. Ref.
- Desc. . Avatar | : Flag Scheme |Scheme| Unit B - . . Channel
D Priority length Desc. | Modality D lél;ﬁx\rl;{ scheme | Length | URN | Exp. [é')r(‘llﬁt Izgnlrff Devicel | ..| Devicen count
—
\—b If£0
Value Meaning )i
0qoo Oth .
= f MHISPacketPayload ReferenceDevice i
0qo1 Pressure
0410 Acceieration 8 bits 8 bits n*8 bits 32 bits 12 bits 32 bits 32 bits 32 bits 32 bits 32 bits 32 bits 32 bits 32,bits 32 bits 32 bits 32 bits 4 bits
0q11 Velocity -
0100 Position Name Body device Max Min Res. Max Max Max Max | weig .
ID name opt. Imp. . size |custom pe
0401 Temperature length mask fields freq freq freq amp volt cur: disp. ht
0110 Vibrotactile T
0311 Water L1
1¢oo Wind ﬁ
1¢o1 Force p 1f#0 Value | Meaning
1410 VibrotactileTexture 000 | Unknown
1¢11 Stiffness 001 LRA
1300 Friction 010 VCA
011 ERM
100 Piezo

Figure 18 — MIHSPacketPaylaod structure for packettype PACTYPE_METADATAPERCEPTIDN

7.3.5 | MetadataChannel

The MIHSPacketType PACTYPE_METADATACHANNEL identifies a haptic channel metadata MIHS packet
which| embeds a haptic channel structurexréadMetadataChannel() defined in subclause 7.2.11, [in the
MIHSRacketPayload() defined in subclause'7:2.4.

Haptiqd channel metadata MIHS packets’may be sent at regular intervals in an initialization MIHS ynit to
enabld random access of the haptic'data.

Figurd 19 illustrates details of the haptic channel metadata MIHS packet payload.

MIHSPacketPayload MetadataChannel

16 bits 8 bits 8bits 8 bits n*8\bits’ 8 bits 32 bits32 bits 8 bits 32 bits8 bits 8 bits 8 bits 8 bits 8 bits 8bits  8bits 8 bits 8 Bits
. . Opt. bodyPart actuator
Perc. . Des¢. Device . Mix Body | track | track | track bodyPart bodyPart actuator actdator
1D ID Priority length, Desc. id Gain weight mﬁgsﬁta mask | Res.X | Res.Y | Res.Z "l(":a(l)rug:tt Target1 || Targetn '(I?Ol;lgs: Target1 || Targetn
If& I I_Nf:o_f I—»lf;:o—1
.’
0x01
, If& T
7 0x02
IS If&
0x04 W
32 bits 32 bits 8 bits 8 bits 8 bits! 16 bits N bits 8 bits
Teq. ample | vec €c €cto | vertices N X Bands
sampling | count | or.X | orY r.Z count Vertices list count.

If>0

Figure 19 — MIHSPacketPayload structure for packet type PACTYPE_METADATACHANNEL
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7.3.6 MetadataBand

The MIHSPacketType PACTYPE_METADATABAND identifies a haptic band metadata MIHS packet
which embeds a haptic band structure, readMetadataBand() defined in subclause 7.2.12, in the

MIHSPacketPayload() defined in subclause 7.2.4.

Haptic band metadata MIHS packets may be sent at regular intervals in an initialization MIHS unit to enable

random access of the haptic data.

Figure 20 illustrates details of the haptic band metadata MIHS packet payload.
MIHSPacketPayload MetadataBand

8 bits 8 bits 16 bits 8 bits 3 bits 4 bits 8 bits 16 bits 16 bits 16 bits

Block
ID Perc. ID Chz;]r;nel Priority ?;SS Ctl;;‘;e Lelngth Lgﬂ\ggr UfE Egr ]i::foficnt:
: '
|

Value Meaning Value Meaning

00 Transient If= 01 000 Unknown
01 Curve 001 Cubic
10 VectorialWave > 010 Linear
11 WaveletWave If=11 011 Akima
100 Bezier

101 Bustline

7.3.7 | LibraryEffect

Figure 20 — MIHSPacketPayload structure for packet type PACTYPE_METADATABAND

The MIHSPacketType PACTYPE_LIBRARYEFEECETS identifies a haptic effect library MIHS
which| embeds a haptic effect library structure, readLibrary() defined in subclause 7.2.13,

MIHSRacketPayload() defined in subclauseZ.2.4 .

A haptic effect library MIHS packet may)be sent at regular intervals in an initialization MIHS unit to
random access of the haptic data. The effect library may change dynamically during the haptic experi

Figurd 21 illustrates details of-the’haptic effect library MIHS packet payload.
MHISPacketPayload Effect Library

packet
n the

cnable
bnce.

8pits 16 bits
Berc. Effects Skt 1 Effect n
Id count
16 hits 2 bits 1 bit 12 bits 25 bits 16 bits 4 bits 16 bits 16 bits
Effect Has semantic | Effect Base |Keyframes Composite
0 type | Semantic | Keywords | pos. Phase signal count Keyframe 1 |... | Keyframe n Effect Count Effect1 - | Effgetn
e
A
Value Meaning
00 Basis If = 00 3bits 16bits 8 bits 16 bits
01 Reference mask Rel:?\tllve Amp. Freq.
10 Composite Position

o

Figure 21 — MIHSPacketPayload structure for packet type PACTYPE_LIBRARYEFFECTS
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7.3.8 Data

The MIHSPacketType PACTYPE_DATA identifies a haptic data MIHS packet which embeds data for effects and
keyframes using a haptic data structure, readData() defined in subclause 7.2.15, in the MIHSPacketPayload()
defined in subclause 7.2.4.

Haptic data MIHS packets contain the haptic data of the experience being streamed. The structure depends
on the type of band and the effect type. The packetDependency flag indicates whether the packet is
independent or whether the packet needs information from the previous packet.

An MIHS packet may include one or more effects as shown in Figure 22.

tel teZ te! te4
|
1
r r r r N
Effect
Band Effect 1 ) Effect 3 Efféct 4
N N N : A /
I
I
T, Packet 1 T, Silent T, Packet 2 T, Packet 3 T,
Packet
Packet Perception |Channel | Band | Effects | Effect | Effect Effect DATA
Paclet 1 | Dependency ID D ID | count | ID Type | position
Payload Regular Packet X X X 1 1 X t,.-T,
! Packet Perception |Channel | Band | Effects
Sent Dependenc ID ID ID count
Pafket i y
Pay oad Regular Packet % X % 0
Packet Perception | Channel | Band | Effects | Effect | Effect Effect DATA |Effect| Effect Effect DATA
PacHet 2 Dependency ID ID ID count ID Type position ID Type | position
Payload Regular Packet X X X 2 2 b'e t,T, 3 X t, T,
Packet Perception | Channel | Band | Effects | Effect [v.Effect Effect DATA |Effect| Effect Effect DATA
PacKet 3 | pependency 1D ID ID | count ID Type | position ID Type | position
Payload
Dependent X x X 2 3 x £, 4 x £,
Packet ¢ ¢

Figure 22 — Example of an MIHS packet

Figurd 23 illustrates details of the packet payload.
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MIHSPacketPayload Data
— N bits
| header | Effect 1 | | Effectn | SPHIT_stream bandType=3  (Wavelet)
1 bit 8 bits 16 bits  8bits 16 bits 16 bits2 bits 25 bits 1 bit 12 bits | 16 bits 16 bits 4 bits
Packet Perc. | channel Band FX D Effect| Effect Has Semantic KF Ph Base Kevf 1 Kevf
dependency| id id id count Type |position| Semantic | Keywords||| count aS€ | signal €ylrame €ylrame n
If band type = Zj
Number of If band type != 3 If!=0
effects described Val Moanin
in the packet A {?nl:‘e = g
Vatue feamming e
00 | Basis p| [ 001 Squarf
010 Triangle
01 [ Reference 011 | SawToothUp
100 | SawToothDown
y v
AUtlype | Description Note 16 bits 8 bits~ 16.bits
RP Regular packet Starts with Relative
(independently a Keyframe | position AlN | Freq. | Trarsient
decodable) -
Relative\] Y,
DP Dependent packet | Keyframe position p- Curye
(continuation of from 3
previous FX) previous FX | ggls?ggﬁ Amp. | Freq. | Vectprial
Figure 23 — MIHSPacketPayload structure for packet type PACTYPE_DATA
7.3.9 [ CRC16 and CRC32
The M[IHSPacketType PACTYP_CRC16 or PACTYP_CRC32 identifies a CRC MIHS packet which may be ysed to

detect]
portio|
MIHSH

A CRC
or CR(

errors in the subsequent MIHS packet including both'the MIHSPacketHeader and MIHSPacketP
Ins of the packet. CRC MIHS packets contain a readGRC() structure defined in subclause 7.2.23

hyload
in the

acketPayload() defined in subclause 7.2.4.

MIHS packet shall be directly followed by theMIHS packet to which the CRC MIHS packet's CRC1
32Value applies.

CRC MIHS packets may be beneficial when-an MIHS stream is conveyed over an error prone channel.

The CRC value is computed using the.folowing algorithm:

bValue

FUNCT
Ap
FO

RE

TON ComputeCRC (messagef

polynomial) :

pend (message, M)

/*Add/M 0 bits to message

R
MSB

(1 in range (0:19) )

message (i)

[F (MSB == 1)\:
message{MSB :

TURN meSsage [N-M :

A

MSB +
N]

(M-1) ]

polynomial /* bit-wise XOR*/

Wherg

message is a binary number of size N, it is the payload to check.

polyn
decoder.

The return value is the CRC value that needs to be appended to the payload.

7.3.10 GlobalCRC16 and GlobalCRC32

- o 1 £ as W, - - 4 P ) alnVal oh 1 1 1 la s | d
mrarIs a4 Ullldl y TTUITITUTT UL SIZT IV, TU IS USTU LU CUTITPULT ULIT UL dITU IS RITUWIT DY DULIT LT TIILUU ran

The MIHSPacketType PACTYPE_GlobalCRC16 or PACTYPE_GlobalCRC32 identifies a global CRC MIHS packet
which may be used to detect errors in the subsequent protectedPacketsCount MIHS packets including both
the MIHSPacketHeader and MIHSPacketPayload portions of the packets. Global CRC MIHS packets contain a
readCRC() structure defined in subclause 7.2.23 in the MIHSPacketPayload() defined in subclause 7.2.4.
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A global CRC MIHS packet shall be directly followed by the protectedPacketsCount MIHS packets to which
the global CRC MIHS packet's CRC16Value or CRC32Value applies.

Global CRC MIHS packets may be beneficial when an MIHS stream is conveyed over an error prone channel.
7.4 Application examples

7.4.1 Initialization units

Initialization MIHS units, introduced in subclause 7.1.2, contain information essential to render the haptic
Signa] and should be sent rngn]nrly toallow random access. The fypir‘a] MIHS par‘l(nfc that may be present in

an initialization unit are illustrated in Figure 24 and may be sent in any order.

Initialization Unit

Initialization Experience Perception Channel Band Bffect Library

Timine Packet Metadata Metadata Metadata Metadata Packet
1ming racket  j— Packet g Packet " Packet ) Packet N acke
(exactly 1) (Oor1) (0 or more) (0 or more) (0 or more) (0.or more)

Figure 24 — Initialization unit

7.4.2 | Temporal and spatial units

Tempqral and Spatial MIHS units, introduced in subclauséx%.1.3, contain haptic effect data definipg the
haptic| signal. Temporal units contain data defining time>dependent effects. Spatial units contain data
defining effects controlled by a spatial position. Both temporal and spatial units contain data MIHS ppckets
as illugtrated in Figure 25.

Tempgral or Spatial Unit

Data Packet
(1 or more)

Figure 25 — Temporal and spatial units

Figurg 26 shows a basicexample on how MIHS units can be conveyed to stream a haptic experience.

e e Temporal or Temporal
Initialization p . p.
. Spatial Unit Unit
Unit
(sync) (non-sync)

Figure 26 — Basic example of MIHS unit sequencing

Temporal MIHS units contain a non-zero duration. To improve synchronization in the stream, initialization
MIHS units, which contain a timing MIHS packet with a timestamp and timescale, may be sent periodically.

7.4.3 Silent units

During intervals when there is no haptic data, silent MIHS units, which indicate a duration and contain no
MIHS packets, may be added to the stream as illustrated in Figure 27
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Silent Unit J

7.4.4

MIHS
may b
and Fi

bure 29.

e Temporal or Temporal
Initialization . . .
. Spatial Unit Unit
Unit
(sync) (non-sync)
Figure 27 — Example with silent units

CRC xwaclcatc
GING lJa\'l\CbD

backets of type PACTYPE_CRC16, PACTYPE_CRC32, PACTYPE_GlobalCRC16, or PACTYPE_Glebal
e used for error detection within initialization, temporal, or spatial MIHS units as shown Fig|

CRC32
ire 28

Initialization Unit

GlobalCRC16 or
GlobalCRC32
Packet
(exactly 1)

>

Initialization
Timing Packet
(exactly 1)

>

Experience
Metadata
Packet
(0or1)

Perception
Metadata
Packet
(0 or more)

Channel
Metadata
Packet
(0 or more)

Band
Metadata
Packet
(0%or more)

Effect Library
=N Packet
(0 or more)

7.5

The cu
how a

Randdm access.means that playback of a haptic experience can start at any time after a pre-defined r

access

There

Figure 28 — GlobalCRC16 or GlobalCRC32 packet'in an initialization unit

Temporal or Spatial Unit

GlobalCRC16

GlobalCRC3
Packet

(exactly 1)

or

2
-

>

—_—————ee e e e e e — o

Temporal or Spatial Unit

CRC16 or
CRC32
Packet

(exactly 1)

point.

Figure 29 -— CRC packets in temporal or spatial units

Random access support with MIHS (informative)

rrent streaming-foermat supports random-access for streaming applications. This subclause ex
bplications sheuld’use random access.

aretwo signalling mechanisms with respect to random access in the MIHS format:

plains

hndom

a) An MIHS unit is a sync unit if its MIHSUNItSync is set to U. A decoder can decode those MIHS units and
the units afterwards without decoding any previous MIHS units. Therefore, using this property, one can
create a random-access point in the stream.

b)

A data packet is decodable independently from previous data packets if its packetDependency is set to 0.

Consequently, the packetDependency of every data packet of an MIHS unit with MIHSUnitSync =0 is set to 0.

There are two ways to create a streamable haptic experience:

1) Assuming the content creation wants to ensure that applications can decode haptic streams every
random-access period (say n ms), the content editor adds random access point every n ms to the haptic
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stream to ensure independently decodable MIHS packets. At every n ms, an MIHS unit (MIHSUnitType
== UNITTYPE_TEMPORAL) with the MIHSUnitSync flag indicating an independently decodable unit is
introduced in the stream (see subclause 7.2.2). The first data packed in that unit has a packetDependency
flag that indicates that the packet us independently decodable (see subclause 7.2.15).

2) The content has been created and stored in a different format, and no regular or specific random access
has been planned. It may correspond to an experience created for file-based systems where content
is played back from the start of the stream. In that case some transcoding of the original content is
done (usually during the content preparation process of traditional distribution pipelines and before
encoding). This transcoding aims at creating periodic random-access pointsThese random access point
are signaled as being independently decodable and grouped into MIHS units that are also signaled as

n

8 P

8.1

dependently decodable.

rocessing model

Dverview

This (lause details the processing model of the codec. It describes every compé6hent of the encod

decod

br architecture presented in Figure 1. While the encoding algorithm proposed is globally infor

to proyide a typical encoding scheme, some processing parts are normative,‘specially when the d

needs

This C

8.2

8.2.1

to perform the inverse processing.

lause details the processing model for both the PCM and descriptive input formats.
Encoder (informative)

Encoder architecture

Figurd 30 depicts the encoder architecture in detailxThe encoder is able to process three types o
files: QHM metadata files, descriptive haptics files-(ivs, .ahap and .hjif) or waveform PCM files (.way

behav

br and
mative
pcoder

Finput
/). The
8.2.4.

our of the encoder for each of these inputsiis-detailed respectively in subclauses 8.2.2, 8.2.3 ang

The enjcoder supports two types of output coded representation formats: the interchange format deta
Clausq 6 and a packetized binary format detailed in Clause 7.

B

.qhm —» | Metadata extraction

Metadata

iled in

|
|
|
|
|
|
= |
@ |
1
o |
i
g |
. | hjif
ivs | .
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Figure 30 — Encoder architecture
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8.2.2 OHM metadata input file

This metadata file contains a description of the haptic system and setup. In particular, it provides the name
of each associated haptic file (either descriptive or PCM) along with a description of the signals. It also
provides a mapping between each channel of the signals and the targeted body parts on the user's body. The
body mapping used in the OHM file is identical to the one detailed in Table 7, subclause 5.6.2. The syntax of
the OHM metadata file is given in Annex B.

When an OHM file is given as input, the encoder performs two operations:

— For each haptic_element in the OHM file, it retrieves the associated haptic file from the URI (given in the
hr‘ ala nE £l £1a14 nd adaecit bacad P abelacnc 720 oxnd 79 /I) An
l.ll-l\— \,l\,lll\,ll\— e llalll\./ Al\'lu) Clll\.l \'IILUMLQ ll. UGD\'\.{ \.Ill lLD L)’ lJ\' LD\./\' ouu\.lauo\,o LAY “TWAN<Y 3 \" W &Y ~T .

OHM file may reference multiple haptic files of different types.

— It|extracts metadata information from the OHM file and maps it to metadata information, of the data
mpdel presented in Clause 5. The mapping of the metadata between the two formatshis detajled in
Tdble 64.

Table 64 — Mapping of the fields from an OHM file to the proposed,data model

OHM field Data model component Preperty
description_string Experience (subclause 5.2) description
element_description_string | Perception (subclause 5.4) description
channel_description_string Channel (subclause 5.6) description
channel_gain Channel (subclause(5.6) gain
body_part_mask Channel (subclause 5.6) body part mask

8.2.3 | Descriptive input files

Descriptive input files are encoded through a simple process. The encoder first identifies the input fprmat.
If the|input format is a HJIF file, then no transcoding is necessary, the file can be further editgd and
eventyally packetized into the binary format. It should be noted that when encoding a HJIF input file ifto the
comprjessed binary format, the conversion may not be lossless due to the limited number of bits allpcated
for earh property. The complete list of affected properties and their relative limitations is provifed in
ISO/IHC 23090-33 on conformance and-reference software for haptics. If AHAP or IVS input files are @ised, a
transdoding is necessary. The encoder first analyses semantically the input file information and trangcodes
it to be formatted into the data model presented in Clause 5. The transcoding process for AHAP apd IVS
files i detailed in subclause 8.2(5) After transcoding, the data can be exported as a .hjif interchange f{le or a
hmpglbinary file (MIHS bitstream).

8.2.4 | PCM input file

PCM (fwav) files camirot be transcoded directly into the output format. A signal analysis is performed to
interpyet the signal'structure and convertitinto the selected encoded representation. The different enfoding
types provide different ways to encode the input PCM data (i.e., curve, transient, vectorial and wavelet). In
this i formative part a hybrid approach is proposed to overcome the limitations of traditional freqpency-
rming
a freq band-decompo 6 A He high
frequencies of the 51gnal the first process extracts the local extrema from the low frequenc1es and stores
them as keyframes in a curve band. This process is detailed in subclause 8.2.7. This first frequency band is
then reconstructed using the appropriate interpolation method (as done at the synthesizer), and the residual
error with the original signal is computed. This residual error is then added to the original high frequency
bands. Finally, the second process applies a wavelet transformation on the high frequency spectrum
(completed with the residual error). The wavelet processing is detailed in greater length in subclause 8.2.8.
Other optimized encoding algorithms can be defined based on the normative tools.

In the case that several low frequency bands are used, the residual errors from all the low frequency bands
are added to the high frequency band before encoding. In the case that several high frequency bands are
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used, the residual errors from the low frequency band(s) are added to the first high frequency band before
encoding. The user may choose to encode the input PCM signal using only one frequency band coding
structure and a specific band type.

The following paragraphs provide an informative description of how to achieve rate-scalability with wavelet
encoding. If a specific target bitrate is desired, encoder parameters can be adjusted. In general, it is possible
to design a custom encoder or at least a function that determines the encoder parameters based on the
specified target bitrate. This can be done without having to change normative parts of the codec. For PCM
files, a parametrization function is proposed that can be used if the signal is encoded only with the wavelet
coding module. It determines the bit budget for the wavelet quantization while all other parameters are kept
constant, and takes the target bitrate as input. The basis to develop this function was a range of training

files. They were encoded using bit budgets ranging from 1 to 135 kbits/s to obtain the resulting bitratg
maxinpum bitrate over all files for each bit budget was then calculated. These maximum values werguse

a cubi
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function as approximation such that any desired target bitrate can be taken to calculate the-bit j

termined function is

X)=—6.506x> +3.433x% —0.04421x +0.0002573.

tes the target bitrate in kbits/s. The output of this function is roundedto-the next lower integ
1 to the range [1,(log2(blockLength)-1)*15] such that a valid bit budget'is’set.

for example, by iteratively encoding the signal and changing patameters after each iteration.
Transcoding descriptive content

| Overview

roduce the expected output. The specified;descriptive format provides the necessary com
hscode any of the three input formats to“the coding format of this specification. In the c

apping from the input format to theloutput format may be designed. Typical existing implement
hinly vectorial and transient effects, or a combination thereof to describe haptic effects. Other
Can also be used to describe more complex or specific haptic effects.

and IVS are existing proprietary formats to describe haptic effects currently supported. The ¢
cation has been designed to ingest those descriptions and translate them to the MPEG desc
[, HJIF. But it is notmandatory to describe an effect using those formats. The HJIF format can 4
irectly as input.

2 1IVS

S codeerépresents the expected haptic output by a set of basis effects defined by a set of parani

— A]Il attack: duration and level

cation, three types of descriptive files.,can be ingested and transcoded: AHAP, IVS and HJIF fileg.

s. The
d to fit
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er and
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tware
mands
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effect
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eters:

— A fade: duration and level

— An effect duration

— A period duration

— A wave type

Figure 31 provides an example of an IVS basis effect.
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Figure 31 — Effe@@ktracted from an IVS file

O
Then g timeline is defined in which two ty@és of commands can be raised:

— Alaunch event which will play a, rgf»érenced basis effect at a specific time and can override some|of the
bgsis effect's properties @

— Ajrepeat event which wi(g%ate a loop inside the timeline to play the basis effects raised inside the
repeated interval multiple times

The MPPEG haptic enco@@ull ingest the timeline of the IVS file to transcode it following these simple|rules:
For eafh launch evént:
— Fipd the@esponding basis effect.

— Ciea % effect with matching waveform, magnitude and frequency. The frequency is computed by

1
/ 0.001* 4
— Modulate the effect amplitude to match the configured attack or fade, if any. A linear interpolation is
needed here. At least two keyframes will be stored in the effect. If an attack or a fade is configured, one
or two keyframes will be inserted inside the effect to recreate a linearly interpolated amplitude at either

the beginning or ending of the effect, or both.

adel o N | L I | i 1l |
WILID 7 LT PpeTIUU ITIHHG U THIT THITITISTCUTIUS.

— Find a vectorial wave band in which no effect is overlapping the created one. If none exists, create a new
vectorial wave band with 0 to 1000 Hz as frequency range.

— Insert the new effect inside the band.
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For each repeat effect:

— Find every effect after the repeat range and delay it.

— Find every effect in the repeat range and copy it.

8.2.5.3 AHAP

The AHAP codec encodes the design intent of the haptic experience based on amplitude and sharpness
properties organised in continuous signals and transients.

— Cg

3nIIaIIcs oo ntagnd ot £ri Akl oy c o £ e

After {

the whole experience by modulation functions composed of a set of keyframes.

The h4
— Fd

nE Ay
TIVITIUUUO. Pcll AITICLITLZCU OITIC TUIICLIvIrl \,Ullllsul \v§ LJJ 0

Time: the timestamp at which the signal will be rendered.
Duration: the duration of the signal.
Intensity: the amplitude of the signal.

Sharpness: a value between 0 and 1, where 0 is the minimum frequency, of the device ang
maximum frequency.

ansients: parameterized API call configured by:
Time: the timestamp at which the transient will be raised.
Intensity: the amplitude of the transient.

Sharpness: a value between 0 and 1, where 0 is themihimum frequency of the device ang
maximum frequency.

hese primitive haptic effects are defined, the designer can modulate the amplitude and freque

ptic encoder proposed will ingest the .ahap-file to transcode it following these simple rules:
r each transient:

Create a transient effect compesed of one keyframe.

Fill the keyframe amplitude with the transient intensity.

Fill the keyframe frequency with the transient sharpness. The sharpness will be transformg
remapped from the-original range [0,1] into the frequency band range which will be configu
[65,300] Hz.

r each continuous:
Create.a vectorial effect with a sine waveform.

The.modulated parameters of the continuous will be stored in keyframes so two keyframes
generated by default corresponding to the beginning and end of the effect. Then, the keyfram

| 1, its

| 1, its

ncy of

ed and
red as

vill be
es can

be modified and others can be added in this range to recreate the design intention drawn

y the

8.2.6

different modulation functions of the original AHAP file.

Find a vectorial wave band in which no effect is overlapping the created one. If none exists, create a

new vectorial wave band with [65,300] Hz as frequency range.

Store the effect in the previously found band.

Frequency band decomposition

The optional frequency band decomposition splits the signal into a low frequency and a high frequency band.
In the proposed encoding implementation, this is done using Butterworth highpass and lowpass filters of
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order 8 in a forward and a consecutive backward pass for zero phase filtering. It follows the scipy.signal.
filtfilt method from the scipy Python library.[l] For filter coefficients, the function scipy.signal.butter[ll can
be used as reference since the coefficients will change based on the chosen sampling frequency and cutoff
frequency. This filter is not normative so different filters can be utilized.

It is recommended to set the cutoff frequency in a range of 20 to 72.5 Hz, or to 0 Hz, which is equivalent to
using only the wavelet band for the complete signal.

The number of low and high frequency bands is not fixed; however, a common practice is to use two as
described here as it provides a good efficiency-complexity tradeoff. The user can select other configurations.

8.2.7

Keyframe extraction for low frequencies processing

The optional curve band processing takes the lower frequency band from the frequency band decomp
and anmalyses its content in the time domain. An algorithm of local extremum extraction is, propose

applie
then e

Key

d to the signal to extract points defined by their timestamps and amplitude. Each one of these pd
hcoded into keyframes composing a unique effect on a curve band (see Figure 32},

1

1  kdyframes
A bgnd (curve band)

The p
filtere
sampl

Figure 32 — Curve bands processing

roposed algorithm used for this keyframé’extraction is described in Table 65, where the
dSignal is a list of samples extracted and*filtered by the method described in subclause 8.2

sition
bd and
intsis

input
6 and

bRate is the sample rate of the signal previously mentioned.

Table 65 —(Pseudocode for the curve band encoding

Synta

K

Encod
{

en

en

eCurveBand(filteredSignal; sampleRate)

rodedEffect = new Effect();
rodedEffect.insertKeyframeAt(0, 0);

for| (i = 1; i < filteredSignal.size() - 1; i++) {

lastSample = filteredSignalli - 1];
currentSample = filteredSignall[i];
nextSample = filteredSignal[i + 1];

isFlat = lastSample == currentSample and currentSample == nextSample;
isMinima = lastSample >= currentSample and currentSample <= nextSample;
isMaxima = lastSample <= currentSample and currentSample >= nextSample;
if(not isFlat and (isMinima or isMaxima)) {

timestamp = 1000 *i / samplerate;

amplitude = currentSample;

encodedEffect.insertKeyframeAt(timestamp, amplitude);
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Table 65 (continued)

Syntax

}
encodedEffect.insertKeyframeAt(1000 * filteredSignal.size() / sampleRate, 0);

encodedBand = new Band();
encodedBand.insert(encodedEffect);
return encodedBand;

}
8.2.8 | Wavelet encoding
8.2.8.1 Encoding overview

The optional wavelet band (wavelet wave band type) processing of the encoder takes the high frequency
band from the frequency band decomposition and the low frequency residual, andsplits it into blqcks of
equal [size, which is called blockLength. The blockLength is required to be a‘power of 2 and at lejast 16
samples. It is typically set to 1024.

The signal block is then analysed in the psychohaptic model. The lossy compression is achieved bl first
applying the wavelet transform to the block and then quantizing it, aided by the psychohaptic mode|. Each
block 1s saved into a separate effect in a single band. This operation is identified as formatting. Finally the
binary compression is applied using the SPIHT algorithm and Arithimetic Coding (AC).

The bifrate scaling is achieved by adjusting the bit budget parameter as detailed in subclause 8.2.4.

8.2.8.2 Wavelet transformation

The signal block is wavelet transformed using CDE9/7 filters.[2] Their coefficients are shown in Table 6.

Table 66 — Coefficients of the wavelet filters

N LP HP LP_reconstruction HP_reconstruction

-4 [0.037828455506995 -0.037828455506995

-3 -0.023849465019380 ~0.064538882628938 -0.064538882628938 -0.023849465019380

-2 -0.110624404418423 0.040689417609559 -0.040689417609559 0.110624404418423

-1 0.377402855612654 0.418092273222212 0.418092273222212 0.377402855612654

0 0.852698679009404 -0.788485616405665 0.788485616405665 -0.8526986790094 04

1 0.377402855612654 0.418092273222212 0.418092273222212 0.377402855612654

2 -0.110624404418423 0.040689417609559 -0.040689417609559 0.110624404418423

3 -0.023849465019380 -0.064538882628938 -0.064538882628938 -0.023849465019380

4 0.037828455506995 -0.037828455506995

The trenstfermationseparatesthe blockinto-ahigherandalowerfrequeneybandandapphesdewn-sampling
with factor 2 on both bands. This is iteratively repeated for the lowest band. The number of iterations, or

dwtlevels, is calculated by

log, (blockLength) -2,

where blockLength is the length of the signal block to process. The iterative filtering leads to increasing band
size from low to high frequencies, with each band twice as large as the next lower one. Figure 33 illustrates
this splitting of coefficients into sub-bands for 32 samples total size of the block.
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41 4 8 16

Figure 33 — Wavelet block coefficients in sub-bands.

8.2.8.3 Psychohaptic model

The psychohaptic model is used to evaluate the perceptual importance of each wavelet band. This component
is informative since it only steers the quantization of wavelet coefficients and can be replaced by any other
model_Masking in the frequency domain and the frequency dependence of the sensitivity of the human
sense pf touch are assessed. Masking in the frequency domain occurs when content with higher atplitude
overshadows other components of the signal with lower amplitude and similar frequency.

To madel this phenomenon, first all local maxima, also called peaks, are detected in theNFFT spegctrum
(logarfthmic domain, root power). To get as many frequency bins as input samples, the signal block |s zero
paddef to twice its size before the FFT. Then, some of the peaks are sorted out. Peaks with an amplitude at
least 45 dB below the maximum amplitude in the spectrum are omitted as well as peaks with a promjnence
below|12 dB. The prominence is obtained by first finding the two surrounding local minima on the l¢ft and
right gide of the peak and then calculating the amplitude difference between the peak and the larger|one of
the mjnima. For each remaining peak with index p a masker function m(f).is‘generated. It is a polypomial
functipn centred at the frequency of the local peak and calculated using the formula:

2f, 30dB
fs fp2

where fg is the sampling frequency and f, the centre frequency of the peak. g, is the amplitude |of the
spectijum at f,,. The masking threshold is then calculated by-taking the maximum at each frequency ag:

Mpnax (f):maxp (mp (f))

m} (f)=a, -5dB+5dB (r-1,)%

P dendtes the quantity of peaks.

The frpquency dependence of the human percéption is modelled by the absolute threshold of percepti¢n ¢(f),
calculjted by:

_‘ 50dB RGN
I

[5]

Additipnally, this function is limited to 0 dB. This way, high frequency content will not be ignored|in the
evaludtion and is asimeasure similar to the threshold of pain from the audio domain. There it is assumg¢d that
when a high freqiiency signal reaches a certain amplitude, it will be painful and therefore perceivable

The mjasking-threshold and absolute threshold of perception are then combined to the global masking
thresholdiThis is done by addition in the linear domain:

Mgiopa (f) =107 777 4 10Mmax 7LD,

As the last step, a Signal-to-Mask-Ratio (SMR) is calculated. For this, the signal energy E; , for each wavelet

S1
band b and the mask energy E, . , are calculated. This is done by summing up all coefficients of the input

signal block and the mask corresponding to the respective band (linear domain). The SMR then calculates as

E .
SMR), =10log, ) —222

mask ,b
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8.2.8.4 Quantization

The quantization is performed using an embedded quantizer with individual bit depths for each wavelet
band. The embedded property guarantees that the quantization steps for low bit depths are also present
when using a higher bit depth.

The quantizer model used for the wavelet quantization is a uniform quantizer. The quantization step size 4 is:

A — max
2
wherel w, - is the quantized maximum wavelet coefficient of the signal block and b is the bit depth|in the

band. [The quantization is performed using:
w|= sgn(w)- floor (%]

Here, W is the quantized version of wavelet coefficient w .

To detprmine the bit depth for each wavelet band, a bitBudget is iteratively distfibuted on the bands. Tihis bit
budgef represents the sum of bit depths over the wavelet bands. The bit budget is used to control the quality
of the|encoded signal and also scales the resulting length of the bitstréam and therefore the comprjession
ratio. In each iteration, the band with the lowest Mask-to-Noise-Ratio (MNR) is found and a bit is allocated to
it. Thef MNR is calculated from the SMR and the Signal-to-Noise-Ratio (SNR) by

MNR,, =SNR), —SMR,,.

The bit allocation is only informative since other metheds to determine the bit depths can be found. The
propoged encoding algorithm is detailed in Table 67.

Table 67 — Pseudocode of the bit allocation algorithm

Syntak
bitAllgcation(w, bitBudget, w_max)
{

bitalloc_sum = 0;

w_guant = zeros_like(w);
while(bitalloc_sum < bitBudget) {
index = argmin(MNR);
bitalloc[index]&=1;
bitalloc_sum'¢= 1;
w_quant's guantization(w, w_quant, index, bitalloc[index]);
SNR s;updateSNR(w, w_quant, SNR, index);
MNR[index] = SNR[index] - SMR[index];
if(bitalloclindex] >=15) {
MNR[index] = INFINITY;

}

w refers to the input signal block in the wavelet domain, bitBudget to the maximum sum of allocated bits.
w_max is the absolute maximum wavelet coefficient in the specific block and w_quant is the output block,
which is the quantized version of the input block.
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zeros_like(w) refers to a function that generates a vector containing zeros with the length of vector w.

quantization(w, w_quant, index, bitalloc[index]) quantizes the input w in band index using bitalloc|

index]

bits and updates this specific band in w_quant. updateSNR(w, w_quant, SNR, index) updates the SNR of w_

quant relative to w in band index.

As the last step of the quantization, the signal is scaled to values in the range [-1,1] by:
. w
W=———,

Wmax

and then the data are saved in a new effect including the quantized wavelet coefficients scaled to the

range

[-1,1],[the quantized original maximum wavelet coefficient and the maximum allocated bits over all
The rqglation between w_quant and wavelet_coefficients is that w_quant is scaled to the original‘@myj
while wavelet_coefficients is the version scaled to [-1,1]. So, the new effect contains the lossyrcompr
that isfapplied on the signal and can directly be used for the lossless binary compression.

8.2.8.5 Wavelet band binary compression

The bjnary compression for wavelet bands processes each quantized effect in| the wavelet ban
transfprms it into a bitstream in a lossless fashion. The goal is to get a stream'\that has compact str
and cgn be transmitted. It consists of an 1D-SPIHT coder and an Arithmetic Codér (AC). The signal ha
scaled|first from the floating-point values in the range [-1,1] to integer values before the compression

applief. This is necessary to have a quantization step of one. This is ‘done by multiplying it with
where n is the maximum bit depth used in quantization.

8.2.8.¢ SPIHT

Set Partitioning In Hierarchical Trees (SPIHT) is an algorithm based on Embedded Zerotree Wavelet
coding and was introduced in.[3] It exploits the self-similarity of the wavelet coefficients across the
and bifplanes and operates iteratively on each bitplané-of the signal starting with the most significant
output is a binary stream.

The nth bitplane consists of all nth bits of the samples in a signal, with indexing starting at n=0 for th|
significant bit. The signs of the coefficients are treated separately. The algorithm consists of a signif
pass that finds significant coefficients in(the block, and a refinement pass that only codes the next
bitplane of the significant samples in €ach iteration.

Significance is a notion that separates larger and more important coefficients from the others, which
omittgd. The exact formulation'for it will be presented later in this subclause. In both the significang
and thie refinement pass, bits are written to a bitstream. The bits enable the decoder to reconstruct th

In 1D SPIHT, coefficients are arranged in a tree structure, where each coefficient is represented by
and the two coefficients‘with the same spatial orientation in the next lower band are set to be the ch
or offypring, of thatnode. The resulting structure is called spatial orientation tree. In general, for n
signal, it is likelythat coefficients with the same spatial orientation are similar across sub-bands. Al
signal|energytends to decrease to higher frequencies. So, using the spatial orientation tree results il
magniftude ‘ordering of the coefficients. This tree is further explained in,[3] extended to the 2D cag
illustrptedin Figure 34.
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a2 Bgndo-
b Bdnd 1.
¢ Bgnd 2.
Figure 34 — SPIHT spatial orientation tree

The algorithm, reduced to the 1D case, uses the following sets to implement the spatial orientation trg
— O(i) set of indices of all offspring of node i;
— D(i) set of indices of all descendants of node i;
— Hpet of indices of all spatial orientation tree roots;
— L) =D - 0().
O(i) is[obtained using

o(i)= {(2i),(2i+1)}.
The p4artitions for the algorithm are initialized with'the sets {(i)} and D(i) forall i € H .If D(i) is foun
significant during a sorting pass, it is partitionedinto L(i) and two single-element sets with k € 0(j)

is signjificant, it is divided into two sets D(k) with k € 0(i).

To det

{c

is evajuated. Sn(7) is 1 if the expression is valid, otherwise 0. Effectively, this is carried out as a chg

ones i

are in
sets. D
good d

Durin
pixels

ermine the significance S, (7) ifi bitplane n of a set of samples 7 , the expression

[ 1>2"

1 the respective bitplane n in the concrete algorithm. If S, (7) is 0, 7 is called insignificant. Se

bignificant over all bitplanes are not coded in the refinement pass, so coding bits are saved fo
ue to the spatial orientation tree, it is likely that the significance is similar for whole sets and thg
ompression performance can be reached.

(CIP) and list of significant pixels (LSP). The term pixels originates from image processir
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single

coefficients are saved, and in the LIS, sets of coefficients from set L(i) or D(i) are put. Coefficients in the set
D(i) are called type A, and type B if they are from L(i).

In each iteration of the algorithm, first the significance is checked in the sorting pass. Pixels that were
insignificant so far are in the LIP, therefore the LIP is checked in each iteration. If they are found to be
significant, they are put in the LSP and their sign is transmitted. Sets are also checked and partitioned if
they are found to be significant. If the newly partitioned sets are single coefficients, they are put in the LIP

instea

d.
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In the refinement pass, the current bitplane is transmitted for the pixels in the LSP, excluding those added in
the latest sorting pass, because they are already known to have a 1 in that plane from the significance check.

The bits in the stream serve different purposes as explained above, so they have different so-called contexts.
These contexts are written to a separate output stream and sent to the AC alongside the bitstream. The bits
can either be significance bits, sign bits, refinement bits or side information bits. Since the significance is
checked for different cases, it can be further subdivided. This results in the following list of possible contexts:

— significance: LIP;

— significance: LIS, type A;

— significance: descendants of type A in LIS;
— significance: LIS, type B;

— sign bits;

— rdfinement bits;

— si¢le information bits.

The pgeudocode detailed in Table 68 describes the functionality of the SPIHT\éncoder, which is informative.
It gengrates two temporary streams: SPIHT_stream and context. The varidble wavelet_coefficients refers to
the quantized wavelet coefficients arranged in an array. They are originally in the range [-1,1], but scaled to
integef values in the beginning of the function. dwtlevel is the number,of wavelet transformation iterations,
and mpxallocbits is the maximum bit depth of the wavelet coeffici€nts.

Table 68 — Pseucode of the SPIHT encoder

Syntak No. of bits Mnemonjc

SPIHT| encode(wavelet_coefficients, dwtlevel, bitwavmaxk, maxallocbits, SPIHT_
stream, context) {

lenjgth = wavelet_coefficients.size();
for] (i = 0; i < length; i++) {

wavelet_coefficients[i] = wavelet_coefficients[i] * (2*n-1);

}

SPIHT_stream.push_back(maxallocbits); 4 uilsbf
SPIHT_stream.push_back(bitwavmax); 8 blsbf
context.append_zeros(12);// 4 for maxallocbits, 8 for bitwavmax 12 islif

inbandsize = 2 << (log2{Jength) - dwtlevel);
for] (i = 0; i < bandsize;i++) {
LIP.push_back(i);

for] (int i.=(bandsize / 2); i < bandsize; i++) {
LISt.push_back(i);

1LICD o L L AN
TTOZ PUSTI_DaCtK(U),

}

initMaxDescendants(wavelet_coefficients);

n = maxallocbits;
while (0 <=n) {
compare =1 << n;
LSP_index = LSP.size();
for (it = LIP.begin(); it != LIP.end();) {
if (abs(in[LIP[it]]) >= compare) {
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Table 68 (continued)
Syntax No. of bits Mnemonic

addToOutput(1, 2, SPIHT_stream, context);
addToOutput(in[LIP[it]] >= 0, 1, SPIHT_stream, context);
LSP.push_back(it);
it = LIP.erase(it);

}else{
addToOutput(0, 2, SPIHT_stream, context);
it

}

}

itl = LIS1.begin();
it2 = LIS2.begin();
LISsize = LIS1.size();
for (i=0; i< LISsize; i++) {
if (in[LIS2[it2]] == 0) {
int max_d = maxDescendant(LIS1[it1], LIS2[it2]);
if (max_d >= compare) {
addToOutput(1, 3, SPIHT_stream, context);
y = LIS1Jit1];
index=2*y;
if (abs(in[index]) >= compare) {
LSP.push_back(index);
addToOutput(1, 4, SPIHT_streamggontext);
addToOutput(in[index] >= 0),.1, SPIHT_stream, context);
}else{
addToOutput(0, 4, SRIHT stream, context);
LIP.push_back(index);
}
index =2 *y +(;
if (abs(in[index]) >= compare) {
LSP:push_back(index);
addToOutput(1, 4, SPIHT_stream, context);
addToOutput(in[index] >= 0), 1, SPIHT_stream, context);
} else {
addToOutput(0, 4, SPIHT_stream, context);
LIP.push_back(index);

}

if (4 *y + 3) <length) {
LIS1.push_back(LIS1[it1]);
LIS2.push_back(1);
LISsize++;

}

itl = LIS1.erase(itl);

it2 = LIS2.erase(it2);
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Table 68 (continued)
Syntax No. of bits Mnemonic
}else{
addToOutput(0, 3, SPIHT_stream, context);
itl++;
it2++;
}
}else{
Tmax_d = maxDescermdant S Hitt; EiSZ2fit215;
if (max_d >= compare) {
addToOutput(1, 5, SPIHT_stream, context);
inty = LIS1[it1];
LIS1.push_back(2 *y);
LIS1.push_back(2 *y + 1);
LIS2.push_back(0);
LIS2.push_back(0);
LISsize += 2;
itl = LIS1.erase(itl);
it2 = LIS2.erase(it2);
}else{
addToOutput(0, 5, SPIHT_stream, context);
itl++;
it2++;
}
}
}
refinementPass(wavelet_coefficients, LSR-LSP_index, n, SPIHT_stream, context);
n--;
}
}
Syntak No. of bits Mnemonic
refinementPass(data; LSP, LSP_index, n, outstream, context) {
it 3 LSP.begin{);
tethp =05
whjileftemp < LSP_index) {
s = bitget(floor(abs(data[LSP[it]])), n + 1);
outstream.push_back(s); 1 viclbf
context.push_back(6); 1 vlislif
temp++;
it++;
}
}
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Syntax No. of bits Mnemonic
addToOutput(bit, c, outstream, context) {
outstream.push_back(bit); 1 viclbf
context.push_back(c); 1 vlislif
}

maxDescendant(j, type) {

if frype==1%
if (j >= maxDescendants1.size()) {

return 0;

}

return maxDescendants1[j];

if [j >= maxDescendants.size()) {
return 0;

refurn maxDescendants][j];

initMaxDescendants(signal) {
length = signal.size();
start = length >> 1;
pl = start;
p4d=pl+1;
target = start >> 1;
for (1= 0; i< (start>> 1); i++) {
v1 = abs(signal[p1]);
v2 = abs(signal[p2]);
if (vl >v2){
maxDescendants|[target] = v1;
}else {
maxDescendants|[target] = v2;
}
pX+=72;
p2 +=2;

target++;
}
width = start >> 1;
pl = width;
p2=pl+1;
target = width >> 1;
while (target > 1) {
for (i=0; i < (width >> 1); i++) {

© ISO/IEC 2025 - All rights reserved
89



https://standardsiso.com/api/?name=08834fd193c770187d8372c464aa3893

ISO/IEC 23090-31:2025(en)

v1 = maxDescendants[p1];
v2 = maxDescendants[p2];
if (vl >v2){
maxDescendants1[target] = v1;
}else{
maxDescendants1[target] = v2;

}
v1 = abs(signal[p1]);

1f (vl > maxDescendantsl|target|) {
maxDescendants[target] = v1;

}else {
maxDescendants[target] = maxDescendantsl[target];

}

v2 = abs(signal[pZ2]);

if (v2 > maxDescendants[target]) {
maxDescendants[target] = v2;

}
pl +=2;
p2 +=2;
target++;
}
width = width >> 1;
pl = width;
p2=pl+1;
target = width >> 1;
}
}
The fdllowing function describes how the quantized maximum wavelet coefficient qwavmax is enfoded,
whichl|is then carried over to the-encode function of SPIHT as bitwavmax:
Syntak No. of bits Mnemonic
maxinjumWaveletCoefficient(qwavmax, bitwavmax) {
i_part=0;
mdde = 0;
if (gwavmagg)1) {
i_bit§=0;
f(hits = 7;
}else{
i_part=1;
i_bits = 4;
f bits =3;
mode = 1;
}
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