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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part:2.

The main tagk of technical committees is to prepare International Standards. Draft Internatiohal Stanglards
adopted by fthe technical committees are circulated to the member bodies for voting. Publication gs an
International|Standard requires approval by at least 75 % of the member bodies casting a.vote.

Attention is qrawn to the possibility that some of the elements of this document may-be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15006 Was prepared by Technical Committee ISO/TC 22, Road~Vehicles, Subcommittee S[C 13,
Ergonomics gpplicable to road vehicles.
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Introduction

The driver and the vehicle are an integrated system that includes the environment, the primary vehicle
controls, the instrumentation, and the transport information and control systems (TICS). The driving task, and
human capabilities and limitations, are other primary factors. TICS are intended to support the driver in her/his
primary task, and therefore it is expected that the overall workload of the driver will not be negatively
influenced, while performance and comfort should be increased.

The fhultitude of information to be displayed to the driver through TICS may create the need to minimize visual

load

for th
aim ¢
and 9

bnd make more and better use of the auditory channel. This standard provides ergonemic $pecifications
e design and installation of auditory displays presenting speech and tonal information whilg driving. The
f these specifications is to help designers to provide auditory messages which-imeet usability, comfort
afety criteria.
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INTERNATIONAL STANDARD ISO 15006:2004(E)

Road vehicles — Ergonomic aspects of transport information
and control systems — Specifications and compliance
procedures for in-vehicle auditory presentation

1 $eope

This |nternational Standard establishes ergonomic specifications for the presentation of auditory information
relatgd to transport information and control systems (TICS) through speech or sounds. tlappligs only to the
use qf auditory displays when the vehicle is in motion. It presents a set of requirements.and reconmendations

for intvehicle auditory messages from TICS, and provides message characteristics\and functiorfal factors for
maximizing message intelligibility and utility while helping prevent auditory or mentatoverload.

2 ormative references
The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO $128, Acoustics — Measurement of noise inside motor-vehicles

ISO 11429, Ergonomics — System of auditory and visual danger and information signals

ISO/TS 16951"), Road vehicles — Criteria for determining priority of TICS and other messages |presented to
drivels

3 Terms and definitions
For the purposes of this documentithe following terms and definitions apply.
3.1

audibility
percgntage of personswho are able to detect an auditory signal within a defined acoustical envirgnment

3.2
comirehensibility
degre¢e to which/information conveyed to the driver is understood

3.3
loudhess
sensation (perception) that is most closely related to the sound amplitude of an acoustical stimulus

3.4
orienting reaction
human behaviour in response to the novelty of a stimulus

NOTE If, in a given situation, factual and expected stimuli do not match, an orienting behaviour is released which in
its amplitude is proportional to the degree of the stimulus’ novelty. With increasing stimulus intensity, this behaviour
changes to defensive reactions. In the case of very high and sharp stimuli, a startle reflex is released.

1) To be published.

© 1SO 2004 - All rights reserved 1
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3.5
perceptual discriminability
signal properties of a tonal signal which allow reliable classification of each signal in a given set of signals

3.6

safety critical message

message requiring immediate action by the driver in order to avoid imminent danger to persons or very
serious damage to equipment

3.7

signal-to-noise ratio

SNR

ratio of signal intensity to noise intensity in octave (or one-third octave) bands
3.8

tonal signal

auditory signgl with no identifiable spoken item

3.9
simple vocabulary
words commpnly used and easily understood

4 Signal|specifications
4.1 Signal spectrum — Recommendation

The recommended frequency range for in-vehicle auditory speéch signals is 200 Hz to 8 000 Hz. For|tonal
signals, the fecommended range lies between 400 Hz and 4 Q00 Hz. Pure tones should be avoided begause
standing waye patterns cause resonance and anti-resonance areas so that the audibility of a signal Tt the
driver's head cannot be guaranteed. A broad band sound or a mix of narrow band sounds, with disfinctly
separated cgntre frequencies, should be used.

N

EXAMPLE A mix of two bands of frequency, one'centred around 800 Hz, and the other centred around 3 000 Hz.
Good practice in measuring and evaluating the'signal is provided in Annex A.
4.2 Signal levels

421 Gengdral

The selection of optimal sound amplitude is a matter of balancing listener comfort against message audibility.
The latter is|primarily atfunction of the signal-to-noise ratio (SNR) between the signal and the backgfound
noise. It shotild be keptin mind that loudness depends on the level of the background noise and on thellevel
of the signal| within~a given frequency band. Therefore, loudness at a given SNR increases with a Fising
background noise. In a long-term perspective, the SNR should be replaced by measures of loudness.

NOTE Methods for measuring loudness are given in ISO 532.
4.2.2 Audibility — Recommendation

The main criterion for selecting a signal level is obtaining maximum audibility, measured against the specific
background noise within a driving vehicle. For in-vehicle signals, audibility should be as high as possible
(usually 95 %). To reach this criterion, a loudness range between 50 dB(A-weighted) and 90 dB(A-weighted)
should be used. Signal levels higher than 90 dB(A-weighted) should be avoided (see ISO 5128). In the normal
case, an SNR of about 5 dB(A-weighted) ought to be sufficient to guarantee audibility. SNR values of
15 dB(A-weighted) and more should be avoided.

NOTE The expression “dB(A)” is used in industry but its use is not recommended. IEC 61672-1 gives details of A-
weighting.

2 © ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=a1b8d9a13f0dd4c6d21ad977bcb89698

ISO 15006:2004(E)

4.2.3 Appropriateness — Recommendation

Signal levels which are too high, unexpected signals or unknown signals, could lead to defensive reactions or
startle reflexes inappropriate for safe driving. A gradual onset not higher than 1 dB/ms is recommended.

4.2.4) Flexibility of the signal level — Recommendation

1 dB/ms is appropriate for messages requiring immediate driver attention, because a warning has to be
issued and an immediate reaction is necessary [the relevant rise time is only 50 ms for the maximum
SNR of 50 dB(A-weighted)].

For less urgent messages, the rate of rise can be reduced to 0,75 dB/ms or 0,5 dB/ms, as only audibility
and distinctness of the signal have to be guaranteed. If the presentation of the message has to be
(efayedamdreactionmtoitistherefore urgent; the rate of rise for short=termmmessagesshoutdibe applied.

The rate of rise has no psychological relevance for messages where there is no urgéncy gnd the slope
¢ould be reduced by up to 0,33 dB/ms without creating problems (maximum relevantirise time: 150 ms).
This would result in a pleasant onset of the signal and the perceived sound quality*would miainly depend
on other characteristics of the sound.

Because of the large variation in background noise and large individual differences in the hearing capabilities

of thg drivers, there is a need for flexibility of the signal level. Thereforé:

5

5.1

the signal level should be adjustable within a range of + 10.dB(A-weighted) about a nominally audible
level;

lpan from safety critical messages, it should be possible to switch auditory displays on or off
e level should be automatically adjustable to the\frequency spectrum of the background noise;

I frequency-specific amplification should be~provided which allows the driver to adapt the sighal to her/his
earing capabilities, especially for speech signals.

Coding of information

General

Information may be deliveredyusing speech or non-speech coding or by a combination of both acg¢ording to the

temppral characteristics 0fthe message.

5.2

Temporal classification of signals — Recommendation

Signals should be classified according to the urgency (see ISO/TS 16951) of the intended drive['s action. To
differentiate “between the time categories, different patterns of acoustical parameters can be [chosen (e.g.

soung levelf frequency, see 5.3). Three time categories seem to be justified.

a)

b)

c)

Short-term” category: immediate action required. The message should be sent to the driver
immediately after the critical event is detected by the TICS.

EXAMPLE An obstacle on the road is detected. The driver is warned to take evasive action immediately.

“Medium-term” category: the action should take place within a short time (10 s to 20 s). Messages in
this category may be sent with a time delay.

EXAMPLE Route-guidance information.

“Long-term” category: a future behaviour is expected. Messages in this category may be sent with a
time delay. The time within which the driver reacts to the message may be chosen within broader limits.

EXAMPLE Congestion 10 km ahead.

© 1SO 2004 - All rights reserved 3
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The choice between non-verbal and verbal signals should be made according to Table 1.

Table 1 — Non-verbal and verbal signals

Category Tonal signal Speech
Short-term Suitable Not recommended
Medium-term Suitable Suitable
Long-term Suitablg as announcement of a Recommended
visual display or verbal message (verbal message)
5.3 Non-gpeech coding — Tonal signals
5.3.1 Gengqral

A tonal signg

specific, such as “brake immediately”. However, tonal signals may also be selected toprovide informatio

general natu
EXAMPLE 1
EXAMPLE 2

In addition, t
5.3.2) and pe

If redundant
5.3.2 Com
5.3.2.1

Each signal
intended beh

Some audito
the driver ar
between ton
initiated mes

Comprehens
any inapprop

EXAMPLE 1

Re¢quirement

| has two functions: attracting attention and providing information. This information is usually
e, such as "watch out" or "danger".
Announcement of a new message on a visual display. (Specific)
The driving situation has become dangerous. Be cautious. (Genégral)

ne number of tonal signals used in a vehicle should be ‘limited to promote comprehensibility
rceptual discriminability (see 5.3.4).

visual information exists, both visual and tonal infermation should be displayed at the same t

brehensibility

is intended to release a driver's behaviour (perceptual, cognitive or motor behaviour).
aviour should be explicitly fofmulated by the designer of the signal.

ry signals that reproduce a’real sound that is meaningful for all drivers do not require learni
d can be recommended. For other signals, it is necessary for drivers to learn the assoc
bl signal and message. Especially in the case of rarely displayed tonal signals and sy
5ages, regular exposure may be necessary to clarify and reinforce their meaning.

ibility shall\be measured to ensure that the intended behaviour is achieved and does not
riate reaections.

After a special sound, the driver recognizes that new information is available on the visual display.

very
h of a

(see

me.

This

ng by
ation
tem-

ause

EXAMPLE 2
5.3.2.2

5.3.2.21

After a special sound, the driver recognizes that evasive action needs to be taken immediately.

Compliance procedure

Test subjects

IMPORTANT — Any persons directly involved in designing, testing, manufacturing or selling TICS

shall not be

included in the test driver sample.

The driver sample shall include at least 10 persons, in a large range of ages including at least two persons
over 50. If the TICS is dedicated to a specific kind of users (professional users, special needs users), the
driver sample shall be selected from these target users.

© ISO 2004 — All rights re;
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5.3.2.2.2 Test objective
To provide a general presentation of the TICS functionality and test objective to each driver.

EXAMPLE Instruction for the test participants: “You are asked to give your opinion regarding a new system which
helps you to keep a safe trajectory. You will have to answer three questions.”

5.3.2.2.3 Test conditions

Each auditory message shall be presented individually in the same context as in the driving situation, as
follows.

a) If the message is intended to be displayed within a dialogue step or in response to a volunfary action of
rivers, the test presentation shall be: description of action or simulation of the situation t¢ the drivers,
en delivery of auditory message.

b) If the auditory message is intended to be displayed at the same time as anothér\perceptual|presentation
pictograms, written message...), the test presentation shall be: simultaneous presentation of auditory
nd other perceptual message.

c) If the auditory message is intended to be delivered under the controkof* the system, the test|presentation
ghall be delivery of auditory message with no complementary explanation.

Testg may be conducted in real or simulated traffic if the driving situation is relevant to the messdge.
5.3.2|12.4 AQuestionnaire

After|the message presentation, each subject shall answer the following questions:
a) \Vhat does this mean to you?

b) \{What would you do about this?

c) \When would you do this?

5.3.2]2.5 Data analysis

To bg¢ compliant with the requirement of comprehensibility, no responses shall be observed that|increase the
risk gbove the baseline inClwhich no message is presented.

5.3.3| Acoustic coding of tonal signals

Som¢ recommendations of 1ISO 11429 are relevant for various in-vehicle information signals. The following
signgl charaeteristics should be regarded as examples:

— ghori-term message: sweeping sounds, burst of sounds, alternating tone pitch, fast rhythm off dissonance;

— medium-term message: patterns of segments with constant pitch, the shortest at least 0,3 s;

— long-term message: two-times chimes, high-low non recurrent, followed by a verbal message or a visual
display (seeTable 1).

5.3.4 Perceptual discriminability of tonal signals — Recommendation
It is important to make sure that there is no confusion among the various signals in the vehicle's tonal
repertoire. When a new auditory signal is proposed or introduced in a vehicle, it should be verified that it will

not be confused with existing signals, particularly if this signal is a safety critical message.

A possible procedure is provided in Annex B.

© 1SO 2004 - All rights reserved 5
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5.4 Speech coding

5.4.1

General

Speech coding should be used if the driver has sufficient time to listen to the full message before it is

necessary to

5.4.2 Voca

choose a course of action.

bulary — Recommendation

The messages should have a consistent and simple vocabulary. Within each TICS application, the speech

vocabulary s

hould be consistent with the written vocabulary.

EXAMPLE 1

EXAMPLE 2
symbols.

EXAMPLE 3
EXAMPLE 4
543 Com
A long audit
these and ot

units which G

NOTE TH
cityname] = th

Moreover, it
delivery is ¢

The same words are used for written and spoken messages.

Small differences exist when the written vocabulary includes non pronounceable abbreviatid

Risk of auditory confusion suggests use of other words for verbal message.

Language-specific differences between written and spoken messages.

position of message

bry message imposes demands on attentional resources and”short-term memory. Becau
her limitations associated with human information processing ‘capacity, the number of inforn

ompose a message should be limited.

e number of information units is not necessarily the same as the number of words, for example, [cl
fee words, one significant unit of information.

fakes a finite time to deliver a complete message and the message may not be understooqg
bmplete. Verbal messages should consist of not more than five units of information. If |

messages have to be given, they should be separated into meaningful information units also consisting

more than fiV

In the case o

— sequeng
1) to h
con

2) plag
[con

— providin

f complex auditory information;.the driver may be helped in different ways:
ing the units of information-in order of potential relevance:

elp the driver to quickly decide whether to “tune-in” or “tune-out”, depending on the meg
ent, e.g. [on A 48]+close to cityname] [congestion] [for 10 km], and

ing the action-related unit of information at the end, e.g. [on A 18] [close to cityn
gestion]Nfor 10 km] [take exit 7];

J keyswords (e.g. “traffic message”), prosodic cues and highlighting;

ns or

se of
ation

bse to

until
bnger
bf not

e units of information. The more urgent the required action is, the fewer words should be usgd.

sage

ame]

messages;

6

providing a means for the driver to request that the message be repeated.

Hierarchy of message presentation — Recommendation

providing redundant visual displays, at least for the principal units of information, particularly for long-term

The following recommendation applies to each individual TICS, and to any TICS that are integrated. It is
highly desirable that TICS be integrated so that all auditory messages can be managed across all the TICS in
a vehicle. However, this recommendation should not be interpreted as mandating TICS integration in a vehicle.

© ISO 2004 — All rights reserved
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If situations arise in which multiple auditory messages have to be presented simultaneously, these messages
should not be presented concurrently, but should take account of the priority of each message.

EXAMPLE 1

Priorities between information categories and within a specific category shall be pre-defined
accolint safety relevant criterion, for example, according to the procedure given in ISOATS 1
priorifies strongly depend on the particular TICS: the area of messages that could bé |comp
mesgages could be competitive, in which specific situations, etc. The time delay betwéeh mess
and gritical events shall be selected according to the urgency of the intended action.

EXAMPLE 2 The highest priority is accorded to messages which require immediate action. Within th
safety critical message has a higher level of priority than a route guidance message.

The presentation is sequential regarding priority, or
only higher priority message is presented, or
ongoing lower priority message is stopped and delayed/deleted, or

one message will be presented through the auditory mode and the other one through the visual mode.

, taking into
5951. These
btitive, which
sage delivery

is category, a

The trecommendation is satisfied if evidence is available by the manufacturer that — for each indlividual TICS

and for any integrated TICS — tonal and speech messages are ranked according to their prig
highgst priority message is presented first, and that there is no“risk of simultaneous deliver
mesdages.

Assigtance for ranking the messages according to priority is’given in ISO/TS 16951.

7

71

A mgssage concerning the safety of the dtiver or other people, and requiring immediate action
shall
chanpel. This requirement is necessary because, owing to hearing impairment or masking backg
all drjvers will not be able to perceive the auditory messages.

Guidance in the process of identifying of safety critical message is available in ISO/TS 16951.

7.2

The fequirements.are satisfied if every auditory safety critical message is also presented in anoth
modeg. Other modes for presenting the information may be visual, haptic and/or kinaesthetic.

Pafety critical messages

Requirement

not be presented exclusively by‘auditory means, but shall also be presented using ang

Compliance procedure

rity, that the
y of auditory

of the driver,
ther sensory
round noise,

br perceptual

© 1SO 2004 - All rights reserved


https://standardsiso.com/api/?name=a1b8d9a13f0dd4c6d21ad977bcb89698

ISO 15006:

2004(E)

Annex A
(informative)

Measurement conditions and equipment

A.1 Measured quantities

According to

1ISQ 5128 _all rpnr'lingc of the sound level meter are to be taken with the dynnmin characteristic

"fast", and th
in decibel or

A.2 Meas

The sound Ig

For the meag

A.3 Instaljation

The acoustid
preferably, W

The microph
requirementg
and 7).

e values to be measured at the microphone are the A-weighted sound pressure level exprgssed
| Aeq energetic level expressed in decibels, A-weighted.

iring equipment
vel meter is of the precision class according to IEC 60651.

urement of noise spectra, the filters meet the requirements of IEC 60225)

al measurements are conducted either in a laboratory environment (i.e. a quiet environment) or,
ith sound-generating devices installed in the vehicle in the'yeal location.

one(s) used for the sound measurement will De"located close to the driver's ears| The
of ISO 5128 shall be followed regarding the outside acoustical environment (see Clauges 6
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