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Abstract: Problem statement: The rapid development of Driver Assistance SystBYAS) provides
drivers with radically enhanced information anddtionality. The nature of the current DAS requires
a complex human-machine interaction which is dising and may increase the risk of road accidents.
The interaction between the driver and DAS shouddtlae driving process without interfering with
safety and ease of vehicle operation. Speech bagedaction mechanisms employed are not
sufficiently robust to deal with the distractiondanoise present in the interior environment of the
vehicle. Approach: Thus, suitable hybrid earcon/auditory icon desigmgiples for DAS are
developed. These interfaces are investigated inndrisimulators in-order to test their durabilitpca
robustness. Several evaluation parameters will pgliedd. This will ensure the driving-related
information from the DAS was delivered to the driwgthout affecting the overall driving process.
Results: This study produces auditory design principles ifdormation mapping (visual into non-
speech based interaction) and presentation frankew@s produced. It outlines representation
architecture that enables concurrent auditory dgvielated information to be transmitted from four
different sources in the vehicle’s interior envineent. It outlines a set of hybrid design principlleat
integrates auditory icons with earcons to map aiedent real-time driving related data from a visual
to a non-speech auditory interfacgonclusion/Recommendations. The major contribution of this
research project takes a genuine approach by emwidthe entire DAS (safety, navigation and
entertainment subsystem). It proposes hybrid reptason strategy based on the cognitive availgbili
of the driver and cognitive workload. It was a sfigant discovery that aid future DAS auditory
interaction design.

Key words: Earcon, hybrid, auditory icon, Driver Assistancesteyn (DAS), synthetic speech,
hierarchical architecture, earcon recognition, Bymgous, psychoacoustics basis

INTRODUCTION reduce the reaction time towards event detectiah an
poses lesser danger to the driver (&Ghal., 2010).
Currently, most of the driver assistance systemas a Improper application of synthetic speech based
derived from a visual-based interaction channelcWhi interaction for driver assistance system can have
displays complex information at a high rate (Staliha hazardous implications (Winters and Pisoni, 2006).
2009). As this requires a high visual processingThis is because synthetic speech-based interaction
capability, the driver’s attention to the drivingsk is  poses high cognitive load on the driver's shorimter
considerably reduced. Hence, there is a tendency fonemory (auditory-speech processing capabilitiebe T
information to be misread as the driver's attentionuse of synthetic speech may also be annoying fmeso
ceases and is not focused at the right place duistal  driver and loses its prosodic information. Furthere)
information overload. Moreover, these driver assise  the driver is loaded with other incoming speechellas
systems increase the driver’'s reaction time toaleta  interactions from the different types of driver
event or incident and reduce the view of the roadsty  assistance system while driving. The driver asststa
driving. The in-vehicle environment becomessystem sometimes requires the driver to perform
information-intensive where the visual channel issynchronous interactions with the vehicle’'s control
overloaded, hence unnecessarily jeopardizing thenechanisms (Caet al., 2010). The cognitive ability of
driver's and the passenger’s safety (Mohameadl., the driver is reduced, especially in a demandirgruy
2010). situation (Winters and Pisoni, 2006). Since theeatts
Auditory (speech and non-speech) basedlistraction becomes a significant problem, the huma
interaction for driver assistance system is known t machine interface needs to be designed as effigiant
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2 possible. These driver assistance systems mussed in ways suggested by the common Human
function without decreasing safety as well as g¢ase Machine Interaction principles but in a DAS inteda
overall driving process (Staubach, 2009). certain modification is needed. One essential step
forward would be to have a method to find whereewh
Auditory based interaction research issues: In this  and how sound applied to the DAS'’s interface wdadd
research project, non speech based interactionseful. This research project proposes such a metho
architecture is proposed to complement the existing
visual based interface. It is an alternative totlsgtic = Recognizing and memorizing earcongauditory
speech based interaction for driver assistanceesyst icons. The application of the characteristics of auditory
(Edlund et al., 2008). It integrates the attributes of based interaction requires a strong psychoacoustics
auditory icons with earcons. This study discus$es t basis. An important factor in the usability of eans is
research issues on earcon and auditory icon'#s abilty to recognizing and memorizing
interaction and design principles. These reseashes earcons/auditory icons (Garzonigt al., 2009).
must be borne in mind when creating auditoryStructured sequences of sounds should be easily
interaction mechanism for DAS (Fastrez and Hauérecognized and remembered as that will aid the'siser
2008). As nothing can be done about them; intesfacememory. With the inheritance features, there igigue
must be designed around those problems. parameter of attribute to remember at each lebhels t
making group earcons simpler to remember. Initjally
Earcon and auditory icon design principles there will be much to learn but later extensiont e
assessment: Earcons and auditory icons have an edgesimple. Group earcons seems to be a suitable
over each other in certain conditions and that laridy mechanism for representing hierarchical architectur
of both might be the best for in-vehicle environten such as menus or errors (Smihal., 2004). Group
(Sodnik et al., 2008). In some circumstances, earconsarcons could provide auditory clues about wheee th
might be best because of the structure manipulatioruser’s location is in the hierarchy, without addinghe
especially if there is no real-world equivalentwdfiat  visual information present. Unfortunately, previous
the sounds are representing. Indeed, there magrbe s research in this area did not realize a systenaafons
circumstances where the natural sounds of auditorgnd perform experiments to see how effective they
icons can be manipulated to give the architectdre owere: Their usefulness is unknown.
earcons. In our daily life, there is a continuum of Earcons are built on different parameters andishis
sounds from the literal everyday sounds of auditorythe most important mechanism for grouping sountis in
icons to the abstract sounds of earcons. The eavilbn sources of grouping. It has been suggested to #eep
be heard more as a whole source and the sensitivity sound used from the same attribute and in the same
the earcon moves more towards the figurative side devel because listeners can detect distinction &etw
the range. Therefore, earcons and auditory icomsar groups of sounds if all the attributes in one soaralat
necessarily different in certain cases. Both have different level from the other (Garzomisal., 2009).
advantages and disadvantages but these can Besides that, loudness sensitivity is crucial dexint
maximized/minimized by looking at the properties of loudness is used to make a distinction among earcon
each one of them (Sodnit al., 2008). This research for in-vehicle environment. Earcons have certain
project will attempt to look more closely at the benefits over auditory icons because earcons have a
properties of earcons because, as yet, little mwkn more organized configuration. This may reduce the
about them for DAS applied in-vehicle environment.  learning time and the cognitive load, but have lmegn
Therefore, some clear experiments to test théested. Auditory icons can be easily distinguisheds
usability of the earcons for the DAS applied indeth  based on real sounds and linked by using a semantic
environment are needed as a set of guidelines Ifo heconnection to the objects they symbolize. Earcars a
designers build effective auditory based interactio absolutely abstract, in relationship to the objbeit it
(Sodnik et al., 2008). The work described in this represents (Sodnié al., 2008). This causes the link to
research project attempts to deal with these pnokle actions or objects within an interaction to be more
Earcons are experimentally tested for in-vehicledifficult. Another earcon mapping and cognitiveuisss
environment and from the results, a set of strategre  that information mappings for a sound may be daffer
created to help earcons design principles for DIiS. and so the meaning of an auditory icon for in-vkhic
the work on earcons and auditory icons, little ¢adion ~ environment would have to be learned (like an agrco
is given as to where and when sounds should beinsed (Hoggan et al., 2009). Problems of uncertainty can
the DAS’s interface. It proposes that they shoudd b occur when natural sounds are taken 3 out of therala
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environment and placed in an in-vehicle environment Low

Earcons have a built-in architecture that can pdsél m
edited. As auditory icons are only just beginnimg t

adopt this (Yalla and Walker, 2008) building stures

with them at present is difficult. An important gteill i

be to test a DAS that uses earcons to discover thei [:m
advantages and disadvantages. A major part of this

research project is to do just this and find outvho

effective earcons are for DAS (in-vehicle enviromte High

DAS navigational and notification guidance: For W

navigational guidance purpose, 2 basic auditorygco

were used as the base sound in the earcons. Theyy. 4: Set 2 earcon sample waveform
indicate the left and right turning. The subjecterev

exposed with these auditory icons before the dgivin Earcon1 Earcon2

simulator experiments. 4 sets of different earcesigh L I T

principles were tested on different driving routekese silence period

designs were derived from previous research wankis a 1 1 1 Silence period s
suited for DAS'’s interaction purpose (McGookin and

Brewster, 2004). The intensity (loudness) of the R AR W

auditory icons was increased to indicate the distaof

a particular turning as illustrated in Fig. 1 and 2 Fig. 5: Set 3 earcon design architecture

Set 1: In set 1, the amplitude of the earcon increases as Low
an indication toward higher level of notificatiorhis is
the simplest design principles employed in theseoke | F F
earcons.
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Increasing intensity of the base earcon but fixed length

High
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Fig. 1: Set 1 earcon design architecture
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Fig. 6: Set 3 earcon sample waveform
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Fig. 2: Set 1 earcon sample waveform Subject
AR A
Earcon Silence period § - Speaker to create a surround spatizl environment
Fig. 3: Set 2 earcon design architecture Fig. 7: Experimental layout
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Set 2: In set 2, a silence period exists between theposed to the driver that will later produce a gitra
ercons. The silence period’s length changes aaegrdi where the driver is talking to passengers in thaiole

to the notification period as illustrated in FigaBd 4. while driving based on the direction and guidance
At a lower notification level, the length of therean is  (simulating cognitive load) from DAS (Igbadt al.,
short and the length of the silence period is long2010). Total number of subjects: 25.

between earcons. As it gets to a higher level of

notification, the length of the silence period reesiand RESULTSAND DISCUSSION

the length of the earcon increases. At the higlesst

of notification, the earcon’s length and intensity In the driving experiments, 2 evaluation paranseter
increased to alert the subject and there is a cglen were used: earcon recognition and number of correct
period between the earcons. turnings. In the earcon recognition process, thgesis

are required to identify the set and level of ncdifion
Set 3: In set 3, the earcons’ attributes do not changepf each earcon (Weslest al., 2010). Two random
but the silence period’s distance changes. Thecsle earcon from each set were presented to the subjects
period’s distance reduces as it goes to a highe@x4 sets-total of 8 earcons in each expmt).
notification as illustrated in Fig. 5 and 6. Thisanging ~ Besides that, each set were used to provide néofigat
attribute is variable and dependent on the distance ~ guide during each experiment (total of 4
set/experiments). The results of these experimargs

Set 4: Description: Set 4 is the hybrid of set 1 and set 3Shown Fig. 8.

It is a compound earcon that consists of a baseoear The subjects were able to perform all correct
and silence periods. In set 4, the amplitude oftthge  tUTNING based on the navigational guidance foSsad
earcon and the length of the silence period change® The subjects were also able to correctly idgralf

according to the distance attribute. The amplitotitne ~ €arcons from set 4. This proves that the subjeds a
base earcon will increase and the silence peridt wi able to differentiate and recognize the attribdtesset

reduce as it goes to a higher notification level a The above results also show the learning aslitf

illustrated in Fig. 7. Therefore, set 4 is flexibdad the subjects towards set 4. This is proven by the

noticeable because of its variable features. increase of the subject’s performance after eaeimat
(Garzoniset al., 2009). The silence period improves the

differentiation process between the attributes that
comprises each individual earcons and the assdciate
design rule. Therefore, the design principles fer 4

_Auditory Lab Experiment aims at the subjectScan pe utilized and further applied to other DAS
(driver)’s ability at recognizing and memorizingeth f,nctionalities.

auditory  icons/earcons that represent certain

functionalities of the DAS. The driving experiments o

involve the use of computer based vehicle controls

(steering/pedals/panels) and a driving simulator to

create a real-time driving environment (Weinbergl an

Harsham, 2009). The subject is supposed to drive in

computer-based driving simulator through a series o 13

roads that includes a few junctions/traffic liglnsan

urban traffic condition. Before the experiment, the 10

subject is given 15 minutes to test drive freelythe

driving simulator. The subject does not know theteo 59

of the driving course. The subjects would not drave

the same route more than once (different routes anc © T T T 1
driving conditions). Therefore, these experiments a Set1 Set 2 Set 3 Set 4
not repeated to ensure maximum dependability of the

driver on the DAS (Chaet al., 2010). While driving,  Fig. 8: Subject's performance evaluation towards
questions based on the earlier reading materidlbail correct earcon recognition (Set 1- 4)
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Fig. 9: Set 4 earcon design architecture
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The hybrid architecture is derived from a compound earcon’s basic architecture

Basze sound consists of an auditory icon. It iz because an auditory

,m — icon has resemblance to real world driving related activity.
Therefore, drivers are able to identfy and remember each base
sound with minimum traming

o — J— (A

The amplitude of the base sound mcreases as an mdication for higher level
notification. The notification iz based on the distance attribute

The length of the silence period reduces as an indication for higher leve
notfication. The notification is based on the distance attribute (notificatior
level mereases as the distance to certam wammg/driving related activities
reduces).

Fig. 10: Hybrid earcon design principles
CONCLUSION

In this study a holistic approach for information
mapping (visual into non-speech based interactio)

Edlund,

Fastrez,
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