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ABSTRACT

Sound gardens rely on location tracking technology to situate
audio landmarks in public spaces, typigalrban parks. These ¢
landmarks are surrounded byw®oximity zone,and content relat
ing to them is displayed to users within this region. In densely
populated sound gardens, overlap between zones is ine\atable
will result in simultaneous playback ofultiple audio sourceBa
potentialy confusingsituation.We propose an urban soundr-ga
dendesignfeaturingboth overlapping proximity zones and spat
alized animal sounds to attract the @emttention to particular
landmarks in a nonguided exploratgr environment We first
presenta detaileddescription ofour sound gardenedign andthen
reportresults from a user study whichour proposedgound ge
dendesignprovided a much greatesense of discovery andhi
mersionwhen canpared tathree less compk designs

Figure 1. Municipal Gardens in Funchal, Madeira. Still m-
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stable results, while improved tkiog systems (e.gdifferential
1. INTRODUCTION GPS) are able to effectively operatetwsimaller zones.

A sound ga_rderﬁl] _is a virtual audio en\_/ironment Wosed ofa This paper considers a sound garden using conventional GPS
set of precisely situated sounds spatially overlaid on an “rbantechnology (widely available and with an accuracy of approxi

park_. Using G_P_Sor W.IFI technology_, the pason of Users ir} mately 10m) and featuring a dense population of landmarks in
relation to speific audio landmarks is tracked and information order to provide a rich user experience. In such a systeis

related to their pramity to these landmarks is gsented. Asound inevitable that the audio activation zones around multiple-land
garden IS usuallyntend_ed for users to _casually explore andeexp marks will overlap, as illustrated in Figure 1. This is especially
rience rather than navigate via predefined paths. The uns’[ructureqlike|y in sound gardens where users are not expected to follow a
natureof this activity presents unique challenges for the design of predefined route. Managing the resultant simultasegiayback
audio feedback to support exploration. Fundataiy, individual of sounds requires careful design of cues and intera@itor
landmarksneed to advertise themselviesth to attractthe userOs example, playing two or more conflicting speech sampiey

atte_ntion gnd support _subsequent targeti_ng. jihistypically overload users anghay not be desirable. One way to manage the
achievedusing an acoustic beaddsounds which aotate when a osatation of this information is via costt minimization and
user is within a spefi¢ distance from a landmar]. Two con- o peqenting soundsvith either Earcons orAuditory Icons [e.g.
centric levels of baconing feedback are beneficial, the first in a [3]]. This paper explores and extends these techniques.jbpes
er]de prol><|r?|ty (szne and_thehseconq in a narrower a'_"g" zo(r;)e. the use of symbolic earcord], environmentalaudio sounds

The goal of audio cues in the proximity zone iptovide unco- which rely on abstract mappisdoosely assoeited to landmarks
trusiveaudio guidancewhich enables a user to move towards the (providing a low impact cue to presence and location) spadial

agg\_/z_itlonl zone. ane fjh's 'B'.’l zk())lne Ishsuccessfqlrl]peach_edd_ audioto make audio landmarks appear to originate fdifferent
additional content is made available to the user, either to indicate| ) 4tions Ultimately, we ained to answer the following qse

that a landmark has been found or to provide structured iaform tions: 1) how useful were the symbolic ears? Did users find

tion describing |t Beyond other design consideraﬂqhe size of them appropriate for disamhigting the audio landmark) To

these zones is influenced by th_e recy of the ”".*Ck'”g technol what extent did the use of spatialization and spatial audiosaid u

ogy: larger errors (e.g. conventional GPS) require larger zones forg;q \yhen they were faced with overlapping audio landmarks? Did
these techniques help augment the aepee’
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2. FUNCHALOS URBAN SOUND GARDEN

To explore these issues we created a virtual sound garden in the
Municipal Gardens in Funchal, Madeira. The sound garden ran on
a Nokia N95 8GB using software adapted from the Mobile Trail

Explorett application together wit the Head Related Transfer
Functions (HRTFs)5] and the JAVA JSR34 Advanced Muit
media Supplements APto position the audio sources. The user
location was determined using an external QstarzQRU00X
Bluetooth GPS receiverandhead orientation (compass heading)
was determined using a JARBensor pack also connected via

Bluetooth. They listened to the sounds planted in the garden using

a pair of headphones. The GPS reeewas placed on the fia
phoneOs left eaup and the JAKE on the crown of the head, in

mounted using Velcro tape (see Fig®e No predetermined
routeor visual aids such as maps weprevided to the user.

2.1 Audio Landmarks: Content and Configu-

ration

Five different symbolic earcons in the form of recordings @f an
mal sounds, i.e. owl, goose, cricket, nightingale &od, were
created to alert the user of the presence of five phykcdt
marks, i.e. the Rua Sao Roisco; a Coat of arms of Saint Francis
convent; the Statue of Joao Reisns; the cafZ anthe pond
(see Figure 1)Animal sounds were used to identify thmarks
because they seemed a good fit to the natural environfent
each ladmark, a brief audio clip
containing factual information about
the site was synthesized using €er
procOs (www.cereproc.com) British
English male RP voice. Both the
anmal sounds and the audio clips
were mono, 1&it, sampled at 16
kHz and normated to a convess
tional volume level (pprox. 60
70dB).

Two circular zones surrounded each
landmark: activation (radius 10m)
and proximity (radius 25m) zones.
Due tothe size otthe gardeng§2m x
109m), only three landmarks had
overlapping proxirity zones while
the othertwo were islated. Figure 1
shows the audio landmark configur
tion.

Activation Zone (10M)

< »

" Proximity Zone (25M)
Figure 3. Audio land-
mark, gradient indicates
volume. User A (looking
up in figure) hears a
quiet sound to the right;
User B (loking down)
hears a louder sound
front left.

When the user entered the pmoiy zone, the symbolic earcon,
i.e. animal sound, corresponding to thatdlaark was triggered
(see Figure3). The animhsound increased in loudness an u
dated its spatial orientation as the user walked towards tde lan
mark. Once in the actiion zone, the audio clip could be played

(and the animal sound stopped) by pressing the central navigation

button on the mobile mne.

3. USER STUDY
Eight users(6 male, 2 femaleall right-handed participated in a

! http://code.google.com/p/mobiteail-explorer/
3 http://code.google.com/pljatdrivers/

Figure 2. Experimental setup. 1)
JAKE sensor, 2) GPS receiver, and
3) mobile device.

the middle of the headphone®s headband. Both sensors wefdudy comparing a fully spatialized audio landmark caméigon,

as described in the previous section, to three other less complex
alternatives: 1) Symlblie earcons and limited audio ajalization
(distance only), 2) Symbolic earcons but no audiialization,

and 3) No sgnbolic earcons or audio spatializatjooanly audio
clips with landmark informatiaritwo different participants tested
each configuran. When wadering around the park, the use of
earcons made the discovery of landmarks less Oalamgt@ore
OlivelyQln sitwuations with multiple sound smces, although users
did find overlapping sounds harder to deal with, trepprted that
Oovaesll the localization was easyénd heading information
helped Hearingoverlapping sounds at a distance that the user had
already heard offered the added benefit of Ofamiliarization with
the surroundings@verall when spatialized audio was used;-pa
ticipantsreporteda greater sense of @uiveryO an@mmersiorQ

and thereforespent longer in the gden (on average 21 mins
when spatialized compared to 11.49 when not dimd). Users
alsoreportedhe experiencé be playful and enggng.

4. CONCLUSIONS

This paper presented amban sound gardedesignsupporing
overlapping audio landmarks (with a mix of earcons, spatial audio
and speech contentResults froman initial user studyshowed
that our sound gardeuesignprovided a greater sense of inmme
sion, discovery and playfulnessen in a densely palated audio
space It also allowed users todiscover the content and their
surourdings at their leisurgvith no guidance ohelp fromvisual
aidslike maps We believe thseresultsshow that arexploratory
sound garden desidike the onedescribed in this papean ce-

ate a rich and compelling locative mobile audiviranment.
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