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Proximal Control Through 3D Audio

This paper documents my search to find ways to create more intimate and
personal experiences for voice interfaces. This basic assumption isthat proxemics
plays are large part in socia communication and these cues were nortexigtent in
current voice interface. | then discuss proxemicsin detall and the importance it
playsin our physica world and how new technology in 3D audio isableto
reproduce these audio cues. Finaly, | merge proxemicsand 3D audio to discuss
the implications for controlling virtua paces through the use of 3D audio in
technology.

What Are Proxemics?

Voice interfaces have amazing potentid and are sure to greetly enhance people's
efficdency and interactions with in the future. However, a necessary step in the future for
designing a successful voice interface will be to account for the role proxemics play in
socid interactions. Proxemics can be summarized as the study of spatid distances
between individuds in different cultures and Stuations. Proxemics is important to voice
interface because it is amain component people use for successful human-humean
interactions and thusis necessary for equally successful humancomputer interactions.
The auditory sense plays an important role in proxemics because sounds are responsible
for giving people cues about physica location and distances of people and objects in their
surrounding environment. Most of the mgor research in proxemics was done by Edward
Hall in the 1960's, in which he developed the four zones of proximity. He defines these
zone astheintimate (1- 18 inches), persond (18in - 4ft.), socid (4-12ft.), and the public

(12+ ft.) (Hall, 1966). The one drawback to proxemicsis that every culture tends to have



different rules for their four zones of proximity. However, because voice interfaces are
aso cultural dependent, | will be focusing on the effects of proxemics within America
The intimate zone is usudly reserved for only the closest people in our lives,
lovers, friends, and family. At the nearest distance between 1 to 6 inches, sound isused as
reinforcement that the person is close, and the primary form of communicationin this
areais conveyed by touch. However, beyond 6 inches the voice becomes important again
in communicating distances and location. When a person is spesking to someonein their
intimate zone the voice is usudly very close to their head and isin avery low voice or
even awhisper (Hall, 1966), the obvious exception being when two people are fighting.
The second zone or persond distance is "the term used to designate the distance
consstently separating the members of non-contact species. It might be thought of asa
small protective sphere or bubble that an organism maintains between itself and others'
(Hdl, 119). The extent of this zone is gpproximately four feet or the distance between
two people when one person's hands are stretched out touching the other. Again, this
zoneismainly reserved for people who are close to us and the voice level is moderate.
Our third zone isthe socid distance 4- 12ft. In this zone the mgjority of business
is conducted. Closer for more informal business and coworkers, while farther out on the
spectrum for forma business. Also, thisis acommon distance for casud socia gathering.
At thefar end, beyond 7 feet the voice is noticegbly louder and "can have the effect of
reducing socid distances to persond distance. (Hal, 123). Finally, the fourth zone dedls
with our public space of 12 feet and out. Since this zone has no red end, the most
important areais between 12 and 20 feet because the human ear |oses efficiency beyond

twenty feet. Inthisrangethe voiceisloud but dill not a full volume. Additiondly,



"linguists have observed that a careful choice of words and phrasing of sentences as well
as grammatica or syntactic shifts occur at this disance” (Hal, 123).

Proxemics are important because everybody follows the same ruleswithin a
particular culture. Thus, the implications which are discussed later are numerous, because
each zone is gpplicable to specific interactions that voice interface will be deding with.
Thus, if it is possble to control distance and location cues artificidly through stereo
speskers, it should be possible to control proximd rules that will enhance specific

interactionsin socid gtuations.

3D Sound

Since proxemics plays an integrd part in human-humean interaction the same
responses should occur in human-computer interaction. This assumption led meto my
next step which was researching if and how technology could control proxima cues
through audio. The search was surprisingly rewarding as | sumbled upon a hdf adozen
companies that are dedicated to 3D audio. Out of al the companies, one stood out above
al therest in their gpplication of developing 3D audio. The company is caled SRS Labs

(www.srdabs.com) and while it is not necessary to go into detail about the company and

its productsin this paper, their research and development of 3D audio should be
monitored.

3D sound differs dramatically from stereo sound which a best provides a left-
right panning effect and is generally redtricted to a one or two dimensond plane. On the
other hand, 3D sound seemsto originate outside of the listeners head in three dimensiond
gpace. It can place sound above or below, to the left or right, and in front or behind a

person (Intel Corp., 1997). On top of this, 3D audio is able to accomplish this with the



use of only two speakers. 3D audio is based on the principas of how the human ear
hears. These principles have been broken into three distinct areas which are responsible
for generating 3D audio in our environment. The first mgor cue for 3D sound is called
the Interaurd Time Delay (ITD) and islargely used to determine | eft vs. right
locdization. The ITD isthe difference in time it takes a sound coming from acertain

direction to hit your ears (Figure 1). For example, acar's horn honking to your left would

=ound Sourcs

hit your left ear a brief second before it can get
around your head and into your right ear. While,
thisis astrong cue, we are aso dependent on what
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Thus, the same car horn would be louder in the

right ear than the left because the head dampens the sound. This dampening affect is
caled the head- shadow effect (Duda, 1997). With these two cues we can very accurately
locate sounds coming from the left and right. The third major cue our ears use for 3D
sound is called Head Related Transfer Functions (HRTF). The HRTF captures dl of the
physica cuesto source locdization by accounting for the spectra shifts caused by a
variety of physica features. These are "the shape of the pinna (outer ear), the absorption
of sound by our head, hair, and body, sound reflections off our shoulders, etc.” (Pulido,
1997). The HRTF islargely believed to be responsible for front and back localization
Important to note the HRTF is far more complicated than reported here, but as this paper

is dedicated to 3D sound use in voice interfaces, further explanation is not necessary.



SRSstechnology essentidly mimics these diffractive effects by extracting
information from a recording thet origindly came from the sides and rear in aphysica
environment. SRS then uses HRTF based corrections to cause the ear to perceive these
soundsin their origind spatid relationship. Thus, SRS is essentiadly able to fool our ears
with two speakers by reproducing the natura frequencies the sound would have made in

aphysica environment.

Implications

Based on the research and first hand experience with 3D sound, | fed that it is
highly feasible and redlidtic to reproduce natural acoustic environments through two
speakers. Thus, it should be possible to control the four zones of proximity in virtua
environments though the use of 3D sound. Being able to control the four zones of
proximity in voice interfaces and in technology begs for further research of thefull
implications 3D audio hasto offer in creating more red, persond, and intimeate
experiences with technology. Below | outline afew key areas where 3D audio can

immediately be gpplied to control socid proximity in voice interfaces and computers.

Privacy issueswith Speech to Text and Text to Speech systems.

One mgor areadeveloping in voice interfaces is Speech to Text (STT) and Text
to Speech (TTS) gpplications. These gpplications will dlow a person to talk directly to
the computer and visa-versa. For example, a person will not be required to type an emall
message anymore and instead can just speak the message while the computer is
converting the speech into text. Many companies fed that thiswill be akiller goplication

for computers. However, | fed that the current modd will not hold up because issues of



privacy and eavesdropping will be greater than anticipated which would dissuade people
from using such systlems. Only in a closed environment would a person fed comfortable
talking out loud to their computer, but many work environments today are open. Itis
possible that 3D sound could diminate the psychologica negetivesof STT and TTS by
creating aimmergve environment which crestes an intimate bond between the user and
computer. 3D sound would in turn alow the user to speak naturdly at aintimeteleve of
voice which is "usudly very doseto our head and in avery low voice or even whisper”
(Hdll, 1996). Thus at an intimate level the user voice is not projected loudly and nor isthe
computer's as it places the sound closer to the users head. Thisleve of intimacy and
engagement through proxima control would diminate most concerns of anxiety

attributed to privacy and eavesdropping.

Virtual Environments

Another applicable areato 3D audio isit usagein virtua environments such as
chat rooms. With 3D audio it is possible to create a virtual space with sound. Thiswould
create ambient and background noise of other people in the room, but only the direct
conversation will be crystd clear. Additiondly, people can take on aphysica locationin
Space as one person you are talking to appears to on your left, another person isto your
right, with afriend approaching from behind you. Chat rooms can be further enhanced by
didting the same proxima cuesthat occur in red world communication. Y our friendsin
the chat roomsfed closer and resde in your intimate and persond space where other
peoplefed as though they arein your socia space. Additiondly, talks could be given
over theinternet to fed like avirtua auditorium utilizing cuesin our public space.

Furthermore, people can follow socia norms of non-verba cues so when someone pays



you a complement it feds as though they are moving closer to you. Additiondly, online

romances will benefit greetly aswdll.

Teleconferencing

Tedeconferencing like virtud environments will also bendfit from cresting a 3D
environment. Instead of just talking into space, our voice can be directed towards the
person asthey appear to be to our left, center, right, front, or behind. With 3D sound it is
possible to create a phantom meeting where everyone feds like they are Stting at atable
as oppose to being on the phone. Additiondly, the conversations will be more sdient as

the sounds are richer, clearer, and more life like compared to traditiona telephony.

Virtual Mapping

The last potential application | will talk about deals with expanding a computer
screen beyond its physicd dimensions. With 3D sound it should be able to put
applications off into space, thus building aphysica office in the user's mind. These cues
could creete a office by making it fed as though the mail box which receives emal is off
to your left, your fax isoff to your right, etc. In this scenario sounds would be associated
with these events, but the sounds would appear to becoming from different parts of the
room. This concept could aso be incorporated into networks to use the principles of
soaid fadilitation in office settings. Essentidly, this could eventudly be used in reverse
of the solution for with Speech to Text and create a "big brother iswatching you' effect
in pecific Stuations.

Another way 3D audio can be used isfor expanding the desktop in the use of

agents. Programs are increasingly being designed with persona agents and expertsin



mind. 3D sound could alow for avirtua room of experts which would dlow it to fed as
though certain experts were positioned around you. Furthermore, proximal rules could be
gpplied to create a socid distance which is more forma and giving more credibility to the
agents.

While there are many implications, these are only afew of how 3D audio can
effect voice interfaces and gpplications in the future. The next step isto move beyond the
hypothetical implications of proxima control through 3D audio and to gather facts

through aset of experiments.
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