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THE "BRAIN' MODEL OF I NTELLIG BILITY IN BUSI NESS TELEPHONY

"I amin susquehanna jail. Susquehanna.
S-u-s-qg -

'Q! "Q"' you know, the thing you play billiards
Wit h.

Billiards. B-i -1 -1 —-i -
No, 'L', for 'Larynx!'

L-a-r -y -n-

No! Not "M! "N II!

"N, as in '"Neighbor'! N-e — i

---Eric Blore, in jail and on the phone to Fred Astaire in "Shall W Dance,"
1937

| nt roducti on

There are tinmes when there is no substitute for being understood
on the tel ephone. Well before 1937, the limtations of the

tel ephone in accurately conveying speech were known. Irregular
and limted bandw dth, noise, variations in end-to-end | oudness,
sidetone and distortion had all been identified as contributors
to degradation of the spoken word. In 1910, Canpbell perforned
experinments in which he found 59 percent accuracy when words were
call ed over the tel ephone, as conpared to 96 percent through open
air. The abilities of the tel ephone as an efficient and
accurate channel for human speech have al ways been regarded with
a bit of a wwnk and a chuckle, tolerated due to a comon
understanding that it is the best avail able.

Despite nodern digital trunking and switching technology, this
remai ns an everyday problem Wiy? Anal og | oop | engths, building
wiring, variable |ine equalization characteristics, poor handset
and speaker phone desi gns, m xed networks, noise in conference
roons, paper shuffling, pen tapping, fan noise, and a host of

ot her issues are still with us, even here in the digital age.

Thi s paper discusses these issues and presents the "BRAIN' nodel
of critical elenments in business telephony. W show how their
mut ual dependenci es can be used to inprove tel ephone and audi o
system perfornmance, and how contenporary systens can produce
direct benefits to clear communi cati ons.

What Di stingui shes Busi ness Tel ephony?

I n business, the critical role of the tel ephone is magnified for
a nunber of reasons. Consider the follow ng characteristics of
busi ness t el ephony.
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THE "BRAIN' MODEL OF I NTELLIG BILITY IN BUSI NESS TELEPHONY

 Tine is often in nore demand than in personal telephony,
whi ch nmakes m sunder st andi ngs and "can you repeat that?"
nore frustrating. Meetings have fixed |l engths, so |ost
time is irretrievable.

* The nature of discussions nakes accuracy critical, so the
many ways that tel ephones distort speech and degrade
accuracy carry a real cost to business.

» Users are often talking to people that they do not know
and have never net before. A phone call is the first
i npression for both parties in a high-value rel ationship.

* Phone calls often occur between people who have different
native | anguages or dialects, so accented speech is added
to the other burdens of tel ephony.

« Conferences occur anpbng groups, which increases both the
cost and the potential value of the neeting due to the
nunber of participants and the difficulty of scheduling
them Yet, to accommbdate such a group, the quality of
t he sound nust be degraded because sone kind of
speakerphone is required. This can introduce room
reverberation, fan noise, clipping and feedback,
interruptions, and nultiple participants sitting near and
far away.

* Having nmultiple talkers participating in a conference
makes fast and accurate identification of who is talking
nore inportant, but also nore difficult.

* Meetings can be very long, yet require sustained
attention. This puts an increased strain on sound
qual ity, because small differences in speakerphone
performance add up to big differences in fatigue and
attention.

Intelligibility and t he BRAI N Nbdel

For all these reasons, intelligibility (how easily speech is
understood) is especially critical in business tel ephony. Yet
perversely, the challenges to intelligibility are magnified in
the group settings that are so common in business. Let us |ook
at the conmponents of speech intelligibility.

We hear and understand speech in three nmain stages, which are
call ed here the physical, cognitive, and anal ytical. In the
physi cal stage, speech is carried fromthe talker's nmouth to the
listener's ears, and the fidelity with which this is done is
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THE "BRAIN' MODEL OF I NTELLIGBILITY IN BUSI NESS TELEPHONY

paranmount. In the cognitive stage, the |listener resolves
anbiguities in what she's heard by applying sinple reasoning,
such as grammatical and accent rules, to the |ocal context of the
word. And finally, in the analytical stage, those words that are
not resolved through the first two stages are subjected to nore

i ntense scrutiny, exam ning the troubling words in broader
contexts to see if their identities can be inferred.

These second two | ayers of conprehension are increasingly
distracting. Additionally, there are instances such as speech
fromforeign tal kers, where the assunptions of these contextual
anal yses do not hold: a person who does not share the sane native
| anguage or dialect will likely use entirely different words or
sounds than those that are expected.

ANALYTIC AL

COGNITIVE

PHYSICAL

Figure 1. The BRAIN Model of Physical Speech Conmunication

For these reasons, the physical elenents of speech are the nost
critical line of defense. |If speech is clearly conveyed to the
listener in the first place, remaining anbiguities will be |ess
frequent and the neeting will proceed nore snoothly.

The Physical Elenents of Intelligibility

There are five critical paraneters in the physical comunication
of speech: bandw dth, reverberation, anplitude, interaction, and
noi se. Together, these formthe BRAIN nodel. These five
parameters constitute the foundati on upon which speech
conprehension and tal ker identification rest in business audio
conmuni cat i on.
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Bandw dth i s the anmount of speech bandwi dth that is carried to
the listener. Tel ephones, which are limted to the band 300 Hz
to 3.3 kHz, carry only 20 percent of the frequencies that are
present in human speech. In contrast, sonme nodern business audio
systens, such as videoconferencing systens, next-generation

t el ephones, and cel lul ar tel ephones, carry frequencies as high as
seven or 14 kHz.

Rever berati on neasures the anount of room echo that occurs
between the tal ker and the m crophone. Reverberation, which
makes speech nore difficult to understand, is strongly affected
by room characteristics (hard, reflective walls, floor, and
ceiling), roomsize, and the orientation between the speaker and
the m crophone. |[If the mcrophone is not pointed at the speaker
or is nore distant, a greater proportion of the sound picked up
by the m crophone will be reverberation instead of direct speech,
and the end result will be a decrease in intelligibility.

Anmplitude refers to how |l oud the tal ker sounds to the |istener.
A quiet talker is nmore difficult to understand than a | oud one,
all things being equal, and a listener who is distant fromthe

| oudspeaker will have a harder tinme than when he is closer to it.
The tel ephone network can conpound this situation because

t el ephone |ines can have very different gains, varying in

| oudness by up to 20 dB (100 tines) from connection to
connecti on.

Interaction is the ability of two or nore participants to
naturally interact with each other in a tel ephone conference. It
is essential that one talker is able to interrupt another wthout
di sturbing the flow of conversation, or the dialogue is stilted
and unnatural. The thread of neaning is lost as the participants
are diverted into the kind of "what?" "you go ahead,” "no, you go
ahead" exchange so often heard with nedi ocre speakerphones.

Noi se refers to the proportion of anbient noise that is picked up
al ong with speech. Room noise, such as air conditioning and

proj ector fan noise, can be easily heard by m crophones, and it
plays a significant role in decreasing the intelligibility of
speech. This has beconme a nore significant issue in recent

years, as LCD projectors (which often have small, noisy fans)
have appeared on conference tables adjacent to conference room
audi o system m cr ophones.

VWhat is interesting about these five BRAIN el enents is that they
work together in creating intelligible speech and identifiable
speakers. Research has shown that, to a surprising degree, each
of these five paraneters can conpensate for deficiencies in

anot her. An excess of noise, for exanple, which is accidentally
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pi cked up and added to a talker, will nake the speech nore
difficult to understand, but can be conpensated by increasing the
bandw dt h of the whole signal. Hi gh roomreverberation, which
makes the signal nuddy and difficult to understand, can be
conpensated by increasing the bandw dth of the signal, the

| oudness, or both. Deficient |oudness, perhaps caused by a

tal ker who is too far fromthe m crophone, can be conpensated by
reduci ng the anount of noise, increasing bandw dth, or reducing
reverberation.

Met hods for BRAIN Optim zation

This interaction is fortunate, because it nmeans that many

probl ens that cannot be directly solved (making a room | ess
reverberant, for exanple, may involve significant expense) can be
assi sted by inproving paraneters, which are nore accessi bl e.

They may not affect the issue directly (increasing bandwi dth wll
not decrease roomreverberation, in this exanple), but they can
hel p achieve the desired result (it will make the tal ker nore
easi |y under st ood).

Let us exam ne today's tool box to understand what options we have
in maki ng neetings nore efficient and enjoyable. As before, we
will exam ne these in the context of the BRAIN nodel to
under st and what can go wong, and what can be done about it.

Bandw dt h. A deficiency in bandw dth, nost often caused by
usi ng narrowband Plain A d Tel ephone System (POTS) or |IP
connections to carry a tel ephone connection, has | ong been
regarded as an insol uble problem because it is seem ngly
constrai ned by one hundred years of infrastructure. New

t echnol ogy, however, is making this problem di sappear. Anal og

t el ephony, via Polycomis VTX technol ogy, is doubling available
bandwi dth fromthe conventional 300 Hz to 3.3 kHz of tel ephony to
a 80 Hz to 7 kHz frequency range that rivals the best video
systens, and does this over conventional telephone Iines. On the
desktop, I P tel ephony has devel oped a standard for 7 kHz desktop
t el ephones, TI A 920-200, which wll be appearing in products in

t he near future.

Rever berati on. Reverberation can be addressed directly, or

t hrough other elenents of the BRAIN nodel. One of the best head-
on approaches to the problem of reverberation is to optimze the
pl acenent of the mcrophone with respect to the talker. This can
be done by using a nultiple-mcrophone systemwhich intelligently
sel ects the m crophone having the best pickup for each talker,
such as the Vortex® Installed Voice system or the SoundStation
VTX 1000™or SoundStation® Prem er tabletop systenms, by ensuring
that the principal talkers are positioned closest to the

m crophone, or by using a personal m crophone (such as the
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Pol ycom wi rel ess m crophone) for the principal talker. Room
treatments, of course, are also options for a direct solution in
t hese cases; nmounting acoustic diffuser and absorbing el enents on
the walls, ceiling, corners, and so forth, can nake a significant
i nprovenent in the performance of the room

In situations where these options have been exploited to the
extent possible, the BRAIN nodel shows that excessive
reverberation can al so be conpensated by the other avail abl e

el enent s. | ncreasi ng bandwi dth, for one, significantly
increases the intelligibility of reverberant speech; in one test,
word accuracy increased from52 percent to 80 percent when
bandw dt h was boosted from4 kHz to 8 kHz in reverberant space. bl
I ncreasing anplitude is sonewhat effective, as is reducing noise
if the environnent has excessive noi se.

Anplitude. Anplitude, or |oudness, when insufficient, can nake
it difficult to hear a talker. A 20dB drop in channel gain

sl ashes one standard neasure of intellbgibility, the articul ation
i ndex, from 80 percent to 30 percent. Low anplitude can be
caused because the talker is too far fromthe m crophone, or the
listener is too far fromthe speaker, or because the path between
is too lossy. Mowving the talker and |istener are obvious

sol utions, but not always practical. Systens that can
automati cal ly adjust m crophone gain can greatly help in these
situations; mcrophone AGC (automatic gain control), when
carefully designed in a tel ephony audio system can be the source
of | arge inprovenents. O course, m crophone AGC does not
conpensate for telephone |ine gain fluctuations; however, one
l[ittl e-known characteristic of VIX technology is that it
normal i zes the gain of the tel ephone line itself, allowing a w de
range of anal og networks to operate with an effective variation
of only +/- one dB.

Agai n, the other elenents of BRAIN can be applied to help
overconme a problemw th |Iow anplitude. |ncreasing bandw dth
(such as by repl aci ng conventi onal speakerphones with a pair of
VTX units), reducing reverberation (such as with the m crophone
sel ection techni ques descri bed above), and reduci ng anbi ent noi se
can all substantially conpensate for | ow anplitude.

Interaction. Interactive speech between di stant groups can be
difficult to conduct for a nunber of reasons, including the nost
straightforward, the absence of a true full-duplex systemthat
allows transparent interactive speech. The approaches suggested
above are also worth considering: better m crophone placenent,

wi der bandw dt h, stronger signal

Sonetinmes, it will be found that poor interaction is caused by an
excessive end-to-end delay of the audio signal. As one source of
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del ay, the communi cations channel itself may be at fault.

Al t hough | ess comon today, satellite connections have
substantially | onger connection delay than earth-based ones.

This is not a problemin one-way comruni cati ons such as
broadcasts, but can bring catastrophe to an attenpted live

i nteractive conference. Anot her source of delay can be found in
| P tel ephony systens which sonetinmes can have del ays as | ong as
150 ns. Delay also can cone from sonme conference bridges, either
POTS or 1P, which can insert substantial delay in their

pr ocessi ng. Room reverberation can increase the apparent del ay
between tal ker and listener. 1In all these cases, careful design
and evaluation is the best first step.

Noi se. Common noi se sources share nuch of the sane spectrumwth
speech, and can be quite effective at nmasking it and meking it
difficult to understand. First, try to fix noise at the source.
Move the m crophones farther fromair conditioner ducts, overhead
projectors, coffee nmakers, and so on. |If the m crophones are
directional, you can achi eve sonme benefit by pointing them away
fromthe noise sources (although this nmust be done in a manner
that still |leaves thempointing at the tal kers).

| f these direct approaches | eave the situation wanting, increased
bandw dt h, again, can significantly inprove intelligibility. By
providing nore of the talker's voice, the listener finds it
easier to separate speech fromnoise and follow the conversation
Anot her characteristic of the enhanced-bandw dth VTX technol ogy,
incidentally, is that it elimnates noise fromthe tel ephone
line, so traditional clicking, buzzing, hissing, and other anal og
tel ephony artifacts are renoved.

| n anot her supportive approach to this problem a few systens

t oday incorporate active noise reduction algorithnms that anal yze
the m crophone audio in tine and frequency domai ns, and apply a
sophisticated formof filtering that can reduce fan noi se by six
or nine dB, while having little or no effect on voice. The

Pol ycom Vortex and SoundStation VTX 1000 are exanpl es of such
syst ens.

A conbi nati on of the approaches described here is often
successful in resolving commobn noi se probl ens.

Concl usi on

Recent advances in each of the major areas of the BRAIN nodel
conbined with the fact that each of these can support and
conpensate for the others, are making good audi o conference
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installations nuch easier to achieve, and with nuch better
result. Regrettably for Eric Blore and Fred Astaire, it wll
probably be awhile before such a facility is available in
Susquehanna jail, but dramatic inprovenents in business audio
quality are today available to the rest of us at reasonabl e cost.
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