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By Bob Schulein and Stephen Julstrom

This Designer Notebook was submitted
by Sensaphonics. Live Sound makes
every effort to eliminate any use of
marketing inspired hyperbole.

ensaphonics Hearing Conser-

vation has a well-established,

successful history in providing
custom earphones for use with in-car
monitor (IEM)  systems. Company
founder Mike Santucci, a practicing
audiologist, has made it his mission 1o
help musicians and  engineers  pre-
serve their hearing. Isolating ear-
phones are excellent tols for hearing
conservation. allowing performers 1o
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Sensaphonics 3D Active
Ambient IEM System

Adding some ambient sound to the in-ear mix

monitor with greater clarity at lower
volume levels.

However, the same acouslic isola-
tion that provides these benefits also
creates problems. Musicians wearing
earphones can't speak directly with
their band mates, nor can they hear
the audience. One way that some
artists have dealt with these problems
has been to use only one earpiece,
leaving the other ear open. From a

The Sensaphenics 3D Active Ambient IEM Sysiem includes a compact bodypack and custom

earphones.

77 live Sound International  lanuary 2007

Powered by QContent

http://es1.tecnavia.com/eebrowser/frame/2_3u.dev/php-script/print...g_1_0%2C38%2C586%2C108%2C8%0A&pageW=842&pageH=1115&pageHeight=855

hearing conservation viewpoint, this
practice is highly undesirable, as it
forces significantly higher monitor lev-
els in the remaining earpiece Lo
achieve the same perceived volume as
binaural monitoring.

Many monitor engineers have tried
reconnecting the performer 1o the
crowd response by using audience
microphones. But this approach can’t
provide a sense of natural directionality
or help with on-stage communication.
In addition, having more open mics
muddies the mix, making the engi-
neer’s job that much more difficult.

Santucci proposed creating a new
product category as a solution. The
idea was 1o add a controlled amount
of “open ear” ambient sound into the
in-ear mix while actually keeping the
ears acoustically isolated. On an over-
all system level, our goals were
deceptively simple: to add ambience
with natural directionality into the [EM
mix, while maintaining full frequency
response and dynamic range. The
product would also need to be com-
patible with all wireless [EM systems
on the market, and in alignment with
the company’s hearing conservation
mission.

The design approach involved tak-
ing full electronic control over the
effective isolation of the sealed ear-
pieces. That meant incorporating a
microphone near each ear lo caplure
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the ambicnce. To add that sound to
the mix, an add-on bodypack would
be needed. The system itself needed
to be intuitive to operate for both
musicians  and  monitor engineers,
enhancing rather than complicating
live performances.

ACOUSTIC CONSIDERATIONS

The first issue we addressed  was
microphone  placement. Fortunately,
Bob Schulein had alrcady done quite
a bit of rescarch on binaural recording
and reproduction,

The car's directional and response
characteristics are not like those of a
conventional  microphone.  Sounds
coming from different angles diffract
around the head and ears. forming
important  psychoacoustic  cues  for
determining  directionality.  If these
cues are not reproduced correctly, the
perceived  directionality  becomes
imprecise and the sound quality unnat-
ural, Without a  good  corrclation
berween the direetional characteristics
of the ambience microphone and that
of the open car. the relative crrors for
sounds coming from other angles
become audibly annoying and confus-
ing. In practice. this means that the
farther away from the car canal open-
ing the microphone is positioned. the
less accurate the directionality and
tonality can be, To achieve the natural
soundficld we wanted, we decided to
place the microphone within the car-
picce, positioned  as close o the
normal car canal opening as possible.

It should come as no surprise that
blocking the car canal with a sealing
earpiece changes its natural resonant
behavior. This is the main reason that
a measured “flat” frequency response
is not the proper goal of sealed in-car
monitoring svstems. Rather, the goal is
to create a closed system with the
same net response  characteristics as
the open car. The same consideration
holds true for an TEM with ambicnce,
complicated by the cffect of  mic
placement on frequency response, To
address these issues, we developed an
Active Signal Processing circuit (patent
pending) that provides the  precise
equalization needed to match  the
combined frequency response of the
in situ microphone  and
{miniature loudspeaker) to that of the
open, unoceluded car.

receiver
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Block diagram of signal flow for one channel of the 3D Active Ambient system, including high
voltage microphone preamplifier supply, balanced microphone and receiver feeds, independ-
ent ambience and monitor signal EQ and limiters, and receiver response compensation EQ.

The next issue was dynamic range.
Obviously, the ambience mic needed o
be very small, with a wide, relatively
flat frequency responsce. A noise floor
of no more than 30 dBA was necded
to avoid annoyving hiss, vet the mic
would also need to handle intense
SPL. For instance, we found that
drummer  Jeff Quay of Blue Man
Group routinely produces peaks of
140 dB-SPL. measured at his ears. on
tom hits. No “off the shelf” subminia-
ture microphonc is designed to with-
stand such levels without distortion.

Achicving the required perform-
ance required both a custom micro-
phone and a specialized preamplificr
circuit design, operating from a =30
volt power supply generated by the
bodypack. The preamp output is very
low impedance and balanced. being
sent 1o the bodypack on the same two
wires that supply its power. The pre-
amp also provides for precise com-
pensation of microphone  sensitivity
by resistor sclection, Measurements
performed on the completed design
indicated an overload rating of 140 JdB
had been obtained while maintaining
a noise floor of 27 dBA equivalent
sound pressure level.

EARPHONE DESIGN

Our goal for the 3D carphones was to
meet or exceed the audio perform-
ance of the dual-driver ProPhonic
2X-S, using the same soft-gel silicone

material. From a design standpoint,
silicone offers several advanrages. It
conforms to the car for a tighter scal
and greater comfort than is possible
with hard carpicces. In addition, it
does not degrade, cannot crack, and
offers shock protection for the com-
ponents inside. However, the addition
of the ambience microphone and pre-
amplifier, along with the need 1o adkld
wires to the cable, all without signifi-
cantly increasing the size of the
carpicee — a critical factor in terms of
both fit and cosmetic appeal — made
the design a challenge.

Using a new, high performance
receiver, we found we could achieve
the desired audio performance in a
single-driver  design. avoiding the
need 1o cross over o a4 separate driv-
er for high frequencies. Interestingly,
in contrast 1o loudspeaker systems,
the main practical limitation to the
high frequency response of many of
these small drivers is not an inherent
mechanical constraint, but rather their
rising clectrical impedance. However,
with  sufficient  drive volrage. the
dvnamic range (129 dB-SPL at 300
Hzy. frequency response. and  low
distortion of the single-driver 3D ear-
phones could be made comparable to
the 2X-S. The needed drive comes
from the bodypack's differential out-
put circuitry and  precisely  matched
cqualization. For those who desire

cven more  headroom  and  bass
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