SIGNAL PROCESSING
FOR OPEN FITTINGS

GN ReSound's ComforTec is a new signal process-
ing package optimized for open fittings. Not only
does it provide clear, crisp and natural sound, it also
ensures listening comfort by eliminating occlusion

and feedback.

ComforTec includes:

e WarpOpen digital cochlea dynamic range com-
pression, which ensures correct optimum amplifi-
cation levels for speech understanding and listen-
ing comfort. It does so through:

— The high precision of the compressor, which,
together with a low-level expansion algorithm,
keeps very soft sounds such as internal micro-
phone noise from being amplified. This is cru-
cial for the listening comfort of wearers who
have good low-frequency hearing.

— The compressor's low signal distortion levels,
which ensure “clean” amplified sound.

— Super-fast signal processing. With the low pro-
cessing delay necessary for open fittings, wearers
won't experience any echo effect when processed
sound lags behind “real” sound arriving through
open vents.

* Multi-band, fast-syllabic noise reduction tuned to
the needs of wearers with high-frequency hearing
loss. This effectively prevents over-amplification
of irritating background noises such as ventilation
fans or motor noise.

* Stabilizer DFS (Digital Feedback Suppression),
which allows for open fittings without the frustra-

tion of feedback.

FLEXIBLE CONFIGURATION

Thanks to GN ReSound's unique, highly flexible
“open software” digital platform, the ComforTec
package can be implemented in selected currently

available GN ReSound instruments — no changes to
hearing aid hardware are needed.

For specific models such as the Canta7 770-D BTE,
dispensers can use GN ReSound's Aventa fitting
software to reconfigure instruments from traditional
to open fitting (or reverse this reconfiguration) as
desired. This reduces the need to stock extra models
to cater to both traditional and open fittings.

(With the traditional hard-wired digital technology
used by other companies, different hardware config-
urations would be needed and on-site reconfigur-
ation would be impossible.)

WarpOpen DIGITAL COCHLEA DYNAMIC
RANGE COMPRESSION

GN ReSound's WarpOpen compression system is ideal
for high frequency sloping losses and open fittings. It’s
unique design provides an effective combination of
low processing delay and high frequency flexibility

with extremely low internal noise and distortion.

Traditional general-purpose hearing instrument
compressors perform well for a large range of appli-
cations and hearing losses. But for specific applicat-
ions, even better performance can be obtained
through specific design alterations. The WarpOpen
system has been optimized for high-frequency slop-
ing losses and open fittings by combining a three-
band low distortion compressor with a unique high-
resolution frequency response shaping system for
soft sounds. This combination provides extremely
low noise, low processing delay, and high frequency
flexibility optimized for high frequency sloping losses.
Further low level expansion (squelch) is added as a
safeguard against microphone and low level environ-
mental sounds
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High-resolution frequency response shaping system
With WarpOpen, the basic amplification system is
implemented as a high-resolution “minimum-phase
FIR” filter. This type of filter gives the lowest possi-
ble processing delay for a given frequency response.
The resolution of this filter corresponds to the re-
solution of the compressor used in GN ReSound's
existing Canta hearing instrument series.

Compression system

WarpOpen applies wide dynamic range compression
in three bands. The system has adjustable crossover
frequencies. This is possible through a signal pro-
cessing technique called frequency warping, which
allows filters to be adjusted to provide different fre-
quency characteristics without losing the ability to
“add up to one”. The ability to adjust the cross-over
frequencies provides greater flexibility when adjust-
ing the compression gain to meet gain requirements.

The WarpOpen compressor is designed for very low
distortion. A traditional compression system would
implement an infinite compression point in each of
the bands, but this can result in bumps in the fre-
quency response at the cross-over frequencies and
thereby cause distortion. To prevent such bumps, the
WarpOpen compressor has a single broadband out-
put compressor for output limiting.

Low processing delay is mandatory for open fitt-
ings. By using the warped filter bank and the mini-
mum-phase static gain filter, processing delay is kept
at the theoretical minimum. This means that the
WarpOpen compressor has a processing delay of less
than 3.5 ms at 1600 Hz. To make sure that inter-
aural directional cues are not lost in the signal pro-
cessing, the delay does not change over time.

Figure 1.

Cross-over frequencies. An example of the way in which the
WarpOpen compressor's cross-over bands are configured based on
the audiogram shape.

As a result of all the design advantages described
above, the WarpOpen compressor has very low inter-
nal noise. This allows hearing instrument dispensers
to overcome the vexing problem of circuit noise in
open fittings.

Low level expansion

As a further precaution against circuit and micro-
phone noise, WarpOpen has a low level expansion
system. This system reduces gain for very low input
levels and ensures that internal noise is inaudible
under all circumstances. It also reduces very low level
irritating environmental noise.



FAST-ACTING SYLLABIC NOISE REDUCTION
Like GN ReSound's existing Canta7 instruments,
WarpOpen's noise reduction system is active in each
compression band. It continually monitors the user's
acoustic environment and estimates whether indi-
vidual sounds are speech or background noise.
When a non-speech sound is detected, channel gain
is reduced to optimize listening comfort in noisy list-
ening situations.

STABILIZER DFS

Acoustic feedback occurs when amplified sound
returns to the hearing aid microphone via the ear-
mould vent or leakage. For open fittings, therefore,
achieving sufficient high-frequency gain without
feedback can be especially challenging. The highly
successful Canta7 Digital Feedback Suppression sys-
tem constantly monitors for feedback sound return-
ing to the hearing aid microphone and adds an
inverted cancellation signal to crush any emerging
feedback before it becomes audible.

This system has been further improved and adapted for

open applications through:

* An optimized calibration procedure. GN ReSound
has improved calibration accuracy by increasing
the analysis window, and has increased comfort by
employing a ramp-up feature and simultaneously
calibration of both microphone channels.

* Increased cancellation filter precision. More co-
efficients have been added, to provide higher real
ear gain without feedback.

* Improved adaptation performance, to increase
precision and reduce artifacts.

Artifact-free sound reproduction in particular is
essential for open fittings. It is obtained by improv-
ing the way the adaptation of the feedback path
model is constrained. As illustrated in Figure 2, tonal
input to the hearing aid (music, for example) can

cause the adaptive part of the Stabilizer DES system
to perform undesirably. By constraining the adapta-
tion in an optimal way, sound artifacts are avoided
and the system is still able to adapt to typical changes
in the feedback path (for example, during telephone

use).

Figure 2. Constrained Stabilizer DFS function.

MATCHING SIGNAL PROCESSING WITH
HARDWARE SOLUTIONS

The ComforTec signal processing package performs
at its best when matched with GN ReSound's
ReSoundAIR and Canta7Open products. Their
hardware designs complement the ComforTec sys-
tem. One example is the stepped vent design for in-
the-ear products.

By stepping the vent, length is reduced by 30 per-
cent. This shifts the high frequency resonance in the
feedback path response out of the critical high fre-

quency amplification range.

The step design provides an ideal performance en-
vironment for the Stabilizer DFS, as the feedback
path can be modeled more accurately. This makes it
possible to increase vent diameter without reducing
available stable real ear gain.
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