Reprogramming My Bernafon Juna 9 Aids for Music

By Paul Casper

Introduction: Some time back | purchased a pair of open dome Bernafon Juna 9 RITE aids from Costco,
anticipating better performance with live and recorded music than with my 3 year old digital aids
(Rexton Quintras). It didn't happen. | was very disappointed and on the verge of returning them.
However, | happened to read several postings by Musician 72 and others on the DIY Hearing Aid Forum
(now relocated to forums.hearingtracker.com "Hearing Aid Hacks (DIY)"), and | became convinced that
if | could custom-program my aids | could possibly rectify the problem. This report documents the
results | have been able to achieve so far.

Background: | am a retired electrical engineer and high tech business co-owner, and | have had a life-
long love of well recorded and reproduced music. When | finally had to obtain hearing aids, that love
became very frustrated by the disappointing performance of my digital aids on music, either live or
recorded. After much research, | found that many musicians still preferred analog aids, in particular the
ones with the K-Amp chip, originally designed by Mead Killian over 25 years ago [1]. It turns out that
this chip is still sold by Walmart and Sam's Club as the "Simplicity Hi Fi" aid manufactured by Etymotic
Research, and | immediately purchased a pair to test. As soon as | first put them on | started smiling,
and haven't stopped. No, they are not perfect, but good enough that | again could enjoy the pleasure of
good music with my hearing aids. My digital aids are still better on speech, so | had to get used to
carrying around two sets of aids, which was inconvenient.

My DIY Programming System: Convinced, in particular by Musician 72 forum postings that | might be
able to improve the Bernafons, | set out to equip myself with the necessary tools to self-program. |
obtained a Mini-Pro USB hardware programming interface from China, a CS44 cable, a pair of Flex strips
for the Bernafons, and the Oasis programming software from the manufacturer’s web site. Forum
poster pvc has compiled several postings identifying the sources for all these elements, and | am in his
debt. This system worked flawlessly, when | finally figured out the software.

Programming Steps: The first step was to download the Costco programming and save it as client
number 1, along with my Costco audiogram. There were four selectable programs: 1-Speech in
noise......etc. Next, | created a second client and started with the Costco programming. | left programs
1, 2 and 4 intact, and focused on the #3 - Live Music program selection. As | understand it, in the
Bernafon Live Music program both the feedback suppression and background noise suppression are
turned off. In addition, the microphone directionality is omni and the A/D chip input upper limit is
increased to 115 dB to accommodate live music peaks without clipping. The level-dependent frequency
response is still active, as is the compression. The initial frequency response level-dependent profiles
are automatically programmed by the software based on the clients audiogram, subject to modification
by the audiologist. Given these initial conditions, at this point | need to describe the rationale behind the
Live Music program changes | decided to do.

K-Amp Features of Particular Interest: | was particularly interested in the K-Amp compression profile
and the level-dependent frequency response. Figure 19 from [1] illustrates the compression profile:
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Gain-vs.-input curves illustrating two approaches to providing a 25 dB threshold
improvement.

It is evident that the chip begins to compress at 40 dB input SPL, where the gain is still 25 dB, and ends
at a little over 80 dB SPL at unity gain (0dB). Thus, the compression ratio is somewhere between 1.5 and

2:1. We will see how this compares with the Bernafon compression profile later on in the report.

Next, figure 25 from [1] illustrates the K-Amp level-dependent frequency response:



*0 Mot SPL a5
npu ,
m 40
-%ﬂ 30 0-40
@) [ |
0 20 6050 , i
= 10 70 ' l
T s S N —
= 90-110 l I
10 _ ' |
125 250 500 1K 2K 4K 8K 16K
Frequency, Hz
Fig 25.

Relative gain and frequency response of the K-AMP circuit for different input
levels.

For weak input SPL (0 - 40 dB) the response rises near linearly from 2 dB at 125 Hz to 25 dB at 4 KHz,
then flattens out all the way to 16 KHz. At high level input SPL (90-110 dB), the gain is flat at 0 dB
throughout the whole spectrum. This accommodates the level-dependent high frequency response of
the human ear (Fletcher-Munson effect), even when degraded by presbycusis or other causes.

With this information, | elected to ignore my audiogram and emulate figure 25 in the Bernafon Live
Music program to the extent | could, and to adjust the gain for each ear to approximate figure 19 above.

Results: Figure A below below is reproduced from my Oasis frequency response programming screen,
showing the Live Music program profiles as originally set automatically by the Oasis software based on
my audiogram, including any tweaks by the audiologist. Figure B shows the profiles as modified to
emulate the K-Amp



Figure A: Oasis Automated Live Music Programming
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Figure B: Modified Live Music Response Profiles per Paul Casper to emulate the K-Amp
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Programming Discussion: The Bernafon software accommodates different response profiles,
dependent on input SPL, similar to Figure 25 from the Killion paper. Profiles for 50, 65 and 80 dB are
definable. Asis apparent, | defined relatively linear profiles for both ears from 250 Hz to 4 KHz at all
three input levels. For the low level 50 dB input the gain at 4000Hz is 20 dB for the right ear, and 25 dB
left ear. | did allow just a bit more peaking beyond 4KHz Hz, which | will probably remove. For the 80 dB
high level input | reduced the gain at 4 KHz to about 7 dB for the right ear and 11 dB for the left ear.
More than 0 dB gain for 80 dB input is in excess of the K-Amp case (figure 25) and my listening tests
confirm that | need to bring it down closer to 0 dB. | do not have a curve equivalent to figure 19 from
Killion, but the curves above indicate a 15 dB gain reduction at 4 KHz from 50 to 80 dB input SPL, which
is consistent with Killion figure 25. | left programs 1, 2 and 4 as programmed by Oasis for my profile
undisturbed.

So, what was the result? Read on.
The Acid Test: Live and Recorded Music:

First, the recorded music case. It was critical that | use high quality uncompressed music for this test. |
did not want to worry about compression artifacts as in the case of mp3 music, so | used only
uncompressed pristine wav format music, and only selections | have used for years to test sound
systems. How these selections should sound is etched in my brain. Here's what | used:

"Take 5" by Dave Brubeck, The Timeout CD, 1959

"Another Brick in the Wall", Pink Floyd, The Wall Disk 1, 2011

"You Can Call Me Al", Paul Simon from the Graceland CD

"Roll Jordan Roll", by the Fairfield Four Standing in the Safety Zone CD, 1992
"Whodunit", by Gordon Goodwin's Big Phat Band

"Julsang", from the Cantate Domino CD, 1985

"Speed of the Sound of Loneliness", Nancy Griffith, Other Voices, Other Rooms CD, 1993
"Under the Boardwalk", Rickie Lee Jones, Girl at Her Volcano CD, 1983
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All listening was done with my 'world-class' theater sound system (my opinion!) which is equalized for a
rising house curve at 80 Hz down to 30 HZ, flat from 80 to 1KHz, then -0.8 dB per octave above 1 KHz.

The result: all of these selections sounded as | remembered them! All except number 2 and 4 sounded
right at the default gain, and the other two were best at minus one click of the aid volume control (not
sure how many dB each 'click' is). The sound was certainly as good as my K-Amp analog aids, but | did
little A/B testing...I will do that at a later time. | listened at 90 dB (C-weighted, slow response) and 50-55
dB on all the selections. The treble at 50-55 dB was still there and the music clear, which indicates the
Bernafon level-dependent frequency response was working as expected. | could have listened all night.

| also listened to several of my favorite groups in mp3/320 Kbps format, with interesting results. In all
cases, | needed to cut the gain by 2 to 3 clicks, indicating tipped up treble in most cases, particularly
Abba, and the BeeGees. This is why | don't use mp3 for serious evaluations...the tone profile of the
typical mp3 seems to be distorted to sound better on less capable sound systems.

On live music, the jury is still out. The uncompressed sound systems | run at my church are top notch,
but obviously a little tipped up on the high end. | need to spend more time listening, or go to a loud



acoustic symphonic concert. The sound is very good, but not sufficiently neutral to make firm decisions.
Most normal hearing listeners prefer a rolloff in the highs to the tune of about -1 dB per octave...my
sound systems are a little hotter than that (-0.8 dB per octave).

So, | plan to lower the Bernafon 4 KHz and above profile gain by a couple of dB as a compromise
between some pristine recordings that are nonetheless a little hot on the high end. Beyond that, |
anticipate no further changes. | am finally thoroughly happy with the Bernafons on music at any level.

Disclaimer: | certainly do not claim that what | have done with the Bernafon aids will work for others.
My only motivation in writing this report is to illustrate that it is possible to achieve excellent
performance with music with at least one high end aid, the Bernafon Juna 9 RITE aids. In my opinion,
self-programming, or the cooperation of a friendly audiologist with K-Amp knowledge are the only ways
to achieve this result. The automatic response programming built into the manufacturer's software
cannot be depended to optimize music, only speech.....at least that is my experience.

| want to acknowledge Marshall Chasin, who is perhaps the most consulted expert in the world on music
with hearing aids, and | understand he did some consulting with Bernafon in the past. He wrote an
excellent little blurb about the K-Amp and Mead Killion some time ago in his website blog [2].

References

[1} "The K-Amp Hearing Aid: An Attempt to Present High Fidelity for the Hearing Impaired", Mead C.
Killion Ph.D. This document is resident on the Etymotic Research web site.

[2] "Killion had it all figured out in 1988", Marshall Chasin, blog article on the
hearinghealthmatters.org web site, 6 November 2012
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Introduction: Some time back | purchased a pair of open dome Bernafon Juna 9 RITE aids from Costco,
anticipating better performance with live and recorded music than with my 3 year old digital aids
(Rexton Quintras). It didn't happen. | was very disappointed and on the verge of returning them.
However, | happened to read several postings by Musician 72 and others on The DIY Hearing Aid Forum
(now relocated to forums.hearingtracker.com "Hearing Aid Hacks (DIY)"), and | became convinced that
if | could custom-program my aids | could possibly rectify the problem. This report documents the
results | have been able to achieve so far.

Background: | am a retired electrical engineer and high tech business co-owner, and | have had a life-
long love of well recorded and reproduced music. When | finally had to obtain hearing aids, that love
became very frustrated by the disappointing performance of my digital aids on music, either live or
recorded. After much research, | found that many musicians still preferred analog aids, in particular the
ones with the K-Amp chip, originally designed by Mead Killian over 25 years ago [1]. It turns out that
this chip is still sold by Walmart and Sam's Club as the "Simplicity Hi Fi" aid manufactured by Etymotic
Research , and | immediately purchased a pair to test. As soon as | first put them on | started smiling,
and haven't stopped. No, they are not perfect, but good enough that | again could enjoy the pleasure of
good music with my hearing aids. My digital aids are still better on speech, so | had to get used to
carrying around two sets of aids, which was inconvenient.

My DIY Programming System: Convinced, in particular by Musician 72 forum postings that | might be
able to improve the Bernafons, | set out to equip myself with the necessary tools to self-program. |
obtained a Mini-Pro USB hardware programming interface from China, a CS44 cable, a pair of Flex strips
for the Bernafons, and the Oasis programming software from the manufacturers web site. Forum poster
pvc has compiled several postings identifying the sources for all these elements, and | am in his debt.
This system worked flawlessly, when | finally figured out the software.

Programming Steps: The first step was to download the Costco programming and save it as client
number 1, along with my Costco audiogram. There were four selectable programs in the aids: 1-
Multienvironment, 2-Speech in noise, 3-Live Music, and 4-Music at Home/TV. Next, | created a second
client and started with the Costco programming. | left programs 1, 2 and 4 intact, and focused on the #3
- Live Music program selection. As | understand it, in the Bernafon Live Music program both the
feedback suppression and background noise suppression are turned off. In addition, the microphone
directionality is omni and the A/D chip input upper limit is increased to 115 dB to accommodate live
music peaks without clipping. The level-dependent frequency response is still active, as is the
compression. The initial frequency response level-dependent profiles are automatically programmed by
the software based on the client's audiogram, subject to modification by the audiologist. Given these
initial conditions, at this point | need to describe the rationale behind the Live Music program changes |
decided to do.

K-Amp Features of Particular Interest: | was particularly interested in the K-Amp compression profile
and the level-dependent frequency response. Figure 19 from [1] illustrates the compression profile:
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Gain-vs.-input curves illustrating rtwo approaches to providing a 25 dB threshold
improvement.

It is evident that the chip begins to compress at 40 dB input SPL, where the gain is still 25 dB, and ends
at a little over 80 dB SPL at unity gain (0dB). Thus, the compression ratio is somewhere between 1.5 and
2:1. We will see how this compares with the Bernafon compression profile later on in the report.

Next, figure 25 from [1] illustrates the K-Amp level-dependent frequency response:

o0 o SPLaB
npu :
@ 40
é 30 0-40
g = e i —
2 — 80
90-110
<30 _ '
125 250 500 1K 2K 4K 8K 16K
Frequency, Hz
Fig 25.

Relative gain and frequency response of the K-AMP circuit for different input
levels.



For weak input SPL (0 - 40 dB) the response rises near linearly from 2 dB at 125 Hz to 25 dB at 4 KHz,
then flattens out all the way to 16 KHz. At high level input SPL (90-110 dB), the gain is flat at 0 dB
throughout the whole spectrum. This accommodates the level-dependent high frequency response of
the human ear (Fletcher-Munson effect), even when degraded by presbycusis or other causes.

With this information, | elected to ignore my audiogram and emulate figure 25 in the Bernafon Live
Music program to the extent | could, and to adjust the gain for each ear to approximate figure 19 above.

Results: Figure A below below is reproduced from my Oasis frequency response programming screen,
showing the Live Music program profiles as originally set automatically by the Oasis software based on
my audiogram, including any tweaks by the audiologist. Figure B shows the profiles as modified by me
to emulate the K-Amp

Figure A: Oasis Automated Live Music Programming
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Figure B: Modified Live Music Response Profiles per Paul Casper to emulate the K-Amp
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Programming Discussion: The Bernafon software accommodates different response profiles,
dependent on input SPL, similar to Figure 25 from the Killion paper. Profiles for 50, 65 and 80 dB are
definable. As is apparent, | defined relatively linear profiles for both ears from 250 Hz to 4 KHz at all
three input levels. For the low level 50 dB input (top curve) the gain at 4000Hz is 20 dB for the right ear,
and 25 dB left ear. | did allow just a bit more peaking beyond 4KHz Hz, which | will probably remove.
For the 80 dB high level input (bottom curve) | reduced the gain at 4 KHz to about 7 dB for the right ear
and 11 dB for the left ear. More than 0 dB gain for 80 dB input is in excess of the K-Amp case (figure 25)
and my listening tests confirm that | need to bring it down closer to 0 dB. | do not have a curve
equivalent to figure 19 from Killion, but the curves above indicate a 15 dB gain reduction at 4 KHz from
50 to 80 dB input SPL, which is consistent with Killion figure 25. | left programs 1, 2 and 4 as
programmed by Oasis for my audiogram profile undisturbed.

So, what was the result? Read on.

The Acid Test: Live and Recorded Music:

First, the recorded music case. It was critical that | use high quality uncompressed music for this test. |
did not want to worry about compression artifacts as in the case of mp3 music, so | used only

uncompressed pristine wav format music, and only selections | have used for years to test sound
systems. How these selections should sound is etched in my brain. Here's what | used:



"Take 5" by Dave Brubeck, The Timeout CD, 1959

"Another Brick in the Wall", Pink Floyd, The Wall Disk 1, 2011

"You Can Call Me Al", Paul Simon from the Graceland CD

"Roll Jordan Roll", by the Fairfield Four Standing in the Safety Zone CD, 1992
"Whodunit", by Gordon Goodwin's Big Phat Band

"Julsang", from the Cantate Domino CD, 1985

"Speed of the Sound of Loneliness", Nancy Griffith, Other Voices, Other Rooms CD, 1993
"Under the Boardwalk", Rickie Lee Jones, Girl at Her Volcano CD, 1983
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All listening was done with my 'world-class' theater sound system (my opinion!) which is equalized for a
rising house curve at 80 Hz down to 30 HZ, flat from 80 to 1KHz, then -0.8 dB per octave above 1 KHz.
The horn speakers are 100dB/watt and are driven with 400 watts each...there is no headroom limit at
any tolerable SPL limit.

The result: all of these selections sounded as | remembered them! All except number 2 and 4 sounded
right at the default gain, and the other two were best at minus one click of the aid volume control (not
sure how many dB each 'click' is). The sound was certainly as good as my K-Amp analog aids, but | did
little A/B testing...I will do that at a later time. | listened at 90 dB (C-weighted, slow response) and 50-55
dB on all the selections. The treble at 50-55 dB was still there and the music clear, which indicates the
Bernafon level-dependent frequency response was working as expected. | could have listened all night.

| also listened to several of my favorite groups in mp3/320 Kbps format, with interesting results. In all
cases, | needed to cut the gain by 2 to 3 clicks, indicating tipped up treble in most cases, particularly
Abba, and the BeeGees. This is why | don't use mp3 for serious evaluations...the tone profile of the
typical mp3 seems to be distorted to sound better on less capable sound systems.

On live music, the jury is still out. The uncompressed sound systems | run at my church are top notch,
but obviously a little tipped up on the high end. | need to spend more time listening, or go to a loud
acoustic symphonic concert. The sound is very good, but not sufficiently neutral to make firm decisions.
Most normal hearing listeners prefer a rolloff in the highs to the tune of about -1 dB per octave...my
sound systems are a little hotter than that (-0.8 dB per octave).

So, | plan to lower the Bernafon 4 KHz and above profile gain by a couple of dB as a compromise
between some pristine recordings that are nonetheless a little hot on the high end. Beyond that, |
anticipate no further changes. | am finally thoroughly happy with the Bernafons on music at any level.

Disclaimer: | certainly do not claim that what | have done with the Bernafon aids will work for others.
My only motivation in writing this report is to illustrate that it is possible to achieve excellent
performance with music with at least one high end aid, the Bernafon Juna 9 RITE aids. In my opinion,
self-programming, or the cooperation of a friendly audiologist with K-Amp knowledge are the only ways
to achieve this result. The automatic response programming built into the manufacturer's software
cannot be depended to optimize music, only speech.....at least that is my experience.

| want to acknowledge Marshall Chasin, who is perhaps the most consulted expert in the world on music
with hearing aids, and | understand he did some consulting with Bernafon in the past. He wrote an
excellent little blurb about the K-Amp and Mead Killion some time ago in his website blog [2].
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