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Design and Methods
Stimulus Selection and Preparation
● Musical excerpts were taken from the Free Music Archive 

(FMA, https://freemusicarchive.org) [4].
● 150 tracks were randomly selected from all the 15 main 

musical genres listed in the FMA.
● Each track was cut into 10-second excerpts.
● The loudness of each excerpt was adjusted to a “desirable” 

level within the complete corpus by 7 raters.
○ Raters: 24-50 years old, musicians & no musicians, no 

diagnosed hearing impairment.
● Gain values were averaged across raters to obtain a final level 

adjustment for each excerpt.
● Additional exclusions of excerpt based on comments of the 

raters for noise, silences & speech.

Booster Parameters
● The parameters are: “attack”, “release”, “threshold”, “ratio” & 

“mix”.

Preliminary Results
● When gradually increasing the ratio, the effect saturates for a value of 5. This is visible in Fig.3a and 3b.
● These figures show the effect of the ratio parameter for  attack =10 ms, release = 10 ms, threshold = 1.0, 

and mix =1.
● The modulation spectra (Fig.4) show that modulations are enhanced both within the expected range ([.1, 

10] Hz) and outside the expected range, above 10 Hz. This is due to the envelope distortions introduced 
by the booster.

● Once passed through the implant, the AM booster almost entirely disappears (Fig.5).
● To evaluate the effect of the booster across musical genres a scalar metric has been constructed by 

taking the RMS of the difference between the envelope of the boosted signal and the peak-matched 
version of the original (see Fig.3b).

Fig.3a: Influence of the “ratio” parameter. Top: waveform of a musical 
audio excerpt. Middle: same excerpt boosted with a value for ratio of 
5. This expands the envelope, which increase some peaks, while 
decreasing others. Bottom: same excerpt boosted with a ratio of 10. 
There is no noticeable difference with the middle panel.

Fig.4: Amplitude modulations with different “ratio” values. These are the modulation spectra of 
the same three versions of the musical excerpt in Fig.2. Overall, the boosted versions show 
increase AM and have a sharpened onset of the temporal envelope, which introduces harmonics 
in higher frequencies There are only very small differences between the two boosted versions, 
with the orange line being mostly hidden under the green line. This confirms that there is almost 
no difference between ratio 5 or ratio  10.

Discussion and Perspectives
• Even though the AM Booster seems to enhance amplitude modulations in the audio signal, the effect seems to be partially countered by the CI processing.
• The current representations do not fully predict the effect on perception.
• The effect of music genre on the amount of boost provided before and after implant processing will be evaluated both through statistical modelling and machine 

learning methods.
• In a parallel study, cochlear implant users are evaluating the selected parameter settings through music quality ratings to determine whether the AM Booster 

improves the music listening experience.

Introduction
● Cochlear Implant (CI) users experience degraded music quality [1].
● CI listeners use signal features like slow temporal envelope fluctuations for the 

perception of music and its components [2].
● Slow temporal envelope in a signal can be analysed through the amplitude 

modulation (AM) spectrum.

● The company Golden Hearing is developing an amplitude modulation boosting 
algorithm to improve music experience for CI users.

● It expands (or compresses) the amplitude modulations present in the audio signal 
and sharpens the onset of the temporal envelope, based on the settings (Fig.1).

● CIs compress the dynamic range of music to avoid saturation, potentially decreasing 
the amplitude modulations.

● Limited dynamic range may hinder music appreciation for CI users [3]
● Therefore, CI users could benefit from a processing step that enhances amplitude 

modulations.

Rationale
Optimal parameter combination might depend on specific musical characteristics, such 
as genre.

Research Question
What are the optimal booster parameters for CI users and do these vary across genres?

Approach
Record the electrical response of an actual CI to selected musical excerpts; with and 
without AM boosting algorithm applied.

Fig.1: Effect of the booster algorithm in ‘expansion mode’ 
(right) on a modulated sinewave (left). The temporal envelope 
(dashed line) of the modulated tone is expanded and the 
onset is steeper.

Fig.5: The modulation spectra of the same musical excerpt played to a CI. The blue line shows the 
unboosted version, while the orange line represents a boosted version with ratio set to 5. The 
graphs are more similar to each other than in Fig.3. This is likely due to the compressing behaviour 
of the CI-processor.
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Fig.2: Amplitude of the AM expansion introduced by the 
booster for a ration of 5, as a function of AM frequency. The 
effect is restricted to [0.1, 10] Hz.

● Previous work [5] indicated that “threshold”  and “ratio” had 
the strongest influence on amplitude modulation.

● “Ratio” determines how much the amplitude modulation is 
expanded or compressed.

CI & AM-Booster Processing
● The original and boosted excerpts were presented to a 

Cochlear Nucleus 7 processor mounted on a KEMAR manikin 
facing a Yamaha HS8 speaker.

● The processor was programmed using standard clinical 
settings corresponding to an average patient: T-level of 120 
CL, C-level of 170 CL, MP3000 strategy.

● The electrical output of the implant was obtained through a 
DIET box provided by Cochlear Limited.

● Temporal envelopes per channel were obtained by applying a 
Hann window to each pulse, and the output was then 
expressed in proportion of the dynamic range.

           

Fig.3b: Envelopes of the same excerpt, in a smaller time interval. In light blue 
the envelope of the original has been rescaled to match the peaks in the 
boosted version. This graph shows that the AM Booster does not merely 
amplify the signal, but also distorts the envelope to sharpen the onsets.
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