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Cochlear implants help regain the auditory sense in cases where the cochlea is not able
to transform the sound signals into electric stimulation for the auditory cortex. By their
very nature, cochlear implants require a calibration process, which is often based on
the electrically evoked stapedius reflex threshold (ESRT), since it very well correlates
with a person’s most comfortable loudness level[PZS+09]. During the ESRT-based cal-
ibration process, the implant stimulates the cochlea with increasing currents until the
stapedius muscle contraction can be observed visually. The calibration process described
above yields a first, rough implant adjustment, which requires an additional, extensive
calibration procedure a few weeks after the implantation.

The goal of this project is the development of an autonomous calibration scheme that is
constantly monitoring and occasionally re-calibrating the implant. To this end, the sys-
tem utilizes the electromyographic (EMG) signals that it directly derives at the stapedius
muscle by means of specific electrodes.

The system basically correlates the external (objective) loudness and the observable
stapedius muscle activity, and correlates them with the expected, pre-defined stapedius
activity. Too large a difference between the expected and observable stapedius activity,
the system triggers an adaptation cycle of the implant’s gain factors.

The processing of the EMG signals of the stapedius muscle employs a series of three
filters: (1) a 4th-order band-pass filter with corner frequencies of 30 and 500Hz for
removing steady components and high-frequency noise, (2) a rectifier, and (3) a 4th-
order low-pass filter with a corner frequency of 2Hz for extracting the EMG signal’s
envelope. In its subsequent processing stages, the system considers this envelope as the
physical activity of the stapedius muscle[SRSV10].

This system has undergone a series of different tests. Since no solid EMG signal data
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Figure 1: The first part (1) shows the rectified EMG signal recorded at the quadriceps
femoris muscle while part (2) shows the corresponding torque measured at the
knee joint. Part (3) shows the calculated activity using the afore mentioned
algorithm. A decreasing force (2) results in a decreasing activity (3).

base of the stapedius muscle exists nor can it be derived for obvious medical reasons,
the first evaluation was done with labeled data (external forces) that was derived at the
quadriceps femoris muscle as well as the soleus muscle, which are also skeletal muscles as
the stapedius is. The results show a qualitative correlation between both the calculated
and the true external force (figure 1). Afterwards, the available EMG data of the
stapedius muscle were fed into the same system. Similarly, the system’s output indicates
an increasing muscle force as the external stimulation increases (figure 2). In future
research, this continuous, non-linear dependency between EMG data and the muscle
force will be used as the core principle of the autonomous adaptation process.
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Figure 2: The first part (1) shows the rectified EMG signal recorded at the stapedius
muscle. The second part (2) shows the calculated activity using the afore
mentioned algorithm.
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