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The overall sound quality of a hearing aid depends on a chain of Clipping . » Speech weighted noise was presented at 90°, 180°, and 270° at a For the atdaﬁti\_/e dilre?‘tit%nal, noisetr_edulctiAoSCrecordingz, the time-do-
components, all of which contribute to the sound quality a user will System limit ' level of 106 dB SPL. . maarlendOvL\J/it%uthngr\]/?d:x Drga:r?r;wveeanrifn;d Theallgzglairne uPOIcS)Iretirofwzn;f
experience T,hefirst component in this chain is the input stage of the B — [ *Speech [NU-6 word lists] was presented frc?m 0”. Th.e speech Was ?h h signal faithf IIg . duced b thp W% D

P . . . .p . . P J . recorded through a hearing aid with two different signal to noise € speech Sighal WEre More Taithtully reproauced by the WIdex Lream
hearing aid. Modern digital hearing aids convert analog audio sig- tios: 0 dB SNR and +3 dB SNR. hearing aid compared with the hearing aid with the conventional ADC.

nals into digital audio signals as soon as possible in order to apply
a variety of digital signal processing algorithms to the audio signal.
The input stage of the hearing aid should ensure a distortion free
sighal Is passed along to the rest of the hearing aid for processing. - -
If an audio signal is distorted while passing through the input stage Bt - \_/

. I | ;_ i * One set of recordings were with each hearing aid programmed
| " with an omni directional microphone and no noise reduction.

* A second set of recordings were made with each hearing aid

programmed with an adaptive directional microphone and noise

of the hearing aid, the audio quality will be degraded before any ad- . reduction.
vanced processing can be performed. Clipping

Figure 2. An analog signal without saturation distortion (left) and with saturation distortion (right). If A N A I_YS | S

the input signal exceeds the input limit of the ADC, the input signal will be “clipped”.

Analog to Digital Conversion

Additionally, saturation distortion may limit the ability of a hearing For the omni-directional, no noise reduction recordings, the hear-

When designing the input stage of a hearing aid, it is important to aid to differentiate between speech signals and noise signals, thus Ing aid with the conventional ADC introduced audible distortion to Figure 6. Time domain Ut of 3 hearng aid with o comventional ADC praarammed with a an adaptive
have a high quality analog to digital converter (ADC). The ADC is advanced features such as noise reduction algorithms may be nega- the SpeeCh Slgnal at both Slgnal to noise ratios. The conventional directional microphone and noise reduction at O SNR [speech and noise at 106 dB SPL]. NU-6 words
one key factor in determining the dynamic range of the hearing aid. tively impacted. Therefore, saturation distortion must be prevented ADC did not retain input information for loud levels and appeared from List 1A: "laud”, "boat”, "pool”, “nag", “limb™ -

If this dynamic range is small, then the hearing aid will either not be from occuring if a high sound quality is desired. to clip the input of loud level sounds compared with the Widex
able to reproduce soft sounds, or will be incapable of converting high Dream hearing aid [see figures 4 and 5].

iInput sounds without saturation distortions occurring. By increasing
the dynamic range of an ADC, a hearing aid can faithfully reproduce M ET H O DS

soft sounds while still allowing loud sounds to be converted without
saturation distortion. * Recordings were performed in sound field through KEMAR with
two different micro sized behind the ear hearing aids.
* Hearing aid #1 was a modern wireless hearing aid with conven-

Microphones

Receiver tional ADC technology
D e Hearing aid #2 was the Widex Dream hearing aid with an improved
) ) D ADC and a hlgher Maximum mDUt level. Figure 7. Time domain output of the Widex Dream hearing aid programmed th an adaptive directional
_ : microphone and noise reduction at O SNR [speech and noise at 106 dB SPL]. NU-6 words from List 1A:
Input Signal Output Signal 0.:. A “laud”, “boat”, “pool”, “nag”, “limb”
v
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Analog Binary (Digital) Analog Speech Figure 4. “Please say the word dead” at a SNR of O dB. Time-domain output of a hearing aid with a
_ _ ] conventional ADC [blue] and a Widex Dream hearing aid [red]. Both hearing aids were CO N C I_ U S | O N S
w Wﬁj’i £\ programmed with an omni-directional microphone and noise reduction off.
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Figure 1. Basic diagram of the processing stages in a digital hearing aid. Acousic sound waves are picked Hearing ald users are Iikely to expereince significantly better sound

Ak
up by the microphones and converted into an analog signal which is then converted to a digital signal . ' uality as a result of a higher input dynamic range ADC. Saturation
for processing. The analog signal is converted to a digital signal by an analog to digital converter (ADC). 270° 40 cm | 40 cm :l g(f ; distortions are minimized which helps to retain the naturalness of
Noise Noise - : . . .
\ / the sound. Providing an undistorted signal to the digital signal pro-

Saturation distortion in a hearing aid may occur when the input sig- cessor of the hearing aid also may allow for the maximum potential

| ds th limit of a hearing aid’s ADC dynami i
nal exceeds the Upper imit of a hearing ald's yhamic range. s0am A of various signal processing algorithms such as noise reduction.
When saturation distortion occurs, hearing aid users may describe
sounds as having a “crackling” or “raspy” sound quality. Since this
distortion occurs in the front end of the hearing aid processing stage, D_ R E F E R E N C ES
. . . . Noise
the signal passed along to later hearing aid stages will be degraded. a0’
Once a signal has been clipped it is impossible to recover this de- . |
graded signal by further processing Figure 3. Recording setup for audio recordings comparing the two hearing aids with different ADC Figure 5. “Please say the word base” at a SNR of 3 dB. Time-domain output of a hearing aid with Baekgaard, L// Knudsen, NO// Arshad, T/ Andersen HP. 2013. Designing Hearing
' technologies. Speech signals were presented from O degrees. A speech weighted noise was a conventional ADC [blue] and a Widex Dream hearing aid [red]. Both hearing aids were Aid Technology to Support Benefits in Demanding Situations, Part 1. Hear

presented from 90, 180, 270 degrees. The distance of each speaker from KEMAR was 40 cm. programmed with an omni-directional microhpone and noise reduction off. Rev, 20(3): 42-50.



