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INTRODUCTION NOISE CALCULATION MODEL 1: Noise added to the signal prior to amplification. HA internal noise is PREDICTED AUDIBILITY OF HA INTERNAL NOISE
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. . vt constant; variance decreases as the stimulus level increases and gain decreases. This is o 100 100 100
Equivalent input noise (EIN), as specified in ANSI $3.22', is used by industry and clinics to evaluate internal noise levels of Discrete Fourier transforms were computed on each of the 16 5-second recordings X, [m)= Z‘;x, [nle 0 the EIN assumption, Only HA F was consistent with this model, o, ——FT Testas = =
hearing aids (HAS). Questions regarding the validity and usefulness of the EIN measurement are raised by the following: (eq. 1). In eq. 1, x, is the waveform in the k-th recording, and X,[m] is the DFT of r—— rtemaltoise 80 8
1) The use of EIN presupposes that the noise measured at the HA receiver is the internal noise multiplied by the gain, an the k-th recording and the m-th frequency bin. In the frequency domain, the mean MODEL 2: Noise added after signal amplified. HA internal noise constant; variance .y —3 Gsvn - % i % i
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assumption that may not be true. 2) The EIN was not intended to be predictive of the noise’s audibility. 3) Measurements signal was computed as the (coherent) average complex spectrum (eq. 2). % [ constant across all stimulus intensity levels. HA C was consistent with this model. = £ £ E s
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made in our lab show that the EIN is somewhat variable (Fig 1). tml=% ; ilm] @ H g4 P iah g —
" 2 : b 5 i X ) OTHER MODELS: Noise Models 1 and 2 did not adequately describe the variance observed in HAs A, B, D, & E. The 30 0 4
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Accordingly, the purposes of this study were ) was not repeatable (i.e. did not phase lock to the stimulus). By variance increased as stimulus level increased and gain decreased. This may be modeled using a variable noise source po N~ B i ~- c
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* To assess the validity of the EIN noise assumption. % BTio i i this dCﬁ““f"“‘ the energy of the hearing aid internal noise is the K-1& Xl = XTIk )= X[m))* - 3) Frequency (kHz) Frequency (kHa) Frequency (kHa)
o ) e I variance of the measurements (eq. 3). The variance was summed THE EFFECT OF HA FEATURES ON VARIANCE o o
* To develop a method of measuring internal noise that = I across 1/3 octave bands? and converted into dB SPL. % %0
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Figure 1. Variability in clinical EIN measurements. The EIN for two HAs (filled circles, open squares) of models A-E If these assumptions are met, the variance will accurately describe the internal noise of the HA. Wit featufes ehavlec DUt remain = 8us o35 05 1 2 4 s  ws o3 o5 1 2 4 8 oms om 05 1 2 4 s
was measured using 3 different measurement systems (L, VF, F). Measurements were repeated 3 times, and obtained values constant as stimulus intensity increased e B 1 B Frequency (kHa) Frequency (kHa) Frequency (kHz)
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were compared to manufacturer specifications (MS, open circle, error bar = +3 dB). Results showed higher than expected with features disabled. o 0B 0 e 0 % . ° || Figure 7. Predicted audibility of HA internal noise. The circled areas correspond to the frequency bands where the 13
variability across repeated measures and across measurement systems. All HAs exceeded the ANSI tolerance of +3 dB for o A o ) octave band level of the noise exceeds the pure tone audiometric threshold. Noise in these bands are predicted to be audible.
at least one measure RESULTS Listening checks of HA B suggested that the high variance measured with features enabled was not audible to listeners. The .
| high variance appears to have been the result of slow amplitude fluctuations across repeated presentations of the stimulus. RELATIVE LOUDNESS RANKING COMPARISON [ orionce Rank
VARIANCE MEASURES OF INTERNAL NOISE In other words, with features enabled, HA B does not process the stimulus the same way every time, leading to high 5 Eershan ok

Figure 8. Predicted and subjective relative loudness rankings. The
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Figure 2. Top-end BTE HAs were obtained from six main manufacturers.

variability. This variability occurred across 5-second stimulus presentations, putting the fluctuations on the order of less
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than 1 Hz. The overestimation of the audible internal noise in HA B is due to a violation of the assumption that HA output predicted rankings of HA noise loudness (dark blue) were in close

. N . . . is invariant for a given input. agreement with the subjective rankings of HA noise loudness (light
HAs were programmed for a high-frequency sloping hearing loss using the blue). These rankings did not agree with a ranking of the

manufacturer’s software and “first fit” settings. Two conditions, Features 0

Loudness Rank: 1 - Softest, 6 - Loudest

Whether or not features were enabled did not affect the variance in the remaining 5 HAs. This suggests that, for the majority manufacturers’ reported EIN values, suggesting that the EIN should i
" P Res s Disa “Fan & 0 . . . . . N V. .
Enabled and Features Disabled, were tested. “Features™ here refers to ‘ i of HAs, adaptive features are not a significant source of internal noise. However, it should be noted that although the not be used to quantify the relative loudness of HAS" internal noise.
feedback reduction, digital noise reduction, and directional mic scheme. [ I o » 2 features were enabled, they were not necessarily activated by the test setup used in this study. Further studies should ¢ LT L r
0 10 ) o : Hearing A Manufacurer
I A examine conditions in which the features are active. .
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Figure 3. Stimulus waveform. A 5-sccond segment of the new o o
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International Speech Test Signal (ISTS) was presented through a Frequency (o) Frequency (o) Frequency (o) LOUDNESS OF HA INTERNAL NOISE CONCLUSIONS
loudspeaker positioned at 0° azimuth, 1 m from KEMAR. HA output was :‘; :‘; :‘; Variance that noise at the HA receiver is not simply the internal noise

recorded for a no-input condition and for stimulus intensity levels of 20 ESTIMATION OF LOUDNESS: The HA internal noise will be audible to

Amplitude

o0 0 0 multiplied by the gain. This is contrary to the assumption made when using EIN, raising questions about
80 dB SPL. For each test condition, the ISTS stimulus was presented o 5 - the user if the 1/3 octave band level exceeds the corresponding pure-tone S =1 +FEI-1) @ its clinical and industrial utilty.
repeatedly until 16 i of the HA output were stored. g s M g 5 g s threshold® (circled areas in Fig. 7). For each HA, 1/3-octave band level om " . . . . . . .
i e 4 sz ) s A~ Joudness indexes (/) of audible frequency bands were obtained using ANSI Internal noise was quantified using the variance by sy ging. This p
Figure 4. HA Settling Time. Prior to collecting 16 recordings, the HAs o ; 30 39 30 | $3.4-1980*. Total Loudness (S) was calculated according to (eq. 4), where P = 40 + 33.219 log, 5) . internal noise regardless of noise i . Several different patterns were seen,
. ) " o 2 2 2 R R ) )
were engaged for 3 minutes using repeated presentations of the ISTS 8 1 “ e " 1,y is the maximum of the indexes and /= 0.15. Total loudness was indicative of noise acting at different locations.
S S. is was a v 1 <, »” 3 sist ! . 9 : . . " . .
stimulus. This was done to allow the HAs time to “settle” toa consistent 4, I Amplitude-invariant 0 D 0 E 0 F converted to calculated loudness in phons (eq. 5). HA were rank ordered from softest to loudest based on calculated loudness. « Predicts relative loudness of the internal noise. Perceptual rankings agreed with predictions based on
. . . e . 2 & 0125 025 05 1 2 4 8 0125 025 05 1 2 4 8 0125 025 05 1 2 4 8
output amplitude. The HAs displayed a wide range of settling times, B H Frequency (kHa) Frequency (kH) Frequency (kHa) the variance. This method has potential for predicting audibility and relative loudness of a HAs internal
. G se show ach tracing S SUBJECTIVE JUDGEMENT: The output from each HA in the absence of an input was recorded and filtered to simulate the .
with the longest of these shown to the right. Each tracing shows HA ® ——— Figure 5. Measured variance as a function of stimulus level (Features Enabled condition). Three distinct patterns were seen. , P ) P ' noise.
output SPL assessed at 5-second intervals. The measurement sequence i T The different patterns suggest different models to explain the measurements of HA internal noise. high-frequency hearing loss used in this study (see Fig. 2). Normal-hearing pilot subjects were asked to make paired loudness . internal noise concurrent with HA pr ing while adaptive features are enabled.
was repeated 3 times to check reliability. % N R o, RN MM e e = comparisons between filtered HA noise samples (30 comparisons repeated three times each).
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