
 EFFECTS OF EXPANSION 

 Top panel: Input/Gain graph depicting hearing 

aid gain at compression kneepoint,  above the 

compression kneepoint and at several expansion 

schemes below the kneepoint.  Bottom panel: 

Real-ear measures demonstrating the effect of 

different expansion schemes on soft speech 

(50dB SPL).   

 As an example, the least aggressive expansion 

ratio (.7:1 in channels 1 through 4) can decrease 

audibility for soft speech by approximately 2 dB 

at 2KHz.   

 In contrast, aggressive expansion schemes (.4:1 

in all channels) can decrease audibility of soft 

speech by up to 15 dB at 2KHz.      

 Kneepoints were modeled after the LTASS. 
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  Annoyance perception differs for hearing-impaired (HI) 
and normal hearing (NH) listeners [1] 
 HI listeners are less consistent at rating annoyance than 
NH listeners 

 HI listeners show a greater range of annoyance ratings 
 Differences in annoyance ratings between NH and HI lis-
teners are stimulus dependent 

 

  Loudness is a significant factor of annoyance percep-
tion in HI listeners 
 We found no significant effect of sharpness, fluctuation 
strength and roughness, even though they have been used 
in an annoyance model for NH listeners [2] 
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 Annoyance Perception 

 Introduction 

Future Research 

Summary 

  Refine the annoyance perception experiment for HI lis-
teners to study the effect of other factors 

  Refine the annoyance model for HI listeners to include 
other factors such as sharpness 

  Use the annoyance model to create more effective 
noise reduction algorithms 

  Loudness is a major factor of annoyance perception in 
HI listeners 

  A noise cancellation algorithm is proposed to minimize 
loudness instead of energy 

  More effective loudness reduction is achieved using the 
proposed algorithm 

  HI listeners can clearly perceive the difference between 
ER-ANC and AR-ANC 

  The data suggest factors in addition to loudness should 
be considered for annoyance reduction 

  The goal of noise reduction in hearing aids is to im-
prove listening perception 

  Existing noise reduction algorithms are typically based 
on engineering or quasi-perceptual cost functions 

  We propose a perceptually motivated noise reduction 
algorithm by incorporating an annoyance model into 
the cost function 
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  Perceptually motivated active noise cancellation (ANC) 
for HI listeners through loudness minimization 
 Cost function: overall loudness of error residue 

   : overall loudness;       : specific loudness 

 Achieved through spectrum shaping on the NLMS update 
[3][4] 

 

  Such a formulation can be extended to other metrics, 
including sharpness, roughness, etc. 

Audiogram Average N  
ER-ANC (Sones) 

Average N   
AR-ANC (Sones) 

Improvement 

A 11.0   9.7 11.8% 

B   8.5   6.9 18.9% 

C 11.7 10.5   9.4% 

D   9.3   7.6 18.3% 
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 Simulation Results 
  Comparison between 
energy-based ANC (ER-
ANC) and annoyance-
based ANC (AR-ANC) 

  4 typical audiograms 
  8 environmental noises 
as input  

  Improved loudness reduction for all configurations 
  Improvement depends on HL degree and slope 
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Subjects 

  5 HI listeners with sensori-
neural hearing loss 

  Employees of Starkey 

  Age: 35 to 55 years old 

  1 female and 4 males 

Stimuli 

  Inputs were the same as those used in the simulation 

  Stimuli were generated using ER-ANC and AR-ANC 

Procedure 

  Each listener participated in one 90-minute session 

  Stimuli were presented unilaterally through Sennheiser 
HD600 headphones 

  During the first 60 minutes, each listener compared AR-
ANC to ER-ANC and indicated which is [Ŝǎǎ !ƴƴƻȅƛƴƎ 

  During the next 30 minutes, each listener compared AR-
ANC to ER-ANC and indicated which is {ƻƊŜǊ 

 

Annoyance Ratings vs. Loudness 

Moderate HL 

Moderate Severe HL 

 Evaluation Results 

Percentage of Responses: Less Annoying  

Percentage of Responses: Softer  
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