
Computational closed-loop methods to compensate for standard and hidden hearing losses

Results
Figure 1. Closed loop DNN training strategy using audiometric 

thresholds and synaptopathy assessment.

Table 1. Summary of significant differences between the unprocessed 

and processed sound samples when all participants are considered. + - 

mean rating was significantly better than NAL processing, Grey – No 

difference; Red – The quality of the processed sound was rated worse 

than the unprocessed sample; Green – the quality of the processed 

sound was rated better than unprocessed. SiQ – Speech in Quiet, SiN 

– Speech in Noise, Classical – classical music, Pop – Pop music.

Figure 2. HASPI scores are shown for unprocessed speech, 

conventional NAL-NL2 amplification, CS-specific compensation, OHC-

specific compensation, and combined OHC-CS compensation. The red 

dotted line indicates the unprocessed baseline. Higher HASPI scores 

indicate better predicted speech perception.

Figure 3. Preliminary performance testing of the outer hair cell 

(OHC) compensation algorithm in 14 patients showed an average 

improvement of 12.5% on a fixed-SNR 20 sentence matrix test.
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Motivation
• Standard Hearing Loss: Historically managed via gain-based 

amplification and frequency shaping.

• Hidden Hearing Loss: Involves cochlear synaptopathy (CS) and 

impaired neural coding; severely degrades speech perception in noise 

despite near-normal audiograms.

• The Gap: Conventional strategies fail to address supra-threshold 

deficits, motivating the need for advanced computational 

approaches..
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Conclusions
• Beyond Gain: Computational closed-loop compensation 

successfully personalizes processing by merging data-driven models 

with auditory-domain knowledge.

• Dual-Targeting: The system effectively addresses both standard 

(threshold) and hidden (supra-threshold) hearing losses.

• Future Impact: These outcomes pave the way for next-generation 

assistive hearing technologies that truly mirror the complexity of 

human hearing impairment.

Methods
Framework & Modeling

The framework combines individual audiometric information with 

envelope following response (EFR)-based estimates of suprathreshold 

auditory damage. The audiogram was used to model outer hair cell 

(OHC)-related hearing loss, while the EFR response was used as an 

objective marker related to CS. Together, these measures defined a 

personalized hearing-impaired auditory model. Speech signals were 

then processed through both this personalized model and a normal-

hearing reference model, allowing the difference between impaired 

and normal auditory representations to be quantified.

Algorithmic Strategies

Two DNN-based compensation strategies were implemented using 

the dCoNNear framework. The first algorithm was designed to 

compensate only for OHC damage, using the audiogram-based 

hearing-impaired model as input. The second algorithm was designed 

to compensate only for CS damage, using the EFR-informed 

synaptopathy model while leaving OHC function unchanged.For both 

strategies, speech was first processed by the DNN and then passed 

through the corresponding impaired auditory model. The network 

was optimized to minimize the difference between the model output 

and the normal-hearing reference output. This allowed the effect of 

OHC-specific and CS-specific compensation to be evaluated 

separately.

Clinical Evaluation

• Participants: 53 patients (MUSHRA) / 14 patients (OHC 

compensation).

• Conditions: Proposed closed-loop approach vs. NAL-NL2 

prescription rule vs. Unprocessed reference.

• Method: Evaluation using HASPI v2 metrics, a MUSHRA subjective 

quality test, and a fixed-SNR 20-sentence matrix test.
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