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1. Motivation & Goal

• Gammatone filters (GTFs) and related classes of filters from the
same family (APGFs/GEFs/P, V, OZGFs, . . . ) are widely used
to model auditory signal processing in cochlear implants, hearing
aids, speech recognition, localization models, and auditory model-
ing.

• Filter parameters such as filter order or exponent are fixed to val-
ues from decades-old simultaneous-masking data [Glasberg and
Moore 1990], leaving the full parameter space largely unexplored.

Three open questions:

• Q1: What is the full range of filter behavior when all degrees of
freedom (Ap, bp, Bu) are utilized beyond fixed-order filters?

• Q2: How can we estimate filter parameters from characteristics
from recent physiological and psychoacoustic data?

• Q3: Compute estimates for filter parameters for human audi-
tory filterbanks given recent measurements of filter characteris-
tics (Qerb, Nβ, etc.)

2. Filter Classes & Sharp-Filter Approx.

• The behavior of filters from the Gammatone family of filters such as
the GTF and,

– GEFs/P (≈ APGF): HP (s)∝C[(s− p)(s− p̄)]−Bu

– V (≈ APGF): HV (s)∝ (s + Ap)[(s− p)(s− p̄)]−Bu

with p = −Ap + ibp, Im{s} = β = f
CF and filter parameters,

Θ = (Ap, bp, Bu) ∈ R3+

• May be approximated by that of a sharp-filter approximation, with
transfer function,

Hsharp ∝ (s− p)−Bu

• The approximation is unrealizable but allows for developing meth-
ods for estimating filter parameters from behavior.

• The approximation was independently derived from both GEFs/P
and classical GTFs and was tested and determined to be a highly
reliable approximation of the peak region for a few classes of linear
filters from the Gammatone family of filters (GTFs, APGFs, GEFs/P,
OZGFs, V) for the parameter region of interest.

• Hsharp is a highly accurate approximation for small Ap (< 0.2) as is
the case for humans for the peak region – see Fig. 1. The asymme-
try of the frequency-response is class-dependent, but the methods
to estimate filter parameters from peak-centric characteristics
carries over to the several classes regardless of off-peak be-
havior.

Fig. 1: Bode plots of HP , HV , and Hsharp for two human parameter sets (basal Ap = 0.05 - left,
apical Ap = 0.20 - middle) and peak-aligned for the apical one - right. Hsharp accurately

approximates realizable filters near the peak, validating extension of the analysis and methods
to GEFs/P, V, and P-GTFs. From Alkhairy 2026.

3. Filter Characteristics Encode Behavior (Q1)

• Filter characteristics describe the behavior of filters and are reported for various species. We
derive closed-form expressions for characteristics that enable developing methods to estimate filter
parameters from reported measurements of filter characteristics.

• From Hsharp, we derived expressions for filter characteristics Ψ in terms of Θ:
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• Fully utilizing the parameter space allows for a wide range of behavior – see Fig. 2.

Fig. 2: Filter characteristics encoding filter behavior as a function of filter parameters Ap, Bu with bp = 1. From Alkhairy 2026.

• Certain characteristics depend on a single filter parameter and are relatively insensitive or highly
sensitive to it – see Figs. 3–4.

Fig. 3: Bu-dependent ratios. α = Qerb/Q10 varies slowly over the human range. bp/g = βpeakNβ/Qerb varies more reliably from a parameter
estimation perspective. From Alkhairy 2026.

Fig. 4: Ap-dependent ratios. Both Sβ/Nβ and ϕaccum/Nβ are strongly sensitive to Ap and hence are reliable estimators when such data are
available. From Alkhairy 2026.

• When using characteristics to inform parameter estimates: The characteristic ratio α alone should not
be used to estimate Bu as it varies too slowly over the human parameter range and provides only a
lower bound (Bu ≥ 3.86 from 1.7 ≤ α ≤ 1.8). The characteristic ratio g = Qerb/Nβg = Qerb/Nβg = Qerb/Nβ is preferred for
parameter estimation. See Fig. 4.

4. Estimation Method (Q2)

• To estimate values of filter parameters given characteristics, first determine appro-
priate set of characteristics needed for estimating filter parameters based on
application - e.g. Qerb & Nβ for delay-limited sharp filters; Sβ & Qerb for fine mag-
nitude control. Avoid α alone for Bu due to lack of sensitivity; avoid ϕaccum for Bu as
off-peak behavior may not mimic cochlea.

• We use reported values of α to provide a lower bound on Bu and g to estimate Bu

– see Fig. 5.

Fig. 5: Filter order from filter characteristics: Bu as a function of g/bp (left) and α (right) with Bu = 3/2 (red dotted) lower
bound requirement from impulse-response envelope shape. From Alkhairy 2026.

• Sequential parameter estimation method

1. Estimate bpbpbp of pole: Typically set bp = 1 so fpeak = CF.

2. Estimate filter exponent BuBuBu: Use a ratio that depends only on Bu, preferably
g = Qerb/Nβ or ERBβNβ. Solve the nonlinear equation

g(Bu) =
2
√
π bp Γ(Bu)

Bu Γ(Bu − 1
2)

for Bu, using figures as initial guides.

3. Estimate ApApAp of pole: Given bp and Bu, use reported Qerb to solve the linear
equation

Ap =
bp√
π Qerb

Γ(Bu)

Γ(Bu − 1
2)

The estimation method results in highly accurate estimates given the range of
filter characteristics provided from human studies [Alkhairy 2026].

5. Estimating Filter Parameters for Humans (Q3)

• We are concerned with estimating human filter parameters for basal CF – i.e. CF >
CFa|b

• Existing values of quality factors from human psychoacoustic experiments in hu-
mans include those from simultaneous-masking experiments [Glasberg and Moore
1990] and forward-masking experiments [Oxenham and Shera 2003].

Fig. 6: Reported values of ERB quality factors from simultaneous and forward masking experiments for basal CFs. From
Alkhairy 2026.

6. Estimating Filter Parameters for Humans (Q3) -
Cont.

• We generate three sets of estimates for parameter values for human filters for
the base. In what follows CF is in kHz but the filter parameters are dimensionless.

1. Bu,glasberg from [Glasberg and Moore 1990] and quality factor from the associ-
ated simultaneous masking experiments, Qerb, sim to determine Ap,glasberg

Bu = 4, Ap =
1.0186

Qsim
= 0.0252

4.37CF + 1

CF

2. Bu,chin estimated from gchin - the g of chinchilla, extrapolated to humans based
on [Shera, Guinan Jr, and Oxenham 2010] and quality factor from simultane-
ous masking experiments of [Glasberg and Moore 1990], Qerb, sim, to determine
Ap,chin-sim

Bu = 7.2, Ap =
1.4334

Qsim
= 0.0354

4.37CF + 1

CF

3. Bu,chin estimated from gchin - the g of chinchilla, extrapolated to humans based
on [Shera, Guinan Jr, and Oxenham 2010] and quality factor from forward
masking experiments of [Oxenham and Shera 2003], Qerb, sim, to determine
Ap,chin-forw

Bu = 7.2, Ap =
1.4334

Qforw
= 0.1303CF−0.27

7. Limitations & Extensions

• Compute low-CF parameters: compute parameter estimates for CF < CFa|b using
data from [Leschke et al. 2022]

• Nonlinear extensions: estimate level-dependent filter parameters
(bp(L), Ap(L), Bu(L)) for quasilinear models (and later extend to fully nonlin-
ear) for hearing loss, level-dependent tuning, compressive gammachirp, etc

• Other Gammatone-family filter classes: peak-centric characteristics-based esti-
mated parameter values are the same; extend methods per class (e.g. gammachirp)
with class-specific off-peak and asymmetry characteristics; test and compute uncer-
tainty of estimated parameters for each class

• Use reported values of other characteristics for parameter estimation: e.g.
determine Nsfoae/Nβ to use human SFOAE data directly, avoiding cross-species
extrapolation of g

• Limitations: assumes sharp-filter regime (small Ap), peak-centric characteristics

8. Significance & Applications

1. Use filterbanks with updated filter parameters (level-dependent versions where
needed): for cochlear implants [Cosentino et al. 2013; Harczos, Chilian, and Husar
2012], hearing aids [Zhang, Mustiere, and Micheyl 2016], ASR [Dimitriadis, Mara-
gos, and Potamianos 2010; Slaney and Seltzer 2014], sound source localization
models [Dietz, Ewert, and Hohmann 2011].

2. Use characteristics-based parameter estimation method (i.e. filter design meth-
ods): for species- and pathology-specific filterbank design [Irino and Patterson
2020], design of parametric equalizers and for active noise control and seismic
phase-picking and applications requiring simultaneous direct control over selectivity
and group delay [Jin et al. 2017; Alkhairy 2025]; also characteristics-based design
enables studying how observed filter characteristics map to underlying cochlear me-
chanics [Alkhairy and Shera 2019; Alkhairy 2024].

3. Use dependence of filter parameters on characteristics: for controlled sensi-
tivity analysis of perceptual and technological outcomes – e.g. vary Qerb while
holding Nβ fixed, or vice versa which is not possible with ad hoc methods. Rele-
vant outcomes include speech intelligibility [Warren, Bashford Jr, and Lenz 2004],
articulatory-acoustic mutual information [Ghosh, Goldstein, and Narayanan 2011],
and CI intelligibility modeling [Cosentino et al. 2013].
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