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A time-domain, level-dependent auditory filter: The gammachirp
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Uncertainty Relation and Minimal States for
Fractional Order Time Operator
Toshio Irino

November 20, 2025

Abstract

1 General Uncertainty Relation and Minimal-State Conditi

For self-adjoint operators A, B and a normalized state ¢ in a common dense domain, the
uncertainty relation reads .

AA-AB = 5[4, B]), @
with Ad = {4~ (A))%), AB:= /{(B ~ (B))?). Equality holds if and only if the minimal-
state condition

(A= () = iX(B-(B)¥, AeR, 2

s satisfied.

2 Setting and Basic Commutators

25

8 Figure: Shape of |g,(t)| (External Data)

las(8)|

it

Figure 1: External-data. plots of |g,(¢)| for different § and parameters.

9 Remarks on Domains and Self-Adjointness

= The expectation {[4, B]) requires the state 1 to be in the common domain of A, B, A, BA.

« ‘The fractional power 7% is defined via the spectral theorem assuming 7 > 0; powers of
the same operator commute.

« In Mellin-type realizations (scale-domain), analogous results follow by replacing t with In¢
and using the scale generator i 7L

« For # <2, choosing A < 0 ensures decay of the real exponential factor in (13) as £ = oo.
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Gammachirp Filterbank
Strobe Temporal Integration
¥

filterbank stabilization

Auditory Image - Size-Shape Image
FEEDI-TLY MAUSZEE (SWMT)

Auditory Image (AI)
Time-interval histogram

[Irino & Patterson, 2002] 31
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Size-Shape Image (SSI) VTL
Segregate size & shape normalization

Mellin Transform
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Auditory Image - Size-Shape Image
BEEDI-TLY MAUSZEH (SWMT)

Auditory 2D
filterbank stabilization

Auditory Image (AI)
Time-interval histogram

[Irino & Patterson, 2002] 32

Size-Shape Image (SSI) VTL
Segregate size & shape normalizatiory
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Auditory Image - Size-Shape Image
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[Irino & Patterson, 2002] 34
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Auditory image model (AIM) - Size-Shape Image - SSI-weight
SSI weight <  FEEDI-TLYBAUSZEE (SWMT)
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(a) Size-Shape Image (SSI)  (b) SSl-weight LT o L S

Size-Shape Image (SST) AL
Segregate size & shape Nornalization

Welin Transtorm

Rl

g

MR RS

\‘/\ ll) 7\\

Wggr = mln(

Frequency (Hz)
]

hmaxFo’

Time-lr:terval, Peak-F:equency produ‘«;, h Veeighl va:ue fp,i F ALY E_OEJ;&@
F, : BARRERE
Pmax : EHES Bhd_LIRE

‘\ (h: BERIRR & E — 0 EIRERfpDTE) /
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Demo Video: Auditory Image, Size-Shape Image, & Mellin Image 35
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SWMT & Auditory spectrogram

Stabilized Wavelet-Melin

[Matsui, Irino+, 2022]
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Filter Gain (dB)
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[Patterson, Unoki, Irino, 2003]

Frequency (kHz)

TRIFRE: 2.52 dB
INSA—5#:GC6 + 1l 6
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[Irino, Yokota, Patterson, 2023]
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