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Ideal Constant Phase Shift

Audibility of constant phase shift?
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Literature audibility of group delay / phase distortions:

V. Hansen et al. (1974): "On aural phase detection: Part Il." JAES 22(1,10)

J. Blauert et al. (1978): "Group delay distortions in electroacoustical systems." JASA 63(5)

H. Suzuki et al. (1980): "On the perception of phase distortions." JAES 28(9)

S. Lipshitz et al. (1982): "On the audibility of midrange phase distortion in audio systems." JAES 30(9)

H. Moller et al. (2007): "On the audibility of all-pass phase in electroacoustical transfer functions." JAES 55(3)
M. Laitinen (2013): "Sensitivity of Human Hearing to Changes in Phase Spectrum." JAES 61(11)
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Sound Field Synthesis (SFS) with Linear / Planar Arrays\

2.5-dimensional SFS ideal half-derivative EQ for infinite linear array
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Sound Field Synthesis (SFS) with Linear / Planar Arrays\
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Fractional Hilbert Transform / Constant Phase Shift ¢

Discrete-time infinite impulse response
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Fractional Hilbert Transform / Constant Phase Shift ¢

Discrete-time infinite impulse response
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Fractional Hilbert Transform / Constant Phase Shift ¢
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Fractional Hilbert Transform / Constant Phase Shift ¢

Discrete-time infinite impulse response
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Finite Length Filter of Fractional Hilbert Transform
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® for o = +180°: perfect phase and perfect magnitude, i.e. inverted Dirac impulse
® for o = +90°: perfect phase, largest magnitude deviation

® for all other ¢ at lowest / highest frequencies:
magnitude convergence to cos ¢ and phase convergence to 0° or 180°
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Example: Constant Phase Shift for Transient Signal h

Original signal z[n]
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Example: Constant Phase Shift for Transient Signal h

Original signal z[n] and treatment Hilbert transform 1 [12]
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Example: Constant Phase Shift for Transient Signal h

Original 2 [n], treatment Hilbert transform zy1[n] and envelope ++/z[n|? + xy[n]?
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Example: Constant Phase Shift for Transient Signal

Treatment x[n] * h[n] for different constant phase shifts ¢
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Example: Constant Phase Shift for Transient Signal
Audibility of the treatment Hilbert transform (o = —90°) against original ?!
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Listening Experiment: Audio Material & Conditions

4x Audio

® square wave bursts 50 Hz, 200 ms on, 300ms off, sin® fades

® 300 Hz-lowpass filtered pink noise

@ castanets (anechoic by Matthias Frank)

® music excerpt with percussion, drums (Eagles, Hotel California, Hell freezes over, 1994)

5x Treatment: Constant Phase Shift vs. Original (¢ = 0°)
| square wave bursts with o = —90°

Il square wave bursts with ¢ = —45°

[l lowpass filtered pink noise with ¢ = —90°

IV castanets with o = —90°

V' Hotel California with o = —90°
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Listening Experiment: ABX Test with webMUSHRA
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Listening Experiment


https://www.audiolabs-erlangen.de/resources/webMUSHRA

ABX / x? Test Statistic Considerations

Pre hoc for individual participants:

® null hypothesis Ho (Pgstect = 0.5), i.€. pure guessing

@ target rejection level « = 0.05, target test power 1 — 5 = 0.95
® assumed Pyerect = 0.9 (effect size g = 0.4)

. >19 correct trials a :
® per audio content for =5 2= = — Peinomial POF < 5 — Ho can be rejected

Post hoc for tested population (cumulated frequencies):

® per audio content: comparison against 50:50 answering

@ 10 pairwise comparisons over all audio contents: same rating for different content?
using p, 2ppr for small / medium effect size
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Listening Experiment: Procedure

@ experiments conducted in our audio lab

@ diotic playback via headphone Sennheiser HD 800 (dynamic, open)
@ stimuli ITU-R BS.1770-4 loudness matched (except castanets)

® playback at 73 dB(A), ¢4 / 88 dB(C)peq for fullband pink noise

@ ratings: 5 treatments x 25 trials per treatment x 12 participants (4 female, 8 male)
@ fully randomized stimuli sequence
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Listening Experiment: Results
ABX / Binomial
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Listening Experiment: Results
Contingency Tables / x>
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Listening Experiment: Results
Trial Decision Time
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Conclusion

Audibility constant phase shift— yes

Discrimination of phase shift against original

@ very sensitive to square wave bursts

8 @ likely sensitive for transient signals and
ﬂ ’ . s g lowpass filtered noise
: ’ T @ audibility for musical content not yet shown
° 3 a § @ training improves sensitivity...
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Conclusion

Audibility constant phase shift— yes

Outlook
trained experts achieve
pink noise ¢ = —90°: 95% (***)

g8 castanets o = —90°: 92% (***)
. s . R 20§ ABX test design with assumed effect size g = 0.25, & = 0.05, power
. . =
) § psychometric function detection over ¢
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Periodic Convolution

Impulse response for o = —7%
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Quantization Filter Coefficients

0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6

-0.8

2/nn
_®_ hin]

\
\

T\TT‘T‘!-Q-Q-

-c-b_a._;_Ll\l

\
\
[

-10 0 10
n/sample

dibility Constant Phase Shifts

Amplitude / dB

—40 Py
R
-80 ™
16-bit noise floor >«
—100+ ~o
~1201 o
—140+__ 24-bit noise floor —
102 10° 10 10°  10° 107
n / sample
1073 1072 107! 10° 10t 102
t/s

Appendix




Crest Factor D
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Crest Factor
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Audio Content Spectra
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