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Estimating critical stimulus features based on the logistic model
for sensory perceptions

FURIHATA, Kenji
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IT at least one dose-response relation is obtained from each subject, the logistic
model can predict a threshold, an allowance (for example, whether a sound is annoying or not from its
LAeqg, (5min) [dB]), and an optimum speech level. Specifically, it was discussed whether mental fatigue can
evaluate quantitatively by measuring temporal-processing abilities of two pulses stimuli that varied in
duration (10ms to 80ms) presented in the visual, audible, and tactile modalities. The results show no
influence of various fatigue-related risk factors in temporal-processing abilities. On the other hand,
various fatigue-related risk factors may affect the mean magnitudes of the measured pressures and the
delay transfer functions between the carotid pulse pressure and the ear canal sound pressure in the study
population; these factors include systolic blood pressure, salivary amylase activity, and age, sleep
duration, postural changes, chronic fatigue, and pulse rate.
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Fig.1 Two pulses stimuli for audible, tactile, and
visual sensory.
@
€)
@
7
@
1 0
2 10ms
Fig.1
2
@) 2kHz ()
40KHz (©)  (200Hz)
50ms 1 20 10.1%



18
1274 / 6.5%
50m
11
Lyeq[dB]
1982 2002
13
980 2,940
(¢H)
1
p(L) = Tre WS (1)
L [dB] M
S L
Fig.2
Table 1

R 0.971 0.999

&
2 Hijouni
& urusai
£
i
E
H
£
H
O 02 /

A intolerable
> 4 annos
PR 5 vance
l InaudlbleT 0 20 m 60 50 100 120

L s eq (smim | B]

Fig.2 Relationships between each cumulative
percentage of annoyance responses and Laeq,s min)
for various noise sources. The curves are the
calculated cumulative percentage of annoyance
responses using Eqg. 1.

Table 1 The logistic regression parameters
estimated from each cumulative percentage curve
based on the psychometric function of Eq.1.
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Fig.3 Relationships between each cumulative
percentage to how many times you heard for
bone-conducted ultrasound and level differences.

Table 2 Construction of each psychological scale
scores for audible sound, ultrasound, tactile and
visual sensory.

J 0 1 2 3 4 5 6 7

S;[dB] 220 334 381 4.64 4.14 343 265 3.14

MJ[dB] | 18.01 | 2841 | 3930 | 47.77 | 56.77 | 67.61 | 7636 | 92.12
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Table 3 Each slope (9) and intercept (In)
parameters for derivation of the relationships
between the sensitivities (p) and the
psychological scales.

SiSE‘ 1”5:‘ Sll»z I”IH
Auditory \ R
(Audble Sound) 0.0069 0.1735 -0.2931 2.7080
Auditory y ran
(Ultrasound) 0.0019 0.1825 -0.7516  3.6334
Tactile 0.0195 0.1807  -0.0988  2.6567
Visual -0.0100  0.0763 0.0423 -3.0469
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Table 4 The explain symbols for our surveillance
data.

Emglish (Abbreviation) [Unit]

Audible sound Discrimination Threshold (ADT)[dB]
Sensitivity of Audible sound (P )[%]
Bone-conducted ultrasound Discrimination Threshold
(BDT)[dB]
K E) R E [ Sensitivity of Bone-conducted ulirasound (Ps)[%]
# 5|34 {E| Tactile Discrimination Threshold (TDT)[dB]

L Sensitivity of Tactile (Pr)[%]
& [Flicker Order Threshold (FOT)[dB]
Sensitivity of Visual (P£)[%]
Z|Subjective fatigue level [%]
Systolic blood pressure [mmHg]
/& M1 F | Diastolic blood pressure [mmHg]

fft#&|Heart rate [bpm]

EE{Z -7 35— PIE| Activity of salivary amylase [kKIU/L]

| The Self-Diagnosis Fatigue Level Total Score
“|(SDFLTS) [Point]

leep time [minute]

|| Start time of experiment [minute]

5| Wake time [minute]

5[ Age [years old]

#£3|Gender [Male=0, Female=1]

The Score of Self Checklist of the Accumulated
~|Fatigue for workers (SSCAF) [Point]

.| The Score of Checklist of the Accumulated Fatigue

ECBEES

3 for workers by Family (SCAFF) [Point]

Table 5 The result of statistical factor analysis.

Factors
1 2 3 4 5 6 7

Pp 931 157 071 158 -089  .027 068
BDT 931 145 071 62 -090 036 058
Pr 608 -252 085 -137  -288

TDT 587 -248  .092 -138
Py 841 -035 028 -159 .037 019
ADT 841 -032 035 -160 .041 019
Gender -023 624 -082 108 -060 -065
Systolic blood pressure -089 -138 .841 -025 .171 -004 -153
Diastolic blood pressure -026 -183 837 012 148 078 -023
Age 131 207 497 049 -095
Heart rate 109 176 465 -037 =217 160
Pr 152 054 017 970 -009 037 -012
FOT 152 048 016 970  -010 .034 -010
SDFLTS =047 -205 112 -025 .794 092 049
Subjective fatigue level -006 -085 (185 -041 757 .00 040
SCAFF -113 -117  -153 059 .62 813 -026
SSCAF 083 042 174 581 071

Activity of salivary amylase | .108  -056 063 -056 -217 .528
Wake time 043 -085 -046 050 -010 .735
Sleep time -021 -066  -002 050 -144 679
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Fig.4 Sensory sensitivity changes for 3D and 2D
displays (before and after the attention in 1 hour).
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Fig.5 Measurement equipment: continuous,
non-invasive method and apparatus for
measuring the transfer function between the ear
canal pressure (ECP) and the carotid pressure
(CAP) caused by blood parameters.
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Table 6 Characteristics of the three subjects
selected by systolic blood pressure.

Sbjt Gader  Aw Hear.m[g Systo]icb]nod‘ Dias[olic’blood Sa]i.xpryam}hse
- (beatsmin)  pressire (nmHg)  pressue (nmHg)  achiy (KIUL)

A Fermk 45 66 % 63 31

B Male 2% n 111 I 9

C Male 8 100 189 120 109
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Fig.6 Separated waveforms of the circulatory
system (continuous line) and the respiratory
system (dashed line) for the right ECP measured
for three subjects [(a) subject A, (b) subject B,
and (c) subject C] in a sitting position. The
normal ICP waveform contains three phases: P,
(percussion wave), representing the arterial
pulsation; P, (tidal wave), representing the
intracranial compliance; P; (dicrotic wave),
representing the venous pulsation. Comparison of
the sound pressure waveform characteristics
among three subjects [(d) subject A, (e) subject B,
and (f) subject C] for the right CAP (dashed line)
and the right ECP (continuous line) taken during
the supine period.
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Fig.7 The magnitudes (dB) as a function of
harmonic number of the transfer function from
the right CAP to the ECP during the first long
sitting position. Continuous line and long dashed
double-dotted line show +1 standard deviations
from the mean over the 419 data. White triangles
(A): systolic blood pressure between 161-239
mmHg (12 data). Black triangles (A): systolic
blood pressure between 144-160 mmHg (25 data).
White circles (0): systolic blood pressure
between 107-143 mmHg (340 data). Inverse
white triangles (¥ ): systolic blood pressure
between 80-106 mmHg (42 data).
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[1] Transfer function for vital infrasound
pressures between the carotid artery and
the tympanic membrane
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