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Subjective Response Analysis of Just Noticeable Difference
and Annoyance due to Octave Band Impact Sound Emitted
by a Rubber Ball via an Auditory Perception Experiment
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ABSTRACT

In this study, subjective responses to rubber ball impact sounds in each octave band for JND and

annoyance were investigated through an auditory perception experiment. Based on previous studies,

two representative spectra of rubber ball impact sound were used. The spectraum A and B of rubber

ball impact sound were acquired from the floors with 210 mm and 110 mm ~ 180 mm thick concrete

slabs, respectively. A rubber ball impact sound was used in an auditory perception experiment with
SNQ (Liarmax) 47 dB, 51 dB 55dB with +2 dB, +4 dB, and +6 dB differences. Statistical analysis was
performed based on the response results. As a result, both spectraum A and B had exhibited a high

rate of change for in annoyance in the octave bands with small JND values. The significant JND
bands in spectrum A were 125 Hz and 63 Hz, with JND values of 3.4 dB and 4.2 dB, respectively.
The significant JND bands in spectrum B were 500 Hz and 250 Hz, with JND values of 3.6 dB and

3.9 dB, respectively.
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Heavy impact source : rubber ball (NOK)
Multi channel analyzer : dB4 (01dB)
Analysis program : dB FA suite (01dB)
Microphone : MPA201 (BSWA)
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Fig. 2 Representative spectrum
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Table 1 JND result of spectrum A, B (analyzed by probit regression curve)
S Frequency
’ 63 Hz 125 Hz 250 Hz 500 Hz
1.00 100 — 1.00

Fg 0.75 E 0.75 ? 0.75
(a E: 0.50 E 0.50 Ez 0.50

g,,o.zs %0_25 % 0.25

g 0.00 _— g 0.00 g 0.00

8 6 -4 2 0 2 4 6 8 8 6 -4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8
Level Difference [dB]
1.00 1.00 1.00 1.00

E‘ 075 |™. E 0.75 E 0.75 75

;é 0.50 é 0.50 é 0.50 £ 050
(b) 2 3 2 g

;Eu 0.25 § 025 g“ 03 %u *

g 0.00 ;5: 0.00 § 0.00 5 0.00

8 6 -4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8
Level Difference [dB] Level Difference [dB] Level Difference [dB] Level Difference [dB]
Table 2 JND value of octave band [unit: dB]
Spectrum A Spectrum B
63 Hz 125 Hz 250 Hz 500 Hz 63 Hz 125 Hz 250 Hz 500 Hz
L\ Fmax N P N P N P N P N P N P N P N P

55dB 46 | 3.0 | 3.8 | 3.1 -6.1 55| 44 | 35| 56 | 48 | 62 | 40 | -5.1 3.1 -3.5 3.5

51dB 54 | 28 | 37 | 35| 52|70 | 47 | 43 | 64 | 60 | -59 | 40 | 42 | 3.1 3.4 3.5

47 dB 50 | 3.5 | -3.0 | 3.1 | -5.1 6.7 | 3.6 | 3.8 | -74 | 6.1 -6.5 | 3.5 | 4.1 34 | -3.6 3.9

Mean S50 | 31| 35|33 | 55|64 ]| 42|39 | 65|56 | -62 |38 ]| 45|32 -35 3.6
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Table 49l G2]5I0It} ol & 59, 63 Hz =9] H+f
kel 8.9 %2 A¥= 63Hz M=V 1dB 571 BB
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(2) Spectrum B o]
Table 3(b)<] Probit &]7%4 Z3}, spectrum Bl
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Table 3 Annoyance result of spectrum A, B (analyzed by probit regression curve)

S Frequency
’ 63 Hz 125 Hz 250 Hz 500 Hz
1.00 1.00 1.00
%075 % 0.75 % %
§0,50 § 0.50 é é‘
(a)= 5 5 g
gno.zs gp 025 3 E
E’ 0.00 g 0.00 g g
8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8 6 -4 2 0 2 4 6 8 8 -6 -4 2 0 2 4 6 8
Level Difference [dB] Level Difference [dB]
1.00 1.00
o)z : z :
2 £ 0 8 6 4 2 0 2 4 6 82 K E z 8 6 -4 2 0 2 4 6 8
$o 74]_evé|2[)iﬂ‘(ire||c§ [ds? 6 8 Level Difference [dB] ‘ -4LevelzD1ﬂgrenc§ [de]‘ ‘ Level Difference [dB]
Table 4 Rate of annoyance change per dB (spectrum A, B)
Spectrum A Spectrum B
L Frmax 63 Hz 125 Hz 250 Hz 500 Hz 63 Hz 125 Hz 250 Hz 500 Hz
55dB 9.7 % 6.4 % 3.6% 43 % 4.1 % 4.6 % 6.6 % 6.2 %
51dB 8.9% 5.8 % 2.7 % 4.4 % 32% 4.4 % 5.1% 7.1 %
47 dB 8.1% 5.4 % 2.5% 51% 2.8 % 52% 6.3 % 6.4 %
Mean 8.9 % 5.9 % 2.9 % 4.6 % 3.4 % 4.7 % 6.0 % 6.5%
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Table 5 Decibel results by octave band according to the correct answer rate range

Spectrum A Spectrum B
Correct % 63 Hz 125 Hz 250 Hz 500 Hz 63 Hz 125 Hz 250 Hz 500 Hz
0% ~25% 0<I<1.5 0<<1.0 0<I<1.8 0<L<1.7 0<L<2.4 0<L<1.9 0<L<l.5 0<I<l1.4
25 % ~50% 1.5<[2.9 1.0<L2.2 1.8<L<3.9 1.7<L[2.9 24<[<42 1.9<L<3.5 1.5<[2.7 14<[2.5
50%~75% | 2.9<L<4.2 2.2<[1<34 3.9<[<6.0 29<[<4.1 4.2<[<6.1 3.5<[s5.1 2.7<[<3.9 2.5<[<3.6
75 % ~ 100 % >42 [>3.4 1>6.0 [>4.1 1>6.1 [>5.1 >3.9 [>3.6

8.0 10% 8.0 10%
A —a&— JND 9% = —&— IND 0w T
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8% m 8% 8
6.0 = 6.0 =
% g % &
50 o 2 50 o
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2% S 2% 5
1.0 1% 5 1.0 1% 5
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Frequency [Hz]

(a) Spectrum A

Frequency [Hz]

(b) Spectrum B

Fig. 6 Comparison of JND and annoyance
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Table 6 Variation of SNQ(L;5 pyay) With respect to level difference for octave band

Spec.A Level difference Spec.B Level difference
Freq. -6 -4 -2 0 +2 +4 +6 Freq. -6 -4 -2 0 +2 +4 +6
63 Hz 45.8 | 46.0 | 464 | 47.0 | 47.8 | 48.8 | 50.0 63 Hz 469 | 469 | 469 | 47.0 | 47.0 | 47.1 | 473
125Hz | 444 | 45.1 | 459 | 47.0 | 483 | 498 | 514 125Hz | 46.7 | 46.8 | 46.8 | 47.0 | 47.2 | 475 | 479
250 Hz 46.8 | 46.8 | 469 | 47.0 | 47.2 | 474 | 47.8 250 Hz 45.1 | 45.6 | 46.2 | 47.0 | 48.0 | 493 | 50.8
500 Hz 47.0 | 47.0 | 47.0 | 47.0 | 47.0 | 47.1 | 47.1 500 Hz 453 | 457 | 46.2 | 47.0 | 479 | 49.7 | 50.6
E50 HAAAWAE A4 dGUSF o]l Tha o] FolAAu T shte] AAEYS o] §3}o]
o Z3Ee] F7heHE Aoz et Aol SR 71 Fa vl AFE T
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% ofiolelzs] F41Eo] FhsH: Ao® btk B 4 98-S Sz
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3.4 Ful4 WEY dB Wk oiE A7k F0 O AA 2agoR Agske Bt
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