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Analysis of Objective Sound Quality Features for
Vacuum Cleaner Noise
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In this paper, we propose an objective quality feature which is based on the human auditory system (o measure vacuum
cleaner noise, It is cbserved that some frequency bands are more sensitive to the human auditory system, Therefore,
we divided the audible frequency range of vacuum cleaner noise into a number of frequency bands and the average
energy of these bands was calculated, Among a number of average cnergies, an average cnergy of a frequency hand
was selected as the proposed feature, In order to test the performance of the proposed feature, fourtcen vacuum
cleaners were chosen and the noise was recorded in an anechoic—chamber, Then we performed subjective tests to
obtain subjective scores of the noise data using the PCM (paired comparison method) and ACR (absolute category
rating) subjective methods, 'L'he proposed objective quality feature shows high corrclation with the subjective scores,
Keywords: Noise quality, Vacuum cleaner noise, Objective quality metric, Subjective quality method
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Table 1. Description of the fourteen vacuum cleaners.

Cleanes | EAHW
Vac. 1 [ 400
o Vac. 2 550
Vac. 3 -_336 T
vac. 4 530
Vac. 5 440
Vac. 6 550 o
Vac. 7 410
vac. 8 510
Vac. 9 400
vac. 10 530
vac. 11 260 o
vac. 12 520
Vac. 13 550
Vac. 14 20
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Fig. 1. Recording environment in the anechoic-chamber.
(a) anechoic-chamber and recoding equipment.
{b} the microphone location for recoding noise.
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Table 2. Equipment for subjective test.
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Fig. 2. Subjective test using paired comparisor method.
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Table 3. Energy and preferences of the 14 vacuum cleaners.

! Energy | Ranking by | Ranking by | Ranking by
l (log scale) |  Energy PCM ACR
vac | 1asio7 | 14 | 14 | 1
Vac. 2 | 1032287 s | 4 3
Vec.3| 1066473 | 8 | v | 10
vac. 4 | 10.74189 12 12 8
“Vac. 5 | 9.96694 1—7L I
vac. 6 | 10.34377 5 | 3 2
vac. 7 | 10.26126 3 2 |7 4
S SN i e R e
vac. 9 { 1052851 8 9 1
Vac. 101' 10.89185 13 3 | 13
vac 11 toeae7 | 7 |7 [ e
vac. 12| 1067973 9 | 5 | 5
Voo | | 6 [ 7
vac. 14| 1070433 0 | 10 9
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Table 4. Pearsont Correlation Coefficient between the 12

objeclive quality methods and subjective quality

methods.
Methods PCM i ACF} _____
A-weighted SPL 0623 | 0599
Intelligibility 0.650 0.650
Pref Speech Interference 0.549 0573
B Speech Interference 0.664 0.634
Frame Kurlosis 0.072 0.016
Zwicker Loudness {Sones) 0.629 0617
Sharpness 0.138 0.033
Transient Loudness (Sones) 0.592 0.591
Transient Sharpness 0.121 0.018
Roughness 0.160 0.231
Fluctuation Strength 0.547 057
Tonality | 00t 0019
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Fig. 5. Noise energy in frequency domain.
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Table 5. Frequency of 10 sub-bands and Pearson correla—
tion coefficients between each sub-bands and

each MOS.
Frequency PCM l ACR
Band 1 0 Hz ~ 298 Hz <‘
T Band2 | 298Hz~578Hz
Band 3 578 Hz ~ 933 Hz 0743 | 0.787
Band 4 933 Hz ~ 1408 Hz 0977 | 0.885
Band 5 1408 Hz ~ 2064 Hz 0825 | 0.745

Band 6 | 2064 Hz ~ 2676 Hz | 0841 | 0772
Band 7 | 2676 Hz~4294Hz | 0921 | 0857
Band 8 | 4294 Hz ~6156Hz | 0897 | 0.838
Band 9 | 156 Hz~9132Hz | 0855 | 0771
Band 10 9132 Hz ~ 0841 | 0.780
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Table 8. The relation of 10 sub-bands and 24 critical

bands.
24 Fale 10 24 ESna 10
IcHH | (Hz) s | AU | (H2) 2
1 20 13 1720 5
2 100 1 14 2000
3 200 15 2320 6
4 300 16 2700
5 400 17 3150
6 510 2 18 3700 7
7 630 18 4400
8 770 20 5300
3 |
9 920 21 6400
10 1080 22 7700 g
11 1270 4 23 9500
24 12000
12 1480 10
15500
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fig. 6. Scatter plot between subjective and objective score.
(a) scatter plot between score of the PC method
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{b) scatter ptot between score of the ACA melhod
and objective score
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