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Sound quality metrics to express the discomfort of overload
excavator noise during operation
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ABSTRACT: In this paper, we tried to find out sound quality metrics to express discomfort of overload excavator
noise and to develop sound quality indexes through multiple regression analysis by using them. For this purpose,
the interior noise of cabin under overload condition was recorded for six excavator models with different noise
properties and Jury test was carried out by PCM (Paired Comparison Method) and MEM (Magnitude Estimation
Method). Jury test result with low consistency was classified into two groups with different preference tendencies
by cluster analysis and multiple regression analysis was conducted in order to find out which sound quality metrics
have significant effects on discomfort(low preference). As a result, we figured out that the sound quality metrics
to express the discomfort were the partial loudness (= PNjgpar) between 0 and 10 Bark in case of group1 and the
difference between engine noise(= dBgg) and hydraulic system noise (dB;) in case of group2. Using the results of
preference ranking and tendency analysis of PCM followed by the correlation analysis between PCM and MEM,
the more reliable results were adopted by excluding the data with low consistency obtained from Jury test via MEM.
Keywords: Jury test, Sound quality metric, Loudness, Partial loudness, Sharpness, Roughness, Fluctuation strength
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Fig. 1. Engine and hydraulic system of excavator.
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Table 1. Measurement condition and time in cabin.

Operation condition of excavator Time (s)

Idle mode of engine maximum rpm 0~125

Arm relief mode when RCV lever was

pulled to its limit 125~50

Sample A1

. . . , . . . . .
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Time(s)
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Fig. 2. Time signals of noise measured in cabin.

Fig. 3. Jury test in semi anechoic room.

Project name: PCM

Subject name: subject

Number of sounds: 6
Order:2/15 I— Fir-*s;l' Sound
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Fig. 4. Program for Jury test by PCM.?!
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Fig. 5. Scaling method for Jury test.
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Fig. 6. Program for Jury test by MEM.”
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PCM.
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Table 2. Summation of preference of 18subjects.

Al | Bl | C1 | DI | E1 | F1 |Sum |Ranking
Al | 0 18 | 18 | 11 | 14 | 11 | 72 1
Bl | O 0 18 4 3 29 5
Cl| 0 0 0 0 0 0 6
DI | 7 14 |18 | 0 7 8 | 54 3
El | 4 14 | 18 | 11 0 7 | 54 3
F1 7 15| 18 | 10 | 11 0 | 61 2
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Fig. 8. Cluster analysis result.
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Table 3. Preference ranking of group1 of 11subjects.

Al | Bl | C1 | D1 | E1 | FI |Sum [Ranking
Al | 0 | 11 | 11 8 11 7 | 48 1
Bl | O 0 11 | 4 4 1 |20 5
Ci| o0 0 0 0 0 0 0 6
D1 | 3 7 11 0 7 3 | 31 3
El1 | 0 7 11 | 4 0 0 |22 4
F1 | 4 |10 | 11 8 11 | 0 | 44 2

Table 4. Preference ranking of group?2 of 7subjects.

Al | Bl | C1 | D1 | E1 | FI |Sum [Ranking

ALl 0 | 7|73 |3 |4 2] 3
Bllo|o |7 0]o0]|2 5
ctlololo|o|o]|o 6
DI 4 | 7] 7]0]0]5|23] 2
El |4 |7 |7 |7]0]|7 |32 1
Fl|3 |5 |72 ]0]0]17]| 4
6
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Fig. 9. Average preference ranking by PCM.
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Table 5. Sound quality metrics.

Class | Metrics Remark
dB Linear SPL
SPL | 4B(A) A-weighted SPL
(Sound - -
Pressure | (B Peak level cor?espondmg to first engine
Level) firing frequency
(dB) Single SPL corresponding to first
dB, . .
hydraulic pulsation frequency
N Total loudness
Nrelier | Total loudness during relief condition
Psyco'- S Sharpness
acoustic
R Roughness
FL Fluctuation strength
PN Partial loudness between 0 and 3.0 in
Fa Bark band
PN Partial loudness related to first hydraulic
: frequency between Z; and Zj41.
Partial - -
Partial loudness related to first hydraulic
loudness | - PN, frequency between Z, and Z;
(sone) q Yy 2 2+1.0
Avg. loudness between third hydraulic
PN;
frequency Z3 and Z;+1 9
PNiggar| Avg. loudness between 0 to 10 Bark
Single loudness corresponding to first
Peak Neg o i
engine firing frequency
loudness - -
(sone) N, Single loudr.less cor{espondmg to first
hydraulic pulsation frequency
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Fig. 16. Correlation between regression analysis and
Jury test.
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