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Deep-leaming-based Prediction of Qualitative Evaluation Grade
for Abnormal Noise in Commercial Vehicles Using Convolution Neural Network
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ABSTRACT

This study aims to predict the qualitative evaluation result of abnormal noise generated in com-

mercial vehicles by applying the deep learning method. First, two experts conducted a qualitative test

to evaluate the abnormal noise in a commercial vehicle. The correlation between this qualitative eval-

uation and measured sound pressure was investigated according to the road, driving, and noise source

conditions. A quantitative evaluation was then performed by dividing the range of the measured max-

imum values into the same 7 grades, and the correlation with the qualitative evaluation result was

confirmed. Finally, the colormap images obtained from the time-frequency analysis were used to per-

form a deep learning-based prediction. As a result, a good correlation was observed with the results

of the qualitative evaluation. The possibility of using the convolutional neural network (CNN) as an

auxiliary means for the qualitative evaluation of abnormal noise was investigated.
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EGM(evaluation grid method)S ©]-&3% A& o
24 A= H719 CAPC(continuous assessment
by predefined categories)S 283 3% H7|O =
o] A Hrle] digk A+ EE°]3l, mahalano-
bis distanceE ©]-&3F &2 J47]-<6) v} A4S o] &
3} 2}k WA S 24 i 7].(7) A 8kA a0
&3 AF WEES] SAASF MR, 7kl H
2244 7|Hko 2 3= HAP-RM(roughness model
based on human auditory perception) 2% 72,
BPNN(BP A3l
SMVBMBR (statistical mean value of basilar mem-
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brane displacement responses)S ©]-&3F &2 7110 xgdElo| A(RH) BEb, 2®H™elo]x(RH) 314,
DWT(discrete wavelet transform)E ©]-&¢ H|H4  HEY AAGRH), &34 AE F 117 7
e 229 SQE(sound quality estimation)!'” 53 A& H-&ste] F dolHE A5 HE 9
Ao ditEr, ke g SeE FIYsi,

ol A=A 7E el disiM = A7 118 o] & Al ,
oh o]AE Aol B Qe ASES oel FY T AE TS AL ASAY A5-3E ol
71 el 71918k ar 9lar o] 2 Hrtsks W 3 E]S SIEMENSAFY scadas mobile DAQ HH| S o]
gekst S & 4 £3le] 439 simeenter testlabe F3 U|olE]
FAZE AP gl tig B B AP, sEE A AYS AFgesith
WA Seeke 444 d2E 9 444 AT
of wel 44 W} Avks 9L WE 5 Ak ool 2.2 olakage] MM EIF W AT BA
gk HZ4 O 2 ANN(artificial neural network)< 44 Frte A QANA 25 HE H7t AY
olgat ApA 3y % wRY Ao AW AA 254 o) 4¥e] WE 29l0] oA A/ SHL
o Z7](neural network predictor)Z AMg3 24 B JFo® AA Hrl HFE BAGE WoR AN
7b &A1Y, back propagation A ZAWE o] & A HTE HFTHOR F AEVIY HFo HHown 7
A e B0, B9 e A% AZds) s delEd 34 W) W40k wREEE st 7t
QN0 £ ATE ol 88 A% S0 WY ASo] ARk 5~s7e) AR WohE Adagon, o
e QP s A g, & Bagoan 55,65, 7.5 5 457} ohd %
of Pl wmonnE WuH: UUEY  S7h £guo] AUACR HF Wb AT Table
Moz st 54 REORRE WA o4 3} o] 75702 FRIUL
22 2qsk] B ATACR AW £ WAR Table 1A ¥ ¢ 9lEol, A} 2919 A
23l dolHRHE FE%¥ 2D colormap ©[|#| 7} A3}, 7} SR 5.03 = 144, 55700 28
& °]&stel CNN | 219 35S Jdsilnh ol% 2, 6.0% 0= 537, 6.5% = 537, 7.0% M= 397,
a2 AdE BAA-AGRA Grkek Hlagomy sy 755 2271 1A 8.0l 27108 F oA
o] Fds AESSAL Sud 23E T8 ol 5o A A 211008 HUbE A
AeE AR Frlste d oA BERpUoR 2y o2l A4 W7t Al dial w=wl/de, FxA
T S 7hs /el Wa] dAtesith a9ar s g AESel wE s AES]
. A3 HEE $13] Microsoft Excel?] FA414&
2. oladaxg & EJt ol-gat3laL, AAG R*0] 19] 7MHEFS iAol
& Zlow gast.
21 £8-7E ool A5
Aol 229l A zEeel Aol ool gl Table1 Number of cases for qualitative/quantitative
2gFolm wmH o 2R AAMEA Thxlo] WA SH ¢ evaluations
AR ol agol AT G Qualitative evaluation | Quantitative evaluation
o3t A W F8 FEo uFH 28 g3k & 2l (number of cases) (number of cases)
A FAFetaL ¥ ol & st Aol HolE F >-0 14 6
59 F8 FAolv. webA AA FrHE 98 24 35 28 14
A7 A A FE A AXERE), FE 6.0 3 30
(LH) % 47dlo] vlo]A2¥ES F-Zslo] 28 do] 63 33 62
HE A5, Fo PEor Add Ay 70 39 >
(LH) 3P, 2223 (LH) AT body, 712~ %(RH) 75 22 33
lel, AAZYRH) A body, ~ElWEko]A(LH), 80 2 !
Zelgto]A(LH) BePl, ZEdeto]A(LH) F1A, Sum 211 211
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(a) City road (R*=10.8703) (b) Highway (R*= 0.8445) (c) National road (R*=0.8053)

Fig.1 Correlation scatter plots between qualitative evaluation and measured sound pressure at the driver’s ear
location for each road
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(a) Cruising condition (R*= 8648) (b) Slowing down condition (c) Accelerating condition
(R*=0.8421) (R*=0.8109)

Fig.2 Correlation scatter plots between qualitative evaluation and measured sound pressure at the driver’s ear
location for each driving condition

(a) Effects of strong rumble noise in accelerating
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(a) Single sound (R*=0.8572) (b) Weak continuous sound (c) Continuous sound (R*=0.8046)
(R* = 0.8239)

Fig.4 Correlation scatter plots between qualitative evaluation and measured sound pressure at the driver’s ear
location according to single and continuous sounds
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(a) Distribution graph of quantitative evaluation data
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(b) Distribution graph of qualitaive evaluation data

Fig. 7 Graph of comparison quatitative evaluation with qualitative evaluation
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(a) Maximum response 50.07 dB(A) and grade 7.5 in
148 Hz
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(b) Maximum response 52.91 dB(A) and grade 7.0 in
134 Hz

(c) Maximum response 55.36 dB(A) and grade 6.5 in
252 Hz
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(d) Maximum response 63.68 dB(A) and grade 5.0 in
270 Hz

Fig.8 Time-frequency responses of acoustic data
with corresponding qualitative score
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Table 3 Difference between CNN learning result and

Table4 Result table for CNN learning of vibration

qualitative test according to each span data
Number Colormap span Number Stabilizer Stabilizer | Bottom of | Top of cap
of 40dB~ | 30dB~ |[(Max-10)~ | (Max-20)~ of (LH) (LH) | cap spring |spring (LH)
learning | 50 dB(A) | 50dB(A) |Max dB(A) | Max dB(A) learning bracket (LH) body
1 0.438 0.475 0.475 0.613 1 0.7 0.5 05 0.538
2 0.388 0.563 0.463 0.525 2 0.625 0.813 0.463 0.588
3 0.363 0.463 0.55 0.55 3 0.75 05 0513 0513
4 0.263 0.413 0.55 0.625 4 0.613 0.688 0.85 0.625
5 0.35 0.4238 0.413 0.525 5 06 0.625 0575 0.65
6 0.4 0.388 0.475 0.45
6 0.513 0.663 0.713 0.55
7 0.425 0.388 0.5 0.488
7 0.675 0.525 0.513 0.475
8 0.338 0.575 0.65 0.463
9 0.438 0.463 0.475 0.525 8 0.675 06 0-65 0.5
10 0.413 0.538 0.413 0.513 o 0.613 0.438 0.6 0.6
Average| 0.3816 0.4704 0.4964 0.5277 10 0.663 0.6 0.55 0.563
Average 0.6427 0.5952 0.5927 0.5602
Holge] $¥ Bx Fd gue] A7) B §
Asks DR 71FS AT H0E 5 YES span
o] HUgkS 712 colormaps F=3H3ITH
Table 3914 & 4= 31%°] 20dB spanXt} 10dB 3t
29| span©] T £ 235 AETE IR1E F ik

(@) (b)
Original label : 6.5 Original label : 5.5
Predicted label : 6.0 Predicted label : 5.0

(©) (d)

Original label : 6.5
Predicted label : 6.5

Original label : 6.5
Predicted label : 7.0

Fig. 11 Comparisons of qualitative evaluation grade
and predicted value
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