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Abstract: An electric power train is taken as a sample to predict its radiation noise quality.
Studying frequency characteristics of sound quality and sensitive frequency-band energy ratio, a
correlation analysis is conducted between subject evaluation and psychoacoustics parameters
including loudness, sharpness, roughness, fluctuation and articulation index. Then a predicting
model of sound quality of electric powertrain is established based on particle swarm optimization
(PSO) and support vector machine (SVM). After optimizing the penalty factor of SVM and
parameters of kernel function by PSO, the effectiveness of R is confirmed. The results indicate
that subjective feeling can be reflected by sensitive frequency band energy ratio with correlation
coefficient being 0. 946. The absolute value and maximum value of the relative error are 2. 0%
and 6. 7% respectively, which shows that the prediction accuracy of PSO-SVM is superior to
those of the genetic algorithm method and grid search method.

Wekm B . 2015-05-30,  AEHE® A 989 B WA M GEGES B A . BEAaRm., EEWH:
863 T FE I H (20UTTAATLA265) s B 5 H SR B 2% 5L 4 BE B30 H (512052900 5 v e g 42 e A BL B Ml 55 3% & T 9% 4 B 1)
i H (1700219118)

[ 2% R TE] . 2015-10-23 % 2% H B L . http: / www. enki. net/kems/detail/61. 1069, T. 20151023, 1109. 016. html



42 [ . ]

Ko

R

Eird 9550 3%

Keywords: electric powertrain; sound quality; particle swarm optimization; support vector

machines; sensitive frequency-band energy ratio

KA 7 2RI 5 K B, A ST AU R ROK BE 58 42
S e NS W P 4 2 LR A2 o A R B0 T L IR
Jo 3 A BAR IR P AT 50 B0 48 B & s T A L B AR
N X MR 75 R e i 2 52 BRI A R R 1 S [ S

Wi 7 i JOT 17 o B T 2 X 7 i P 2 AT Y
AR . MR BT A A A e e
LI PSP e AT U G A R R
WELOTAE . HLS AR BT R T T (Y R )
Bl 7 A A R P R R A T AR A e R T
e T ORI 5 AR AL S A8 IO 4 9 R A AT DR AN
TERE R A AR RIL . VS 20 i T w58 A
N LB A DA R I R DA Tk AN BE T R AR S
A TE R 3 5 T 2 245 5 O B 2 B IF AN 7
AR EC 2 TH M AT PR . Okoshi & 3,
ity JS0C BR A S 2 RO 5 T 0 B e 3 A2 M R R
Tl EL LBl A 0 R 3 4 A iR 1 A0 H TR T
Bl A2 M7 i 5 WF 90 OA A BR R R B B B
SCHR S T L Bl A2 A7 11 I 75 AR 1 TN 2 T i R
G ), Bl A 32 SR R R 2 — Y 2l 7 R R O B
PEAT TN A HLF 5T

ASCWFFE T MU SZ K H 80 4 Bl g s A A
PR B SRR AL G o A OG0 A 4K Y L Bl 4R RS
st SR UL B 2 0 A SR S R S TS
R 1) ALY Bh 7 B R R 32 L LTI A R ) R
TREOU AT 0 1) B LR S BT T A .l
Sy HT A TCBUBRAT BB B LU 2 80T R 7S SR L Y
TR B2 L 96 UE 1A S F 2l 4 B g R R T
WL 2 850 0 S50 RE B LU B9 A7 201

1 HL B 4 M s i A

N R it o g g 0 Ak B P R B 2 Y
DRG0 B 2 2 O 2 500RT DUE 2 3 S e
KT W 75 B — R AE 1 3 RS2 A A o R L SR B
JE RS BE BE SR T R A

NS W 75 ) 2 LR A2 AN AR 7R T AT G i 5 03
SRR AR A 5C o HLB A A 7 T 0 ol IR T AR S L I
AT RSP R HE R T AR 2 AR I AN B3 Y
Wt EL 22 g AT P T S 2 T e 0 M 1)
GRS e

75 8 Bl AR GRS O R ST T SR
Ay AE i IR A A BT LAY 2 80 R LS

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

WA SEAMER T 0. 7 BB A D SO L TR AR N A
BLSCHRLT5 ], g R L
R = ZP(E}W) _ Elcl +Ek2”+ +Ek,

SIE
K E,, HHUBSIRA R RE G E AT gL,
=1,2,++,30 A i .
2 MRS ST VKA
2.1 HARERSE

EEH A RN R AN T RT3 48
77 J L M ) R AR IR L SR ARSI R Oy 44 kHz, Jf
o H G S L SR T . BEHR 26 SRR AL R
() HL B 42 Bl ) e B 7 R AR AR Sy PR A AL B
TEBAF Artemis TR 26 A AR A, T E U PFAN
MHEAFESKER S s,
2.2 ERFEH

TE T 5o MR R IR bR 09 T 5 28 L SR &l A R A
o DR L E AL FE 30 2 Bl ) e B S R R AT T 2
TP E . 00 Tl 55 GO0T 40 1k R LA 4374 AH 45
B o VR 3 X5 W 1) 1) M8 75 R A 1 R R 2 AT 4T 43
BN 1~10 Ko PO H- BB BE A2 iy 28 4k . 5
PEELT 21 VP . Hh Bk 15 H a6 4.1
REW TR WA T X PR & 217 T
A il JBT B At R TR R 36 N A O A DG BRI DL AR
WEVEAN B E AR . A T30 Artemis 11545 W S A
A B0 B 2F AN S5 L 8 i Matlab g f2 11
BT OB A RE & LE L, R A R R 1 R,
2.3 tHXMSW

AH G Z AT LA e A 72 1 22 8] 50 &R 10 % D) A
R W)

@)

DX =X, =)
i=1

(x> v, —v2)
XX, \Y AR XY WA ENEHE, St
TE AR 55 BCH 0 A RUPE R AR SCR FH 480 2E B
SPSS X M iy 57 3 WL VF i 45 7318 5 2 WLTh 2 80
(HIEAT TASCHE B S5 R W3R 2, 3R 2 W LR
th L R B VOB RLRE B BBl R SO B 2 S AL
AH B S ORI 8 i b5 3 TP 04 AH G B
HAH R BELF] 0. 946 , 2 B BRI BE 5 L XS 00

r




T U5 B R Bl ) R

JBRE 7 - i) 2 AL 0 A 2 43

k1 FHAT BEWENER

FEARS S W /sone RPLEE /acum  HIKEE /asper BRI /vacil HE WML/ Y BURSUTRER L/ BTN E
46

1 26.05 2.93 2. 60 0.012 00 0.343 5 0. 26 6.2
2 36. 10 3.16 3.22 0.014 35 0.168 0 0.362 6 8.8
3 29.70 3.05 2.91 0.015 10 0.267 5 0.294 9 7.3
4 32. 80 3.12 3.11 0.016 80 0.223 5 0.350 6 8. 4
5 24.05 2. 85 2.38 0.013 65 0.399 0 0.198 6 3.5
22 22.40 2. 81 2.23 0.010 65 0.432 0 0.220 4 4.7
23 36. 60 3. 20 3.31 0.016 50 0.165 0 0.404 3 9.2
24 23.40 2. 86 2.37 0.014 40 0.413 0 0.234 9 5.3
25 25.90 2.94 2. 60 0.013 80 0.347 5 0.264 5 6.4
26 29.90 3. 04 2. 86 0.013 70 0.263 5 0.267 9 6.7

TEH B9 5 W AR K o AT LA - i 52 e 75 R AR ) 3 00 £
BRRREE . R R SR A Al R L ST R T N HT
P R EL 3 7 Bl 7 R T R B L O LA R
P 2 H 5 T LUK 32 4 A S P A SR AR B P o A R
St A AR SR EA F 30 4R Bl i R R 1)
SR T Hofth O B R 2R S5

K2 kP RREENSHEIENE

28 r E 2 r
Wi J3§ 0. 734 Bzl g 0.418
PR 0. 838 FHRE B 0.751
WEMMWE  —0.742 || BUBRSUT BEE 1L 0. 946

3 KL - ] B AL P AR Y
3.1 mENEXRERE
WIMGHEALE T={x,y;} . Hh 2, €R", y, €
R 3 32k JF 4 Ve i S Al K Bt X WO B v A R AR S
[B) v, I 8 fe pe e 3R ok 5K
S =w¢(x)+b, $:R"—F, we&F (2)
BT 2 R KRS fe /AR HE DI L 51 AR 5t R &
e O T AR Ry T Ak ) R

!
min | w | * e D] (646 (3)
i=1
Jy,*wsé(x) —b<et+ €&
s. t. wp(x) —b—y, <et & (4)
IE,SX =0

H1 3 (3) 2D TR Al TR R A X6 £ 1R R BD

)
min %ZZ(a,‘*a;‘ Y(a; —af )(¢(x) »

i=1 j=1

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

i
95(1‘1'))_‘_2[“1‘(5*3/1‘)4_“,’* (e*y,‘):l (5)
j=1

JZ(u;*aﬁ) =0

s. t. i—1

1 a;sa; € [0,c]
38 b OO ) BE vk T A5 S E 1) & ML Rl )

FEE A

(6)

14
flo) = Dai—a HKx) +b (D)
i=1

A K(xi,a)=¢(x;) ¢ () NI REL,
AR SOR T T A 1) H A% pR £
K(xivx) = exp(—gllai—x |
3.2 RMIFEMH

TEF UL AR b k738 5 R R AR 3 2 A he
DU Im BEAT BT, — D MR AL Sppe s 73—
A4 R A S o LT (LA

vh=wvlg ey (Shds — i D+
AT
=k !
vl ER R YCEAUI 2R @ AR TR B U s 2l
%k WEARET S DRI AL E s w o A
KRB 77, EEPLEL.

LRSS L AR S DA ORI & RNV E O]
K C I pR AL S 2L G o LLURE AL 27 ) Tl i) 4
VRN N ZORL - 1 38 (R O AR B 4 A R 9 A A
it 04 Jr e G A ) DB R R R A LR R AR
3.3 IR mRALFEE-m E VAR R

SCAE ) S AL IR AR R DL 1 i 7 1) I P A A 1Y
ORI SEE A H 26 2L IE PR AR A
3 RN ZRE AL Horh 1 ~20 44 2k 40




44 L7 S I NI &

R

Eitd 550 %

BEA T FAR T C.GL21~26 401E R IR RE A, A Q I BRI S A s Q R A 1145 5]
IR R ) PR . R RO A N (14 W 75 o 2 LA
RS R bR E B 1 2 e =1.5.c,=1. 7 i}
AR EARRECT By W B . RS 1 CLG il
HUE Ay 504 9. 62 F1 0. 98,

P2 Sk 000 A5 20 % e, B 42 8l g T 20 2
FEREA E WP HE 4G i 2k . B U6 19 R/ N AR
X250 0.003, fie KAHXF 1% 22 - 0. 286, % BH 1%L
BB B4R ERE T

Mg 75 R A E VP

15 20

_ 0 5 10
0.10 W 7 4
P2 USRS F B 4 B A7 AR AT 20 4 0 7 RE
ENEEY NS i E A

AR SO 3 TR AR SR 0 SR 1 FE AL
AL (PSO-SVM) 6 F 4% 48 2 1L B (GS-SVMD)
L 380 1 5 O Ak 1 SR 1) R WL DI A AR (G A-
SVND W HERGPESEAT T b4, 4545 A0 X 1 3 42 3 )

BB SRS PR B Y T DA TR DL ER 3. PR 3 1T
Bl oo =1.5.0=1.7 B A [ 2 AR B0 038 R B il 2% PLFE L AR AL TR 22 #87E 1026 AR, Hirfr PSO-
3.4 BIMERDH SV M AR [ F5 I A B2 S 0L 5 - 7 AH X35 22 F e KAH
Mg 7 it 0 I %) A XoF 5 25 2 T o A e 1) £ SR AR 2. 0% 1 6. 7Y , 38 W i A% A0 L AT 4 ok
SRR, it E R PIZALBE JT o X bl A AR 7R g T &5 SR % 30 R R R 7
,_le—qQ| WEHEAT S 80T 0005 P 7 A AR AR, L3 0 A8 g IH

’ Q T3 FAL 5o A 1 &k A A Bk AR AR 7Y

&3 MRAERGTM LR
GS-SVM GA-SVM PSO-SVM
S
SRR FIXHR 2 / % SUTRIIEEE) MR 2/ % SRR FIXHR 2 / %

6.5 5.977 8.0 6.223 4.3 6.507 0.1

4.7 4.314 8.2 4. 301 8.5 4. 387 6.7

9.2 9.170 0.3 9.198 0.0 9.172 0.3

5.3 4. 883 7.9 5.093 4.0 5. 284 0.3

6.4 6. 305 1.5 6. 484 1.3 6. 602 3.2

6.7 6.676 3.6 6. 785 1.3 6.774 1.1

kAl 8.2 8.5 6.7

SE¥ 4.9 3.2 2.0
3.5 HBTHRELRNEIE & W ORI AT i Tt LU TR FR 30 42 Bl ) B MR L BT

i s AT i b (SR VNS i D U RA i A TR SRV
200 M P T T F) AT S X A R i A S B

o - A4 2APeRFB S AR AN R £
A TRV RE B L) FPEMNE AT T oA LA

FIIUEE AT % W A T 45 SR A B . AL 3 - VEA o
Ko g 4 Py LT AT SRS fE ik L R BRE/% BE/X

T AR 45 B LR (NS-PSO-SVM) ) i 1 45 PSO-SVM 2.0 6.7 0. 004
ST HIHIA 2 9. 400 BRI iRy 17. 8%, JETSOSVM 98 178 0010

Y7522 5 0. 010, W] ULz TN 4SS Y F) RS 8 % ARG ] 4

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn




J7 U 55 - AL B R Bl 7 R TR - 1) e AL 50 A6 A 45

IR E/%

21 22 23 24 25 26
A%

K3 A TCHURUT BE B LE Y R R G A
T &5 8 %t ke

g B

CBEXT L 3 242 3l 7 e R A W 7 R A 1 g

BN BEZH0 32 0L Al G P 1) 8 A S A o s B
BB RE B LA A OC R BA B T 0. 946, 1L T H
Ul Fry 0 B 22 2 80 U B RO RE B LU TE — B R
JE b AT LA G M S W FL B0 2 Bl g AR B

(2) BT SCRp 1) g ML 37 1 MR 7P i Jo T A

AR 5 B DG A B0 0 X 1) £ B AR 5] D 7 S R RS

Wt

P17k . R B Y TN 45 5 4 1 2 A 1R 2

e RAI IR 2245 530 2. 0% F0 6. 7% , T kS 8 4
T T30 L R R A 48 R R AR Ak 0 SRR ) LT
M FLAY

(338 1 % LU RS R i A 2 Bh A T Ul g

T EUA TN 45 2R A B L JC RO RE R EE A9 7 2 A
KRR 9. 400 e RAXT R 2R 17. 804 . #7722 0
0. 010 . {38 W BRI AT RE et b 7T L RAE W 3l 42 3 ) 8
JC A Pt T

SR

(1]

[2]

HEH, 2B, HWik, F BT XXM EILNEN
MR B [T HREh K 52 W, 2011 (1)
55-58.

SHEN Xiumin, ZUO Shuguang. HAN Le, et al. In-
terior vehicle noise quality prediction using support
vector machines [ J]. Journal of Vibration, Measure-
ment & Diagnosis, 2011(1); 55-58.

FETE, FERVL, BN, S B TR R B A M
R E AR B BTN R [J] H RO el T
R, 2012, 42(6): 1378-1383.

GAO Yinhan, TANG Rongjiang, LIANG Jie, et al.
Vehicle interior noise sound quality evaluation system
based on RBF neural network [J]. Journal of Jilin
University: Engineering and Technology Edition,

2012, 42(6): 1378-1383.

http: / www. jdxb. cn

[3]

(5]

[6]

[7]

[8]

(9]

[10]

[11]

http: // zkxb. xjtu. edu. cn

W AR, SRR LD, RSO, S BT A4 A R A
Sl pLE TR I EER [J]. NBPLAE R, 2011, 29
(6): 534-537.

MENG Xiangde, ZHANG Junhong, LI Lishun, et al.
Sound quality prediction of diesel engine noise based on
regression analysis [ J]. Transactions of CSICE, 2011,
29(6) . 534-537.

XU, RARLL, sH: S, S, A SR PLIR A R BT
AR RS [T, MU TR 24, 2012, 48(2): 1569~
164.

LIU Hai, ZHANG Junhong, ZHANG Guichang, et
al. Prediction model for diesel engine noise quality
[J]. Journal of Mechanical Engineering, 2012, 48(2) :
159-164.

XNHE, BRARELL, M), A, kT8 4% SCHE ) AL
S AL O R R S BB R R [T, k35w,
2013, 32(2): 111-114.

LIU Hai, ZHANG Junhong, NI Guangjian, et al.
Sound quality prediction of diesel engine noise based on
genetic algorithm and support vector machine [J].
Journal of Vibration and Shock, 2013, 32(2). 111-
114.

SASAKI M, NAKASHIMA K. Human auditory mod-
els and sound quality evaluation method for diesel
noise, SAE 2007-01-2219 [R]. New York, USA.
SAE, 2007.

HUALLPA B. MARANO J., SCZIBOR V. et al
Gear lever sound quality evaluation, SAE 2010-36-
0369 [R]. New York, USA: SAE, 2010.

wrl, ak Dy, RN, AR YR AU & BT 3 T
55007 [J]. K4 TR, 2013, 35(2): 188-192.
XU Zhongming, ZHANG Fang, ZHOU Xiaolin, et
al. Subjective evaluation and analysis on car horn
sound quality [J]. Automotive Engineering, 2013, 35
(2). 188-192.

EAR . RS PG R B A O I 5
[J]. W% TR, 2011, 33(10): 902-906

WANG Changshan, ZHANG Lijun. A study on the
method of evaluating the sound quality of vehicle door
closing noise [ J]. Automotive Engineering, 2011, 33
(10): 902-906.

TR, 2, Wik, S RECHR TR M 4 N B E
m R [J]. IR TR, 2009, 31(3): 267-270.
WANG Wanying, PENG Wei, JIN Xiaoxiong, et al.
Sound quality analysis on in-car noise induced by tire
[J]. Automotive Engineering, 2009, 31(3): 267-270.
WEE, shEE, 2B, F BIENRSE AR
WD E (D] W TR, 2011, 121 17-20.




46 [ . ]

K%

R

Eird 9550 3%

XU Xueying, HAN Guohua, WU Ying, et al. Sound
character and evaluation method of electric vehicle [ J].
Chinese Journal of Automotive Engineering, 2011, 1
(z1) . 17-20.

[12] OKOSHI M, HASHIMOTO Y, SUZUKI M, et al.
Test equipment maker”s cooperative approach to the
measurement next generation automotives: comparison
of noise and vibration characteristics between ice vehi-
cle and EV, SAE 2011-39-7202 [R]. New York,
USA: SAE, 2011.

[13] FANG Y, ZHANG T. Modeling and analysis of elec-
tric powertrain NVH under multi-source dynamic exci-
tation, SAE 2014-01-2870 [ R]. New York, USA.:
SAE, 2014.

[14] HUSSAIN M, GOLLESJ, RONACHE A, et al. Sta-
tistical evaluation of an annoyance index for engine
noise recordings [ C]// SAE Noise and Vibration Con-
ference and Exhibition. New York, USA. SAE,
1991: 911080.

C15] Jrili. =M, PRAESE. 4. Mg MR & B0 f s

FEMIFM AL [J]. V8% 50l R34, 2015, 49
(8): 97-101.
FANG Yuan, ZHANG Tong, CHEN Feifei, et al. A
subjective and objective evaluation model for psychoa-
coustical quality of electric vehicle noise [J]. Journal
of Xi’an Jiaotong University, 2015, 49(8): 97-101.

[16] 4, FHil, MHm. . 36T 8 3T W5 57 Aok

FREOLAL STHRE ) & ML T AL O (0], RBR %
i BRERR, 2013, 38(2): 148-152.
PENG Ling, NIU Ruiqing, ZHAO Yannan. et al.
Prediction of landslide displacement based on KPCA
and PSO-SVR [J]. Journal of Wuhan University:
Geomatics and Information Science Edition, 2013, 38
(2): 148-152.

(177 R, PR AL, SR, S5, TR F R -1 ML

HAEMH B ST 4 [T kgl 5 abifi . 2015, 34(2).
25-29.
XU Zhongming, XIE Yaoyi., HE Yansong, et al.
Evaluation of car interior sound quality based on PSO-
SVM [J]. Journal of Vibration and Shock, 2015, 34
(2): 25-29.

(7 1l 48 5K ST ok #5422
FRERCEEE S RS ERF B ROEF ¥ EEAF

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

AL 2015, 49 (8):97-101. [doi: 10. 7652/xjtuxb201508
016]

IR R RN E RAMNBRKELIN RS AEEL S
B EEE A S K. 2015,49(8):90-96. [doi:10. 7652/
xjtuxb201508015 ]

HEEEEN . RR.F. A2 cbRAN S K
W B30 AL 2015,49(8) :128-132. [doi: 10. 7652/ xjtuxb2015
08021]
EAET.ER.NAE.E. AW IERR I E QKGR
2015,49(7) :17-24. [doi: 10. 7652/xjtuxb201507004 ]

RO E LIRS, K T A 2 TR EALR R B s R B
A4 K . 2015,49(6) :46-52. [doi: 10. 7652/ xjtuxb201506
008]

EAEX XA AE. ZRMAREEN 2 AR B A E
H 5 3 # R 4 4. 2015,49(5) :43-48. [doi: 10. 7652/ xjtuxb
201505007
YEKK.ZH, 5. IR UG AFERE N ENEYE
45k, 2014,48(7) :83-89. [doi:10. 7652/ xjtuxb201407015 ]
M HEE G AEFSCURSENTRNEZRESH
#.2014,48(4) :1-7. [doi: 10. 7652/ xjtuxb201404001]
EXE,EH.EZE.E AN EHAEREE NS H N
B 53 % v 4 M. 2014,48 (1) :42-47. [doi: 10. 7652/ xjtuxb
201401008

BEE.E#E IR F ARRA_FRAGNFALETHE
INO, % 2 BN .V H#br v 8 #F %, 2013,47(7):18-22.
[doi:10. 7652/ xjtuxb201307004 ]

S TEMKEEN.E. IR B RENEEMRL S
e, 5% BS #F %8 . 2012,46(3) :42-46. [doi: 10. 7652/xjtuxb201203
008]

B FIRREXE .S FEERNSF & R RHTETH
J7 % A %L 2012,46(5) :127-131. [doi: 10. 7652/ xjtuxb2012
05022]

R BRE %R, RAESNMERANAEREY G
163 3+ 7 3. 2010,44(5) :111-115. [doi: 10. 7652/ xjtuxb2010
05023]

W e RN, E WS WM LI B A
4. 2009,43(7):53-57. [doi:10. 7652/xjtuxb2009070127]
CEN.ERER.FZEH,E. AR KA R E PR
%.2008, 42 (11): 1317-1322. [ doi: 10. 7652/xjtuxb200811
001]

LN ETEF . EXA. B FRALEEERSE 3 H 40
F %5, 2008,42(5) :607-611. [doi:10. 7652/ xjtuxb200805
021]

(i &%)




