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Abstract; The speech articulation in large bus cabin has the significant influence on the riding experience
and driving safety. This study took the 48-seat bus for example, and combined objective acoustic parameters,
e. g., sound pressure level in cabin, reverberation time, and airborne sound insulation inside and outside
cabin. The objective evaluation was integrated into subjective research. The quantitative evaluation models
were constructed. The noise data from stationary and constant speed operation were continuously collected. It
was revealed that the real acoustic environment inside the large bus cabin was influenced by the multiple
complex excitation sources. The influence of listeners’ position, pronouncers’ gender, and operating
conditions on speech articulation were analyzed to avoid the misunderstanding and misjudgment caused by
speech articulation. The result indicates that the noise amplitude vary considerably in different regions. The
speech intelligibility decreases with the distance increasing from the articulator’ s position, showing the non-

normal distribution. The acoustic environment in the rear cabin of passenger area is the worst, and it is the
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threshold boundary value for speech articulation analysis. The acoustic environment in the front and center of

passenger area is better and not significantly different. Due to the differences in duration, pitch and energy,

the female speakers have better and more stable speech articulation than male speakers. In the case of

speakers of same gender, there is a negative correlation between speech articulation and running speed.

When the vehicle speed reaches 60 km/h, the overall data fluctuates greatly. The fluctuation of speech

articulation data reaches peak with an average score dropping to 74. 6. This study provides positive guidance

for reducing noise interference in the large bus cabin and improving the acoustic environment inside cabin. It

is suitable for optimizing the sound environment inside large bus.

Key words: automotive engineering; cabin acoustic environment; speech articulation; large bus; sound
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Fig. 1 Acoustic environment test area in large bus cabin
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Fig. 2 Layout diagram of sound pressure level test points in cabin
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Tab.2 A-weighted sound pressure level test results under

different operating conditions (unit: dB)

BATHE/ (km - h™") N, N, N; N,
0 85.7 74.7 76.8 79.8
20 93.0 84.6 82.3 86.9
30 92.2 85.1 82.0 86.2
40 95.4 86. 8 86.3 89.8
50 95.7 86.7 85.8 89.2
60 98.9 89.6 88.2 92.3
70 99.9 88.8 90.3 93.4
80 103.5 89.3 91.7 94.7
90 103.2 92.0 92.3 96.3
100 106. 0 92.0 94.2 96.5
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Fig. 3 Influence of operating speed on A-weighted
sound pressure level
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Fig. 4 Layout diagram of reverberation time test points in cabin
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Fig.8 Layout diagram for speech articulation test in large bus cabin

3.1 MEENEXMNESEMEL MM 25, PR 2T, AR 263 ik FH T AW 50X

HORIEAT B P Ry 2 g2 4 LA 30 km/h 1Y BRCOULE 25 FLUR R9IREe . PR, SR H Lok Ak
EAT OIS G, PITECA OB [ i, JF TARZR W & & 608 5 1R 5 s W 2T B T
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Tab.3 Speech articulation analysis on different listeners’ position under 30 km/h working condition

K[ﬁllﬁ%%‘,fﬁﬁ Sl SZ S3 S4 SS S6 S7 SS SQ S10 Sll SIZ

BHX

YT T AR5 78.7 80.0 82.7 86.7 88.0 100.0  98.7 85.3 85.3 80. 0 69.3 65.3

F4 AEAMBFEMENESTEWMERZESN
Tab. 4 Significant analysis on speech articulation at different listeners’ position

NPT TR o 22

AR

- [S;=S, 1 18,=S,1 1.8=S51 18=S,1 18=S51 18=Sg1 18-=S;1 18=Sg1 18=Sg1 18-=S,! | S,-5, |
(i>1) (i>2) (i>3) (i>4) (i>5) (i>6) (i>7) (i>8) (i>9) (i>10)
S, _ _ _ _ _ _ _ _ _ _ _
S, 1.3 — — — — — — — — — —
S; 4.0 2.7 — — — — — — — — —
S, 8.0 6.7 4.0 — — — — — — — —
Ss 9.3 8.0 5.3 1.3 — — — — — — —
Se 21.3 20.0 17.3 13.3 12.0 — — — — — —
S5 20.0 18.7 16.0 12.0 10.7 1.3 — — — — —
Sg 6.7 5.3 2.7 1.3 2.7 14.7 13.3 — — — —
Sq 6.7 5.3 2.7 1.3 2.7 14.7 13.3 0 — — —
Sio 1.3 0.0 2.7 6.7 8.0 20.0 18.7 5.3 5.3 — —
S 9.3 10.7 13.3 17.3 18.7 30.7 29.3 16.0 16.0 10.7 —
St 13.3 14.7 17.3 21.3 22.7 34.7 33.3 20.0 20.0 14.7 4.0
HiZR3 k4 Tl , SHAWR EEHAEMIL, S, PARENHAM T ESCR,
S, BYF- 21 5 1 M A5 43 e v oA B A 1 W AL S, 1S, 73507 T 3 % X HTH A, B8

o Sy M S, MIEF MM S, M S; 2 Sy ~S, ff AREHMARIE, HoHEEREE, S, B
TEME IS, S M S, AR F M AR fePi o, L, (EON AT BI{ELA EL, T AT SO OR AT AT,
BN S, 28 BT AR ESE D A HE T &l (OREIXIM S, HGatm AR s, Wit e
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Tab.5 Influence of pronouncer’s gender on speech articulation
REH TR I RS R AR
51 S, S, S5 S, Ss Se S; Sg Sy Sio S S, iR iz
‘S 92.0 92.0 94.7 93.3 98.7 10.0 10.0 96.0 96.0 92.0 88.0 86.7 94.3 4.3
5 93.3 93.3 98.7 98.7 100.0 97.3 100.0 94.7 93.3 89.3 88.0 40.0 90. 6 16.4

M5 AT, BEREH RN S, A S, 15 5 15 Wi
FEAF O RFEAE 97.3 ~ 100, femifdorik®] 100, FflE
B R R R i A A R R R R
F40.0, Hk, REXIGH S ~S,, AbHFHNIES
TR BT AR H 7 86.7 ~96.0, FFE X HIHE S, ~ S,
AW 35 W8 5 T BS540 R HFAE 92.0~98.7, i
TR T A, &KREMAT 12,0, LTI
FEAER, A TGS RS 1E T I I S B G DG,
B e R U T T B IE AR O, AN, B R
HAE S, WIEFIHWES ML 40, HARG 527
WA 22 KT 3 fishnifE S, S, Ab kR

B, WA, Ak EENTOHT, SR H
12 AW & P E F I WA 94. 3, AnifEZ R
4.3, THIBRE, MBa8asHfE, MXHRmy
T R H BT IEWE A,
3.3 BIfTIAMIEE BEWERmSHT

WAk, HFREEANFZBITTOT, AP g
FEACE | BIRERRAE . RSNG4 35 & A [A) R BE 1)
MU RS I MR B TR B OR[E], R AR
XA AT 00T T8 5 15 W3R4T A G P9
(R SR DR AIE T8 55 1 AT B2 AH OGRS B A 250k, B3k
Wl ki, sk e Fimn,

F6 ARBITILRTHETEMERXESH
Tab. 6 Correlation analysis on speech articulation under different operating conditions
Ty T MR ) FIEFE Wikks
(km-h ') S S, S, S, Ss Se S, Sq So Sio Sy Siy W £ 75 Wiz
i1k 92.0 92.0 94.7 93.3 98.7 100.0 100.0 96.0 96.0 92.0 88.0 86.7 94.1 4.3
30 74.7 85.3 88.0 89.3 88.0 92.0 89.3 89.3 86.7 78.7 80.0 66.7 84.0 7.5
45 76.0 71.3 80.0 86.7 84.0 89.3 92.0 86.7 93.3 86.7 74.7 64.0 81.4 9.2
60 66.7 71.3 80.0 86.7 84.0 90.7 85.3 80.0 69.3 76.0 66. 7 56.0 74.6 9.5
A UM TIF A P 5 T 5 A N
BRI, S TR E W SR s T os|
SR (W 9) . thFE s MIE O WL, 4% 5 1k < o5l
T, SR TN 4 94,1, HRMEZE W 4.3, S owl
AR ELRGE . B R A (4R T, P8 = oL
SN 78 o KRR 25 A W S A, 4 ik = ost/ ool
) 60 km/h IF, R DAY 7 7 9 DT 57 S 0 45 ol \
SRS UL 0450065 74. 6, 6 URHCE U 1 304 2 S
Kiksh, wrEZERE] 9.5, W7 % 2o B
4 BB B9 BEFWESETEEXR
Fig.9 Relation between speech articulation and
AHFFEERL A R, R ]| 25 R A S running speed
i, ST RRVE RN AR, MR EEWE ¢ BTSSR 4 A A R A

Ak B AR, BAT ST 15 S R B U R

(1) g AR B, R A P oM
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25,
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