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Applicability of Different Loudness Models to
Time-varying Sound of Vehicle
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Abstract: Three sound loudness calculation models, including
Zwicker instantaneous loudness model, Moore instantaneous
loudness model and Moore time-varying loudness model, and
the cited Zwicker time-varying loudness model in ArtemiS,
were applied to calculate the time-varying loudness of three
typical noises such as steady engine idle noise, impulsive door
closing noise and order-swept electric vehicle pass-by noise.
Based on the loudness amplitude and time-frequency loudness
results, the applicability of the four loudness models to time-
varying sounds was analyzed and compared. It is found that
both Zwicker and Moore time-varying loudness models are
more reliable than Zwicker and Moore instantaneous loudness
models if the sound amplitude and frequency vary
tempestuously. And the time-frequency result of Moore
instantaneous loudness model can be very helpful to noise

source identification and mechanism analysis.
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Tab.1 Validation of loudness model based on pure tone (compared with ANSI 3.4 calculation results)
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100 50 0.34 0.13 61.7 0 100.0
1 000 20 0.14 0.14 0 0.13 7.1
1 000 40 1.00 1.00 0 1.00 0
1 000 80 16.00 16.00 0 16.50 3.1
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2 BRSmEITEREES

Fe A A RUARR 1R 75 15 5 (9 00 3 8 2 AN i B 1]
AR T SE B A5 5 A A LA I P B AR S PR 0
T BT GRS R BT SRR A BT & B AR AR S
FAY B A5 e 55 M P A B e L S L i B R 2 1)
AR R AR5 R, TR IHME LATE BG3E THLEE )
IS B T AR R, H i Head 23 7] 1) ArtemiS™ 75
Zwicker A B R LA L 36T R P IR
R S LA 7] ) 250 U 0 0 i 4D ) S e i
RO ST T Zwicker B AR N BE TR 75 1% 5 Glasberg il
Moore % A Moore £ 451 B 532 3k iy I, 36 F B 3
Sy, PR A s () B A ASE AL B S R R R

15 BRI M BE R BE T AR S Zwicker
AR 7 % AT ML AT S 45 2R D 1 s Zwicker
Hp I £\ Moore [ BiJ 1 & . Moore Hf 5 Wi B 1143 75 1.
AR AT 07 0 R AR DL S R IS R 5L
K8 — 913

3 BRI ERERIERMES T

RS | ol il MR AR P R 75 R YR G M
HAEA AR 3 PP TE 2, FLR AR AR 1k I3 4y
ATFEPE ks B0 R RE SRR [H] 25 AN AR [F]. T TR DA
3 g A i, X Zwicker B IR BE  Moore [ B i
& Zwicker 75 i B Moore 2% i B A4 5 FH 4
TS » 43 BT I 45530025 (R K RS A 45



%9

RILAE L G YRR I AR R S A PEE T TS B A A3 A 1347

XoF A AT 3 8 DA I 25 i 2 {0 A R A i S
A 34T 45 G AR B RE 255 40 BT T g b i {4
Mra bR 035 - Y ( n O 22 L AH T 158 22 B il B2 75 A
A B RAE T FEAS = 45 (1 000 Hz Dk 1) figfe
() B s e T R e J3E P AR 53 A o AR SR R T
Zwicker FaZ5 0 B AR I 1Y Bismarck It
3.1 AEEEXESERENEITENERAES T

R SRS (RS U AR S IR /N DL RO 3 14y
ANB IS [ AR A T AR AE . S e BOR: 4 T 4 o 1.5 L
VAL B 1 W8 75 15 5 AR A 0 B 6 4 008 R A
W 12 000 Hz, 5 RIS QA 1a k.

S3HT 4 v BEASE AL e B | B RE R L o3 AT 4
AJH: OMIL, ZTVL, MTVL P Y {H #2305, Ho v BE 55
FRRERERL/IN s ZIL S P4 Al AR o AFRE 5% 22 85K, i) i
BEEAEE R R (E 1. QRBIELE 1.3~1.5
Acum [BI Bl BBl FEI BN o SO T RS A IR A R

S Zwicker , Moore $RIE 0w & Bsf 451 43 A5 M A
SR AT 43 A7 AT D 75 FR G ) BB A R B 43 K
(1), TRFIE e B2 53 A e B A v (& 1e, 16) . 3X
JeH ol Zwicker 5 Moore 5 %125 &1 H5i 35 448 ik 5
IO WAL DR 14) AR 0 i 2 4 (/) P A i 5 WS 9L
@Moore EHENN BE 5 Zwicker FRAF n B Ak A5 425 P HR
REA% S5 fenie) J32 (1% B[] 55 450 232 43 A 8 1k /B Moore F
AL 5 PR A% 43 B T vy (& 1e, 1D)

FH A 21 - D4 Pl 25 A5 A 2 M 7 i 285 )
THEAEE L AE ZIL ma BET SRR /) H BB R
K. @Zwicker 5 Moore H#AiE M B 4345 » 7] DL J1] e
FH A B 5 RE R 1% 434 - {H Moore FEAIE M B2 B 45 43
3.2 BB i R RS e BT E A E RS i

et MR P (%) AR A Ay W T IR P IR P A R B 0 B
WEREL AR f PR A 70 A B 22 o () B P 1 4 i o i il
CEPRGE D) . SR v B A 55 IR R T T R
FESR AR Jy 44 100 Hz, 75 JEIHF S 40 & 2a.

LRGN EL BT 4 o) JEE AR AR ] J3E L Q5 1 1 (L
M EE Rl A O ZIL A1 MIL Wi & F A4 R B
= T ZTVL Fl MTVL. 3 J& PR Sy B 722 nje) B 45 70 2% 1
TSROSO, » N B JEE SRR B T B[] 249 2R 100
ms- s @ZIL 1 MIL i 5 F fEAsfk % 5 ZTVL Hi
MTVL #2333k — 77 T 2 P A i o e 75 114 30 D 6
%, Gl 2a 100 ms B2 J5 75 R RAEL AR 4k, o5 —JF
AT 2 B 72 M) AR T8 25 P81 IR S e s g » BN X6
M 8RB 1 5 D B 22 8 42 200 ms™ . @ ZIL 1 MIL
5L ZTVL F MTVL 85 5 A7 A M B i 22 » an 8]

g 0.1
B0
R 01 , ! .

0 1.0 2.0 3.0 4.0

WiE /s
a FEEMNEES
g2
) fe ™ .
21 sy
g (5) [ M, —ZIL —— MIVL ——ZTVL,
0 1.0 2.0 3.0 4.0
i 1A / ms
= b AR R p e BE
2 2.0
<15 e AP A ST
® 1.0
E,EE 05 : . \ .
X 0 1.0 2.0 3.0 4.0
A /s
R

I

1.0 2.0 3.0 4.0
Al /s

e MooreRFAiE M FE i 3R ik Bl

e I RS
3 oo b
0 1.0 2.0 3.0 4.0

B /s
f ZwickerfEAiEmi fE i SR = B

Bl EWIEEREGE SN E ST

Fig.1 Loudness analysis of engine stationary idle noise
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Fig.2 Loudness analysis of door closing noise
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Tab.2 Applicability of instantaneous loudness models
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