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SUMMARY

I. Subject

* Development of design guidelines for acoustic comfort in passenger cars in high speed

trains by evaluation of speech intelligibility and Speech Privacy

I. Summary of research and development

* As high—speed trains become faster, it is necessary to consider the noise level in the
passenger car. Many researchers concentrated on the method for noise control and

subjective evaluation of noise in the passenger car.

* Meanwhile, Noise from the passengers, such as speech sounds, cellular phone calls,
sound of children and etc, is one of main noise source in the passenger car. In order to
gentrify the high-speed train, it is necessary to perform the research in terms of optimizing

passenger car design with consideration of both noise annoyance and speech privacy.

* Final goal of this research is proposing design guideline for acoustic environment of

passenger car to increase the satisfaction of acoustical comfort in the passenger car.

* Aggregating the improvement designs and evaluation results, rank criteria for
high-speed train passenger car is proposed to improve the satisfaction of acoustical comfort

and design guideline for acoustic environment of passenger car is constructed.

* An end product, design guideline for acoustic environment of passenger car, i1s expected
to contribute securing national competitiveness in railway industry and improving customer

satisfaction.

* A range of application conform to Article 3 paragraph 5 and passenger car of metrorail

or developed railroad car that of seats are based on a quarter column.

Il. Execution information and results about research and development

* Process of research

- In order to evaluate acoustic comfort in passenger cars, questionnaire surveys were
conducted. The results showed that conversations from other passengers (31.8%)
and low-frequency engine noise (19.1%) are one of the main noise sources

affecting the annoyance in the passenger cars of a high-speed train. In order to



quantify the room acoustical characteristics of the passenger cars of high—speed
train, the measurements of a stopped high-speed train was conducted. Based on
the measured background noise level in the running train, the 1:10 scale model
measurements and computer simulation was performed. With these measurements,
the effect of design elements such as chairs, ceiling, side wall and front-back wall
on speech privacy and speech intelligibility was derived. In addition, the noise level
measured in the running train was compared according to the type of high-speed
train in Korea. Using the recorded running noise of high-speed train, the auditory
test was performed considering the frequency -characteristics of noise level
according to the speed. Finally, design guideline for acoustic environment of

passenger car was proposed considering both noise annoyance and speech privacy.

Research achievement result

- Survey to investigate the main noise source: Conversations from other passengers
(31.8%), Low—frequency engine noise (19.1%)

- Measurements in a stopped high-speed train: Investigation of acoustical
environment in KTX (First class/ General admission seat)), HEMU, Honam
high-seed train

- Measurements in a running high—speed train: In the same environments, the noise
level is similar when we compared three types of high-speed train. In Honam
high-speed train, noise level in high—-frequency is higher relatively.

- Measurements in a 1:10 scale model and computer simulation: Regression model
was constructed for improving the speech privacy. To improve the speech privacy,
chairs, ceiling and side walls can be modified.

- Noise annoyance evaluation of passenger cars: SPL has the strongest effects on
noise annoyance and the proportion of high-frequency components has positive
relationship with noise annoyance

- Optimized object parameter considering both speech privacy and noise annoyance:
STI below 0.4, SNR (Signal to Noise Ratio) below -6 dB, background noise level:
60 ~ 63 dBA

- Aggregating the improvement designs and evaluation results, rank criteria for
high-speed train passenger car is proposed to improve the satisfaction of acoustical

comfort and design guideline for acoustic environment of passenger car is constructed.



IV. Finally research results and application actual result

* Patent application

- Title of invention:
Method and apparatus for acoustical environment designing program using speech

privacy evaluation of train passenger cabin

(Application number: 10-2015-0059673)
* Published articles: Total 4 (KCI 2, SCI 2)

V. Research objective achievement and effect

* Methodology to evaluated the passenger car of high-speed train to improve the
satisfaction with regard to acoustical comfort was established and design guideline for
acoustic environment of passenger car was proposed in this research. The software
program to support the acoustical design of passenger car was developed and it will be
transferred to the company as technological skills and this software can be used in
high-speed train design to provide a differentiated method compared with other design skills

in further.

VI. Research achievements application plan

* Final achievements, acoustical environment designing program of train passenger
cabin, was already applied for patent and technology transfer to Hyundai-rotem is
planned. Moreover, further research and connecting with other research field seem to be

possible with Hyundai-rotem after technology transfer.
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Background noise Frequency [Hz]
level [dB] 63 125 | 250 | 500 1k ok 4k 8k | Lacq
A4574 81.5 | 76.9 | 71.0 | 62.8 | 54.3 | 50.1 | 44.7 | 36.5 | 66.0
kgrg?h NEdold | 815 | 76.9 | 71.0 | 62.8 | 543 | 50.1 | 44.7 | 36.5 | 66.0
2}ol 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
A4=4 | 730 | 67.1 | 67.0 | 59.1 | 46.0 | 38.9 | 382 | 33.0 | 60.9
klmO?h NEdeld | 73.0 | 67.1 | 67.0 | 59.1 | 46.0 | 38.9 | 38.2 | 33.0 | 61.1
selzt | 00 | 00 | 00 | 00 | 00 | 00 | 01 | 00 |-02
) A Vst AA WFAR FEE A
o A WAHAAE WAste] 2 AUAS AES sk sk, g9 H485a 9l
= A4 WY ARE ZARA w&aAme BaE Ans 1o g2 FIES
ARG, AR Asel @AM AR FLE HoHE SR AR
WAL e FoE, B BEE 2e FEEI 3 276 BE WAL
G WAT ANAYCT A% ) AERIE WY, E0, dEvos AARan
¥ O m&EA AW An FAF 24
FeAT
29 Aoz A = AVG
125Hz | 250Hz | 500Hz | 1kHz | 2kHz | 4kHz
L 5mr§1;?vn;?§ted 028 | 0.22 | 0.17 | 009 | 0.10 | 011 | 0.16
(S_o ﬁz) M Hogjzeclomb 027 | 038 | 043 | 045 | 041 | 042 | 0.39
H  |Perforated metal 0.25 | 0.64 | 099 | 097 | 0.88 | 0.92 | 0.78
9 5mr§1ylivrgi§§ted 028 | 0.22 | 0.17 | 009 | 0.10 | 011 | 0.16
(3?.3 iz) M HOZZ‘;?““" 0.27 | 038 | 043 | 045 | 041 | 0.42 | 0.39
H [Perforated metal] 0.25 0.64 0.99 0.97 0.88 0.92 0.78
L Moquette | 0.09 | 0.08 | 0.21 | 0.26 | 0.27 | 0.37 | 0.21
(S%Pﬁ) M Fm“;afl‘efmk 0.25 | 0.60 | 0.50 | 0.45 | 045 | 0.28 | 0.42
H Laminated panel| 0.69 0.76 0.65 0.86 0.83 0.75 0.76
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2. Speech privacy 7} H7}

b Az A sgagEE S84 3ot
(1) F7F 54 2 e
- AXA s uEAE 34 Frhe 20149 89 199 11A1RE 18A7FA AP E o
W, J7t Al g Aae FEAAGAR A e Fd s aSHEA A S
2F 320 AL Aol HEahA e Ao T2 Au7F HEE A e oF 22
T 9ol #ANA F8S s
c IHAESY @Y SAES St AFH AEHOA Rds TS 9 AW
setnlE S Fsta, $4ske Hriskddth A 542 SO 3382-3% 7w 4
EA ] AU SFSAYE S 7Nt g s on, Bt gdoRE FAFH A9
& AbgEte], F 5AAANA 1Im *=

=

=
AgstAet. F539 Eole A A9 A9 &2 AzolE 7HAHse 1Llm= A
A3, Freo Feol= AMede ol FxolEs 7HEete], 1.6 m=2 AAste] HrkE
R,

o,

7} A ®E SO 3382-3 714k oy ~vguEHE F FH A ERZ HAAsIe] 2459
th T S A A& UEUE Dy AE, SYo2ZEEH 4m X9 A
A HlS H7lekE Lpasa m, SHAFS] A1 EA & H7kskeE STI A %9 STI A&7}

0.2 ©13Fl A4, 5 speech privacy &x2 AgE YetlE g H7tsoh
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a9, B A s nEHEE A =4 AH-

¥ 18. KTX 2 HEMU 9xte] g4 % wliL

a1 =57 Length [m] Width [m] Height [m] Volume [m’]
R A L 14.1 2.6 2.2 34.3
KTX ¢xkA] 13.0 2.6 2.2 4.4

HEMU 159 2.9 2.2 101.4
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(4) Speech privacy(STI, r,) #H7} A3}
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48 r OSide wall absorption coefficient
16 L < Front & back wall absorption coefficient
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4.4 -B =Floor_absorption coefficient
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E4.2 3 @
=4 o000 oo
BEr -*‘t**gtgg
Bbdaaa 4 A
36 | O00p Hoo A4
34 | caog 8
32
3.0
FPIAIPIIFP ISP PO TP PP
Absorption coefficient [a]
T2 B s F5E WSt wE n Wsks 3ot
¥ 20 H9d AR FLE W g, Wsty FrF A9
Speech privacy distance (r3), [m]
El Maximum
ements Minimum (a=0.05) Difference
(¢=0.95,0.40)
Ceiling 4.47 3.37 1.10
Side wall 4.42 3.44 0.98
Front & back wall 3.96 3.61 0.35
Tray 3.83 3.66 0.17
Floor 3.83 3.79 0.04
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B =
T

Aol ddAol =t Hujdlold Alojiz

fvze)

Nr

B

—
fite)

j—

</

S5 EA9  Perforated

RER

7}

]

Holl= s dafel A ARS AL

[e]

fex ]

1S

)

R

2
(4 cases)

Ea

Hre
Fake] Zulvlel 4l Aol

3

bz
5mm laminated plywood¥} =&

3} (3 cases)®

Zhell kA = 9l

o

]

I

7FA Moquette?}t =2 &

[e)
e

—~
fite)

metal A

0.16
0.21
0.39
0.76
0.78

AVG

4kHz
0.11
0.37
0.42
0.75
0.92

2kHz
0.10
0.27
0.41
0.83
0.88

dlelH

1kHz
0.09
0.26
0.45
0.86
0.97

Absorption coefficient

A5t
500 Hz
0.17
0.21
0.43
0.65
0.99

J

A
=

,43,

=

250 Hz
0.22
0.08
0.38
0.76
0.64

21. =W <]

125 Hz
0.28
0.09
0.27
0.69
0.25

7}7 Laminated panel

o
%1+ Honeycomb panel® A
Details

& a1

5mm laminated
Honeycomb panel
Laminated panel
Perforated metal

plywood
Moquette
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¥ 22 54228 YAAE F5FE A @&
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Absorption coefficient

Details 125 250 500
Hz Hz Hz

1kHz | 2kHz | 4kHz | AVG

5mm laminated plywood | 0.28 | 0.22 | 0.17 | 0.09 | 0.10 | 0.11 | 0.16

Moquette 0.09 | 0.08 | 0.21 | 0.26 | 0.27 | 0.37 | 0.21
;\Eﬁg Honeycomb panel 0.27 | 0.38 | 0.43 | 0.45 | 0.41 | 0.42 | 0.39
Laminated panel 069 | 0.76 | 0.65 | 0.86 | 0.83 | 0.75 | 0.76
Perforated metal 025 | 064 | 099 | 097 | 0.88 | 0.92 | 0.78

Acryl 2T + polyurethane
5T + kraft paper 0.24 0.23 0.18 0.14 0.07 0.04 0.15

Foam board 3T + 003 | 010 | 023 | 031 | 031 | 031 | 022

cardboard

Cardboard + textiles (2
sheets) + cardboard + 0.29 | 041 045 | 043 | 040 | 044 | 0.40
kraft papers (4 sheets)
Carpet + foamed PVC 2T
+ polyurethane 5T+ 2 067 | 069 | 0.77 | 0.75 | 074 | 074 | 0.74
cardboard

Carpet (Thick) + foam
board 3T + polyurethane 028 | 069 | 098 | 099 | 095 | 0.8 | 0.79

2L
Bl ot by~

5T
0.04 | -0.01 | -0.01 | -0.05 | 0.03 | 0.07 | 0.01
0.06 | -0.02 | -0.02 | -0.05 | -0.04 | 0.06 | -0.01
AAAE - FawE AR 000 | 0o | - 009 |
(o] 7h) 0.02 | -0.03 | -0.02 | 0.02 | 0.01 0.02 | -0.01

0.02 | 007 | =012 | 011 | 0.09 | 0.01 | 0.02

-0.03 | -0.05 | 0.01 | -0.02 | -0.07 | 0.07 | -0.01
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npd A A S A AAse] B = <
(A EA), ZEAIZEe] A Zol7k 0.014%, FEAAIE 000722 w$- e 3w
= YeEhdid

(4) @A o2 Bk Az
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A Wglete Aoz yeiyth o)E 14 WA AR AP F5E ST
of W& WAL AR 1ste] STI gheo] aA Weste= Aoz AtmHth STI #%
o] ol meEl n, WsE 233 T 449m WY R wgstd o, 7= A Ao~

E
W3tRS W, n, FAhEo] 1.06mzE 184 %= privacy WA &7 JeEbE A
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t}. 2 gho] A X]o] W& speech privacy @& 37}

2 FolAe 71EY e AHFEAALSTOM ETR 500, Italy)el #&=o] &= o=}
o AR KTX drbao] Agskdvt. ol d 2xd =
AT A oA Eolol W privacy WA EIIE HSEHAY] WiZell, oA A b

o AA] md JFo] d& ALr AtrH o HIrHE A, s

(2) B7F 7He
o)z} Ahgoll zhuto] Aol w2 speech privacy B &S H7Isl7] Y5t AlEH oA
B7te JAYstAet 7 daE old AlEHA Rdy FUsHA KTX dnkdo=z
dAstdon, H7F ARG Frh 24 w3 FAsA TS Hrks s 9
ko] Aol == o} AHFEZFE Ocm, 10 cm, 20 cm EolE WA ZH o, 9%}

2}
Aefole] FoEe V1 fAALY FLES Ao Wrsart.

929, 94 hebolo] Tig Abel L A BeOlA R (a

)
A AE ol By

ALSTOM ETR 500 (Italy), (b) KTX

F 23 Algdloldel A8 oA kol FoAs

Absorption coefficient

Case
125 250 500 1k 2k 4k AVG

Glass 0.17 0.11 0.05 0.08 0.06 0.12 0.10

_49_
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* Speech privacy A% H7} A3}
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7F G WA s WHale] wE speech privacy W3}
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3% dAF9] speech privacy AA 7lol=gldlS &=

2 AAS ez A 24 F Ul WAAAlE Wste] mE speech privacy 7}
£ APty 1EHIA AL KTX dvbd, KTX 154, sdu1$£3 = HEMUE
goz AAstdon, d4 54 7|dtez FE5E HFH AlEHA EEE 37t
st 59 H S5 U A FYsA FAEE ods AAEA, s
T2 S5 HAAom HAAste H7ME WSkt STI #4& flste] wjA A dES
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g A3 zF Zeol7k 0.01%

TR RTE AlEdeldxn 345

dB oW, D2,s+= 0.7 dB °|Ul, r,

fu.

i

0.13m oWz &4l A&
F24. ASAI Aol 22 b A3 3 534 v vl
High Speed Train RT (sec) Lpasam(dB) D2 <(dB) Ip(m)
Field measurement 0.19 51.7 5.2 3.77
Computer simulation 0.18 51.9 5.3 3.79
Field measurement 0.18 51.8 6.6 4.95
Computer simulation 0.18 52.1 5.3 5.08
Field measurement 0.23 45.4 6.9 1.37
Computer simulation 0.23 45.3 6.2 1.38
Field measurement 0.24 47.4 7.0 0.00
Computer simulation 0.24 47.4 6.4 0.08
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o 1 2 3 4 5 B 1T &8 o 1 2 3 4 5 & T 8

S-R distance [m] S-R distance [m]

=
o
o
m

{c) (d) QCeling + Side wall
GO Ceiling + Front & back wall
@ Side wall + Front & back wall

@ Celling + Side wall + Front & back wall

OMoguette
@Front & back panel
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=
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(=)
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&
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o
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o
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Speech Transmission Index
3
o

Speech Transmission Index
== ]
()

=
o

0 1 2 3 4 5 2] T 8 o 1 2 3 4 5 [ 7 B
S-R distance [m] S-R distance [m]

2933, WAAR FSE Wl e STIL rp, W3l 23 - KTX 9k @ (a) A3 A48 A3 (b)
=

9 F5AE ¥Wsh(c) 9 F5A8 ¥Wsh(d) Avdleld FoAE W
E 26 w4 WIAR FSE Wil M 9% Yo A%
Speech privacy distance (73, m)
R = (SIS = 13 1 L=IRE: JEREY A 23
= y = _ y
LH%]'XE_ ;ﬁ_o \_3‘} "l*‘ll__pq— %T*‘V Lﬂ' ZJH]LﬂO]L
4.40-3.37 4.42-3.49 3.93-3.70 3.32-2.93
KTX gy 3.79
(0.42) ( 0.30) (0.09) (0.86)
6.16-3.62 6.41-3.93 5.12-4.72 3.78-2.25
KTX 154 5.08
(1.46) (1.15) (0.36) (2.83)
e e 1.91- 0.69 1.89-0.69 1.48-1.10 0.76-0.00
STHIEAE 1.38
(0.69) (0.69) (0.28) (1.38)
0.76-0.00 1.63-0.00 0.27-0.00 0.00-0.00
HEMU 0.08
(0.08) (0.08) (0.08) (0.08)
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. oz} o] WM3lo] u}E speech privacy 3}
(1) B7F 7h e
c 22 E AT Aol =EE A 849 oA FolE e nHdA (KTX oyt
A KTX 154, 39152 : HEMU)| %83t speech privacy H7}S A 853
ok 92} =ol&= 1.00-1.20 m=z 0.05 FA o2 5AlZ AASR o, wjdAS2 A4
L 739 Al 300km/he] AsdEE ARESEIATH

(2) B7k A
coolx Farele] welst S99 Foluth ¥e A%, 47l nHARN FAF FPA

0.6

O Chair height (1.00 m)
O Charr height (1.05 m)

E 05 r @ Chair height (1.10 m)

'g @ Chair height (1.15 m)

= R @ Chair height (1.20 m)
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(7]

S-R distance [m]

T34 oA o] Wste] wE STI, rp, ¥t 23 - KTX 44>

327 AEHIAE o)A} go] Wl WE 9 HvF A
Speech privacy distance (rp, m)

Sk szl m) T K e KTX 154 sdnEEE HEMU
1.00 m 3.96 7.31 1.64 0.96
1.05 m 3.93 7.10 1.55 0.46
1.10 m 3.79 5.08 1.38 0.08
1.15 m 0.94 4.63 0.00 0.00
1.20 m 0.71 4.23 0.00 0.00
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Sound presure level [dB]

c WAL SHMEe] FEFE ~uA Yol & dgE o] STI ghel E=A YERU] witd
Al 7HE FRe 84 F shubolth wheba] B el A e

9o FP&wo] wE) STI Walaks 2438k
ZS

2A AdAsty] fste] ke s wALsSdEe AGH L=

speech privacy #| 3 4

=
g 7el §4F SAAAANA HIHE LA

(2) 37+ A3
© R G Wste] wel STI A4 3 S sttt STI o A gho] Wstsh=
A& A e nHARel A BE A BAAR REHARL, 1 W5
Ze HEMU, KTX ¥9H4, KTX 154, a9u$3s £02 A7 Yeys o=
45 e}
100 0.6
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40 g .
30 -§ \
20 | 1080 kil 60245k S04 | ®100kmh (60.9 dBA) O, LN
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3 — 300 km‘h 66.0 dBA _ . . . 0o | ©300kmh (66.0dBA) | g
63 125 250 500 1k 2k 4k 8k o 1 2 3 4 5 8 7 8
Frequency [Hz] S-R distance [m]

2935 w7 A% st e @y A3 - KTX 9894 @ (a) WA 22, (b) STL rp 37 23

F 28 uHAxE wid A WSkl whE ¥ U A

Speech privacy distance (rp, m)
a7 A _
KTX <4k KTX 154 o g R HEMU
100km/h
7.78 9.54 4.86 5.22
(60.9 dB)
200km/h
5.75 7.11 3.22 3.04
(63.5 dB)
300km/h
3.79 5.08 1.38 0.08
(66.0 dB)
rp W3} HE 3.99 4.46 3.48 5.14
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H E 531 Al FEsHAl T value soag
B g2 H| e}
-0.72 0.04 -0.87 -20.00 0.00
-16.85 2.17 -0.34 =7.75 0.00
-0.03 0.01 -0.11 -2.38 0.02
-0.02 0.01 -0.12 -2.55 0.01
71.10 3.33 - 21.36 0.00
3 30. KTX 154 A% 3+ =9
B e ﬁlﬁLT%P_i]' il“ﬂjﬁl_" value e
-0.75 0.04 -0.68 -17.28 0.00
-22.08 2.60 -0.34 -8.48 0.00
-0.11 0.01 -0.35 -8.37 0.00
-0.10 0.01 -0.36 -8.52 0.00
84.10 3.99 - 21.06 0.00
¥ 3L sFuEAE AY 37 2y
I ——— S
B e ﬁliiT—f—Q_i} j:i/f]_" fvalue el
-0.64 0.03 -0.91 -21.91 0.00
-8.65 1.75 -0.21 -4.94 0.00
-0.03 0.01 -0.17 -4.01 0.00
-0.02 0.01 -0.09 -2.23 0.03
53.90 2.68 - 20.07 0.00
3% 32. HEMU A3d 3|4 =3
e = 5] 4 2=
' H| 373t ﬁl%‘r%gi]- sz;]T S song
-0.71 0.05 -0.71 -15.59 0.00
-19.00 2.40 -0.37 -7.95 0.00
-0.06 0.01 -0.34 -6.95 0.00
-0.04 0.01 -0.16 -3.32 0.01
74.50 4.07 - 18.30 0.00
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- glol BAG 7o dxe WMARS FHs] 4o nxkd
At 7 Aol §4(V)ol ThEr] we] F7b Eg
Heom, g WEe FUsA Aguol BAsAY A
AR BAs BN058) 1, oSl 7 2 AL
-038), 1A=l (Cu 037, BF F&(ac -020), FHF S
Ggeol et BEHAAALE AAE KL

HE  (0.1<p<0.25

moderate, >0.25: large (Keith, 2006)) ©]< YEINS 7] wfjFo] z+ AA
o3, 2t Sy E SAFE FousAat (p<0.01).
68% (R* =0.68) a=3 = & 23 3AAS AA e

AR}

7)
2 AARJNATY rE

3 33 u5dA T A A 2E
.3 il o SEE T-value o8&
B ETAt H| B}

BN -0.71 0.05 -0.58 -14.86 0.00
Vv -0.12 0.01 -0.38 -9.35 0.00
Cu -23.28 2.50 -0.37 -9.33 0.00
aC -0.05 0.01 -0.20 -4.53 0.00
aSW -0.04 0.01 -0.13 -3.04 0.00
& 88.50 4.30 - 20.59 0.00

« Hrkek AALAE VbR 47)e] & H A speech privacy oS4 S EE3HAATH
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=E93
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| =EH A
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o

KTX 984 (R*= 091) © rp, =—0.72(BN) — 16.85(Cy) — 0.03 (arp) —
KTX 154 (R*= 0.92) : rp, = 0.75(BN) —22.08(C);) — 0.11 (ar2) — 0.
SFEHAE (R= 0.92) © rp =—0.64(BN)—8.65(Cy) — 0.03(arp) —
HEMU (R*= 0.92) © 7, =—0.75(BN) —19.00(Cy) — 0.06 (cv) —

c 49l &G T oA=4 A £4(V)o] speech privacy S
o oz &

2]
22 AgEdon R’ = 068 o3k oS40 mEH

%S

A el

A

rp =—0.71(BN)—0.12(V) —23.28(Cy) — 0.05(ar) — 0.04 (g yyr) + 88.5
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S-R distance [m]
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Speech privacy and noise annoyance ¥ 7}8}7] $ste] F@H 715 AA ATt F7
Hrlel F&£WMlS Speech privacy, J5 %, WalxE, AVME &2

e FAEe Qo =gl o Z:= Background noise (BN
ratio (SNR)Z 74 5 2t}

AL detag et A 2SS A st on, gstads HAZES Y
AEF £AL AHEHAT AUSAY 2FoLE WALS 3EAF SNR §E79
295 §oto] & 24709 Alolxrt AAH AT
® 34 AEET = T

Background Signal to Noise Ratio [dBA]

Noise [dBA] 6 3 0 -3 -6 -9 -12 -15

66 (300 km/h) 72 69 66 63 60 57 54 81

63 (200 km/h) 69 66 63 60 o7 54 51 48

60 (100 km/h) 66 63 60 57 54 51 48 45
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i ‘ 20 —~Background noise, 66 dBA
66dBA (300 krl’L/h) 10 | —e—Speechlevel €0 dBA
| ! ‘ o L

125 250 500 1k 2k 4k
Frequency [Hz]

90s

= sty s @ate] A Fg 219, o1 998 oldl
d8S 7 A @A Adgsiain

Azt 27 Koty &g A7 =<k Speech privacy”b TIA]
= Zld=e dig B4 JPsida, I ARAS Sotel Hrkskdn ve 3l
A A 257 ES 71 ®E 069, speech privacy 02124 ASAA7HI RS 7]
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=7} speech privacye} vlnLasl] 3w =A veRw
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=
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£ 35 vEA B4 dn

Unstandardized | Standardized 5
Parameters o o t o) r
coefficient coefficient
Constant 4.41 39.37 0.00
Task Annoyance -0.65 -0.69 -28.25| 0.00 | 0.66
Speech Privacy 0.15 0.21 8.76 0.00
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3. ¥ WEE MA ZAA 7lolE=l 29
7b, AA ZE a9 A F
(1) 2ZE9o] 7He

c 49 a&AR (KTX 9y, KTX 154, 39 1&H e, HEMU) 37t 7|fte s &

=5 odS2om AA Jtol=ekl RIS A ASATE wlo]l AR AZE A A Z}

wlo]zl Tz ey 9loje] AF9l Visual Basic 2010 Abg3dle] 23S 72
3lSith. Visual Basic 20109 o2+ A2 7 374 3 g &o] 2RA7 H
&7] il GUI 71Wke] 88 Zemasjiowx aaAel Zrais & + Stk

it

(3) A7
CoAVZSH: 7 A AR R A7) Axe e mEer] d dusgdn
< KTX9| 7H&A], A=l 100, 200, 300 km/h 533
# 359 2ol Uehfgor], HE A4t 4% AW &

F& %= [km/h] AdaSed [dBA]
100 61.1
200 63.7
300 66.6

« FAF A 362 47 EAF YF A 4E Dilatometer® 7 st A o]
A oHd dxte] HE FE o=z 47 dxfol] thek I X FE Q]
712e] A WA AlfRE nE&Aate] fuldo g Fo x4 <
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3 37. 47 Gk Ak A

KTX gyA KTX 154 FHuEAE HEMU

A YH [m] 13.0 14.3 14.1 15.9
A 2 [m] 2.7 2.8 2.8 2.9
A Fo] [m] 2.2 2.2 2.2 2.2
o)z} o] [m] 1.1 1.1 1.16 1.1
F 14 [me2] 0.96 0.92 0.91 0.96
i M leal 12 14 12 14
& HHl [m] 1 1.12 1 1
A M [eal 14 12 14 15

=2

CoNEA: &G AL el HeEt WAACHES Mo FSASF 9 wA
Eayex]
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ofN
oo

i3
TR - T L

12
w
)
R
?
w
J
2
v
ol
A
I
2,
=
i3
=
o
2
b
o
Eloll
o
X
ol
o
N
&
RN
=

T ATk AHE 1) q]xk ZHE% ISO 345 (KS F 2805, %t
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F 38 AlEdelAd 8" o WRAAR FeAT

Absorption coefficients

Details AVG
125Hz | 250 Hz| 500Hz 1k 2k 4k

5 mm laminated
plywood

Honeycomb panel 0.27 0.38 0.43 0.45 041 0.42 0.39

0.28 0.22 0.17 0.09 0.10 0.11 0.16

Perforated metal 0.25 0.64 0.99 0.97 0.88 0.92 0.78

* Speech privacy &2 23 2 AAILAE 1183 speech privacy =2 =Z0 A
HJr7te dS2AE& Fa Z2a9 oA dEE wiA S, € gdAd, WA S5

=) EIE]

o JHEAE ue o 2 privacy distance ()5 <=3}

rp=—0.71(BN)—0.12(V) —23.28 (Cy) — 0.05(c r) — 0.04 (g 3r) + 88.5
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Evaluation of Speech Privacy in Passenger Cars
of High-Speed Trains Based on Room Acoustic
Parameters

Jin Yong Jeon, Hyung Suk Jang. Joo Young Hong
Depanment of Architectural Engineering, Hanyang University, Seoul |33-791. Korea. janghyungs @ gmail.com

Summary

Spesch privacy is imporint for improving the qualily of the acoustic environment in high-speed train compan-
ments becanse the conversation of other pessengers is o major source of disturbing noizes in high-=peed trains. In
order to provide an acoustic env ironment amenable o speech privacy, it is necessary o explore the room scoustic
conditions of passenger cars in high-speed trains. The present study investisales speech privacy in the passenper
cars of a high-speed train using the room accustic parameters suggested in 150 3382-2. Single-number quanti-
ties { Mhs, Loasen, ro and re) were measured inoan example passenger car to evaluate the spatial decay of the
sound p'rl::-.k1.;n: lewel and sound transmission index {5T1). Computer simulations were also conducted to ex plore
the effects of changing ghsorption coefficients and background poise levels on the single-number guantities. We
found that Dzs and Loagam vilues changed significantly with variation i average absorption coefficients. but
that these purumeters did not depend on the backaround nodse levels. It was also found the privacy distance (rp).
rather than the distraction distance (rg). o be o useful parameter for desizning speech privacy in a passenper
car, due to high backaround noise levels. The effect of abscrption coefficients on re was less than that of the
background noise levels, In addition. regression models 1o predict the single-number quantities based on average
ahsorption coefficients and backaround nodse levels are suppested. and these can be wsed in pructice io help with

the design of acoustic envitonments promoting speech privacy in the passenger cars of o high-speed truin.

PACE no J0TE T, 435015, 4355 Me

1. Introduction

High-spead train systems in Eorope and Asia have pro-
vided not only efficient transport service bul also socio-
economic benefits. The Korea Train eXpress (KTX) line
began operating in kKorea in 2004, and a high-speed do-
mestic line, the KTX-Sancheon, began operation in 2000,
Recently, test runs of 2 second high-speed line with a doe-
umented maximum speed of 430 km/h, the HEMU-430%
have bagun. A3 the wechnologies for high-speed rains de-
velop, considering the environmental qualities in the pas-
seneer cars of high-speed trains in onder 10 enhance pas-
senger comborn will be essential. In particular, the sound
environment in the interior of u train plays an important
rode in evaluating its oversll comfon.

Muany studies on the sound quality of interior noise in
trains have been conducted based on acceptance and an-
novance [ 1. 2, 3], Hardy [1] evaluated internal train noise
hased on various noise criteria used in building acoustics
and showed that room criteria (RC) are in good dereement
with subjective responses in terms of acceptability. Parizet

Received 15 Oceober 2013,
acceped 9 A pril 2014

© 5. Hirzel Verlag - EAA

et al. |2] found that among psychoacoustic metrics, loud-
ness is the dominamt factor for noise assessment. Patsouras
et al. [3] examined the perception of noise tonality in a
high-speed train by manipulating synthesized noise. In ad-
dition, lachini i ol [4] investizated the effect of noise in
metros on acoustic comfon under laboratory conditions,
und showed thut noise negatively affects passengers” an-
noyance levels and cognitive performance.

There are two miin noise SoUrces in & passenger car:
compartment noise consisting of rolling, engine. and aero-
dynamic noise; and sounds (rom other passengers [3, 6,
7. &), Kowano |3] Tound that compariment noise of the
Shinkansen train itsell may not be annoving, whereas con-
versation could cavse disturbance. Khan [6] also showed
thit noisa from fellow passengers was one of the annoy-
ing sounds in trains, from a questionnaire. Several pre-
viows studies on the interior noeise of rains, with atten-
ton o speech privacy and intelligibility, have been con-
ducied in order (o address this problem. Patsouras er al
[9] explored the relationship between speech privacy and
sound quality in a high-speed train. Khan [7] evaluated
the masking effects of backeround noise levels on enhanc-
ing acoustic comfort with listening tests inside train pas-
senger cars. Masking sounds enhanced acoustical com-
fort for the sake of activities like reading, writing, and

649
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the single number quantities wsing average absorption co-
efficients and background noise levels were suggested, and
can be used in practice for the design of speech privacy in a
passenger car of high-speed train using the room acoustic
parameters. This study i= limited by how average absorp-
tion coefficients were used 1o estimate the behaviors of the
single number quantities, while various individual desion
factors in g passenger car. such as the heights of the chairs
and the ahsorption of the ceiling and floor Anishes, might
affect the vuriation of these gquantities. Therefore, more
research on how design factors influence single-number
quantities i% reguited in the near fuiure.
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1. Introduction noise from high-speed trains, and the relationships beteseen annoy-

ance and acoustic indicators such as ASEL? Lpsg. and percentile

The use of high-speed trains began in the 1960s, particularly in
Japan and Europe, and many high-speed rail lines are cumenthy
under construchion worldwide. As high-speed trains have become
more popular, the associated noise problems have grown to become
national issues in many countries. In particular, residents of rural
areas often complain of the noise caused by high-speed tmins
because trains travel at their maximum speeds in these areas.

Moize problems caused by high-speed trains in rural areas have
been imvestigated mainly by deriving the dose-msponse curves
using social surveys and measurements of sound pressure levels
{Lambert etal., 1996G; Yanoet al., 2005; Chen et al, 2007 ). Labomtony
experiments were also conducted to determine the annoyance of

* Corresponding author at: Tel: +82 2 22201795 fax: 82 2 22004794
E-mal zddrecs: prjson@hanyang ackr [|¥. Jean).
! Preentad dress: EMPA Swass Federal Labharadomes for Maenals Sosne and Tachnology,
#6), Dubendart Swimerland.
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noise lewvel have been derived (Fastl and Gotschling, 1996; Vos,
2004; De Coensel et al, 2007). However, the perceptions of
high-speed train noise in rural areas cannot be explained only by
the spund pressure levels becavuse non-acoustical factors, incduding
the rural landscape, may also influence human perception (jeon et
al, 2011; Brown et al. 2011 ). Therefore, non-acoustic factors as well
as acoustic features should be considered when investigating the per-
ception of high-speed train noise in rural areas.

Most previous studies on rural areas have focused on their visual
aspects without considering non-visual cues [Ardaza et al, 2004 ),
and few previous studies have imvestigated the auditory perception of
Al areas. (ualitative linkages between the rural landscape structure
and daily sound pattems hawe been investigated (Matsinos et al,
2008}, and the power spectral densities of loudness and pitch have

* wbtmeviations: ASEL: A-weighied sound expasure kevel; Lig: A-weighied equiva
lenit soumd press ure bevel
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Fig. 7. Mean values of paychoacoustc mancs: [A) bbudness and shampness and
{H) Toughness and flucmation strength.

criterion of T5% comect answers by participants) of each metric re-
ported in a previous study (You and Jeon, 2008). This result corre-
sponds to the findings on the freguency characteristics and sound
pressure levels; namely, all the train noise showed similar tendencies,
whereas the sound pressore levels varied across the sites. T he resolts
of correlation analysis between the annoyance scores and psycho-
acoustic metrics showed that only loudness was highly correlated
with the annoyance scores (r= 084 and r =077 for the
audio-only and audio-visual conditions, respectively; p - 005 for
both | This indicates that louwdness is the dominant Bctor influencing
the perception of high-speed train noise The loudness was found to
be highly cormelated with L. 4= (r= 08B, p < 001). Similar to the
results for the acoustic metrics, the comrelation coefficient between
loudness and the annoyance scores decreased slightly when visual
images were included

4. Discussion

The interaction between auditory and visual cues has been stodied
to investigate the interaction between noise and vision using a global
strategy {Cares o al., 1992; Tamura, 1997; Viollon et al., 2002}, and
to examine the specific effects of noise on vision [Anderson et al.,
1983} and the effect of vision on noise (Kastka and Noack, 1987).
Howewer, most of these studies were conducted in a labomtony
setting with varous combinations of noise and vision: Carles et al
(1992} adopted 32 combinations consisting of four sounds and
eight landscapes, whereas Anderson et al. (1983) used 20 combina-
tions of two outdoor images and ten meaningful sounds. In addition,
mecent studies [Tamura, 1997; Anderson et al, 1983; Viollon et al.,
2002} have varied the visual images in terms of the specific context,
such as the degree of tree coverage and degme of urban development.
In contrast to previous studies, combinations of noise and visual
images were not applied in this study because it focused mainly on
the effect of visual images on the perception of noise at each site. [n
addition, the visual images used in this study were selected by consid-
ering nine landscape features without any specific context. In contrast,
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previous studies chose visual images in relation to specific contexts.
Anderson et al (1983) used a downtown street site and a completely
vronded site, and Viollon et al. (2002} selected four images showing
various gegrees of urban development. Thus, the differences betwoen
the visual images used in this study were less distinct than those be-
tween the images used in previous studies. Therelore, the preferencoe
soores for visual images presented in Fig. 4 do not show large varia-
tions, and the eflect of visnual images on the change in the annoyanoe
spores was much less than in previous studies (Anderson ot al, 1983
Kastka and Moack, 1987; Viollon et al, 2002). Because this study
found that NF is most suitable forexplaining the effect of different com-
hinations of landscape features on the subjective response to the rural
spundscape, it may be useful in future studies to vary the context of
visual images in terms of the percentage of natural featunes.

To investigate the eflects of non-acoustic factors on the subjective
responses, the frequency of visits to rural areas and the nase sensitivity
were evaluated using an 11-point numerical scale. The subjects were
then divided into two groups (low and high} according to their stan-
dardized scores based on the probability density function of the scores
for visitation frequency and noise sensitivity. The numbers of subjects
belonging to the two groups were 11 and 9 for visitation frequency
and 12 and B for noise sensitivity. Mo significant diference was found
between groups in the subjective respon=s obtained under the three
conditions. The rason may be that mpresentations of audio and visual
stimuli in the labomtory setting cannot entirely reflect the meal =situa-
tions that on-site obserwers would perceive as an individual train
pazsed by, In addition, the laboratory experiments in this stody did
not consider the cumulative effects of different numbers of trains and
times of day that they pass by, Thercfore, it would be necessary to
validate the laboratony findings in the future through field experiments
in which the subjects could be exposed to noise for a long time.

5 Conclusions

Ohjective and subjective assessments of high-speed train noise in
rural ameas were conducted through field measurements and labora-
tory experiments It was found that, among landscape metrics, the
percentage of natural features [NF) and the number of land types
wrere highly cormelated with the preference scores of visual images.
It wias also shown that the annoyance scores depended mainly on
La when acoustic stimuli alone were presented to the subjects. In
the combined audio-visual condition, the effect of the visual image
on the perception of noise was found to be significant, and the more
prefemed visual image caused less annoyance from high-speed train
noise. NF and Lo were Found to be major factors influencing annoy-
ance, but the contribution of Ly, to the annoyance scores was larger
than that of NF.

In addition, the openness and total area significantly affected the
rise timesof the high-speed train noise and IACC, mspectively. More-
over, it was observed that among the psychoacoustic metrics, anly
Twicker's loudness {N] was comelated with the annoyance scores.
In the future, it will be necessary to introduce non-acoustic factors
that am closely related to the pereption of landscapes in rural
arcason the basis of a qualitative study and to conduct a field valida-
tion test in meal circomstances. In this study, small numbers of
well-trained students with a limited age range participated; thus,
additional experiments with more subjects and greater variation in
apge and profession would be beneficial to validate the findings of
this study.
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