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Influence of noise barrier design based on driving simulation on

driving safety and comfort evaluation
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(1. Sichuan Chenggiongya Expressway Co.,Ltd., Chengdu 610041, China;2. Shandong Transportation Research Institute,
Jinan 250031, China)

Abstract: In order to quantitatively assess how the design of sound barriers affects the driver's behavior and
experience, the study proposes various acoustic barrier design schemes for the Sichuan Tianfu New Area-
Qionglai Expressway, with different levels of complexity and style. To analyze the driving behavior of
subjects under different design schemes, 25 participants were recruited to conduct driving simulation tests
in five different scenarios. The study selected representative vehicle operation indexes and physiological and
psychological indexes of the subjects. A comprehensive evaluation model was constructed based on the
combination of game theory and the Topsis evaluation model. The results of the study are summarized in
the following table. The research results indicate that the Topsis comprehensive evaluation model has a
significant impact on the driving behavior, physiology, and psychology of the driver. Specifically, the

continuity of the sound barrier pattern and the degree of information loading are important indicators. To
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improve driving stability and safety, it is recommended to reduce the degree of information loading and

improve the degree of pattern continuity. These changes can effectively reduce the lateral acceleration

standard deviation and speed standard deviation. Additionally, the driver's driving comfort is also improved.

Key words: sound barrier design; information load degree; driving simulation; game theory combinatorial
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Table 1 Experimental scenario design status and questionnaire scoring results
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Table 2 Selection of experimental indicators and the basis for selection
fRPR r LS
7 90k JiE TS 725 B 537 T A 0 UL B Ay A (Y 20 B A S R 4 T ) A
R 1) ok S e B 52 O A ) A A AR AR B D2 A P R T P
R 1) ol o o 22 S WRAT 2 00 3L 18 e S A D0, BOE /N 0 A R IS 7 B AT BB
fiii fL A2 2 B PR RS A 1 SR SRR AL AR e T IR DO R R A, MR e e 2
TERLI 8] xﬂﬁ’%%}uﬂ)ﬂ#%ﬁ 5 0 DY) IR | P P S S Y R AT I 0 ST 0 ]
TEHLUCEL JSZHIRA EART G % 5 B (1 i | R
SDNN o ARV B R B 22—, VTl SR S8 S 28 T R S8 S 8 ) SR 2 DT S S 5 B B
RMSSD A SV B R AR 2 A A0S IE 0 Bl ] 401 22 B A 28 D AL, R e B B SR PR Y I A AR

I /5 45 (Low frequency/

) Lo AR S PR R IR 22— 8 2 B 42 5 R 2 A 2 AR X I SRR R S A2 e 5% 1% R e R
High frequency, LF/HF)

R s . 25%-75%
I LSIQRAKYEE

2 SEIR SR A b 1ok ° ;P%

2.1 BRRBRITADH

THI A A [ B B 9 2% T00 42 a2 17 45 A
INF, 5 25 5 25 B UL 8% 100 Hz B9 R R34, R 4
F0 A 100 17 80dhs , e UG A S B Bt i B Y

—_

(=3

W
T

<>

Py %R/ (kmh ™)
=)

<

95
Al 10 s 25 3047y Bodla , R RO I3 — IR AR 2 ML
AR 5B L 00 9032 1 5 A 0 A 5 PR T TRy
6 BT , G FAEXERE 4 A0 10 50 #1752 B AT BSR4 SIS BT E S E 5 (500 m)
TR A E, W M T A R LR 3. A Fig.5 Distribution of drivers’ traveling speed in
AL AR BT &R 2 B B AT 4 A B different groups (500 m)

ARV AFTE B PE 22 7 (p<<0.05). K5 KA

msm ST 3 SR AT Y e ] A S G B R L 4 DA R A A
Hofth 2, % 3 43 A T 101~109 km/h, A 458 P HAh 7 2 852 %, HLSE 96 40 2 vh 7S i B I 58

ﬂﬁxj‘ﬂﬁéﬁzr_ Iy TR 4 5% % 10.59% . H Gl X I 5 Y AT O B — 8 B R

HISTEG 1 X IR AL 2 R e, el FLIE R R T A REE Y S

2 T S 4 3 T R AT B e R A R AT 1 20 AT 3k 4 o e AR, SR Y AT BB FE TR

e BB R, E R T R g Sc e 4 2 R R 7 RIS IE S R Ry LRI SR TR L

®3 BENERRBER (EWESTEE)
Table 3 Results of paired samples ¢ test( vehicle operating speed)

ZH 95 % B A X |

25 5 e Xt A ! MR )
TR 1R
X IR —32 0 41 1 —2.488 817 50 —1.563 551 46 —9.908 .000°
Xof B2 — S a0 4 2 —.176 091 26 1.493 761 06 1.785 108
BB (500 m) i .
X IR — 5 41 3 —3.903 110 97 —3.478 986 46 —39.374 .000
Xof B2 — S B0 4 4 —11.082 110 32 —9.571 268 88 —30.924 .000°
Xof A2 — S g0 2 1 2.091 719 64 2.997 195 05 12.714 .000°
X} IR —5 i 4] 2 2.972 498 72 3.702 796 08 20.677 .000°
BB (900 m) x
Xof B2 — S0 4 3 —8.794 931 52 —6.097 018 44 —12.487 .000

X HRZH— S0 2H 4 —6.995 32043 —6.659 303 79 —91.927 .000°




- 3194 - T HRKXKFFR(OL FHIR) % 55 &
1sr . 25%-75% 0451 W 25%-75%
T 1SIQRAKITERE T 15IQRAMITEHR
110 o Hfi¥ o HArEL
& 030

105 F

= !
g100—

b

Kt

§ 95 —‘

90

-‘—v

XRA SR SR> SEIR3 SR
E6 ARAAINEEEWRITEEESH(900m)

Fig. 6 Distribution of drivers’ traveling speed

in different groups(900 m)

A ) o R 2 T R B A R ) AT B AR
el I N VO = S NI o a2 NI B S R
[ia) JoI0 3 35 4 bR A0 0k o & R R X R S s
Y 1 B E 225 (p<<0.05) , NAI LK 40
V18 0 5 i) o sk A 15 B0 R 7 R TR 8 s S
020 1A G e R R 1) o R e Ol AR T PR T
RBE T o dl 1Ay 75 b b R R i st (R 478
JEE R L JE il 52 56 20 B

08 . 25%~75%
T 15IQRAKTEH
0.6k o HRfrd

S
N

1 A0S B (m s 2)
(=]
[38)

S
=
T

9000

XERAE LI L2 SLIRH3  IpH4
E7 A[EHER R MEES % (500 m)
Fig. 7

|
o
[\S]
T

Distribution of lateral acceleration of vehicles

in different groups of road sections (500 m)

2.2 BRROER RHFESF

MR AR 25 B 53 28 2ok 7 Joe I % BB ) BF ) i, R
HoA I OB 2 T 5O R AR AR SR B dE AR A
R E 9 FTR o T2 G 51 B AR (IR IRk
25 o A7 Ay BE B8/, SDNN K RMSSD %% 1 44 4 T
TEEAE, P 3200 4 1 S50 2 4 5 B2 0 R 4
bR i, HS2 8 40 1/ LF/HFE B 54K , B
R R SRR AL, SR 2 sl
3 I 50 B AE bR A R S R B B AR

B EIEE/(ms

$+400¢

XA SRRl SR> SKRd3  SRdd
B8 7 [EH%R BB % 44 ) hn i 53 46 (900 m)

Fig. 8 Distribution of lateral acceleration of vehicles in

0.00 -

different groups of road sections(900 m)

5 F 0 B AR BE R R FEIR SR AR v, 52
B2 1 b g B TR A ), R ) R
]9 5. 100, TEAL VRS B oy 12060 %
MR B L ELAR P (R IE W AR % 37 5% T 5 3
G R AN B T8 RS T O R L 4
B, T2 RN A TR AR U — =2 0k, A B )
SRR G R RREN . SEER 1 K S IR A 3 A B
I A B o B L R v, R T &R
R 7 B2 BB LA S|

ise 418
or RMSSD A
— LF/HF 115
60 F |
112

SDNNERMSSD/ms
Wi
S
LF/HF

o
f=}
T

ﬂﬁ .

0
SR SEIOM1 SEIO4H2  SEIO4A3  SEROM4
(a) LEIRIF

375 O BALER 1015
. - VERLIRH 5 EE

330¢ TR s {012
Esast| 10.09
ng 7 ; §
'm \\ s . J_:l\é
= 3.00 v 40.06
H

275 F 40.03

2.50 0.00

MRA s SEWH SERH3 stedH4

(b) IRB IR

9 BRALCKIERERIIERER
Fig.9 Driver heart rate indicator(HRI) and eye

movement indicator (EMI) results



i

Eid
—
=)
&

>

3R, AR T BRAT 0 B R RO A AT E G A AT E AR R R - 3195 -

3 PR B AT 454 A LRl R D A
1

3.1 ETEFEHNAESHEN-Topsis&EZ&IEMFIE
3,101 WAL -2 W b ik

F WA 25 3 245 L S AR I TA R0 A 28 06 X
25 WUHE bR Y B AR B AT IR AR R HE Y L B R
FH B 2 LB 5 3 8 2 R 4 AT (Analytic hierar-
chy process, AHP) ., 5T AHP % iy #8150 ¥ 4 i
B .

(1) e 2 40 DT 46 2 AL T A 8 s T T LG

(2) 2 W AR P B —BUER 5 5

(3% I W 4 B A BEAT VA — A, SR A 6
W IF 58 fie KAFRAEAR A B — B0 H 3 (Consis-
tency ratio, CR), 24 CR<C0. 1 i 3 i #5565 .
3.1.2  HWLAUE -k

WA ¥ 3 B 2ok A B B s = 8] ) By o6
FORMA 8 B, ) W 235 SRS MO T 32 WL H B, 4%
Ry 2 ML 7 AL RS AL L U 4 BT s (CRIT -
IC A 45

AR 12 32 S TR #5707 09 05 8 & HE AT A
THE R TR B AL AL R R AN R

(1) ¥4 #0470 S 9 X, % 2 B 547 A o
b3 A AR

(2)

X PR X A B m R AR AR, AR
AR R B SR I bR 222 b AR IS B

(2) 355 B A 45 A5 B I L Py, 3R A
X H:

p,=-"" (3)
()RR AR I AE ¢;, 3T A 0N
71 n
e,f—m;(% Inp;) (4)

(4)THIAE bR AL, 153 B B W, 3
YAS W
11—
Wz—n_izej (5)
3.1.3 EET RIS G WAL
B WAL % 2 A7 A — RE B A B
WA 325 o i b AL 14 A o P AR T e Y 2

WL B S e 20 56, BT B4R 0 A, TC R AR A
b A R S o [ 0 5 W A i K 224K T 15
L5838 P REAS B | YR A B0 /D B 2 00 IR A
AT A B AR 5 8 bR 04 52 B S i R B AR 22
B,

DRIt , AT oK U IR A AR R 45 A Y
B E MR AR ACE A, {115 5 A E BEAF &
B T T AT R A, SOAS i 5 3 A B
M5 B I 7 R AR R M AR B0 I
He R 2 o i 452

[UEASTS T BuRa - AP U Sdl ] ok A (25 S
F0k TSR e A A R W, A S S T AR e 1 B 22
F/MEEA R R AR E A2 E B IR
(4L A B

BT 1 R0 O I A AL A IR
mr.

(1) F) F G ACK A5 B A ACE W, 55 AHP %
HEMACE W, ST RS R A BE
W ATEARE

W' =aq, W+ a,W,S (6)
o, e, AE R, Foom K IALE 1 5
M i J3E

(2) ) T 35 30 AR B s Al AT 2 4 0k L 1T

N
Min|W'— W,
2o [ AR

(3) 3K i AL H R B ay M e, SRR 5 2 W3
(8), XA T A E ) A o, FEATIH— AL AL B 5 o) I
a; A —ALJE A E R L (9) .

k=1,2 (7)

P

{Wlwf Wlwﬂ[ai_{wlwf} (8)
w.w' W,W,)]|la, w.w,
a
:'F: 1 9 | = 1’ 2 9
“ aq + as ! ( )
(OISR ARE W AR
W =a W +aW, (10)

3.1.4  FEFHEMB-Topsis BT 7%

HR 4% 21 A5 WA B 2 48 b i AL EE W, R 45
4 Topsis K4 ZEIT AL JLBRINE .

(1) JFL R 50 M XIE 1] £k, 448 A5 e g W R L 4
b, I SR AT R R bR AL, AR HE AR S B AR BRIl Z,
HHEAX N

i=1



- 3196 - THXEFF

(T % k)

% 55 %

P e, N AR R TR bR B
(2) 38 i ¥ 98 b B A B W 5 R [ Z ke
A BUMALS R CL iR AR
Wiz, Wz,
c=cC,=| : : (12)
Wiz, W2
Kz, BB m DX EE n e Etn L5
1) E1E
(3) & IE M CT A AR C
55 H

C =(max (cp, =+ )y =y max (cry, =+ Cp))
(13)

C =(min(cyy, === Cp1 )y ==+, min ¢y =+ € )
(14)

o C R m AN G5 n AR PR RO EE .
() THFAIXT T FE S, 5 i MM X R 5 1E
AR R ) 2T B N

C;
= tcor (15)
A S HUE D 0~1, LB BRI 4 X 52 45 2R

g
3.2 TFMEERER

R A5 25 e 51 5% ) S 50 5 1 2 AT Ok B A
B R o0 RS S 1) A A 45 SR OGS R R AR i
HATA 48 AR5 L P AR AL AR N 4 38, 4 B N 2 g
1146 br R B8 AR O Fe g8 bR S n) 5 48 5

EFE AR VR R & op 28 PE M 35 A 124,
TR 24 BR AN 3R 4 BT R |, 4 eI 12 S 45 Aok
AHP ¥ 5 B0k JF 47 32 WAL E K & W AL E
.

x4 THiERE

Table 4 Evaluation indicator set

FEAR IR FEHRACHD b5 4 B Hpr
e PRI s
B2 o 1 A 3 3 A o 22 mes ?
B3 fiiE fL H A% mm
AR sl i B4 A B[] s
B5 TERLIR B /S
B6 SDNN ms
TS &/l B7 RMSSD ms
B8 LF/HF —
B9 Pl % 1 i S —
B10 OO &7 3 L -
[BEEEE 11 - B
B12 {5 K B JEE —

(1) 3T AHP ¥ 48 bR Al 15545

P A AR NN 2 2R 2 A Bk 4
PRAE N R ZE il & AT 0 4 25 18 i 1 20
ALY Y DO = R RS R € Y i g L)
B e KA M 4. 264, CRIE M 0. 078 6(<C0. 1) ;
B1.B2H )2 CRE M 0.00(<<0.1),B3.B4.B5
HZZECRIEH0.021 4(<<0.1),B6.B7 .BSH %
JZ2CR{H % 0.003 9(<<0.1),B9.B10.B11 N £ )2
CREH0.079 7(<<0. 1), CRITHAE i —3
PR, AT 45 A 85, o 3 AR R 2R AL
HEIES,

x5 ANENENEZENELR
Table 5 Results of criterion level weights and

factor level weights

— HEWZ 484x P—— K2
AL R AL

AT 0.590 6 Bl 2447 B 2 0.250 0
B2 B2 BEENEERRMEE 0.7500
B3 i FL 4% 0.637 0

RsifEts 02109 B4 AL ] 0.104 7
B5 B 0.258 3

B6 SDNN 0.247 9

DFEMERR 01339 B7 RMSSD 0.2826
BS LF/HF 0.469 4

B9 PR % % 2 0.1318

DES ¢/ 0.055 6 B10 8RBT 35 0.1318
EiEE AN B11 % SR A R 0.067 8
B12 15 BB A 0.668 5

(2) BEFRAL: /) HR AR AL T 153 25

bR AL FE R B AR A (2)~(5),
THE BT A5 19 2 LA (B D0 2% 6, L v Ak ) o okt
bR 22 {5 B G B ORMSSD | i L 1 48 4 48 b
HY AL (B

(3)FE TR IL M & B TTHA 45

HE BT 20 0 & AL H 5 AHP 245 2
f B A AR A (6)~(10) , it 1 g8 4 A ik
BT, AT 45 AHP % A0HE R 40 a,=0. 317 5, i L
HEAE R a,=0. 682 5, 548 b5 i )5 19 2H S AL
HIH K6,

W g bR TS R AT 7E E )2 m B 5 R
VR AT B A R e AR M (W =0, 449 6) ([
LA AL B B (W =0. 134 4) 47 35 B (W=
0.149 9) , I\ Ry 75 % S5 25 B &F 3 1k Ko 2 4 Pk i AR
T FE MRS, X T A 50 B2 I (wye=
0.011 8, W,=0.032 5, W,;=0. 089 6) . #% 5 f



% 10 #1 e

B LR TR AT A E R AT A A BRATE RN YR - 3197 -

Fe ETHZRAAEMNHNERNESR
Table 6 Results of indicator weights based on

game—theoretic portfolio assignment
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Table 7 Evaluation results of Topsis method based on portfolio assignment
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