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Study of driver’s physiological feature recognition model at the entrance
of high altitude highway tunnel
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(School of Mechanical Engineering, Xinjiang University, Urumgi 830017 ,China)
Abstract: In order to study the variation law and main influencing factors of drivers’ physiological
characteristics at the entrance section of high-altitude expressway tunnel and improve the driving
safety at the entrance section of high-altitude tunnel. Firstly, the entrance section of high-altitude
expressway tunnel is divided into L,, L, and L; according to the influence of stimulating factors
on drivers’ physiological characteristics. The physiological characteristics are characterized by the
drivers’ heart rate, with the distance from the vehicle to the tunnel mouth and the illumination in
the tunnel selected as the influencing factor parameters before and after driving into the tunnel.
Secondly, through the real vehicle equivalent test the vehicle position information, the driver’s
heart rate and illumination data in the tunnel at different speeds are obtained. Finally, the change
law and difference of heart rate index when drivers drive at different speeds in different sections
are compared and analyzed by using mathematical statistics, with the regression models between
driver’s heart rate and the distance between vehicle and tunnel entrance(L, +L,)and heart rate
and illumination(L;) at different speeds established to explore the influence of external factors on
the change of driver’s physiological characteristics. The results show that there are significant

differences in drivers’ heart rate at different driving stages, and that the change of heart rate is

K EER: 2021-09-11; M HM B : 2022-05-23
[ £& H R 3tk : https://kns. cnki. net/kems/detail/61. 1294, N. 20220523, 1049. 002. html
ELWE: W E /K A6 K EREHE LI (2020A03003)
% EE : SR ER, & W2 W5 5 Il A R BB A B R HOR 524 . E-mail:3151140268@qqg. com
BIEES: TE B 20 582 0507 1n D B Re sl B R BR 534 B AR N B R %5 . E-mail: 451619037@qq. com



S T o A5 g AR e R U T B N A PR A U A RLOT Y 571

the most obvious from 400 m before entering the tunnel to 350 m after entering the tunnel. Con-

sidering the initial vehicle speed, the distance between the vehicle and the tunnel entrance, the in-

itial vehicle speed and illumination, the regression models are almost cubic curve models, and the

fitting degrees are high. The driver’s heart rate changes differently at different initial speeds;

when the initial speed is controlled at about 80 km/h, it is more conducive for the driver to adapt

to the driving environment at the entrance of high-altitude tunnel.

Key words: high altitude hypoxia environment; tunnel entrance section; driver’s physiological

characteristics; equivalent test of real vehicle; regression model
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Fig. 1 Diagram for division of tunnel entrance section
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Fig. 2 Diagram of experiment process
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Tab. 1 Basic information of the tested driver
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Tab. 2

Heart rate data acquisition at tunnel entrance

at four different initial vehicle speeds

1 B / DA/ QK+ minh)
m  75kmeh™' 80 kme+h' 85 km+h 90 km+ h™!
—1 400 83 85 86 89
—1 300 82 84 84 87
—1 200 81 83 84 86
300 89 89 92 93
350 87 88 90 92
400 87 89 90 93
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Tab. 3

tunnel at four different initial vehicle speeds

Illumination data acquisition in

BE s/ M/ 1x
m 75kmeh"' 80 kme+h"' 8 km=+h '90 km+ h!

0 37 290 28 791 32 741 32 290
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Fig. 3 Change trend of drivers heart rate
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Tab. 4 Curve fitting of heart rate at four different initial velocities before entering the tunnel
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Fig. 6 Fitting diagram of change trend of drivers heart rate with illumination in tunnel

x5 FARE
Tab. 5

5 ZETE DU A [R] 0 4R 22 T B i 2l

Curve fitting of heart rate at four different initial velocities after entering the tunnel

PIUR % / (km o+ ™) ] I A6 75 WEE R
75 HR, = 82.28+0.141L + 6. 09¢ — 8L* + 8. 8le — 13L’ 0.761
80 HR, = 69.18 +0.454L — 2. 25¢ — 7L* — 3. 5¢ — 12L° 0. 835
85 HR; = 77.11+0.327L — 1. 65e — 7L* 4 2. 65¢ — 12L° 0. 898
90 HR, = 85.43+0.176L — 4. 4e — 8L* + 2e — 13L° 0. 888

A gk DAy 7 B N i 1T g AR IR R R B
SR 85 28 10 B8 1 S AH R 55 Jd K L JRE ) éu\ﬁ’l_
ﬁt?"%mu& TR L SRR T A A B A 11 B
7 B e v 2 BN B9 A B A BN | 4 A R S B
J_V\]ME%?’%‘ME AE DU A [ 00 4 22 T % 4 A
Ly Lo Ly BeAT Bl 72 v 2 Bl N A9 0 SR AT X L2

B o 4 35 HLAE F A BR JE T LS 0 22 Sk

D) e IR IR E S OB AT R R B AF
DB T8 1 o0 RS B R T Bl R R R SRS BN
M T N RRE AR R A S L0 R IR E T
HABRIE G O RBW TR e TRE.

2) EGM ABEIE AT 400 m B AREIE G 350 m.,
200 N B AR SURRAE AR b d o B 0, RDAE I B R R
XoF 725 g N (R0 B A BHEARR A 5 ) B K



576

P 22 BT R 2 2 i (2022) 45 38 B4 4 1)

3) ARG AT 2B ARAAE AN L )
B 7 R 2 N R Ry L LA B S i 2l
REEE T RG24 A2 ] £F 80 km/h ZE A7 I,
A T 25 N T e A A B G E 1 BeAT AR R

S SCAE 53 B e 18 30 ARG A B0 B8 X 25 B A SR B2 )
MR E L AT 1 AN [ A A T 25 B A R E
2t B AR A HUAL W] Dy ey T Ak B TE E 1 B R
AT R T B —E R BIARYE . HARF R A A AE
VFZ AR Z A 1N S5 R0 nl HTR Rl Re K Bz
I i A 38 A7) A5 R AR K L IR R T L DA R R
R R X 2 BN A R AR A R 5 DA [l USRS TR R
B HEABRIE S 25 AR AR B AE R 2 M N R LG
YERIRYSE R AR SCAL % R8T g T8 A R R % 25 3 A
ORFE I TE LS BT b A e it — P 58 3 .

5% 3k :
(1] B, KPEFAEEEE T HEEARMRID]. V% &K
G R2E,2019.

MAO Jinbo. Study on construction organization technol-
ogy of TianshanShengli Tunnel [D]. Xi’an: Chang’an
University, 2019.

(2] B3PS Sy, IMET . B ERRE. 0 SN 25 B 53 4 2247 4 ) 6B 5 i)
BB FELT ], G B T A 2. 1993(6) :243-245. 286.

[3] MARK A S. Changes in EEG alpha power during simu-
lated driving: a demonstration[]J]. International Journal
of Psychophysiology. 2000, 37(2): 155-162.

(4] mhpRAE BRbR 7S L 5 0 5. 225 B 5% 3R A o JOAS [R) VA 4K
JBE 14 S I I SR (). Sl B 2 01993 (1) + 14-15,

(5] M 00 2 X A AL 20 IR 3 PR 35 v 558 7 gy
fES BT, 22 H,2009(11) : 144-147.

(6] ff#edE. ooy B m ol K ORI Fr il by A B HE i %
BCH R AR AT [D] R R TR K
22,2017,
FU Yanxin.
guarantee measures of long slope accident prone in
Wuyu highway of Xinjiang [D]. Wuhan: Wuhan Insti-
tute of Technology. 2017.

(7] s o, B8R %L 3T Bl 22 Bk D0 BURRAE A3 A LT . B4
fB,2014(11) :101,113.

[8] CHEN F, YANG Y. Influence of tunnel entrance envi-

Location identification and traffic safety

ronment on driver’s vision and physiology in mountain-
ous express way[ J]. IOP Conference Series Earth and
Environmental Science, 2019, 295: 042138.

[9] FENG Z, YANG M, WESLEY K, et al. Effect of lon-
gitudinal slope of urban underpass tunnels on drivers’
heart rate and speed: a study based on a real vehicle ex-
periment[ J]. Tunnelling and Underground Space Tech-
nology. 2018. 81:525-533.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

MA Z., FGAN S, LIU S, et al. Analysis of the rela-
tionship between the number of traffic accidents and
the traffic flow & section location in extra Long Tun-
nel[J]. Engineering, 2020, 12(2):71-81.

FENG Deshan, CHEN Feng, PAN Xiaodong. Re-
search on driver physiological load at the lowest point
of city river-crossing tunnels[ J]. Transportation Re-
search Procedia, 2017, 25:1494-1502.

FAURE V, LOBJOIS R, BENGUIGUI N.

effects of driving environment complexity and dual tas-

The

king on drivers' mental workload and eye blink behavior
[J]. Transportation Research Part F: Traffic Psychol-
ogy & Behaviour, 2016, 40:78-90.
0 AL R T IR A T 0 38T R G 2 O
N B G AR LA L . gl iz i 5, 2021, 7(2) .
91-99.
GUO Yujie, GUO Tangyi, WU Jun. Change regularity
of drivers’ psychological load in urban tunnels based
on factor analysis[J]. Transportation Research, 2021,
7(2): 91-99.
Tr g W i — . 56 T0 A2 3 RN Y (R A R A H
Z4[]]. B doR 57 ,2021,21(23) :10074-10079.
QIAOQO Jian’ gang., XIE Yidan. Safety of expressway
tunnel entrance based on psychophysiological response
[J]. Science Technology and Engineering, 2021, 21
(23): 10074-10079.
K, RFe A # L 5. BT R RRL A B R
% T8 2 B A0 B A R PR ST L) . T A B
2018, 31(11):165-175.
ZHU Tong, WU Ling, HU Yueqi, et al. Research on
characteristics of drivers” mental workload in extra-
long expressway tunnels based the factor model[ ] ].
China Journal of Highway and Transport, 2018, 31
(11): 165-175.
SRTRE R, SR AN ST R 2 Bk DA AR R A 22
PEBFFEL) ] 228 {5 5 % 42,2016, 34(5) :38-45.
WU Su’nan, CHEN Xin. GUO Tangyi. A study on
differences of physiological characteristics of drivers
driving through urban tunnel [J]. Traffic Information
and Safety, 2016, 34(5):38-45.
AR, g T, S5 KRR A X2 3 A0 3
LA RS2 L) ] 2 B 508 ,2011(3) 1 48-51.
PUNEE R A G BN S R VN SR AU 3 S
HAR S A EPEFE ], P 5. 2015.41(7) :128-129.
LIU Guogui, LAO Chunjiang, LU Yuanxun. Re-
search on positions of speed-limit signs of roads and
tunnels based on visual recognition[ J]. Shanxi Archi-
tecture, 2015, 41(7):128-129.

GifEgmiE H %



