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Abstract

To explore the influence of the law of the multi-level expressway early warning system on driving
behavior in wind-sand environments, this paper designed a combined three-stage early warning
scheme (risk forecast, guidance early warning, lane early warning) based on driving simulation tests.

CHERERE

NESIH: ¥R, BMEE IDIREE A B 2 RIEACR AT, ST TR, 2026, 15(3): 403-410.
DOI: 10.12677/0jtt.2026.153036


https://www.hanspub.org/journal/ojtt
https://doi.org/10.12677/ojtt.2026.153036
https://doi.org/10.12677/ojtt.2026.153036
https://www.hanspub.org/

MR, B

Orthogonal tests were carried out in combination with different visibility conditions (500 m, 300 m,
100 m) and coupled scenarios of blowing sand and sand accumulation. By analyzing driving speed
change curves, speed compliance rates, and speed reduction characteristics, statistical tests were
conducted using two-way mixed analysis of variance (ANOVA) and post-hoc multiple comparisons
(LSD) to evaluate the effectiveness of each warning combination. The results show that the combi-
nation of variable message sign + variable message sign + vertical variable speed limit sign + smart
road stud + voice early warning + guidance sign presents favorable speed control capability under
all visibility conditions. Especially under low visibility conditions, its linear deceleration perfor-
mance is significantly superior to other schemes (P < 0.05). The research results provide a theoret-
ical basis and data support for the optimal layout of multi-level early warning systems for express-
ways in wind-sand environments.
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HE9 A AR AR AR FANERAR + S7aCAT AR R E AR & BREES + IBEEWE + BIRE

22. WERE

T [ 5 e R BRI 2S B EAT, B SO R I R TE R A R, 2Ky 15km, S5 HLE.
L B S SRRV 5y % B o RIS 3 b A A L TV 0 AN Y AR FR VDR A UG B A, A R R 4l
WA RSV RS BT RAYD [F I AR E B 2% Tk AR il i 2 Bt 03 75 48 = Fh i L BE 2% 11 (500 m. 300 m,
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DOI: 10.12677/0jtt.2026.153036 405 AZIEHEA

}‘/


https://doi.org/10.12677/ojtt.2026.153036

W%, BEE

3. R
3.1. BhASIR B LT

AT FE AR S0 Bl R A T B A R A 2 B A (B AT B I, JRERHION T A 1 Fs K AR
GAER

BT A 4A:
Bl & rins/
T EERIR

1000m

120
AllO
E/ —
| —— L
27 — dal
= — H42
&g | — 4as
— e
— HB5
— 46
80r — 4B
— 58
— 59
70 1 1 1 1
0 500 1000 1500 2000 2500

A7 I R B (m)
() 500 m BE W E

B ERTNE T 46
ElE & RS/
T ERIR

1000m

—
£
2
g
NS

i \'—‘s‘,'i —_—
Z —s= o~ _—

70 \v S e

I —— #4A6

— 4T
OF — 128
— ##9
50
L 1 1 1
0 500 1000 1500 2000 2500

47T BE 55 (m)
(b) 300 m A& WL EE

DOI: 10.12677/0jtt.2026.153036 406 FSUESYN


https://doi.org/10.12677/ojtt.2026.153036

MR, BOELE

ZH BT A: BRI
Bl & s/ BE &
RISER R T T IR ] B AR ST EFREARE BHEEET HENBIDERER R ER R
- —
600m 400m 600m 100m ‘ 1000m
130
120 \—’\/—\
110
100
) — LmE
E o — Al
g HE2
% 80 —— 443
3 — AH4
ﬁ nr — #HAs §
—— W56 §§
60 HET [~
— W58
0T — A9

1 1
0 500 1000 e . 1500
A7 926 B (m)

(c) 100 m B B

Figure 1. Dynamic speed in sand and dust environment only
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Table 2. Results of two-factor mixed ANOVA
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Table 3. Post-hoc multiple comparison of different warning combinations
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