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Abstract

With the rapid development of cross-desert highways, road sand accumulation problems frequently
occur and threaten driving safety. In view of the insufficient research on this scenario, this paper
focuses on the psychological load and driving behavior of drivers in the sand-covered section. First,
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principal component analysis was applied to reduce the dimensionality of psychophysiological in-
dicators, and the comprehensive indexes are obtained. Subsequently, an entropy-based method was
employed to construct a driver psychological load model. K-Means clustering analysis was then per-
formed to establish psychological load classifications under varying sand accumulation thicknesses
on standard road sections. Finally, the model was calibrated for road alignment conditions. The re-
sults show that the increase of road area sand thickness will reduce the driver’s information percep-
tion and processing ability. Compared with experienced drivers, novice drivers exhibited physio-
logical indicators suggestive of a heightened stress response, which may lead to erratic driving be-
havior; when the sand accumulation thickness is 4~6 mm, the driving risk is the highest, and the
pavement maintenance department needs to clear the sand in time, while the driving risk is higher
when the sand accumulation thickness is 0~2 mm, and the relevant departments should set up early
warning facilities.
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Figure 1. The scene diagram of the test road section
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Table 1. Total variance explained

F L BRAHERRE

o ‘ IR ‘ SEM AT T3 A
psan T3 ZE TR % FIRTTHRE/% it T3 ZE TR % FRTTHRR%
1 3.079 51.322 51.322 3.079 51.322 51.322
2 2.024 33.735 85.057 2.024 33.735 85.057
3 0.668 11.140 96.197
4 0.179 2.992 99.188
5 0.040 0.663 99.852
6 0.009 0.148 100.000
Table 2. Component matrix
2. R
e 4
L TR PR 1 2
HR -0.517 0.833
MEAN 0.536 —0.815
SDNN 0.820 0.520
RMSSD 0.816 0.540
PNN50 0.907 0.178
LF/HF —0.604 0.267

Xecer =—0.517% +0.536x, +0.820x, +0.816x, +0.907x; —0.604x,

Xecg, = 0.833x, —0.815x, +0.520x, +0.540x, +0.178X%; + 0.267X,
Xeos = ( Xecor X51.322% + X g, ¥ 33.735%) /85.057%

=0.018x, +0.000x, +0.701x, +0.706x, + 0.618x, —0.25x,

)

R X X0 Xgu X o X o X ZPHIFTE HR. MEAN. SDNN. RMSSD. PNN50 /% LF/HF, Xoog J9:0

HEZR G R

3.1.2. ETEBFFHERLEEIEIR Xeec BT 440
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Table 3. Total variance explanation

F# 3 BHERRE

o CILGERROREN SR A - 7 A
5378 77 ETTHRAR % FMTTHRE/% N8 JIETEREIN  RRTTERE%
1 1.974 65.801 65.801 1.974 65.801 65.801
2 0.828 27.612 93.414 0.828 27.612 93.414
3 0.198 6.586 100.000
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Table 4. Component matrix

4. RO
O HLFEAR Iy
1 2
B 0.909 0.279
S 0.922 0.221
alp {8 -0.546 0.838

Xeear = 0.909x, +0.922x, —0.546x,

Xees, = 0.279x, +0.221x, +0.838x,

Xees = (Xgeoy X65.801% + X g, x 27.612%) /93.414%
=0. 23x1 +0.715x, —0.137x,

XX X X 2IERIR B PSD BUMA. S W PSD B E af fIE, Xees NFEYEG NN BLEE TR
Fro

@

S th B FR AR K B K (max) 5 B /ME (min), PRI 22 {8 (max — min); X IE AR AR R H (i —
min)/(max — min) A0, R FERR R (max — xi)/(max — min)A RiEAT AR . &S R IN% 5 iR,

Table 5. The calculation results of entropy method
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Figure 2. Driver’s psychological load under different conditions
2. FRIFHTERIEBAT

Table 6. The average psychological load of the driver under different sand thickness
6. FEIFVEETERREHOEAE

Ei=g 0 0~2 mm 2~4 mm 4~6 mm
T 5 34.96 39.24 50.97 54.64
AN R 28.64 31.81 35.23 44.67

Table 7. The average psychological load of drivers in different road sections
% 7. TRBREWR T LB

Ei=27 P HEBRE I B T b 2k B I A B
HF A 34.96 41.03 38.91 42.58
AL I 28.64 33.19 30.76 35.63

B 2 e 6. 2 7 RTATL, 2550 G250 B A7 i AR VD JR B SE 3 K, B ARD R E L 4~6 mm A
Bl AR, A G BP0 AT R, HATF 200 01303 5 e 3 T AR
UG Horr, A AR OE AR R BTN 4~6 mm > 2~4mm > 0~2mm>LARYD: #AERE
G G HEE N 4~6 mm >0~2mm > 2~4 mm>ToRAYD s R I R BN OB U HE T Y B A
B> Y > P& > THEEE.

SEANFIFRID IR E . R B AE T 2 5 573 f) P 44 o B G 1 8 2 i L e, MHOREE AN 8. %% 9 B
TRo

Table 8. Post hoc comparison of one-way ANOVA on the effect of different sand accumulation thicknesses on mental work-

load
2 8. AR EEIDBATHMMER RS ENNERLR
Al YIEZ PRz p 1A o EE

TR VS 0~2 mm 3.73 1.47 0.038 *
TR VS 2~4 mm 11.3 1.47 <0.001 Sk
FTARYD VS 4~6 mm 17.86 1.47 <0.001 ke
0~2 mm VS 2~4 mm 7.57 1.47 <0.001 Fhk
0~2 mm VS 4~6 mm 14.13 1.47 <0.001 ol
2~4 mm VS 4~6 mm 6.56 1.47 <0.001 ok
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Table 9. Post hoc comparison of the effect of road alignment on mental workload
9. PRIEBZEHLEATZIWNERRSESITERLLE

et B % bRz pfH 95% & {5 [X [] 2EME
T HEBE VS A 5.31 1.56 0.002 [1.58, 9.04] o
SFHEM B VS il B 3.04 1.56 0.048 [0.31, 6.77] *
SFEBE VS B H A B 7.31 1.56 <0.001 [3.58, 11.04] i
PRI B VS T il 2k B -2.27 1.56 0.465 [-6.00, 1.46] ns
P BE VS T A B 1.99 1.56 0.572 [-1.74,5.72] ns
2R B VS T A B 4.27 1.56 0.025 [0.54, 8.00] *

FR R T E 0 MR e B SR AR R4 (0~2 mm. 2~4 mm. 4~6 mm) (K] 725 5 503 6
T 5 0 2 TR % (*p* < 0.05), H - #H RIIEMRN KR, RIBEERIDEER N, O A6E
B EFE, Kb 4~6 mm B EEE T OB A B RN, ZSHELH AR BT 2 30 D0 B A A
FR TP RSB BT £ B (*p* < 0.05), &b B 47 17 125 1) B AN (1 i B 2K

3.3. K-Means B3¥ 45

K-Means RSEESE—Fh 72 B T W BB AR 2Rk, oA Pudifa i, SRty S, %
FkmE e R ROER T R L, HERRRMERER . AT 230 50 Fi iR 4T K-Means
KT, BRI NI PR, EA =25, SR SPSS AT IR, WEBREN 3. &
RIEARIREH 50, Ao Hrah B ILA 10 14 3.

Table 10. K-Means clustering analysis results
% 10. K-Means BE S LR

S 3 A7 A7 20 ) T AR AN TRAF A FEH R R ERLE
/& f At 22.40 189 59.06%
FH A7 fiaf 49.43 83 25.94%
F=niki 93.12 48 15.00%

o G A g
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Figure 3. K-Means clustering analysis result diagram
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Figure 4. The distribution of psychological load level of drivers with different road alignments
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