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Construction of Driving Risk Field Model Considering Driver Cognitive
Processing in Edge Scenes
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Abstract: During the human-vehicle co-driving processes, driver’s emotional changes would lead to
cognitive changes, which in turn altered the vehicle risk field. Therefore, a human factor risk field model
was constructed considering driver’s cognitive-emotional state. Firstly, vehicle driving data and driver
physiological signals were collected and analyzed through driving simulator experiments. Then, the driver
factors in the human factor risk field were calibrated. Finally, experimental data were collected through a 6-
DOF driving simulator, and the risk indicators of the human factor risk field were compared with multiple
traditional risk indicators. The results show that the human factor risk field model is more effective and may
evaluate the driving risks of drivers stably with different emotions in edge scenarios.
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Fig.1 Expressway edge scene diagram
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Fig.3 Experimental design for simulated driving
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Tab.1 Calibration results of risk field

model parameters
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Fig.5 Heat maps of the driver’s gaze area under different emotional states
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Fig.6 Trend chart of driver’s gaze characteristics index changes under different emotional states
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Fig.7 Brain region maps of drivers in different emotional states
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Tab.2 Cognitive risk factor index weight calibration
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Fig.10 Comparison of ECG indexes of drivers under different emotional states
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Fig.11 Driving ability of drivers in different driving

ranges under different emotional states
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Tab.3 The frequency and proportion of speeding

behavior of drivers under different emotional states

BMEEL Y | RUEES R | RS

AR | BB | bt/ 0o | R | it/ o | BB | kR %

kg | 2893 | 96.40 60 2.00 48 1.60

PSS | 2794 | 93.54 135 4.52 58 1.94

kg2 | 2428 | 82.00 448 14.93 92 3.07%

3 158 3 BT AR AR AN [R) G 28 TR S TR 2 T DY 4%
RN AR E R B A R
ST B0 R -3 5124 0.9100,0.8648 i1 0.7871.

3 HEALKIE

31 ZEEXKE

TA R XU PRl 5 22 Bl RSy 1 A O 57 L £
BINEE P 5 RS A OE . T AN 45
PR ¥~ ] 9 AH B 52 0 5 DAL I T8 A 45 PR X6 28 g XL S
() 5% Wl AH 6], B R 7 AL v =n.=n, =1, Al B}
TR LSRR 5 2 g BB T R XU 7 A 1) 5
M), 45570 o X 3 P AN R 5 AT T (1—F) i 8 AR
e A LSO U /N % R XU 38 R o 3K (16) ~ 3K
AR AR (12) . 13, T E ARG % T A
GSERSE

E wa = 0.8443E, (19)
E posiive = 0.9094E, (20)
E . puive = 1.5637E, (21)

D 2 ) 25 XU 3 Sy
E,=E,+E+E,=(1+F)E,+E,=(1+F,)m.Rd.*
(1.566 X 10 *vi*" 4 0.3345) exp (— K acos 0) i

KJd,|
7, d, d,, S "\ dy ‘d;\j F
T4 DA, exp (——2L)
2 d,f ld.f 2 ;w P
0.8443  thpEE %
F,=1{0.9094  [FHEE% (22)
1.5637  ftEfE4

3.2 HF-CRF # 2 5 2 M 18 4iF

20 B AN [ 25 T SR IR S [) 25 i 5 g
WA B T2 RARAR IR AR . 434725 3 51 AE 3 Fib
T 4IRS L3 2 ik 3 57 1 S 38 A L N R XU
Y 68 A AGE BE S 7] Y 2 3 RS 2 R A an sl 12
JER s T2 5 AR TR 25 AT
JRUIS: T PRl B R AR T IR 2 5 bk 4. AR
¥4 2 (1) HF -CRF #5858 3 25 5 75 182 38 519 X
Bz A I K ST 2 i 5 AR T RN 2 3 s R RE ) = A
Ak B, AT AL PP AL AR R I 4T W &
FF T TE I P DRSS 7K SF- o AT Ay XU 01 5 2 A1k T A
Y 04 AR A



WG 5T T B B 5L IN AL S R (25 i XL RS 7 A R A

J kg kiR 4

EDT;E: Ep & E,
y/m
i i
(b) IEREAF 0 RA B 24058
ED?% x/m ED?%— D?%_
fi& fi& fi%
(&) IEPENG 4R AT A\ ZE () SUMERG AR AT N Sl
E, x/m ED%- x/m ED%
y/m I
fi& fi%

(2) RS 4R ES T 22 A
12 FRETE% T HF-CRF =4 RE B (E, AN HIT A7)
Fig.12 Three-dimensional diagram of HF-CRF under different emotions (£, represents the field strength of the human
behavior field)

VRIS 25 T 028 B 51 AT BT R Y A B fe LB
25 10 S RE T 5 AT 45 AU A8 B O v, RIS R Y
Bl B . HF-CREF BB 7E 25 3 53 Ab T 62 1 1 2%
AF o X 2 B 9l /0N 1) 37 5 BB P e v . AT R XU R
Ik XU 50 (B I 5 5% 496 B 4 2 115 i) 7 IS (), A i
MIEY B IE- $775 =41 NI NG R X L A (RS
SR ]

N UE HE -CRF $8 578 52 b 25 Bl 7 b (19 4
RE R AR BN B S B 6 T 900
JERTE T I A R R RS L S s A
2 fih & 4R 2 R A i) 5 A USRS U

REF L2, A 3 B 2R 4
(autonomous emergency braking, AEB) & 4t fiv &
JH 1) 7 4% i 48 15F ] Ctime to collision, TTC) il
R B 3 22 4 M DT A 1 BR 42 B BES (time head-
way, THW) | filf 4 Js # £ (deceleration rate to
avoid a crash, DRAC) 1 ¥ 7 filf f# i &= (poten-
tial collision energy » PCEE R X} L4845 .

TTCHEbRINERILAN

Iire=—Dvy/(v,— v, 1) (23)
KDy AL ;o NAT A 50, W L,
BB 5 AT A A A L TTC O T8 95 K
TTC MR R 2 4 M 8 A SOREH AR E 1 R X
W FE S R A

THW K 3 7R 47 B 22 42 1Ry o 4 o oK

(h) IR AR R R 27

(i) PR PR R R A

THW 45 #9480 K/ S X6 HE A5 o -

Dy
DRAC ., PCE 3§ f5 8 <, 47 3 XU 8% =5 5 38 A5
Feik a0 N

(24)

Iy =

(W—lf"l/;«)z
IDpgppc =——— (25)
DRAC Z(DV 714)

2 2 2 2
(myvp — my oy 1)/2 myvy— my v, >0

Lhcr =
myvi/2

Mmyvi — my_ v << 0
(26)
KL AR RN R L=4.8 mymm, 57 B0 R
242 G & m=m,_ = 1400 kg.
2R R e LR R AR I 13 s . 3
FiE 4R F , E4 M HF -CRF &8 5 4 40 KUK
e br i) AL AR — B XK IE T HF -CRF K
TYREAT A8 W 2 AR 7 50 W4T 2 XU M Ay
L3NS P P 3 AN v = e e o A
BRI 20 Bl e RE PR B B4 DL L T HE -CRF
FEAR AR A e s S i 2 P L I A R
It HAEA A S 45 R T  HF -CRF 48 45 % XU 79
TR B A 7 22 e R I BB 10028 3 B I P

4 Hp

{30 PANE BN L 582 K o L DU = AR TN
SR U NP e S SR SO VS
ANNAT AR, Wl o ril s M5 2
b 53 AR M L L P PR B A A R S AR IE AT R

- 231 -



hEHL T AR 37 B 2 13 2026 51 H

8r =8 151
. 4-¥\~_/\./\,v\ ? A AN z 1
Z 0 £ 0 £ OF
£ 0
12 L5 5 2F
o o 1.0 St
5 M WAV VAT s SOV VALY | = WUNIVY. Ak
0 0 AN 3t
. 2F oL A M
= 1r /\/\/\/\ E /—/\/\/\/\‘\, ~ 1=
5 o} 1 /\/\ A
SR R L PPN o
o 200F 200} & 200},
_E 100 | NE 100 ~= 100k
0 ob—_\ 0 - —
9 8r 9 8F % 6k
= 4r = 4 & 3k
) : : TR -- ) ol—
30 50 70 90 30 50 70 90 30 50 70 90
fisf 1] /s it ] #/s iif 1] #/s
(a) kA 25 (b) IEPENG 28 (o) kA 24

E 13 HF-CRF5& & BARKEMLIER

Fig.13 HF-CRF and commonly used risk quantification indicators
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