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Quantification method of driving risks for networked autonomous vehicles

based on molecular potential fields
CHEN Yicheng, QU Dayi, CUI Shanning, WANG Tao, SHAO Dedong
(School of Intelligent Transportation and Vehicle, Qingdao University of Technology, Qingdao 266520, China)

Abstract: Networked autonomous vehicles encounter various constraints from multidimensional traffic elements
like human behavior, vehicle dynamics, and environmental factors. Precisely quantifying a vehicle’s operational
state in complex traffic scenarios and assessing the level of driving risk are crucial for enhancing the efficiency and
safety of networked autonomous driving. In view of the self-driven particle characteristics governing the
perception of surrounding environments in networked autonomous vehicles for driving decisions., an analogy is
drawn between vehicle-to-vehicle interactions and molecular interactions. This involves applying a molecular
Morse potential model alongside vehicle dynamics theory, considering the specificity of driving safety margins and
styles. Ultilizing a multi-layer decoder-encoder long and short-term memory network, vehicle trajectories are
predicted and a model for quantifying risks in vehicle-to-vehicle interactions. Using SUMO software, typical
driving behavior scenarios such as car-following, lane-changing, and yielding are simulated to compare and
analyze the risk potential field quantification method against the existing risk quantification metrics like post
encroachment time, deceleration rate to aviod crash. modified time to collision. and safety potential fields.
Evaluation results show that the risk potential field quantification method provides continuous risk quantification,
overcoming discontinuity issues in traditional risk metrics when conflict points disappear, and demonstrates a

more stable evaluation performance when reasonable values for the half-life parameter are considered. Quantifying
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and the risks faced by human-machine co-driving and networked driving in complex traffic environments from a
molecular potential field perspective is accurate and stable. This theoretical framework can provide a basis for
dynamically balancing and controlling driving risks for networked autonomous vehicle fleets within mixed traffic
flow environments.

Key words: vehicle-to-vehicle interaction; driving risk; quantification method; molecular potential field; net-

worked autonomous vehicles; mixed traffic flow

A G IR LIRSS RGN T P T 7R B Lk 2 R AR A A R X SRR 7 o DA 4 R
FR P R SRR o ANAS AT LR ek 2 S5 1) 2 2 L 3 AT LA AR 7R 3 6 A 3 P Ak o . — B R U0 L A B 9 A XU T A
S AR A 38 XU 5 A 52 IR A% 0 25 T XU 8 s AT 0oy — 288 R T B T g XU 8 B L TR RS A XU 4 A
RV Tl 3 P 8 b o A S T R 36 T I TR] £ JRURS: 45 AR T e A I TG s ) o B R R e e
165 1E ilf 4% B 5] (modified time to collision, MTTC) ™ %, J T 15 B 4 XU 48 b, 40 %5 Sk ipPECY 45, 82 ]
F 15 B b8 A A 2E A BT L FE T IR A0 4 bR X T L AR UK s R PR A A 3 KU v g ke
g (HJE L SR PR A B 20 A 28 SR 1 S I Gk T DA 45 A HE A 2 3 A% 1 I I B AU L LK
ZITAE G B, R 2.

UTAR SR 5L T 500 Y 22 8 50 E AR DR L 00 L P I L T R T g R R A 2 0GR . Li R —
Fift 3 N T 33 10 5 Lk 8- 17 95 4 BR B AR L I NGSIM (next generation simulation) 48 5 17
T URAIE  ZAR R Ry B 2% A0 BT AT 25 4 Ak A 4 0 s o ) BB OIS TR O M R T 1) . Liu SV 4R
T 0 K IO 4 05 6 o i DR R AT L R ) Bl R A s RS R U T A R Li ST TR
725 0 XL S A5 00 B S ) 95 A R B A R 3 o B (AR DL UE T A Ak I I R — el DR JE A T S s
AR AR I0C M0 1 5 22300 00 25 B KUK . Wang 260 B 0 — AN 2 522 4 el 437 3 SR R A0 25 B B3 J56 1) 42 49
PR LA ARG 28 P SOV S T A B 15 A IR A A W AT RCR e, B e N 25 S Len-
nard-Jones R G L&Y BIANEE S B R EB L 5B HK DR WG W, WE T MRS T
DA 2 4 3537 VR 2 B TR AR, ) PV 17 R 725 9 S 00 i 4 90 UE T R R A A ik .l R U AR T
T30 FRE L 51 A BE UIb IR 300, H2 HH 28 8 3 A7 D00 1 S5 Joi 4 0 i ) 95 2R 0 2 e 25 AN T A O A ) 3 JEL

AW A LR AR BE WA B T UE A7, JLA Y 4y 2 M T 1 & B A otk — 20 B0 E s A BB 5T B AR
ST AR BRI IR EE T LA 2 B = X A2 Bl 2 DL B 22 R A DA AR R Y 8 . AR BT T s
IRy 15 e, B H AR 4250 5 A AR 5 A B VR LB, 51 AU S8, 5 AN [R) 4 7E o & L 3
B I R A R S e T A B () L 2 ) XU 7 38 AR £ M — B X IR R B 2 U PR BE T 8 1T A Ak XU
A T 1 AR 2% A8 38 R AL 2 T I A XU E AT AR R A

1 SFhipfEitE5ER

OrF 15 AR S T IR W 51 3 FHERR 910 24 41 )R /N7 ) B 2 R I HER T Y T IRIEE R
TV ] PR Ay F R W 5]y, Y T EE R Tk M A R A RS, MAEZMWZEXRY
Iy FAT AL, WBE R AE RN SR W T 1929 AEAR B — B T R BT 5000 ) AR AR FH B S BE eR
B, B /R T (Morse) 3, 8% )32 N F 43 FO6I5 A4 30 11 2% LUK A F RE R T HR A5 40U, ] Rk

Ur)=D{{1—exp[—pG—ry]} =1}, (D
K UG NSRBI G p IATAESE G r o F IR r N TR RS . D 5T [ 2 R

PR B JA TR T A DA BT IR L 40 (B0 BE 3 — R o T i 1 ), 4 8 v B b, AT
AE ST A M A AR TR SIS . BRI R p 5o BRLINE 1 PR,

0 5 2 2 V) B Tk B — A 2 A A T IR B R R, LR AR R A BT R, B AR A
T 2 TR RN 2 BB A . FET I, 5L AN EE B 4, X o F IR AR - L
BRI A AR A A 38 B 1

Ly=X, A, —2A,Av—2A,0a)v, , (2)



PRI B - 2 T 01 13 0 W T 1 28 400 B XU A T 7 « 135

Kre o, HEMEBEHEIEE, Av N ERERHSHFLH 5 11— r=1.1225 p/r=6.00

T 2, Aa S FBR 2 5 5 58 T4 I 9 i ok o G Torolasss plrs1s
20, W EHEREWEIE A, Ao Ay R A, 4350 i | o o
B 25 B 25 MR AR BB, LA R (D AR

() M FAM L N 5 2
U =1, {{1—exp[—pl+ S 1

Aov, (A=A, Ao —2;8a) ]} — 1}, (3) ol W
K.l NEMBRKLEES.. B EHEEE. N .

FEBCIERE AT T R IR A Z I 25 e TS 3o 35 50
ﬁﬁ{] r/nm
dU () B ERENBTHES
FO===g"= Fig. 1 Trends in Morse potential ficld

28l {1—exp[—BU—L)] texp[—BU—1)]. (4)
HE—25 0] A5 H AR 250 22 5 7 A B R
ZZBZm{eXp[—B(l—ZO)]—l}exp[—ﬁ(l—lo)]

(5)
M
A M Sy HAn W, R LW H i h AW B E XK .
Uy=Il,{{1—exp[—Bl+A,v, A, —A,Av—A;Aa)]}*—1} «w * exp(cos 0), (6)

A0 A WE T 0] S IE DR o NGB
O Rl 3 T 5 kA IXURSE 5 DX 0 oK S AN [ B [ Sk 3 JXURS: 33 B9 52 0 51 AT 10 ek 8 v (o) o 3 410 ek 50
=4 2 00 0] G R ﬁﬁﬁﬁ%ﬂ%%ﬁﬂ‘lﬂﬁuéﬁﬁﬁszﬁﬁﬁﬂ,
y()=0.5""", D)
I a2 5 D3 YL 3R 28 B NG A R IR 114 ML AR AL O XU 37 A 25 i) 9 L PN o i A i 1 L 725
Tt N R AR DR A S TR] £ XU, 5 ¢ Sy oA Sf i ] 78 4t
F1 3 C6) AN (7) AT A5 H 2 40 58 TP AE I 28 KU 3% 0

U.=1,{{l—exp[—Bl+2,0, A, —A,Av—2;Aa)]}*—1} * @ * exp(cos §) « (0.5)”’10'5 . (8)

S S I 3 LI 5 1 SRS .
RS IR, W 2 R - ‘R T
B T BUR (58 0B s s

~ 7 YR RE /
HEJE A s 1D @?ﬁﬁﬁ%%g{&@o 3 ~ - s > = RV Sl

Nilsson™ " Bt 2 445 BE 1 3k ol 4725 T
DR P 0 B T AR 2 g R B2 FEWEfTREmERLE

S0 A6 o 4 B T 00 4 2 T Fig. 2 Radiation range of safety margin for vehicle operation
2 s AT g A v R B BN A T I, HORBTE — E R b kM T AR I AL SR I e b AR 2
A BT B R ST B RURS FIGI . b A  S AR (L) RN

Vi’ VF2

2agr  2ayp
PV B EREWR B Ve A8 B EW R L, o) g2 Bl e N I 8], 7, i 3 5 e I a g
N E BRI S a e A E AR INGERE L D W G 22 18] A AR X B R

B3 1) R [R)32 SR A DA K5 Al 4 55 14 38 B AR 45 6 58— Bk 220 XU 3 1) 43 A3 7= AR 5 ) L AT 43 = il R

i AL — s T R AT B UG 37 7 G 4 e R 3 BTk B A AR, LR B R A B R T 3% T U
ANGURTED 3 BT 7 5 24 A AR AL T R BtORR A IR JXURS: A S SR 0 A, L A e ] DX XU 37 I i T R 4 T
SIRHEJE I A 4 BT s 25 AL T B AR S I RUBS: 3 0 2 A T T ) 2 ABLRR R 43 ) A

ZSM (T1+T7)+

_DRD (9)



.« 136 L AR KFFROARHF R 2026 4% 3 2

A JRE VI IR PN IR B AR AN RT 5 R

80
60 1.75
40 1.50
g 20 1.25 @
EES 0 1.00 &
B N
&
W 20 0.75 &
==l 0.50
90 0.25
155025 0 555, -75 -80
: . 75
[ -5 0 5
e 171 B /m
(a) 5B = AR E (b) 3758 - T 4315 &
3 EWBEHTEREIES
Fig. 3 Distribution of risk fields for vehicle free travel
80
2.00
60
1.75
40
150
g 20 5
g . 125
E 1.00 2§_
| 20 =
0.75
—40
0.50
-60
_ _ 0.25
75-5.0-25 ¢ 2.5 5.0 7.5 =75 ~80
HE 5 B B /m -5 0 5
18 18] BE B /m
(a) TR = AR E (b) 3758 - 4375 &
4 FHRRMBHEXEIHSH
Fig. 4 Distribution of risk fields for vehicle-following driving
80 2.25
60 2.00
40 1.75
o
g 20 1.50 o
jusit
g 0 125 &
= &
= 90 1.00 =
0.75
—40
0.50
o 0.25
-7.5-5.0 - :
a " 811 5 /m
(a) TR =M AR E (b) 3758 - T 4375 &

B 5 EWRETARKIESH

Fig. 5 Distribution of risk fields for vehicle lane-changing behavior
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Fig. 6 Flowchart of deep learning predictive modeling
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