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Abstract Results and Takeaways
This study proposes a new safety metric to estimate the driving risks of vehicles and road sections on the basis of vehicle | 1. Scenario 1: NGSIM Car-following 3. Scenario 3: Simulated Emergency Vehicle Passing
risk field model and the concept of power of the work done by the field force (PWF). The proposed metric based on PWF Vehicle-to-vehicle PWF shows the same trend as inverse TTC (TTCi) in car-following scenarios in

Scenario 3 confirmed the effectiveness of section-level PWF 1in identifying risks along four

IS not only able to estimate the risk associated with specific vehicle interactions like previous studies, but can also be NGSIM US-101 trajectory dataset
y P P Tajectory datase 100-meter road sections, each marked in different colors. PWF+ and PWF- changes were

aggregated to capture the overall risk imposed by the entire surrounding traffic on a vehicle and quantify the total risk on a

P q : dies i Vi n diff _ q _ llisi q d _ el I S e sesa e | O tracked as an Emergency Medical Vehicle (EMV) passed through these sections. Data on
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Specl _IC road section. C_)ase studies Iinvolving three di erent_ scenarios compare_ to tlme_ to-co I_SIOﬂ (TT_C) We_re_ COﬂ_ ucte 5 2 0 - Pz (300 D zzz overtaking and yielding events during the EMV's passage, along with the EMV's speed profile,
to validate the properties of the proposed PWF-based metric and demonstrate its effectiveness in assessing driving risks of g oz ; izz : 02 — P iTTC, and average traffic speed in each section, were also analyzed and recorded.
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v; and 0; are the velocity vector and heading of vehicle i () Plot of |E;;| when |v,| m’s, exit. This caused subsequent vehicles to brake or swerve to avoid a collision. IRV __EE :
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PWFi]- denotes the power of field force vehicle i imposed on vehicle j, which is the increment of potential energy of vehicle j with respect R - N |, « (a)Scenario2-117s . . . . .
6.687 g [TTTTTEETTTTT S 47 £ * Section 1 PWF+ peaked due to speed difference while EMV approaching the section.
hicle i. F;; denotes the field force of vehicle i imposed on vehicle j. M; = m;(1.566 X 10_14|v-| + 0.3345) (Wang et al.) " 04 - = : : : : - :
tove ij J J J \/ g * Section 2 and 4 recorded relatively high PWF+ and TTCi due to interactions.
Environment-to-vehicle level risk assessment 200 * Section 3 PWF+ peak was lower compared to section 2 because of fewer interactions.
v v v 02 { * Section 4 showed relatively high PWF- peak as the EMV left the road.
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Vj is a collection of vehicles in the proximity of vehicle j. w;ij = min {1, (l_) } is a weight factor, and lij — (xl- — xj)c()sgi — (yl — yj)51n9i_ Vehicle #97 TTCi vs environment-to-vehicle level PWF - PWF can be aligned with TTCi in car-following scenarios.
! . S . . - Vehicle-based PWF can detect side collision risks and speed discrepancies missed by TTC.
Sectional risk assessment Vehicle #97 faced collision risk from vehicle #87 s sudden lane; change, a scenario not foreseen by - Seyetvharirell IR ) (Ao i T s G el ) i ) L ey e siimtits) o i
TTC but indicated by a PWF+ peak at the environment-to-vehicle level. . :
L .. . . . . overtaking emergency vehicle.
PWF;.' — 2 PWF: PWF§ = z PWF]-_ V< denotes the collection of all vehicles on section S. PWF+ outperforms TTC by capturing side collision risks without trajectory intersections.
g  PWF+ identifies risks from significant speed differences between lanes. PWF- reflects risk
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dissipation intensity, with high values indicating evasive actions or relief from traffic congestion.
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