@ Assessing Traffic Safety of Vehicle-Pedestrian Interaction
TRA at Intersections, Mid-Block Crossings and Jaywalking

TRANSPORT

RESEARCH Eva Michelaraki, Foteini Orfanou, Eleni Vlahogianni, George Yannis A T 6B

ARENA AT

BUDAPEST National Technical University of Athens, Department of Transportation Planning and Engineering, e, {\‘g%:
18-21/05/26 5 Heroon Polytechniou str., 15773, Athens, Greece — ¥

Introduction

» Table 2 presents the main indicators along with their definition,

| | unit of measurement, primary purpose, applicable interaction
> Pedestians  interact i i . sianalized » Time-based measures describe how close in time a potential conflict context. and indicati\,/e threshold vaIues’ reported in previous
edestrians: — interaction  with - venicies —at - sighalized — or or collision may occur. Key indicators include Time to Collision o
unsignalized intersections and mid-block crosswalks consist a (TTC), Post Encroachment Time (PET), Time Advantage (TAdv), and studies.
major pilar of traffic safety due to their unpredictable behaviour as Time to Accident (TA). These metrics e widely used to identify; nd » The improved presentation of the literature, combining narrative-
they can easily change their speed, direction of moving or perform classify conflict severity, with lower values generally indicating higher based citations and structured comparison of indicators, reveals
a risky road crossing forcing the vehicle to harsh braking or fully risk. They are particularly effective for analyzing dynamic interactions important patterns that are not immediately evident in isolated
stop to avoid a potential conflict. using trajectory data studies.
» In particular, it becomes clear that while early research primarily
> Addlt];na”y, pedist;lans (tjend \éery.ofte: ;0 fFOSi_ the road altk'any Distance-based indicators relied on single time-based indicators such as TTC and PET,
ggf:rliofati: m::frete Ie\?elrs ofu ?heeirs Iiﬂ?earaitionov(\:/?tr:ot?\e (\J/aexrlm\?fllesmags) more recent studies Increasingly adopt combined approaches
the driver gr the >;nachine (in case of highly or fully automated Distance-based indicators focus on the spatial proximity integrating temporal, spatial, and kinematic variables.
. . . . between vehicles and pedestrians. Measures such as » This shift reflects the growing recognition that no single
vehicles), should be ready for immediate and prompt reaction. L . . . . o , | ;
Minimum Distance (MD), Relative Distance (RD), and Passing indicator can fully capture the complexity of vehicle—pedestrian
Objectives Distance (PD) quantify how close the two road users come interactions.
L This stud < the find f oneive ltarat _ during an interaction. Smaller distances indicate increased »> At the same time, the variability in reported threshold values
'S SHAY Presents e TINCINGS Of an extensive Terature review collision risk, making these indicators useful for assessing safety highlights the absence of universally accepted standards,
concerning the different indicators used for assessing the risk levels : fi - . . e . .
- - in confined or low-speed environments. reinforcing the need for context-sensitive or adaptive evaluation
of these interactions. o works
S works.
> The review iﬂC'UdGS interactions at intersections, mid-block Speed-based Indlcators Table 2: Summary of key surrogate safety indicators for vehicle-pedestrian interactions
crosswalks and jaywalking using real time collected data, » Speed-based indicators capture the intensity of vehicle m“
simulation tools or virtual experiments and driving simulators. movements and evasive actions. Metrics such as Deceleration e (lmets Time unti cicior
: : : Isi jectories remai imminer Al =5
| - o Rate (DR), Deceleration to Safety Time (DST), jerk, and DeltaV colteion) | FEELAE e | mminence S
> Finally, critical values of these indicators for categorizing the reflect how abruptly a driver reacts to avoid a conflict. These VORI Tmedfoenceat s confictaetection  'mersections 13
safety levels of the interactions are also presented. indicators are primarily used to assess the severity of WU Temporalprorty . - Interaction _ E—— 105
_ _ , , Interactions rather than their occurrence. TA (Time to ISR S Severit <5
> The paper adopts an improved narrative approach in presenting Accident) It CLL classification cenera 1599
the literature, where references are discussed in context by : S BT e Spatial risk Al <1.5m
o | but Combined indicators RD (Refative LN s
explicitly referring to the contributing authors rather than solely JASHoS A distance between m pCallision Al <1.5m
relying on numerical citations. » Combined indicators integrate time, distance, and speed GRAT R passng maneiver M proxmity Crossings <1.5-2m
> Las idatod £ s introduced to fadilitate th components to better represent the complexity of vehicle- (Declg;;ation D @ Eeee Mt yaverity of Al >3 mls?
cgrsn Y, @ consolidated tramework IS introduced 1o facilitate ihe pedestrian interactions. These approaches provide a more pST decBlolionto st Safely evaluaton Al (Somext
parison of indicators in terms of their definition, applicability, . . o avoid collision
and thresholds comprehensive assessment of both collision likelihood and Rate of change of s Abrupt maneuver Al <-8mie’
severity, addressing the limitations of single indicators and
Definitions supporting more robust safety analysis. Conclusions
> 1o |mprtove cflatnty and famhtg_te comgaqsotnhlamc;ng tht‘; various > The methodological approach of this review combines
ourogale safety measures disoussed in tis sucy, tho man | | U T N | systematic literature  organization  with enhanced
indicators are briefly defined below along with their . . L .
. . . L , , L interpretative synthesis, aiming to bridge the gap between
interpretation, units, and applicability. The conducted literature review revealed various indicators used - . ST
s . . . , descriptive reporting and analytical insight.
| o | for describing the interaction between vehicles and pedestrians
> ]'cl'|me-baseq |nd|c§t?rs ar?j artnlong.the mqst W|delyhused measurﬁs as well as thresholds established for classifying different > The review also indicates a growing trend toward the use of
or assessing venicle-pedestrian interactions, as they capture the interaction severity levels. advanced data collection techniques, such as video-based
temporal proximity between road users. Time to Collision (TTC) traiectorv extraction and simulation environments
represents the time remaining until a collision would occur if both Time -, distance- and speed — based indicators have been ) y '
the vehicle and the pedestrian continue with their current speed . . . : - : : : T
and trajectory P P established aiming to assess interactions’ safety levels at » Despite this progress, there remains a gap in the validation of
different meeting location types more accurately and precisely. surrogate safety measures against real-world crash data,
. e o articularly in diverse traffic environments an |
» Post Encroachment Time (PET) is defined as the time difference | o o _ P it Y " © setta tC de do © tfg d gqf:er erpergmg
between the moment one road user leaves a conflict point and The review also highlighted that the combination of time — and conditions such as automated and connected MOty Systems.
another arrives at the same point; it is also measured in seconds, speed - based indicators is very popular and proved to be o | , |
with smaller values indicating higher risk. reliable for assessing the safety levels of pedestrian — vehicle » Furthermore, limited attention has been given to behavioral
interactions. heterogeneity, including differences in pedestrian decision-
> Time Advantage (TAdv) expresses the temporal priority between making, risk perception, and interaction with automated vehicles.
interacting users, reflecting who passes first through a potential The sole use of temporal, or any other type, indicators may be
conflict dread, while Time to Accident (TA) IS Conceptually similar to proved to be insufficient in detectmg all the critical conditions or > AddreSSIng these aSpeCtS IS essential for deve|0ping more
TTC but is typically used within specific conflict analysis misinterpreting a situation as unsafe and critical. realistic and human-centered safety assessment frameworks.
frameworks to describe the severity of an encounter.
» Based on these findings, future research should focus on: (i)
> Dlsc;[anfg-baseddlndlﬁg’tlors de;crlbe tthe Slli)atla| prOXITT(]jlt}./ betV\;een Table 1: Indicators for describing and evaluating vehicle — pedestrian interactions eStab”Shing harmonized or adaptable threshold frameworks, (”)
pedestians and venicles and are fypically expressed in meters. T = validating surrogate indicators across different contexts and
Minimum Distance (MD) refers to the smallest separation distance . s . ey . . .
. . . . . . = § 2 2 3 & 3 datasets, (iii) integrating behavioral and environmental factors
observed during an interaction, while Relative Distance (RD) : g o 8§ & 0§ 7 nt fot del d oring the imolicat f
represents the instantaneous distance between the two road users. s 5 5 £ £ i 2 into safety moaels, an .(IV) exploring the implications o
— V : erere Lot Lerees emerging mobility technologies on pedestrian safety.
) ) _ _ | [2] | v v VoA CS > 1m/s, MD <1.5m, TMD<1.5s
» Passing Distance (PD) is used to characterize how closely a T [ o 86, Tra<s 50, TTCoA 55, TTCo 65 | _ _ o o
vehicle passes relative to a pedestrian during an interaction. In all -' ' ' | pm.5321%§§£¢T{£ij"?.§'+k£§;¢;5§<40km,h, » Overall, this review contributes not only by organizing existing
cases, smaller distance values correspond to higher collision risk. - . N LTl LT e e e i knowledge but also by identifying critical directions for
Distance-based indicators are particularly useful in low-speed s “ ¢  Tossspedesranainonis advancing the assessment of vehicle-pedestrian interaction
environments or when spatial relationships are more relevant than “ : R IS S safety.
temporal dynamiCS. “ ¥ \ No evasive action TTCEE'TCB:EEZ PET<1s, TTC >2.3s and
m J J J PET<2.325,TAveh<1I.D182_IS_LZ§:I'1P%;§-r2n./7S§m/sz,TAped<0.888and ContaCt Informatlon
> Speed-based indicators focus on the kinematic aSpeC’[S of —&L V ! PPF%Safe:PET>3.3;¢$’E:421-33§DST<1.5m/sZ,SIight
. . . . . conflict: 1s<PET<3.3s, 2s<TTC<4s & DST<1.5m/s2,Serious
interactions and the intensity of evasive maneuvers. H Y Y ypSrlict PET<AS TIC2s 4 ST i
1s<PET=<2.5s and 1s<TTC=3s, Serious conflict: PET<1s and - -
. - . i | [25] | ol ol PETszs,P-II;-!I-'zz.zsss, PET>5.5s Eva MIChelarakl
» Deceleration Rate (DR) quantifies the rate at which a vehicle n V J V L e
reduces its speed, typically expressed in m/s?, and is often used as O Safe: PET25s and Speedstom
. . . . . . . Evasive action by one of the agents : TTC<1.5s, TTC<S3s,
an indicator of conflict severity, with higher values corresponding to ’ ’ o Tow Tel: +30 210.7721265
: [ [28] | V V v PPF: Hupfer et al. (1998), VPF: PD<1.7m, speed >8m/s . . .
more abrupt and potentially unsafe maneuvers. T y § N ng%?cshlﬂt Email: evamich@mail.ntua.gr
) ) . PPF-> TTCS5S, .TTCS-SZ_and 'FT.C>88$, VEF 2> TTC <-2s .
» Deceleration to Safety Time (DST) extends this concept by y VoA o DR= o/s? (g, DRE3 A5mis? (medium), BREsmis2 Web: WWW.nI’SO.ntua.gr/p/evamICh
. . . . . . (heavy) and DR>5m/s2 (emergency) - DC <12m, DC <30m
estimating the deceleration required for a vehicle to avoid a y and DC>30m
. ' ' . . . V \ Risk indicator (RI) <2.26s , RI< 2.94s , RI< 3.97s, RI>3.97s
CO”ISIOn Wlthln d glven tlme frame Jerk, deflned dsS the rate Of [ [36] | \ :// ; \ \ Pedestrian step frequency<0.7steps/s?, jerk<-8m/s?
' . | [38] | TAdv <10s for considering conflicts
change qf acc.eleranon (m(s3)., IS algg uged to .capture sudden EmEE | y ’ LPE;;gf;;g;g;gmf{s;b%
changes in motion that may indicate critical interactions. w2 y R R
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