Rapid Safety Assessment Tool for Ne©onventional Roadway Designs and
Emerging Technologies: Innovative Atrtificial Intelligence Application

WYDOT Sponsor:
Matt Carlson, P.E.
State Highway Safety Engineer

Principal Investigators:

Dr. Sherif M. Gaweesh, P.E.R.S.P.
Postdoctoral Associate
Dr. Mohamed M. Ahmed, P.E, M.ASCE
Associate Professor

Department of Civil and Architectural Engineering
University of Wyoming
1000 E. University Avenue, Dept. 3295
Laramie, Wyoming 82071
Tel.: (307) 7665550
Fax: (307) 7662221
E-Mail: mahmed@uwyo.edu

September30, 2020


mailto:mahmed@uwyo.edu

Table of Contents

R [ 011 0T (U Tox i o o F PP P P TP PPRPPON 1
2 BACKGIOUN ...ttt emmme e e e ettt e e e e e e s ammn e e e e e e e e e e e e e e e e mnne s 5
2.1  Conflict Analysisfor Performance ASSESSMENT. ..........cccuuriiiriieeeirie e e e e eeeee e 6

3 Problem STAtEMENL.........ooi et a e e e e 9.
4 RESEAICH ODJECHVES ... uuuiiiiiiiiiiiiiiiii e e ettt eee e a e s s e s smmmr e e e e eeeeeeeseeeseees 10
LTS (0T Y = T=T 0= 1 (PP PPPPPPPPPN 11
6 STAEMENT OF WOTK....oi ittt 12
6.1  Overview Of RESEArCh TaASKS.........cuiiiiiiiiiie e 12
6.2  EIGDOration Of TASKS.......ciiiuiiiieiiiiiit e reer et eenr e e 15
6.2.1  Task 1: LIterature REVIEM..........ceiiiiuiiiieeiiieeeiiiie ettt emme e ean 15
6.2.2 Task 2: Data Collection and ProCeSSING........ccouviiuuriiiiiieeeiiie e 15
6.2.3  Task 3: NetWOrk SCreENING. .......uuuiiiiiieiiiiiieeee it e e e e e e e e 15
6.2.4  Task 4: ConfliCt ANAIYSIS........uuuiiiiiiiiiiiirrer e e eeens 15
6.2.5 Task 5: Countermeasures 1dentificatiQn..............ccooeiiiiiccniiiiiiiiiiee e 19
6.2.6  Task 5: Recommendations t0 WYDQT .........oouiiiiiiiiiiimr e eeee e 20

7 Work Plan and Implementation ProCESS. ...........uuiiiiiiiiiiiieeee e ee e 23
7.1 Project KiCKOff MEETING .......uuiiiiiiiiieeei i eeee sttt e e e e e e e 23
7.2 DElIVEIADIES. ...ttt 23
7.2.1 e 0T0 TSIl L= o Lo ] £ 24
7.2.2 Draft FiNal REPOIL.....uiiiiiiiiiiiiiiiemme e eeee e e e e e e e e 24
7.2.3 T aT LI =T o Lo] ¢ PP PRPPP 24
7.2.4  Project CloSE0Ut PreSENtatiONS. .......uuuuriuuuiiiiiiiimmiee e eeeeeeeeeee e eeees e 24

S T 4T [T g T = T To I =0 T [ T 24
9 TeCNNOIOGY TrANSTE.....ciiiiiiiiiiee et e bbbt e e e s emmt e e e e e e e e s aaneeees 26
10 Data Management PIAN..........cc.uuuiiiiiii e nn e 26
11 RETEIEINCES. ...ttt eeea ettt e e e e e e e bbb s nenst b st et e e e e e e e e e nnnb b e e e enenn e 26



1 Introduction

Motor vehicle crashes continue to be a leading cause of death in the US and worldwide. According
to the US National Highway Traffic Safety Administration (NHTSA), motor vehicle crdsines
beenranked ¥ overall in terms ofhe years of life lost in 2014nd 29 within unintentional injury
deathdor all agesn 2015(NHTSA, 2014 & 2018)In 2016, there were close to 37,500 faitad;

a 5.6percentncrease from 2015. In addition, there were more thd# million injuries in the US
alone in 2015. Of which, more than pdrcentare attributed at least in part to human errbrs.
recent years, new innovative roadway facility designs., road diet, continuous flow
intersections,modern roundabouts, divwging diamond interchanges, etcadvancedTraffic
Control Devicegnew Signal Phasing and Timirsghemesflashing yellow arrowsinnovative
intersection and roadway signs and markings, 6 inch marking, ketielljgent Transportation
Systems(Variable Speed Limit SystemsAdvanced Traveler Information Systems, etc.), and
improvedroadside infrastructure (median cablarriers rumble strips and stripes, safety edge,
etc) have proliferated in many countries including the US to improve mobility andateit
adverse safety issues abnventionaldesigns.Intersections safety is of a significant interast
transportation agencies due toitheigh frequency and severity of crashes. The complexity of
traffic movements at signalized intersections leadBigh amount ofviolations, conflicts and
crashes. Moreover, other factors as geometric features, opetatlmaracteristics, and user
familiarity may exacerbate this complexity. According to the Federal Highway Administration
(FHWA), approximately 2.5 mlibn intersectiorrelated crashes occurint&peryeal i Feder a l
Hi ghway Admi ni s tlaearsectiom relatédFetddNes yrepresgnt nearfyebfentof

total crashes in the USf which 50 percent are severe and 2écegnt are fatal

In 2015, more than 5percentof crashes in Wyomingvere intersectiomelated with more than
4,000 urban intersection crashd@he Wyoming Department of Transportation (WYDOT) has
been in the forefront of adopting a variety of these innovative intersection and roadway safety
countermeasures with expectatsoof attaining operation and safety benefits. Nevertheless, there
are a lot of speculations between transportation scientific communities and practitioners on
whether traditional methodologies to assess the effectiveness of the safety and operatsan of the
rapidly evolving countermeasures are appropriate.

While traditional safetyassessment methods have been hetpfbetter understanctash trends,

predict crashes, and evaluate the effectiveness of countermeasures, these techniques depend
mainly on aggegatecrashdata. e primary explanatory variable in Safety Performance Functions

is Average Daily Traffic which is an aggregate exposure measuseer a full year When
evaluating the safety performance of intersections Total Entering Volumes (TEV) is considered as
the main exposure, which is considered as a main limitegidavelop the SPFs for intersections.
Intersections include 15 different crash patéhat could occur within the intersection area. TEV

is not always the main indication for the 15 crash typesome might depend only on the through

traffic volumes and thers might be affected witiirningmovementgi.e., leftturn movement is
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consideredhie most hazardous maneuver at intersectidisyvever, due to the complexity to
collect such refined turning movements data, researches utilizes theOTlEaf limitations could
also be related to the crash reppasshreports usually are not detailedata related to crash
patterns, weather, road surface, and-tiea¢ traffic could be missing. Additionallypformation
on speedsiurning movement countand precise prerash conditiongannotbe extracted from
crash reports.

Traditional safety techguesare reactive in nature and th&yffer a number of critical limitations;

1) crash police reports are subjective and inconsisi@rdrash reporting system is evolving to
keep up with new Intelligent Transportation Systems and advanceofesaitomotve industry

(i.e., Connected and Automated VehicJe))underreportingssues of minor crashes) kck of

driver behavior in normal driving, preduring, and postrash events,)5no information on
violations and near crash&d,lack ofacomplete piture on the interaction between different road
users, and 7) the need of crashes to happen (i.e., the Highway Safety Manual recombnends 3
years of crash data to conduct a sound safety analysis).

On the other hand, proactive safety studies are gainingemioim because of their ability to
rapidly assess new safety countermeas@memctive safety studies aim to investigate the dynamic
factors that could affect crashes and rerashes probability. These modeling techniques focus on
individual Critical Safey Events (CSE) known also as conflictsandtheir precursors to predict

the probability of crash risks in real tilm@dto understand the underlying casual effectthefr
occurrencesGenerally, reatime statistical techniques require a higisolution speedyehicle
trajectory, conflicttraffic, and weather datdraffic conflicts refer to inciderg that could have

been a crash if the road users continued their movement in thelsaati®n and speed. Proactive
safety analysis using traffic conflicts possess important advantagexragbbased ones; 1)
compared to crash data, traffic conflicts are more frequent events (i.e., a comprehensive dataset
could be obtained in a relatiyeshorter period of time than crash data), 2) detailed information
could be extracted from traffic conflicts as it is mainly based on video recordings, 3) driver
behavior is directly collected, 4) the associated social and economic cost of conflicisearalys
relatively low compared to crash data, 5) with wedined observers and machine learning
algorithms, consistent data could be obtained, 6) faster recommendations could be provided to
decision makers regarding noonventional countermeasures amgfaptive new technologies.

This study proposes develop a new tool to efficiently assess the traffic safety at intersections as

well as suggesting suitable countermeasures to be quickly implemented to enhance the
performance of the investigated roadwagility. This tool could be applied on conventional and
non-conventional intersections addition tonewly introduced intersection desigiMoreover, the

safety and operati@hperformance of new emerging technologies could be evaluated using this

tool. Rapid and accurate assessment could be conducted, which are thedwsaitageof this
approachHotspot analysis and rankinglY DOT transportation expertsé
road wuser so0 p utibzedeto flag intersections that nedahairgent intervention.
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Conflict analysis using machine visi@approackswill be applied to rapidly assess the operation
and safety performance of tluentifiedintersectionsVideo recording data will be collected from
existing cameras equipped at intersection as well as using an already UW owned Data Acquisition
System (DAS) trailer, shown iRigure 1A. The DAS system will be used when the existing
cameras do not provide a full intersection coveragearspecific traffic and conflict patterns are
needed for assessmert comprehensive video recording data collection foo tweeks per
intersection will be conducted to form the conflict dataset. At least three cameras will be mounted
on the DAS to collect continuous video recordimgsddition of a LIDAR systemThe system

will include three cameras (tWiack & whitecamera with IR for night vision and one wide view
angle camera) to cover all the intersection area with a high resolution aslebswn irFigure

1B andFigurelC. for data storage and collections@fpowered system will betilized including

a mobile Network Video Recorder (NVR).

Figure2 shows thgpower and dataviring diagrans of the DAS.The cameras will record video
footages for different intersection approaches as welh@snain intersection area. Additional
video footages could be also collected from CCTV camghehavailable athe study sites.

(A) Overview of the trailer

f > g .
(C) A wide angle fields of view
camera a dJ Wavetronix Sensor

Figure 1. Equipment,componentsand wiring diagramof the UW Data Acquisition System (DAS)
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Figure 2: Wiring diagram of the UW Data Acquisition System (DAS)

Conflict analysis utilizing advanced computer vision and machine learning techniques will be
adopted to analyze conflicts / near crashes. In this step, video rgofdim existing cameras
installed at intersections in Wyoming, as well as newly mounted cameras will be utilized to extract
traffic conflicts.Figure3 shows the general proposed framework to conduct the conflict analysis.
The framework will mainly has three phases. The first step will focus on data collection, cleansing
and preparation. Ima&gprocessing algorithms will be used to reduce noise and adjust the collected
video footage for the feature extraction. The second step focuses on identifying moving objects
and classify the video entities into the different roadway users. The final whiaséopt motion
estimation methodologies to extract motion trajectories and detect conflict identifiers. This will
help transportation agencies to quickly pinpoint the roots of issues of newly implemented safety
countermeasures and propose mitigatiocstsgies. The following sections provide background on
proactive safety assessment methodologies, the problem statement, objectives of the study,
selected study areas, and tasks and timeline to achieve the proposed objectives.
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Figure 3: Framework of the Proposed Traffic Conflict Analysis

2 Background

In recent yearwith Vision Zerd, new innovativesafety evaluation procedureavebeenevolved
to evaluate nowonventionalroadway andintersectiondesigns, as well as new safeand
operation countermeasur&ntraditional approaches has gaipopularity to evaluate the traffic
safety and operatieof roadwaysand intersectiongsuch asConflict Analysis

Transportation researchers had extensively used machine learning gndeorision techniques

in recent years, especially with the presence of new emerging technologies such as Connected and
Automated Vehicles. These techniques have been used in multiple aspects such as to enable
vehicles to identify the surrounding featutesafely and efficiently operate, to read license plates

of vehicles for means of traffic surveillan€arth et al., 2006; Du et al., 2013jrip routing
estimation(Hu and Ni, 2018; Rao et al., 2018nd parking management systefRashid et al.,

2012) Moreover, machine vision techniques were used to estitwategate Measure of Safety
(SMo9 by identifying vehicle trajectories were traffic conflicts could be extracted and furtherly
analyzed. The rapid advancement in machine vision technologies, computer processing power, and
high-speed connectivity has opened nemtlooksof opportunities irthe field of transportation
engineering to improve traffic safety and operagidrne potential of machine learning techniques

in identifying unexpected ewnts on the roadways, as well @akttime weather and surface
conditions have been thoroughly ex@drin the literature.

L Vision Zero is a multhational set of strategies to prevent fatalities and severe injuries related to road traffic.
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The following sections providecomprehensivéackground ornhe conflict analysis that has the
capability of assessing not only new infrastructure changes, but also emerging technologies such
as Connected and Automated Vehid€s\V).

2.1 Conflict Analysis for Performance Assessment

Due to the stochastic nature of crashes and being rare events, traffic conflict analysis has gained
momentum in recent years. The Federal Highway Administration (FHWA) published a guideline
manual to condudraffic conflict analysiqParker and Zegeer, 1989)he traffic conflicts were
manually cdlected by trained observers, in which diagrams and narrations were recorded for
specific timeframesSayed and Zein (1998pnducted a study which provided standards of traffic
conflict for intersectiongSayed and Zein, 1999)he research described the applications used to
estimate traffic safety at intersections. An Intersection Conflict Index (ICIl) was developed to
measure conflict risk at intersections. The study utilized trained observers to manually collect
traffic conflicts from 94 signalized and unsignalized intersections. With the rapid evolution pace
of technology and artificial intelligence, computer vision techniques have been applied on video
recordings to automate the data collection of traffic conflicts. A stitdyduced a featurbased
algorithm to track vehicles at intersectiof(@aunier and Sayed, 2006)he feature tracking
approach showed an improved abilityttack vehicles in complex scenes with multiple entrance
and exit regions. Another study investigated the processes that involve pedéstcalfisions

(Ismail et al., 2009)The studydevelopedanautomated video analysis system that has the ability

to detect and tik road users in a traffic scene, classify road users into pedestrians or motorists,
identify near crash events, and calculate conflict indicaaesal time The developed system was

able to automatically capture 8%ércenbf the conflicts and 71 f@ercentof the important events.
Other researchers conductethrgescale automated analysis of vehicle interactions and collisions
(Saunier et al., 2030 The utilized dataset contained more than 300 severe interactions and
collisions. The developed system identified traffic conflicts/collisions into 4 categoriesohead
rearend, side, and parallel near crashes. The results showed the usefuthesysiém to study
driver behaviors that might lead to a collisi®@t+Aubin et al.presented a practical framework for
implementing an automated, higbsolution, videebased traffieanalysis syster{StAubin et al.,

2015) Thestudyutilized ClosedCircuit TelevisionCCTV and regular video cameras to collect
microscopic traffic flow data. Data were collected fromndabout weaving sections. The results
showed that the developed system accurdayetecting conflictssaries from 85percentto 95
percent

Conflict detection algorithms were basically used to alleviate and expedite traffic safety analysis.
This is dueo the fact thatraffic conflicts occur more frequenttihan crasheand can be clearly
captured, which could provide insights about the deficiencies that could lead to a crash. Several
studies developed safety performance funetion roadway facilitieausing traffic conflicts. The
relationship between conflicts and crashes were investigated using-phé&se modelEl-
Basyouny and Sayed, 2013he first phase employed a lognormal model to predict ctsfising
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traffic volume as a main exposure and other roadway geometric charactérrstigguare root of

the Product of Entering VolumeBKEV) was thesurrogatemeasure used to predict conflicts. In the
second phas@ negative binomial safety perforntanfunction was developed to predict crashes
using traffic conflicts. The dataset was extracted from 51 intersections in Canada. The results
showed that for each one percent increase in traffic conflicts, crashes increase by 0.738 percent, in
which the pvalue was less than 0.001. Zhang et al. 2014 developed a conflict prediction model
using negative binomial and linear regression models for opposirtgreftonflicts(Zhang et al.,

2014) Data was collected from 20 intersects in China. It was found that the linear model was

not appropriate to model traffic conflicts as they do not follow a normal distribution. Additionally,

the study showed that the effects of conflicting traffic had a different effect on predicting crashes

Sacchi and Sayed, 2016 conducted a study that aims to establish the relationship between conflicts
and crashes using a typhased proceqgSacchi and Sayed, 2016&oissoiigamma model was

used in the two phases to develop the prediction models. In the first phase conflicts were predicted
using traffic volumes as the main exposure, then predicted conflict were used to predicticrashes
the second phase. Data was collected from 49 signalized intersections in Canada. Stratified
analysis was adopted to consider different types of conflicts (i.e., left turn conflicts and collisions
and rear end conflicts). The results indicated that tedigted average hourly conflicts increased

with traffic volume, which showed a nonlinear relationship. The crash prediction model estimated
a 0.8percentincrease in predicted crashes for eagefcentincrease in predicted conflicts. The
prediction modEfor the leftturn conflicts showed a slow increase in conflicts compared to traffic
volumes. On the other harttie rearend conflicts had a high increase compared to traffic volumes.
Another study by Sacchi and Sayed, 2016 investigated the develophsaiety performance
function for conflicts using Bayesian analy§&acchi and Sayed, 2016[he focus of the study

was on reaend conflicts at signalized intersections utilizing Poissgamma and Ignormal
distributions. The results showed that Poisgamma distribution models outperformed the
lognormal models. Additionally, it was found that traffic volumes had a coefficient slightly higher
than 1.00, which means a slight rapid increase in canfticpared to traffic volumes. Safety at

the cycle level for signalized intersections were evaluated using traffic conflict niSedethi and

Sayed, 2016b)I'he scope of this study is to investigatedffect of signal control and operational
parameters on traffic conflicts. The variables considered in developing the conflict prediction
models were the traffic volumes, maximum queue length, shock wave characteristics, and the
platoon ratioTime to Collsion (TTC) was the measure to determine conflicts, in which TTC< 1.5
seconds is identified as a rear end conflict. The study developed multiple conflict prediction
models using Generalized Linear Model with a negative binomial distribution. Three Iévels o
models were investigated in which thest level included exposure only as the sole variable in the
model. Then adding one variable at a time to develop additional 4 models. ,RAnedisnbined

model was introduced including all the collected variables. It was found that the combined model



had the least AIC value indicating the best fit model. All the investigated parameters were found
to be significant in the developed models at @ficdence level of 9percent

Several studies applied Extreme Value Theory (EVT) to estimate crashes using trafficsconflict
(Tarko, 2018; Wang et al., 2019; Zheng and Ismail, 2017; Zheng and Sayed, 2020Th6%8)
studies have validated the effectiess of predicting crashes using traffic conflicts as SMoS.
Zheng and Ismail, 2017 developed a generalized link function to map the severity index of conflict
indicators(Zheng and Ismail, 20174 total of 21 segments from three freeways located in China
were used ithe study, where traffic conflicts and crashes were extracted. The results showed that
the utilized empirical method along with the full Bayesian estimation method provided statistical
support for using the generalized exponential link function. Tarkb8 20mpared between three
aproaches to predict crashes from confl{@rko, 2018) The threee approaches were Maximum
Likelihood Estimate (MLE), Probabilityeighted Moments (PWM), and Single Parameter
Estimation (SPE). The results showed that the SPE outperformed the other two methods in terms
of reliability, accuracy, and efficiency. The obtained crash estimation bias using the SPE was found
to be 0.142, which was lower compared to the crash estimatiorebidsng from PWM and MLE
methods, 0.214 and 0.249, respectively. Another study compared the estimated crashes from traffic
conflicts with observed crashg&sheng and Sayed, 2019)he selected crash estimation approach
used in the study was tiReakOver Threshold (POT). Time t@ollision (TTC), Modified Time

to Collision (MTTC), PostEncroachmentime (PET), andeceleration té&\void a Gash (DRAC)

were the four parametrs used to estimate crashes. The results showed that MTTC provided the
most accurate crash estimates. DARC was found to provide crash estimates that are significantly
different than the observed crashes. The other two gaeasnshowed a reasnable estimation of
crashes, however tendency of overestimation was observed with TTC and underestimation with
PET. Wang et al, 2019 proposed a bivarateemeValueTheory (EVT) framework to predict
crashegWang et al., 2019)Perception reaction failuand failure to proper evasive actions were
considered to develop the crash prediction model. Unmanned Aerial Vehicle (UAV) was used to
collect the video footage for the conflict analysis. Data was collected from 10 intersections in
China, where 4 hour videclips were recorded per intersection. Univariate and bivariate EVT were
applied to predict crashes using four conflict indicators (fieme-to-Accident (TA), Post
EncroachmenfTime (PET), minimumTime-to-Collision (mTTC), andMaximum Deceleration

rate MaxD). The crash predictions were compared to observed annual crash frequencies. It was
found that among the univariate models, univariate EVT model based on PET efficently predicted
angle crash frequency, while those based on mTTC outperformed othstsnatieg reaend
crashes. However, bivariate EVT models had a better crash prediction compared to univariate
models.Another study combined more than one conflict indicator to explain underlying level of
safety comprehensively by applying extreme vaheoty (Zheng and Sayed, 2020)he study
focused on rear end conflicts in intersectiand applied divariate Bayesian hierarchical model

for nonstationary conflict extremes to estimate crashes. Modified Time to Collision (MTTC) and



Post Encroachment Time (PET) were the two conflieasuresnvestigated in the study. To
account for norstationary parameters, traffic volume per cycle, shock waae and platoon ratio

were included in the analysis. The study showed that extreme value theory could help in
extrapolating conflict to estimate crashes.

3 Problem Statement

Assessing the traffic safety performance of intersections is one of the important aspects that
concerns transportation agencies. Intersections are locations where all the road users share the
same geographical location, in which several complex conflicisroThis complexity might even
increaseat non-conventional intersections, such as roundabdts.ad user so6 unf ami
new traffic patterns of nenonventional intersections mégad to unexpected driving behagor

that could cause a near crasteven a crash. Traditional safetysessmerpproacheare mainly

based on historical crashes draffic volumes as thmain exposures hree to five years of traffic

data and crashese needefbr traffic safetyassessmeniThese procedures suffer fnotwo main
limitations,required data pericand assessentstrategy Decent sample size of crash observations
needs to be met before conducting the sadefyuation whichis considered aeactiveapproach
Additionally, assessment could be hindered doelow exposuresAlthough the reactive
component of safety is a powerful tool for addressing existing safety problems, proactive safety
has multiple advantages that should be utilized. With appropriate proactive safety analysis, the
potential of crashesald be diminishetbefore they occur by investigating traffic conflicts, which

are crash indicators.

Driver behavior is one of thenostimportant factors that influenceearly all traffic crashes.
Neverthelesdraditional safety studies depend primarily on aggregate crash dataisvieelstive

in nature andannot directly relay driver behavior prior to a crash nor provide detailed and accurate
precrash information.As discussed earlier, crashes are fortugatplite rare events when
compared to other traffic events, nevertheless, they are complex events caused by accumulation
and interaction of multiple factors and failurdéis.addition, exposure information such as the
frequency of behaviors in normal drivig well as the larger context of contributing factors to
crashes and near crashes cannot be obtained from crash.reports

With the presence of newly emerging technologiesh as CAY traditional safety approaches

will no longer be suitable to quickly asse theirimpacs on the safety and operat®of our
roadway facilitiesTraditional safety approaches may not also be the appropriate methodology to
assess a newly introducedn-conventionaintersectios due to lack of data and unfamiliar drivers
population.

On the other hangbroactiveinnovative safety techniques have the abilitpsesessonventional,
non-conventional intersectiongjriver behavior andperformance interacti@nwith roadway,
environmetal and vehicular factoras well as CAVandtheir impacs on collision risls. These
evolving techniques could complement historical crash data and help proactively to identify
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hazardous locations with high probability of crashes/anwchearcrash riskgrior they occuand
recommend effective mitigation strategies in relatively shorter. firhis raisesan ethical issue

that transportation agencieristwait until a sufficient number of crashes, including fatalities and
injuries, to happetefore hazamius locations could be identified and mitigatétie proposed
proactive safety approach will also provide insights about the human errors that led to a near crash.
Hence, itwill enable to observe the different human actions that caused an incident.

Innovative assessmeteichniquesre criticallyrequired teevaluatehe safety effectenesof new
emerging technologies, such as Connected and Automated Vehicles (CAV). CAV are equipped
with multiple technologies that would affect the safety performasfcthe vehicles and the
roadway facilities as welAdvancedDriver AssistaniSystemgADAS) suchas forward collision
warning, automatic emergency braking, lakeep assist systems, maintaining safe distance
systems, and pedestrian detection systemexarected to significantly reduce crash@sien the
remote nature of Wyoming and the stochastic rare nature of crashes, utilizing traditional safety
techniques wouldnot be feasible.Utilizing video recordings, conflictlongterm safety
countermeasures dinstantaneous interventions could be developed and deployed.

4 Research Objectives

This research proposes a proactive road safety assessment foonventionaldesigns and
emerging technologiea Wyoming utilizing traffic conflict analysid~urthermoretheinnovative
assessment methodologiedl provide detailed observation and analysis of driving behavior,
trajectory interpretation, and conflict measurésese methodologies will lmsed on computer
vision applications utilizing recorded video dati.is suggested to apply the proposed
methodologies onocations within Wyomingthat receivedcomplaintsfrom residentsand or
according to WYDOT recommendations. Below is a candidate list of the suggested intersection
locations taconductthe studyon:

1. 19th/Pershing/Converse roundabout at the city of Cheyenne.

2. The two DDI intersections at the city of Cheyenne.

3. Gros Ventre Junction roundabout near the city of Jackson.

4. Jackson Hole down town intersection at the city of Jackson.

5. Centennial Hills Blvd andVaterford St. roundabout intersection at the city of Casper

Final selection will be based on recommendations from WYDOT Safety Offi@objectives of
this research include the following:

1 Conduct a hotspot analysis to determine the crash prone intensecti

1 Provide a quick nonintrusive traffic and turning movement counts at intersections as a
temporary traffic count methodology.

1 Perform aconflict analysis to provide insights about the causes that l€@dtical Safety
Events(CSE)(i.e., crashes anukar crasés.

10



1 Develop an automated conflict analysis system to evaluate the performaneeway
facilities with a focus on intersections/ interchanges

1 Investigate driving behaviors thatostlyinfluenceCSE

1 Assess the traffic safety performance aérsections and roadway facilities using conflict
and crash prediction models using predicted conflicts.

1 Evaluate the effectiveness of applied countermeasures at intersections.

1 Conduct a sensitivityanalysis to assess the safety performance mfoposed
contermeasureunder differentraffic demand leveland various weather conditiankhe
demand levels will be determined based on average annual growth rate multiplied by the
number of years to the current year demand.

1 Determine the applicability of the cfhict analysis to assess CAV applications.

1 Provide WYDOT with a new framework of safety assessment techswguieh is more
appropriatdor evaluatingemerging technologies.

5 Study Benefits

Due to several limitations of traditional safety assessment tpatsdiscussed above, they might
not be suitable to quantify the safety effectiveness ofaumventionaroadway and intersection
designs as well asmerging safety countermeasures. This study promtsedoping a new tool
to assess the safetyerformance of intersectisnin Wyoming and suggesting potential
countermeasures to improvileir safety and operatien The framework begins with a
comprehensive hotspot analysis using spatial analysis ofGIgcto identify crash prone
locations. Conflit analysis will be conducted to rapidly detect conflict identifiers, which are
known as Surrogate Measures of Safety (SMoS). These SMiolse used to identifypotential
crash patterns thare likely tooccur at the flagged intersections. Based on thecti conflicts,
countermeasuresill be identified. After implementation, conflict analysvdl be conducted to
evaluate the effectiveness of the applied treatments. Additionattypsimulationcould also be
utilized as an evaluation approach.

This techniquewill utilize the power of machine vision to rapidly quantify the safety benefits of
roadway infrastructure, traffic control devices, ITS, and emerging transportation techndtogies

is worth mentioning that most &fe Wyoming interstate roadkjghways, and main intersections

are continuously monitored using CCTV. The main tafsthe conflict analysis is to develop an
automated system that could be utilized on any roadway fagilty iGitersections or roadway
segments) to identify the diffent driving behaviors that might lead to a collisiéulditionally,

the collected video recordings will be used to identify traffic -teaé counts and turning
movementsThe outcomes from this study will provide WYDOT and researchers with an effective
tool to evaluate the safety effectiveness in a more proactive fashion and henternorsgfety
countermeasures and instantaneous interventions could be developed and deployed. This is
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expected to reduce the frequency and severity of crashes and mitigateedachplications of nen
conventional roadway designs and emerging countermeasures.

Easymil®, which is one of the leading companies that provides driverless vehicle solutions, has
several autonomous shuttle deployments in the mountain plains regiotahrEd10 driverless
shuttle has been deployed in 10 locations around SaltCizkeMoreovet in Colorado they have
deployed EZ10 shuttlevhich operates on a dedicated road section near the Technology and
Operations Center of Panasonic Enterprise Saisti@ompany as well as in the National
Renewable Energy Laboratory (NREL) campus in Denith the widespread afuch emerging
technologiesthis researchwill help in facilitating and accelerating the deployment of CAV on
Wyoming roadways by providing quick procedure to assesseithsafety and operatien
performance.

6 Statement of Work
6.1 Overview of Research Tasks

The primarygoal of this research is tatilize site-based observations of Surrogate Measures of
Safety (SMoS)to fill in the gaps in methodidaknowledge to effectivelyassesghe safety
performanceof innovative roadway desigrand new emerging transportation technologies and
countermeasure3his goalwill be achieved bgeveloping a safety assessment framewsikg
computer vision and macthariearning to study conflicts and Sagate Measures of Safety (SMoS)
and road u sobtainedfrorhcenfli@ analysis Multiple taskswill be conductedo
achievethe main objectiveof this study. These tasksesummarizeds follows

1) Literature Review

Conduct a comprehensive literature review about innovative approaches used to evaluate safety
performance of unconventional roadway and intersections;

2) Data Collection and Processing

a. Conduct a comprehensive data collection for the vasabhat mostly influence the
facility performance (realorld traffic volume, crash data, signal timing information,
posted speed limits, actual vehicle speeds and acceleration rates, and geometric
characteristics;

b. Collect video recordings for the studycldions to capture traffic volumes, turning
movements, weather, and traffic conflicksdeo recordings will be collected using
existing equipped cameras at intersections as well as newly added ¢aneededo
cover therequiredintersection area fahe analysisThe additional cameras will only
be needed if the investigated intersection does not have any monitoring cameras or if
the existing ones do not provide a full coverage for the intersection

3) Network Screening Analysis
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Conduct a hotspanalysis using historical data to determine crash prone intersegsimgsrate
qguality control method Selection of sites to be furtherly investigated will be based on
recommendations from WYDOT Safety Office

4) Traffic Conflict Analysis
a. Reduce the colleet videos using manual video observation by trained observers then
manually extract the conflict events and data;
b. Develop an automated system using feature tracking algorithms to identify vehicles
paths and traffic conflicts;
c. Validate the conflict analysito estimate the accuracy of the automated system in
capturing traffic conflicts;
d. Estimate thresholds to identify traffic conflicts based on occurred near crash events.
e. Extract all the traffic conflicts from the video recordings using the estimated asér cr
thresholds.
5) Countermeasures ldentification
a. Develop conflict prediction models for different types of conflict using indicator
measures.
b. Develop crash prediction models using predicted crashes to assess the overall safety of
the investigated road fadiks.
c. Propose safety countermeasures to WYODT for implementation.
d. Assess the effectiveness of suggessatectedcountermeasuseafterimplementation
using conflict analysis.
6) Conclusions and Recommendations

Provide WYDOT recommendations regarding accuraicy efficiency of the developedsiep

safety assessment tool as well as the applicability on other roadway facilities and emerging
technologieskigure4 illustrates an overview of the proposed research tasks and expected products
from each group of tasks.
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6.2 Elaboration of Tasks
6.2.1 Task 1: Literature Review

A thorough review of the literature regarding the stdtthe-art of the methodologies utilized to
evaluate safety performance using the Highway Safety mamdhtonflict analysis will be
detailed and concludedhe literature review will include the migte approaches used to detect
and trae vehicles in complex environmerising machine learning.

6.2.2 Task 2 Data Collection and Processing

With consideration of the uniqueaffic and weather conditions in Wyoming, a higgsolution
traffic data for the seteted roadway facilitiesvill be collected which includes:

V  High resolution turning traffic volume {&inute traffic volume data) as well as traffic
composition.

V  Traffic characteristics including traffic volumes, speeds and speed variances of trucksand car
under various weather conditions.

V  Existing geometric features, such as number of lanes, lane width, locations of merging and
diverging areas, entrance and exit turning radii, etc.

V  Existing traffic control strategies, such as locations of traffic sigaadk yield/stop signs,
signal timing information, posted speed limits, etc.

V Detailed crash information including frequency, location, type of crash, manner of collision,
etc. Data should include at least three years in the before construction periods eraghh
data for the afteconstruction period.

6.2.3 Task 3 Network Screening

Collected data will be used to develop a comprehensive network screening to identify intersection
with high crash probabilities. Different methodologies provided in the Highway Safety Manual
(HSM) will be utilized in this analysis. Crash frequencies, crasés and rate quality control
method will be the core adopted methodologies. The ranking of the intersection based on their
crashlikelihood severity will be identified. Based on the analysis and WYDOT recommendations,
certain intersections will be idefied for further investigation.

6.2.4 Task 4:Conflict Analysis

6.2.4.1Manual Data Reduction

Data reduction and processing will be initially performed manually to identify and classify traffic
conflicts according to the Federal Highway Administration guidelines eceht statef-the-art
literature. Observers will be trained to accurately identify traffic conflicts according to their types
and severity. The severity of the identified traffic conflicts will be determined by several
independent measurdsablel shows a summery list of the proposed conflict indicatwascould

be utilized to conduct conflict analysis.
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6.2.4.2 Develop the Automatic Conflict @ection

Featurebased tracking is the proposed methodology of tracking vehicles on the rodeeatyse

based algorithm are mainly used to identify any moving olijettie recorded videos and track
their motion pathA sample of feature tracking algorithms appliecdh signalized intersection and
roundaboutis shown inFigure 5A and Figure 5B, respectivelyMa t | a b E, -pafagigmmu | t i
numerical computing environment and proprietary programming language developed by
Ma t h Wo(Mathsvaks, 2000) will be utilized to develop theonflict analysis framework
Additionally, the opersource Traffic Intelligencwill be used in feature tracking as it is based on
the Open CV, which includes a useful library of feature tracking. This lilmalydes the basic
feature tracking, trajectory management and clustering, coordinate projection functionality, and
motion pediction functiongBrahmbhatt, 2013)The provided open CV libraries will be utilized

to extract the vehicle trajectories and plot their traces on the recorded videos, as shigurein

5C. Heat maps could be generated to clarify locations within the intersection with increased
conflict probabilities and/or severities.

Figure 6 shows aflowchart explaining the planned methodology to detect and identify traffic
conflicts. Using the video recordings for the selected,siehicles will be identified and triked

using feature tracking algorithms. Road wusers
spatial location in Cartesian space over time. Measure of Tracking Precision, MOTP will be
utilized as a tracking optimization tool to ensure optimalusaxy of tracking parameters.
Correlating the developed vehicles trajectories with the roadway geometric features will be
conducted using trajectory clustering. Unsupervised approaches-(heaKks and hidden Markov

models) as well as adaptive MuKernd-based estimations will be used in the trajectory
clustering.Finally, propagation of projected interactsdmetween vehicles will be used to identify

traffic conflicts
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Table1l: Summary of Proposed Traffic Confit Measures

Indicator | Definition Description Type
TTC Time to Collision The time required for two vehicles to collide if they continue at their present speeds andg Temporal
the same patfHayward, 1972)
MTTC | Modified Time to Collision Include the effect of acceleration in the TTZheng and Sayed, 2019) Temporal
The time difference between the moment
PET Postencroachment time potential collision and the momeatf ar r i v al at the potent i Temporal
vehicle possessing the rigbf-way (Cooper, 1984)
TIT Time Integrated Timeo- The level of safety, or relative probability of conflict, using the integral of thetiime Temporal
Collision collision profile of driverdMinderhoud and Bovy, 2001)
TET Time Exposed Timéo-Collision | The total time spent in safetyitical situationdMahmud et al., 2017) Temporal
TA Time to Accident The t'ime thgt remains to an acqident fr(_)m the moment that one of _the r'oad users starts Temporal
evasive action, If they had continued with unchanged speed and dird&i@msson, 1998)
The influence of speed on kinetic energy involved in collisions. It also considers the ela
Cl Crash Index time before the conflict, to interpret the severity and the likelihood of a probable conflictf Temporal
(Ozbay et al., 2008)
H Headway Time that passes between two vehicles' reaching the same location. Temporal
. . : The ratio between the remaining distance to the potential pbautlision and the minimum .
PSD | Proportion of Stopping Distance acceptable stopping distan(@uidgo etal., 2011) P photut Spatial
PICUD Pptential Index for Co!lision The .pos_sibility that two consecuti\_/e vehicles_might collide, assuming that the leading vé Spatial
with Urgent Deceleration applies its emergency brake, particularly during lane char{fing et al., 2003)
. - The possibility of collision in a case where the preceding vehiudethe following vehicle .
MTC Margin to Collision deceFI)erate ab);uptly at the same tifllahmud et :5., 2017)g ’ Spatial
DSS g{ggﬁr?gcgigfaiggce and The difference between the space and stopping dist@@&asnura et al., 2011) Spatial
. This indicator evaluates the safety of traffic flow by the total value of the time integrated .
TIDSS | Time Integrated DSS value gap between DSS and the éangerous thres%old(@tamura etal., 2011) i Spatial
Max. Deceleration Rate to Avoi| The rate at which a following vehicle must decelerate to avoid the collision with the |l§ Deceleration
DARC .
a Crash vehicle(Okamura et al., 2011) Based
CPI Crash Potential Index The probability _that a give_n ve_hicle DRAC exceeds its maximum availaldelegtation| Deceleration
rate(MADR) during a given time intervéllahmud et al., 2017) Based
CIE Criticality Index Function It assess the s_,a_fety level involved in traffic conditions in terms of evaluating probabilif Deceleration
severity of collisionChan, 2006) Based
Jerks | Jerk !’j aggrﬂ))osite of gorce and speed or a derivative of acceleratifiVahlberg, 2000; Zaki e Other
Is an accumulative safety indicator related to the accumulation of risk of vehiclds &
Jvalue | JValue Other

platoon(Mahmud et al., 2017)
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Figure 5. A Sample ofFeatureTracking Algorithms
* Source (SAubin et al., 2015) ** Source Saunier et al., 2010)

Figure 6: Flowchart for the MachineVision andFeatureTracking Applications



























